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1 SUMMARY 

This Technical Report on the New Liberty Gold Project (“the Project”) within the Bea 
Mountain Mineral Development Agreement (Bea-MDA) property in Liberia, West Africa, 
has been prepared by AMC Consultants (UK) Limited (“AMC”) of Maidenhead, UK for 
Aureus Mining Inc. (“Aureus”) of London, UK. It has been prepared in accordance with 
the requirements of National Instrument 43-101 (NI 43-101), “Standards of Disclosure 
for Mineral Projects”, of the Canadian Securities Administrators (“CSA”) for lodgement 
on the CSA’s “System for Electronic Document Analysis and Retrieval” (“SEDAR”). This 
report is required to disclose additional drilling at the Project, a revised estimation of 
mineral resources, an updated mineral resource statement and a maiden ore reserve 
statement. 

In 2011 a major, mostly infill, drilling campaign added over 200 diamond core drill holes 
to the existing 171 holes, and almost all the additional holes were suitably located for 
inclusion in the resource estimate update conducted by AMC. The revised resource 
constituted input into a pit optimisation, pit design and scheduling study, undertaken by 
AMC, leading to the definition of ore reserves. 

The Republic of Liberia is situated on the coast along the southwest corner of West 
Africa, bordered by Sierra Leone, Guinea and Cote d’Ivoire. Since the end of the civil 
war in 2003, Liberia has experienced a period of reform and reconstruction under 
President Ellen Johnson Sirleaf.  

The Project is located within the Bea-MDA property, in Grand Cape Mount County within 
the north-western portion of the country, approximately 90 km northwest of the capital, 
Monrovia. From the capital there is approximately 100 km of excellent paved road to the 
town of Sinje, and then 45 km of laterite road to the Project site. Road access is year 
round. The property occupies a lowland area of tropical forest with thick undergrowth, 
cut by two prominent east-west ridges of resistant rock units (the Bea Mountain and 
Tokani ranges). Elevations at the Project area range between 40m and 80m above 
mean sea level. 

The Bea-MDA property covers an area of 457 km² and the agreement has an initial and 
renewable term of 25 years. In July 2009 Bea Mountain Mining Corporation (“BEA”), a 
wholly owned subsidiary of Aureus, was granted a Class A Mining License for the whole 
area, subject to an annual license fee of US$ 90,146. Under the terms of the Bea-MDA 
the Republic of Liberia is entitled to receive, free of charge, an equity interest on BEA’s 
operations equal to 10% of its authorised and outstanding share capital without dilution 
(i.e a 10% “carried interest”). There is also a 3% royalty, calculated on a production 
basis, payable to the Republic of Liberia in the Bea-MDA areas. 

BEA has a 100% interest in the Bea-MDA, which was originally signed with the Liberian 
Government in November 2001. To the extent known, the area has only limited surface 
artisanal workings and no historical environmental issues.  
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Geology and Mineralisation 

The Project, and Liberia in general, is situated within the West African Craton, which has 
remained stable since about 1.7 Ga and is comprised of rocks of Liberian age (3.0-
2.5 Ga), characterised by Archean age greenstone within granitic gneiss.  

The Project is comprised of three main stratigraphic units consisting of footwall, and 
hanging wall banded migmatites and gneisses, between which are sandwiched 
greenschist-amphibolite facies metamorphosed ultramafic rocks. These ultramafic units 
represent a southerly dipping schist belt remnant, within a zone of high ductile shear 
strain that served as the pathway for the upward migration and channelling of Au-
bearing fluids. 

There are five other targets on the Bea-MDA property on which exploration has been 
carried out at different times. These are Silver Hills, Weaju, Ndablama, Gondoja North 
and Gondoja South, all of which have similar geological characteristics to the Project. 
Drilling has been carried out on Ndablama, Weaju and Gondoja (historical). 

The primary targets of Aureus’ mineral exploration program in Liberia are shear zone-
hosted gold in association with quartz, granite veins or breccia zones. 

Gold mineralisation occurs in zones of variable thickness and is nearly continuous along 
1.8 km of strike length. The Project deposits consist of high-grade gold mineralisation, 
including intersections in excess of 5 g/t Au, contained within lower grade (0.5 to 1.0 g/t 
Au) material. 

Exploration and Data Management 

Exploration activity on the Project, which dates from reconnaissance site visits in 1997, 
has been prolonged and protracted as a result of stoppages associated with instability 
during the civil conflict in Liberia. Initial channel samples at the Project led to further 
trenching, followed by soil geochemical surveys and later to drilling, as well as further 
studies using satellite imagery, aerial photographs and airborne and ground geophysics.  

Drilling has since been conducted in seven campaigns, either by competent contractors 
or with owner drill rigs. A total of 375 diamond drill holes have been completed for 
57,816m, the majority of which have been utilised in the Mineral Resource estimate.  

Drilling at the Project has been carried out with holes typically inclined at -60°, resulting 
in intersection angles generally representing 75% of the true width. Core recovery is 
typically over 90%. Down hole surveys are carried out on the majority the holes, though 
intermittently in the early campaigns. Full re-surveys of drill hole collars were carried out 
in 2010 and 2011. 

During the first drilling campaign, half core samples were despatched for assay to the 
SGS laboratory in Abidjan, Ivory Coast. Sample pulp check assaying was conducted 
through the OMAC laboratory in Ireland (OMAC). However, no standard or blank 
sampling was undertaken and neither were any standard QA/QC procedures 
implemented.  
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During subsequent drilling campaigns, increasing levels of QA/QC were introduced and 
samples were dispatched to a preparation facility in Monrovia (operated by OMAC), with 
the pulps then sent to OMAC’s laboratory in Ireland. ALS Chemex in Vancouver and, in 
2011, SGS Canada Inc. in Toronto were used as check laboratories. All laboratories are 
accredited and participate in inter-laboratory proficiency test programs and certification 
programs. 

The progressive introduction of QA/QC procedures has seen the implementation of field 
duplicates, blank samples, standards and laboratory repeats, as well as specific 
programmes of re-assaying and umpire laboratory assaying. Analyses by AMC of the 
results from these procedures have exposed some areas of concern relating mainly to 
precision and low bias. AMC is of the opinion that the magnitudes of the QA/QC 
concerns are not sufficient to compromise the use of the gold assays for Mineral 
Resource estimation, but recommends ongoing work be undertaken to raise the level of 
confidence in sample and assay quality.  

In general, the drilling and associated data has been collected in a diligent fashion and 
AMC regards the relevant products of this work, including survey, geological and 
geochemical data, to be suitable for Mineral Resource estimation work. 

The geological data is managed by site geologists using a series of worksheets as data 
entry into an MS Access database. AMC considers this method of data management to 
be adequate for the size of the project database and the associated field conditions. 

Metallurgical Testing 

In 1999, five drill-core samples were submitted to Lakefield Research Limited of Ontario, 
for mineralogical examination and subsequently metallurgical and environmental testing. 
The principal conclusions of the 1999 work were that the gold is strongly associated with 
silicate minerals and, less commonly, with sulphides, within altered mafic to ultramafic 
rocks, and that gold extractions of between 79.5% and 96.9% are achievable, 
depending on the sample. 

In 2007 MDM Engineering Group Limited (MDM) reported on investigations carried out 
on additional metallurgical testwork which in summary showed an overall recovery of 
93% can be obtained. Gravity gold recovery tests show a high proportion of the 
contained gold (> 50%) is recoverable by gravity. An overall recovery of 93% can be 
obtained by a combination of gravity and carbon-in-leach (CIL) processes. 

Grind sensitivity tests show that leach extraction improves with finer grind to a grind size 
of 90% -75m. 

A cyanide addition to leach of minimum ~0.8 kg/t (as 100% NaCN) is required. A lime 
addition to leach of ~1 kg/t (as 100% CaO) is required. 

Leach kinetics show gold dissolution is initially rapid and after 36 hours, optimum 
dissolution is achieved.  

Comminution characterisation tests show the ore can be classified as being of medium 
hardness and lower abrasiveness, which implies that it is moderately soft and easy to 
mill. 
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In 2011 a testwork programme was designed by DRA, Mineral Projects (Pty) Ltd, South 
Africa and representative ore samples were provided to the test laboratory Mintek. In 
2012 a further five samples were delivered for further comminution testwork. A summary 
of the test conclusions is: 

A Gravity/Carbon in Leach process design is recommended for the New Liberty ore 
deposit. The CIL plant design will allow for a ‘hybrid’ circuit containing pre-oxidation and 
leaching prior to CIL to increase the loaded carbon value and improve the leach kinetics. 
Leach kinetics shows gold dissolution is initially rapid and after 48 hours optimum 
dissolution is achieved. Pre-oxidation tests are in progress with the aim of improving the 
leach kinetics and recovery. 

A high proportion of the contained gold (> 47%) is recoverable by gravity with gravity 
concentrate leach recovery ranging between 94% to 98% with a mean recovery 
of > 96%. A gravity tail CIL leach recovery of 87.5% is reported. The use of pre-
oxidisation to the CIL technology is under investigation to improve the gravity leach 
recovery to a range of > 90%. 

A cyanide addition to the CIL process of a minimum ~0.8 kg/t (as 100% NaCN) is 
required. A lime addition to leach of > 0.6 kg/t (as 100% CaO) is required. 

Based on the testwork results to date it is reasonable to predict that an overall recovery 
in the range of 91% to 95% can be obtained at steady state conditions. A 93% 
metallurgical recovery is deemed appropriate for planning and evaluation purposes.  

Mineral Resource Estimates 

Resource estimation by AMC has been based on interpretations using integrated 
geological and grade information recorded from diamond drill core logging and assaying. 
The final drilling database available for use in the evaluation was received on 9 
December 2011 and represents drilling up to and including drill hole K375. 

The database was subject to a series of standard validation procedures, and up to 
twenty percent of the data was randomly selected for validation against source 
information. Not all requested source data was available for checking; however no 
significant errors were detected in the checks undertaken. 

Geological interpretations have been restricted to the boundaries enclosing the known 
extents of the amphibolite unit, with reference to surface mapping and drill logs, while 
the mineralisation has been correlated and interpreted into a number of distinctive 
planar units within the named strike intervals of Larjor, Latiff, Kinjor and Marvoe. As 
additional data has become available, the definitions of individual mineralised zones 
have been adjusted and refined and currently constitutes three laterally extensive and 
two minor zones. 

The interpreted mineralised zones all present as strongly planar shapes striking 
generally slightly south of east and dipping between 60° and 80° to the south, aligned 
sub-parallel to the Silicified Metamorphosed Ultrabasics (Mineralised) unit. The drill 
intersections of mineralisation were based primarily on assay information, with 
boundaries judged on the best evidence of zone to background contrasts in grades 
exceeding 0.3 to 0.5 g/t Au. 
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The geological and mineralisation shapes were formed into solid triangulated 
wireframes, which were filled with model cells based on parent cell XYZ dimensions of 
10m x 5m x 10 m, with associated sub-celling to better represent the zone geometries. 
The model was coded to reflect stratigraphy and individual mineralised zones and to 
distinguish between weathered and unweathered material. A triangulated surface of 
topography was used to constrain the upper bounds of the model. 

Samples were coded by mineralisation zone and weathering in a manner consistent with 
the cell model. Statistical analysis was conducted on one metre composites from 
subsets extracted from the coded sample file (e.g. by mineralisation zone). The results 
of the statistical analysis demonstrated that the mineralised zones have a broad range 
of mean grades but a correspondingly relatively narrow set of coefficients of variation 
values. All zones exhibit some bimodality in their distributions, and this is attributed 
largely to variability both in the form of short scale changes within zone intersections and 
grade ‘shoots’ observed in the strike-dip planes. 

The statistical analysis results were used in conjunction with a spatial assessment of 
high grade samples to determine individual high grade cap values for each mineralised 
zone, for application during grade estimation.  

Variographic analysis was conducted on all mineralised zones with sufficient composites 
(four of five zones). 

Gold grade estimation was conducted from one metre composites, using ordinary 
kriging in those zones for which variogram parameters were generated. Inverse distance 
squared weighting was applied to each of the remaining constrained zone, background 
mineralisation and the weathered zone. 

The model was populated through grade interpolation into parent cells, under hard-
bounded zonal control, using mostly 35m x 60m x 10m (strike / dip / cross plane) search 
ellipsoids, aligned according to the local plane orientation of each zone. Cells not 
estimated in the first pass were estimated by subsequent passes with expanded search 
ellipses. 

Procedures for classifying the reported resources were undertaken within the context of 
NI 43-101. 

Estimated tonnages and grades have been classified with consideration of the following 
criteria: 

• Quality and reliability of raw data (sampling, assaying, surveying). 

• Confidence in the geological interpretation. 

• Number, spacing and orientation of intercepts through mineralised zones. 

• Knowledge of grade continuities gained from observations and geostatistical 
analyses. 

• The likelihood of defined material meeting economic mining constraints over a 
range of reasonable future scenarios, and expectations of relatively low selectivity 
of mining. 
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In general the drill spacing is more closely spaced near surface, progressively reducing 
in density with depth as the drilling tracks each mineralised zone down dip. On drill 
spacing alone, therefore, the level of confidence in the resource declines with depth. 
Consequently all candidate material for Measured or Indicated classification is located 
relatively nearer to surface. 

All material has been reported at a 1.0 g/t Au cut-off (Table 1), as this value corresponds 
to a likely open pit cut-off ranges. All of the Measured and Indicated material is within 
potentially open-pittable depths.  

Table 1 Mineral Resource Estimate 

Measured Indicated Measured & Indicated 

Tonnes Au Tonnes Au Tonnes Au 

Minzone (Kt) (g/t) (Koz) (Kt) (g/t) (Koz) (Kt) (g/t) (Koz) 

M401 672 4.74 102 5,410 3.93 683 6,081 4.02 786 

M402 804 2.52 65 804 2.52 65 

M501 2,206 2.55 181 2,206 2.55 181 

M503 247 6.95 55 247 6.95 55 

M504       

Total 672 4.74 102 8,666 3.53 984 9,338 3.62 1,087 

 

  Inferred 
 

  Tonnes Au 
 

Minzone (Kt) (g/t) (Koz) Key to Minzone Codes 

M401 2,940 3.6 340 
 

M401 Larjor + Latiff + Kinjor main zone 

M402 320 3.4 35 
 

M402 Kinjor footwall zone 

M501 950 2.9 89 
 

M501 Marvoe main zone 

M503     
 

M503 Marvoe western hanging wall zone 

M504 100 5.7 18 
 

M504 Marvoe central hanging wall zone 

Total 4,310 3.5 483 
   

Notes: 1. CIM definitions were used for Mineral Resources 

 2. A cut off of 1.0 g/t Au is applied for all zones 

 3. Due to rounding, some columns or rows may not add up exactly to the computed totals 

 4. Mineral Resources are inclusive of Mineral Reserves as set out in Table 2. 

 5. Mineral resources that are not mineral reserves do not have demonstrated economic viability 

Mineral Reserve Estimation 

AMC carried out pit optimisations and developed pit designs for the New Liberty pits 
based on the Measured and Indicated mineral resources. 
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The Mineral Reserves including appropriate allowances for dilution and ore loss were 
estimated within the pit designs at an economic breakeven cut off grade of 0.65 g/t. The 
estimate is summarised in Table 2.  

Table 2  Mineral Reserve Estimate 

RESERVE CATEGORY   

PROVEN Tonnes (Mt) 0.7 

  Au Ounces In-situ (kozs) 102 

  Au Grade In-situ  (g/t) 4.3  

PROBABLE Tonnes (Mt) 8.0 

  Au Ounces In-situ (kozs) 771 

  Au Grade In-situ  (g/t) 3.0  

TOTAL  Tonnes (Mt) 8.7 

  Au Ounces In-situ (kozs) 873 

  Au Grade In-situ  (g/t) 3.1  

  Waste Tonnes (Mt) 130 

  Strip Ratio (t/t) 14.9 

Notes: 1. CIM definitions were used for Mineral Reserves 

 2. A cut off of 0.65 g/t Au is applied for all zones 

 3. Due to rounding, some columns or rows may not add up exactly to the computed totals 

Development and Operation 

From the pit designs and Mineral Reserves a mining and treatment schedule was 
prepared. This schedule shows the mine producing ore at a rate of approximately 1.1 
million tonnes per annum for 8 years after an initial pre-strip. The waste will be placed in 
a dump to the south of the pit for the first four years of production. After this the Larjor pit 
will be exhausted and waste mined after this will either be taken to the ex-pit waste 
dump or be used to backfill the Larjor pit depending on the haul distances involved. 

The ore will be treated through a conventional CIL process plant to produce gold bullion 
which will be transported off site for refining. 

The gold production schedule is shown in Figure 1. 
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Figure 1 Gold Production Schedule 

 

The tailings will be pumped to a tailings storage facility which will be developed 
progressively by building dams between hills. 

The capital and operating costs for the operation were estimated on the basis of the 
mine being operated by a mining contractor, power being generated on site using HFO 
generators operated by Aureus.  

Capital and Operating Cost Estimates 

The combined study team developed estimates of the initial capital required to develop 
the project and subsequent further capital expenditure through the project life. 

The mining will be carried out by a mining contractor. The mining contract is envisaged 
to be split to an operating component and a lease component. The lease component 
has been reported as a capital cost ongoing through the project life. The capital cost 
estimates are summarised in Table 3. 
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Table 3 Capital Cost Estimates 

Category US$ M 

Processing plant 62.5 

Mine Establishment & pre-strip  27.7 

Infrastructure and power supply 14.5 

Tailings dam construction 3.3 

Creek diversion 5.1 

TOTAL Initial Capital 113.1 

Deferred Capital  

Sustaining capital and mine closure 10.8 

Mining Fleet lease over LOM 37.8 

The operating costs were estimated as summarised in Table 4. 

Table 4 Operating Cost Estimates 

Item Units Rate 

Fresh rock Drill and Blast US $ /tonne mined 1.00 

Load, Haul and Dump US $ / BCM mined 2.40 to 8.30 

Stockpile Rehandle US $ / tonne 0.90 

Mill Processing US $ / tonne milled 19.08 

Refining Cost US $ per ounce 3.50 

General & Administration US $ / tonne milled 3.88 

Economic Evaluation 

Based upon the mining and processing schedules described and the costs estimated an 
economic evaluation was carried out by Aureus using a base case gold price of $1,500 
for the first 2 years of production falling to $1,300 in 2016. A government royalty rate of 
3% of revenue was included in the analysis. 

The key outcomes of the economic evaluation for 100% of the project pre-tax and pre-
financing costs are summarised in Table 5. 

Table 5 Economic Evaluation 

Description Units Project Totals/Averages 

Recovered Gold kozs 812 

Mill Processing Life Years 8 

Net Smelter Revenue US $ M 1,065 

Operating Costs US $ M 514 

Net Operating Cash Flow US $ M 551 

Capital Costs US $ M 162 

Net Pre-Tax Cash Flow US $ M 390 
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Description Units Project Totals/Averages 

NPV (8%) US $ M 260 

IRR  % 62 

Payback years < 2 years 

Cash Cost per Ounce US $/oz 635 

The economic model was used to test the projects sensitivity to a number of key risks 
(Table 6). 

Table 6 Project Sensitivities 

Sensitivity NPV 8% Discount Rate Variance to Base Case 

Gold Price US $ M % 

+10% 340 +31 

-10% 180 -31 

Capital Costs   

+10% 248 -5 

Operating Costs   

+10% 221 -15 

Grade   

-10% 180 -31 

Conclusion and Recommendations 

Based on the site visits, reviews of the available data and the work completed to date, 
the following are the conclusions by AMC regarding the Project. 

The various phases of exploration on the Bea-MDA property have in general been 
conducted in a comprehensive and systematic manner, with good quality field 
professional and technical input. The quality of some work has varied over time and by 
technical area, and a number of recommendations for improvement made in 2010 were 
adopted during the 2011 drilling campaign. 

Exploration at the Project has confirmed the persistence of gold mineralisation within 
defined zones extending from known surface occurrences to drill intersections more 
than 500m below surface. The early subdivision of the surface and subsurface 
mineralised occurrences into the Larjor, Kinjor, Marvoe and now Latiff zones has been 
re-affirmed with each drill programme, along with increasing confidence regarding the 
presence of multiple parallel stacked subzones within several of the zones, and of the 
tendency of the gold metal to concentrate within plunging shoots. Nonetheless, the 
extensive 2011 infill drill campaign largely confirmed and raised the level of confidence 
in the interpretation of the mineralisation as well as the tonnage and grade estimates for 
the upper, potentially open pittable portion of the resource. 

Aureus continues to explore the Project for the purposes of both resource definition and 
extension; however the substantial drilling conducted during the 2011 campaign has 
largely fulfilled the requirements of resource definition for the current level of evaluation. 
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The geotechnical assessments, mine designs and schedules developed to date support 
the Mineral Reserve estimate and the associated economic evaluation.  

On the basis of this evaluation the project is viable at the average gold price of $1,350 
used for the evaluation. The sensitivities conducted on the economic model suggest that 
the project is robust. 

On this basis AMC concurs with the decision by Aureus to proceed with further studies 
to advance the understanding of the project, and move towards mine development. 
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2 INTRODUCTION 

This Technical Report on the New Liberty Gold Project (“the Project”) within the Bea 
Mountain Mineral Development Agreement (Bea-MDA) property in Liberia, West Africa, has 
been prepared by AMC Consultants (UK) Limited (“AMC”) of Maidenhead, UK for Aureus 
Mining Inc. (“Aureus”). Aureus, through its ownership of Bea Mountain Mining Corporation 
(“BEA”) has a 100% interest in the Bea-MDA, in which the New Liberty Project is located. 

In 2011 a major, mostly infill, drilling campaign added over 200 diamond core drill holes to 
the existing 171 holes drilled at the Project, and almost all the additional holes were suitably 
located for inclusion in the resource estimate update conducted by AMC. The revised 
resource constituted input into a pit optimisation, pit design and scheduling study, 
undertaken by AMC, leading to the definition of ore reserves. 

This report has been prepared in accordance with the requirements of National Instrument 
43-101 (NI 43-101), “Standards of Disclosure for Mineral Projects”, of the Canadian 
Securities Administrators (“CSA”) for lodgement on the CSA’s “System for Electronic 
Document Analysis and Retrieval” (“SEDAR”). This report is required to disclose additional 
drilling at the Project, a revised estimation of mineral resources, an updated mineral resource 
statement and a maiden ore reserve statement. 

This Technical Report has been prepared by Christopher Arnold, MAusIMM (CP), and 
Marnie Pascoe, MAusIMM (CP), who both meet the requirements of a Qualified Person, and 
are independent as defined in NI 43-101. Chris Arnold visited the Project site between 1 and 
3 December 2009 and 1 and 5 October 2011, during which he conducted ground inspections 
of exploration activities, including drilling, sampling, core logging, core cutting and site data 
management. The sample preparation facility, located in Monrovia, was inspected during the 
second site trip but the primary laboratory in Loughrea (Ireland) has not been visited. The 
Silver Hills, Weaju, Ndablama and Gondoja exploration prospects, which also locate within 
the Bea-MDA property, were not visited and are described in this report in terms of property 
information but are not encapsulated within the purpose of the report. Marnie Pascoe visited 
the New Liberty site in February 2011 at which time she inspected diamond drill cores and 
held discussions with the site based geologists. 

Most of the factual text for this Technical Report covering Items 4 – 12 was prepared by 
Aureus and provided to AMC for review. Aureus also supplied supporting technical 
documents. 
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3 RELIANCE ON OTHER EXPERTS 

With respect to the Mineral Development Agreement between The Republic of Liberia and 
Bea Mountain Mining Corporation (Section 4 of this report), AMC has relied on copies of 
documents provided by Aureus that confirm the terms of the Agreement. 

With respect to the granting of a Class A Mining License to Bea Mountain Mining 
Corporation (Section 4 of this report), AMC has relied on copies of a document provided by  
Aureus, that confirms the terms of the License. 

With respect to processing AMC has relied on the work of DRA Mineral Projects (Pty) Ltd, 
South Africa, in particular with respect to Sections 13 and 17 of this report. 

With respect to the tailings storage and creek diversion AMC has relied on the work of 
Golder with respect to Sections 183,18.4,18.5,18.6,18.7,18.9,and Section 20. 

DRA and Golder are currently completing their studies on the Project and this report reflects 
the status of their work to date. Both DRA and Golder have reviewed and confirmed their 
consent for the report. 
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4 PROPERTY DESCRIPTION AND LOCATION 

The Property is located within The Republic of Liberia which is situated on the coast of the 
southwest corner of West Africa and bordered by Sierra Leone, Guinea and Cote d’Ivoire. It 
lies between longitude 7º30' and 11º30' west, latitude 4º18’ and 8º30' north, and covers a 
surface area of 111,369 km². Liberia's capital is Monrovia and, as of the 2008 Census, had a 
population of 3,476,600. 

4.1 Location  

The Project is situated 90 km northwest of the capital in Grand Cape Mount County, in the 
north-western portion of Liberia, approximately longitude 11o west, 7o north, as shown in 
Figure 4.1. The Project is situated within the Bea Mountain Mineral Development Agreement 
(Bea-MDA property), the UTM coordinates of which are shown in Table 4.1. 

Figure 4.1 Location of Project in Liberia (Aureus, 2012) 

 

4.2 Property Description 

The Bea-MDA property covers an area of 457 km² with boundaries described by cadastral 
and cartographic survey in maps at the Ministry of Lands, Mines and Energy Republic of 
Liberia. The Project, labelled on the map as New Liberty Gold Project, is show in Figure 4.2, 
along with the other targets which are currently the subject of exploration. The Bea-MDA 
property, which is covered by a Class A Mining License, has been reduced from a prior 
exploration lease which covered a total of 1,000 km². 
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Figure 4.2 Class A Mining License Limits – Geology Modified from Tysdal and 
Thorman (1983) (Reproduced by Aureus 2012) 

 

Table 4.1 WGS84 UTM Zone 29N Vertices of the Class A Mining License 

Boundary UTM E UTM N 

250000 773000 

1 250000 778000 

2 265000 778000 

3 265000 785000 

4 285000 785000 

5 285000 793000 

6 300000 793000 

7 300000 800000 

8 307000 800000 

9 307000 790000 

10 300000 790000 

11 300000 786000 

12 290000 786000 

13 290000 780000 

14 280000 780000 

15 280000 777000 

16 273000 777000 

17 273000 773000 
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4.3 Ownership 

Bea Mountain Mining Corporation (BEA) has a 100% interest in the current Bea-MDA, 
which was signed with the Liberian Government in November 2001. BEA is a wholly 
owned subsidiary of Aureus. BEA was a wholly owned subsidiary of African Aura Mining 
Inc.(“African Aura”), formerly called Mano River Resources Inc..On April 13, 2011 African 
Aura completed a Plan of Arrangement (“Arrangement”) under the Business Corporation 
Act (British Columbia) pursuant to which it transferred its gold assets, 30,792,770 shares 
in Stellar Diamonds and $10.6 million cash (the “Transferred Assets”) to Aureus Mining 
and African Aura was renamed Afferro Mining Inc.  

Under the Arrangement, among other things, the Transferred Assets were acquired by 
Aureus and each participating shareholder received new common shares in Afferro and 
Aureus in exchange for the African Aura common shares held by such shareholder on 
the basis of one new Afferro common share and one Aureus common share for each 
African Aura common share held by such shareholder. 

. Table 4.2 summarises the ownership history.  

Table 4.2 Ownership History  

Date Company Comments 

August 1995 KAFCO Assigned rights in area to Golden Limbo 

18 November 1996 Golden Limbo Assigned rights to BEA 

22 November 1996 BEA Approval received 

22 April 1998 BEA Bea-MDA defined as 1000km²  

28 November 2001 BEA Bea-MDA reduction to 457km² came into effect 

29 July 2009 BEA Granted a Class A Mining License 

4.4 Title 

The mineral exploration and exploitation rights defined by the Bea-MDA originally became 
effective on April 22, 1998.  Previously the ground was held by a Liberian entity known as 
KAFCO. In August 1995 KAFCO received government approval to assign its rights to the 
license to Golden Limbo Rock Liberia Ltd. On 18 November 1996, Golden Limbo Rock 
Liberia Ltd. assigned its rights to the license to BEA which was subsequently approved by 
the government on 22 November 1996. In April 1998, in anticipation of a new Mining Code, 
BEA replaced the existing license and assignment, and entered into a specially negotiated 
Exploration Agreement. Upon ratification of the new Mining Code in 2000, BEA, in keeping 
with the new law, reduced the size (acreage) of the license and entered into the present 
governing Agreement. The Bea-MDA came into effect on 28 November 2001 and has an 
initial term of 25 years, which may be extended for successive 25 year terms. 

Under the terms of the Bea-MDA, there is a 3% royalty to the Republic of Liberia calculated 
on a production basis. In addition, the Republic of Liberia is entitled to receive, free of 
charge, an equity interest on BEA’s operations equal to 10% of its authorised and 
outstanding share capital without dilution (i.e a 10% “carried interest”). African Aura through 
its subsidiary was required to pay the Republic of Liberia US$ 0.08 per acre per year as a 
rental fee for the Exploration License. Due to the civil unrest in the country, the Ministry of 
Land, Mines, and Energy suspended the exploration period as from July 2002 until 4 
January 2005.  
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During the initial term of the Bea-MDA, BEA was required to make minimum exploration 
expenditures of US$1.40 per acre per year. Excess expenditures in a given year can be 
credited against succeeding years work requirements. The Bea-MDA provides BEA the right 
to free access to public land and will assist BEA in cases where access to private lands is 
necessary. Prior to the commencement of exploitation and production BEA is required to 
provide an Environmental Impact Statement to the Minister, detailing any adverse effects 
operations may have on the environment and review plans to mitigate such effects. From 
time to time BEA is required to submit detailed plans “for the protection, correction and 
restoration of the water, land and the atmosphere”.  

BEA was granted a Class A mining license on July 29, 2009. Annual license fees for the 
class A license, based on the “Production Area” of 457 km², amounts to $0.80 US$ per acre, 
which equates to US$90,146 per annum (1 km² = 247.1 acres). The Class A Mining License 
for the “Production Area” selected by the Operator shall remain valid and effective for the 
unexpired portion of the Bea-MDA and any extensions thereof. This License allows BEA to 
commercially exploit minerals found in the Production Area and all other activities incidental 
thereto, including the design, construction, installation, fabrication, operation, maintenance 
and repair of infrastructure, facilities and equipment and the mining, excavation, extraction, 
recovery, handling, beneficiation, processing, milling, stockpiling, transportation, export and 
sale of minerals.  

In order to maintain the license, BEA is required to demonstrate Proven Reserves. 

BEA will need to apply for and acquire the usual operating licenses and permits for the 
operation, these would include licenses associated with explosive storage and use, 
abstraction and discharge of water and construction. 

4.5 Environmental 

To the extent known, the area has only has only limited artisanal workings, and no historical 
environmental issues.  

Data collection work for an Environmental Impact Statement is currently in progress, as 
required by the terms of the Agreement, and has to be submitted prior to the 
commencement of exploitation and production.  

BEA must obtain an environmental permit prior to commencement of production.  The 
permitting process is in process with the permit expected to be issued upon completion of 
the Environmental and Social Impact Assessment. (“ESIA”). 
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5 ACCESSIBILITY, CLIMATE, LOCAL RESOURCES, INFRASTRUCTURE AND 
PHYSIOGRAPHY 

5.1 Accessibility 

The Project is accessible from Monrovia by vehicle, with approximately 100 km of paved 
road to the town of Sinje and then 45 km of laterite road to the Project site (Figure 5.1). The 
recently renovated Dangaytee road has reduced the total journey distance by 21 km and 
travel times to 2.5 hours. A new road which exits the tarmac at Daniles town, has further 
reduce the laterite section to 18 km allowing easier access. Secondary roads on the license, 
built by Aureus, provide access across the property. The sandy nature of the roads allows all 
year round access, including during the height of the rainy season.  

Figure 5.1 Road Access to the Project (Aureus 2012) 

 

5.2 Physiography 

Within the Licence are both primary and secondary forest, as well as some grassland and 
farmland. The topography ranges from around 50m above sea level to a maximum of 600m 
with the majority of the licence being composed of gently undulating plains at less than 200m 
height with two prominent east-west ridges of resistant rock units (the Bea Mountain and 
Tokani ranges). Vegetation consists of tropical trees attaining heights of thirty to forty metres 
above the forest floor with thick undergrowth common (primary rain forest is mainly in the 
mountainous areas). The Project consists of gently undulating terrain at around 70m above 
sea level, mostly covered by secondary forest. In common with the majority of Liberia deep 
lateritic soils limit rock outcrop to streams and the more rugged hill areas. 
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5.3 Climate 

The equatorial climate is hot year-round with heavy rainfall from May to October and a short 
interlude in mid-July to August. During the winter months of November to March, dry dust-
laden Harmattan winds blow inland. Average annual rainfall along the coastal belt is over 
4000 mm and declines to 1300 mm at the forest-savannah boundary in the north (Bongers, F 
et al, 1999). Temperatures range from the low 20ºC’s during the rainy season to warm (low 
30ºC’s) during the dry season. Exploration has been able to continue throughout the rainy 
season. 

5.4 Infrastructure 

The 1989-2003 civil wars in Liberia had a devastating effect on the country's economy, with 
neglect and damage during the civil strife resulting in much of Liberia’s physical 
infrastructure being destroyed. Reconstruction began during 2003 and there has been a 
recovery in critical infrastructure sectors such as power, water and transport. 

The Liberian Electricity Corporation currently supplies 10MW in Monrovia, with private 
generators making up the remaining requirement. The Freeport of Monrovia is privately run 
under a concession from the government, is one of four main ports in Liberia and is the only 
port with cargo and oil handling facilities. It can accommodate third generation container 
ships.  

Liberia has approximately 10,600 km of road networks throughout the country, of which 650 
km are paved highway. Some of the dirt roads in the interior of the country were constructed 
in the 1990s, chiefly by Asian timber companies. These roads were well built and maintained 
at the time. Access to the Project is addressed in Section 5.1. 

The 490 km of rail line in Liberia was primarily constructed to haul iron-ore from interior 
mining areas to ports. Much of the Bong Mine rail is still usable, while Acelor Mittal has 
renovated the Nimba railway to the port of Buchanan. Buchanan lies well to the east of the 
Project (250 km) and consequently has no impact thereon.  

Private satellite Internet service is available in Monrovia and in some of the other smaller 
urban centres of the country. Aureus camps at the Project and Weaju have 512-512 Vsat 
VOIP facilities. Cellular phone coverage in Liberia is good within the major urban areas and 
is widespread throughout much of the country. 

The project area is split by the Marvoe Creek, a small perennial river, which, during the dry 
season is the site of artisanal alluvial gold workings. The Marvoe Creek would require 
diversion to allow full scale open cast mining, with raw water being extracted from a diversion 
trench and the overflow being diverted to join the Marvoe Creek south of mine workings. 
There is adequate space on the BEA leases or in the surrounding area for the processing 
plant, tailings storage facility and waste dumps. Figure 5.2 summarises infrastructure at the 
Project. 
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Figure 5.2 Current Infrastructure at the Project (Aureus 2012) 

 

Aureus has recruited since its inception and has strong feasibility and exploration teams.  
The increasing presence of mining operations in Liberia is growing the supply of mining 
personnel and mining services, such as drilling contractors, equipment rental and services, 
engineering services and a trained labour force.  In addition, there is a mobile West African 
work force in the mining industry. 

5.5 Local Resources 

In the area around the Project in Grand Cape Mount County between Gbah and Gbesse 
large tracts of land are devoted to rubber farms but these are located mainly outside the 
license area. Closer to the Sierra Leone border the major farming activity is oil palm 
cultivation. 

There are several local, small-scale alluvial diamond and gold operations on the Mabong, 
the Lofa and the Yambassei rivers within the licence areas. The New Liberty, Gondoja North, 
Weaju and Ndablama projects all have a small scale artisanal mining community. 
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6 HISTORY 

Numerous artisanal gold mining sites occur within the Bea-MDA property highlight the 
potential for local, ‘source’ gold mineralisation. At the Project, to the extent known, there are 
only limited artisanal workings, with the majority of miners seeming only interested in alluvial 
gold. In some cases, if workings encounter bedrock or solid quartz, the pit is abandoned.  

Prior to the formation of the Bea-MDA, effective April 22, 1998, the corresponding ground 
was held by a Liberian entity, KAFCO. In August 1995 KAFCO received government 
approval to assign its rights to the license to Golden Limbo Rock Liberia Ltd (Golden Limbo), 
who in turn assigned the rights to BEA (approved by the government on November 22 
1996). 

Work carried out by Golden Limbo had consisted of desk top studies, review of satellite 
imagery, target selection and acquisition of a portfolio of possibilities. In 1997 Mano River 
Resources (Mano) collected preliminary channel samples across the artisanal workings, 
where primary rock was exposed. During reconnaissance work numerous targets for gold 
mineralisation were identified through geological mapping, supported by soil and stream 
geochemical sampling programs. 

Two previous resource estimates have been undertaken for the Project, the first by ACA 
Howe International Ltd. (ACA Howe) in 2000 (Table 6.1), and the second by Lower Quartile 
Solutions (Pty) Ltd. (LQS) in 2006 (Table 6.2).  

The ACA Howe estimate was made to “Australasian Institute of Mining and Metallurgy Joint 
Ore Reserve Committee’s (JORC) code standards”, predates NI 43-101 and is therefore 
regarded as historical. Estimates were made for the three principal zones, and were based 
on relatively shallow drilling, with the deepest mineralised intercept reported at 104m, and 
the resource is quoted to a maximum depth of 150m. 

Table 6.1 ACA Howe 2000 Mineral Resources 

Category K tonnes Grade g/t Au K oz Au 

Indicated 1,078 5.23 181 

Inferred 3,009 4.02 427 

Notes: 1.JORC definitions were used for Mineral Resources 

2. Cross section method employed 

3 No cut off used as mineralised zone taken 

The LQS estimate was produced in support of a study by MDM Engineering Group 
Limited (MDM) and was based on many more holes than the early estimate. The 
results are shown in Table 6.2 below. 

Table 6.2 LQS 2006 Mineral Resources 

Category K tonnes Grade g/t Au K oz Au 

Measured 6,658 3.49 746 

Indicated 6,875 2.88 637 

Total 13,533 3.18 1,383 

Notes: 1. CIM definitions were used for Mineral Resources 

  2. A cut off of 1.0 g/t Au is applied for all zones 
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AMC has not reviewed the above estimates and they are presented here for information 
only. To the extent known, no gold production has been undertaken on the Bea-MDA 
property by previous exploration entities.  
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7 GEOLOGICAL SETTING AND MINERALIZATION 

7.1 Regional Geology 

Liberia is situated within the West African Craton, which has remained stable since about 
1.7  Ga. The craton consists of two major basement domains; the Reguibat shield (in the 
north around Mauritania) and the Man Shield (within which Liberia sits). The two shields are 
separated by the Taodeni basin of Proterozoic to Paleozoic age, while the Man Shield lies to 
the west of the Proterzoic Birimian Belts (Figure 7.1). 

Figure 7.1 Regional Geological Setting (Modified from Milesi et. al. 1992) 

 

The west of Liberia is comprised of Liberian age (3.0–2.5 Ga) greenstone belts and granitic 
gneisses. To the east of the country lies Eburnian age (2.1 Ga) material from the Birimian: a 
proto-continent that accreted to Africa during the Eburnean Orogeny, 2.1 Ga (Milési, J-P, et 
al 1992). Pan African material extends along the southern edge of the country, and 
represents the formation of Gondwana (600 Ma). 

Within the licence area there is both pan-African material (in the south-west corner) and 
Liberian age material, covering the majority of the licence (Figure 7.2). 



AUREUS MINING INC. 
New Liberty Gold Project  

411007 NI 43-101 final 19 

An Archean mobile belt along the border between northwest Liberia and Sierra Leone 
represents a collision orogeny with a north-east trend and a north-westerly directed closure. 
Oceanic crust, overlain by sediments, is preserved as tectonic inliers and forms the Bea 
Mountains, Kpo Range and associated greenstone belts. The age of the orogeny is 3.2-2.6 
Ga, but later Eburnean (2.15 Ga) deformation is also found to the southeast. A major, crustal 
scale, north-westerly-trending shear zone in the South-West part of the country cuts across 
the regional trend of the Archean mountain belt. The interference of these two tectonic 
elements produced complex structures with a strong rotational component of deformation 
and formed large and long-lived traps for mineralisation.  

Figure 7.2 Age Province Map of Liberia (Hurley et al 1971) 

 

7.2 Geology of the Bea-MDA Property 

The lithologies underlying the Bea-MDA property consist of a sequence of highly deformed 
granitic gneisses into which sequences of ultramafic schists have been folded. Most of the 
felsic gneisses are strongly foliated and layered, and their structural relationship with 
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intercalated iron-formations, quartzite, schist, and amphibolite is highly suggestive that the 
gneisses are metasedimentary. Granite dykes (aplitic to pegmatite) intrude the schist.  

Several small, discrete lenses of the composite gneiss (a local geology description for 
ultramafic bodies associated with amphibolites and migmatites) have been mapped within 
the granitic and granodioritic gneisses, representing relict Archean greenstone belts. The 
belts are elongated parallel to the regional strike, which swings from east-trending to east-
northeast across a major shear, while further north the belts trend to the north-east. Two 
sub-parallel arms have been recognised in the Bea Mountains greenstone belt; the northern 
arm is the Bea Mountain range, (Figure 7.3) and the southern Silver Hills. 

Figure 7.3 General Geology of the Bea-MDA Property Geology Modified from 
Tysdal and Thorman (1983) (Reproduced Aureus 2012) 

 

The Bea-MDA property contains several known areas of gold mineralisation, concentrated in 
major imbricate shear zones and associated rotational fold hinges close to greenstone belt 
contacts. The shears and associated splays acted as structural channel ways for auriferous 
hydrothermal solutions, which deposited gold in suitable structures or chemical traps, this 
view is compatible with the Thermal Aureole Gold Model (TAG), after Wall 2003. 

7.3 Geology of the Project 

7.3.1 Stratigraphy 

Within the Project are three main stratigraphic units (summarised in Table 7.1) which are 
further subdivided into minor zones of varying mineralogical assemblages. The geology is 
dominated by tremolite-chlorite-actinolite-talc ± magnetite rich meta-ultramafics, sometimes 
with phlogopite, and flanked by migmatitic gneisses. 
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Table 7.1 Simplified Stratigraphic Succession 

Stratigraphic Name Geological Unit 

Hanging Wall Complex HWC 

Contact Zone (on HW and FW) GNgp 

Silicified Metamorphosed Ultrabasics (Mineralised) SMUS 

Footwall Complex FWC 

Syn to late tectonic aplites, pegmatites and Granitoids GR series 

The Hanging wall complex (HWC) is comprised of migmatite and gneisses. Amphibolite 
bands alternate with quartzo-feldspathic gneiss (Figure 7.4) on several scales; from one 
metre through to centimetre and millimetre scales. The Footwall complex (FWC) rocks are 
similarly banded but the bands have a wider zone of foliated leucratic gneiss (GNqf) and 
contain lesser but larger concentrations of hornblendic gneisses. The silicified 
metamorphosed ultrabasic suite (SMUS) is the principal host to mineralisation, and generally 
contains quartz, chlorite and amphibole, and a host of mafic minerals, including talc. At the 
contact separating the HWC and FWC from the SMUS are transitional rocks, named here as 
Garnet phlogopite ± actinolite Gneiss (GNgp) which have a strong schistosity and coarse 
grain size (Figure 7.5). GNgp is also found within the ultramafic sequence (along a 
suspected internal thrust between basement and the ultramafics. 

Figure 7.6 shows a simplified plan view of the Project geology and Figure 7.7 a cross 
section. 

Figure 7.4 Hanging Wall Gneiss Complex (HWC) 
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Figure 7.5 Almandine Garnet Porphyroblasts in HWC 

 

 

Figure 7.6 Project Geology (Aureus 2012) 

 

Syn- to Late-Tectonic Aplites, Pegmatites and Granitoids which occur within the system are 
heterogeneous and show significant variations in deformation style relative to the host rocks. 
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Greisens and pegmatitic granites intrude the ultramafics. The variable angles these granite 
contacts make with the units suggest that they were intruded both along the strike of the 
zone and into crosscutting fractures, faults and secondary shear zones.  

Figure 7.7 Schematic Representative Section through West of the Project (Aureus 
2012) 

 

7.3.2 Structure 

The Project is positioned in a predominantly southerly-dipping schist belt, within a zone of 
high ductile shear strain oriented 287⁰/72⁰, which served as the pathway for the migration of 
Au-bearing fluids into the host lithology. The ultramafic unit is bedded and cut by brittle faults 
and dolerite dykes. Parallel bands and linear basic bodies, interpreted as sills and mafic 
schists, have also been mapped locally to the north and south of the Project. The most 
prevalent fabric in the Project’s ultramafic rock is a steeply dipping metamorphic banding 
that is well developed in sheared regions. Small scale (3-5 cm) folds are common throughout 
the system. 

Faults are difficult to detect on the surface due to the regolith and because some faults may 
be parallel to the regional strike, while others could have been annealed by granite veins and 
intrusions, again parallel to regional foliation. Thrust faults have been identified, with the 
hanging wall thrusting towards the north. Immediately adjacent to the gold mineralisation 
shearing increases in intensity until folding is no longer detectable.  

7.4 Alteration 

Silicification is common across the ore body and into the immediate hanging wall and 
footwall gneisses. Other alteration styles in the ore body include the presence of phlogopite 



AUREUS MINING INC. 
New Liberty Gold Project  

411007 NI 43-101 final 24 

as well as chlorite within the ore zone, and an associated bleaching of the rocks linked with 
the destruction of magnetite.  

7.5 Geology of Other Main Targets 

7.5.1 Weaju 

The Weaju deposit is located at the eastern end of the Bea Mountain ridge, which is a 
prominent topographic feature comprising banded iron formation, ultramafic and mafic 
schists, meta-quartzites, paragneisses and intrusive granitoids. 

Weaju consists of the same lithologies as the Project, with a network of anastomosing faults 
and shears, resulting in the formation of tight folds which thicken the mineralised zones and 
the host rock. The ultramafic body is surrounded by granitic gneisses and intruded by a 
prominent network of granite-pegmatite-aplite veins. Individual veins and patches of granite 
may, in places, reach up to 50m width.  

Mineralisation-related alteration includes silicification and a phlogopite-tourmaline-magnetite-
carbonate assemblage, together with pyrrhotite, arsenopyrite, pyrite, chalcopyrite and 
niccolite. Gold mineralisation at Weaju is found in tremolite talc chlorite schists adjacent to 
low magnetite content tourmaline granites. Coarse free gold has also been observed within 
one core sample.  

7.5.2 Gondoja North and Gondoja South 

Gondoja North is underlain by a circa 200m wide mafic body comprising marginal 
amphibolite and a central zone of ultramafic rock. A series of quartz veins intrude mainly into 
the ultramafic unit, although one prominent quartz vein cuts through amphibolite close to the 
northern margin of the body. The quartz veins are closely related to granitised schists or 
greisens. Two moderate sized (circa 100m long) quartz veins cutting amphibolite are 
mineralised with sphalerite, galena, scheelite, and gold with minor chalcopyrite. Ultramafic 
rocks were observed associated with the amphibolite, which forms an elongated sliver 
surrounded by granite gneiss. The geological setting of gold mineralisation at Gondoja 
appears to be very similar to that at the Project and at Weaju. The principal differences are 
the veins and a polymetallic (Au-W ± Zn-Pb-Cu) metal assemblage at Gondoja. The 
association between the mineral assemblage and granitoid intrusion is comparable to 
intrusion-related gold mineralisation systems.  

Gondoja south is thought to be a continuation of the same structure which hosts Gondoja 
North as another en echelon shear dilation.  

7.5.3 Ndablama 

Ndablama lies east of Weaju forms part of the Gondoja Hills which are underlain by Archean 
amphibolitic gneiss and ultramafic rocks, juxtaposed with foliated biotite granite gneiss. 
Sheared and folded ultramafic schist is divided by tourmaline granites, breccias and 
pegmatites the whole zone attaining widths of over 150m (Figure 7.8) ultramafic schists with 
a phlogopite alteration halo form the host rock and are associated with granitic dykes. 
Amphibolite units near granites become enriched in chlorite and phlogopite. Visible gold 
found in core is associated with arsenopyrite and pyrite. The hanging wall to the ore zone is 
amphibolite and the footwall is progressively enriched in microcline-bearing granitic gneiss.  
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Figure 7.8 Geological Map of Ndablama (Aureus 2012) 

 

7.6 Mineralisation 

Major mineralisation is hosted within the altered parts of the sheared ultramafic rocks (Figure 
7.7).  Pyrrhotite and arsenopyrite are the main sulphides at the Project with occasional pyrite 
and rare chalcopyrite or pentlandite. The areas with the highest grades are associated with 
arsenopyrite. Metallurgical tests of the mineralised sections carried out by Lakefield 
Research Limited (Lakefield, 1999b) indicate that the gold is free in form. Gold mineralisation 
occurs in zones of variable thickness averaging a width of 10m and is nearly continuous 
along 1.75 km of strike. 760m from the western end a second, eight meter wide body splays 
off and continues to the eastern extent of the system. A third zone of mineralisation 100m 
long, two meters wide starts 1.42 km from the western end of the system. The Project 
deposits consist of high-grade gold mineralisation, including intersections in excess of 5 g/t 
Au, contained within lower grade (0.3 to 1.0 gm/t) material. 
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Through the history of exploration at the project, particular local concentrations of higher 
grade gold mineralisation have been identified, initially on the basis of apparent breaks in 
strike continuity at surface and subsequently through confirmation of strike discontinuity or at 
least variability at depth. For convenience, these zones have been named, from west to east 
as Larjor, Latiff (discovered in 2010 in what had been assumed to be a gap), Kinjor and 
Marvoe. 

7.7 Metallogeny and Paragenesis  

Gold at the Project is linked to a polymetallic assemblage of sulphide and oxides in 
ultramafics and granite. Opaque minerals include trace to minor amounts of pyrrhotite, 
arsenopyrite, chalcopyrite, pentlandite, galena, sphalerite, magnetite, ilmenite and rutile. 
Sulphide growth may be in the form of vein fills, massive aggregates, clusters, blebs, 
stringers and fine or coarse disseminations in ultramafics or granite veins.  There appears to 
be a progression from syntectonic to late-tectonic growth, with at least two phases of 
sulphide and oxide growth. The non-opaque minerals are amphibole, chlorite, mica, 
serpentine, talc and quartz. Pyrrhotite, arsenopyrite, coarse grained pyrite, chalcopyrite, 
sphalerite and minor pentlandite are the principal sulphides; the chief observation being (but 
not always) an increase in grain size and abundance, both absolute and relative, in host 
rocks near granite veins.  

In Figure 7.9, pyrrhotite, arsenopyrite and pyrite are shown in cut and uncut ultramafic core, 
with the bulk of the sulphides aligned to the dominant cleavage. 

Figure 7.9 Mineralisation in Core 

 

7.8 Summary of Field Character of the Mineralisation 

The gold mineralisation at the Project is associated with sulphides, hosted in 
metamorphosed ultrabasic rocks intruded by tourmaline-bearing granites that are closely 
associated with albitite dykes. The ultramafics consist of amphibole (tremolite, actinolite), 
chlorite, phlogopite, talc, some carbonate and the sequence is moderately to highly silicified.  

The widespread silicification is accompanied by ubiquitous magnetite precipitation. The 
sulphide association is pyrrhotite, pyrite (the two alternating in dominance), arsenopyrite and 
minor-to-trace chalcopyrite, niccolite and gersdoffite. Magnetite and minor haematite are the 
main oxides 
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8 DEPOSIT TYPES 

The licence hosts a typical Upper Archean to Lower Proterozoic style of metallogeny 
characteristic of Greenstone-hosted Lode Gold mineralisation, where deposits are often 
referred to as orogenic, and characterised by the presence of gold-quartz veins and 
disseminated mineralisation. 

Archean orogenic deposits are typically hosted in greenstone belts comprising meta-volcano 
sedimentary supracrustal assemblages together with the coeval calc-alkaline granitoid 
intrusions. Gold mineralisation is hosted in moderate to steeply dipping quartz-dominated 
shear zones with associated extensional vein systems. Gold mineralisation is coeval with the 
syntectonic stages of the orogeny and is related to periods of crustal shortening at 8-15 km 
depth. Structures are typically formed at, or close to, contacts between rock types of 
contrasting competencies, and mineralisation is often localised at bends or splay 
intersections in the shear system. 

Mineralisation in Archean orogenic deposits are associated with characteristic alteration 
styles (quartz-carbonate-sericite-biotite-sulphides) and often enriched in ‘lodes’ that plunge 
steeply. Gold deposits may occur in a variety of host rocks, which include granite, meta-
volcanic rock (greenstones) and include mafic and ultramafic rock units and associated 
volcaniclatic, banded iron-formations and siliciclastic sediments, as observed within the Bea-
MDA licence. The schematic diagram (Figure 8.1) depicts a typical orogenic lode system 
with analogous geological settings for the deposit styles found in the license. 

The primary targets of Aureus’ mineral exploration program in Liberia are shear zone hosted 
gold systems, whether associated with quartz, granite veins, breccia zones or granitic 
bodies. A structural control to mineralisation is eminent with areas of multiple structures 
intersecting. Gold mineralisation in these deposits is thought to have been emplaced by Au 
bearing fluids flowing into dilatational zones formed by faults or fold hinges in high strain 
zones.  

Figure 8.1 Schematic of Orogenic Gold Systems (Modified from Francois et. al. 
2007) (Reproduced Aureus 2012) 
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Gold within the system was introduced as gold sulphide complexes in hydrothermal 
solutions, which may in part have been sourced from underlying granitic plutons. When the 
solutions came into contact with the magnetite within the ultramfic rocks they reacted, 
causing the deposition of native gold and sulphide minerals. Prominent examples of such 
deposits, some of which rank as large, world class deposits are: Golden Mile at Kalgoorlie, 
Australia, Kerr-Addison Mine in Ontario, Canada and Homestake Mine in the United States.  
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9 EXPLORATION 

9.1 Introduction 

Exploration at the Property follows a systematic process of reconnaissance work, grab 
sampling followed by soil geochemistry, mapping, trench sampling and eventually drilling. 
Airborne and ground geophysics have also been conducted in situations where appropriate. 

9.2 Methodologies 

9.2.1 Coordinates, Datum, Grid Control and Topographic Surveys 

At the Project, geological and geographical information was first set out on a local grid using 
a baseline at 285° magnetic, which parallels the strike of the mineralisation. Early mapping 
of outcrop, trenches and streams was by tape and compass survey. This grid contained 
several errors, compounded by the magnetic effect of the ultramafic body. In 2009 a change 
was made to UTM Zone 29N coordinates (map datum WGS84), and locations were obtained 
from GPS. In addition to re-surveying drill holes, a topographic map was created which 
included streams, roads and outcrop. 

Surveys since 2010 for both drill hole collar pickup and topography were undertaken with 
reference to three control points, with two Trimble R3 receivers used for surveying in 2010. 
From October 2011, a Leica DGPS survey system was used to resurvey all the drill holes, 
and a new topographic survey is progressively being updated whilst referencing the same 
three control points. 

9.2.2 Geological Mapping 

Company geologists map lithology, alteration, mineralisation and structures using outcrop 
mapping. With outcrop limited mostly to artisanal pits and trenches, maps are progressively 
updated as more data from trenches and drilling becomes available. 

9.2.3 Regional Stream and Outcrop Sampling 

In the period 2005 and 2006, prior to license area reduction with the granting of a class A 
mining license, Mano acquired multi-element, stream sediment geochemical data from 
Western Mining Corporation (WMC) and undertook extensive regional outcrop and heavy 
mineral sampling programmes in Gola Konneh, Tewo and other districts. 

Reconnaissance sediment surveys of small streams for gold and heavy mineral in and 
around the Bea Mountain and Silver Hills ridges has indicated the presence of several 
previously unknown gold occurrences in water courses flowing off the Bea Mountain ridge 
which require future investigation. 

9.2.4 Soil Geochemistry 

Soil sampling is undertaken on a set grid, with line spacing determined by the objectives of 
the individual programme. The samples are located using handheld GPS units, with 1 kg of 
soil taken from a depth of 0.5m. 

9.2.5 Trenching 

Trenches are staked out by a geologist at an alignment that intersects the strikes of 
structures and then excavated to a depth of 1-4 m, depending on bedrock intersection depth. 
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The trenches are surveyed and logged, followed by continuous channel sampling along each 
metre of the trench. 

9.2.6 Geophysics 

In May 2006, a high resolution helicopter-borne, combined magnetic gradient and gamma-
ray spectrometer survey was conducted over the south west and north east of the license by 
New Resolution Geophysics (NRG). North-south lines were flown at a spacing of 100m using 
an average ground clearance of 30m. Orthogonal control lines were also flown using a 
separation of 1000m. A total of 2200 line kilometres was flown over a surface area of 
200 km2. 

The survey parameters are summarised in Table 9.1. A DGPS unit was employed for real-
time on-line navigation and post-survey data location. A radar altimeter monitored and 
controlled ground clearance. The difference between these elevation data derived from the 
DGPS and the radar was used to define the local topography. 

Table 9.1 Equipment and Data Sampling Techniques 

 

Data quality control was undertaken by an independent consultant geophysicist. Gridded 
geophysical data were further processed and interpreted by an independent geophysical and 
geological consultancy. The products show differences in lithology picked out by 
radiometrics and structures defined in the magnetic data. The raw data was again 
reprocessed in 2011 by an external consultant geophysicist. 
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9.3  Regional Exploration Activity 

9.3.1 New Liberty Exploration 

9.3.1.1 Soil 

Geochemical soil sampling was carried out in 1999 on a 100m by 20m grid over 1.0 km each 
side of the known mineralisation width 200m picking up a strong anomaly over 200m to the 
west and east. Further soil sampling has been completed in 2011, in conjunction with 
geophysics and exploration along strike on a 100m by 50m grid (Figure 9.1), covering a 
further 189.8 km of lines, consequently extending the areas surveyed to the east and west. 

Figure 9.1 Soil Sampling Coverage over the New Liberty Area (Aureus 2012) 

 

9.3.1.2 Trenching 

Following encouraging channel samples from artisanal workings (Figure 9.2), including 
19.95m at 4.06 g/t Au in the west and 13.1m at 4.56 g/t Au in the centre of the system, 
trenches T1 – T12 were excavated in 1997, each 3.0m deep trench aligned approximately 
perpendicular to the east-west strike of the mineralisation, This covered an along-strike 
extent of 1800m (see trench example Figure 9.3). During 1998, trenches T13 - T24 were 
completed at intervals of 100m along the geological strike and 20-80m long to depths 
ranging from 2.0m to 4.0m into saprolitic material (Figure 9.3). Later trenching (T27 and T28) 
was used for outcrop demarcation to assist in the positioning of borehole collars in poorly 
exposed terrain beyond the ultramafics and mineralisation. 
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Figure 9.2 Artisanal Workings 

 

Figure 9.3 Exploration Trench (Aureus 2012) 
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The trench channel sampling results, having interval values greater than 1.0 g/t, are shown 
in Table 9.2. Figure 9.4 presents the locations of the trenches. 

Table 9.2 Summary of Trench Results 

Trench No From m To m m @ g/t Au 

2 9.0 20.0 11.0 @ 2.6 

3 22.0 23.0 1.0 @ 2.3 

5 29.0 31.0 2.0 @ 1.6 

5 41.0 42.0 1.0 @ 1.1 

5 43.0 44.0 1.0 @ 1.3 

6 26.0 35.0 9.0 @ 4.7 

6 41.0 45.0 4.0 @ 3.0 

7 3.0 4.0 1.0 @ 2.7 

7 8.0 11.0 3.0 @ 1.8 

7 16.0 28.0 12.0 @ 5.8 

8 0.0 2.0 2.0 @ 1.8 

8 15.0 17.0 2.0 @ 1.4 

11 11.0 13.0 2.0 @ 1.8 

11 15.0 18.0 3.0 @ 1.6 

11 21.0 23.0 2.0 @ 2.7 

12 6.0 8.0 2.0 @ 3.4 

12 40.0 42.0 2.0 @ 37.8 

13 16.0 20.0 4.0 @ 3.8 

13 28.0 30.0 2.0 @ 2.2 

14 0.0 14.0 14.0 @ 1.5 

15 10.0 12.0 2.0 @ 1.6 

25 40.0 42.0 2.0 @ 1.4 

26 22.0 32.0 10.0 @ 8.6 
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Figure 9.4 Trench Locations (Aureus 2012) 

 

9.3.1.3 Geophysics 

Following from the airborne survey, ground magnetic, induced potential (IP) dipole-dipole 
lines and gradient array surveys have been undertaken by international geophysics survey 
company, Fugro, in 2011. Initially the areas of known mineralisation were surveyed to gain 
an understanding of the signature of mineralisation, with areas outside then used to 
extrapolate to other features. Further investigation is based on the airborne magnetic data, 
and along strike from the mineralisation. Fifty two line kilometres of survey was completed 
for the ground magnetics and a further 60.4 line km for the IP grid and dipole-dipole. The IP 
detected a low resistivity corridor thought to represent a continuation of the mineralisation 
within the ultramafic unit (Figure 9.5).  
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Figure 9.5 IP corridor at New Liberty (Aureus 2012) 

 

9.4 Further Targets at the New Liberty 

Analysis from of both the IP and the reanalysed airborne magnetic data has highlighted 
several targets around the New Liberty site for further investigation (Figure 9.6). These are 
undergoing investigation with soil anomalies, outcrop mapping and surveys to delineate 
potential targets for drilling. 

Figure 9.6 Targets Picked out by Geophysics on Aerial Magnetics (Aureus 2012) 
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9.5 Other Targets in the Bea-MDA Property 

There are five other targets on the Bea-MDA property which are currently subject to 
exploration at varies stages  

Descriptions of exploration activities and results from these other targets have been provided 
by Aureus but the associated data has not been sighted or reviewed by AMC, and the 
localities have not been visited. The information has been included here in the context 
disclosing other activities on the Bea-MDA property, but these are unrelated to the purpose 
of the report. 

9.5.1 Silver Hills 

Silver Hills is situated approximately 14 km northeast of New Liberty. Soil sampling results 
have highlighted a zone 80m long and 30m wide, which was followed up by the excavation 
of three trenches (Table 9.3). 

Table 9.3 Silver Hills Trench Results 

9.5.2 Weaju 

The Weaju deposit is situated 30 km east north east of the Project, at the eastern end of the 
Bea Mountain ridge. 

Mapping, supplemented by later drilling, indicates that mineralization is located within a 
sheared ultramafic host unit, bounded to both the north and south by granite basement.  

Soil geochemical data, when superimposed onto the detailed geological map of the prospect 
area defines a linear, zone, some 1.5 km long, this has been further investigated by 12 
trenches showed it to be open ended in both directions, and concentrated in shear zones 
along contacts between granite and the ultramafic schist-belt.  

9.5.3 Gondoja North 

The Gondoja North area has been described in literature of the 1970s. It has been the 
subject of small scale artisanal mining and repeated visits in the period 1970-1980.  

Work consists of that done by ACA Howe in 2000 (Figure 9.7) and in addition quartz veins in 
a mafic body have been described and verified by fieldwork. 

Trench ID From (m) To (m) Length (m) Au (g/t) 

ST1 0 15 15 0.51 

Including 2 8 6 1.08 

ST2 Unmineralised 

ST3 1 29 28 0.36 

Including 2 7 5 0.76 

 48 66 18 0.18 
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Figure 9.7 Regional Soils over the Gondoja Ndablama Targets (Aureus 2012) 

 

The mineralised is defined by a strong soil anomaly which is centred on an ultramafic unit 
cut by quartz veins and granitoid material. The mineralised footprint is 300m long and 50-
100m wide. Three trenches have been completed at the site, the results of which are 
summarised in Table 9.4 

Table 9.4 Trenches at Gondoja North 

Trench From To Interval Grade 

GT01 18 20 2 3.608 

GT02 27 33 6 1.41 

and 39 40 1 2.133 

GT03 41 43 2 0.4165 

9.5.4 Gondoja South 

Gondoja South is a set of soil anomalies; the largest being 500m by 300m which runs north-
east south-west connecting Ndablama and Gondoja North, making this an area for future 
exploration (Figure 9.6). 

9.5.5 Ndablama  

A soil sampling survey detected a 1.2 km long, north-south-trending zone of gold 
enrichment, up to 100m wide, that remains open along strike (Figure 9.7). Follow-up 
trenching along a 400m long southern section of the anomaly (Trenches 1 -13) was 
completed in 2010. (Table 9.5) this has been followed up by detailed mapping and the 
competition of 63 trenches over 1.6 km strike.  
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Table 9.5 Ndablama Trenching Significant Intercepts 

Trench From (m) To (m) Length (m) Mean Au g/t 

NT001 
0 70 70 1.4 

Incl.4 12 8 5.2 

NT002 
16 86 70 1.1 

Incl.77 86 10 1.6 

NT003 
0 44 44 1 

Incl. 36 43 7 1.8 

NT007 
0 24 24 1.8 

Incl. 14 22 8 3 

NT008 35 40 5 1.7 

NT009 56 88 32 1.1 

NT010 36 55 19 1.5 

NT013 
34 89 55 2.2 

113 121 8 1.2 

NT016 
60 67 7 1 

20 42 22 0.6 

NT017 68 147 79 2.2 

NT018 
6 10 4 1.3 

15 18 3 3.2 

NT021 
12 20 8 1 

38 45 7 1.1 

NT023 36 46 10 0.5 

NT029 115 148 33 0.8 

NT030 15 17 2 9.43 

NT032 

25 30 5 0.73 

99 103 4 2.97 

113 120 7 0.63 

137 147 10 7.81 

NT034 2 6 4 0.53 

NT036 

0 3 3 1.47 

53 55 2 3.79 

60 70 10 2.04 

incl. 63 69 6 3.19 

84 87 3 0.43 

88 96 8 0.81 

97 101 4 0.43 

NT042 

0 3 3 0.74 

22 28 6 1 

29 31 2 0.48 

32 35 3 0.47 

NT043 
76 87 11 3.75 

90 96 6 0.53 
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Trench From (m) To (m) Length (m) Mean Au g/t 

incl. 91 95 4 1.27 

116 124 8 1.3 

148 154 6 0.6 

NT048 38 45 7 2.27 

NT056 24 26 2 1.188 

NT062 
33 40 7 2.3 

42 46 4 0.8 

RF001 6 10 4 7.87 

RF002 

20 35 15 0.34 

46 57 11 0.74 

59 68 9 0.59 

RF003 4 9 5 0.56 

NCS001 0 5 5 1.588 

Trenches NT031, NT033, NT035, NT037-041, NT044, NT051 and NT053-NT055, NT057-
NT061 and NT063 are unmineralised 

  



AUREUS MINING INC. 
New Liberty Gold Project  

411007 NI 43-101 final 40 

10 DRILLING 

10.1 Project Drill Program  

Diamond drilling at the Project was conducted periodically between 1999 and 2010 (Table 
10.1). The total drilled in the exploration at New Liberty is 57,816m in seven campaigns. 

Table 10.1 Summary of Drill Campaigns  

 Holes 

Campaign Year Numbers Number of Metres 

1 1999 - 2000 1 - 19 19 1,947 

2 2000 20 - 26 7 791 

3 2005 27 - 61 35 3,024 

4 2006 62 - 114 53 5,066 

5 2008 115 - 130 16 4,485 

6 2009 - 2010 131 - 175 45 12,423 

7 2011 176-375 199 30,080 

Total   375 57,816 

Drilling has been carried out in part by various contractors and in part by Aureus; Campaigns 
1-5 used UK-based firm Drillsure (later Envirodrill); Campaign 6 drilling was in part by 
Australian Exploration and Drilling Company (AEDCo), with the last eight holes being 
completed with in-house rigs and crews, using  Aureus-owned Golden Bear and Hydrocore 
rigs. Campaign 7 was completed by Boart Longyear. 

Drilling was carried out on a grid with holes generally drilled on a 015° azimuth (magnetic) 
and drilled at between minus 45° and 70° to intersect the south dipping zones. At times 
exceptions to the bearing were because of inaccessibility due to swampy conditions or the 
distance to the target depth exceeded the capability of the Onram 100 rigs. This occurred in 
the case of six boreholes as follows; K10, K32, K34, K55 in the Marvoe zone and K36 and 
K38 in the Kinjor zone, when the back bearing of 195° was used. Figure 10.1 is a plan view 
illustration of drill-hole locations in the four mineralised zones. 

The core sizes drilled varied over time as well as within holes, as shown in Table 10.2. The 
quarter core from the first 27 diamond drill holes and half core for the remaining holes are 
stored on site (Figure 10.2). 

Table 10.2 Drill Metres by Campaign 

Campaign 
HW/T6116> 

90 mm 

PQ 
85 

mm 

 
 

HQ  
63 

mm 

NQ 47 
mm 

NTW 
45 mm 

LTK 
36 
mm 

BQ/T48 
36.4 mm 

AQ/DT48     
27 mm 

1 143  1,751       52   

2 89  615 86         

3          271 2,120 632 

4        909 716 3,058 382 

5 19  309 1,363 248   2,546   

6 251  6,238 6,074         

7  2,138  16,530 14,446     

Total 502 2,138 25443 21969 1,158 988 7,776 1,014 



AUREUS MINING INC. 
New Liberty Gold Project  

411007 NI 43-101 final              41 

Figure 10.1 Location of Zones and Drilling (Aureus 2012) 
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Figure 10.2 shows a view of the core storage facilities at the time of the Campaign 6 
drilling. 

Figure 10.2 Core Sheds 

 

10.2 Drill Program Campaigns 

The Campaign 1 programme comprised 19 holes drilled at HQ (68 mm), with the 
exception of hole K16, which was started at HQ and reduced to NQ (48 mm). The holes 
were drilled on 50m centres and intersected mineralisation at depths ranging from 20m 
to 30m below surface along the length of the two mineralised zones. One hole, K10, was 
drilled some 500m to the east of the Kinjor pit to intersect mineralisation identified in 
trench T-11, in the area termed the Marvoe Creek Zone. All the holes were inclined at 
between 45° and 60° towards 015° magnetic, with the exception of hole K10, which was 
inclined at 50° toward 195° magnetic due to swampy ground to the south of the 
mineralisation. 

In early 2000, a second campaign of drilling was undertaken, with the aim of testing the 
mineralisation at greater depth under the Kinjor and Larjor artisanal workings, and to 
investigate the mineralisation in the Marvoe Creek Zone. K20 and K23 were drilled in 
the central part of the Larjor ore body and intersected mineralisation at some 50m and 
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100m below surface respectively. K21 and K22 were drilled on the Marvoe Creek Zone 
near hole K10. 

The third diamond core drilling campaign, designed to close on-strike inter-hole 
distances to a maximum of 25m started in January 2005. At the same time selected 
holes were drilled at steeper angles in order to intersect the ore body at depth, as the 
deepest intersection at the time was 80m below surface. The programme also aimed at 
further evaluating the eastern extremity of the Marvoe Creek Zone, which is indicated by 
aeromagnetic data to continue to the south east. 

A hiatus in drilling followed due to a period of unrest in the country 

Campaign 5 was completed between January and May 2008 and consisted of sixteen 
NQ core drill holes, inclined at between -60° and -70°, drilled under the three known 
zones. Fourteen of these holes tested the gold mineralisation at 300m below surface 
elevation while two (both in Larjor) investigated and demonstrated that the Larjor zone 
mineralisation persists to -600m level.  

In 2009 a 10,730m definition and extension drilling programme was initiated by Aureus 
with the advice of consultants AMC, to satisfy two primary objectives: 

1. To better understand the local geometry of the mineralisation and confirm or 
otherwise the continuities implied in the interpretations then held. 

2. To assess the extent and continuity of the mineralisation beyond (down-dip of) the 
limits of the higher density drilled areas.  

The drilling programme was flexible and dynamic allowing changes to be implemented 
during the programme based on feedback from site, assay results received and to 
account for practical issues such as positioning of drill pads (Figure 10.3). One outcome 
of this was the discovery of the Latiff Zone from wildcat borehole K144 in the gap 
between the Larjor and Kinjor zones, which led to the revised drilling around the gap.  

Four additional holes were drilled in the Latiff Zone through to August 2010 with all holes 
confirming continuity at depth of the gold lode. 
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Figure 10.3 Diamond Core Drill Rig (2009-2010 Campaign) 

 

10.3 Core Recovery 

Drill core recovery was not recorded during the 1999/2000 drilling campaign. Records 
from subsequent campaigns reveal very high recoveries, with most intervals returning 
values well above 90%. These recovery values are consistent with site observations of 
stored core as well as core photographs. 

Figure 10.4 shows good core recovery through a section of mineralised material in spite 
of the tendency for mineralised rock competencies to be lower than in adjacent 
unmineralised intervals. 



AUREUS MINING INC. 
New Liberty Gold Project  

411007 NI 43-101 final 45 

Figure 10.4 Drill Core Showing Recovery through Mineralisation 

 

10.4 Collar Coordinates 

In 2009, a review of existing collar survey coordinates by AMC identified a number of 
uncertainties and a full re-survey of collars was recommended. The results of the 
subsequent August 2010 (DGPS) survey of all drill collars (described in Section 9) have 
not been directly verified by AMC. However, accumulated information regarding 
instrument quality and field procedures has indicated that the re-surveyed drill collar 
coordinate data can be accepted with confidence for the purposes of resource 
estimation. 

Additional resurveying and validation of accessible pre-2011 collars were conducted in 
2011 and all additional collars associated with the 2011 campaign were surveyed with 
the Leica DGPS survey procedures described in section 9.2. 

10.5 Down Hole Surveys 

Down hole surveying practices varied through the different drilling campaigns, and the 
database shows that surveys were not conducted in 96 of the 375 holes.  
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During the first drill campaign (1999/2000) the majority of the 26 holes were surveyed 
(approximately every 50m), the results of which demonstrate minor down hole azimuth 
and dip deviations (less than 5° deviation over 100 m, and AMC understands that it was 
this observation of low deviation that influenced decisions relating to down hole 
surveying during subsequent campaigns. 

Most of the holes from the 2005/2006 campaign, in which the maximum hole depth was 
109m, do not have down hole survey records. For the 2008 programme, multiple down 
hole surveys were conducted, but intervals between readings were relatively wide, 
typically between 50m and 100m. All holes drilled during the 2009/2010 and 2011 
campaigns were surveyed at short intervals (10m and 5m respectively) and constitute 
the best records of drill hole deviations for the Project. During the 2011 campaign initially 
5m intervals were used up to and including K331 and K336, with the rest done at a 10m 
interval 

Average recorded dip deviation over the full length of each hole is around 10°, but some 
deeper holes (more than 400m) deviate more than 15°. Average azimuth deviation is 
around 5° degrees, but some deeper holes deviate by more than 10°. 

10.6 Significant Drill Intersections 

Drilling is designed on cross section fences and inclined at an average of 60° according 
to the intended pierce point in the zone. The intersections do not represent true width, 
but the intersection angle is generally such that they approach 75% of the true width. In 
Table 10.3 the grades and widths of mineralised intersections are shown by zone. 
These intersections are consistent with those used in the resource classification 
described in Section 14, but exclude intersections either with a grade of less than 1.0 g/t 
Au or a length of less than 2.0m. 
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Table 10.3 Significant Intersections at the Project Exploration at New Liberty 

ZONE SECTION BHID FROM TO LENGTH AU 

Larjor 262275 K072         62.0 65.0 3.0 5.83 

  262275 K318         0.0 3.0 3.0 1.18 

  262300 K046         91.0 97.0 6.0 2.99 

  262300 K143         163.0 169.0 6.0 4.05 

  262300 K287         46.0 53.0 7.0 3.83 

  262325 K071         70.0 79.0 9.0 3.33 

  262325 K299         4.0 12.0 8.0 2.76 

  262425 K108         43.0 49.0 6.0 2.18 

  262425 K292         14.0 19.0 5.0 1.34 

  262425 K306         68.0 81.0 13.0 1.05 

  262450 K290         4.0 14.0 10.0 1.26 

  262450 K320         97.0 117.0 20.0 2.76 

  262450 K331         146.0 172.0 26.0 1.95 

  262475 K007         24.0 34.0 10.0 1.14 

  262475 K107         32.0 45.0 13.0 1.05 

  262475 K133         440.0 456.0 16.0 2.57 

  262475 K301         4.0 18.0 14.0 1.96 

  262475 K323         131.0 149.0 18.0 1.27 

  262500 K309         111.0 128.0 17.0 1.40 

  262500 K314         7.5 23.0 15.5 1.12 

  262525 K012         12.0 28.0 16.0 1.26 

  262525 K035         69.0 91.0 22.0 1.05 

  262525 K121         182.0 195.0 13.0 1.26 

  262525 K284         127.0 150.0 23.0 1.82 

  262525 K316         12.0 32.0 20.0 1.98 

  262550 K062         71.0 93.0 22.0 3.07 

  262550 K134         331.0 347.0 16.0 1.88 

  262550 K135         140.0 161.0 21.0 3.32 

  262550 K325         203.0 212.0 9.0 1.50 

  262550 K335         58.0 82.0 24.0 4.18 

  262575 K003         36.0 62.0 26.0 4.21 

  262575 K047         54.0 86.0 32.0 3.36 

  262575 K116         218.0 237.0 19.0 6.37 

  262575 K322         129.0 148.0 19.0 3.00 

  262575 K364         129.0 147.0 18.0 4.90 

  262600 K063         61.0 90.0 29.0 8.84 

  262600 K139         358.0 364.0 6.0 2.44 

  262600 K199         199.0 221.0 22.0 3.60 

  262600 K317         146.0 155.0 9.0 5.81 

  262600 K327         21.0 50.0 29.0 2.84 
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ZONE SECTION BHID FROM TO LENGTH AU 

  262625 K013         20.0 46.0 26.0 6.17 

  262625 K020         56.1 74.0 17.9 4.51 

  262625 K081         55.0 73.0 18.0 4.29 

  262625 K115         209.0 226.0 17.0 6.61 

  262625 K120         517.0 525.0 8.0 2.53 

  262625 K283         143.0 161.0 18.0 6.36 

  262625 K336         26.0 61.0 35.0 5.59 

  262650 K076         84.0 96.0 12.0 4.94 

  262650 K136         378.0 389.0 11.0 4.57 

  262650 K142         145.0 160.0 15.0 7.05 

  262675 K008         26.0 48.0 22.0 3.91 

  262675 K266         128.0 133.0 5.0 2.33 

  262675 K326         35.0 63.0 28.0 3.38 

  262700 K077         67.0 72.0 5.0 3.37 

  262725 K014         22.0 34.0 12.0 7.47 

  262725 K033         60.0 64.0 4.0 6.32 

  262725 K141         154.0 159.0 5.0 1.56 

  262725 K329         124.0 130.0 6.0 1.38 

  262750 K078         63.0 71.0 8.0 3.70 

  262750 K288         21.0 33.0 12.0 3.62 

  262775 K009         36.0 44.0 8.0 1.60 

  262775 K030         66.0 70.0 4.0 2.08 

  262775 K279         7.0 18.0 11.0 4.36 

  262800 K079         67.0 70.0 3.0 3.43 

  262800 K276         78.0 80.0 2.0 2.39 

  262800 K278         25.0 31.0 6.0 3.34 

  262825 K015         46.0 48.0 2.0 2.84 

  262825 K140         138.0 142.0 4.0 1.02 

  262825 K275         30.0 36.0 6.0 2.43 

Latiff 262900 K186         321.0 323.0 2.0 1.75 

  262925 K170         143.0 149.0 6.0 1.29 

  262950 K168         73.0 81.0 8.0 3.06 

  262950 K307         66.0 77.0 11.0 1.53 

  263000 K163         80.0 88.0 8.0 8.53 

  263000 K169         161.0 174.0 13.0 3.49 

  263000 K258         69.0 81.0 12.0 3.00 

  263025 K019         20.0 25.0 5.0 1.17 

  263025 K253         129.0 141.0 12.0 4.98 

  263025 K263         29.0 37.0 8.0 4.46 

  263050 K144         68.0 80.0 12.0 3.76 

  263050 K165         165.0 191.0 26.0 4.47 
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ZONE SECTION BHID FROM TO LENGTH AU 

  263050 K249         112.0 125.0 13.0 6.80 

  263075 K197         149.0 164.0 15.0 4.90 

  263075 K242         88.0 98.0 10.0 4.31 

  263075 K250         16.0 19.0 3.0 4.16 

  263100 K162         80.0 93.0 13.0 6.81 

  263100 K233         150.0 173.0 23.0 5.55 

  263100 K240         28.0 34.0 6.0 12.95 

  263125 K167         139.0 155.0 16.0 5.71 

  263125 K229         6.0 17.0 11.0 4.05 

  263125 K235         4.0 14.0 10.0 1.74 

  263125 K237         47.0 77.0 30.0 3.07 

  263125 K238         83.0 89.0 6.0 6.60 

  263125 K352         254.0 268.0 14.0 1.23 

  263150 K164         74.0 88.0 14.0 7.20 

  263150 K182         252.0 266.0 14.0 2.58 

  263150 K195         183.0 196.0 13.0 5.35 

  263150 K245         122.0 133.0 11.0 7.17 

  263150 K350         256.0 288.0 32.0 2.53 

  263150 K355         226.0 240.0 14.0 4.58 

  263175 K205         158.0 172.0 14.0 2.74 

  263175 K227         22.0 36.0 14.0 1.19 

  263175 K345         189.0 198.0 9.0 3.12 

  263200 K171         163.0 171.0 8.0 5.35 

  263200 K194         136.0 146.0 10.0 2.82 

  263200 K339         222.0 228.0 6.0 2.11 

  263225 K005         50.0 54.0 4.0 2.53 

  263225 K348         197.0 205.0 8.0 1.69 

  263225 K356         227.0 231.0 4.0 4.33 

  263225 K358         123.0 135.0 12.0 3.94 

Kinjor 263250 K196         144.0 153.0 9.0 4.13 

  263250 K230         21.0 23.0 2.0 1.10 

  263250 K308         168.0 178.0 10.0 6.74 

  263250 K332         223.0 228.0 5.0 1.28 

  263250 K332         273.0 282.0 9.0 1.19 

  263275 K145         130.0 136.0 6.0 3.26 

  263275 K145         154.0 156.0 2.0 1.84 

  263275 K151         260.0 265.0 5.0 5.76 

  263275 K360         129.0 134.0 5.0 3.66 

  263300 K094         67.0 75.0 8.0 6.94 

  263300 K203         188.0 196.0 8.0 2.82 

  263300 K203         227.0 229.0 2.0 1.18 
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ZONE SECTION BHID FROM TO LENGTH AU 

  263300 K215         19.0 27.0 8.0 4.51 

  263300 K304         255.0 260.0 5.0 9.68 

  263300 K321         269.0 274.0 5.0 13.73 

  263325 K016         56.0 62.0 6.0 4.35 

  263325 K124         172.0 180.0 8.0 4.89 

  263325 K124         193.0 199.0 6.0 2.00 

  263325 K207         117.0 124.0 7.0 2.35 

  263325 K207         133.0 145.0 12.0 2.99 

  263325 K217         16.0 22.0 6.0 6.09 

  263325 K302         0.0 16.0 16.0 2.61 

  263350 K045         41.0 44.0 3.0 2.44 

  263350 K093         29.0 42.0 13.0 3.50 

  263350 K150         312.0 329.0 17.0 4.72 

  263350 K272         283.0 285.0 2.0 1.00 

  263350 K300         20.0 23.0 3.0 2.37 

  263350 K303         128.0 133.0 5.0 2.60 

  263350 K340         145.0 152.0 7.0 2.87 

  263350 K362         126.0 134.0 8.0 5.08 

  263350 K362         149.0 162.0 13.0 4.22 

  263375 K028         79.0 87.0 8.0 2.08 

  263375 K092         25.0 29.0 4.0 2.05 

  263375 K125         155.0 157.0 2.0 1.24 

  263375 K147         130.0 138.0 8.0 2.74 

  263375 K213         224.0 235.0 11.0 15.84 

  263375 K222         31.0 36.0 5.0 2.66 

  263400 K220         17.0 22.0 5.0 4.46 

  263400 K342         191.0 207.0 16.0 4.48 

  263400 K346         102.0 108.0 6.0 5.82 

  263425 K006         28.0 34.0 6.0 6.25 

  263425 K006         68.0 84.0 16.0 2.01 

  263425 K091         29.0 39.0 10.0 5.63 

  263425 K126         159.0 169.0 10.0 12.43 

  263425 K126         204.0 206.0 2.0 3.72 

  263425 K146         468.0 476.0 8.0 1.12 

  263425 K200         213.0 217.0 4.0 5.18 

  263425 K223         19.0 34.0 15.0 5.88 

  263425 K347         95.0 104.0 9.0 7.27 

  263450 K224         21.0 46.0 25.0 2.40 

  263450 K305         17.0 33.0 16.0 2.92 

  263450 K338         229.0 235.0 6.0 7.50 

  263450 K343         132.0 136.0 4.0 1.34 
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ZONE SECTION BHID FROM TO LENGTH AU 

  263450 K343         158.0 164.0 6.0 1.12 

  263450 K349         81.0 91.0 10.0 6.02 

  263475 K018         38.0 46.0 8.0 4.26 

  263475 K090         40.0 50.0 10.0 6.06 

  263475 K127         137.0 150.0 13.0 2.78 

  263475 K148         115.0 120.0 5.0 1.17 

  263475 K152         290.0 296.0 6.0 4.29 

  263475 K152         368.0 370.0 2.0 1.18 

  263475 K285         177.0 182.0 5.0 3.35 

  263500 K017         38.0 46.0 8.0 8.32 

  263500 K027         44.0 52.0 8.0 3.96 

  263500 K210         158.0 163.0 5.0 2.11 

  263500 K313         22.0 30.0 8.0 2.26 

  263500 K351         91.0 99.0 8.0 3.86 

  263500 K353         82.0 87.0 5.0 1.76 

  263525 K190         120.0 129.0 9.0 5.36 

  263525 K264         0.0 9.0 9.0 5.33 

  263525 K337         199.0 210.0 11.0 3.68 

  263550 K155         117.0 124.0 7.0 2.89 

  263575 K002         24.0 40.0 16.0 8.22 

  263575 K191         118.0 129.0 11.0 5.80 

  263575 K261         17.0 24.0 7.0 4.79 

  263575 K310         12.0 22.0 10.0 6.29 

  263600 K153         339.0 352.0 13.0 4.02 

  263600 K153         380.0 387.0 7.0 3.45 

  263600 K259         20.0 29.0 9.0 1.54 

  263600 K261         28.0 30.0 2.0 3.50 

  263600 K357         132.0 139.0 7.0 1.90 

  263650 K248         89.0 92.0 3.0 8.62 

  263650 K248         116.0 121.0 5.0 3.23 

  263650 K269         13.0 19.0 6.0 1.69 

Marvoe 263700 K059         76.0 79.0 3.0 1.05 

  263700 K187         136.0 149.0 13.0 3.03 

  263700 K251         34.0 39.0 5.0 1.07 

  263725 K156         156.0 170.0 14.0 4.13 

  263725 K246         15.0 51.0 36.0 1.15 

  263725 K294         117.0 124.0 7.0 7.74 

  263725 K354         147.0 156.0 9.0 6.49 

  263750 K052         47.0 61.0 14.0 6.81 

  263750 K068         62.0 70.0 8.0 5.83 

  263750 K096         54.0 62.0 8.0 16.37 
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ZONE SECTION BHID FROM TO LENGTH AU 

  263750 K130         231.0 235.0 4.0 1.48 

  263750 K130         250.0 252.9 2.9 1.01 

  263750 K211         159.0 170.0 11.0 12.68 

  263750 K211         197.0 208.0 11.0 1.03 

  263750 K286         161.0 174.0 13.0 2.12 

  263750 K375         96.0 100.0 4.0 2.67 

  263775 K049         47.0 57.0 10.0 10.05 

  263775 K069         60.0 74.0 14.0 6.44 

  263775 K282         139.0 159.0 20.0 1.62 

  263825 K066         85.0 93.0 8.0 2.07 

  263825 K265         37.0 39.0 2.0 1.89 

  263875 K067         22.0 24.0 2.0 1.40 

  263875 K154         411.0 437.0 26.0 1.38 

  263875 K206         103.0 136.0 33.0 1.83 

  263900 K095         11.0 24.0 13.0 7.44 

  263900 K095         52.0 82.0 30.0 1.02 

  263900 K160         140.0 142.0 2.0 2.96 

  263900 K204         61.0 63.0 2.0 1.15 

  263900 K267         99.0 138.0 39.0 3.72 

  263900 K361         4.0 7.0 3.0 2.65 

  263925 K039         38.0 72.0 34.0 1.26 

  263925 K098         41.0 75.0 34.0 2.69 

  263925 K129         224.0 246.0 22.0 3.82 

  263925 K204         102.0 145.0 43.0 1.33 

  263925 K361         42.0 91.0 49.0 2.89 

  263950 K247         64.0 70.0 6.0 35.48 

  263950 K247         114.0 139.0 25.0 3.05 

  263950 K260         25.0 54.0 29.0 1.89 

  263975 K201         69.0 73.0 4.0 10.88 

  263975 K201         127.0 150.0 23.0 2.96 

  263975 K257         10.0 53.0 43.0 2.49 

  264000 K256         6.0 38.0 32.0 2.68 

  264000 K363         117.0 125.0 8.0 4.10 

  264025 K158         171.0 230.0 59.0 1.77 

  264025 K252         0.0 15.0 15.0 1.42 

  264050 K099         6.0 16.0 10.0 2.02 

  264050 K244         8.0 34.0 26.0 2.29 

  264075 K024         56.0 92.0 36.0 3.16 

  264075 K225         111.0 166.0 55.0 1.13 

  264100 K202         95.0 151.0 56.0 2.36 

  264100 K241         38.0 46.0 8.0 1.72 
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ZONE SECTION BHID FROM TO LENGTH AU 

  264125 K021         53.0 74.8 21.8 2.72 

  264125 K216         21.0 25.0 4.0 3.09 

  264125 K221         98.0 142.0 44.0 3.02 

  264150 K100         50.0 71.0 21.0 1.51 

  264150 K236         45.0 76.0 31.0 2.76 

  264150 K366         65.0 93.0 28.0 3.54 

  264150 K368         92.0 116.0 24.0 1.39 

  264175 K232         2.0 15.0 13.0 3.74 

  264200 K369         23.0 31.0 8.0 1.16 

10.6.1 Sterilisation Drilling 

Within the New Liberty area 4926m of sterilisation drilling has been completed within 
site, covering the areas proposed for the waste dump, tailings dam, plant area and river 
diversion (Table 10.4). 

Table 10.4 New Liberty Sterilisation Drilling 

Area Number of holes Length drilled (m) 

Waste dump 11 1633 

Tailings dam 7 1060 

Plant area 6 659 

River diversion 10 1577 

Total 34 4926 

10.7 Drilling at other Targets 

Outside of the Project, drilling has been carried out on two of the four targets discussed 
in Section 9, namely the Weaju and Gondoja targets Below is a summary of the drilling 
activities, including work completed after that time. 

10.7.1 Weaju 

A total of 3,935m of diamond has been completed in forty eight diamond drill holes 
during two campaigns over the period 2000 to 2006. This drilling confirms the presence 
of four principal high-grade lenses of gold mineralisation, named the North Zone, the 
Main Zone, the Ridge Zone and the Creek zone, as well a zone of modest mineralisation 
called Macenta. The North Zone dips north at 60° to 70°and the other zones dip south at 
steep angles. The combined strike length is approximately 450m. The five zones have 
been drilled generally with one hole per section, on sections 25m apart. The 
intersections of greater than 3.0 g/t Au shown in Table 10.5 represent intersected 
thickness, and true thickness is approximately 70% of the intersected width. Gold occurs 
as free gold and visible gold is observed. 
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Table 10.5 Weaju Significant Intersections 

10.7.2 Gondoja  

Commentary on the geology and mineralisation at Gondoja is historical, as core from the 
five boreholes drilled at the prospect were lost during the period of civil unrest. 
Nevertheless significant highlights of the drilling include the intersections in Table 10.6. 

Table 10.6 Gondoja Significant Intersections 

Hole ID From (m) To (m) length (m) Au (g/t) 

GD1 38 42 4 3.03 

GD4 74 110 36 3.32 

GD5 58 64 6 1.17 

This work was not NI 43-101 compliant and the results are shown only for interest. 

  

Hole ID From (m) To (m) Length (m) Au (g/t) Zone 

WD1 0 24 24 33.0 Main 

WD1 48 50 22 3.5 Main 

WD2 8 30 22 4.5 Main 

WD5 14 48 34 19.9 Main 

WD7 19 23 4 15.1 Main 

WD9 26 44 18 4.5 Main 

WD38 80 82 2 3.8 Main 

WD41 86 87 1 9.2 Main 

WD13 16 28 12 10.0 North 

WD42 36 43 7 4.6 North 

WD45 17 27 10 6.1 North 

WD15 90 91 1 3.1 Ridge 

WD19 35 51 16 3.6 Ridge 

WD20 23 51 28 3.1 Ridge 

WD24 35 38 3 3.4 Ridge 

WD40 29 39 10 3.7 Ridge 

WD28 47 53 6 27.7 Creek 

WD47 19 21 2 3.2 Macenta 
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11 SAMPLE PREPARATION, ANALYSES AND SECURITY 

Sampling is carried out by project geologists in a manner consistent with mineral 
exploration standards adhered to in other West African mineral exploration programs. In 
total 3444 soil samples, 525 trench samples and 25,384 drill core samples were 
collected and submitted for gold assay from the Project during the period covered by this 
report. 

11.1 Soils and Trenches 

Soil samples were collected from 50 cm below the surface, in areas away from drainage 
channels, coned and quartered to 1.5-2.5 kg and bagged for analysis.  

One metre long samples were systematically collected in saprolite material from 10 cm 
square channels cut into cleaned trench walls near the floor of trenches and across the 
strike of mapped structures. For consistency the channels start at the southern end 
(collar) and numbered as such. Some trenches (and channels) were excavated in 
separate segments to get around large boulders, trees and unstable artisanal workings, 
to give continuity across the zone. 

All work has been carried out by Project crews and supervised by Aureus geologists.  

11.2 Diamond Drill Hole Samples 

Diamond-drilling activity at the Project is also supervised by Aureus geologists. Core 
and core blocks are placed in core boxes by the driller. Upon reception in the core shed 
on site, core was cleaned or washed (if required) and core blocks were checked by 
Aureus  staff. The core was then photographed wet and dry in a frame to ensure a 
constant angle to and distance from the photographer. Magnetic susceptibility readings 
were taken every metre. For unconsolidated core this is measured in-situ and results in 
SI units (kappa) recorded in the assay log sheet.  

Geotechnical logging records casing size, bit size, depths, intervals, core loss/gain, core 
recovery with weathering index, RQD, fracture index, jointing and joint wall alteration 
and a simple geological description. Geotechnical logging covers holes up to K213 and 
K304, K320, K325 and K329. Otherwise only sulphides were recorded before cutting. 
For oriented core more detailed point data-based depth, alpha and beta angles of 
fabrics are recorded (Figure 11.1).  

Geological logging uses a form-to format to record depths, rock codes and brief 
descriptions of the lithological units and angles of contacts. Bulk density measurements 
were taken as discussed below. Sample intervals are measured-off by the Project 
Geologists and a line drawn along the length of the core to indicate where the core must 
be cut, chosen to be at 90 degrees to the predominant structure so that each cut half of 
the core will be a mirror image. 

Core cutting by diamond saw is conducted in a dedicated core saw shed while 
unconsolidated material is split using spoons or trowels, with half the diameter of the 
sample being removed for assay. Each sample interval is placed in a plastic bag with a 
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sample ticket. The bag is labelled with the hole and sample numbers using a marker 
pen. 

Figure 11.1 Structural Core Logging Using Jig 

 

Early exploration samples were 2.0m in length (holes K1-K18). For holes K21-K27, the 
2.0m sampling interval over suspected mineralised zones (rich in arsenopyrite and 
pyrrhotite) was maintained but sampling adjacent to the mineralised zone was extended 
to 4.0m. Subsequently, 1.0m samples were introduced for target intersections, retaining 
2.0m intervals over suspected weakly mineralised material from K27 to K40. Thereafter, 
the adopted norm has been to sample boreholes uniformly at 1.0m intervals for the 
entire ultramafic unit and within 20m selvedges into the hanging and footwall gneisses. 

11.2.1 Bulk Density Measurements 

Bulk density readings are taken at 2.0m intervals within the same lithology and on every 
lithological break. This is carried out by weighing samples in air and water with a 
balance, where porous samples are wrapped in plastic. For drill holes K1-130, 
measurements were carried out on half core, i.e. post-sampling, but now whole core is 
used. Measurements are recorded using a balance with top and under-slung measuring 
capabilities with detection limit of +/-1 gm (Figure 11.2).  
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Figure 11.2 Measurement of Bulk Density  

 

The balance is regularly checked (re-calibrated using certified weights). In lithological 
units of less than one metre thickness, a single sample is measured, while in thicker 
units, one sample every 2m - 3m is measured. Density measurements are carried out 
using Archimedean principles for consolidated fresh core and mass/volume 
determinations on loose granular material. Density is computed from weights of small 
pieces of core (10-15 cm). 

For unconsolidated material, density is measured by filling to the brim a container of 
volume 180cm and the density is the weight of the sample divided by 180.  

The range of bulk densities by geological unit is shown in Table 11.1. 
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Table 11.1 Dry Bulk Densities 

Name / Unit Code Rock Description Mean 

Hanging Wall 
Complex – HWC 

GNqf Quartzo-feldspathic banded leucocratic gneiss  2.70 

GNa Hornblende plagioclase gneiss in lit par lit repetition with GNqf 2.98 

QUl quartz rich layer in migmatite of probable metasedimetary origin 2.70 

Contact zone rocks on 
HWC/ FWC  

GNgp Garnet phlogopite ± actinolite gneiss  
2.96 

Silicified 
Metamorphosed 
Ultrabasic suite 
(SMUS)-ore zone 

UMmt magnetite-tremolite-chlorite schist 2.91 

UMtc tremolite-chlorite –talc schist 3.03 

UMpt phlogopite-chlorite-tremolite schist 2.98 

Footwall Complex - 
FWC 

GNqf Quartzo-feldsparthic banded leucocratic gneiss  2.66 

Gna  Hornblende plagioclase gneiss in lit par lit repetition with GNqf 2.89 

QUl quartz rich layer in migmatite probably metasedimetary band 2.70 

Syn- to late-tectonic 
aplites, pegmatites 
and granitoids). 

GRun Undifferentiated biotite bearing granite 2.72 

GRpb Phlogopite- biotite granite 2.82 

GRsv Sulphide-rich phlogopite microcline Granite 3.02 

GRbr Quartz biotite-orthoclase granite breccia 2.70 

GRto Tourmaline ± beryl granite , tourmaline and albite  veins 2.71 

QZv Quartz and quartz tremolite intrusive vein  2.79 

The bulk density data in the database is used in the resource estimate and is discussed 
further in Section 14. 

Quality assurance protocols have gone through several cycles, with various consultants 
contributing to the present status. QA/QC protocols were not very rigorous in the 1999-
2000 campaign and simply involved the sparing use of core duplicates. Certified 
standard materials (CRMs) were first utilised in 2005-2006 campaigns QA/QC 
procedures were considerably tightened by AMC to establish that they are sufficient and 
suited to the Project mineralisation. Core duplicates and assay pills were phased out. 

Field samples collected from various projects are stored in a secure facility at the field 
base camp guarded by a private security firm SOGUSS prior to dispatch to the sample 
preparation laboratory where retained un-assayed duplicates are stored.  

11.2.2 Preparation and Analysis 

A review of the historical and current procedures follows: 

1999-2000 Campaigns 

During this first drilling campaign, core samples were cut with a diamond saw and two 
metre samples were despatched to the SGS laboratory in Abidjan, Ivory Coast, for 
assay. Sample pulp check assaying was conducted through the OMAC laboratory in 
Ireland (OMAC). However, no standard or blank sampling was undertaken nor any 
standard QA/QC procedures implemented. 
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2005-2006, 2008 Campaigns 

In August 2005 a sample preparation facility managed by the Alex Stewart Group 
(OMAC) was opened in Monrovia, and from that point, samples from the Project have 
been crushed, pulverised and split in Monrovia, before sample splits were shipped by 
DHL to OMAC. 

During the 2005-2006 and 2008 drilling campaigns some QA/QC procedures were 
introduced, with the protocol incorporating the use of blanks and CRMs, together 
inserted into the sample stream at a rate of one in ten. The 19th and 20th samples were 
QA/QC samples, in which the 19th sample was a blank (1.0 kg of Monrovia sand) and 
the 20th was either an assay pill or Rocklab Ltd. standard (as 50g sealed sachets). 
Assay pills were crushed and inserted into a bag of 1 kg of Monrovia sand to make up a 
sample.  

At the Monrovia sample preparation facility, the total sample (±3.5 kg) was dried to a 
core temperature of 110°C, jaw crushed to a nominal 2 mm, riffle split to 1 kg, then 
milled in an LM2 mill to a nominal 95% passing 75 mm. An analytical pulp of 
approximately 200 g was sub-sampled, of which a 100g sub-sample was sent to Ireland 
for assay pulp and fusion in a lead collection fire assay. The resulting prill was dissolved 
in aqua regia, followed by an AAS finish. 

2009/2010 and 2011 Campaigns 

Prior to shipment, final checking is carried out in the presence of a Senior Geologist and 
two field assistants to ensure sample IDs are correct, samples are intact and there are 
no omissions. Quality control standards and blanks samples are inserted at pre-
determined intervals at this point. Samples are sent from site on a complete hole basis 
directly to the OMAC preparation facility in Monrovia, along with documentation, which 
acts as a receipt and sign back. Sample transfer and delivery to the OMAC laboratory in 
Ireland can then be monitored and tracked via their website until assays are released.  

During 2011 the same sample preparation protocol was applied. However following the 
merger between OMAC and the ALS Group, ALS Chemex were no longer eligible for 
use as a referee company. Consequently SGS Canada Inc. (SGS) were commissioned 
as a reference lab. OMAC, ALS Chemex and SGS, including the Monrovia sample 
preparation facility are independent of Aureus. 

The flow chart in Figure 11.3 summarises sample collection, sample preparation, 
assaying and QA/QC procedures adopted during 2009/2010 and 2011 drilling 
campaigns, including the following recommended modifications made after AMC’s 
December 2009 site visit. 

OMAC is accredited by Irish National Accreditation Board to ISO 17025 and fire assay is 
included in the Schedule of Accreditation. They participate in inter-laboratory proficiency 
test and certification programmes (round robins). 

On arrival at OMAC of the prepared pulps, samples are checked against the submission 
sheet, logged into LIMS, and homogenised to prevent segregation that might have 
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occurred in transit. Large consignments of samples (>300) are split into smaller sub-
batches of 200 samples for convenience of processing. 

Samples are weighed, mixed with flux and fused in clay crucibles. Lead buttons 
produced after fusion are cupelled, forming dore prills that are digested in aqua regia, 
and digests are analysed for gold using a Varian AA Spectrometer.  

Samples are analysed in lots of 50 and include 44 original samples, 4 duplicates, one 
CRM and a blank. 

For umpire assaying QA/QC, pulps were taken from coarse rejects stored in the sample 
preparation laboratory of OMAC located in Liberia. Dry rejects were crushed entirely to 
80% passing 2.0 mm using Terminator jaw crusher. 1 kg crushed material splits were 
taken using a riffle splitter and milled using a LM2 mill to 90% passing 100 micron. 50g 
portions of prepared pulp were packed in plastic mini-grip bags and couriered to the ALS 
Chemex laboratories in Canada. ALS Chemex is part of the ALS Minerals group which 
‘maintains ISO 9001:2008 and ISO/IEC 17025:2005 certifications’ and operates a 
laboratory quality management system (QMS) involving both internal and external 
controls (e.g. round robin programs and proficiency tests). 

Sample decomposition was again by fire Assay fusion (FA-FUS03 & FA-FUS04 in the 
method coded Au-AA25, utilizing 30g of sample followed by Atomic Absorption 
Spectroscopy (AAS) finish.  
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Figure 11.3 Sample Preparation and QA/QC Flow Chart  
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11.3 Assay QA/QC 

For the discussion below, the drilling campaigns have been combined into three periods, 
since little QA/QC work was carried during in the early campaigns. AMC has undertaken 
QA/QC analyses for the periods 2005-2008, 2009-2010 and 2011; however only the 
2008-2010 analyses are presented here in any detail, with the remaining periods 
covered in summary form only. 

11.3.1 Period 1999-2000 

11.3.1.1 Field Duplicates 

Five quarter core samples from split core were collected by ACA Howe during their work 
in 2000 and sent for preparation and fire assay at OMAC laboratories. Table 11.2 
compares the original samples and the Howe checks. 

Table 11.2 1999-2000 Field Duplicate Comparison 

Hole ID From (m) To (m) Width (m) Howe check - 
OMAC 

Original value - 
SGS 

KDG-2 32 34 2 16.4 23.0 

KDG-2 36 38 2 0.8 0.4 

KDG-8 34 36 2 4.9 18.2 

KDG-15 30 32 2 1.0 13.0 

KDG-18 44 46 2 0.4 1.0 

KDG-10 70 72 2 3.6 5.0 

ACA Howe concluded that, although the sample to sample comparisons were poor, the 
results should be seen in the context of work by Lakefield Research (Lakefield 
Research, 1999a) which showed the presence of abundant free gold. Consequently a 
strong nugget affect can be expected to influence the correlations. 

11.3.2 Period 2005-2008 

11.3.2.1 Blanks 

A total of 368 blank samples were submitted to the OMAC laboratory during the 2005-
2006 and 2008 campaigns. Generally, the assays performed as required (lower than 
three times detection limit), with four obvious high grade outliers. The outliers are 
probably a consequence of sample mix-up, while a further five samples with higher than 
expected values could indicate laboratory contamination. 

Forty pulp blanks were also routinely inserted into the sample stream, and analysis 
shows a good performance of assays against this blank, with one outlier recorded. 
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11.3.2.2 Standards 

Eight different Rocklabs Ltd. standards were used during the 2005-2008 drilling 
campaigns, with certified gold values ranging from 0.2 g/t Au to 13.64 g/t Au, which 
suitably reflects the Project deposit gold grade range.  

The notable features are the absence from the database of seven 2005 results against 
the 0.58 g/t standard, a number of outliers observed for 0.58 g/t the standard and a 
marked low bias for the 1.32 g/t standard. The assays for the 3.49 g/t standard 
performed within acceptable limits, but with a slight low bias. 

During 2006 the assays performed much better against the standards, although some 
low bias is evident. The poorer standards performance in 2005 relative to 2006 is 
consistent with a common chronological trend, which typically reflects the bedding down 
of procedures at the start of a campaign. 

The improved performance in 2006 was not sustained in 2008, even though the same 
standards were used, and a more marked low bias can be observed.  

AMC is not aware of any control procedures in place during that period to check and 
react to QA/QC concerns, nor has any documentation been found that identifies 
possible contributory factors to the reduced standards performance during 2008. It is 
possible that the standards deteriorated in storage on site during the inter-campaign 
period. 

The low grade standard (0.2 g/t Au) performed within acceptable limits but low bias can 
still be observed. 

11.3.2.3 Laboratory Repeats 

There were 832 laboratory repeats results recorded for the 2005-2008 drilling. Prior to 
statistical analysis, data with values below 15 times the detection limit and above 15 g/t 
Au were removed. Eight obvious outliers were also excluded, leaving 409 pairs. 

Statistical summaries and charts in indicate that, while there is good linear correlation 
between sample pairs, the point cloud shows a relatively wide spread. A precision value 
of 18.5% was achieved, in the context of a recommended precision for pulp pairs of less 
than 10%. This suggests that a high nugget effect is present. 

11.3.3 Period 2009-2010 

11.3.3.1 Blanks 

Initially in this period (from drill hole K131) Monrovian beach sand was used as blank 
samples, but from hole K146 onwards blanks were taken from barren hanging wall 
material, submitted as coarse samples which pass through all the preparation stages. 
The results included two outliers and five samples above three times the detection limit, 
while the remaining assays performed as expected (Figure 11.4). Pulp blanks recorded 
one outlier that most likely indicates a misclassification of a standard. 
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Figure 11.4 2009-2010 Blank Sample Analysis 

 

 

11.3.3.2 Standards (CRM) 

A total of eight standards were used during the 2009/2010 drilling campaign, which had 
the following suppliers and gold values: 

Rocklabs:  0.20 g/t, 0.99g/t,1.031 g/t and 5.911 g/t. 

Geostats Pty Ltd: 0.38 g/t, 0.99 g/t,1.52 g/t and 1.96 g/t. 

The performance of assays against all the standards, from both sources, was very poor, 
most clearly reflected in a strong negative bias (Figure 11.5). In addition, a small number 
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of outliers were also recorded, suggesting mislabelling during sample submission or 
sample preparation. 

Figure 11.5 2009-2010 Standards Analysis 
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Monitoring of standards data was not routinely followed during the drill programme, and 
this fact, combined with time lags between the drilling and sampling work and the receipt 
of sufficient standards results for analysis, meant that the biases described above were 
not fully recognised until the end of the main drilling programme. 

The presence of a bias suggested either problems with the original CRM samples or 
systematic problems associated with assaying. In an attempt to better understand this 
matter, a re-assay program was designed in which 10-15% of the sample data, 
specifically focussed on the mineralised intervals, was despatched for analysis at an 
umpire laboratory (discussed below). 

Drilling Duplicates 

Quarter Core Duplicates 

At the start of the 2009/2010 campaign, field core duplicates were produced every 18th 
sample using quarter core. On the basis of low sample volume and concerns that 
sampling errors could not be separated from intrinsic nugget effects AMC recommended 
Aureus cease this practise and increase the number of crush duplicates. 

Crushed Duplicates 

From drill hole K145 onwards only crushed sample duplicates were produced, but 
without the corresponding recommended increase in frequency of duplication, leaving 
the number of crushed duplicate produced and routinely split as approximately every 
50th sample. 

A total of 49 samples were reported as crushed duplicates, only 10 of which locate 
within a mineralised interval (Table 11.3). 
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Table 11.3 2009-2010 Crushed Duplicate Pairs Value  

Hole ID Sample Au C.dup Au 

K136 N9335 7.64 6.92 

K142 N9981 5.76 6.26 

K140 N9806 1.86 1.89 

K154 N11715 0.38 0.35 

K146 N10749 0.19 0.32 

K150 N10450 0.30 0.30 

K153 N11465 0.20 0.21 

K152 N11215 0.20 0.18 

K152 N11165 0.17 0.17 

K153 N11417 0.10 0.12 

Drilling Laboratory Repeats 

A total of 503 laboratory repeat assays were undertaken by the primary laboratory, 
OMAC, of which only 138 exceeded ten times the detection limit. For statistical analysis 
of laboratory repeats, all assays below fifteen times the detection limit and grades in 
excess of 10 g/t Au were removed. 

The laboratory repeat assay results are presented in Table 11.4 where the 12.5% 
precision statistic is considered high, since the precision for laboratory repeats is 
expected to be well below 10% (see also Figure 11.6). The poor precision could be 
attributed to inherent high nugget effect or poor preparation procedures. 

Table 11.4 2009-2010 Laboratory Repeats Statistics 

Item Au Au r Unit Item Value Unit 

Pairs 91 91  Total mean 0.77 g/t Au 

Mean 0.79 0.76 g/t Au Absolute diff of means 0.04 g/t Au 

Minimum 0.15 0.16 g/t Au Regression slope 1.08  

Maximum 4.82 4.41 g/t Au Av HARD (AMPD/2) 4.14 % 

Variance 0.85 0.70 g/t Au sq. Av HRD (Half Relative diff) 0.93 % 

CV 1.16 1.11  Precision (at 95%) 12.5 % 

    Absolute error (at 95%) 0.10 g/t Au 
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Figure 11.6 2009-2010 Laboratory Repeats Analysis 

 

Drilling Re-assay Samples 

Some sample batches were submitted for re-assay because of concerns arising from a 
QA/QC review. Of the 180 results generated, thirty pairs remained for statistical analysis 
after removing samples below 0.15 g/t Au and above 5.0 g/t Au. A poor precision of 
22.9% was achieved (Table 11.5 and Figure 11.7). 

Table 11.5 2009/2010 Re-assay Samples 

Item Au Au_r Unit Item Value Unit 

Pairs 30 30  Total mean 1.01 g/t Au 

Mean 1.00 1.01 g/t Au Absolute diff of means 0.01 g/t Au 

Minimum 0.17 0.15 g/t Au Regression slope 0.96  

Maximum 3.74 3.44 g/t Au Av HARD (AMPD/2) 7.88 % 

Variance 1.11 1.16 g/t Au sq. Av HRD (Half Relative diff) 0.46 % 

CV 1.05 1.06  Precision (at 95%) 22.9 % 

    Absolute error (at 95%) 0.23 g/t Au 
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Figure 11.7 2009-2010 Re-assay Sample Analysis 

 

 

Umpire Laboratory Check Assays 

 Aureus selected ALS Chemex as an umpire laboratory, and for the program a new set 
of standards was purchased from Rocklabs. ALS Chemex used a 30g Fire Assay 
method compared to the 50g used at OMAC. 

A total of 1051 selected pulp samples were despatched to ALS Chemex for assaying, 
including 52 blanks and 50 CRM’s. After removing outliers and values below ten times 
the detection limit 732 pairs were available for inter-laboratory comparison. 

The results of the comparison are presented in Table 11.6 and charted in Figure 11.8. 
Considering that the pulps were re-prepared from coarse rejects a precision of 19.3% is 
within acceptable limits. The OMAC results show some negative bias (1.05%) relative to 
the ALS Chemex values. 
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Table 11.6 Inter-laboratory Comparison  

Item Au 1 Au2 Unit Item Value Unit 

Pairs 732 732  Total mean 2.01 g/t Au 

Mean 2.01 2.00 g/t Au Absolute diff of means 0.01 g/t Au 

Minimum 0.10 0.10 g/t Au Regression slope 0.99  

Maximum 26.85 28.40 g/t Au Av HARD (AMPD/2) 6.27 % 

Variance 14.16 14.00 g/t Au sq Av HRD (Half Relative diff) -1.05 % 

CV 1.87 1.87  Precision (at 95%) 19.3 % 

    Absolute error (at 95%) 0.39 g/t Au 

 
Figure 11.8 2009-2010 Inter-laboratory Comparison 

 

 

Prior to the umpire laboratory programme, the newly purchased standards were tested 
by sending five samples to each of ALS Chemex and OMAC. Low bias was observed in 
the results for both laboratories, with all OMAC values being outside the expected 
range. 
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The analysis of assay results from standard samples submitted during the ALS Chemex 
umpire laboratory programme show the presence of a 3 outliers, as well as a consistent 
low bias (Figure 11.8), albeit less of a bias than in the original OMAC results. 

Figure 11.9 2009-2010 Umpire-laboratory Standards 

 

In the umpire laboratory programme, other than one identified outlier, blank samples 
performed well. 

11.3.4 Period 2011 

Three sources of blank material (1786 samples) and eight different CRMs (769 samples) 
were utilised during the 2011 campaign, with the CRMs ranging in gold values from 
0.606 g/t Au to 4.107 g/t Au. 

From the analyses of blank sample assays it was clear that a small number of significant 
gold assays were related to sample insertion error where CRMs had been substituted 
for blanks. An additional set of assays that are above the expected values could not be 
explained by CRM swapping and either reflect mislabelling of non-QA/QC samples or 
laboratory problems. However, the very small percentage of these assays indicates that 
they are not material 

Similarly it was evident that a small number of CRM samples had probably been 
mislabelled since the returned assays correspond closely to expected blank or other 
CRM values. More significantly, the CRM assays exhibit a similar persistent low bias 
relative to the expected values to that observed in the 2010 review. 

Subsequent discussions with the primary laboratory and the CRM suppliers concluded 
that the apparent bias is probably not significant and it is notable that the umpire 
laboratory returned assays consistent with those from the primary laboratory. 
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A suite of 1116 samples were submitted for umpire laboratory SGS for verification 
against the original OMAQ assay values. Analyses of the results were conducted on for 
the total sample set and for the seventeen individual batches. The differences for the 
total set show some degree of spread, but no apparent bias, except for a subtle high 
tendency for of the umpire assays for the assays below 1.0g /t Au. For the individual 
batches, some cases may be inferred to show bias but this is not in a consistent 
direction or magnitude. 

11.3.5 Sample and Assay QA/QC Observations 

The standard of sample and assay QA/QC data collection and analysis has steadily 
improved over the various drilling campaigns, as better protocols were introduced and 
lessons were learnt from previous work. Nonetheless there remains a legacy of 
uncertainty associated with those data subsets where procedures were less 
comprehensive. The 2011 infill drilling programme facilitated the inclusion of 
‘replacement’ drill holes for some historical holes where doubt regarding assay quality 
exists. 

Some evidence of sample mix ups raises the concern that other less obvious cases may 
exist but go undetected. However, these appear to be relatively isolated cases and AMC 
has not observed instances of systemic sample misallocation. 

Even with improved QA/QC procedures, there remains a problem (common to many 
exploration campaigns) that, as a consequence of time lags between the submission of 
samples and the receipt of sufficient results for analysis, drilling programmes may be 
well advanced before matters of concern are detected. The delay in detecting trends in 
the Project results is exacerbated by the low proportion of routine QA/QC samples within 
mineralised material and the distance between the Project site and the Laboratory. 

There are remaining areas of concern relating to assay precision and apparent low bias 
which have only been partially explained or resolved. Nonetheless AMC believes that 
the gold assay data is suitable for use for resource estimation at the confidence levels 
that have been assigned. Recommendations for further QA/QC improvements are 
included in Section 19.  

In October 2011 AMC visited the OMAC sample preparation facility in Monrovia, used 
for the preparation of all Project samples. AMC noted that the facility is managed by an 
accredited laboratory which implements industry standard procedures. However, the 
state of the facility and the observed practices, whilst generally sound, suggest that 
there remains some risk for both sample mix-ups, due to the workflow layout, and 
contamination due to the quality of the ventilation. 

AMC considers that these concerns are unlikely to be highly significant but, nonetheless 
recommends that Aureus commission an independent sampling and assaying specialist 
to conduct an audit of the sample preparation facility. 
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12 DATA VERIFICATION 

12.1 Source Data Verification 

In 2010 AMC randomly selected a suite of drill holes representing approximately 20% of 
all drill holes used for the 2010 resource estimation, and checked the database-entered 
data against the original sources (hard copies). Hard copy documents of assays are 
limited to holes K1 to K56, as subsequent assays were received from the laboratory in 
digital CSV format only. For the set of assays checked, no database errors were 
detected. 

AMC identified some differences in down hole survey records from various sources for 
2000-2006 campaign. Aureus advised that these ambiguities relate to early 
inconsistencies in the manner in which magnetic declination had been applied, as well 
as different recording formats. Following a review of the various data sets, Aureus 
supplied an accepted database of down hole survey records. Original physical down 
hole survey records from the early campaigns are not available, due to deterioration in 
storage, and therefore database values could not be verified back to source.  

During cross checking of geological logging data, it was noted that modifications to the 
logging codes between campaigns and re-logging of old holes has meant that hand 
written data does not always match database entries.  

AMC also conducted a source data check of approximately 15% of holes drilled during 
the 2011 Campaign. A small proportion of typographical and similar errors were 
detected and referred to the Aureus field team. 

12.2 Database Field Integrity 

A number of data validation tests of the sample data in the database were undertaken. A 
standard validation macro was used to test for such instances as duplicate samples, 
overlapping intervals, unmatched hole identifiers in collar, survey and assay files, and 
inappropriate down hole distances (such as negative values). 

A separate macro was applied to generate basic statistics on all numeric fields in the 
desurveyed sample file to reveal any questionable values (e.g. negative lengths, out-of 
range coordinates). In addition, sample data was viewed graphically in 2D and 3D 
space, coloured on various code and grade fields, and critically assessed for any likely 
spatial or other problems.  

AMC reported a limited number of queries to Aureus for correction or explanation, and 
the appropriate adjustments were made prior to further work. 

12.3 Data Verification Observations 

As for the sample and assay QA/QC, procedures for data management and storage 
have improved over time. Remaining areas of uncertainty therefore relate mostly to the 
older data which cannot always be fully verified. AMC believes that the current data 
management is diligently undertaken and confidence in the data is enhanced by the 
close attention that field personnel apply to data management. 
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However, as the database grows it will not be as easy to maintain the same level of 
individual scrutiny of the data and AMC recommends that more rigorous data 
management and storage procedures be implemented to preserve a stronger audit trail 
for future data verification.  
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13 MINERAL PROCESSING AND METALLURGICAL TESTING 

13.1 Lakefield Metallurgical Testwork, 1999 

In 1999, a limited number of metallurgical scouting tests were conducted on five drill-
core samples submitted to Lakefield Research Limited of Ontario (Lakefield), now SGS, 
for mineralogical examination and subsequently metallurgical and environmental testing 
and are described in separate reports, by Lakefield (Lakefield Research, 1999a, 
Lakefield Research, 1999b).  

The principal objectives of the mineralogical study were to describe the mineralogy of 
the samples, and to determine the cyanide leach recovery on a composite of the five 
samples. 

Opaque minerals identified included trace to minor amounts of pyrrhotite, arsenopyrite, 
niccolite, pentlandite, gersdorffite, magnetite, ilmenite and chalcopyrite. Non-opaque 
minerals include amphibole, chlorite, serpentine, talc, and trace amounts of mica, rutile, 
quartz, anthophyllite and titanite. On the basis of mineralogy it is suggested that these 
samples are altered mafic to ultramafic rocks. Gold was identified as being strongly 
associated with the silicate minerals and, less commonly, with the sulphides. The 
presence of free gold was confirmed in the mineralogical work. 

Metallurgical scoping and cyanidation optimisation test work was initially conducted on 
an equal weight composite (Composite 1) of the five drill core samples. Table 13.1 
details the core samples used for metallurgical testwork.  

Table 13.1 Vertical Representation of Metallurgical Samples 

Hole / Sample Easting Approx. metres below: Location 

  Surface Base oxide  

KGD-02 #18 263570 24 -6 East Kinjor – oxide 

KGD-03 #28 262580 35 5 Centre Larjor 

KGD-04 #12 263260 22 13 Uncorrelated – Latiff / Kinjor junction 

KGD-10 #35  264160 38 18 East Marvoe 

KGD-14 #15 262730 21 9 East Larjor 

13.1.1 Grind Size and Leach Tests 

Four grinding tests were conducted on the Composite sample to establish the basic 
grinding time and size relationship. Based on the grinding curves, grind times were 
chosen to provide grinds of approximately 70, 80 and 90 % passing 75 microns. The first 
three tests determined the sensitivity and response of the gold recovery by cyanidation 
and the fineness of grinding. 

Composite 1 was ground for 6.8, 9.14 and 25 minutes, to obtain three distinct particle 
sizes, 70%, 80% and 90% minus 75 microns, respectively. To allow comparison, 
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individual bottle roll cyanidation tests were conducted at standard conditions of pulp 
density (33%), pre-aeration (24h), free cyanide concentration (1 g/L), pH (11 to 11.5), 
and leach time of 72 hours to determine the sensitivity of gold extraction to the fineness 
of grind. As shown in Table 13.1 the results of CN-1, CN-2 and CN-3 show that 91.9, 
94.4 and 95.9% gold extraction could be achieved with 72 hours of leaching. 

The best gold extraction of 95.9% was obtained in Test CN-3 which had been ground for 
14 minutes to approximately 90% passing 75 microns. 

Bottle Roll Cyanidation tests were conducted as follows. 

The ground samples CN 6 to 10 taken from individual holes as detailed in Table 13.2 
were subjected to individual bottle roll cyanidation tests, and to allow comparison, each 
test was conducted at standard conditions The results of the drill core confirmation bottle 
roll tests showed gold extractions of between 79.5% and 96.9%, depending on the 
sample, all but one sample had a recovery in excess of 93%. 

Table 13.2 Summary of Cyanidation Bottle Roll Tests 

Sample Test Consumption 72 h Gold 

ID ID 
NaCN 

kg/t 

CaO 

kg/t 

Extraction 

% 

Assayed 

g/t Au 

Composite 1 CN-1 1.05 1.82 91.9 5.00 

Composite 1 CN-2 0.90 1.65 94.4 7.26 

Composite 1 CN-3 1.31 1.69 95.9 10.1 

Avg. CN-1 to 4 1.06 1.66 91.9-95.9 8.97 

KGD02#18 CN-6 1.57 1.65 93.1 8.70 

KGD03#28 CN-7 0.64 1.49 95.5 10.8 

KGD04#12 CN-8 1.46 1.84 96.9 10.1 

KGD10#35 CN-9 1.54 1.92 79.5 4.33 

KGD14#15 CN-10 1.26 1.74 94.4 6.08 

Avg. CN-6 to10 1.29 1.73 79.5-96.9 7.99 

13.1.2 Lakefield Conclusions and Recommendations 

 The presence of free gold was confirmed in the mineralogical work. 

 Based on the grinding curves undertaken on the composite sample of 
approximately 70, 80 and 90 % passing 75 microns, gold extraction between 
91.9% and 95.9% could be achieved with 72 hours of leaching. 

 The results of the drill core confirmation bottle roll tests showed gold extractions of 
between 79.5% and 96.9%, depending on the sample. 
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13.2 MDM Metallurgical Testwork, 2007 

In 2007 MDM were commissioned to carry out investigations into ore processing. The 
MDM study (MDM Engineering, 2007) reports on metallurgical testwork on samples from 
Kinjor and Larjor zones, having the objective of optimising the processing of the New 
Liberty ore for plant design. The testwork was conducted by Mintek of South Africa 
(Mintek, 2006), specialists in mineral and metallurgical technology. 

Elements of the investigation were: 

 Sample preparation and head assays. 

 Determination of gravity recoverable gold. 

 Determination of any preg robbing effects.  

 Optimisation of grind and grind size to maximise gold recovery in leach. 

 Optimisation of leach residence time. 

 Optimisation of addition of leach reagents, i.e. cyanide and lime. 

 Determination of Bond ball work and abrasion indices. 

 Variability testing – leachability of individual ore samples. 

A total of 153m of core were submitted for testwork. A total of 126 samples were 
classified according to four categories, namely; Ore Zone, Hanging Wall, Footwall and 
Internal Waste, and these zones were further divided as shown in Table 13.3. 
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Table 13.3 Sample Database Data Tables 

Zone type Sub-zone No. samples

ORE ZONE 

Ore Zone 1 6 (1m interval) 

Ore Zone 2 4 

Ore Zone 3 4 

Ore Zone 4 22 

Ore Zone 5 7 

Ore Zone 6 16 

Ore Zone 7 6 

Subtotal 65 

HANGING WALL 

Hanging Wall 1 15 

Hanging Wall 2 11 

Hanging Wall 3 7 

Subtotal 33 

FOOT WALL 

Foot Wall 1 9 

Foot Wall 2 6 

Subtotal 15 

INTERNAL WASTE 
Internal Waste 13 

Subtotal 13 

TOTAL SAMPLES 126 

The results of the 2007 test work were summarised by MDM as follows: 

 Variable head assays, due to coarse gold particles, for both mineralised and 
unmineralised categories. 

 Gravity gold recovery tests show a high proportion of the contained gold (> 50%) 
is recoverable by gravity. 

 An overall recovery of 93% can be obtained by a combination of gravity and 
carbon-in-leach (CIL) processes. 

 Grind sensitivity tests show that leach extraction improves with finer grind to a 
grind size of 90% -75m. 

 A cyanide addition to leach of minimum ~0.8 kg/t (as 100% NaCN) is required. 

 A lime addition to leach of ~1 kg/t (as 100% CaO) is required. 
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 Leach kinetics show gold dissolution is initially rapid and after 36 hours, optimum 
dissolution is achieved.  

 A slight improvement in recovery when carbon is included in the leach.  

 Comminution characterisation tests show the ore can be classified as being of 
medium hardness and lower abrasiveness, which implies that it is moderately soft 
and easy to mill. 

The 2007 samples provide better vertical coverage, extending to a maximum down hole 
depth of nearly 90m, which equates to approximately 70m vertical depth below surface.  

13.3 Mintek Metallurgical Testwork, 2011/2102 

In 2011, a testwork programme was designed by DRA to validate the gold recovery 
potential of the New Liberty ore for plant design purposes. A further 18 ore zone 
intersection samples comprising 560 kg of ore were delivered to Mintek for mineralogical 
analysis and gold extraction testwork. Core samples were selected to represent the 
typical ore zones of the New Liberty resource as detailed in Table 13.4. The samples 
included for a 0.5 m dilution skin equating to the planned for mining dilution. The 
samples cover a wide range of depth and strike extent of the ore resource as detailed in 
Table13.4.  
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Table 13.4  Metallurgical Test Samples 2011 

HOLE ID SAMPLE TYPE SAMPLE NO FROM TO LENGTH WEIGHT
(Kg) 

ASSAY 
GRADE 

EASTING NORTHING DEPTH 

K190 ORE ZONE M001 124.0 130.0 6.00 10.2 7.08 263518 775155 120.00 

K191 ORE ZONE M004 144.0 151.0 7.00 13.7 0.08 263568 775145 134.00 

K194 ORE ZONE M007 134.0 142.0 8.00 17.2 2.58 263177 775247 118.00 

K195 ORE ZONE M010 169.0 191.0 22.00 47.5 1.31 263123 775222 159.00 

K196 ORE ZONE M013 119.0 141.0 22.00 48.0 0.06 263225 775231 115.00 

K197 ORE ZONE M016 149.0 175.0 26.00 52.4 2.87 263051 775248 138.00 

K198 ORE ZONE M019 68.0 74.0 6.00 12.1 0.04 262836 775349 58.00 

K199 ORE ZONE M022 202.0 222.0 20.00 40.9 3.95 262577 775283 183.00 

K200 ORE ZONE M025 208.0 218.0 10.00 16.1 2.19 263412 775101 200.00 

K201 ORE ZONE M028 129.0 138.0 9.00 17.5 6.38 263958 775039 118.00 

K202 ORE ZONE M031 100.0 110.0 10.00 20.1 3.30 264080 775006 90.00 

K142 ORE ZONE M034 133.0 165.0 32.00 80.2 3.38 262633 775340 130.00 

K164 ORE ZONE M037 70.0 88.0 18.00 36.7 5.69 263147 775304 70.00 

K150 ORE ZONE M040 308.0 329.0 21.00 31.5 3.87 263346 774990 290.00 

K158 ORE ZONE M043 196.0 209.0 13.00 23.8 4.68 263995 774965 180.00 

K162 ORE ZONE M046 79.0 95.0 16.00 33.1 5.60 263092 775310 75.00 

K134 ORE ZONE M049 336.0 346.0 10.00 11.5 2.80 262519 775188 295.00 

K143 ORE ZONE M052 154.0 169.0 15.00 32.2 1.80 262287 775388 142.00 
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It is considered that the sample suite of ore samples provided for metallurgical testwork 
adequately covers the range of depth of the planned open pit operations.  
In 2012 a further five bulk samples were delivered to Mintek for further comminution 
tests, detailed in Table 13.5. 
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Table 13.5  Metallurgical Test Samples for Comminution Tests 

HOLE ID FROM TO LENGTH WEIGHT(Kg) EASTING NORTHING 

HYD-01 69.00 72.00 3.00 
64.00 262560 775407 

HYD-01 75.00 80.00 5.00 

HYD-02 84.00 87.00 3.00 
56.00 263050 775330 

HYD-02 89.00 92.00 3.00 

HYD-04 29.00 41.00 12.00 60.00 263985 775103 

HYD-05 24.00 30.00 6.00 30.00 263411 775338 

Each metallurgical test sample was duplicate fire assayed to determine sample grades, 
as shown in Table 13.6. Precise sampling- and sub-sampling procedures were adhered 
to, and a variety of metallurgical test samples were prepared for testing. 

Table 13.6 Sample Grade Determination 

Sample  
Halved Blends Mass 

(kg) 
Gold Fire Assay 

Run 1 (g/t) 
Gold Fire Assay 

Run 2 (g/t) 

Average Gold Fire 
Assay head grades 

(g/t) 

K190 6.0 1.93 1.95 1.94 

K191 8.1 0.81 0.94 0.88 

K194 9.8 1.94 2.07 2.01 

K195 24.4 1.32 1.43 1.38 

K196 23.6 0.08 0.10 0.09 

K197 21.1 1.71 1.79 1.75 

K198 7.1 0.34 0.44 0.39 

K199 20.1 4.55 4.67 4.61 

K200 9.2 0.69 0.74 0.72 

K201 9.2 4.26 4.04 4.15 

K202 17.0 1.99 2.23 2.11 

K142 34.1 2.91 2.85 2.88 

K164 19.3 4.90 4.94 4.92 

K150 13.5 2.20 2.80 2.50 

K158 13.3 4.40 4.16 4.28 

K162 16.7 5.39 5.17 5.28 

K134 5.8 1.35 1.43 1.39 

K143 17.2 1.88 1.75 1.82 

13.3.1 Mineralogical Analysis of a Composite Gold Ore Sample 

A composite ore sample was submitted for mineralogical analysis. The methods used in 
the mineralogical study were X-ray diffraction (XRD), optical microscopy and a Zeiss 
Evo conventional scanning electron microscope (SEM). The mineralogical study was 
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aimed at establishing the bulk modal mineralogy of the composite ore sample, and their 
size and association with each other. 

The main sulphide minerals in the sample were identified and pyrrhotite and gersdorffite, 
with lesser amounts of niccolite, chalcopyrite, spahlerite and pendalite. The gersdorfitte 
and pyrrhotite are occasionally liberated in particles up to 100µm, but mostly occur with 
other sulphides in grain sizes (10~40 µm) locked within amphiboles. Ilmenite and 
goethite are present in small quantities. Sulphides and oxides present in the sample are 
mostly attached to hornblende and chlorite particles. The sample also contains small 
quantities of carbonaceous material which could cause preg-robbing. 

The host rock contains predominantly quartz, biotite, muscovite. Chlorite, hornblende 
and talc. Hornblende is the dominant mineral (over 50% by mass), chlorite and mica 
occur in intermediate amounts (~15-25% by mass). Most of the silicate particles in the 
sample are liberated amphibole. 

13.3.2 Leach Amenability 

Direct cyanidation leach tests were conducted on 7 selected samples and the overall gold 
accountabilities and reagent consumptions for samples tested, with and without carbon addition,  
are shown in Table 13.7 and 13.8, respectively. 

Table 13.7 Leach Tests with Carbon 

Sample 
Head 

Grade g/t 
Residue 
Avg g/t 

Au Leached 
% 

Accountability 
NaCn 

Consumption 
CaO 

Consumption 

K195 1.32 0.14 89.4 95.5 1.14 0.49 

K199 4.77 0.17 96.4 98.7 1.55 0.29 

K201 4.33 0.19 95.6 104.1 0.75 0.29 

K202 1.92 0.22 88.5 96.9 1.62 0.59 

K164 4.66 0.39 91.6 102.3 1.35 0.49 

K150 2.55 0.13 94.9 101.2 0.68 0.69 

K143 1.76 0.31 82.4 101.2 1.55 0.59 

Average 3.04 0.22 91.26 99.99 1.23 0.49 

In summary 

Average gold leached with carbon was measured at > 91% 

A cyanide consumption of 1.23 kg/tonne of ore processed was measured. 

Lime consumption reported at 0.49 kg/tonne of ore processed 
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Table 13.8 Leach Tests without Carbon 

Sample 
Head 

Grade g/t 
Residue Avg 

g/t 
Au Leached 

% Accountability 
NaCn 

Consumption 
CaO 

Consumption 

K195 1.32 0.20 84.9 98.5 0.97 0.29 

K199 4.77 0.70 85.3 94.3 0.28 0.29 

K201 4.33 0.69 84.1 103.6 1.63 0.49 

K202 1.92 0.40 79.2 99.0 1.70 0.49 

K164 4.66 0.85 81.7 95.6 0.60 0.39 

K150 2.55 0.53 79.2 95.4 2.28 0.69 

K143 1.76 0.48 72.7 95.5 0.73 0.39 

Average 3.04 0.55 81.01 97.41 1.17 0.43 

In summary: 

Average gold leached without carbon was measured as > 81% 

The cyanide consumption was 1.17 kg/tonne ore processed. 

The lime consumption was measured as 0.43 kg/tonne ore processed. 

The average gold recovery by direct cyanidation on the whole ore samples, with the 
addition of carbon, was 91% compared to 81% without the addition of carbon confirming 
a CIL process is the preferred process design. 

Of note in these tests is the very low lime consumption, as a result of the ore having a 
measured ‘natural’ pH of ~9. This result was noticeable throughout the testwork. 

13.3.3 Gravity Recoverable Gold 

Previous test work had shown that high percentages of gold were recoverable from 
gravity methods. A 60 kg composite sample was split in to three 20kg samples of 
blended ore to simulate the expected head grade of the Project and these were 
submitted for gravity gold recovery (GRG) testing. A summary of the GRG testwork is as 
given in Table 13.9. 

Table 13.9 Gravity Gold Recovery Test Summary 

Sample Sample A Sample B Sample C Average 

Test head grade(g/t)    3.45 3.70 3.51 3.55 

Total GRG (% of head) 52.9 46.3 43.7 47.6 

Stage 1 GRG (% of head)   24.2 17.4 16.2 19.3 

Stage 2 GRG (% of head) 18.5 16.6 18.6 17.9 

Stage 3 GRG (% of head) 10.1 12.3 8.9 10.4 

Particle grinds at stages 1 to 3 were nominal 80% passing 850, 212 and 75 microns, 
respectively, thus all of the samples exhibit a high proportion of early GRG liberation. On 
average a GRG recovery of + 47% gold recovery from gravity concentration is 
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demonstrated for the Project ore samples. This substantiates previous gravity recovery 
test conclusions. 

13.3.4 Cyanide Leach of Gravity Tail 

The gravity tail product from the gravity recovery tests was subjected to a series of 
cyanide leach tests as detailed in Table 13.10. 

Table 13.10 Cyanide Leach of Gravity Tail 

Sample Head Residue Au Au 

  Grade Ave Leached Balance 

  g/t g/t % % 

Sample 1 - leach time 72 hrs @ 33% 
solids 2.13 0.18 91.4 99.0 

Sample 1 - leach time 24 hrs @ 33% 
solids 2.13 0.27 87.3 109.8 

Sample 2 - leach time 36 hrs @ 33% 
solids 2.13 0.27 87.3 95.3 

Sample 3 - leach time 48 hrs @ 33% 
solids 2.13 0.25 88.3 103.2 

Sample 4 - leach time 24 hrs @ 50% 
solids 2.13 0.32 85 97.7 

Sample 5 - leach time 36 hrs @ 50% 
solids 2.13 0.3 85.9 91.9 

Sample 6 - leach time 48 hrs @ 50% 
solids 2.13 0.27 87.3 92.2 

Average 2.13 0.3 87.5 98.4 

Cyanide leach tests on gravity tails reported an average gold recovery of 87.5%. Test 
work is in progress to optimise the leach with pre-oxidation methods as utilised on many 
CIL plants with the aim to increase the gravity tails leach recovery to >90% over a 24- 48 
hour residence time.  

13.3.5 Cyanide Leach of Gravity Concentrate 

Cyanide leach tests were undertaken on two composite gravity concentrate samples as 
detailed in Table 13.11.  

Table 13.11 Cyanide Leach Tests on Composite Gravity Concentrate Samples 

Sample Head Residue Au Au 

  Grade Ave Leached Accountability 

  g/t g/t % % 

Sample 1, Gravity Concentrate - no grind 131.9 10.1 92.3 100.0 

Sample 2, Gravity Concentrate - re grind 131.9 5.2 96 100.0 
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The unground sample reported an overall gold leach recovery of 92.3%. With grinding 
the leach recovery increased to 95.9%. It should also be noted that the concentrate 
grade of the laboratory test samples is an order of magnitude lower than would be 
experienced when treating concentrate recovered from a CIL plant process cyclone 
underflow, and the recovery is therefore considered understated. Typical gravity 
concentrate grades to be fed to an intense leach system would be at +1000 g/t feed 
grade and expected recoveries would be +98%.  It should also be noted that tailings 
from the gravity concentrate leach are not ‘lost’ per se, but are returned to the milling 
circuit for further processing. 

13.3.6 Continuing Testwork Programme 

The testwork detailed above has provided a fundamental understanding of the CIL 
treatment requirements of the Project ore and practical process designs to optimise gold 
recovery.  

Process development/confirmation test work is ongoing and it includes: 

 Detailed comminution work to determine the grinding characteristics of the ore 
for design. 

 The potential effect on the grinding circuit of the inclusion of ‘waste magnetite’ 
and the potential for removal of barren magnetite. 

 Potential for recovery improvements through intensive pre-leach oxidation. 

 Potential for gravity concentrate leaching improvements through fine grinding 
and/or heating, both of which are in practice elsewhere. 

 Gravity concentration/flotation testwork to compare the overall recovery potential. 
Results so far indicate that this is unlikely to be optimal in comparison to the 
Gravity/CIL circuit. 

 Cyanide destruction/detox on CIL tailings. 

 Dewatering/thickening of mill product. 

 Tailings analysis for environmental (tailings dam) design. 

13.3.7 Testwork Interpretation 

Analysis from the ongoing testwork programme can be summarised as follows: 

 A Carbon in Leach process design is recommended for the New Liberty ore 
deposit. Leach kinetics shows gold dissolution is initially rapid and after 48 hours 
optimum dissolution is achieved. Pre-oxidation tests are in progress with the aim 
of improving the leach kinetics and recovery. 

 The CIL plant design will allow for a ‘hybrid’ circuit containing pre-oxidation and 
leaching prior to CIL to increase the loaded carbon value and improve the leach 
kinetics.  

 Gravity gold bench scale recovery tests show a high proportion of the contained 
gold (> 47%) is recoverable by gravity.   
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 A gravity concentrate leach recovery with regrind of the gravity concentrate is 
predicted to range between 94% to 98% with mean recovery of > 96%.  

 A gravity tail CIL leach recovery of 87.5% is reported from the bench scale 
testwork. The use of pre-oxidisation to the CIL technology is under investigation to 
improve the gravity leach recovery to a range of > 90%.  

 A cyanide addition to the CIL process of a minimum ~0.8 kg/t (as 100% NaCN) is 
required. 

 A lime addition to leach of > 0.6 kg/t (as 100% CaO) is required.  Reasons for the 

high natural pH are being explored. 

 Based on the testwork results to date it is reasonable to predict that an overall 
recovery in the range of 91% to 95% can be obtained at steady state conditions. A 
93% metallurgical recovery is deemed appropriate for planning and evaluation 
purposes.  
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14 MINERAL RESOURCE ESTIMATES 

Aureus cannot give any assurance that estimated mineral resources will be recovered if 
a decision is made to proceed to production or that they will be recovered at the volume, 
grade and rates estimated. The failure of Aureus to achieve production estimates could 
have a material and adverse effect on any or all of their respective future cash flows, 
profitability, results of operations and/or financial condition.  Estimated mineral 
resources could be materially affected by environmental, permitting, legal, title, socio-
economic, political or other relevant factors. 

14.1 Overview and Approach 

The January 2012 estimation of mineral resources for the Project deposits has been 
undertaken by geological and mineral resource professionals within AMC’s Maidenhead 
(UK) office. The mineral resource estimation work has been based on interpretations 
from integrated geological and grade information recorded from diamond core logging 
and assaying. Apart from the initial sample data preparation, some aspects of the 
variography and intermediate spreadsheet processing, all of the mineral resource 
interpretation, modelling and estimation work was conducted using the Datamine 
geological and mine planning software package.  

The Datamine 2D interactive and 3D visualisation graphical environments were used to 
generate triangulated wireframe models, as well as for visual validation. Extensive use 
was made of the Datamine macro facilities for almost all of the data processing and 
analysis, cell modelling, estimation and reporting functions and these macros constitute 
an audit trail of much of the work undertaken.  

The deposits have been evaluated with reference to the UTM grid (refer to Section 9) 
and all directional references in the resource portions of this report are according to this 
grid. 

14.2 Data Storage and Preparation 

The sample database was provided by Aureus as a set of Microsoft Access database 
tables, as listed in Table 14.1. The final data available for use in the evaluation was 
received on 9 December 2011 and represents drilling up to and including drill hole K375, 
as summarised in Table 14.2. 

Table 14.1 Sample Database Data Tables 

Table Records 

Collar 374 

Survey 6168 

Assay 28962 

Lithology 18664 

Alteration 9050 

Geotechnical 16588 

Density 14065 

Veins 12586 
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The tables were subjected to standard validation procedures. In the case of gold grades, 
the primary assay field was extracted for use in the resource estimate. The trench data 
was considered adequate for spatial viewing purposes but not of sufficient quality for 
use in the resource estimation. 

Table 14.2 Geochemical Fields 

14.3 Interpretations 

14.3.1 Geology  

Interpretations of geology have been restricted to the upper and lower boundaries which 
separate the ore-hosting ‘silicified metamorphosed ultrabasic suite’ (SMUS) from the 
enclosing migmatitic basement. The positions of the boundaries were determined as 
down hole drill pierce points based on logged lithological and stratigraphic unit codes. 

The interpreted SMUS zone is continuous across and is assumed to extend beyond the 
strike of the drilled domain, and the full sub-surface extents have not yet been defined. 
The SMUS strikes approximately 097° over the western half of the deposits, while in the 
east it swings slightly towards the south (105°). Southerly dips are typically in the range 
65°-80°. 

SMUS zone boundaries are more confidently defined near surface with the benefit of 
higher drilling density, supported by surface mapping. At 0mRL elevation, horizontal 
thicknesses typically range from 40m to 90m, occasionally reaching 120m. With 
increasing depth, the western half appears to widen significantly, reaching a horizontal 
width of around 250m at approximately -400mRL. 

The SMUS was modelled as an enclosed solid, with the upper and lower surfaces 
defined using the down hole pierce point positions. 

14.3.2 Mineralisation 

Intersections of anomalous gold grades occur across the full cross section of the SMUS 
zone. However, within each drill hole, elevated grade intersections of potentially 
economic interest are much more restricted in number and extent. Correlations between 
these higher grade intersections, typically above 0.5 g/t Au, reveal an orientation that is 
broadly aligned with the SMUS, although in some cases they drift slightly obliquely to 
the SMUS contacts, in both strike or dip directions. The dimensions of these zones of 
elevated grade (mineralised zones) are strongly anisotropically planar, ranging in width 

Field Name Description Used in evaluation? 

Au Primary gold assay Y 

Au Rpt1 First repeat gold assay N 

Au Rpt2 Second repeat gold assay N 

Mean Au Mean of primary and repeat gold assays N 

As Arsenic assay (not populated) N 

Mag_sus Magnetic susceptibility N 
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between a few to sometimes 10m-15m, while extending typically hundreds of metres in 
both strike and dip. 

From early in the Project exploration, at least three discrete zones (Larjor, Kinjor and 
Marvoe) were recognised, apparently separated along strike by surface mineralisation 
discontinuities. Drilling has subsequently confirmed that these zones continue as 
discrete entities at depth. An additional small, poorly mineralised, zone was identified 
some 200m west along strike of Larjor, but has been excluded from the 2012 resource 
estimate. 

For each of the Kinjor and Marvoe zones early detailed interpretations indicated the 
presence of two plane-parallel sub-zones. Subsequent re-interpretation led to the 
addition of a third sub-zone at the western end of Marvoe and a small second sub-zone 
in near-surface eastern end of Larjor. Furthermore, during the 2009/2010 drilling 
campaign, Aureus geologists recognised that previous drilling had not satisfactorily 
sterilised the apparent gap in mineralisation between Larjor and Kinjor, and drill testing 
revealed the presence of what became known as the Latiff zone. 

The 2011 drilling campaign confirmed the previous interpretations in most respects, but 
the additional drill hole information provided the basis of further refinements, namely:  

 Recognition that the eastern extent of the Latiff zone can be considered as a 
continuation of the Kinjor main hanging wall subzone. 

 Justification for merging of Larjor with the western end of Latiff, although across 
the merged interval the mineralisation is thin and poorly developed. 

 Subdivision of the western Marvoe zone into two subzones based on markedly 
different geometric and grade distribution characteristics. 

 Treatment of the previously defined dual and parallel Marvoe zones as a single 
entity. 

To facilitate both interpretation of the mineralisation and subsequent resource modelling, 
a coding system, using the MINZONE field, had been developed in 2010 to distinguish 
the various zones and sub-zones. The assigned MINZONE codes have been modified in 
2011 to account for the changes listed above and are summarised in Table 14.3, along 
with their dimensions.  

  



AUREUS MINING INC. 
New Liberty Gold Project  

411007 NI 43-101 final  93 

Table 14.3 Mineralised Zone Codes (MINZONE Field) 

Zone 
Relative 
position 

MINZONE 
Field Code 

Max Strike 
Extent (m) 

Max. Dip Extent 
(m) 

Western Excluded from 2012 modelling 

Larjor 
Merged into Kinjor in 2012 

Latiff 

Kinjor 
HW M401 1460 600 

FW M402 460 500 

Marvoe 

HW M501 500 410 

 M503 100 170 

 M504 200 130 

SMUS uncorrelated BKGR  

GNSS unmineralised WSTE  

No particular grade cut-off value was applied in the down hole definition of mineralised 
zone boundary intersections. Within grade intervals, typically between 0.3 g/t Au and 2.0 
g/t Au, evidence of the sharpest change in grade was used as the primary basis for 
selection of mineralisation boundary positions. In this way many intersections were 
relatively unambiguously defined; however the demarcation of other intersections 
required some subjectivity and judgement. 

Intersections between drill holes were correlated on the basis of broad alignment with 
the SMUS zone contacts, however ultimately grade provided the primary basis for 
detailed correlation as no other geological attributes were found to adequately define the 
mineralisation geometry.  

The individual mineralised zones were initially wireframe modelled as hanging wall and 
footwall surfaces, based on drill hole pierce points and polygons representing strike and 
dip projections, and then formed into enclosing solids. 

14.3.3 Oxidation 

Interpretation of the weathered horizon has been based on geological logging from near-
surface intersections in diamond core drilling, drawn on sections at 25m intervals. The 
logged weathering codes record a progressive four step diminution of weathering, from 
completely weathered nearer to surface down to fresh rock, as shown in Table 14.4.  

Weathering interpretation revealed that the partially or slightly weathered interval is 
commonly absent or, if present, seldom exceeds 5m. Consequently weathering has 
been modelled as a single horizon incorporating all weathered zones, the base of which 
is defined by the top of fresh rock. 
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Table 14.4 Weathering Zone Codes (WEAZONE Field) 

Description Logged Code Interpreted Surfaces WEAZONE Explanation 

Completely weathered CW Base of complete oxidation 

WEAT Oxidised rock Partially weathered PW 
 

Slightly weathered SW 

Unweathered UW Top of fresh FRSH Unoxidised rock 

A triangulated wireframe surface representing the interpreted top of fresh rock was 
constructed by linking the corresponding digitised section strings. 

14.3.4 Topography 

In 2011 a detailed differential GPS (DGPS) survey was conducted over the New Liberty 
pit area. This included the cutting of survey lines on a 50m to 60m strike line spacing 
along the length of resource and to the general boundary of the planned mining area. 
DGPS coordinates and elevations were taken along the lines at varying intervals. This 
data together with the exploration borehole collar data was used as the database from 
which a digital terrain model was generated using ACAD software. 

The limits of topography survey were increased in size by incorporation of DGPS 
surveys of all surrounding access roads to provide full coverage over the block model 
extents.. 

The artisanal workings have not been fully accounted for within the topographic survey 
as these are, to the extent known, of limited lateral and vertical extent and any volume 
differences associated with the workings are within the resolution of the topographic 
survey point distribution. 

14.3.5 Cell Model Construction and Coding 

A cell model of the Project deposits was constructed from a suite of sub-models using a 
base configuration of 10m (Easting) x 5m (Northing) x 10m (RL) parent cells, as shown 
in Table 14.5. The cell geometry was selected on the basis of the overall drill spacing in 
the relatively near-surface portions of the deposit (to 200m depth).  

Table 14.5 Model Cell Parameters 

Direction Parent Cel Size (m) 
Minimum Subcell (m) 

Mineral. Topo. 

Easting 10 5 
 

Northing 5 2.5 

RL 10 10 2 

For the mineralised zone submodel, each wireframe was filled with cells such that 
parent cells were permitted to split along bounding surfaces down to the minimum 
dimensions shown in Table 14.5. Cells were coded with the relevant MINZONE code.  
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An enclosing submodel of the SMUS geological unit was constructed by filling the solid 
wireframe to a horizontal resolution of the parent cells and to a 2m vertical (topography) 
subcell resolution. The stratigraphic submodel field STRZONE was coded as ‘SMUS’. 

Submodels representing both topography and weathered material were created by 
building cells above the respective triangulated surfaces, with horizontal and vertical 
subcell minima of 2m. The weathering model was coded with the WEAZONE field set to 
‘WEAT’. 

The mineralisation, stratigraphic, weathering and topographic (air) submodels were 
combined to produce a unified and coded model consisting of mineralisation zones set 
within the SMUS unit, flagged by weathering code and trimmed along the topographic 
surface. The various model code and attribute fields are listed in Table 14.6 and Figure 
14.1 shows a schematic relationship of the mineralised zones within the SMUS unit. 

Figure 14.1 Schematic Plan View of Model Mineralised Zones 
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Table 14.6 Coded Model Field Descriptions 

Coded Field Description 

Pre-estimation 

MINZONE Mineralised zone (see Table 14.3) 

WEAZONE Weathering zone (see Table 14.4) 

STRZONE Division between gneiss and ore-hosting suite. 

SRCHZONE Search ellipse orientation domain 

Post-estimation 

AU Gold grade (g/t) 

DENSITY Estimated/assigned bulk density (t/m3) 

PASS Search ellipse pass (1,2,3)  

NUMSAM Number of samples used to estimate cell  

RESCAT Resource classification codes  

Sample Coding 

Coding of samples according to mineralisation, stratigraphy and weathering zones 
followed a similar sequence of steps to the construction of the cell model. 

Prior to coding, AMC excluded a number of holes, listed in Table 14.7, including some 
older ones which were rejected because of inconsistencies that implied data errors 
based on more recent information. 

Table 14.7 Rejected Drill Holes 

K004 Does not fit with surrounding data 

K010 NS orientation (down dip) 

K023 Poor fit with several new holes 

K032 NS orientation 

K034 NS orientation 

K036 NS orientation 

K038 NS orientation 

K044 Unsampled 

K055 NS orientation 

K070 Fits interpretation but very low RL (-15m) 

K080 Poor orientation, apparently unsampled 

K082 Poor fit, no min 

K084 Poor fit, no min 

K085 Unexplained displacement of mineralisation 

K192 Drilled in FW 

K193 Drilled vertical - no intersection 

K367 Drilled in FW 

K370 Drilled in FW 

K372 Drilled in FW 
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Samples were coded with the relevant MINZONE codes by a tagging process 
incorporating table of down hole intercepts which had been used to create the 
mineralised zone wireframes. To achieve STRZONE coding, the samples were 
‘captured’ within the wireframe solid of the SMUS geological unit. The top-of-fresh 
weathering surface was applied to the samples to code (WEAZONE field) those which 
locate within the weathered horizon. 

The resulting coding is consistent with the cell model codes (Table 14.6). 

Bulk Density Evaluation 

Of the 13,547 bulk density measurements used in the evaluation, 1,361 fall within fresh 
mineralised zones. A review of the spatial distribution of values showed a clear 
distinction between weathered zone and fresh sample densities, but no particular trends 
or associations within these horizons. Figure 14.2 shows the variation in densities for 
both weathered and fresh rock with depth in the first 30m below surface. Overlaps 
between the two clusters reflect difficulties at times in partitioning drill intervals according 
to weathering and the natural variability in weathering intensity.  

Figure 14.2 Density Variation with Depth  

 

Mean density values by mineralisation zone and weathering horizon are summarised in 
Table 14.8. 
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Table 14.8 Mean Bulk Density Values  

WEAZONE Zone 
Bulk Density 

n Mean (t/m3) 

WEAT ALL 641 2.01 

FRSH 

M401 617 2.99 

M402 130 2.94 

M501 564 2.97 

M503 28 2.96 

M504 22 2.97 

BKGR 11545 2.90 

Sample Compositing and Statistics 

Composite Selection 

Approximately 95% of samples within the interpreted mineralised zones have lengths of 
1.0m. On this basis, and with consideration for the narrowness of the most of the zones, 
1.0m was selected as a composite length for mineralised zone statistical analysis, and 
estimation. Outside of the mineralised zones, 2.0m composites were used because of 
the common presence of 2.0m and sometimes 4.0m composites in early drill campaigns. 

Statistical Procedures and Characteristics 

Table 14.9 shows the gold grade univariate statistics for one metre composites and 
population characteristics for each of the mineralised zones. The corresponding sample 
distributions were plotted graphically as histograms, log histograms, and log probability 
charts. Figure 14.3 presents example charts for the dominant zones of each the Larjor, 
Latiff, Kinjor and Marvoe.  

Table 14.9 Summary Statistics within Mineralised Zones 

Description Field Number Min. Max. Mean Variance CoV 

Weathered Minzones Au 348 0.01 23.0 2.19 12.6 1.6 

Fresh Minzones Au 4040 0.01 86.4 2.86 31.6 2.0 

Minzone M201 Au 938 0.01 80.8 3.49 30.5 1.6 

Minzone M301 Au 466 0.01 74.2 4.15 34.2 1.4 

Minzone M401 Au 521 0.01 81.3 4.19 51.1 1.7 

Minzone M402 Au 372 0.01 34.4 1.92 15.7 2.1 

Minzone M501 Au 1447 0.01 48.0 1.56 11.9 2.2 

Minzone M503 Au 118 0.01 53.8 6.99 92.7 1.4 

Minzone M504 Au 42 0.01 86.4 7.43 331.6 2.5 

The grade distributions for all the data subsets shown in Table 14.9 display some 
degree of multimodality, mostly bimodal, however the inflections between 
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subpopulations are transitional and the clarity of the bimodality has generally reduced 
from 2010 with the addition of the 2011 drilling. Individual subpopulations generally tend 
towards lognormality. The high grade Zone M503 displays the most marked bimodality, 
with a transitional inflection between 2.0 and 4.0 gt/Au.  

In all cases the spatial distributions of the subpopulations have been reviewed and the 
general conclusion is that the lower grade portions represent narrow low grade or 
anomalous intervals within the overall defined zones, and are not of a scale that would 
validly allow either partitioning from the interpreted mineralised zone or separate 
extraction during mining. The small-scale inter-fingering of high and low grade intervals 
probably reflects variations in both fluid pathways and suitable conditions for gold 
precipitation, although it is possible that local thrusting could cause repetitions of 
individual intersections. 

The mean gold grades for individuals zones (excluding M504) are varied (1.56g/t Au – 
6.99 g/t Au). Nonetheless, the corresponding coefficients of variation (CoV) fall within a 
relatively narrow window (1.4 – 2.2), which may reflect a commonality of genesis for the 
different zones. The higher CoV of M504 is consistent with the high variability seen 
between drill intersections. In general the relative coherence of grade distributions (good 
- M201, poor - M402) is consistent with the corresponding relative ease of zonal 
correlation during interpretation. 

To assess whether there exists any statistical distinction between gold grades from 
within the weathered zone and gold grades for fresh samples, a comparison was made 
between mineralised zone samples flagged as weathered and a corresponding set of 
mineralised samples from the interval 25m below the interpreted base of weathering 
surface. 

Overall, the grade distributions for the two subsets exhibit similar characteristics; 
however the mean grade of the weathered population (2.19 g/t Au) is markedly lower 
than that of the unweathered (2.56 g/t Au). Furthermore visualisation of gold grades 
across the boundary commonly shows differences in character that are not simply 
explained by the variability observed within the deposit as whole. Consequently the 
weathered and fresh assays have been treated separately during variography and grade 
estimation. 
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Figure 14.3 Selected Statistical Charts  

Larjor 

 



AUREUS MINING INC. 
New Liberty Gold Project  

411007 NI 43-101 final  101 

Latiff 
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Kinjor 
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Marvoe  
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Grade Capping Strategy 

Several steps were followed to assess whether there is a requirement for capping of 
high grades to reduce any undue influence these grades might impose during grade 
estimation,  

Initially, the relationships between population mean grades and variances, and the 
distribution of high grade values were reviewed. This included an analysis of gold grade 
log probability charts for each mineralised zone, in particular the relative frequency of 
higher grades (e.g. upper 5%). 

Thereafter, composites for each mineralised zone were displayed in both 2D and 3D 
visualisation environments, while highlighting those composites with potentially 
anomalously high grades. The positions of these high grades, both within individual 
intersections and between adjacent drill intercepts, were assessed, and careful 
consideration was given to the likely impact of the high grades during grade estimation. 

The list of selected high grade caps is shown in Table 14.10.  

Table 14.10 Grade Capping 

MINZONE 
Cap-Grade 

(g/t Au) 
n Affected Composites 

M201 25 7 

M301 35 1 

M401 35 2 

M402 20 5 

M501 25 6 

M503   

M504 25 4 

Variography 

Variographic analysis was conducted for those mineralised zones with sufficient data 
points (i.e. excluding M504).  

Experimental variograms were generated using pairwise relative procedures. Directions 
of preferred continuity were tested within the planes of each zone, and structures were 
obtained for each of the strike, down dip and across-plane orientations. In the case of 
the M401 in the Kinjor area, the ‘dip’ orientation represents a south-westerly plunge 
direction of preferred gold grade continuity. 

During variogram modelling (see example charts in Figure 14.4), the position of the 
nugget variance was fixed using the down hole variogram, and anisotropic variogram 
parameters were derived using two or three-structure spherical models (Table 14.11).  

In some cases very long ranges were invoked for the final structures to ensure that, 
where zonal anisotropy is evident, variogram models for all directions reach a common 
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sill. These ranges are well beyond the search neighbourhood during estimation and 
therefore have no influence on the interpolation. 

Figure 14.4 Selected Variogram Charts  
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The variogram charts show experimental pairwise semi-variance values, whereas the 
parameters used in the estimation and tabulated below are re-scaled to normal 
variograms. 

New Liberty Gold Proj Minzone M501 - Au
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Table 14.11 Variogram Parameters 

Minzone Value 
Nugget 

Var. 
Struct 

Spatial 
Var. 

Direction - Ranges 
(m) Nugg. 

/Sill 
Dip Strike X-str 

M401 Au 15.8 

1 9.9 35 25 2 

44 2 10.4 60 60 9 

3 

M402 Au 6.4 

1 6.8 35 35 2.5 

38 2 2.1 80 80 20 

3 1.7 500 500 100 

M501 Au 4.6 

4.0 15 15 2.5 

33 5.2 35 35 7 

0.2 80 80 40 

M503 Au 32.6 

1 27.9 25 25 1.5 

34 2 27.9 45 40 5.5 

3 6.5 200 60 50 

Estimation 

Gold grades were estimated from one metre sample composites, using ordinary kriging 
for all fresh material zones excepting M504, where inverse distance squared weighting 
(IDW) was applied. IDW was also used for all weathered material and unconfined SMUS 
mineralisation outside of the defined mineralised zones 

Unsampled intervals in the sample set were assumed to represent intersections of very 
low probability of gold mineralisation and were therefore assigned a default grade of 
0.05 g/t Au, and capping of high grades was applied by mineralised zone, as shown in 
Table 14.10. 

Grade interpolation was conducted into parent cells under hard-bounded zonal control, 
using search ellipsoids aligned in the local plane orientation of each zone. The local 
plane orientation parameters of dip direction and dip were interpolated into the cell 
model from the mineralisation hanging wall and footwall surfaces (Datamine Studio 
Dynamic Anisotropy function). Cell discretisation was facilitated by applying a 4 x 4 x 2 
(XZY) matrix. 

In view of the similarity of the mineralised zone geometries and the distributions of drill 
intersections, a consistent 35m x 60m x 10m (strike / dip / cross plane) search ellipsoid 
configuration was applied to all fresh mineralised zones, excepting for Marvoe zone 501 
where a reduced dimension of 5m across the plane of the mineralisation was used to 
minimise internal smearing within this broad zone.  

Figure 14.5 shows a long section view of the resource model, coloured on gold grades, 
while the four parts of Figure 14.6 present selected cross sections through the resource 
model, one each for the main mineralised zones. 
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The high number of density measurements facilitated the interpolation of fresh drill hole 
density values directly into the cell model. Analysis of the data had shown that there was 
not value in estimating densities within the mineralised zones separately from those in 
the hose units. In the case of the weathered zone, a single density value of 1.65 t/m3 
was applied.  

Figure 14.5 Resource Model Long Section Showing Gold Grades (AMC 2012) 
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Figure 14.6 Model Cross Sections with Drill Holes Overlay 

Larjor 
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Latiff 
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Kinjor 
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Marvoe 
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Resource Classification 

Procedures for classifying the reported resources were undertaken within the context of 
the Canadian Securities Administrators National Instrument 43-101 (NI 43-101). 

Estimated resources have been classified with consideration of the following criteria: 

 Quality and reliability of raw data (sampling, assaying, surveying). 

 Confidence in the geological interpretation. 

 Number, spacing and orientation of intercepts through mineralised zones. 

 Knowledge of grade continuities gained from observations and geostatistical 
analyses. 

 The likelihood of material meeting economic mining constraints over a range of 
reasonable future scenarios, and expectations of relatively low selectivity of 
mining. 

In general, the drill spacing is more closely spaced near surface, progressively reducing 
in density with depth as the drilling tracks each mineralised zone down dip. On drill 
spacing alone, therefore the level of confidence in the resource declines with depth.  

A default criterion used here for material classified as Indicated was a maximum drill 
intersection spacing of 50m along strike and down dip. Consequently all candidate 
material for this classification is located relatively nearer to surface. The drill spacing 
guideline was, however, adjusted on the basis of knowledge of other factors such as 
data quality and evidence of grade continuity. 

A similar procedure was undertaken to determine the presence of any Measured 
material, in this case using a default reference drill spacing of 2m x 25m. 

The process of coding the cell model by resource classification was facilitated by 
presenting the drill intersection data for individual mineralised zones in long section and 
digitising outline strings to represent the limits of areas considered to constitute, as 
appropriate, Indicated or Measured material. The model cells were by default assigned 
an Inferred classification (RESCAT field code 3), and those cells falling within the 
digitised strings were re-coded as Indicated (RESCAT field code 2) or Measured 
(RESCAT field code 1). The distributions of the different category materials are 
presented in Figure 14.7.  
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Figure 14.7 Resource Model 3D Schematic Showing Classification Areas (AMC 
2012) 

 

Model Validation  

Statistics were generated to confirm that interpolated model cell grade field values fall 
within acceptable bounds. The grade estimates in the cellular models were thoroughly 
scrutinised using graphical visualisation utilities. Model and drill hole data were overlain 
and viewed in various 2D section and plan view slices, with colour highlighting of grade 
or zonal attributes. 

Model grade spatial distribution patterns were also reviewed using 3D facilities, 
presented variously as section planes, point clouds and cell faces. These processes 
were undertaken repeatedly and continuously throughout the study, during which 
adjustments and refinements to the model were tested against the predicted 
consequences of these changes. 

The model also progressed from an exclusively inverse distance squared weighting set 
of estimates to one where ordinary kriging was used on most zones. This evolution 
provided insight into the effects of different estimation techniques. 

At key stages during the study the model was presented to and scrutinised by Aureus 
professionals, and the final model was also subject to an AMC internal Peer Review 
process.  

Almost all of the upper, intensively drilled, part of the model was estimated in the first 
ellipsoid pass, and the majority of the remaining the model was estimated in the first or 
second pass.  
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Tonnage-Grade Reporting 

Global estimates of tonnes and grade were calculated from the cell model using one 
method and verified using an alternative reporting procedure.  

Aureus’ current strategy for evaluation of the Project resources is in the context of open 
pit mining. Consequently both the interpretation and the classification processes have 
been conducted with this in mind, and the reporting of the tonnes and grade estimates at 
1.0 g/t Au also reflects this line of thought. The near surface portion of the model, within 
a potentially open-pittable depth, consists dominantly of Indicated Resource with small 
quantities of Measured or Inferred Resources. 

It is less clear, what the likely cut-off or economic limits of the deeper, Inferred classified 
material would be, or, given the continuous nature of the mineralisation, where the 
boundary between open pit and underground is likely to be. 

For consistency therefore, all material has been reported at a 1.0 g/t Au cut-off, 
recognising that the deeper, almost exclusively Inferred material, may require a higher 
cut-off grade when subject to economic evaluation. 

The Measured, Indicated and Inferred mineral resources for the Project at a 1.0 g/t Au 
cut-off are presented in Table 14.12. 

Table 14.12 Indicated and Inferred Mineral Resources 

Measured Indicated Measured & Indicated 

Tonnes Au Tonnes Au Tonnes Au 

Minzone (Kt) (g/t) (Koz) (Kt) (g/t) (Koz) (Kt) (g/t) (Koz) 

M401 672 4.74 102 5,410 3.93 683 6,081 4.02 786 

M402 804 2.52 65 804 2.52 65 

M501 2,206 2.55 181 2,206 2.55 181 

M503 247 6.95 55 247 6.95 55 

M504       

Total 672 4.74 102 8,666 3.53 984 9,338 3.62 1,087 

 

  Inferred    

  Tonnes Au    

Minzone (Kt) (g/t) (Koz)  Key to Minzone Codes 

M401 2,940 3.6 340  M401 Larjor + Latiff + Kinjor main zone 

M402 320 3.4 35  M402 Kinjor footwall zone 

M501 950 2.9 89  M501 Marvoe main zone 

M503      M503 Marvoe western hanging wall zone 

M504 100 5.7 18  M504 Marvoe central hanging wall zone 

Total 4,310 3.5 483    

Notes 1. CIM definitions were used for Mineral Resources 
 2. A cut off of 1.0 g/t Au is applied for all zones 
 3. Due to rounding, some columns or rows may not add up exactly to the computed totals  
 4. Mineral Resources are inclusive of Mineral Reserves as set out in Section 15. 
 5. Mineral resources that are not mineral reserves do not have demonstrated economic viability 
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15 MINERAL RESERVE ESTIMATES 

AMC prepared pit designs for New Liberty on the basis of pit optimisations carried out 
with preliminary cost, metallurgical recovery and gold price estimates.  

The Mineral Resource model was modified to reflect the dilution and mining loss 
expected for the mining method and the scale of mining machinery to be used. The 
mining costs were derived from budget cost estimates obtained by Aureus from mining 
contractors with experience in the region. Pit slopes for the optimisations were based on 
the overall slope angles derived from the geotechnical analysis. 

The key parameters applied in the pit optimisations were: 

 A gold price of US $ 1,250/ounce 

 A processing and administration cost of US $ 23.20 per tonne of ore treated 

 Ore rehandle cost of US $ 0.90/t ore 

 An average mining cost of $2.44/tonne 

 A metallurgical recovery of 93% 

 A 0.5m dilution skin was applied to the ore zones 

 A minimum mining width for ore zones or waste partings of 2.5m  

 Overall pit slope angles of 35º in the weathered zones, and slope angles of up to 
42º and 51º in the hard rock zones of the footwall and hanging wall zones, 
respectively. 

 Economic cut off grade of 0.65 g/t Au. 

The pit optimisations only considered the Measured and Indicated components of the 
Mineral Resources, all Inferred Resources were treated as waste for the purposes of 
mine planning. 

For mine planning purposes the orebody was diluted to reflect the expected mining 
selectivity. The width of ore zones was tested against a minimum width of 2.5 metres 
and where the zone was less than 2.5 metres wide it was expanded into the surrounding 
sub grade material to reach that minimum mining width. This new expanded zone was 
then tested against the cut off grade and either accepted as an ore block or flagged as 
ore loss if the grade was too low. Each of the ore zones was then expanded to reflect a 
skin dilution 0.5 metres wide at the grade modelled in the adjacent material. Where two 
ore zones were running parallel to each other the parting was tested and if the waste 
parting fell below 2.5 metres in width this was combined into the ore blocks as internal 
dilution and the cut off grade test was applied again. The effect of dilution on the Mineral 
Resource reported at a cut off grade of 0.65 g/t Au is shown in Figure 15.1.   
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Table 15.1 Dilution and Ore Loss 

 

The approach taken for the geotechnical design was to develop stable overall slope 
angles and manageable bench and inter-ramp conditions. Geotechnical domains are 
based on lithological interpretations, with three domains identified:  

 Weathered material  

 Hangingwall and Footwall (HW/FW) Complex  

 and Ultramafics (mineralisation) 

A summary of slope parameters for slopes up to 230m in height for each domain is 
given in Table 15.2.  

Table 15.2 Pit Slope Design Domains  

Domain Wall Orientation 
Bench Face Angle 

(°) 
Batter Height 

(m) 
Berm Width 

(m) 

Weathered All 35° 15 5 

HW/FW Complex All 65° 20 4-6 

Mineralisation All 65° 20 4-6 

The detailed designs of the slopes were refined through the design process to reflect the 
slope design domains split to a 7 different slope regions, these reflect the height of slope 
and number of ramps required. The final design slope regions are summarised in Table 
15.3 split according to the zones shown in Figure 15.1. 

Table 15.3 Final Pit Design Slope Design Parameters  

Design 
Sector 

Slope Ramp 
Bench 
Face 

Angle (°) 

Berm 
width (m) 

Inter-Ramp 
Slope Angle (°) 

Overall Slope 
Angle (°) 

Lajor/Latiff 
North Wall 

Lajor North Double 65 4 57 
48 

Latiff North Single 65 6 56 

Lajor/Latiff South Wall Double* 65 4 59 49 

Kinjor North Wall Single 55 6 46 42 

Latiff/Kinjor South Wall Single 65 4 58 51 

Marvoe North Single 65 5 58 48 

Marvoe South Double* 65 4 59 47 

*Double ramp at 25m wide and single at 15m wide 

Dilution Tonnes (Mt) Au Oz Grade (g/t)

In‐situ 8.5 924 3.4

Dilution 0.9 4.3 0.2

Ore Loss 0.2 7.8 1.5

Diluted 9.3 921 3.1

Net Effect 8.5% ‐0.4% ‐8.1%
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Adopting these geotechnical parameters and a ramp gradient of 10% throughout the 
detailed pit design shown in Figure 15.1 was developed. 

Figure 15.1 Design Sectors for the Pit Design 

 

This design was evaluated using the model which incorporated the effects of dilution 
and ore loss to estimate the Mineral Reserves which are summarised in Table 15.4. 
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Table 15.4 Mineral Reserve Estimate 

RESERVE 
CATEGORY FRESH / OXIDE   

PROVEN OXIDE Tonnes (Mt) 0.01 

    Au Ounces In-situ (kozs) 0.2 

    Au Grade In-situ  (g/t) 0.8  

  FRESH Tonnes (Mt) 0.7 

    Au Ounces In-situ (kozs) 102 

    Au Grade In-situ  (g/t) 4.4  

PROBABLE OXIDE Tonnes (Mt) 0.8 

    Au Ounces In-situ (kozs) 22 

    Au Grade In-situ  (g/t) 0.8  

  FRESH Tonnes (Mt) 7.2 

    Au Ounces In-situ (kozs) 749 

    Au Grade In-situ  (g/t) 3.3  

TOTAL OXIDE Tonnes (Mt) 0.8 

    Au Ounces In-situ (kozs) 22 

    Au Grade In-situ  (g/t) 0.8  

  FRESH Tonnes (Mt) 7.9 

    Au Ounces In-situ (kozs) 851 

    Au Grade In-situ  (g/t) 3.4  

GRAND TOTAL Mineral Reserves Tonnes (Mt) 8.7 

    Au Ounces In-situ (kozs) 873 

    Au Grade In-situ  (g/t) 3.1  

  Waste  Tonnes (Mt) 129 

    Strip Ratio (t/t) 14.9 

Notes: 1. CIM definitions were used for Mineral Reserves 

 2. A cut off of 0.65 g/t Au is applied for all zones 

 3. Due to rounding, some columns or rows may not add up exactly to the computed totals 
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16 MINING METHODS 

The mining method will be conventional open pit mining using excavators in backhoe 
configuration to load haul trucks. All material is assumed to require drilling and blasting. 

16.1 Mining and Treatment Schedule 

The final pit design is essentially divided into two pits, the Larjor zone to the west is 
separated from the Latiff zone by a poorly mineralised area which forms a saddle 
between the pits. The Latiff, Kinjor and Marvoe zones coalesce into a single pit.  

For the purpose of the mining schedule the mine was divided into 4 areas. Larjor, the 
combined Latiff and Kinjor and the Marvoe area. Due to its width and strip ratio the 
Latiff/Kinjor area was further split to a starter pit and then a final pit. 

The mining schedule sees waste stripping starting at the Larjor pit and the starter pit in 
Latiff/Kinjor. The waste from these areas will be deposited to a single waste dump to the 
south of the pit area. The Larjor pit is exhausted in about Year 4 and after that this pit is 
backfilled with mine waste. The final waste dump configuration will have overall slopes 
of 18 degrees to facilitate rehabilitation. The waste dump design is shown in Figure 16.1. 

Figure 16.1 Mine Layout 

 

16.2 Underground Potential 

Substantial resources exist below the pit bottom elevations established from the pit 
optimisation models. Drilling has defined resources to a depth of 500m below surface. 
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Aureus is extending its exploration drilling programme to further explore the lateral and 
depth extents of the currently defined mineralised zones. Future studies will assess the 
viability of potential underground mining operations. 

The pit design is shown against the resource modelled in Figure 16.2 with the resource 
classifications shown.  

Figure 16.2 Pits with Resource Model Showing Resource Classification 

 

 

The report assumes that the open pit mining operation will be managed by Aureus with 
drill and blast, load haul and dump operations undertaken under contract. 

A mining schedule was developed by AMC based on the Mineral Reserves described in 
Section 15. The schedule parameters were 

 Process plant throughput of 3000t  tonnes per day 

 Total material movement peaking at 62,000 tonnes per day 

This schedule sees the operation produce, ex-pit, a total of 8.7 million tonnes of plant 
feed at an average mined grade of 3.1 g/t Au, with an associated waste production of 
130 Mt over a 8.5 year mining period. Table 17.1 summarises the annualised mining 
production from the open pit. A steady state mining rate is planned, after an initial period 
of waste pre-stripping, at an annualised plant feed mining rate of 1.1 Mt tonnes and an 
associated annualised waste mining rate of +/- 21.5 million tonnes. 
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Table 16.1 also details the mill treatment and gold production schedule which assumes 
a maximum treatment rate for ore of 1.1 Mt tonnes per annum. The mining and 
treatment schedules are also shown in Figures 16.3 to 16.5. 

Table 16.1 Mining and Treatment Schedule 

 

Figure 16.3 Mined Tonnes and Grade  

 

Period Total Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8

Ore Mt 8.7 0.3          1.2          1.1          1.1          1.1          1.3          1.2         1.5         ‐       

Grade g/t 3.1 2.5          3.2          3.4          3.8          4.2          2.3          3.1         2.4         ‐       

Contained Gold 000 oz 873 21           123         121         132         149         94           116        116        ‐       

Waste Mt 130 11.0        21.4        21.5        21.6        21.5        21.3        6.9         4.3         ‐       

Total Material Mt 138 11.2        22.6        22.6        22.7        22.6        22.6        8.0         5.8         ‐       

Strip Ratio t w:o 14.9 41.6        18.1        19.4        20.2        19.5        16.4        5.9         2.8         ‐       

Ore Milled Mt 8.7 ‐          1.1          1.1          1.1          1.1          1.1          1.1         1.1         1.0        

Grade g/t 3.1 ‐          3.3          3.5          3.8          4.3          2.5          3.3         2.8         1.2        

Contained Gold 000 oz 873 ‐          115         126         135         152         89           117        100        39         

Recovery 93% ‐          93% 93% 93% 93% 93% 93% 93% 93%

Gold Produced 000 oz 812 ‐          107         117         126         141         83           108        93          37         
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Figure 16.4 Process Plant Tonnes and Head Grade  

 

Figure 16.5 Contained/Produced Gold Ounces 
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16.3 Mining Equipment 

Quotations were obtained from experienced mining contractors with current operations 
in the region. These contractors held discussions with Aureus regarding a budget 
estimate for moving approximately 53 million cubic metres of rock. The budget estimates 
were based on a mix of new and used mining equipment. The fleet would typically be as 
shown in Table 16.2. 

Table 16.2 Mining Fleet 

Equipment No of Pieces 

Excavator 12 m3 bucket 2 

Excavator 6 m3 bucket 2 

Excavator 2 m3 bucket 1 

Haul Trucks 100 t 21 

Haul Trucks 35 t 2 

Dozers 3 

Wheel Dozer 1 

Graders 16 foot 2 

ROM pad loader 2 

Water Carts 2 

Fuel and Lube Trucks 3 

Drills 8 

Light Vehicles 15 

Buses  4 

Pumps, Lighting Towers, tyre handler etc  

 



AUREUS MINING INC. 
New Liberty Gold Project  

411007 NI 43-101 final  125 

17 RECOVERY METHODS 

17.1 Process Plant Design 

17.1.1 Ore Receipt and Crushing 

Run-of-Mine (ROM) ore will be stockpiled on a ROM Pad, or delivered directly into a 
ROM bin which will be protected by a static grizzly screen. A hydraulic rock-breaker will 
keep the screen clean, and a traffic light will control deliveries onto the grizzly screen. 
The ROM Stockpile will be reclaimed to the ROM bin by front-end loader. 

The ROM bin will discharge onto an apron feeder which will feed a vibrating grizzly 
feeder (VGF) to screen the feed to a jaw crusher. Crusher product, VGF undersize and 
apron feeder dribblings, 80% <160mm will collect on the screen feed conveyor. This 
conveyor will be equipped with a belt scale and an overhead self-cleaning magnet, and 
feed a double-deck vibrating sizing screen which removes <22mm material to the fine 
ore silo. Sizing screen oversize will be crushed in one of two secondary cone crushers, 
the product of which will be returned to the screen by the closed circuit conveyor. Surge 
bins will control the rate of feed to the secondary crushers, discharging onto vibrating 
feeders. 

17.1.2 Milling 

The fine ore silo will receive the <22mm ore from the sizing screen, and discharge this 
onto to the ball mill via two variable-speed belt feeder feeding the mill feed conveyor at 
controlled rate. The feeder speed will be controlled by a belt scale on the ballmill feed 
conveyor. In addition to ore, the ball mill will receive water for density control, cyclone 
underflow for regrinding, lime for slurry conditioning, 80mm steel balls as grinding 
media, and recycled gravity tailings for further grinding. 

The ball mill will discharge through a trommel Screen into the mill discharge sump, 
serviced by two cyclone feed pumps. This hopper will receive plenty of water, including 
gravity fines, to effect efficient classification in a cluster of hydrocyclones (two on 
standby) to remove <75 micron material to the pre-leach thickener. 

Gravity Concentration 

Cyclone underflow will equate to approximately 250% of mill feed mass, and will be split 
between gravity concentration (40%), and recycle to the ball mill (60%). The gravity 
concentrator feed will pass through a scalping screen before being diluted and fed to 
two gravity concentrators, which will recover the gold into <1% of the feed mass. Gold is 
recovered in gravity concentrators by centrifugal forces, and the concentrated gold will 
be collected in a batch tank. Gravity tailings will join the scalping screen oversize and be 
returned to the ball mill for further grinding.   

Once a suitable quantity of gravity concentrate has been collected, it will be subjected to 
an upward flow of water to remove low-density and ultra-fine particles to the mill 
discharge hopper. These fines will interfere with electrowinning, and are amenable to 
conventional cyanidation. The elutriated concentrate will be discharged into an Acacia 
intensive-cyanidation leach reactor, where it will be contacted with high-strength cyanide 
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solution and a slow-releasing oxidant (Leach Aid) to maximise gold dissolution into clear 
pregnant liquor, suitable for electrowinning.  

On completion of the leach cycle after approximately 16 hours, the residual concentrate 
will be washed with water to ensure total recovery of dissolved gold to electrowinning, as 
well as remove any cyanide compounds before emptying the reactor to the Carbon-in-
Leach (CIL) section. 

Thickening & CIL 

Cyclone overflow from the milling section will be screened on a linear screen to remove 
all mining and engineering debris. Screen undersize will report to a high-rate thickener, 
for solid/liquid separation. Solid settling will be accelerated by the addition of 
polyacrylamide flocculants to assist supernatant water clarity. The clear water which 
overflows the thickener will be pumped to the process water pond for use in the milling 
section and general utility water. 

Solids will settle in the thickener to a slurry of 45 – 50% solids w/w, which will be 
pumped to the CIL Section. The CIL section will consist of eight mechanically-agitated 
tanks all equipped with carbon-transfer pumps and MPS (P) inter-stage screens. 
Oxygen-enriched air will be injected into the tanks to accelerate gold dissolution, and 
activated carbon will be present in all tanks to absorb any gold dissolved by the cyanide 
added to the feed slurry. 

Barren (regenerated or new) carbon will be added to the last (No 8) tank, from where it 
will periodically be pumped upstream, counter-current to the slurry flow. This ensures 
that the carbon with the highest potential for gold adsorption is in contact with solution 
with the lowest gold concentration.   

Test work leach kinetics have shown that the gold dissolution profile requires a 
residence time of 48 hours, and the CIL plant has been sized accordingly. 

Recessed-impeller vertical spindle pumps move carbon upstream, and MPS (P) screens 
retain the carbon in the tanks, and transfer the slurry downstream, to maintain a 
constant slurry level in all vessels. As the carbon is progressively and periodically 
moved upstream, the gold concentration (loading) on carbon increases. The carbon in 
the first (N0 1) tank will therefore have the highest loading and be in contact with the 
highest dissolved gold concentration. 

Once the carbon in Tank No 1 is saturated, or has attained a desired loaded carbon 
grade, it will be pumped to the loaded carbon screen located above the acid wash 
hopper. The carbon will be washed clean before dropping into the acid wash hopper, 
and the washings and slurry will gravitate back to No 1 CIL Tank. 

Acid Wash and Elution 

Over the period of 24 hours, a carbon batch of approximately 4.5 tonnes of gold loaded 
carbon will be collected in the acid wash hopper. Here the carbon will be contacted with 
an upward flow of 3% hydrochloric acid (HCℓ) pumped from the dilute acid storage tank 
located in the elution section. The carbon will soak in the acid for an hour or until all 
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reaction signs have ceased. HCℓ washing is necessary to remove all calcium oxides or 
carbonates adsorbed on the carbon from the lime products ore constituents. 

Acid-washed carbon will be rinsed before being dropped into the elution column. This 
column will be heated by circulating a caustic-cyanide through heated heat-exchangers 
until the carbon is at 125oC, when the hot solution will be transferred to the pregnant 
solution tank at the electrowinning section where gold is stripped off the carbon. The 
eluted carbon will then be rinsed and cooled before being regenerated. 

The elution column contents will be emptied over a dewatering screen located above the 
kiln hopper.  Carbon will be withdrawn from the kiln hopper by a screw feeder feeding a 
horizontal, diesel-fired regeneration kiln. The kiln will heat the carbon to 710 – 7500C in 
the absence of oxygen (due to prevalent steam) thereby volatilising organics and 
reactivating the carbon for re-use in the CIL. The kiln discharges into a quench tank, 
from where the carbon is screened to remove all undersized carbon particles which 
could result in gold losses by escaping inter-stage screens. 

Electrowinning and Gold Room 

Two storage tanks will be provided for the separate storage of gravity pregnant solution 
and elution eluate solution. Four electrowinning cells will be located in the gold room and 
used to electroplate the dissolved gold, three for elution eluate and one for gravity liquor.  

Pregnant liquor will be circulated between the storages and the cells until the solution 
has been depleted of gold (and called barren). Barren solution will be pumped to the CIL 
where it will add value in terms of reagent and residual gold. 

Once an electrowinning cycle is complete, the plated cathodes will be hoisted from the 
cell and the gold washed off into a sludge tank. Collected cathode foil and sludge will be 
decanted into trays to be loaded into the diesel-fired drying oven, after which they will be 
charged into an Induction Furnace for pouring into moulds to produce bullion bars for 
sale. 

Detox and Residue Disposal 

Slurry discharged from the CIL Section contains residual cyanide making it unsuitable 
for disposal, and a cyanide detoxification section will be provided to neutralise the 
cyanide into complexes suitable for environmental disposal. Three vessels will be 
provided, into which staged additions of copper (as copper sulphate, CuSO4) and 
sulphur dioxide (as sodium metabisulphite, Na2S2O5). Oxygen-enriched air will be 
injected into the vessels to ensure the highest oxidation state of base metals and 
cyanide, and hence the precipitation of insoluble base metal cyanate complexes, which 
will be pumped to the Tailings Storage Facility (TSF). Two sets of two residue pumps in 
series (one duty, one standby) will be used to transfer plant residue to the TSF, which 
will be operated on a decant basis for water reclamation back to the process plant. 

Reagents 

All reagents except cyanide will be stored in a chemical shed and made up in a 
dedicated area for distribution to the various points in the plant: 
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Mixing and storage tanks will be provided for lime (received in 1m3 bulk bags), 
hydrochloric acid (received as 33% HCℓ in 1000 litre IBC’s), sodium metabisulhite 
(received as dry Na2S2O5 in 1m3 bulk bags), copper sulphate and caustic soda 9 
received dry in 25 kg bags). Flocculant will have a specialist hydration plant and will be 
provided as a vendor package. 

Cyanide will be stored dry and prepared in a separate, remote area of the plant (fenced 
off), and all handling and distribution will be conducted in accordance with the 
International Cyanide Code.  

Water treatment chemicals will be stored at the water treatment plant. 

Water 

Three ponds will be provided:  

 One process water pond (with a preceding silt trap) which will receive thickener 
overflow water and TSF decant water, for use in the plant; as well as overflow from 
the clear water pond. 

 One clear water pond which will receive Marvoe Creek water, for water delivery to 
the water treatment plant, reagent make-up and fire water supply.  

 And one storm water pond which will remain empty and receive any overflow from 
the process water pond and collect plant run-off water during heavy rainfalls. 

Capital and operating cost schedules for a 1,100,000 tonne per annum plant were 
estimated based on initial cost estimates for the major mechanical equipment plant and 
EPCM estimates for the plant build.  

The design of the process plant is based on the metallurgical testwork as detailed in 
Section 13. As additional the additional metallurgical testwork results as detailed in 
Section 13.3.6 are concluded optimisation of the plant design will be undertaken. 

The process design criteria are summarised in Table 17.1. 

Table 17.1 Process Plant Design and Throughput Criteria 

Item Unit Value 

   

Annual throughput fresh ore Tonnes 1,100,000 

Comminution circuit  crushing, closed circuit Ball Mill 

Crusher Operating Hours hr/day 16 

Crusher Availability % 85 

Crusher Feed Rate (fresh) Tph 200 

Milling Availability % 92 

Mill Feed Rate Tph 112 

Grind Size P90 µm 75 

Gravity Circuit  Knelson concentrators 

Leach circuit design  CIL 
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Item Unit Value 

Leach Residence Time Hrs 36 

Recovery % 93 

Cyanide Consumption kg/t 1.66 

Lime Consumption kg/t 1.2 

Elution Circuit  Zadra 

The process plant layout will also be optimised with a detailed site survey forming part of 
the feasibility study programme.  
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18 PROJECT INFRASTRUCTURE 

18.1 Infrastructure 

The Project is located northwest of the Liberian capital, Monrovia. The Freeport of 
Monrovia is privately run under a concession from the government, and is one of four 
main ports in Liberia and is the only port with cargo and oil handling facilities. It can 
accommodate third generation container ships. 

Currently there is approximately 100 km of paved road to the town of Danielstown and 
then 21 km of laterite road to the NLGM site. The current road allows for easy access for 
larger cargo as the project infrastructure grows. It is planned to further upgrade the road 
during the main phase of the process plant build. Secondary roads on the Bea-MDA, 
built by Aureus, provide access across the property. Due to the sandy nature of the 
roads, access is all year round, including during the height of the rainy season.  

An exploration camp exists at the Project site, inclusive of offices, staff accommodation, 
messing facilities, and core storage facilities. The site is currently serviced with private 
company phone and internet services via satellite link. The camp is within the blast 
radius of the open pit operations. During the project build and mining pre-strip phase the 
use of the camp will be maintained for storage and office facilities under evacuation 
procedures for blasting. New office facilities are to be built as the project moves from an 
exploration base to that of project implementation but it is planned for the core storage 
facilities to remain at the current location. 

The project implementation phase will include the building of the process plant and 
contract mining equipment workshop area, offices, housing and messing facilities, 
security infrastructure, recreational facilities, laundry and waste water treatment 
facilities. 

18.2 Process Tailings Management 

Golder Associates Africa (Pty) Ltd (GAA) have completed a study of tailings disposal 
options, with specific attention given to the identification of suitable Tailings Storage 
Facility (TSF) sites and to make recommendations of a site for the safe deposition of 
process tailings throughout the project life. The scope of work included: 

 Tailings site selection 

 Design of the TSF 

 Geotechnical and Hydrological evaluation 

 Water management plan 

 Preliminary closure plan 

 Capital and operating cost estimates 
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18.3 TSF Location 

A total of five TSF sites were investigated by GAA, with the preferred site located to the 
North West of the open pit operations and proposed process plant site. The site is 
located in a shallow valley formed by undulating hills, with an estimated footprint area of 
some 58 ha and a perimeter of approximately 4.5 km. The general site layout of the TSF 
is presented in Figure 18.1. 

Figure 18.1 General Site Layout  

 

18.4 TSF Design 

The design of the TSF is aimed at minimising the risk to the environment. The TSF will 
require construction of one large main dam and four small saddle dams.  The TSF will 
be raised in stages. The starter TSF will have a capacity for approximately two years of 
tailings and future raises undertaken during the dry season period.  

The starter TSF dam will be a homogenous embankment dam constructed using clayey 
soils from the open pit operations and the Marvoe Creek Diversion Channel excavation. 
A civil earthworks contractor will be used to construct the starter TSF. Whereas the 
geochemical properties of the tailings will be confirmed in the feasibility study, impacts 
from the TSF can be mitigated by lining the basin of the TSF with a suitable low 
permeability compacted clay soil. 
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At the end of mine operations the main TSF dam will be approximately 930 m long and it 
will have a maximum height of 30m. The saddle TSF dams will vary in height from 2 to 
10m and the total length of the saddle dams will be approximately 700 m. 

The TSF will be designed to store the Probable Maximum Precipitation (PMP).  Each 
stage of the TSF will have a spillway. The spillway will be designed to safely convey the 
the PMP. 

The preliminary designs described here are currently being confirmed through feasibility 
level design studies for the storage of the required 8.7 million tonnes of processed 
tailings.  

A pumped slury transportation method will be used for the optimal placement of the 
stored process tailings. 

18.5 Water Balance 

The project is located in a net water surplus climate. To minimise the volume of non-
contact surface rainfall run-off reporting to the TSF or the open pits, water diversion 
channels and ditches will be constructed. The preliminary water balance developed by 
GAA for the site indicates that there will be a surplus of contact water that will require 
discharge to the environment. This surplus contact water will be discharged through a 
system of settlement ponds and where appropriate cyanide destruction. A detailed study 
of the discharge volumes and the treatment and disposal options relating to water 
management will be fully included as part of the Project feasibility study. 

18.6 Tailings Storage Facility Closure 

After tailings deposition ceases, the TSF beach will be covered with a layer of non-acid 
generating screened waste rock to act as a capillary break. The capillary break will be 
overlain by a layer of compacted lateritic soil. The compacted lateritic soil cover will also 
be gently sloping to shade-off rainfall. The Project feasibility study will include a detailed 
closure plan for the TSF. 

18.7 Marvoe Creek Diversion 

The Marvoe Creek dissects the proposed pit mining area, flowing in a general north-
south direction. GAA have completed a study with respect to diversion options and 
proposed a diversion route for the Marvoe Creek to the north and west of the Project pit 
area (Figure 18.1). A detailed survey of proposed diversion route has been undertaken 
to assess civil construction requirements. The diversion channel will be a series of 
interconnecting excavated channels and above ground constructed berms. The capital 
cost for the diversion has been estimated and included in the project cash flows. It is 
planned that the diversion channel will be excavated by the appointed project civil and/or 
mining contractor during the pre-production period and the diversion dam wall will be 
established concurrently with the tailings dam starter walls. The routing of the creek 
diversion is shown in Figure 18.1. 
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18.8 Power Supply 

It is envisaged that electrical power for the mine and processing infrastructure will be 
supplied by diesel or heavy fuel oil generators at 400V with step up transformers to a 
reticulation voltage of 11 kV. The generating plant will have an installed capacity of 
10MW. The ownership of this power generation facility is to be the subject of further 
studies but the current assumption is that it would be owned by Aureus. 

Aureus is also considering the potential for-run-of river hydro power generation on the 
Marvoe Creek diversion  

18.9 Waste Controls 

Rock waste generated from the mining of the open pit will be stored in a purpose built 
waste rock dump located south of the planned open pit operations as shown in Figures 
17.1 and 18.1. The rock waste dump will be constructed with an 18º degree overall 
slope angle to conform to post closure stability angles. The overall height of the waste 
dump will be approximately 60m. 

Industrial and domestic waste will be recycled where practical. Any combustible waste 
will be burnt and the ashes buried with any non combustible waste in the mine waste 
dump. 

Treatment facilities for sewage disposal will form part of the site accommodation 
requirements.  
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19 MARKET STUDIES AND CONTRACTS 

The New Liberty operation will produce gold bullion which will be air freighted from site 
to refineries in Europe or South Africa. 

The pit optimisations and the cut off grade calculation in the mining studies used a gold 
price of USD $1,250.  

The financial analysis used an average gold price of USD $1,350. This was made of 
USD $1,500 for 2014 and 1015 and $1,300 thereafter. 
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20 ENVIRONMENTAL STUDIES, PERMITTING AND SOCIAL OR COMMUNITY 
IMPACT 

BEA was granted a Class A licence in July 2009 allowing the company to commercially 
exploit minerals found in the exploration area and to carry out all other activities 
incidental thereto. Within the 457km² licence area BEA currently has another four 
prospecting areas all lying to the north east of the Project:  

 Silver Hills, 14 km from New Liberty  

 Weaju, 30 km away  

 Ndablama 

 and Gondoja, 40 km away, and furthest from the Project operations.  

Section 37 of the Environmental Protection Agency Act of Liberia requires Aureus to 
undertake an Environmental and Social Impact Assessment (ESIA) with respect to the 
New Liberty project.  Aureus have appointed Golder Associates (Ghana) Ltd (GAGL) to 
undertake the ESIA with assistance provided by local Liberian consultants and 
environmental specialists. The ESIA is being completed to meet both Liberian legislative 
requirements as well as international standards, including the IFC Performance 
Standards and the Equator Principles. 

The ESIA is aimed at determining and assessing potential environmental and social 
related impacts associated with the project, and based on the impacts identified, 
proposing mitigation/management measures to reduce, control and or avoid negative 
impacts and enhances positive impacts. In this way, mining activities are controlled and 
the environment is monitored in such a manner as to mitigate environmental impacts 
from the mining operations.  

Baseline data collection for the Environmental and Social Impact Assessment (ESIA) 
was initiated in the fourth quarter of 2010. As required by Liberian environmental 
legislation a Project Brief was submitted to and approved by the Liberian EPA during 
2011. The draft terms of reference for the ESIA was submitted to the Liberian EPA 
during February 2012. 

The baseline studies that are completed include: 

 Air Quality  

 Meteorology 

 Ecology (terrestrial and aquatic) 

 Ground water 

 Surface water 

 Soils and land use 

 Noise 

 Traffic 

 Visual aspects 
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 Socio-economic 

 Cultural heritage/archaeology 

A public consultation process is being conducted as part of the ESIA. The proposed 
Project and the ESIA were announced to relevant stakeholders in Monrovia and in the 
Project area in 2010. Stakeholders will be further included in the ESIA process and will 
be given the chance to provide comments and inputs on all aspects of the Project and 
the ESIA.  

Other license and permit applications, such as explosive storage, hazardous chemical 
storage, waste disposal landfill site, water abstraction and discharge permits will be 
submitted to the governmental authorities prior to the commissioning phase of the 
project and prior to the commencement of the relevant activities. 

MONITORING 

Meteorological data is monitored at the weather station located at the Kinjor exploration 
camp.  

Water quality sampling and Marvoe Creek water level monitoring is ongoing and reports 
are submitted to the EPA in Liberia. Baseline noise monitoring, air quality monitoring, 
soil sampling and groundwater sampling have also been conducted to date. 

Quarterly environmental reports are submitted to the Liberian EPA.  

RESETTLEMENT 

Digby Wells & Associates (Pty) Ltd of South Africa, an independent consultant in 
association with Earthcons a Liberian environmental consultancy firm have been 
appointed to develop and finalise the resettlement action plan (RAP) for the Kinjor 
village and a Social Impact Assessment. The RAP process will comply with the Equator 
principles and IFC standards. The main objectives are: 

 Minimise involuntary re-settlement. 

 Mitigate social and economic impacts. 

 Improve / restore livelihoods of relocated persons. 

 Provide opportunities from the project for job and local business creation. 

LEGAL REQUIREMENTS, STANDARDS AND GUIDELINES 

The ESIA (Environmental and Social Impact Assessment) for the project is being 
undertaken to meet both Liberian legislative requirements and international standards, 
notably the IFC Performance Standards.  

Climate, Hydrology and Hydrogeology 

The project site has a tropical climate with two seasons: a rainy and dry season. The dry 
season lasts from mid-November to mid-April and the rainy season from mid-April to the 
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end of October typically. It does not rain continuously through the rainy season. The 
nearest weather station to the project site is Goodrich, which is located 34.5 km 
southeast of the Project. In a baseline study by BEA it was assessed that the site would 
have 5% more than the mean average monthly precipitation of the Goodrich station. 
This equates to an annual average precipitation over the project site of about 3450 mm. 
Local data is now being collected at the mine site  

The project area is well drained by a network of small creeks flowing eastwards and 
draining into the Marvoe Creek. Hydrogeological investigations to date have shown that 
the ground water levels fluctuate seasonally and that the water table generally mimics 
the surface topography. The water table is located at depths in excess of 3m in the 
upland areas.  

No adverse environmental or social issues that would prevent the project from 
proceeding are envisaged by Aureus. 

Closure 

The waste dump slopes will be progressively rehabilitated in order to reduce the 
rehabilitation load at the end of the mine life. This will also afford early erosion control of 
the dump walls. The final dump configuration will be battered down to an overall slope of 
approximately 18 degrees and sheeted with top soil and oxidised material collected from 
the pit, dump and creek diversion areas. 

The Marvoe Creek will remain on the diverted course after closure. The permanent 
nature of this diversion has been considered in its design. 

The TSF will be capped with top soil and oxidised material collected from the area of the 
TSF. 

The water level in the pit will be allowed to return to the current water table. The pit will 
be surrounded by a bund to limit access post closure. 

The processing plant and all other buildings will be removed from site and the area will 
be rehabilitated. 
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21 CAPITAL AND OPERATING COSTS 

21.1 Operating Costs 

A summary of the mine and mill operating costs derived for the project is given in Table 
21.1.  

The mining costs were developed based on the application of budget mining contract 
costs obtained by Aureus from mining contractors who are established in the West 
African mining arena, Aureus provided the mining contractors with preliminary  pit 
designs and materials movement schedules. The budget mining costs were applied as 
an operating cost component and a lease cost component.  

The process plant operating costs were developed by a combination of costs from the 
preliminary economic assessment and feasibility study design work in progress by DRA. 

General and administration costs were estimated by Aureus to provide management 
and operational control for the project.  

As the processing schedule does not differentiate between surface weathered and fresh 
ore, all processing costs are set at the fresh ore rate.  

Table 21.1 Operating Cost Summary 

Item Units Rate 

Fresh rock Drill and Blast US $ /tonne mined 1.00 

Load, Haul and Dump US $ / BCM mined 2.40 to 8.30 

Stockpile Rehandle US $ / tonne 0.90 

Mill Processing US $ / tonne milled 19.08 

Refining Cost US $ per ounce 3.50 

General & Administration US $ / tonne milled 3.88 

21.2 Capital Costs 

The initial capital cost of US$ 113.1 million for the Project includes the design and 
development of the processing plant, mining establishment and pre-strip, general mine 
infrastructure and power supply, tailings dam construction, creek diversion and general 
infrastructure. 

Capital costs are summarised in Table 21.2. 

Table 21.2 Initial Capital Cost Summary 

Category US$ M 

Processing plant 62.5 

Mine Establishment & pre-strip  27.7  

Infrastructure and power supply 14.5 

Tailings dam construction 3.3 

Creek diversion 5.1 

Total Initial Capital 113.1 
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Sustaining capital includes the sequential development of the tailings dam facility. The 
mine closure costs cover environmental aspects at the mine and process plant sites. 
Mining operations will be undertaken on a contract basis but the contract has been 
structured so that the lease cost can be separately costed as an ongoing capital cost. 
The capital costs that occur once production has commenced are summarised in Table 
21.3. 

Table 21.3 Additional Capital Cost Summary 

Category US$ M 

Sustaining capital and mine closure 10.8 

Mining Fleet over LOM 37.8 

Capital cost estimates for the Project Development have been estimated by various 
consultants for Aureus. The main aspects are: 

 Processing Plant – DRA Engineering 

 Power Supply – African Power Systems  

 Tailings Dam Construction – GAA 

 River Diversion – GAA 

 Mining Contractor Mobilisation - AMC 

 Mine Closure – GAA 

In AMC’s opinion, the capital cost allowances assessed for the infrastructure are 
considered appropriate for the Project size and for the level of accuracy associated with 
the Reserve Model. 
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22 ECONOMIC ANALYSIS 

22.1 Economic Model 

Aureus has developed a financial model in order to evaluate the economics of the 
project. AMC confirms that the inputs to the financial model have been appropriately 
derived from, and reflect the investigations of, the various studies, as commented on in 
the previous sections of this report. 

22.1.1 General Assumptions 

The Reserve Model is pre-tax and pre-finance, allows for working capital and is based 
on a detailed analysis of gold processing throughput as detailed in Section 16. The 
financial model is based on the following assumptions: 

 Currency base is the US $. 

 The financial model is in real Q1 2012 terms. 

 Due to the unknown date of when the project will be brought in to production, the 
start of gold production has been assumed to be from ‘Year 1’ with a mining pre-
production and a plant and infrastructure construction period of 1 year (Year 0). 

 A base case discount rate of 8%. 

 The financial model uses an average gold price of US $ 1,350/oz. 

 Royalty is 3% of gross revenue but does not account for the Republic of Liberia’s 
retention of a free of charge equity interest in Bea’s operations equal to 10% of its 
authorised issued and outstanding share capital without dilution (i.e a 10% “carried 
interest”). 

 The financial model includes an estimated US $ 51m of capital expenditure (sunk 
costs) prior to the start of project execution mine construction.  

 No additional contingency costs have been allowed for in the capital cost 
estimates. 

All mining and processing tonnages and grade are as given in Tables 17.1, previously. 
Gold recovery has been assumed to be 93%. 

22.1.2 Project Economics 

A net present value has been calculated for the Project through the application of 
Discounted Cash Flow (DCF) techniques to the pre-tax, pre-financing cash flow derived 
from the inputs and assumptions presented in this and previous sections of the report. 
All figures are presented in Q1 2012 real terms.  

For the base case analysis an average gold price of US $ 1,350 has been used. 
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A government royalty of 3% of revenue has been assumed. The financial model is 
reported on the basis of 100% of the Project, with no consideration of the free carried 
interest.  

A summary of the base line results and cash flow modelling and valuation is presented 
below in Table 22.1. The average life of mine cash cost per ounce of gold is estimated 
at US $ 632 with an expected pre-tax NPV of US $ 260 using an 8% discount rate and a 
pre-tax IRR of 62%. The expected payback period for the Project is less than 2 years. 

Table 22.1 Cash Flow and Valuation Summary 

Description Units Project Totals/Averages 

Recovered Gold kozs 812 

Mill Processing Life Years 8 

Net Smelter Revenue US $ m 1,065 

Operating Costs US $ m 514 

Net Operating Cash Flow US $ m 551 

Capital Costs US $ m 162 

Net Pre-Tax Cash Flow US $ m 390 

NPV (8%) US $ m 260 

IRR  % 62 

Payback years < 2 years 

Cash Cost per Ounce US $/oz 632 

22.1.3 Project Sensitivities 

Table 22.2 illustrates an analysis of the project NPV sensitivity to variations in gold price, 
operating cost and capital cost estimates used in the base case. 

Table 22.2 Project Sensitivities 

Sensitivity NPV 8% Discount Rate Variance to Base Case 

Gold Price US $ M % 

+10% 340 +31 

-10% 180 -31 

Capital Costs   

+10% 248 -5 

Operating Costs   

+10% 221 -15 

Grade   

-10% 180 -31 

The financial model sensitivities indicate that the project is economically robust. The 
project NPV is least sensitive to capital cost variations. 

AMC has verified that the financial model inputs reflect accurately the technical and 
financial costs reported in the study. 
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AMC has reviewed the basis of the technical assumptions applied to the economic 
assessment, together with the operating and capital cost estimates, and, while they are 
at a level of accuracy that requires further definition as part of a project feasibility study, 
they are considered appropriate support the continuing investigation of the Project. 
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23 ADJACENT PROPERTIES 

Figure 23.1 Adjacent properties to Bea Mountain Licence – (Ministry of Lands 
and Mines and Energy 2011) Geology from Tysdal and Thorman 
(1983) (Reproduced Aureus 2012) 

 

The direct neighbours with their ID number from Mineral Land holding map (Figure 23.1) 
recorded by the Ministry of Lands Mines and Energy last update from April 2011 are as 
follows: 

Table 23.1 Table of Adjacent Licence Holders  

License Holder License type Area Code Commodity 

Youssef Diamond Mining Corp. Mineral exploration 28 Diamonds 

Usoma Minerals and Mines Mineral Exploration 52 Gold 

Archean Gold Limited Mineral exploration 72 Gold and Base metals 

Pedra Mining Mineral exploration 74 Gold 

Castlegem (Liberia)Ltd Mineral Reconnaissance 97 Gold and Base metals 

Since the publication of this data area 72 (Archean Gold Limited) has been brought by 
Aureus as announced on September 21, 2011. 

There is no publicly available data from Usoma Minerals and Mines, Pedra Mining and 
the Castlegem projects. 
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24 OTHER RELEVANT DATA AND INFORMATION 

To the extent known, there is no other relevant data and information. 
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25 INTERPRETATION AND CONCLUSIONS 

In spite of adverse working conditions, including a forced hiatus, the various campaigns 
of exploration conducted on the Bea-MDA property have generally exhibited the 
characteristics of comprehensive and systematic evaluation programmes, with sound 
field professional and technical input. The quality of some work has varied over time and 
by technical area, and selected comments are made below concerning observed 
deficiencies, and opportunities for improvement are noted in the Recommendations 
section. 

There is much evidence that the exploration work has been diligently undertaken and 
there has been a high degree of willingness to implement changes where potential 
improvements have been identified. 

Exploration at the Project has confirmed the persistence of gold mineralisation, including 
concentrations of potential economic value, within defined zones that extend from 
known surface occurrences in both artisanal workings and exploration trenches down to 
drill intersections more than 500m below surface. 

Diamond core drilling over a series of campaigns has consistently intersected gold 
mineralisation in a broad zone representing a predominantly southerly-dipping schist 
belt remnant. Within this stratigraphic interval, the defined concentrations of higher 
grade mineralisation have been intersected in what has become an increasingly 
predictable distribution with each campaign. The 2011 infill drilling campaign further 
verified the general character of the mineralisation, and provided increased levels of 
confidence in local interpretation and grade estimates in the upper portions of the 
mineralised zones. 

In 2010 it was recognised that the nearer-to-surface mineralisation (weathered and 
upper fresh horizons) had been inadequately tested and the recommendations for 
further drilling of this interval were followed up by Aureus in 2011. Consequently the 
density of data in the upper levels has been markedly improved. 

The long-recognised ‘gap’ between Kinjor and Marvoe has been tested near surface 
during 2011, but remains poorly drilled and therefore uncertain at greater depth. 

The geometric and grade continuities vary across the deposit and, combined with a loss 
of uniformity of drill intersection spacing due to both drill site access difficulties and drill 
hole deviations, means that the level of confidence in the resources is variable. 

Nonetheless, the overall increase in confidence arising from the 2011 drilling campaign 
is reflected in the expansion of Indicated classified material and the inclusion of some 
areas of Measured category. 

The sequence of drill campaigns has also corresponded to a general and progressive 
improvement in QA/QC activities so that these are largely now embedded in standard 
procedures. However the lag in the introduction of many procedures and some 
unresolved questions that have arisen out of analyses of QA/QC results have left a 
legacy of residual uncertainty in the data, more so in some campaigns than others. 
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The 2011 drilling focussed on infill objectives; however some extension drilling, along 
strike and below the Latiff Zone was only partially successful in extending the 
mineralisation beyond the previously defined limits. With depth the Latiff Zone was 
shown to continue, but in the central and western extensions, identified zone 
thicknesses and grades are poor. The Latiff Zone has now been shown to correlate with 
the Larjor Zone in the west and the Kinjor Zone in the east, but it is only in the deeper 
portions of the Latiff-Kinjor interface economically significant grade values have been 
found. 

This report describes recent exploration works carried out by Aureus on the Project and 
which formed the basis on a new Mineral Resource Estimate and Mineral Reserve 
Estimate developed jointly by Aureus and AMC.  

The assessment of the Project’s economic potential described in this report has been 
based on preliminary studies, but it suggests the project is amenable to conventional 
processing methods and has sufficient economic potential to warrant progressing into 
further studies.  

AMC consider these preliminary assessments indicate that the Project is worthy of 
additional study and evaluation. 
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26 RECOMMENDATIONS 

Recommendations listed here are limited to those aspects of Aureus’ activities on the 
Bea-MDA property that relate specifically to the purpose of this report, being the 
additional drilling and resource estimate. 

26.1 QA/QC 

During the 2011 campaign, Aureus addressed a number of the sample QA/QC 
recommendations made in 2010 (AMC Consultants, 2010). The time lags associated 
with the logistics of sample movement between the Project, the Monrovia sample 
preparation facility and the Ireland-based laboratory continues to constrain the capacity 
for QA/QC issues to be identified dynamically and allow changes to be made in a timely 
manner. 

Nonetheless AMC notes that early and ongoing review of QA/QC results is still not a 
routine procedure at the Project, and recommends that such procedures be more 
rigorously implemented. 

AMC’s October 2011 visit to the OMAC sample preparation facility in Monrovia revealed 
generally sound practices; however it was concluded that the workflow layout and 
quality of the ventilation represent potential risks for sample mix-up and contamination 
respectively. Consequently, AMC recommends that Aureus commission an independent 
sampling and assaying specialist to conduct an audit of the sample preparation facility. 

26.2 Resource Definition and Extension 

Aureus continues to explore the Project for the purposes of both resource definition and 
extension; however the substantial amount of drilling conducted during the 2011 
campaign has largely fulfilled the requirements of resource definition for the current level 
of evaluation. 

A limited quantity of further drilling is therefore recommended to establish the continuity 
and tenor of mineralisation across the ‘gap’ between Kinjor and Marvoe in the depth 
interval -75m to -150m RL. 

To achieve these recommendations AMC has, in consultation with Aureus, outlined and 
costed an integrated drill programme to cover the various objectives, as included in 
Table 26.1. 

AMC estimates that a budget to achieve the above recommendations is of the order of 
US$224,000, calculated using all inclusive exploration costs, as provided by Aureus, 
which capture management, labour, equipment, sampling, assay and data analysis. 

26.3 Surface Topography 

During 2012 extensive surface topography surveys should be undertaken as part of the 
project development. These will include ongoing survey work currently being undertaken 
to improve surface contour detail associated with the mining and waste dump areas, the 
tailings dam facility footprint and the Marvoe creek diversion and other project 
infrastructure development needs such as mining haul roads.   
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26.4 Feasibility Study 

An analysis of the project NPV data shows that the project is economically robust, with 
the project NPV being least sensitive to capital cost variations. On this basis Aureus 
have committed to completing a Feasibility Study for the Project. 

Aureus have budgeted to expend approximately $9.46m (Table 26.1) during 2012 
towards completing the project design and implementation work, and the ESIA report, 
which includes for 12,000m of diamond drilling, various environmental, mining and 
metallurgical technical studies and include various planned site improvement works. The 
types of investigations planned for, and the levels of expenditure budgeted for, are 
considered appropriate with respect to the completion of the Feasibility Study for the 
Project. 

Table 26.1 New Liberty Project Expenditure for Feasibility Design 2011 

Item Budget/ US$ 

Marvoe/Kinjor, Geotech, hydrology and sterilisation drilling  1,120,000 

Resource drilling – New Liberty target areas  2,240,000 

Preliminary Infrastructure Development 2,200,000 

Project Studies 2,500,000 

Project Staff and Overheads 1,400,000 

Total 9,460,000 
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Technical Report have been prepared in compliance with that instrument and form. 

12. As of the effective date of the Technical Report, to the best of my information, knowledge 
and belief, sections 1-12,14 and  23-26 of the Technical Report contains all scientific and 
technical information that is required to be disclosed to make the Technical Report not 
misleading. 

Dated the 16th day of March 2012. 

Original signed and sealed by 
 
 
 
Christopher Garstang Arnold 
Principal Geologist 
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M J Pascoe  
AMC Mining Consultants (UK) Limited 
Level 7 Nicholsons House 
Nicholsons Walk 
Maidenhead, Berkshire, SL6 1LD 
United Kingdom 

Telephone: +44 1628 778 256  
Fax:  +44 1628 638 956  
Email: mpascoe@amc-consultants.co.uk 
 
I, Marnie Jayne Pascoe, do hereby certify that: 

1. I am Principal Geotechnical Engineer for AMC Mining Consultants (UK) Limited, Level 7 
Nicholsons House, Nicholsons Walk, Maidenhead, Berkshire, SL6 1LD, UK. 

2. This certificate applies to the Technical Report titled “New Liberty Gold Project, Liberia, 
West Africa, Technical Report, Updated Mineral Resources and Mineral Reserves” (the 
“Technical Report”) for Aureus Mining Inc with the effective date 2 February 2012. 

3. I graduated with a BSc (Hons) in Geology from University of Western Australia in 1990. 

4. I am a Charted Professional member of the Australasian Institute of Mining and 
Metallurgy.  

5. I have practiced my profession continuously since 1991 and have been involved in 
geotechnical engineering, mining technology and mining engineering for a total of 21 
years. 

6. I have read the definition of “Qualified Person” set out in National Instrument 43-101 (“NI 
43-101”) and certify that by reason of my education, affiliation with a professional 
association (as defined in NI 43-101) and past relevant work experience, I fulfil the 
requirements to be a “Qualified Person” for the purposes of NI 43-101. 

7. I am responsible for the preparation of sections 15 and 16 of the Technical Report. 

8. I visited the property on 28 February 2011 to the 1 March 2011.  

9. I have not had any involvement with the property that is the subject of the Technical 
Report prior to my engagement as a geotechnical consultant on technical matters, the 
results of which form part of the Technical Report. 

10. I am independent of the issuer as described in Section 1.5 of NI 43-101. 

11. I have read NI 43-101 and Form 43-101F1, and sections 15 and 16 of the Technical Report 
have been prepared in compliance with that instrument and form. 

12. As of the effective date of the Technical Report, to the best of my information, knowledge 
and belief, sections 15 and 16 of the Technical Report contains all scientific and technical 
information that is required to be disclosed to make the Technical Report not misleading. 

Dated the 16th day of March 2012. 

Original signed and sealed by 

 
Marnie Jayne Pascoe 
Principal Geotechnical Engineer 
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