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Disclaimers
Purpose of this document
This Report was prepared exclusively for Afritin Mining (“the Client”) by CSA Global UK Ltd (“CSA Global”). The quality
of information, conclusions, and estimates contained in this Report are consistent with the level of the work carried
out by CSA Global to date on the assignment, in accordance with the assignment specification agreed between CSA
Global and the Client.

Notice to third parties
CSA Global has prepared this Report having regard to the particular needs and interests of our client, and in
accordance with their instructions. This Report is not designed for any other person’s particular needs or interests.
Third party needs and interests may be distinctly different to the Client’s needs and interests, and the Report may
not be sufficient nor fit or appropriate for the purpose of the third party.
CSA Global expressly disclaims any representation or warranty to third parties regarding this Report or the
conclusions or opinions set out in this Report (including without limitation any representation or warranty regarding
the standard of care used in preparing this Report, or that any forward-looking statements, forecasts, opinions or
projections contained in the Report will be achieved, will prove to be correct or are based on reasonable
assumptions). If a third party chooses to use or rely on all or part of this Report, then any loss or damage the third
party may suffer in so doing is at the third party’s sole and exclusive risk.
CSA Global has created this Report using data and information provided by or on behalf of the Client [and the Client’s
agents and contractors]. Unless specifically stated otherwise, CSA Global has not independently verified that all data
and information is reliable or accurate. CSA Global accepts no liability for the accuracy or completeness of that data
and information, even if that data and information has been incorporated into or relied upon in creating this Report.

Results are estimates and subject to change
The interpretations and conclusions reached in this Report are based on current scientific understanding and the
best evidence available to the authors at the time of writing. It is the nature of all scientific conclusions that they are
founded on an assessment of probabilities and, however high these probabilities might be, they make no claim for
absolute certainty.
The ability of any person to achieve forward-looking production and economic targets is dependent on numerous
factors that are beyond CSA Global’s control and that CSA Global cannot anticipate. These factors include, but are
not limited to, site-specific mining and geological conditions, management and personnel capabilities, availability of
funding to properly operate and capitalise the operation, variations in cost elements and market conditions,
developing and operating the mine in an efficient manner, unforeseen changes in legislation and new industry
developments. Any of these factors may substantially alter the performance of any mining operation.
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Executive Summary
Afritin Mining (Afritin or “the Client”) commissioned CSA Global UK Ltd (CSA Global) to prepare a maiden
Mineral Resource estimate (MRE) and report, in accordance with the JORC Code1 for the Uis tin deposit,
located in Namibia. Specifically, the focus of the MRE was the V1 and V2 pegmatites on Mining Licence
(ML) 134. Numerous additional pegmatites on ML 134, and pegmatites on other licences held by Afritin,
were not considered.
The Uis Project is a tin and rare metal pegmatite project located within the Erongo region of northwest
Namibia. The Uis Project comprises three separate mining licences on which tin has been historically
exploited at various mining scales, most notably on ML 134 which contains the two largest identified
deposits known as the V1 and V2 pegmatites which are the exclusive focus of this MRE.
The Uis Tin Mine on ML 134 is underlain by the Uis Pegmatite Swarm. Sixteen pegmatites were mined
from a number of open pits by a Namibian subsidiary of the South African company ISCOR (Iron and Steel
Corporation (Pty) Ltd) until mine closure in 1990, and, at its peak, the Uis Tin Mine was the largest hardrock tin mine in the world. The Uis Pegmatite Swarm comprises over 180 cassiterite (and lesser tantalite)
mineralised pegmatites. The V1/V2 pegmatites, which are the subject of the current MRE, occur within
the central cluster of the Uis Pegmatite Swarm and were only partially exploited.
The V1 and V2 Mineral Resources were estimated by ordinary kriging and included Sn, Li, Nb and Ta.
Although Nb was included in the MRE, it has not been reported as a by-product or used in the project
economics. Only Mineral Resources for Sn have been used in the computation of the pit shell limits and
for calculation of the cut-off grade at which Mineral Resources have been reported. Only Sn resources
have been classified as Measured and Indicated, whereas portions of Sn resources and all the Li and Ta
resources are classified as Inferred. Li and Ta are considered as by-products.
The MRE has been reported in accordance with the JORC Code1 and it is therefore suitable for public
release. The MRE is reported above a cut-off grade of 0.05% Sn and by classification in Table 1.
Table 1:

V1 and V2 deposit MRE by JORC classification – 16 September 2019
Gross basis

Resource classification

Attributed basis (85%)

Tonnes
(Mt)

Sn (%)

Contained
metal (t)

Tonnes
(Mt)

Sn (%)

Contained
metal (t)

Measured

21.54

0.139

29,899

18.31

0.139

25,414

Indicated

13.05

0.136

17,765

11.09

0.136

15,100

Inferred

36.95

0.130

47,875

31.41

0.130

40,694

Total

71.54

0.134

95,539

60.81

0.134

81,208

Note: The constraining pit shell is based on a revenue factor of 1.5, employing a three-year trailing average tin price of
US$20,000/t. Losses and mining dilution were set at 5%. Pit slope angles were assumed to be 50° with an assumed metallurgical
recovery of Sn of 80%, producing a concentrate of 60% Sn. Mining, Treatment, G&A and Selling Costs have been supplied by Afritin
and reviewed for reasonableness by CSA Global. An Sn cut-off grade of 0.05% Sn has thereafter been applied to resources within
the constrained pit.

Inferred Mineral Resources for ancillary elements, Li and Ta, spatially coincident with the reported Sn
Mineral Resources, are presented in Table 2.

1

Australasian Code for Reporting of Exploration Results, Mineral Resources and Ore Reserves. The JORC Code, 2012 Edition. Prepared by: The
Joint Ore Reserves Committee of the Australasian Institute of Mining and Metallurgy, Australian Institute of Geoscientists and Minerals Council
of Australia (JORC).
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Table 2:

V1 and V2 deposits Inferred Mineral Resources of ancillary elements

Inferred Resource
Grade

Gross basis

Attributed basis (85%)

Ta (ppm)

Li2O (%)

Ta (ppm)

Li2O (%)

85

0.63

85

0.63

Tonnes (Mt)

71.54

71.54

60.81

60.81

Contained metal (t)

6,091

450,265

5,177

382,725

A total of 33 diamond drillholes and 137 percussion holes define the V1 and V2 pegmatite deposits at the
project and a total of 26 diamond drillholes for 4,434.7 m were drilled by Afritin, of which assay results
from 20 holes were used to inform the estimates reported here. Assay results from the six deeper
drillholes were not available at the time of estimation but logging from these holes were used to constrain
pegmatite volumes. A total of 168 assayed drillholes intersect the interpreted mineralisation zones. The
V1 and V2 deposits were sampled using a combination of mainly percussion holes and some diamond
drillholes at nominal 50 m spacing. Majority of drillholes were planned to be drilled vertically; some of the
shallower drillholes were inclined, up to 70° to the northwest, to intersect closer to true thickness.
Mineralisation wireframes were guided entirely by geology and resulted in the generation of threedimensional geological models of the V1 and V2 pegmatites that also reflects the mineralisation envelope.
A block model, constrained by the interpreted mineralised envelopes and geological boundary surfaces,
was constructed. A parent cell size of 20 m(E) x 20 m(N) x 10 m(RL) was adopted with standard sub-celling
to 2 m(E) x 2 m(N) x 1 m(RL) to maintain the resolution of the mineralised lenses. Samples composited to
2 m length were used to estimate Sn, Li and Ta grades into the block model using ordinary kriging
interpolation and extrapolation techniques. Block grades were validated both visually and statistically. All
geostatistical modelling was completed using Isatis™ software.
All Afritin samples had specific gravity measurements undertaken by pycnometer, and specific gravity was
estimated into all mineralised blocks by ordinary kriging. Non-mineralised blocks were assigned a constant
value of 2.76 t/m3.
The Mineral Resource for Sn has been classified as Measured, Indicated and Inferred based on the
guidelines specified in the JORC Code. The classification level is based upon an assessment of geological
understanding of the deposit, geological and grade continuity, drillhole spacing, quality control results,
search and interpolation parameters, and an analysis of available density information. The deposit
appears to be of sufficient grade, quantity and coherence to have reasonable prospects for eventual
economic extraction.
CSA Global recommends the following actions be completed to support the ongoing exploration and
evaluation effort:
•

Infill and extensional drilling are required to upgrade the large inferred Sn resource to a higher
classification.

•

Li and Ta resource estimates have been extrapolated from a relatively small number of samples, and
although the extent of the mineralisation is well defined from drillhole logging, the grade tenor has
been assumed from the known database. If the intention is to include Li and Ta in future mining
studies, infill and extensional drilling are required to firm up the estimates.

•

The supplementary drilling should not be undertaken randomly, or on a pre-conceived grid, it should
be designed after a geostatistical drillhole optimisation study has been undertaken.

•

Additional metallurgical testwork be performed to potentially enhance project economics with
additional understanding of the production of Ta and Li rich concentrates

•

Future MRE updates should consider applying a recoverable resources estimation method; this has
the advantage that it does not over-smooth the estimates in the way that linear estimation methods,
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including ordinary kriging, do. This is particularly beneficial when stating resources above particular
cut-offs because smoothed estimates will distort the grade-tonnage curves.
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1

Introduction

1.1

Terms of Reference

Afritin Mining (Afritin or “the Client”) commissioned CSA Global UK Ltd (CSA Global) to prepare a Mineral
Resource Estimate (MRE) for the Uis tin deposit, located in Namibia. Specifically, the focus of the MRE is
the V1 and V2 pegmatites on Mining Licence (ML) 134. Numerous additional pegmatites on ML 134, and
pegmatites on other licences held by Afritin, were not considered.
The deliverables under the scope of work included:
•

An initial program of drillhole planning; aimed at not only supporting the MRE but also validating an
extensive suite of earlier drilling results carried out at the project in the 1970s and 1980s by ISCOR,
for which assay results were available but no sample material was retained

•

Providing Competent Person technical oversight to the project to ensure accordance with JORC
guidelines and international best practice

•

Providing data management services in support of the exploration program

•

Generation of a maiden MRE, in accordance with the JORC Code.

1.2

JORC Code Compliance

The MRE for the Uis deposit is reported in accordance with the JORC Code2.

1.3

Sources of Information and Reliance on Other Experts

CSA Global has completed the scope of work largely based on information provided by Afritin. CSA Global
has supplemented this information where necessary with other publicly available information.
CSA Global has made all reasonable endeavours to confirm the authenticity and completeness of the
technical data on which this report is based; however, CSA Global cannot guarantee the authenticity or
completeness of such third-party information.
The report author is not qualified to comment on any legal, environmental, political, or other issues
relating to the status of the tenements, or for any marketing and mining considerations related to the
economic viability of the Uis deposit.
CSA Global was provided with the information listed in Table 3 to complete the scope of work.
Table 3:

2

Sources of information

Data file

Description

Historical drilling
database

Downhole Sn assay data from historical (1970s and 1980s) IMCOR percussion and diamond drilling
(151 holes total). Generated from manual capturing of hardcopy records.

Leapfrog model

Leapfrog model of the V1/V2 pegmatite constructed from historical drilling data by B&S Geological.

2018/2019 drilling
database

Drilling database containing downhole geological, structural and assay data (multielement data
including Sn, Ta, Li, Nb, Rb and other oxide and trace elements).

Existing technical
reports

SRK (1989), Venmyn Deloitte Competent Persons Report (2014), MSA Competent Persons Report
(2017). Numerous historical ISCOR/IMCOR reports.

Geological mapping

Conducted by Afritin (2017 to current).

Topography data

Detailed topographical model of the V1/V2 pit and surrounds (data acquired May 2017).

Afritin cost model v10

Afritin supplied financial model, reviewed for reasonableness by CSA Global.

Australasian Code for Reporting of Exploration Results, Mineral Resources and Ore Reserves. The JORC Code, 2012 Edition. Prepared by: The
Joint Ore Reserves Committee of the Australasian Institute of Mining and Metallurgy, Australian Institute of Geoscientists and Minerals Council
of Australia (JORC).

CSA Global Report Nº R424.2019

1

AFRITIN MINING
MINERAL RESOURCE ESTIMATE – V1/V2 PEGMATITES, UIS TIN PROJECT

1.4

Prior Association and Independence

Neither CSA Global, nor the authors of this report, has or has had previously, any material interest in the
Uis deposit or the mineral properties in which Afritin has an interest. CSA Global’s relationship with Afritin
is solely one of professional association between client and independent consultant.
CSA Global is an independent geological and mining consultancy. This report is prepared in return for
professional fees based upon agreed commercial rates and the payment of these fees is not contingent
on the results of this report.
No member or employee of CSA Global is, or is intended to be, a director, officer, or other direct employee
of Afritin.

1.5

Company and Author Summary

1.5.1

CSA Global

This report has been prepared by CSA Global which, up to July 2019, was a privately-owned consulting
company that had been operating from Perth, Western Australia for 30 years. CSA Global was acquired in
July 2019 by ERM, a global leader in environmental and sustainability solutions.
CSA Global provides multi-disciplinary services to clients in the global resources industry. CSA Global’s
services include project generation, exploration, resource estimation, project evaluation, development
studies, mining operations assistance, and corporate consulting such as valuations and independent
technical reports. CSA Global has worked for major clients globally and many junior resource companies.
CSA Global personnel have been involved in the preparation of independent reports for listed companies
in most international mining jurisdictions.

1.5.2

Authors

The authors of this report are listed below:
•

Anthony Wesson, Principal Resource Evaluation Consultant, CSA Global (based in Perth, Australia)

•

Dr Brendan Clarke, Manager – Africa, CSA Global (based in Horsham, UK)

•

Nerys Walters, Senior Geologist – CSA Global (based in Horsham, UK)

•

Chris Parry, Senior Mining Engineer – CSA Global (based in Horsham, UK).

Peer review of this report was completed by Maria O’Connor, Director of CSA Global UK (Horsham, UK).

1.6

Competent Person Statement

The information in this report that relates to Mineral Resources is based on information compiled by
Anthony Wesson. Anthony Wesson is an employee of CSA Global Pty Ltd and is a Fellow of the Australasian
Institute of Mining and Metallurgy. Anthony Wesson has sufficient experience relevant to the style of
mineralisation and type of deposit under consideration and to the activity which they are undertaking to
qualify as Competent Persons as defined in the 2012 edition of the Australasian Code for the Reporting of
Exploration Results, Mineral Resources, and Ore Reserves (JORC Code). Anthony Wesson consents to the
disclosure of information in this report in the form and context in which it appears.
The information in this report that relates to Geology and analytical results is based on information
compiled by Dr Brendan Clarke. Brendan Clarke is an employee of CSA Global UK Ltd, a Fellow of the
Geological Society of South Africa and a Professional Registered Natural Scientist (Geology) with the South
African Council of Natural Scientific Professions. He has sufficient experience relevant to the style of
mineralisation and type of deposit under consideration and to the activity which they are undertaking to
qualify as Competent Persons as defined in the 2012 edition of the Australasian Code for the Reporting of
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Exploration Results, Mineral Resources, and Ore Reserves (JORC Code). Brendan Clarke consents to the
disclosure of information in this report in the form and context in which it appears.
The information in this report that relates to reasonable prospects of eventual economic extraction as
well as the review of high-level mining parameters is based on information compiled and reviewed by
Chris Parry. Chris Parry is an employee of CSA Global UK Ltd, a Chartered Engineer and Member of the
Institute of Materials, Minerals and Mining (MIMMM). He has sufficient experience relevant to the style
of mineralisation and type of deposit under consideration and to the activity which they are undertaking
to qualify as Competent Persons as defined in the 2012 edition of the Australasian Code for the Reporting
of Exploration Results, Mineral Resources, and Ore Reserves (JORC Code). Chris Parry consents to the
disclosure of information in this report in the form and context in which it appears.
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2

Project and Exploration History

2.1

Project Location and Access

The Uis Tin Project is located in the Erongo Region, north-western Namibia (Figure 1) and comprises one
of the three separate mining licences (ML 129, ML 133, ML 134) held by Afritin, each of which has been
historically exploited for tin on varying scales. The Mineral Resources disclosed in this report occur entirely
on ML 134, which incorporates the village of Uis within its boundaries, as well as the pits and infrastructure
associated with the historical Uis Tin Mine, and new infrastructure established by Afritin.

Figure 1:

Location and tenement map of the Uis Tin Project – Mineral Resources disclosed in this report are at
the Uis Tin Mine on ML 134
Source: MSA (2017)
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2.2

Tenure

The Uis Tin Project comprises three mining licences (ML 129, ML 133 and ML 134) that are held by Guinea
Fowl Investments Twenty Seven (Pty) Ltd (Guinea Fowl), a Namibian company with registration number
2014/0098. Guinea Fowl Investments was held by Dawnmin Africa Investments Ltd (Dawnmin) (85%) and
the Small Miners of Uis (SMU), a Namibian Government company (15%), with shareholding of Dawnmin
held by Greenhills Resources Limited (100%) (Greenhills).
Following the initial public offering of Afritin Mining Limited (Afritin) in December 2017, Dawnmin ceased
to exist and the ownership structure of the project is 100% owned by Greenhills which comprises 15%
ownership within the SMU and 85% within Afritin Mining Namibia (Pty) Ltd. Greenhills is 100% held by
Afritin and Guinea Fowl is in the process of changing to Uis Tin Mining Company (Pty) Ltd (Figure 2).
The tenure on each of the three licences comprising the project is discussed below, although only ML 134
is relevant to the current disclosure:
•

ML 129 was issued to Brandberg Tantalite on 8 July 2003, with an expiry date of 7 July 2023, and was
endorsed to Guinea Fowl on 29 April 2015.

•

ML 133 was issued to SMU on 22 August 2003, with an expiry date of 21 August 2013. It was renewed
on 22 August 2013 for 15 years with expiry of 21 August 2028 and was endorsed to Guinea Fowl on
29 April 2015.

•

ML 134 was issued to SMU on 22 August 2003, with an expiry date of 21 August 2013. It was renewed
on 22 August 2013 for 15 years with expiry of 21 August 2028 and was endorsed to Guinea Fowl on
29 April 2015.

Figure 2:

Project ownership structure (within the blue outline)
Source: Afritin
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2.3

Infrastructure, Climate and Physiography

The project is located within the Erongo region approximately 270 km northeast of Windhoek, which is
the capital city of Namibia. ML 134 is readily accessed through a network of sealed national highways and
gravel roads from both major cities in Nambia; Windhoek and Walvis Bay. The driving distance from
Windhoek is approximately 330 km and from Walvis Bay is approximately 230 km. Several statemaintained gravel roads traverse ML 134, in addition to a number of historical and refurbished miningrelated roads.
The project is located within a transition zone between arid and semi-arid climatic regimes. This is due to
its geographic position on the escarpment between the Namib Desert and the Central plateau. Elevations
on ML 134 range between approximately 800 m and 1,000 m above sea level.
Daytime temperatures ranges in winter (May to August) average around 23°C and summer (September
to April) average routinely in excess of 30°C and commonly in excess of 40°C. The area is a summer rainfall
area, with an average 150 mm of rain typically falling between January and March.
The closest port to site is the deep-water harbour at Walvis Bay. Potable water is supplied via a pumping
station approximately 32 km to the east and production water was historically sourced from a dedicated
series of water boreholes on ML 134. The village of Uis is currently connected to Namibia’s national power
transmission grid and 5MW of power allocation are potentially available to the mine. Afritin have added
800 m to the existing line, bringing the supply from the village to the mine site and have procured
transformers that will allow connection of the planned processing plant to the national grid.

2.4

Project History

A detailed project history is provided within MSA (2017) and the relevant portions of this history are
synthesized here.
The pegmatites found within ML 134 were the target for mining at the Uis Tin Mine. The mineralised
pegmatites were discovered in 1911 and we worked intermittently by a variety of owners until 1958,
when the mine was bought by IMCOR (Industrial Minerals Mining Corporation (Pty) Ltd), a subsidiary of
the South African company ISCOR, who mined the pegmatites for tin until closure in November 1990. In
1994, the Namibian Ministry of Mines and Energy established the “Small Miners of Uis” (SMU) to hold the
assets and enter in operating agreements with investors. Post-closure, a variety of companies carried out
nominal amounts of exploration and due diligence, including a Finnish group (Procomex). In 2014,
Dawnmin purchased 85% of the Uis Project from the SMU, and in 2016, Greenhills completed an
agreement to purchase Dawnmin’s 85% stake in the project. In December 2017, Afritin Mining (Afritin)
was admitted to the AIM market on the London Stock Exchange, as 100% owners of Greenhills.

2.4.1

Previous Mineral Resource Estimates

In May 1989, on behalf ISCOR, SRK produced a “Life of Mine Plan Report for the period 1987 to 2063” that
included an estimate of all delineated mineralisation on ML 134. The SRK (1989) estimate was not
reported to any recognised minerals industry reporting code and is reproduced verbatim below.
This historical estimate is considered “historical” in nature and not in compliance with the JORC Code
(2012). The Competent Person has not done the work necessary to verify the historical estimates as
current estimates under the JORC Code and as such they should not be relied upon. The Author, CSA
Global and Afritin are not treating the historical estimates as current; they are instead presented for
informational purposes only. These historical resource estimates are superseded by the 2019 MRE
presented in this report.

CSA Global Report Nº R424.2019

6

AFRITIN MINING
MINERAL RESOURCE ESTIMATE – V1/V2 PEGMATITES, UIS TIN PROJECT

Table 4:

Historical estimate – ML 134 (SRK, 1989)

Historical category

3

Tonnes

Grade (% Sn)

Contained Sn (t)

Proven Reserve

48,426,820

0.136

65,860

Probable Reserve

21,896,930

0.135

29,561

Total3

70,323,750

0.136

95,421

These numbers are not reported in accordance with any recognised minerals reporting code and are included to provide historical context
only; no reliance has been placed on these numbers by CSA Global or Afritin.
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3

Geological Setting and Mineralisation

The account of the geology and mineralisation presented below is synthesized from the information
presented in MSA (2017) which was included in the admission documentation for Afritin. Their account
has been modified here to be of specific relevance to ML 134.

3.1

Regional Geology

The Uis Mine was considered one of the largest low-grade hard rock tin mines in the world (Diehl, 1992).
The pegmatites at Uis (ML 129 and ML 134) are situated within the Northern Zone of the Pan-African
collisional Damara Belt, whilst the Nei-Neis (Nainais/Neineis) pegmatite deposits (ML 133), are situated
within the northern Central Zone of the Damara Belt (Figure 3). Within these zones of the Damara Belt,
several roughly east-northeast trending pegmatite belts occur. The rare metal pegmatites appear to be
largely confined to the upper Damaran metasediments that are preserved in grabens. ML 134 is underlain
by the Cape Cross-Uis Pegmatite Belt.

Figure 3:

Rare-metal pegmatite belts of Namibia hosted within the Damara Supergroup
Source: MSA (2017), modified from Richards (1986)
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3.2

Local Geology

The Cape Cross-Uis Pegmatite Belt comprises a range of syn-, late- and post-tectonic Pan African granites.
The belt is approximately 120 km long and up to 24 km wide (Diehl, 1993) and occurs within a half-graben
structure, with the Amis River Formation downfaulted against the lowermost sediments of the Swakop
Group (Figure 4).

Figure 4:

Geological map of the Cape Cross-Uis Pegmatite Belt
Source: MSA (2017), after Diehl (1993)
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According to the classification scheme of Černý (1991), the Uis pegmatites are classified as rare-metal
pegmatites of the LCT (lithium-caesium-tantalum) family (Černý and Ercit, 2005) and are reported to
contain petalite (and minor amblygonite) as the lithium mineral phases present (Diehl, 1992b). The
pegmatites are interpreted to have been intruded into en-echelon structures formed during shearing and
block faulting associated with formation of the half-graben (Diehl, 1993). Pegmatites within the Cape
Cross-Uis Belt are known to host niobium, tantalum, beryllium, tin and lithium mineralisation.
The tin-bearing pegmatites at Uis are unzoned. The country rocks are biotite schists and the distinctive
cordierite (and biotite and quartz replacements of cordierite)-bearing knotted schist (the so-called
“knottenschiefer”). Metamorphic grade of the country rocks at Uis has been estimated as mid to upper
amphibolite facies (600–650°C and 3.5–5 kbar) (Botha and Botha, 1979; Richards, 1986).
At Uis, zones of country rock alteration indicate the presence of mineralised pegmatites. These zones are
characterised by bleaching and tourmalinisation of the wall rocks usually within 20–50 m of the pegmatite
contact, although alteration has been recorded up to 250–300 m from the pegmatites (Richards, 1986).

3.3

Deposit Geology and Mineralisation

The Uis Tin Mine (ML 134) is underlain by the Uis Pegmatite Swarm and is the most extensively and
consistently mineralised group of pegmatites within the larger Uis Pegmatite Swarm. Sixteen pegmatites
were mined from several open pits by IMCOR until mine closure in 1990. The Uis Pegmatite Swarm
comprises over 180 cassiterite, and lesser tantalite) bearing pegmatites. The V1/V2 pegmatites, which are
the subject of the current MRE, occur within the central cluster of the Uis Pegmatite Swarm. General
commentary on the Uis pegmatites, modified from MSA (2017), is provided below.
The pegmatites strike to the northeast and east, dipping between 30° and 70° towards the northwest, and
are discordant to the country rocks, which generally dip to the southeast. Pegmatite emplacement is
considered to have been controlled by sinistral, S-shaped en-echelon fractures or sigmoidal structures
associated with north-northeast to south-southwest striking normal faults, resulting in generally
curvilinear shapes (Figure 5).
The pegmatites are characterised by quartz-K-feldspar-albite-muscovite assemblages, with accessory
cassiterite, columbite-tantalite, garnet, tourmaline and various Li-minerals (petalite and amblygonite) and
classified as rare-element pegmatites of the LCT family. The pegmatites have grain sizes varying from a
few millimetres to decimetres, with cassiterite crystals varying from fine-grained (<1 mm) to coarse (>
5 cm) in size. Local patches of varying size and/or fairly continuous layers which contain coarser
cassiterite, where tin grades are higher, are noted and higher-grade tin mineralisation is classically
associated with greisenisation, albitisation and minor quartz-rich alteration zones. Greisens that are
mineralised occur as patchy networks within most pegmatites and show little continuity but visually
higher cassiterite concentrations are commonly associated with an increased amount of greenish
muscovite, as well as with finer-grained, saccharoidal textured pegmatite. These zones represent zones
of late stage greisenisation within the larger pegmatite bodies.
Larger pegmatite bodies contain xenoliths of the schist host rock and bifurcation of the pegmatite in the
country rock are frequently observed; these tend to be generally perpendicular to the schist foliation. The
larger pegmatite bodies appear to pinch out along strike or splay out into different pegmatite veins.
The Central cluster includes the P4, P5, P6, V1, V2, V4, V5, V9, V10, V12 and V13 pegmatites. These
pegmatites have been mined in five principal open pits, namely the P4/P5 pit, the P6 pit, the V1/V2 pit,
the V4/V5/V12 pit, and the V9/V10/V13 pit. The current MRE pertains to the V1 and V2 pegmatites within
the V1/V2 pit and the description below is based on the account of MSA (2017) and modified accordingly.
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Figure 5:

Geological map of the Uis Pegmatite Swarm showing the delineation of the three clusters and the
curvilinear pegmatites in relation to historical mining activities and infrastructure
Source: Afritin
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3.3.1

V1/V2 Pegmatite

The V1 and V2 pegmatites are exposed in the V1/V2 pit and are two of the largest pegmatites on ML 134.
The V2 pegmatite is exposed in the northeast of the pit, and the V1 in the northwest and the pegmatites
merge within the pit. The V2 pegmatite strikes northeast-southwest for approximately 600 m, dipping at
50° to the northwest, with an average thickness of about 25 m. In the western portion of the pit, the V1
pegmatite merges with the V2 pegmatite and the pegmatite dips at 30–40° to the northwest and westnorthwest, discordant to the country-rock schist which dips to the southeast (Figure 6) and extends
several hundred meters to the South West at surface .
The V2 pegmatite is around 15 m thick in the east, but thickens to >40 m towards the southwest, along
the north-western highwall of the pit where it merges with the V1 pegmatite, and dips into the northwest
highwall. It is exposed along the entire northwest pit face (Figure 7) and is traceable within the pit and for
at least 650 m on surface to the southwest or south-southwest. Together, the V1 and V2 pegmatites
extend along a northeast-southwest strike distance of over approximately 1.2 km.
The V1/V2 pegmatites have only been partially exploited with the V1 pegmatite having been mined down
a single 10 m bench, whereas the V2 pegmatite was mined down three benches in the southwest.
The V1/V2 pegmatites are the most structurally complex of the Uis pegmatites and appear to comprise a
number of northeast-southwest striking pegmatites which have coalesced to form a large central
pegmatite containing large xenoliths of schist. The main pit was developed around the central main
pegmatite.
The V1/V2 pegmatites are well-mineralised, with large cassiterite crystals occurring in both continuous
greisen layers and in patchy greisenised areas (Figure 8) where they are commonly associated with
greenish micas. Recent artisanal mining has exposed greisenised zones where pegmatite rock has been
completely replaced by late stage muscovite and quartz containing tin, tantalum and niobium
mineralisation. Visual estimates of the cassiterite content indicate that some of these greisenised zones
contain patches of up to 5–10% cassiterite. Layered greisen cassiterite mineralisation is also present at a
centimetre scale. These zones were exploited by artisanal miners in the past at a very localised scale.
Drilling concluded as part of Afritin’s exploration program has shown that the V1/V2 pegmatite body is
persistent and well-developed to depths up to 400 m.
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Figure 6:

Geological map of the V1/V2 pit
Source: Afritin
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Figure 7:

Northwest facing view showing the V2 pegmatite and hanging wall country rock (field of view is
approximately 100 m)
Source: MSA (2017)

Figure 8:

Large, irregular cassiterite grain in the V1/V2 pegmatite
Source: MSA (2017)
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Figure 9:

Coarse cassiterite mineralisation (black grains), V1/V2 pegmatite within the existing pit (field of view
is approximately 20 cm wide)
Source: CSA Global

Figure 10:

Hangingwall contact (schist) with pegmatite (field of view is approximately 30 m)
Source: CSA Global
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4

Sampling Techniques and Data

This section addresses the requirements for the JORC Code Table 1 Section 1. This information is
summarised in Appendix A of this report.

4.1

Data Collection Cut-Off Date

The Mineral Resource block model was prepared using all drilling data available at 1 September 2019 as
supplied by from the acQuire™ database managed by CSA Global on behalf of Afritin.

4.2

Drilling Techniques and History

The drill dataset used to support the MRE is tabulated in Table 5 below and shown in Figure 11.
Table 5:

Drilling history

Year(s)

Company

1972–1989

ISCOR

139

1972–1989

ISCOR

12

HQ

2018–2019

Afritin

26

PQ, limited
HQ

4.2.1

No. of holes

Hole size

Hole type

Metres

Hole ID (from)

Percussion

13,714.90

Various

Diamond

2,042.70

Various

Diamond

4,434.70

V1V2001

Hole ID (to)

V1V2026

Historical

The drilling conducted by ISCOR was predominantly carried out using an Atlas Copco ROC61 percussion
drilling rig with a 115 mm diameter hammer. No specific details are available for the 12 diamond drillholes
(unknown core diameter) also recorded in the database.

4.2.2

Afritin Drilling

All drilling carried out in the 2018–2019 campaign was undertaken by diamond core drilling. A strong focus
was placed on sample (i.e. core) size, with the majority of core drilled in PQ diameter (85 mm) and the
balance in HQ (63.5 mm). Both 1.5 m and 3.0 m core barrels were used, and most of the holes were
collared vertically (22) and the minority (four) inclined at between -60° and -80° based on projected pierce
points and drill pad accessibility.
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Figure 11:

Collar map showing drillholes, coloured according to phase and type; only current (Phase 1) holes are labelled

CSA Global Report Nº R424.2019

17

AFRITIN MINING
MINERAL RESOURCE ESTIMATE – V1/V2 PEGMATITES, UIS TIN PROJECT

4.3

Sampling Techniques and Sample Recovery

4.3.1

Historical

There are no records of historical sampling techniques in the available ISCOR documentation.

4.3.2

Afritin Sampling

Overall core recoveries in excess of 97% were achieved within the target pegmatite and majority of core
losses were encountered in zones of fractured country rock (schist). No extraordinary measures were
employed to aid sample recovery and the recovered samples are considered to be representative of the
target pegmatite.
Upon the instruction of CSA Global, approximately one-third of the cores were sampled as full core; the
balance were split into half core samples using a diamond blade core splitter and a consistent half of the
core was sampled throughout the sampling campaign.

4.4

Logging

4.4.1

Historical

Historical logging data is available as summary geological codes applied to assay intervals only,
i.e. pegmatite, and various country rock lithologies.

4.4.2

Afritin Logging

For all drillholes, geological logging was carried out directly into the acQuire™ capture application running
on Windows-based tablets. For each drillhole, simple and detailed geological logs were created. The
detailed logs included the following observations per data entry:
•

Alteration type and intensity

•

Mineral abundances

•

The presence of Fe and Mn oxides

•

Quantitative modal abundance of Sn-Ta-Nb oxides, Li-phases or sulphides

•

Mineralogical textures

•

Weathering intensity

•

Colour, grain size and grain size distribution

•

Contact types

•

Geological structure.

4.5

Subsampling Techniques and Sample Preparation

4.5.1

Historical

Historical archive material records that samples were crushed to <1.5 mm and the successively riffled to
produce a “cup” sized volume which was then milled to “a very fine powder”. No further specifics are
provided.

4.5.2

Afritin

Approximately 33% of the samples were sampled and crushed on a whole core basis, with the balance of
the sample inventory comprising half-core samples. All samples were crushed in their entirety to <1 mm
prior to sample splitting. Sample crushing was carried out at the CM Solutions laboratory in Johannesburg
due to their demonstrated ability to crush large samples to <1 mm. The crushed samples were split using
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two rotary splitters (with 5% of the samples split in duplicate) to produce a 150 g subsample which was
delivered to the assay laboratory, UIS Laboratories, for milling. Samples were milled to >97% passing
75 microns.

4.6

Analytical Methods

4.6.1

Historical

The extensive drilling dataset from the 1970s and 1980s contain Sn assay data. Historical archive material
indicates that samples were assayed by x-ray fluorescence (XRF) but no further details are provided.

4.6.2

Afritin

Primary Laboratory
UIS Laboratories in Pretoria, South Africa, were appointed as the primary assay laboratory. The following
analytical methods were used to generate final results:
•

Li – Multi-acid high-pressure microwave digestion with inductively coupled plasma – mass
spectrometry (ICP-MS) finish. This is a total dissolution method for Li but only a partial dissolution
method for Sn. It is a near-total dissolution method for most other trace elements.

•

Sn, Ta, Nb – Lithium borate fusion and nitric acid dissolution followed by ICP-MS finish; this is
considered a total dissolution technique for Sn, Ta and Nb.

Both methods involved the using of a Perkin Elmer Nexion 300D ICP-MS instrument.

Umpire Laboratory
ALS Chemex (Vancouver) carried out check analyses on a subset of assay pulps across the grade range.
Samples were analysed using method ME-MS89L (fusion with sodium peroxide with an ICP-MS finish).
The method is considered to be a total dissolution for the elements of interest.

4.7

Verification and Sampling and Assaying

CSA Global were commissioned by Afritin to design a validation program to attempt and validate the
historical ISCOR data and provide enough support to the MRE activities documented in this report. The
program designed by CSA Global included a proportion of classic “twin” holes but majority of the drilling
proposed was in the form of infill drilling. All drilling undertaken by Afritin in 2018 to 2019 was core
drilling.

4.7.1

Visual Inspection

Historical drilling samples have all been discarded, so visual inspection of the historical drilling has not
been undertaken.

4.7.2

Twin Drilling

Afritin undertook a focused twin drill program to invetsigate the reliability of the historic analysis and
sampling methods. A number of twinned drillholes were drilled adjacent to ISCOR drillholes.
Unsurprisingly, because of the nuggety nature of the cassiterite (Sn) distribution, correlation of the grade
between the twinned holes ranges from good to low but this was not considered to be a risk, as when
comparing the grades of consecutive downhole 2 m composites, high variability was apparent as indicated
by the variogram. Figure 12 shows the Sn grades in twinned holes V2115021 (ISCOR) and V1V22014
(Afritin) and although the grade changes are subtle, it is not uncommon to find that there is no grade in
one hole whereas the twin is mineralised at a similar position. This is discussed in more detail in Section
7.4. The widths of intersections of the mineralisation show better correlation and are considered to be
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acceptable for both geological modelling and MRE. A total of seven holes were twinned with historical
holes (Table 6).
Table 6:

Twin holes

ISCOR hole ID

Afritin hole ID

V2132522

V1V2019

V255013

V1V2015

V2115021

V1V2014

V2112522/V2112522A

V1V2016

V292523

V1V2012

V295022

V1V2011

V240022

V1V2002

Figure 12:

4.8

Twinned pair V2115021 (right) and V1V2014 (left) Sn grades

Location of Data Points

All project data was collected using the Universal Transverse Mercator (UTM) system, Zone 33 south and
the WGS84 datum.

4.8.1

Topography Data

Topographical data (i.e. the elevation model) was generated off high resolution (4.5 cm) drone
stereopairs, referenced against ground control points, and is considered accurate to 20 cm.

4.8.2

Collar Data

Drillhole collars were surveyed using a differential global positioning system (GPS) with stated accuracies
of 3 cm (X and Y) and 8 cm (Z). Many of the historical (ISCOR) collars were picked up during the current
surveying exercise and validated the use of the historical collar data.

4.8.3

Downhole Survey Data

Downhole surveys were conducted using an EZTrak© magnetic survey tool with readings taken every 9 m
downhole. Multiple downhole surveys were taken for each hole and the calibration of the tool was
regularly inspected.

4.9

Data Spacing and Distribution

Holes are drilled at nominal 60 m spacings on 30 m northwest-southeast oriented sections extending out
to 100–200 m spacing at the peripheries of the deposit.
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4.10

Orientation in relation to Geological Structure

In majority of cases, drillholes were drilled vertically to intersect the undulatory contact surface of the
pegmatite; this is not considered to have introduced any bias. Oriented holes were drilled in certain
conditions, i.e. where required to generate a well-spaced pierce point in the event of limitations on the
placement of drill pads, and where the subsurface attitude of the pegmatite was considered well
understood.

4.11

Sample and Data Security

Sampling and sample processing were carried out in the site core shed by Afritin geologists and
geotechnicians. Work was carried out in accordance with sample lists generated from the acQuire™
database and samples were, wherever possible, individually processed to eliminate the possibility of
sample swaps. Samples were dispatched to the laboratory in sealed crates containing sealed sample bags.

4.12

Audits and Reviews

A review of the sampling techniques and data was carried out by CSA Global during the site visit. The
sampling techniques and data were considered to be of sufficient quality to carry out resource estimation.
Visual validation of the drillhole locations and mineralised intersections was undertaken against hard copy
drill sections. The drillholes used were considered acceptable for reporting an MRE under the JORC Code.

4.13

Other Substantive Exploration Data

Extensive geological mapping has been carried out by Afritin and has been used to aid the geological
interpretation when creating the geological model used to support the MRE. An existing Leapfrog
geological model, created from historical data only, was created by B&S Geological in Johannesburg,
South Africa, and used as the basis for the current geological model.

4.14

Site and Laboratory Inspections

A site visit was conducted by the CSA Global Competent Person from 21 to 23 November. The purpose of
the site visit was to:
•

Inspect operating drill rigs

•

Review current drilling and sampling procedures

•

Verify the location of selected drill collars and downhole surveys

•

Inspect site geological data collection systems (mapping, logging etc.)

•

Review site geology

•

Review sample storage facilities

•

Discuss quality assurance with geological personnel.

The following conclusions were made from the site visit:
•

Mineralised intersections are well-logged and in accordance with those reflected in historical records

•

Verification of the drill collar coordinates by CSA Global indicated an acceptable level of accuracy

•

The geologists and field assistants were included in the design of the quality assurance and quality
control (QAQC) procedures.

A visit was undertaken to the UIS assay laboratory prior to any assaying, to discuss the methodologies to
be used and to discuss the QAQC program believed to be appropriate for assaying of the elements of
interest.
All samples and geological data were deemed fit for use in the MRE, subject to the outcomes of the QAQC
program.
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5

Quality Assurance

5.1

Summary of Procedures

5.1.1

ISCOR Data

QAQC procedures pertaining to the extensive ISCOR dataset are not documented. These data have been
validated through the validation program designed by CSA Global and implemented by Afritin.

5.1.2

Afritin Data

The following QAQC protocol was set in place under the guidance of CSA Global and Afritin’s laboratory
consultant:
•

Two certified reference materials (CRMs) were created from bulk samples acquired from within the
mining areas at Uis. The intention of generation of these standards was to ensure matrix matching
and to generate standards at grades likely to be appropriate to the deposit. These CRMs (AMIS 0629
and AMIS 0631) were produced and accredited by African Minerals Standards (AMIS). AMIS 0629 was
generated to approximate the likely average grade of the deposit and AMIS 0631 was seeded with
artisanally mined cassiterite, from the Uis pegmatites, to produce a higher-grade CRM.

•

Commercially prepared blank samples were used to monitor contamination.

•

Coarse-crush duplicates were inserted into the analytical batches following sample preparation, by
Afritin.

•

Afritin’s CRMs, blanks and duplicates were inserted at 5% insertion rates (comprising 15% of the total
assay dataset). From the final dataset comprising 1,351 samples, there were 79 duplicates, 79
standards and 79 blanks included.

•

Sample analysis was carried out by an independent laboratory in Pretoria, South Africa (UIS
laboratories), who also inserted their own CRMs, blanks and duplicates and have reported the results
to Afritin. A total of 145 internal QAQC samples were reported by the primary assay laboratory.

•

A further 20% of the assayed samples were analysed by ALS Chemex in Vancouver as an additional
verification procedure (the “umpire” laboratory).

•

Logging, sampling and data capture errors were eliminated through real-time data validation imposed
by the acQuire™ data management system used by Afritin.

5.2

Quality Control Results

5.2.1

Blanks

The quartz blank used by Afritin performed well and no evidence of contamination for either Sn or Ta.
Some elevated Li values (maximum of 32 ppm) were returned which may be the result of insufficient
sample preparation equipment cleaning but these occurred at a low frequency and are not considered
material at the grade of the deposit (i.e. 2,900 ppm).
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Figure 13:

Blank control chart (Sn)

Figure 14:

Blank control chart (Li) showing low levels of potential contamination

5.2.2

External (Afritin) Certified Reference Materials

The performance of the two AMIS CRMs is shown and discussed below.

AMIS0629
AMIS0629 demonstrated a small positive bias relative to the AMIS certified value for Sn of approximately
5%. This bias resulted in a mean AMIS0629 value of approximately 1,730 ppm against an AMIS certified
value of 1,662 ppm, although all but three of the assays returned values within three standard deviations.
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Figure 15:

Sn control chart – AMIS0629

Except for a few outliers, Ta results for AMIS0629 are within acceptable limits with no bias. The standard
deviation limits are very small, and the results are considered acceptable.

Figure 16:

Ta control chart – AMIS0629

Lithium data show a wide scatter about the mean with numerous instances of results above three
standard deviations being recorded. This is discussed in Section 5.3 but is related to the erroneous
certification of the CRM.
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Figure 17:

Li control chart for AMIS0629

AMIS0631
As for AMIS0629, a prominent positive bias is noted in the Sn results although the variance is very low,
and the results are generally very consistent. The CRM returned a mean value of around 3,730 ppm
against a certified value of around 3,427 ppm.

Figure 18:

Sn control chart for AMIS0631

Ta results for AMIS0631 are well distributed about the certified value and all fall within two standard
deviations with no detectable bias.
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Figure 19:

Ta control chart for AMIS0631

Li results for AMIS0629 show positive bias and are widely distributed amongst the mean with a large
number of data plotting above three standard deviations of the certified value. This is discussed further
in Section 5.3.

Figure 20:

Li control chart for AMIS0631
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5.2.3

Internal (UIS Labs) Certified Reference Materials

The performance of internal standards was reported by UIS Labs and these are considered satisfactory.
These included four commercially available CRMs as well as a 50% dilution of AMIS0629.

Figure 21:

5.2.4

Lab-inserted CRM performance (Sn)

Duplicates

Field (Coarse-Crush) duplicates
Coarse-crush duplicates performed well for the elements of interest at a nominal insertion rate of 5%. The
duplicate samples performed well for Sn and Li and demonstrated strong reproducibility, with the
exception of isolated outliers. From visual inspection, it appears that four of the duplicate samples may
have been swapped at the laboratory.

Figure 22:

Lab-inserted CRM performance (Ta)
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Figure 23:

Scatterplot Sn duplicate data

Figure 24:

Relative difference plot (Li duplicates)
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Ta duplicate data shows a broader spread and generally poorer reproducibility, particularly towards the
lower grade values. No appreciable bias is noted.

Figure 25:

Relative difference plot (Ta duplicates)

Half-Core vs Full-Core Duplicates
A comparison of the half-core vs full-core duplicate samples is provided below and demonstrates the
suitability of implementing half-core sampling, with similar reproducibility noted between half-core and
full-core samples for the elements of interest.
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Figure 26:

5.2.5

Half-core vs full core duplicates

Umpire Laboratory Results

Certified Reference Materials
A total of 159 samples, including five AMIS0631 CRMs and 12 AMIS0629 CRMs were submitted to ALS
Chemex. The CRM results for Ta and Li show acceptable data distributions; however, the Sn results exhibit
similar biases to those reported by the primary laboratory. The positive bias is less pronounced for
AMIS0629 but is similar in magnitude for AMIS0631.
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Figure 27:

Sn control chart for AMIS0629 – umpire laboratory

Figure 28:

Sn control chart for AMIS0631 – umpire laboratory

Check Assays
Check assays performed satisfactorily for Sn, Li, Ta and Nb and provide confidence in the repeatability of
the assay data. Examples are shown below.
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Figure 29:

Umpire check assays for Sn

Figure 30:

Umpire check assays for Li (QQ plot)
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5.3

Data Quality Assessment by Competent Person

Apparent Sn overreporting by approximately 10% in AMIS0631 and approximately 5% in AMIS0629 is
evident in the primary lab assay data. However, this apparent overreporting trend is echoed by the umpire
laboratory results and resulted in Afritin requesting AMIS to reinvestigate the certification of these CRMs.
AMIS has subsequently confirmed that the stated certified reference values for Sn and Ta for both
AMIS0631 and AMIS0629 are incorrect and they are in process of recertifying the CRMs, a process which
will take approximately three months. The guidance provided is that the following indicative ranges
should be considered appropriate for both CRMs:
•

AMIS0631: 3,702 ppm Sn vs a certified value of 3,427 ppm Sn and 126 ppm Ta vs the certified value
of 128 ppm.

•

AMIS0629: 1,766 ppm Sn vs a certified value of 1,662 ppm Sn and 100 ppm Ta vs the certified value
of 103 ppm.

•

Additionally, the Li values will require re-certification and may account for the frequent instances of
Li reporting at or above the three standard deviations above the certified mean. Lithium is determined
by a different method and will need to be recertified accordingly.

It is considered that during round robin certification of the CRMs, samples analyses with fusion with an
ICP finish were prone to tin precipitating out of solution. The recertification process will involve round
robin laboratories utilising excess acid and a minimum of 24 hours dissolution.
These findings materially improve the performance of the CRMs. Internal laboratory CRMs performed
well. Coupled with evidence of good repeatability from both full and half-core samples and little evidence
of contamination, the dataset for Sn, Ta and Li is considered acceptable for used in Mineral Resource
estimation.

5.4

Data Import and Validation

All drillhole data was imported into Datamine™ software. Validation of the data was then completed,
which included checks for:
•

Collar table: Incorrect coordinates (not within known range), duplicate holes.

•

Survey table: Duplicate entries, survey intervals past the specified maximum depth in the collar table,
overlapping intervals, abnormal dips and azimuths.

•

Geology and assay tables: Duplicate entries, lithological intervals past the specified maximum depth
in the collar table, overlapping intervals, negative widths, missing collar data, missing intervals.

Missing data was identified in the checks during data load and was reviewed relative to drill phase. All
data was selectively sampled for Sn, samples were collected only in areas where mineralisation was
expected, barren schists that were not adjacent to mineralisation were not assayed and have been treated
as waste. No analysis was undertaken for Ta, Li or Nb in historical drilling.
Missing assay data was treated in the following way:
•

Missing Sn values were assigned half the detection limit of Sn (0.0005% Sn) to represent waste

•

Missing Li, Ta and Nb values were left blank

•

Holes V1V2021 to V1V2026 were left blank for all variables as they are still awaiting lab results and
represent the most recent holes drilled.

Following a review of assay data, hole V2107Tunnel was removed from the dataset. It represented
historical channel sample data which was deemed inappropriate for use in the MRE. Its geological logging
was used to construct the three-dimensional (3D) model.

CSA Global Report Nº R424.2019

33

AFRITIN MINING
MINERAL RESOURCE ESTIMATE – V1/V2 PEGMATITES, UIS TIN PROJECT

6

Geological Modelling

6.1

Software

Geological modelling was undertaken by CSA Global using Leapfrog Geo™ software.
Afritin provided a Leapfrog Geo™ project which was updated with new drilling results.

6.2

Lithology, Structure and Alteration

Lithological and structural features were defined from logged and interpreted geology. The following
features were wireframed:
•

Pegmatite veins were modelled using the Vein System method, snapping to logged intervals from
downhole drill logging. The following parameters were used during construction:
o

Mesh size of 5 m.

o

All data (drillholes and guide points) were snapped to.

o

All veins were allowed to “pinch out”, which results in terminations of the wireframes in 3D where
no data is present in a hole.

o

Veins were organised in a chronological order, so they terminated against the hangingwall or
footwall of their neighbours. Relationships are listed below:

o
•

•

▪

PrimeV2Extension

▪

PrimePegV2 – terminates against PrimeV2Extension footwall.

▪

PrimePegV1 – terminates against PrimePegV2 footwall.

▪

Peg2V1 – terminates against PrimePegV1 hangingwall.

▪

PegV2Splay2 – terminates against PrimePegV2 hangingwall and PrimeV2Extension footwall.

▪

PrimeV2Extension Splay – terminates against PrimeV2Extension hangingwall.

▪

PrimeV2Extensions Splay2 – terminates against PrimeV2Extension footwall

▪

PrimePegV1Spaly4 – terminates against PrimePegV1 footwall.

▪

Peg22V1 – terminates against Peg2V1 footwall.

▪

Peg12V1 – terminates against Peg2V1 footwall and primePegV1 hangingwall.

Two of the pegmatite veins were constructed from surface mapping only, PrimeV2Extension
Splay2 and PrimePegV1Spaly.

Xenolith wireframes were created using the Intrusion method, the interpolation was guided by the
reference surface from each pegmatite vein.
o

Mesh size = 0.5 m.

o

A constant Spheroidal interpolation was used.

o

The interpolation was guided by a structural trend generated from the reference planes of the 10
pegmatite veins. The structural trend was set up to be strongest along strike, with a strength of 5
and a range of 15 m.

o

The xenolith wireframes were constrained within the Pegmatite wireframe.

The geology model was limited to the area below the current topography which includes the historic
pits.

A type cross section of the geology model can be seen in Figure 31.

4

The spelling “Spaly” is as per the original data supplied to CSA Global and is a typographic error from the initial round of modelling.

CSA Global Report Nº R424.2019

34

AFRITIN MINING
MINERAL RESOURCE ESTIMATE – V1/V2 PEGMATITES, UIS TIN PROJECT

Figure 31:

6.3

Example of interpretation of geological features (oblique section looking northeast focused on hole
V282523)

Mineralisation

Mineralisation wireframes were not generated as the mineralisation is contained within the Pegmatite
veins with no internal zonation.
Internal waste was represented by the Xenolith wireframes.
All wireframes were exported from Leapfrog Geo™ and imported into Datamine™ software for further
work.

6.4

Topography

Afritin provided a high-resolution topographic model for the project area, created from high-resolution
(4.5 cm) drone stereopair images that are considered accurate to within 20 cm.

6.5

Weathering

No material weathering or oxidation is noted in the pegmatite and no weathering surfaces have been
generated as part of the modelling process.
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7

Statistical and Geostatistical Analysis

7.1

Summary

A MRE was undertaken for the two pegmatite deposits referred to as V1 and V2. Four elements, namely
Sn, Li, Nb and Ta, were estimated into a block model with block dimensions of 20 m x 20 m x 10 m (X x Y
x Z). Historical holes that had been drilled in the 1970s and 1980s on behalf of ISCOR had been sampled
and assayed only for Sn. Recent drilling by Afritin had targeted Sn, Li, Nb and Ta and samples were assayed
for these four elements. The pegmatite veins, including splays, were modelled and used to code the
drillholes and also the block model.
Initially it was intended to co-estimate Li, Nb and Ta with Sn. To do this, it was necessary for there to be a
strong correlation between Sn:Li, Sn:Nb and Sn:Ta and sufficient data for Li, Nb and Ta to establish robust
cross-variograms from. Across V1 and V2 domains, there were just 485 2 m composites and covariance
models could not be modelled with any reliability from this limited dataset. The correlation matrix
presented in Figure 34, shows the low correlations between variables; only Sn and Nb have a moderate
correlation of 0.51.
Because of the data paucity all further analyses and grade estimation for Li, Nb and Ta were undertaken
on the combined V1 and V2 data sets. While Nb was estimated during the estimation processin the MRE,
it has not been reported at this stage and additional petrological, deportment and metallurgical testwork
will be required to support the declaration of Nb resources at the project.

7.2

Data Coding and Composite Length Selection

Drillhole coding is a standard procedure which ensures the correct samples are used in classical statistical
and geostatistical analyses, and grade interpolation. For this purpose, solid wireframes for the pegmatites
were used to select drillhole samples. These wireframes were used to select drillhole samples, and the
data was assigned a code in the field “DOMAIN” and the field “ROCK”. A summary of the codes used to
distinguish the data during geostatistical analysis and estimation is shown in Table 7.
Table 7:

Domain field and description

Wireframe name

Domain code

Rock code

Description

Peg – Xen2 to Peg – Xen15

9999

100

Xenoliths, Internal waste

Peg12V1

1101

201

Vein 1 Pegmatite 12

Peg22V1

1102

202

Vein 1 Pegmatite 22

Peg2V1

1103

203

Vein 1 Pegmatite 2

PegV2Splay2

1204

204

Vein 2 Splay 2

PrimePegV1

1105

205

Vein 1 Main body

PrimePegV1Spaly

1106

206

Vein 1 Splay

PrimePegV2

1207

207

Vein 2 Main Body

PrimeV2Extension Splay

1208

208

Vein 2 Extension splay

PrimeV2Extension Splay2

1209

209

Vein 2 Extension splay 2

PrimeV2Extension

1210

210

Vein 2 Extension

A small amount of data was present above the current topography, representing material that has been
mined historically. This data was coded manually to allow for its inclusion in the grade estimate (Table 8).
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Table 8:

List of manually flagged intervals present above topography

BHID

From

to

Domain

V277523

10.5

51.5

1207

V280021

2

11.5

1207

V280024

0.5

5.5

1207

V282524

17.2

72.5

1207

V280023

15

61.5

1207

V277522

0

6

1207

V277521

8.5

35

1105

V275022

0

7

1207

V270021

0

13

1207

V267522

0

10

1207

Based on the drillhole coding, samples from within the resource wireframes were used to conduct a
sample length analysis. Majority of raw sample intervals are 1 m in length as shown in Figure 32.

Figure 32:

Histogram of sample lengths

It is necessary to undertake statistical and geostatistical analyses on samples of equal volume or
“support”. The average of the length variable is 0.858 m and ranges between 0.2 m and 6.0 m. Of the
9,345 samples, 150 had lengths of between 2.0 m and 3.0 m, and 30 exceeded 3.0 m. Compositing down
is not ideal because samples of equal grade are artificially created, but when the number is low (<2% of
the raw data), the impact of splitting will be negligible. An initial downhole semi-variogram calculation of
composited 1 m data using Sn, generated a poorly structured experimental semi-variogram. Discussions
with the mining engineer gave the indication that bench heights would be of the order of 10–12 m, this is
useful information because the chosen compositing length should not only be geostatistically valid, ideally
it should be a sub-multiple of the bench height.
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A compositing length of 2 m was chosen after further analysis. The following rules were applied:
•

If the analysed length of the last core at the end of the line was smaller than 50% of the composite
length, it was merged with the previous composite

•

If the analysed length of the last core was greater than 50% of the composite length, it was kept as it
is.

Figure 33 presents some basic statistics of the raw data and of the 2 m composited data for Sn; the means
are essentially unchanged, but the maxima and data variance have both been reduced, both of which are
beneficial to ongoing data analyses. Another benefit of compositing is that it averages grades which may
reduce the need for top cutting or at least limits the amount of top cutting required.

Figure 33:

7.3

Data statistics for Sn before (left) and after compositing to 2 m (right); importantly, the mean is
almost unchanged. Composites from within mineralised domains only.

Treatment of Outliers

Histograms of 2 m composites for Sn, Li, Nb and Ta are presented in Figure 34 below. There are several
parameters to consider when making top cuts, for example:
•

Does the mean grade change significantly? If it does, then a “metal at risk” evaluation should be
undertaken.

•

Does top cutting reduce the coefficient of variation (CV)? A low CV usually means that undertaking
variography and setting up the estimation neighbourhood parameters is less onerous. A CV less than
unity (1), generally suggests that data will be easier to work with than a distribution with, say, a CV
>2.0.

Figure 34 shows the CV values for the four elements which range from a very low 0.278 for Nb, to 0.699
for Ta, which too is a very low number. Notwithstanding these low CVs, top cuts were applied to Sn at
0.8% for V1 and V2 domains and to Ta at 500 ppm for domain V2. Table 9 presents summary statistics for
the top-cut variables before and after the truncations, and they show an insignificant change to the means
of the variables subjected to top cutting.
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Figure 34:

Histograms of 2 m composites for Li, Sn, Nb and Ta before top cutting showing a low skewness and
and few outliers

Table 9:

Statistics for Sn and Ta before and after a top cut was applied

Domain
V1

V2

Element

Number

Minimum

Maximum

Mean

Variance

Sn %

1,436

0.001

2.812

0.150

0.1174

Sn % top cut

1,436

0.001

0.800

0.148

0.0068

Sn %

2,318

0.001

1.590

0.134

0.0075

Sn % top cut

2,318

0.001

0.800

0.133

0.0069

Ta ppm

289

17

808

104

6542

Ta ppm top cut

289

17

500

103

5368
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7.4

Comparison of ISCOR and Afritin samples

After compositing and top cutting was undertaken, some fundamental comparisons between the Afritin
and ISCOR datasets were undertaken; this included comparing statistical moments (Table 10) and downhole variography to compare structures and ranges.
Table 10:
Company

Comparative Afritin and ISCOR data for Sn in domains V1 and V2
Variable

Number

Minimum

Maximum

Mean

Variance

Afritin

Sn V1

196

0.02

1.01

0.18

0.011

ISCOR

Sn V1

1234

0.001

2.81

0.14

0.012

Afritin

Sn V2

289

0.04

0.67

0.15

0.006

ISCOR

Sn V2

2018

0.001

1.59

0.13

0.008

It was found that the 2 m untransformed data for Sn, Li, Nb and Ta were difficult to interpret in the
variograms, so a Gaussian (normal scores) transformation was undertaken. Note that only Sn was
available in both datasets but that the Gaussian transformed variables for Li, Nb and Ta were used for
computation of the directional variograms which were used for estimation. At this stage, the Sn dataset
was split into domain V1 and V2 datasets and all further analyses and estimation of Sn were undertaken
separately for the two pegmatite domains.
In Figure 35, two down-hole variograms are presented for domain V1, the first is based on ISCOR data and
second on Afritin data and, bearing in mind the significantly lower number of pairs for the Afritin dataset,
there are similarities in the shapes near the origin and ranges of the variograms. Figure 36 presents a
similar comparison for Sn in domain V2 and the comment regarding the low number of Afritin data pairs
is again relevant.

Figure 35:

Along-hole variograms for Sn in domain V1 based on ISCOR data (left) and Afritin data (right)

CSA Global Report Nº R424.2019

40

AFRITIN MINING
MINERAL RESOURCE ESTIMATE – V1/V2 PEGMATITES, UIS TIN PROJECT

Figure 36:

Along-hole variograms for Sn in domain V1 based on ISCOR data (left) and Afritin data (right)

The statistical parameters of most interest when comparing datasets are the means and variances,
histograms of the different datasets can be found in Appendix B. The means and variances are in close
agreement (Table 10) and the other parameter of interest is the CV, which in all instances is between 0.50
and 0.64.
From the analysis of the along-hole variograms and a review of the data statistics for Sn in domains V1
and V2, it was concluded that for the purpose of an MRE, it is appropriate to combine the dataset (for Sn).
The datasets for Li, Nb and Ta are unique, as only Afritin sampled for and analysed these elements.

7.5

Geostatistical Analysis

7.5.1

Variography

Initial experimental variography was carried out on untransformed 2 m composited data for Sn; the
resulting experimental models were difficult to interpret, so a Gaussian transformation was undertaken
and the resulting experimental variograms were easier to interpret and model. After a model was fitted
to the Gaussian value, the fitted model was back transformed into raw data space and these models were
used for estimation. The direction of major continuity was modelled along the strike direction and the
semi-major direction of continuity was modelled down-dip in the mineralized plane dipping at roughly 30
degrees to the northwest. The orthogonal direction to this plane defines the third direction and ranges of
the models. The same process was followed for Li, Nb and Ta, but these models, due to a paucity of data,
are much less robust than the Sn models are. All variogram model parameters for Sn, Li, Nb and Ta are
presented in Table 11 and Appendix B. Back-transformed variogram models for Sn in V1 and V2 are
presented in Figure 37 and Figure 38.
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Figure 37:

Back-transformed directional variogram models for Sn in V1
Note: With reference to Figure 38 , the models are not dissimilar with Co between 40% and 50% of the total sill
and effective ranges between 100 m and 200 m.
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Figure 38:

Back-transformed directional variogram models for Sn in V2
Note: With reference to Figure 37, the models are not dissimilar with Co between 40% and 50% of the total sill
and effective ranges between 100 m and 200 m.

Table 11:

Variogram model parameters; all variography was undertaken using Isatis software

Model

V1 RAW SN TC

V1 and V2 RAW LI

V1 and V2 RAW NB

V1 and V2 RAW TA TC

Sill

Range
X’

Range
Y’

Range
Z’

Angle
1

Angle
2

Angle
3

Convention

Nugget

0.00315

90

90

90

241

26

-180

A+X-Z

Spherical

0.00228

28

22

12

241

26

-180

A+X-Z

Spherical

0.00098

192

134

52

241

26

-180

A+X-Z

Spherical

0.00008

814

436

52

241

26

-180

A+X-Z

Nugget

1316003

140

140

140

238

35

-180

A+X-Z

Spherical

2084401

30

68

44

238

35

-180

A+X-Z

Spherical

Structure

912798

523

317

69

238

35

-180

A+X-Z

Nugget

469

140

140

140

238

35

-180

A+X-Z

Spherical

287

25

50

6

238

35

-180

A+X-Z

Spherical

160

250

120

13

238

35

-180

A+X-Z

Nugget

1208

140

140

140

238

35

-180

A+X-Z

Spherical

1165

183

177

12

238

35

-180

A+X-Z

Spherical

1147

291

216

24

238

35

-180

A+X-Z
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Model

V2 RAW SN TC

7.5.2

Structure

Sill

Range
X’

Range
Y’

Range
Z’

Angle
1

Angle
2

Angle
3

Convention

Spherical

1214

397

72

78

238

35

-180

A+X-Z

Nugget

0.00246

120

120

120

227

35

-180

A+X-Z

Spherical

0.00178

49

20

11

227

35

-180

A+X-Z

Spherical

0.00196

130

99

40

227

35

-180

A+X-Z

Kriging Neighbourhood Analysis

Kriging neighbourhood analysis was undertaken in Isatis software for a block size of 20 m x 20 m x 10 m;
this block size was selected after sensitivity analyses had been conducted and practical mining
considerations were taken into account. Nominal drillhole spacing is about 40m x 40m in the more
densely drilled part of the V1 and V2 pegmatites. ISCOR holes were drilled on a 50m grid and infill drilling
by Afritin has closed up the average spacing.
The following neighbourhood parameters were considered for each of the variables/elements:
•

The search ellipse was set to the variogram ranges.

•

The minimum and maximum numbers of samples were chosen so that a consistently good slope of
regression and kriging efficiency could be achieved. The quality of these two parameters is largely a
function of the number of samples used.

•

The sum of positive weights was reviewed and by default the sum of the negative weights. A small
percentage of negative weights (<5%) is acceptable because that gives an indication that the search
distances have been extended sufficiently far enough.

•

The ranges chosen for the first pass were always set to the variogram ranges because then the
constraint is the number of samples, not the ranges. The second pass usually entails dropping the
minimum number of samples while extending the search ellipse. The third pass can extend beyond
the ranges and the search ellipse from the previous two passes and may include a further reduction
to the minima.

•

No constraints were placed on the number of samples to be used from any drillhole because it was
observed that the 2 m composites and the along-hole variograms showed moderate to high variability
at short scale.

The only constraints applied were previously discussed but are repeated here:
•

The first two estimation passes for Sn used the basic neighbourhood parameters. For the third pass,
which was largely extrapolation, a constraint was applied that restricted the threshold of the grade of
a composite if it was encountered within 100 m of the block to be estimated, to the global average
grade of Sn for that domain.

•

For Li and Nb, a similar approach was applied with the difference that the constraint was applied to
all three estimation passes but the distance restriction was set at 200 m. For Ta, all blocks were
estimated in a single pass, but a constraint of 100 m was applied because with a 200 m constraint,
unacceptable high-grade smoothing (artefacts) were observed.
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Table 12:

Estimation neighbourhood parameters for all elements and specific gravity

XNeighbourhood
radius

Yradius

Zradius

Number of samples

Discretisation

Rot Z

Rot
Y

Rot
X

Minimum

Maximum
/Sector

Sectors

X

Y

Z

V1 SN 1

250

200

40

29

0

-26

8

10

4

5

5

5

V1 SN 2

300

250

40

29

0

-26

6

10

4

5

5

5

V1 SN 3

400

300

60

29

0

-26

4

10

4

5

5

5

V1V2 SG

500

500

120

40

0

-35

8

10

4

5

5

5

V1V2 Li 1

575

320

60

32

0

-35

8

20

4

5

5

5

V1V2 Li 2

575

350

120

32

0

-35

6

20

4

5

5

5

V1V2 Li 3

575

250

60

32

0

-35

6

20

4

5

5

5

V1V2 NB 1

250

120

40

32

0

-35

8

10

4

5

5

5

V1V2 NB 2

550

350

120

32

0

-35

5

10

4

5

5

5

V1V2 NB 3

600

300

60

32

0

-35

6

10

4

5

5

5

V1V2 TA 1

550

350

120

32

0

-35

6

8

4

5

5

5

V2 SN 1

130

100

40

43

0

-35

8

10

4

5

5

5

V2 SN 2

250

200

50

43

0

-35

6

10

4

5

5

5

V2 SN 3

400

300

60

43

0

-35

6

10

4

5

5

5

Note: Sectors are split vertically, meaning that the maximum number of samples, for example, in V1 Sn 1 is 80.
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8

Density

8.1

Methodology

Every sample collected by Afritin was analysed by gas pycnometry for specific gravity (SG). Samples of
known mass were placed in one of the pycnometer chambers of known volume and maintained at a
constant temperature. Helium was added to the system, and the resulting equilibrium pressures used in
conjunction with the ideal gas law to determine the SG of the sample pulps. For the V1/V2 pegmatite,
which is a competent, non-porous and crystalline material, the pulp SG is considered analogous to the dry
in-situ bulk dry density (DBD) of the rock.

8.2

Quality Assurance

Internal QAQC checks were implemented by the primary laboratory on a batch-by-batch basis.

8.3

Analysis and Results

DBD data were analysed for V1 and V2 separately and it was concluded that the measurements are from
similar populations and where combined and estimated into the mineralised blocks by ordinary kriging.
Bulk density values for non-mineralised blocks were reviewed statistically, with a mean value of 2.76 t/m3
applied to them. Estimation neighbourhood parameters for DBD are listed in Table 12 and the 2 m
composited input data are presented in Figure 39.

Figure 39:

Histogram of 2 m DBD composites for combined V1 and V2 domains
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9

Metallurgy

9.1

Summary of Testwork

9.1.1

Cassiterite

Several bulk samples have been collected from the V1 and V2 pegmatites and used for liberation and
concentration testwork. The objective of the testwork was to define the liberation characteristics of the
cassiterite grains and investigate the optimal separation densities for different grain sizes.
The bulk samples were passed through primary and secondary jaw crushers then screened with 6 mm,
3 mm and 2 mm screens respectively (“top sizes”). Particles that did not pass through the screen were
passed through the secondary crusher and screen again. The process was repeated until 95% of the total
sample passed through the respective screen. The samples were then separated into >500 µm, 500–
53 µm and <53 µm size fractions and analysed for tin (Figure 40).

Figure 40:

Size fraction distribution in relation to different crushing top sizes
Source: Afritin

The various crushing sizes indicated that the cassiterite grains become significantly finer as the top size
reduces which is considered undesirable as cassiterite recoverability reduces with grain size. These data
also demonstrate the coarse nature of the tin mineralisation in the test samples, with 60% of the
cassiterite grains remaining above 500 µm when crushed to 6 mm.
These samples were then placed into a dense media with a density of 3.1 g/cm3 as it would separate
denser grains from the quartz, muscovite and feldspar which all have a density lower than 3.1 g/cm3. The
grains with a higher bulk density than the dense medium which contain cassiterite are considered to
contain “liberated” cassiterite as the percentage of cassiterite within these grains is considered,
conceptually, to be saleable. The sample crushed to 6 mm indicated that 85% of the cassiterite grains
were liberated, the 3 mm and 2 mm samples had 90% and 89% liberation respectively. These results are
similar to those reported by Voges (1982).
The results of the liberation testwork indicated the optimal top size range to be between 5.5 mm and
4.5 mm and this will provide better liberation than recorded in the 6 mm tests while at the same time,
limiting the proportion of the material reduced to a grain size below 53 µm which can be considered
unrecoverable utilising conventional gravity techniques.
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Cassiterite is primarily concentrated though basic gravity techniques due to its relatively high bulk density
and relatively stable crystal structure in normal atmospheric conditions. The Uis Tin Mine historically
concentrated the cassiterite mineralised material by utilising jigs for the coarser-grained material and
spirals for the finer-grained material. Both simple gravity processes proved to be very effective in the
recovery of cassiterite, with 80% of the mineral content being recovered (Voges, 1982)
Following the liberation testwork, concentration tests were carried out using a small Dense Media
Separation (DMS) plant. This plant utilises ferrosilicon (FeSi) powder in solution to adjust the average
density of the medium that is passed through a gravity enhancing cyclone. The material that is denser
than the medium passes through to the base of the cone, with lower density material floating off to a
separate area.
Separation tests were carried out using multiple medium densities ranging from 2.62 g/cm3 to 3.10 g/cm3.
The lowest test density resulted in 90% of the cassiterite reporting to the sinks fraction and 43% of the
tantalite reporting to the sinks fraction, at a mass pull of 28%. When the average density of the dense
medium is increased to 3.1 g/cm3 the percentage of the total sample that reports to the sinks fraction
reduces to 0.16%. The test results indicate that a medium density of 2.65 resulted in 86% of the cassiterite
reporting to the sinks fraction with 86% of the sample mass being rejected to the floats fraction.

9.1.2

Tantalite

Preliminary magnetic separation testwork was performed on DMS concentrate (estimated 60% Sn and
15,000 ppm Ta). An 11000 Gauss Eriez Rare Earth Roll was utilised for the process. The feed arrangement
was aimed at minimising the effect of particle size and density on the separation process. The process
separated approximately 2.8% of the material (by mass) into a Ta concentrate grading approximately 26%
Ta. Additional testwork at various magnetic intensities and grain sizes is planned for the near future.

9.1.3

Petallite

X-ray diffraction (XRD) results from 20 samples within the V1/V2 pegmatites indicate that the majority of
the lithium within the pegmatite occurs within petalite (LiAlSi4O10), with modeal abundances of up to 55%
(of total rock mineralogy) of petalite back calculated from the XRD data in very Li-rich intersections. Given
the density range of petalite (2.12 g/cm3 and 2.42 g/cm3), it is considered likely, at this preliminary stage,
that the density difference (in relation to the pegmatite with an average density of 2.65 g/cm3) will be
sufficient to permit concentration will be achievable. The DMS operation on the Uis pilot plant is currently
able to control the density of the processing medium to 0.05 g/cm3, so this should be sufficient for the
separation of petalite grains and the generation of a petalite concentrate.
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10 Block Modelling
10.1

Software

Block modelling was undertaken using Datamine™ software.

10.2

Block Model Construction

A block model (Ulmd_110919.c) was created to encompass the full extent of the Uis deposit. Block model
parameters are shown in Table 13 and block model attributes are shown in Table 14.
The block model used a parent cell size of 20 m(E) x 20 m(N) x 10 m(RL) with sub-celling to 2 m(E) x 2 m(N)
x 1 m(RL) to maintain the resolution of the mineralised lenses. The northing parent cell size was selected
based on approximately half of the average drill section spacing in better drilled areas of the deposit. The
model cell dimensions in other directions were selected to provide sufficient resolution to the block model
in the across-strike and down-dip directions. Parent cell dimensions were guided by the analyses
undertaken in Section 7.5.2.
Table 13:

Block model extents
Coordinate

Parameter

X

Y

Origin (minimum extent)

485890

7649270

400

Maximum extent

488590

7652650

1000

2700

3380

600

Largest (parent) cell

20

20

10

Smallest sub-cell

2

2

1

135

169

60

Range (m)

Number of parent cells

Table 14:

Z

Block model attributes

Domain

Rock

Description

9999

100

Xenolith of schist inside the Pegmatite - waste

1101

201

Pegmatite vein 12 V1

1102

202

Pegmatite vein 22 V1

1103

203

Pegmatite vein 2 V1

1204

204

Pegmatite vein V2 Splay 2

1105

205

Pegmatite vein V1 Prime

1106

206

Pegmatite vein V1 Splay

1207

207

Pegmatite veinV2 Prime

1208

208

Pegmatite vein V2 extension splay

1209

209

Pegmatite vein V2 Extension Splay 2

1210

210

Pegmatite vein extension

9999

300

Country rock - Schist.

Table 15:

Field types, values, units and descriptions

Field type
Density
Classification

Grade variable

Field value and units
Density

(t/m3)

Description
Estimated and variable within Domains <9999; 2.76 in DOMAIN 9999

Rescat

1 = Measured, 2 = Indicated, 3 = Inferred

Sn (%)

Variable

Ta (ppm)

Variable

Li (ppm)

Variable

Nb (ppm)

Variable
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10.3

Grade Estimation

An in-situ MRE was undertaken for the V1 and V2 pegmatites. The intention had been to co-estimate Li,
Nb and Ta with Sn, but this could not be undertaken because of the data paucity for those three elements
(Li, Nb, Ta) and also because the correlations between Sn and the three elements were low with only Nb
showing a moderate (0.5) correlation.
It was clear that the estimation of Sn would be more robust than the estimation of Li, Nb and Ta and that
a different estimation approach would be required for Li, Nb and Ta given that the 141 ISCOR drillholes
(3,754 2 m composites) had been assayed only for Sn, whereas the 20 Afritin drillholes (485 2 m
composites) had been sampled and assayed for Sn, Li, Nb and Ta.
The MRE was carried out for Sn, Li, Nb and Ta by ordinary kriging into a block model of 20 m x 20 m x
10 m. The block size was constructed after sensitivity analyses were undertaken on a range of block sizes
with an emphasis on the grade/tonnage sensitivity around the expected cut-off grade. The block
dimensions are appropriate given the size of the mining fleet and the scale of operations.
Estimation of Sn, Li and Nb was carried out in three passes, each time extending the search ellipse and
decreasing the minimum number of samples to be used for estimation. Estimation of Ta was carried out
in a single pass as the search ellipse was sufficiently large for all coded blocks to be estimated in one pass.
The first pass search ellipse had the same dimensions as the variogram ranges. The first two estimation
passes for Sn used the basic neighbourhood parameters. For the third pass, which was largely
extrapolation, a constraint was applied that restricted the threshold of the grade of a composite if it was
encountered within 100 m of the block to be estimated, to the global average grade of Sn for that domain.
For Li and Nb, a similar approach was applied with the difference that the constraint was applied to all
three estimation passes but the distance restriction was set at 200 m. For Ta, all blocks were estimated in
a single pass, but a constraint of 100 m was applied because with a 200 m constraint, unacceptably highgrade artefacts were observed. Most of the Li, Nb and Ta estimates were extrapolated, but all
extrapolation was guided by the geological knowledge learned from the deeper logged but not assayed
drillholes. Table 12 presents the neighbourhood parameters used and also includes DBD, which was
estimated for V1 and V2 jointly, in a single estimation pass.
The footprint of the blocks to be estimated for Li, Nb and Ta, was constrained by the footprint of Sn blocks
estimated in all three passes; this ensured that all blocks were estimated for all four elements.
Figure 41 shows a number of important features, namely:
•

The grey footprint covers the entirety of the V1 and V2 blocks which had been coded in the geological
model

•

The coloured blocks are all the blocks which were estimated, of which the red and green blocks are
the Measured and Indicated Resource blocks

•

The protruding grey blocks are those which were not estimated, even by extrapolation, because of
the high uncertainty associated with extrapolation

•

Drillhole collars display as black dots.

The Measured and Indicated blocks were estimated with minimal extrapolation beyond the sampled
holes.
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Figure 41:

V1 and V2 domain blocks estimated
Notes: Red = Measured, green = Indicated, extrapolated (blue = Inferred) and unestimated (grey). Drillhole
collars shown as black dots.

10.4

Block Model Validation

10.4.1

Visual Validation

Slices were taken through the model to see if the estimates closely reflect the drillhole grades and that
any anisotropies are honoured during estimation. A higher-grade core is evident. The grade of the
mineralisation at depth reflects the constraint that was applied during estimation with most of the blocks
having grades around the global mean (0.13% Sn) and classified as Inferred Resources.
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Figure 42:

A slice through the deposit at 7651300 mN; block model and estimation composites coloured by Sn
(looking north)
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Figure 43:

10.4.2

A slice through the deposit at 7651525 mN; block model and estimation composites coloured by Sn
(looking north)

Statistical Validation

Figure 44 presents graphs of the total mineralised tonnes at a range of cut-off grades for domain V1 and
V2 respectively. The black curves are those computed through the DGM change of support model and the
blue curves show the tonnages for the ordinary kriged estimates. The ordinary kriging shows smoothing
compared to the DGM model and given that this is an in-situ resource estimate, the smoothing is
appropriate. Importantly, at the cut-off currently applied, 0.05%Sn, almost the entire resource, for both
estimation methods, reports above the cut-off and it is only when the cut-off exceeds 0.05% Sn that the
smoothing in pegmatite V1 may begin to impact mining selectivity, but that is very marginal. Pegmatite
V2 shows little change until the cut-off approaches 0.08% Sn.

Figure 44:

Tonnage curves for V1 (left) and V2 (right) at various cutoff grades
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It has been previously mentioned in this report that a large portion of the Mineral Resource was estimated
by extrapolation and this means, in this instance, that there are no conditioning data on the down-dip
side (northwest) of the mineralisation. When setting up the neighbourhood parameters, care must be
taken that extrapolated estimates are not conditionally biased by relatively small numbers of either high
or low grades. It has been explained that constraints were placed on the grade threshold and distance
parameters to prevent this happening. Beyond a defined distance from the nearest data, high grades were
assigned the global average grade, and this may have resulted in conservative estimates in the third
estimation pass. Most extrapolation occurred in the third pass and all these blocks are Inferred Resources.
Table 16 presents the estimated global means and the de-clustered 2 m composite means. In a few
instances, the estimates are lower (more conservative) than the composite means. However, when the
de-clustered mean is compared to the mean for Measured and Indicated Resources (the bracketed
number), there is better agreement between the two.
Table 16:

Comparison between de-clustered mean and the estimated mean

Domain

Number of composites

Number of blocks

De-clustered mean

Block mean

V1 SN

1436

4613

0.143

0.133 (0.142)

V2 SN

2318

8217

0.126

0.122(0.125)

V1 and V2 Li

485

12201

3275

2792(2982)

V1 and V2 Nb

485

12201

113

107(114)

V1 and V2 Ta

485

12201

110

91(110)

Note: The bracketed numbers are the mean grades for the Measured and Indicated Mineral Resources.

10.4.3

Trend Plots
V1 and V2 Trend Plot Measured and Indicated Sn
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Figure 45:

Count Blocks

Composites

Block Estimates

Trend plot along the X axis

CSA Global Report Nº R424.2019

54

AFRITIN MINING
MINERAL RESOURCE ESTIMATE – V1/V2 PEGMATITES, UIS TIN PROJECT

V1 and V2 Trend Plot Measured and Indicated Sn
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Figure 46:
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11 Mineral Resource Reporting
11.1

Reasonable Prospects Hurdle

Clause 20 of the JORC (2012) Code requires that all reports of Mineral Resources must have reasonable
prospects for eventual economic extraction, regardless of the classification of the resource.
The Competent Person deems that there are reasonable prospects for eventual economic extraction on
the following basis:
•

Economic cut-off grade analysis. The cut-off value was calculated according to reviewed, available
recovery data, processing costs and revenue factors.

•

Pit optimisation using reasonable costs and metal prices based on the three-year trailing average Sn
price.

•

Demonstrated historical ability to produce a high grade, economically saleable product from the Uis
mineralised material

•

The unquantified potential value of by-product recovery of both Ta and Li, not considered when
generating the pit shell.

11.1.1

Pit Shell

A pit shell optimisation was carried out using Whittle™ software applying a Lerchs-Grossman algorithm to
generate a pit within which Mineral Resources are stated. The pit shell is based on revenue from Sn only,
with Li and Ta considered as by-products. The pit shell has been created using only operating costs, with
no capital cost considerations applied and has been based on a revenue factor (RF) of 1.5, based largely
on the fluctuation of the tin price over the past decade and the opportunity to optimise tin recoveries.
The parameters used to inform the pit shell are presented below (Table 17). Where supplied by Afritin,
these input parameters have been reviewed for reasonableness by CSA Global.
Table 17:

Pit shell optimisation parameters

Parameter/Unit

Unit

Base currency

US$

Commodity

Value

Sn

Sn price

US$/t

Resource categories to be
optimised

Comments and source
Only Sn revenue considered

20,000

Afritin Uis Unit Cost Model v10(Phase 2 OPEX).xlx,
equivalent to three-year trailing average price

Measured + Indicated
+ Inferred

Mining cost (fixed cost)

US$/t

2.14

Mining recovery

%

95

Afritin inputs

Mining dilution

%

5

Afritin inputs

Overall slope angle

Afritin Uis Unit Cost Model v10(Phase 2 OPEX).xlx

°

50

Afritin inputs

Processing cost

US$/t ore

5

CSA Global assumption

Rehabilitation

US$/t

0.07

Afritin Uis Unit Cost Model v10(Phase 2 OPEX).xlx

Processing recovery

%

80

Afritin Uis Unit Cost Model v10(Phase 2 OPEX).xlx

Concentrate grade

%

60

Fixed. CSA Global assumption based on Afritin Uis
Unit Cost Model v10(Phase 2 OPEX).xlx

Logistic cost

US$/t concentrate

150

Afritin Uis Unit Cost Model v10(Phase 2 OPEX).xlx

Sales Commision

US$/t concentrate

360

Afritin Uis Unit Cost Model v10(Phase 2 OPEX).xlx.
A 3% of the metal value in the concentrate

Treatment charge and
Penalties

US$/t concentrate

740

Afritin Uis Unit Cost Model v10(Phase 2 OPEX).xlx
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Parameter/Unit

Unit

Value

Comments and source

Royalty

US$/t concentrate

323

3% of the revenue, Afritin Uis Unit Cost Model v10
(Phase 2 OPEX).xlx

Overheads

US$/t concentrate

1,250

Afritin Uis Unit Cost Model v10(Phase 2 OPEX).xlx

The pit is represented diagrammatically in Figure 47.

Figure 47:

Cross section view of pit shell; block model coloured by Sn grade (at 7651525mN)

A cut-off grade of 0.05% Sn was applied to the blocks within the pit shell to tabulate Mineral Resources.
This cut-off grade is based on operating costs of US$12.45/t which at 80% Sn recovery and a RF of 1.5
equates to 0.05% Sn.
The grade-tonnage curve for Sn resources within the V1 and V2 pegmatites contained within the pit shell
is shown in Figure 48. As this curve demonstrates, there is only marginal sensitivity for both tonnage and
grade at cut-offs up to 0.08% Sn (the breakeven cutoff grade at a Sn price of USD 20,000/t) with no
revenues from Ta or Li.
Reasonable prospects for eventual economic extraction for the lower confidence Ta and Li estimates have
been determined on the limited testwork data which indicate potential product streams. It is likely, given
what is currently known about the mineralisation within the V1/V2 pegmatites, that a Ta concentrate
could be readily produced at the Sn concentrator, while the petalite-dominated mineralogy of the lithium
mineralisation in the V1/V2 pegmatites supports a reasonably simple potential pathway to production of
a petalite concentrate.
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Figure 48:

11.2

Grade-tonnage curve (Sn); within pit shell

JORC Classification

The Mineral Resource has been classified based on the guidelines specified in the JORC Code. The
classification level is based upon an assessment of geological understanding of the deposit, geological and
mineralisation continuity, drillhole spacing, quality control results, search and interpolation parameters
and an analysis of available density information.
The following approach was adopted:
•

Resource estimation was undertaken in three kriging passes during which the search parameters and
the number of input samples were varied so as to estimate as many blocks while using reasonable
numbers of samples. The significant parameters which were used for classification were the minimum
number of samples and the slope of regression:
o

For Measured Mineral Resources, which applies only to Sn, at least eight samples had to be
included in the estimation neighbourhood and the resulting slope of regression had to be >0.85.

o

For Indicated Mineral Resources, which also applies only to Sn, the minimum number of samples
were either reduced or the ranges were extended, and the slope of regression had to be >0.5. In
addition, little or no extrapolation was allowed.

o

During the third estimation pass for Sn, the minimum was further reduced, and ranges were
increased, and in general most of these blocks were extrapolated. These blocks were classified as
an Inferred Mineral Resource for Sn.

o

All estimates for Li, Nb and Ta were classified as Inferred Mineral Resources because most of the
blocks estimated were done so by extrapolation.

o

Li, Nb and Ta estimates were confined to blocks with Sn estimates.

Figure 49 provides a representation of the classification of the Sn Mineral Resources; the green blocks are
Measured, the red blocks around the periphery of the Measured blocks are Indicated and the blue blocks
are Inferred Resources. For Li, Nb and Ta, the entire footprint presented comprises of Inferred Mineral
Resources.
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Figure 49:

11.3

Block model coloured by resource category, oblique isometric view looking southeast

Mineral Resource Estimate

The MRE has been reported in accordance with the JORC Code (2012 Edition) and it is therefore suitable
for public release. The MRE is reported by classification in Table 18 and Table 19. The Mineral Resource
has been reported above a cut-off of 0.05%Sn as at 16 September 2019.
Table 18:

MRE for Sn by classification – 16 September 2019
Gross basis

Resource
classification

Attributed basis (85%)

Tonnes
(Mt)

Sn (%)

Contained
metal (t)

Tonnes
(Mt)

Sn (%)

Contained
metal (t)

Measured

21.54

0.139

29,899

18.31

0.139

25,414

Indicated

13.05

0.136

17,765

11.09

0.136

15,100

Inferred

36.95

0.130

47,875

31.41

0.130

40,694

Total

71.54

0.134

95,539

60.81

0.134

81,208

Notes: The constraining pit shell is based on a RF of 1.5, employing a three-year trailing average tin price of US$20,000/t. Losses
and mining dilution were set at 5%. Pit slope angles were assumed to be 50° with an assumed metallurgical recovery of Sn of 80%,
producing a concentrate of 60% Sn. Mining, Treatment, G&A and Selling Costs have been supplied by Afritin and reviewed for
reasonableness by CSA Global. A Sn cut-off grade of 0.05% Sn has thereafter been applied to resources within the constrained pit.

Table 19:

MRE for Ta and Li – 16 September 2019

Inferred Resource
Grade

Gross basis

Attributed basis (85%)

Ta (ppm)

Li2O (%)

Ta (ppm)

Li2O (%)

85

0.63

85

0.63

Tonnes (Mt)

71.54

71.54

60.81

60.81

Contained metal (t)

6,091

450,265

5,177

382,725

11.4

Comparison with Previous Estimates

The historic ISCOR grade and tonnage stated in Section Error! Reference source not found. reflects an
estimate not carried out in accordance with any recognised reporting code and has not guided or
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influenced the estimate presented here. It was also conducted on a “footprint” substantively different to
the footprint underlying the current estimate.

11.5

Audits and Reviews

Internal audits were completed by CSA Global which verified the technical inputs, methodology,
parameters and results of the estimate. No external audit of the MRE has been undertaken.
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12 Conclusions and Recommendations
12.1

Conclusions

The V1 and V2 pegmatite bodies within the Uis Pegmatite Swarm are thick but unzoned pegmatites
containing abundant, albeit low-grade Sn, Ta and Li mineralisation. They were historically mined but the
recently concluded exploration program has shown continuity of the pegmatites to depths >350 m from
surface. The focus of this report is the estimation of Mineral Resources for the pegmatites.
A combined dataset comprising 177 percussion and diamond drillholes for a total of 20,192.30 m of
drilling, has been used to inform geological modelling and Mineral Resource estimation. Only Sn assays
were available from the historical data but these were complemented by complete (including Sn, Ta, Nb
and Li) multielement data from the recently concluded diamond drilling program (4,434 m in 26 holes).
The historical data were validated by statistical correlation with the recently acquired assay data.
In situ Mineral Resources were estimated for Sn, Li and Ta. Sn estimates were sufficently robust to classify
portions where drilling density was highest, into Measured and Indicated categories. Beyond that,
estimates were largely extrapolated and classified as Inferred Resources. Extrapolation was guided by the
geology model which included some holes which had been geologically mapped but not sampled or
assayed. Estimation parameters were thoroughly validated to ensure that extrapolation did not result in
estimates which were conditionally biased by a few high-grade samples.
All Li and Ta estimates were classified in the Inferred category because of low numbers of data and poorly
defined semi-variogram structures, which, when combined, produced estimates of poor quality as defined
by ordinary kriging ouput parameters such as the slope of regression and the kriging efficiency. All Li and
Ta estimates were constrained to exactly the same footprint as Sn estimates.
It has been established that the deposit has reasonable prospects for eventual economic extraction
through a pit optimisation exercise that shows that the Mineral Resource is amenable to open pitting
using reasonable commodity prices, costs and recoveries from internal Afritin and CSA Global experience.
Significantly, the pit optimisation process has been driven by Sn revenues only and there is potential
upside associated with by-product Ta and Li. Mineral Resources have been constrained within the pit
shell.

12.2

Recommendations

CSA Global recommends the following actions are completed to support the ongoing exploration and
evaluation effort at the Uis deposit:
•

Infill and extensional drilling is required to upgrade the large inferred Sn resource to a higher
classification.

•

Future QAQC programs incorporate the new certified values for AMIS0629 and AMIS0631, which were
not available at the time of reporting

•

Li and Ta resource estimates have been extrapolated from a relatively small number of samples, and
although the extent of the mineralisation is well defined from drillhole logging, the grade tenor has
been assumed from the known database. If the intention is to include Li and Ta in future mining
studies, infill and extensional drilling is required to firm up the estimates.

•

The supplementary drilling should not be undertaken randomly, or on a pre-conceived grid, it should
be designed after a geostatistical drillhole optimisation study has been undertaken.

•

Future MRE updates should consider applying a recoverable resources estimation method, which has
the advantage that it does not over-smooth the estimates in the way that linear estimation methods,
including ordinary kriging, do. This is particularly beneficial when stating resources above particular
cut-offs because smoothed estimates will distort the grade-tonnage curves.
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•

Ongoing metallurgical testwork for Sn, Ta and Li should be gathered in order to firm up on the existing
financial model but also to utilise Ta and Li in future pit shell optimisation updates and future mine
study work.

•

Bulk densities should be measured for different lithologies and applied to material movements in the
future mine plans.
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14 Competent Person Sign-Off
I, Anthony Wesson confirm that:
•

I have read and understood the requirements of the 2012 Edition of the Australasian Code for
Reporting of Exploration Results, Mineral Resources and Ore Reserves (“JORC Code, 2012 Edition”).

•

I am a Competent Person as defined by the 2012 JORC Edition, having five years’ experience which is
relevant to the style of mineralisation and type of deposit described in this report, and to the activity
for which I am accepting responsibility.

•

I am a Fellow of The Australasian Institute of Mining and Metallurgy

•

I am a full-time employee of CSA Global Pty Ltd.

•

I have disclosed to the reporting company the full nature of the relationship between myself and the
company, including any issue that could be perceived by investors as a conflict of interest.

________________________
Anthony Wesson
Principal Resource Evaluation Consultant – CSA Global Pty Ltd
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I, Brendan Clarke, confirm that:
•

I have read and understood the requirements of the 2012 Edition of the Australasian Code for
Reporting of Exploration Results, Mineral Resources and Ore Reserves (“JORC Code, 2012 Edition”).

•

I am a Competent Person as defined by the 2012 JORC Edition, having five years’ experience which is
relevant to the style of mineralisation and type of deposit described in this report, and to the activity
for which I am accepting responsibility.

•

I am a Fellow of the Geological Society of South Africa and Member of the South African Council for
Natural Scientific Professions

•

I am a full-time employee of CSA Global UK Ltd.

•

I have disclosed to the reporting company the full nature of the relationship between myself and the
company, including any issue that could be perceived by investors as a conflict of interest.

________________________
Brendan Clarke
Director - Africa – CSA Global UK Ltd

CSA Global Report Nº R424.2019

65

AFRITIN MINING
MINERAL RESOURCE ESTIMATE – V1/V2 PEGMATITES, UIS TIN PROJECT

I, Chris Parry, confirm that:
•

I have read and understood the requirements of the 2012 Edition of the Australasian Code for
Reporting of Exploration Results, Mineral Resources and Ore Reserves (“JORC Code, 2012 Edition”).

•

I am a Competent Person as defined by the 2012 JORC Edition, having five years’ experience which is
relevant to the style of mineralisation and type of deposit described in this report, and to the activity
for which I am accepting responsibility.

•

I am a Chartered Engineer and Member of the Institute of Materials, Minerals and Mining (MIMMM)

•

I am a full-time employee of CSA Global UK Ltd.

•

I have disclosed to the reporting company the full nature of the relationship between myself and the
company, including any issue that could be perceived by investors as a conflict of interest.

________________________
Chris Parry
Principal Mining Engineer - CSA Global UK Ltd
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15 Abbreviations and Units of
Measurement
%

percent

°

degrees

°C

degrees Celsius

3D

three-dimensional

Afritin

Afritin Mining

AMIS

African Mineral Standards

cm

centimetre(s)

CRM

certified reference material

CSA Global

CSA Global Pty Ltd

CV

coefficient of variation

Dawnmin

Dawnmin Africa Investments Ltd

DMS

dense media separation

FeSi

ferrosilicon

G&A

general and administration

GPS

global positioning system

Greenhills

Greenhills Resources Limited

Guinea Fowl

Guinea Fowl Investments Twenty Seven (Pty) Ltd

ICP-MS

inductively coupled plasma – mass spectrometry

IMCOR

Industrial Minerals Mining Corporation (Pty) Ltd

ISCOR

Iron and Steel Corporation (Pty) Ltd

km

kilometre(s)

LCT

lithium-caesium-tantalum

m

metre(s)

ML

mining licence

mm

millimetre(s)

MRE

Mineral Resource estimate

Mt

million tonnes

ppm

parts per million

QAQC

quality assurance and quality control

RF

revenue factor

DBD

dry bulk density

SMU

Small Miners of Uis

t

tonne(s)

US$

United States dollars

UTM

Universal Transverse Mercator

XRD

x-ray diffraction

XRF

x-ray fluorescence
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Appendix A: JORC Table 1
JORC Table 1, Section 1 – Key Classification Criteria
Criteria

JORC Code explanation

Commentary

Sampling
techniques

Nature and quality of sampling (e.g. cut channels, random
chips, or specific specialised industry standard measurement
tools appropriate to the minerals under investigation, such
as downhole gamma sondes, or handheld XRF instruments,
etc.). These examples should not be taken as limiting the
broad meaning of sampling.

ISCOR

Include reference to measures taken to ensure sample
representivity and the appropriate calibration of any
measurement tools or systems used.
Aspects of the determination of mineralisation that are
Material to the Public Report. In cases where ‘industry
standard’ work has been done this would be relatively
simple (e.g. ‘reverse circulation drilling was used to obtain
1 m samples from which 3 kg was pulverised to produce a
30 g charge for fire assay’). In other cases, more explanation
may be required, such as where there is coarse gold that has
inherent sampling problems. Unusual commodities or
mineralisation types (e.g. submarine nodules) may warrant
disclosure of detailed information

ISCOR drilled 148 holes into the V1 and V2 pegmatites (1970s and 1980s), of which 137 were percussion holes with 1
m sampling intervals. Of the 137 percussion holes, 10 were discarded from the estimation database on the basis of
obviously erroneous survey data or being too distal from the MRE area. Although there are no reports discussing
details of the sampling protocols, there is evidence that investigations into sample reproducibility and repeatability
were carried out and the nuggety nature of the Sn mineralisation was recognised. Despite this local variability, the
average grade of Sn appeared to be consistent around 0.14%Sn, similar to what has been estimated in this Mineral
Resource estimate (MRE).
Afritin
26 diamond drillholes totalling 4,434.7 m were drilled by Afritin Mining (Afritin). Assay results for the deep holes (21
to 26) were not available at the time of reporting but geological logging from these holes were used to constrain the
geological modelling. Assay results from holes 1 to 20 have been reported.
Sample intervals were determined by the geologist, where possible samples were taken in 1 m intervals at the start
of each metre mark. In areas where lithological contacts were present (xenoliths included), the sample was taken
from the nearest meter mark to the contact.
Drill core was either sampled as full core (all core taken for sample) or cut in half using a core cutter, then sampled
as half core with the other half remaining in the core tray. Approximately 33% of the core was sampled as full core.
All samples were crushed to a <1 mm grain size before being split by rotary splitter, where required, duplicate
samples were also split during this stage.
A 150 g sample was split from each core sample and for further processing and analysis.
The remainder of the sample was re-bagged with an original sample ticket and marked as coarse reject. These
samples have been placed in secure storage.
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Criteria

JORC Code explanation

Commentary

Drilling
techniques

Drill type (e.g. core, reverse circulation, open-hole hammer,
rotary air blast, auger, Bangka, sonic, etc.) and details (e.g.
core diameter, triple or standard tube, depth of diamond
tails, face-sampling bit or other type, whether core is
oriented and if so, by what method, etc.).

ISCOR
Available archive material sets out that an Atlas Copco ROC61 percussion rig, with a 115 mm hammer, was the
predominant rig type used for the percussion drilling. Samples were collected on a 1 m basis. No information is
available for the diamond drilling undertaken by ISCOR.
Afritin
For the 2018–2019 diamond drilling campaign, all samples were obtained through diamond drilling, primarily at PQ
size, utilising standard 1.5 m or 3 m core barrels.
Majority of the drilling was vertically orientated with some of the shallower drillholes were inclined, up to 70°, to
intersect closer to a true thickness.

Drill sample
recovery

Logging

Method of recording and assessing core and chip sample
recoveries and results assessed.

ISCOR

Measures taken to maximise sample recovery and ensure
representative nature of the samples.

Afritin

Whether a relationship exists between sample recovery and
grade and whether sample bias may have occurred due to
preferential loss/gain of fine/coarse material.

Recoveries were good overall with small losses occurring in areas where the schist has been fractured. Recoveries
for pegmatite material were excellent (>97%).

Whether core and chip samples have been geologically and
geotechnically logged to a level of detail to support
appropriate Mineral Resource estimation, mining studies
and metallurgical studies.

No recovery information was available.
Core recovery is calculated as the length of recovered core over the driller length or each recovered drill run.

No special methods were used to aid core recovery in fractured areas. Sample loss in these areas is not though to be
material as the pegmatite is the primary mineralised lithology.
ISCOR
Simplified metre-based geological logs and accompanying Sn assay data are available for the ISCOR drilling and have
been digitised by Afritin.
Afritin
Each core box was photographed five times. Once dry and four times on different brightness and contrast settings
while wet. All photographs were taken under two oppositely spaced 5000 lumen spotlights.
The entire length of core was logged for all intersections. Geological logs are all qualitative.
For each drillhole, both simple and detailed geological logs were created. The following observations were defined
in each log entry: alteration type and intensity, mineral occurrences, mineralogical modal abundances, Fe-Mn and
Fe-oxide presence, a qualitative modal abundance of observed Sn-Ta-Nb oxides, Li-phases or sulphides,
mineralogical textures, weathering intensity, colour, grain size and grain size distributions, contacts type
(gradational or sharp) and any other geological comment the geologist may have had. This was done for both host
rocks and pegmatites. Geotechnical logging was also carried out.
Downhole surveys were completed on all drillholes after completion and all hole positions were surveyed using a
differential global positioning system (GPS).
Fractures, faults and veins within the core were also logged.
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Criteria

JORC Code explanation

Subsampling
techniques and
sample
preparation

If core, whether cut or sawn and whether quarter, half or all ISCOR
core taken.
No information about subsampling for the historical drilling was available.
If non-core, whether riffled, tube sampled, rotary split, etc.
Afritin
and whether sampled wet or dry.
Approximately 33% of drillholes were sampled as full core, with the remainder sampled as half core.
For all sample types, the nature, quality and
The full-core analysis was utilised to test the nugget effect and determine potential bias associated with sample size.
appropriateness of the sample preparation technique.
No bias was detected and half-core samples are considered reliable for their use in the MRE.
Quality control procedures adopted for all subsampling
The sample size used is appropriate for the coarse-grained nature of the pegmatite deposit as the largest diamond
stages to maximise representivity of samples.
core drill size commercially available was utilised for this program.
Measures taken to ensure that the sampling is
Where core was sampled as whole core, no cutting/splitting was involved. The entire drilled sample was then sent
representative of the in-situ material collected, including for
for assay.
instance results for field duplicate/second-half sampling.
Half-core samples were cut in half using a diamond studded blade in a core saw, a consistent side of the split core
Whether sample sizes are appropriate to the grain size of
was sampled.
the material being sampled.
Samples were then transported to a controlled facility where they were further processed.

Commentary

Irrespective of the sample type; full or half core, each sample was crushed in its entirety to <1 mm prior to sample
splitting.
Samples were split and combined using a rotary splitter to separate the 150 g sample which was further processed
for analysis.
Each 150 g sample was then further milled until 97% of the sample passed through a 0.075 mm sieve.
5% of all samples were split in duplicate to verify representivity.
Quality of assay
data and
laboratory tests

The nature, quality and appropriateness of the assaying and ISCOR
laboratory procedures used and whether the technique is
Historic assay work (Sn only) was performed using an XRF. No information regarding historical QAQC or laboratory
considered partial or total.
testwork was available for historical samples.
Afritin
The primary assay laboratory (UIS Labs, Pretoria, South Africa) reported Sn, Ta and Nb assays by lithium borate
fusion with nitric acid dissolution and ICP-MS finish, and Li by multi-acid high pressure microwave digestion with ICPMS finish. These methods are considered total dissolution methods for the elements listed and appropriate for the
elements of interest
The umpire laboratory (ALS Chemex, Vancouver) used method ME-MS89L (sodium peroxide fusion with an ICP-MS
finish) to report all elements of interest – this is considered a n appropriate total dissolution technique for all
reported elements.
Two different certified reference material (CRM) standards were created from bulk samples acquired from the
deposit to ensure the CRMs were matrix matched.
One CRM remained as it was processed to represent the average expected grade of the deposit (AMIS 0629) the
other CRM (AMIS 0631) was seeded with additional cassiterite, sourced from artisanal processing within the Uis
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Criteria

JORC Code explanation

Commentary
mine area; this resulted in the certification of a higher grade standard to ensure accuracy remains for samples above
average.
Standards comprised 5% of the assay data and were inserted at set intervals. Blank samples were also inserted in a
ratio of 20:1 so ensure clean lab practices. In addition, the analytical laboratory inserted their own duplicates and
blanks.
A further 20% of the samples were transported to a second independent laboratory for analysis as an additional
verification process of the initial results.
The primary assay laboratory (UIS Labs, Pretoria, South Africa) reported Sn, Ta and Nb assays by lithium borate
fusion with nitric acid dissolution and ICP-MS finish, and Li by multi-acid high pressure microwave digestion with ICPMS finish. These methods are considered total dissolution methods for the elements listed.
The umpire laboratory (ALS Chemex, Vancouver) used method ME-MS89L (sodium peroxide fusion with an ICP-MS
finish) to report all elements of interest, this is considered a total dissolution technique for all reported elements.
Acceptable levels of accuracy and precision have been achieved and the results are considered acceptable for the
estimation of Mineral Resources. Some remedial work will be undertaken to re-certify some of the custom-made
CRMs produced by Afritin and commercially certified by AMIS due to consistent high bias issues noted at the
primary laboratory (both as blind and known CRMs) and the umpire laboratory which have been acknowledged by
the CRM manufacturer.

Verification of
sampling and
assaying

The verification of significant intersections by either
independent or alternative company personnel.

A site visit was conducted during the drill program by the independent Competent Person to verify the existence
and intersections of the drilled core.
Several holes were closely spaced to historical data to test intersections of the deposit spatially; however, due to the
heterogeneity of the pegmatite intrusion, the twinned holes were not expected to be identical in terms of
mineralisation or petrology. Mineralised widths in twinned holes were found to be consistent with the original
drillhole.
All data was managed using acQuire geological software. Data was entered directly into Acquire which has built in
protocols for verification and data validation and storage. Data entry procedures where therefore the same for each
parameter and each editor entry was date and geologist tracked.
No adjustments were made to the primary assay data. The acQuire software was used for data validation.

Location of data
points

Accuracy and quality of surveys used to locate drillholes
(collar and downhole surveys), trenches, mine workings and
other locations used in Mineral Resource estimation.

ISCOR
Many of the historical collars have been identified in the field by Afritin and surveyed using a differential GPS. These
positions are consistent with positions recorded in the ISCOR dataset providing confidence in the historical data.
Afritin
All collar positions of drillholes were surveyed onto the ground by an independent surveyor using a differential GPS
(3 cm accuracy for X and Y and 8 cm accuracy for Z). The coordinate system used throughout was UTM 33S, WGS84.
Upon finalisation of the program, the drill collars were surveyed by the surveyor employed by Afritin. In some areas,
the collar location was slightly altered due to access and safety concerns.
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JORC Code explanation

Commentary
Downhole surveys were conducted using an EZTrak™ and accelerometer survey tool. Multiple downhole surveys
were taken for each hole and the tools calibration standards were checked and up to date. Down hole readings were
taken every 9 m. The typical other data such as magnetic and gravitation readings were also recorded for each
station within the hole for the down hole survey to do quality checks. For example, stations where magnetic
readings varied from the average across the hole by more than 200 nT were highlighted and double checked.
Readings were removed if data were found to be inaccurate based on typical validation techniques utilised on
downhole surveys.
WGS 1984 33s was used for the project coordinate system for collar positions and grids.
Drone stereopairs, accurate to 4.5 cm resolutions, were used to create digital elevation models of the exploration
area for a highly accurate control on the topography.

Data spacing and Data spacing for reporting of Exploration Results.
distribution

The drilling program proposed by CSA Global and completed by Afritin comprised 26 diamond holes drilled in six
fences, spaced approximately 200 m apart and spanning the main part of the V1/V2 pegmatite. Hole spacing on the
fences ranges between 30 m and 70 m for the most part, with a final line of deep holes spaced 200 m from the
previous diamond hole drilled by Afritin.
These diamond drillholes supplement the ISCOR drilling which has an average drill density of one hole every 50 m
(spaced 25 m along strike) on an irregular grid that was constrained by access and highwall positions.
The MRE and classification were based on the sufficiency and spacing of the drillholes. For Sn, variographic analyses
is robust and the resulting estimates have been classified according to estimation precision using ordinary kriging
parameters. The downhole variogram has a relatively high nugget variance (about 50%), and a short range of about
10 m, but is well structured.
Variography for Li, Nb and Ti is not robust with the exception of the downhole direction; the primary reason for this
is likely to be the data paucity for these three elements. All estimates for these three analytes were classified as
Inferred Mineral Resources.
Whilst the grade variability is highly nuggety the overall geology, which defines the mineralised pegmatite is
continuous over the extent of the model. Drilling spacing is adequate for a high degree of confidence in the
mineralised model. Xenoliths of waste within the pegmatite are less continuous and can be defined with a moderate
level of confidence. The xenoliths are expected to be limited in extent, supported by observations in the current
excavation on site.
Sample compositing has not been undertaken at the exploration or sampling stage.

Orientation of
data in relation
to geological
structure

Whether the orientation of sampling achieves unbiased
sampling of possible structures and the extent to which this
is known, considering the deposit type.

In most cases, the drillholes were drilled vertically. In the instances where the drillhole was angled the orientation of
drillholes is perpendicular to the strike of the intrusion/sigmoidal shape of the pegmatite intrusive deposit.
The entire pegmatite unit is considered to form part if the deposit and an average grade expected to be the
outcome of analytical work with no predictable grade variation expected spatially.
Due to the undulatory nature of the intrusion, the primarily vertical orientation of the drillholes was chosen to
reduce bias in any specific orientation.
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Orientated drillholes were sited in areas where the attitude of the pegmatite below surface was known with a
relatively high level of confidence.

Sample security

The measures taken to ensure sample security.

ISCOR
No information was available regarding the sample security of historical samples.
Afritin
All sampling and sample processing (cutting, tagging, packaging and loading) was conducted within the core shed by
qualified geologists or technicians under the supervision of the geologists. Work was carried out according to
sample lists prepared by the geologist using the acQuire database software.
Samples were processed individually wherever possible to reduce the chance of sample swapping occurring.
Sample processing in the laboratory was undertaken by trained technical staff and the chain of custody was
followed.
Sample processing and analytical facilities were audited by an independent consultant engaged by Afritin.

Audits or
reviews

The results of any audits or reviews of sampling techniques
and data.

A representative of CSA Global undertook a site visit during the drill program to review the drilling, sampling and
QAQC procedures and reported these practices to be acceptable.
No further audits have been undertaken but data management has been contracted out to CSA Global and data
management is therefore independent of Afritin.

CSA Global Report Nº R424.2019

AFRITIN MINING
MINERAL RESOURCE ESTIMATE – V1/V2 PEGMATITES, UIS TIN PROJECT

JORC 2012 Table 1, Section 2 – Key Classification Criteria
Criteria

JORC Code explanation

Commentary

Mineral
tenement and
land tenure
status

Type, reference name/number, location and ownership
including agreements or material issues with third parties
such as joint ventures, partnerships, overriding royalties,
native title interests, historical sites, wilderness or national
park and environmental settings.

Exploration activities occurred on mining licence (ML) 134, issued to Guinea Fowl Investments Twenty Seven (Pty)
Ltd (Guinea Fowl). ML 134 expires in 2028 and is renewable under Namibian Mining Law.
Afritin, through a Namibian subsidiary, controls 85% of Guinea Fowl.
The remaining 15% of Guinea Fowl is controlled by the Small Miners of Uis (SMU), a not-for-profit company owned
by the Namibian government.

The security of the tenure held at the time of reporting along
The area investigated in this report is classified as state land, as a result no compensation agreement is required
with any known impediments to obtaining a licence to
prior to commencement of operations. The deposit lies within the historical Uis Tin Mine licence area. This area was
operate in the area.
previously extensively mined and no rehabilitation was carried out prior to closure. Due to this existing impact the
area is not considered environmentally sensitive. Afritin has also been issued with a valid Environmental Clearance
Certificate which allows mining and exploration activities to be conducted.
Exploration done Acknowledgment and appraisal of exploration by other
by other parties parties.

Exploration was carried out by ISCOR between the early 1960s and 1989. The resulted in a reserve and mine plan
being compiled by SRK in 1989, a few months before mining operations ceased.
A significant portion of the exploration data was obtained and digitised by Afritin. Relevant information has been
validated by current exploration activities and utilised in this report.
As the ISCOR drilling constitutes the bulk of the exploration data, it was necessary to evaluate if they were
appropriate to use for the MRE. Some basic statistical checks, which included simple histograms and cumulative
frequency plots, were augmented by a comparison of the downhole experimental variograms. All parameters, such
as means and variances of the composited data, were considered of similar tenor and the similarity of the variogram
parameters further supported using the two datasets jointly for the MRE.
As further validation, a number of twinned drillholes were drilled adjacent to ISCOR drillholes. Unsurprisingly,
because of the nuggety nature of the cassiterite (Sn) distribution, the correlation between samples from the
twinned holes varied between good and not correlated although, in general, the widths of the mineralised
intercepts showed reasonable agreement. This was not considered to be a risk, as when comparing the grades of
consecutive downhole 2 m composites, high variability was apparent as indicated by the variogram.

Geology

Deposit type, geological setting and style of mineralisation.

The deposit is hosted within the Damara Orogen, a typical pan African-aged (750–440 Ma) orogenic belt which
represents the assembly of Gondwana during which the Congo, Rio De la Plata and Kalahari cratons collided within a
triple point located in Swakopmund, Namibia.
Orogenesis produced voluminous quantities of granitic magmatism during the syn-tectonic phases of collision. This
was followed by a pegmatitic phase of magmatism in the post-tectonic environment, populating the Damara Orogen
with numerous pegmatitic intrusions
The V1 and V2 pegmatites are magmatic intrusive bodies with sigmoidal shapes in plan. They formed when a low
viscosity and undercooled magma crystallised to form a pegmatite. Various alteration types are present and related
to the emplacement, crystallisation and cooling of the pegmatite
The pegmatites strike to the northeast and dip to the northwest at between 30° and 50°.
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JORC Code explanation

Commentary
The mineralisation style is primarily magmatic although some may be alteration related.
Primary cassiterite crystallised during the late stages of the magmatic phases of the pegmatites crystallisation
history when sufficient magmatic fractionation has increased the abundance of Sn to insoluble levels.
The pegmatite then exsolved an aqueous fluid when water and flux saturation was reached. Elements such as Sn, Ta,
Li, B, Rb and Nb segregated into this fluid. This fluid then resulted in significant amounts of resorption and
replacement of magmatic assemblages with quartz-muscovite assemblage known as a greisen. Simultaneous and
abundant cassiterite crystallisation occurred during this alteration phase.

Drillhole
information

A summary of all information material to the understanding
of the exploration results including a tabulation of the
following information for all Material drillholes:
• Easting and northing of the drillhole collar
• Elevation or RL (Reduced Level – elevation above sea
level in metres) of the drillhole collar
• Dip and azimuth of the hole
• Downhole length and interception depth
• Hole length.

The subject of this JORC report is an MRE and exploration results are not being reported. The relevance of the
individual characteristics of each drillhole is superseded by the interpretation that is created using all the drillholes.
The quality of the data used, and the assumptions around their use, are documented here.
All relevant information has been reported in press releases by Afritin on the following dates: 20 May 2019, 10 June
2019 and 26 June 2019.

If the exclusion of this information is justified on the basis
that the information is not Material and this exclusion does
not detract from the understanding of the report, the
Competent Person should clearly explain why this is the
case.
Data aggregation In reporting Exploration Results, weighting averaging
methods
techniques, maximum and/or minimum grade truncations
(e.g. cutting of high grades) and cut-off grades are usually
Material and should be stated.
Where aggregate intercepts incorporate short lengths of
high grade results and longer lengths of low grade results,
the procedure used for such aggregation should be stated
and some typical examples of such aggregations should be
shown in detail.
The assumptions used for any reporting of metal equivalent
values should be clearly stated.
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Relationship
between
mineralisation
widths and
intercept lengths

These relationships are particularly important in the
reporting of Exploration Results.

Not relevant; exploration results are not being reported here. Mineral Resources are being disclosed (see Section 3).

Diagrams

Appropriate maps and sections (with scales) and tabulations Relevant maps and diagrams are included in the body of the report, to which this report applies.
of intercepts should be included for any significant discovery
being reported These should include, but not be limited to a
plan view of drillhole collar locations and appropriate
sectional views.

Balanced
reporting

Where comprehensive reporting of all Exploration Results is
not practicable, representative reporting of both low and
high grades and/or widths should be practiced to avoid
misleading reporting of Exploration Results.

If the geometry of the mineralisation with respect to the
drillhole angle is known, its nature should be reported.
If it is not known and only the downhole lengths are
reported, there should be a clear statement to this effect
(e.g. ‘downhole length, true width not known’).

Not relevant; exploration results are not being reported here. Mineral Resources are being disclosed (see Section 3).

Other
Other exploration data, if meaningful and material, should
Afritin carried out extensive mapping of the V1/V2 pegmatite which has been used to constrain the geological
substantive
be reported including (but not limited to): geological
model.
exploration data observations; geophysical survey results; geochemical
The extensive historical dataset from ISCOR was statistically validated and used to support the MRE.
survey results; bulk samples – size and method of treatment;
metallurgical test results; bulk density, groundwater,
geotechnical and rock characteristics; potential deleterious
or contaminating substances.
Further work

The nature and scale of planned further work (e.g. tests for
lateral extensions or depth extensions or large-scale stepout drilling).
Diagrams clearly highlighting the areas of possible
extensions, including the main geological interpretations
and future drilling areas, provided this information is not
commercially sensitive.
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JORC 2012 Table 1, Section 3 – Key Classification Criteria
Criteria

JORC Code explanation

Commentary

Database
integrity

Measures taken to ensure that data has not been corrupted
by (e.g. transcription or keying errors) between its initial
collection and its use for Mineral Resource estimation
purposes.

Data was captured directly into an acQuire data management system which applied real-time data validation to data
entry. This data management system was managed by CSA Global and has been internally audited.

Data validation procedures used.

Validation checks were carried out on the data imported which included checks for overlapping intervals, missing
survey data, missing lithological data and missing collars.

Comment on any site visits undertaken by the Competent
Person and the outcome of those visits.

A site visit was undertaken by the Competent Person in October 2018, at which time Afritin was undertaking infill
and extensional drilling. The core logging procedure was explained, and logging was observed against these
procedures. As part of the site visit a sampling and assaying QAQC program was discussed with and agreed upon
with Afritin representatives. A visit to the UIS laboratory in Midrand was undertaken to discuss the requirements of
the QAQC program with laboratory staff.

Site visits

If no site visits have been undertaken, indicate why this is
the case.
Geological
interpretation

Data used in the MRE (Section 3) was sourced from an export from the database system into csv format for use in
Isatis.

Confidence in (or conversely, the uncertainty of) the
geological interpretation of the mineral deposit.

There is high confidence in the interpretation at surface, due to close spaced drilling supported by surface mapping.
Confidence reduces at depth due to drill spacing.

Nature of the data used and of any assumptions made.

A 3D geological model has been constructed using drillhole logging and surface mapping.

The effect, if any, of alternative interpretations on Mineral
Resource estimation.

Alternate interpretations are limited close to surface, apparent steepening of dip at depth is supported by limited
drilling, further drilling may result in a change of interpretation at depth. Apparent reduction in xenoliths with depth
may be a function of drill spacing. There is evidence however that the pegmatite becomes a single body at depth, so
The use of geology in guiding and controlling Mineral
Resource estimation. The factors affecting continuity both of it is reasonable to assume that xenoliths reduce as well.
grade and geology.
The pegmatite vein has been used as a constraint to mineralisation.
Geological grade and continuity are controlled by the presence of pegmatite, limited to no zonation is evident in the
geology, supported by a single grade population for Sn.
The presence of diluting xenoliths, which occur as discreet units within the pegmatite, is difficult to estimate and
model. They occur at random and are not continuous hole to hole. The effect of these xenoliths is expected to be
minor from in pit and surface observations.
Geological wireframes were composed from drillhole logging, the wireframes were utilised to code the drill holes
and to generate a proportional block model. A number of deeper holes (six) had not been sampled or assayed at the
time of the MRE, but those holes had been geologically logged and used for building the wireframes and coding the
block model
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JORC Code explanation

Commentary

Dimensions

The extent and variability of the Mineral Resource expressed
as length (along strike or otherwise), plan width, and depth
below surface to the upper and lower limits of the Mineral
Resource.

The V1 and V2 pegmatites are exposed in the V1/V2 pit and are two of the largest pegmatites on ML 134. The V1
pegmatite is exposed in the northeast of the pit, and the V2 in the northwest and the pegmatites merge within the
pit. The V1 pegmatite extends strikes northeast-southwest for approximately 600 m, dipping at 50° to the
northwest, with an average thickness of about 25 m. In the western portion of the pit, the V1 Pegmatite merges
with the V2 Pegmatite and the pegmatite dips at 30-40° to the northwest and west-northwest, discordant to the
country-rock schist which dips to the southeast.
The V2 Pegmatite is around 10 m thick in the east, but thickens to >40 m towards the southwest, along the
northwestern highwall of the pit where it merges with the V1 pegmatite, and dips into the northwest highwall. It is
exposed along the entire northwest pit face and is traceable within the pit and for at least 650 m on surface to the
southwest or south-southwest. Together, the V1 and V2 pegmatites extend along a northeast-southwest strike
distance of over approximately 1.2 km, and consistently reach thicknesses of over 20 m.

Estimation and
modelling
techniques

The nature and appropriateness of the estimation
technique(s) applied and key assumptions, including
treatment of extreme grade values, domaining,
interpolation parameters and maximum distance of
extrapolation from data points. If a computer assisted
estimation method was chosen, include a description of
computer software and parameters used.

An in-situ MRE was undertaken for the two pegmatite bodies referred to as the V1 and V2 pegmatites.

Estimation of deleterious elements or other non-grade
variables of economic significance (e.g. sulphur for acid
mine drainage characterisation).

Z). The block size was selected after sensitivity analyses were undertaken on a range of block sizes with an emphasis
on the grade/tonnage sensitivity around the expected cut-off grade. The block dimensions are appropriate given the
size of the mining fleet and the scale of operations. The 148 ISCOR drillholes (3,754 2 m composites) had been
assayed only for Sn, whereas the 20 Afritin drillholes (485 2 m composites) were sampled and assayed for Sn, Li, Nb
and Ta.

Raw data were loaded and used to build the geological model; part of the process included coding the drillholes by
geology/lithology then exporting those coded data from Datamine software to Isatis software for geostatistical
analyses. Once the data were loaded into Isatis and prior to composting, the raw data statistics were generated by
geological domain and compared to the input data file statistics on the same basis. After compositing to 2 m was
undertaken, the data statistics were compared to the raw data to confirm that the compositing procedure
generated reliable results and that residuals were treated as follows:
The availability of check estimates, previous estimates
• If the analysed length of the last core at the end of the line was smaller than 50% of the composite length, it was
and/or mine production records and whether the MRE takes
merged with the previous composite
appropriate account of such data.
• If the analysed length of the last core was greater than 50% of the composite sength, it was kept as it is.
The assumptions made regarding recovery of by-products.
The MRE was carried out for Sn, Li, Nb and Ta by ordinary kriging into a block model of 20 m x 20 m x 10 m (X x Y x

In the case of block model interpolation, the block size in
relation to the average sample spacing and the search
employed.

The initial intention had been to co-estimate Li, Nb and Ta with Sn, but this could not be undertaken because of the
Any assumptions behind modelling of selective mining units. data paucity for those three elements (Li, Nb, Ta) and also because the correlations between Sn and the three
elements were low with only Nb showing a moderate (0.5) correlation.
Any assumptions about correlation between variables
The shape of the distributions of all four elements as described by their coefficient of variations (CVs) is low (0.3 to
Description of how the geological interpretation was used to
0.6), nevertheless, top cutting was applied to Sn (0.8% Sn) for both the V1 and V2 pegmatites and to Ta (500 ppm) in
control the resource estimates.
the V2 deposit.
Discussion of basis for using or not using grade cutting or
Estimation of the four elements was carried out in three passes, each time extending the search ellipse and
capping.
decreasing the minimum number of samples to be used for estimation. The first pass search ellipse had the same
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JORC Code explanation

Commentary

The process of validation, the checking process used, the
comparison of model data to drillhole data, and use of
reconciliation data if available.

dimensions as the variogram ranges. The first two estimation passes for Sn were straightforward but for the third
pass, which was largely extrapolation, a constraint was applied that restricted the grade of a composite if it was
encountered within 100 m of the block to be estimated, to the global average grade of Sn for that domain. For Li, Nb
and Ta a similar approach was applied with the difference that the constraint was applied to all three estimation
passes but the distance restriction was set at 200 m. Most of the Li, Nb and Ta estimates were extrapolated, but all
extrapolation was guided by the geological knowledge gleaned from the deeper logged but not assayed drillholes.
For every sample collected by Afritin, a specific gravity (SG) was measured using the pycnometer method which is
considered equivalent to the dry bulk density (DBD). The range of DBD’s for the pegmatites is low (2.55 t/m3 to
2.83 t/m3) with an average value of 2.65 t/m3. DBD was estimated into blocks by ordinary kriging. DBD for nonmineralised material were assigned a constant value (2.76 t/m3) based on statistical review of the data.
Estimates were validated by comparing domain averages with de-clustered means, by trend (swath) plots and by
change of support through the Discrete Gaussian Model (DGM). The grade-tonnage curves show that the estimates
are smoother than the theoretical model (DGM) and given that a large portion of the Mineral Resource is classified
as Inferred and the amount of extrapolation that was invoked, this is appropriate. Furthermore, given that the
economic cut-off is a very low 0.05% Sn, both the ordinary kriged estimates and the DGM show that about 98% of
the Mineral Resource exceeds this threshold.
A historical estimate was undertaken by SRK Consulting in 1989; a sectional method and polygons were used to
compute a weighted average grade for each pegmatite deposit; this preceded SAMREC or JORC guidelines. Although
the footprint, based on the reported tonnages, is significantly smaller than the V1 and V2 combined footprint, the
average Sn grade of 0.138% is almost identical to this current estimate. There were no previous estimates for Li, Nb
and Ta.
Nb has been estimated but not reported in the current work due to a paucity of associated mineralogical or
metallurgical information.
No previous production records are available for reconciliation with the model.

Moisture

Whether the tonnages are estimated on a dry basis or with
natural moisture, and the method of determination of the
moisture content.
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JORC Code explanation

Commentary

Cut-off
parameters

The basis of the adopted cut-off grade(s) or quality
parameters applied.

A cut-off grade of 0.05% Sn was applied to blocks within the pit shell (discussed below). The 0.05% Sn cut-off grade
is based on reviewed operating costs of US$12.45/t, which at 80% metallurgical recovery and a long-term potential
Sn price of US$30,000/t i.e.:
Description

Mining factors or Assumptions made regarding possible mining methods,
minimum mining dimensions and internal (or, if applicable,
assumptions
external) mining dilution. It is always necessary as part of
the process of determining reasonable prospects for
eventual economic extraction to consider potential mining
methods, but the assumptions made regarding mining
methods and parameters when estimating Mineral
Resources may not always be rigorous. Where this is the
case, this should be reported with an explanation of the
basis of the mining assumptions made.

Units

Value

Mining

$/t ore

2.14

Processing

$/t ore

5.00

Logistics

$/t ore

0.27

Royalty

$/t ore

0.75

Commission and TCs

$/t ore

1.99

Overheads

$/t ore

2.30

Operating cost

$/t ore

12.45

It has been assumed that the deposit is amenable to open cut mining methods and are potentially economic to
exploit to the depths indicated by the pit shell optimisation exercise.
An in-situ Mineral Resource model was generated using a block size of 20 m x 20 m x 10 m without dilution factors
applied. Mining will be undertaken by truck (80-t) and shovel.
A bulk mining scenario has been assumed, and Li and Ta have been considered as by-products and have not been
used to inform revenue.
A pit shell at a revenue factor (RF) of 1.5 was created in Whittle™ software to support the reporting of Mineral
Resources. The parameters used to undertake the pit shell optimisation are provided below and parameters
supplied by Afritin were reviewed for reasonableness by CSA Global:
Parameter/Unit
Base currency
Commodity
Sn price

Value
US$
Sn
US$/t

Only Sn revenue considered

US$/t

20,000
Measured +
Indicated +
Inferred
2.14

Mining recovery
Mining dilution

%
%

95
5

Afritin inputs
Afritin inputs

Overall slope angle

°

50

Afritin inputs

Resource categories to
be optimised
Mining cost (fixed cost)
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JORC Code explanation

Commentary
Processing cost

US$/t ore

5

Rehabilitation
Processing recovery

US$/t
%

0.07
80

Concentrate grade

%

60

Logistic cost

US$/t concentrate

150

Sales commission

US$/t concentrate

360

Treatment charge and
Penalties

US$/t concentrate

740

Royalty

US$/t concentrate

323

CSA Global assumption
Afritin Uis Unit Cost Model v10(Phase 2 OPEX).xlx
Afritin Uis Unit Cost Model v10(Phase 2 OPEX).xlx
Fixed. CSA Global assumption based on Afritin Uis
Unit Cost Model v10(Phase 2 OPEX).xlx
Afritin Uis Unit Cost Model v10(Phase 2 OPEX).xlx
Afritin Uis Unit Cost Model v10(Phase 2 OPEX).xlx.
A 3% of the metal value in the concentrate
Afritin Uis Unit Cost Model v10(Phase 2 OPEX).xlx
3% of the revenue, Afritin Uis Unit Cost Model v10
(Phase 2 OPEX).xlx
Afritin Uis Unit Cost Model v10(Phase 2 OPEX).xlx

Overheads
US$/t concentrate
1250
•
Historical recoveries reported by ISCOR and internal Afritin testwork support the recovery of 80% Sn and the
production of a 60% Sn concentrate which have been used to generate the pit shell from which Mineral Resources
have been reported. The resulting concentrates include up to 1.5% Ta content which can be separated magnetically,
although the economic viability of doing this remains to be ascertained. Lithium mineralogy, based on available x-ray
diffraction (XRD) data, appears to be petalite dominated which will aid the potential production of a lithium
concentrate.

Metallurgical
factors or
assumptions

The basis for assumptions or predictions regarding
metallurgical amenability. It is always necessary as part of
the process of determining reasonable prospects for
eventual economic extraction to consider potential
metallurgical methods, but the assumptions regarding
metallurgical treatment processes and parameters made
when reporting Mineral Resources may not always be
rigorous. Where this is the case, this should be reported with
an explanation of the basis of the metallurgical assumptions
made.

Environmental
factors or
assumptions

Assumptions made regarding possible waste and process
CSA Global has not undertaken of a review of the environmental factors that may be associated with the project and
residue disposal options. It is always necessary as part of the these will be covered in detail in subsequent phases of study work. Afritin hold a valid Mining Permit with
process of determining reasonable prospects for eventual
contingent environmental responsibilities that will need to be adhered to in order to advance the project.
economic extraction to consider the potential environmental
impacts of the mining and processing operation. While at
this stage the determination of potential environmental
impacts, particularly for a greenfields project, may not
always be well advanced, the status of early consideration
of these potential environmental impacts should be
reported. Where these aspects have not been considered,
this should be reported with an explanation of the
environmental assumptions made.
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Criteria

JORC Code explanation

Commentary

Bulk density

Whether assumed or determined. If assumed, the basis for
the assumptions. If determined, the method used, whether
wet or dry, the frequency of the measurements, the nature,
size and representativeness of the samples.

Dry bulk density has been based on specific gravity of samples, determined by commercial pycnometric methods.
This is considered appropriate given the competent, crystalline nature of the pegmatite.

The bulk density for bulk material must have been measured
by methods that adequately account for void spaces (vugs,
porosity, etc.), moisture and differences between rock and
alteration zones within the deposit.
Discuss assumptions for bulk density estimates used in the
evaluation process of the different materials.
Classification

The basis for the classification of the Mineral Resources into The Sn estimates have been classified into Measured, Indicated and Inferred Resources. The parameters used were
varying confidence categories.
the minimum number of samples (eight) for Measured and a slope of regression of >0.85 and no extrapolation, six
Whether appropriate account has been taken of all relevant samples had a slope of regression >0.5 and no extrapolation for Indicated. All other blocks that were estimated in
the second and third passes with a slope of regression <0.5 were classified as Inferred. All estimates for Li, Nb and Ta
factors (i.e. relative confidence in tonnage/grade
estimations, reliability of input data, confidence in continuity were classified as Inferred, and the extent of these estimates, mostly extrapolated, was constrained to the same
footprint as the estimated Sn blocks. Not all blocks that where flagged as being mineralised in the block model were
of geology and metal values, quality, quantity and
estimated; 1984 blocks were not estimated.
distribution of the data).
Whether the result appropriately reflects the Competent
Person’s view of the deposit.

Audits or
reviews

The results of any audits or reviews of MREs.

Internal audits and peer review were completed by CSA Global which verified and considered the technical inputs,
methodology, parameters and results of the estimate.
No external audits have been undertaken.
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Criteria

JORC Code explanation

Commentary

Discussion of
relative
accuracy/
confidence

Where appropriate, a statement of the relative accuracy
and confidence level in the MRE using an approach or
procedure deemed appropriate by the Competent Person.
For example, the application of statistical or geostatistical
procedures to quantify the relative accuracy of the resource
within stated confidence limits, or, if such an approach is not
deemed appropriate, a qualitative discussion of the factors
that could affect the relative accuracy and confidence of the
estimate.

Confidence intervals were not computed for any of the four elements estimated, but validation by various means
such as the estimation robustness measured by the slope of regression and kriging efficiency metric as well as
comparison to the DGM for change of support, have provided sufficient confidence in the estimation of Sn
resources. The estimates have been intentionally smoothed by using large numbers of data for estimation. This was
predicated by the high downhole variability observed in the 2 m composites. The very low cut-off grade (0.05% Sn)
applied to the Sn estimates, means that when it is applied to the cumulative histogram of estimated blocks or to the
DGM, >98% of the tonnage exceeds the cut-off grade. This means that the recoverable portion of the mineral
resource is unaffected by the smoothing and poses a low risk to the optimised pit and project economics.

The statement should specify whether it relates to global or
local estimates, and, if local, state the relevant tonnages,
which should be relevant to technical and economic
evaluation. Documentation should include assumptions
made and the procedures used.

Estimates for Li, Nb and Ta are much less robust than Sn estimates because of paucity of data and majority of the
estimates have been generated by extrapolation. The estimation neighbourhoods chosen for extrapolation were the
subject of much rigour and certain constraints were applied to ensure that estimates were not adversely impacted
by the presence of high-grade composites.

Approximately 50% of the Mineral Resource for Sn has been extrapolated, but this has been guided by the
geological model which incorporated a number (six) of deep holes which have been geologically logged but not
These statements of relative accuracy and confidence of the sampled or assayed by the time the MRE began.
estimate should be compared with production data, where Approximately 60% of the Li, Nb and Ta resources were estimated by extrapolation. Mineralisation of these three
available.
elements is coincident with Sn, and all estimates may be upgraded once the six deep drillholes have been assayed
and incorporated in resource estimation.
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Appendix B: Exploratory Data Analysis
Statistical Comparison of Sn Data in V1 and V2 for ISCOR and Afritin Data
The graphics on the left side present the ISCOR data 2 m composites for domains V1 and V2 and on the
right side the Afritin 2 m composite statistics.
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Back-Transformed Variogram Model for Li in Combined Domains V1 and V2
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Back-Transformed Variogram Model for Nb in Combined Domains V1 and V2
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Back-Transformed Variogram Model for Ta in Combined Domains V1 and V2
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