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During the development of the South African Code for the Reporting of Exploration Results,
Mineral Resources and Mineral Reserves (SAMREC Code) the platinum industry was discussed
as a sector that possibly needed a separate reporting standard. This was declined and so reporting
of the PGM industry Mineral Resources and Mineral Reserves falls under the general principles
of the SAMREC Code.

South Africa has dominated the global platinum group metals (PGM) market because of the
unique Bushveld Igneous Complex geology together with the Great Dyke in Zimbabwe.
Understanding the mineral resource potential is a global strategic topic. Historically, South
African geologists paved the way for ore evaluation using such references as Storrar and the
monographs by Danie G. Krige and Sichel to name a few. A key issue was the transition from the
conventional “‘weighted averages’ to geostatistics. Computerised orebody modelling began in the
early 1980s on the Witwatersrand gold mines where grade distribution and grade control became
essential when the gold price declined from the peak of 1980. Modelling of the accumulation of
width by grade (cmgt) became the order of the day but many geologists realised that this was
meaningless unless the reef width (cm) and the grade (g/t) was modelled separately. The mantra
from the PGM sector was “our grades are so consistent we don’t need that type of modelling”.
This changed in the 1990s when Aquarius Platinum Mine established the Marikana area to mine
and concentrate the hitherto undeveloped UG2 reef. At the same time, the Great Dyke began to
rapidly increase production from Zimplats in the northern compartment and Mimosa in the
southern compartment of the Great Dyke. The problem facing the industry then was “What width
do we mine?”. Within the context of this brief history the requirement to quote consistent
modifying factors was essentially ignored by the PGM industry and the difference between a
‘mining” width and a ‘reef’ width remained unclear, especially in South Africa. An additional
problem was whether 4E or 6E was quoted with or without nickel and copper bi-products. Why
is this important? When conducting mineral asset valuation comparisons, it is important to
determine the market capitalisation per ounce.

This problem was further compounded by the fact that the Committee for Mineral Reserves
International Reporting Standards (CRIRSCO Codes) allowed the reporting of Mineral Resources
to be either inclusive or exclusive of mineral reserves. This is contrary to the principle of
standardised reporting which was one of the key issues raised by the accounting professions in
the seminal International Accounting Standards Board Extractive Industries consultation paper
of November 2000. One of their key concerns was how to put mineral resources and mineral
reserves into the financial statements. This paper illustrates a basic reef width and mining width
value calculator and gives examples of this inconsistent reporting in examples taken from various
annual reports, all of which are in the public domain.

8t International PGM Conference
Sun City, 2 - 3 November 2022
The Southern African Institute of Mining and Metallurgy
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INTRODUCTION

The re-introduction of South Africa into the global community in 1994 led to the main mining houses of
Anglo American, Rand Mines, Union Corporation, General Mining, Johannesburg Consolidated
Investments, Goldfields and De Beers going international after sanctions. This was a difficult journey
especially for the big gold miners and platinum group metal (PGM) producers because of the size of
their South African ore deposits compared with their international counterparts. For example, the
Witwatersrand gold mines traditionally hosted up to 30Moz of gold per mine compared to the
international projects where the benchmark was a single million ounces (Antrobus, 1986) For this
reason, there was much talk amongst analysts about the discount of the value of a South African gold
ounce compared to the value of the international companies when measured on a market capitalisation
per ounce basis. Indirectly this led to the need for standardised reporting of Mineral Resources and
Mineral Reserves and hence the introduction of the CRIRSCO Codes with which we are familiar today.
One of the main differences of the Witwatersrand gold mines compared to the many open pit
disseminated gold projects was their tabular nature and depth, and this was used by the international
analysts to discount their market value as they were regarded as more expensive to mine per ounce.
However, when the Mineral Resources were converted to Mineral Reserves, a pay limit applied to the
grade of a Witwatersrand gold ore reserve ounce was mostly above 4g/t compared to the much lower
grade ores of the international and smaller ore reserves. Essentially all Mineral Reserve ounces were
technically EQUAL once converted (INCLUSIVE). The PGM industry, which also has mainly tabular
orebodies, was not subject to the same degree of comparative valuations because of the unique status
of the Bushveld Complex and the Great Dyke orebodies, meaning that the only real global comparison
was with Norilsk in Russia. At the same time, the PGM industry in South Africa was dominated by just
three players: Angloplats, Impala and Lonmin. This was essentially an anti-competitive issue which has
since been unlocked by the creation of Aquarius Platinum and Northam, and the entry of Sibanye
increasing investor interest. The reporting of Mineral Reserves in South Africa used to be an annual
event with clear shareholder maps and plans to show where they were mining and the statement of the
‘reef width” and separately ‘stoping width” was standard practice because of the use of the Chamber of
Mines handbook South African Mine Valuation (Storrar,1981). The SAMREC Code then introduced the
term “Modifying Factor” which meant that the disclosure of all the conversion factors from Mineral
Resource to Mineral Reserve was compulsory (SAMREC, 2016). Somehow the PGM sector seemed to
avoid part of this requirement.

Reporting Codes Definition of a Mineral Resource
Just for the sake of clarity the following definitions are included here as a background to this paper. Key
points are raised on these definitions and begin with Clause 12 of the SAMREC Code: -

“Modifying Factors are considerations used to convert Mineral Resources to Mineral Reserves. These
include, but are not restricted to, mining, processing, metallurgical, infrastructure, economic,
marketing, legal, environmental, social and governmental factors.”

Essentially this is quite loose as a definition. Judgement is exercised by the Competent Persons on which
Modifying Factors are disclosed, rather than the code defining a formal list of items such as the very
specific and extensive list of data verification items that evolved into Table 1 as referred to in Clause 29
below: -

“Clause 29 The Competent Person responsible for the Resource estimate must determine the appropriate Mineral
Resource category based upon the quantity, distribution and quality of data available and the level of confidence
attached to the data with reference to Table 1. The method of determining these confidence levels must be disclosed.”
(SAMREC, 2016)

The question is: if Modifying Factors are so fundamentally important, why isn’t there a specific list of
them for clarity? So, there is a lot of emphasis on the sampling and underlying geological information
but very little on the most important economic conversion parameters. Clause 24 states: -
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“A ‘Mineral Resource’ is a concentration or occurrence of solid material of economic interest in or
on the Earth’s crust in such form, grade or quality and quantity that there are reasonable prospects
for eventual economic extraction. The location, quantity, grade, continuity and other geological
characteristics of a Mineral Resource are known, estimated or interpreted from specific geological
evidence and knowledge, including sampling (SAMREC, 2016)”

The significance of this definition is the “quantity, grade, continuity and other geological
characteristics” statement and we intend to show that ignoring or failing to report reef thicknesses,
waste and channel widths separately with the respective grades is fundamentally and essentially worse
than poor validation of the sampling.

This item is followed by a lengthy guidance note and the following comment: -

“Where considered appropriate by the Competent Person, Mineral Resource estimates may include Mineralisation
below the selected cut-off grade to ensure that the Mineral Resource consists of bodies of Mineralisation of adequate
grade, quality, size and continuity to properly consider the most appropriate approach to mining, including any
dilution or contamination resulting from the requirements of any minimum mining width (in addition to cut-off
grades, Mineral Resources can also be defined by geological constraints, which may include, but are not limited
to, structure, stratigraphic boundaries, or geometallurgical/mineralogical constraints). Documentation of Mineral
Resource estimates should clearly define any such inclusions, and Public Reports should include commentary on
the matter, if considered material.” (SAMREC, 2016)

This guidance note then introduces the “cut-off” grades relative to the “minimum mining width” which
conventionally takes into account the expected working cost at the face relative to the metal revenue
per unit mined and this is at the Mineral Resource level of confidence. However, this calculation has
different consequences for tabular ore bodies depending upon whether the reef is narrow or thick.

Under Measured Mineral Resource Section 29 the following guidance note is defined: -

“Mineral Resource classification is a matter for skilled judgement and a Competent Person should take into
account those items in Table 1 that relate to confidence in Mineral Resource estimation. In many cases it will be
understood that overall tonnages, densities, shapes, physical characteristics, grades or qualities and mineral
contents can be estimated with higher levels of confidence, and local tonnages, densities, shapes, physical
characteristics, grades or qualities and mineral contents can be estimated only with lower levels of confidence,
insufficient for detailed mine planning.

The Competent Person should take into consideration issues of the style of mineralisation and cut-off grade when
assessing geological and grade continuity for the purposes of classifying the Mineral Resource. Cut-off grades
chosen for the estimation should be realistic in relation to the style of mineralisation and the anticipated mining
and metallurgical development options.” (SAMREC 2016)

These objectives are clear and concise and emphasise grade and quantity for this classification of the
Mineral Resource. As such, it is the basis for the ultimate conversion to Ore Reserves. So fundamentally
at this stage clear descriptions of the orebody characteristics are critical as well as the preliminary
Modifying Factors. Under Mineral Reserves the following Clause 35 Definition: -

“A Mineral Reserve is the economically mineable part of a Measured and/or Indicated Mineral
Resource. It includes diluting materials and allowances for losses, which may occur when the
material is mined or extracted and is defined by studies at Pre-Feasibility or Feasibility level as
appropriate that include application of Modifying Factors.

Such studies demonstrate that, at the time of reporting, extraction could reasonably be justified. The

reference point at which Mineral Reserves are defined, usually the point where the ore is delivered
to the processing plant, must be stated. It is important that, in all situations where the reference point
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is different, such as for a saleable product, a clarifying statement is included to ensure that the reader
is fully informed as to what is being reported.” (SAMREC 2016)

This is a founding principle in the codes and is quite clear that diluting materials and the appropriate
Modifying Factors “must be stated”.

Modifying Factors

Primary Modifying Factors are items originally identified under the major criteria of mining,
metallurgical, processing, infrastructure, economic, marketing, legal, environmental, social and
governmental as a catch all for anything the code writers could think of (pers comm). As a result, a list
of these key items and the potential “secondary” factors is shown in Table I.

When putting this table together the previous SAMREC and SAMVAL Code meetings considered these
items, and it is likely that not enough consideration was put into this matter at the time. It seems ironic
that the primary heading is “mining” when in fact it should probably have been “geology”?

The problem seems to be that the most important reporting issue of Modifying Factors has had far less
attention than the items identified in Table 1. As a result, the platinum industry seems to have avoided
standardising in particular the reporting of “widths”.

In accounting, a key principle that is followed is the requirement for a “reliable measure” (IERS - IFRS
13 Fair Value Measurement ) and if the output of a Competent Persons Report or an Annual Mineral
Resource and Mineral Reserve report is fundamentally going to be relied upon for a ‘valuation” then
perhaps the Modifying Factors could be split into those factors that could have a ‘significant’ impact on
the valuation and then other? Then the question arises as to what is “significant’. Potentially this could
at least be focused on the primary “Fatal Flaws” or “Risks” that could result in the project failure? In
Hong Kong there is a specific request to clarify this “Risks” area as a Guidance Note requirement
(Guidance Note 7 gn_7.pdf (hkex.com.hk).
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Table I. A list of primary and secondary modifying factors

Modifying Factors
Primary .
Factors Secondary Primary Factors | Secondary
Geology Power
- Infrastructure
Density Water
Mining Widths Commodity Prices
Cut-Offs Exchange Rates
Mining Pay Limits Economic Discount Rates
Mining Cost to Shaft Debt/Equity Structure
All In Sustaining Costs Constant and Forecast Pricing
Extraction Rates Marketing Sales Processes and Pricing
Life of Operations Licencing
er}gral Treatment Clear Ownership
. Facility
Metallurgical Tailings Grades Legal Control
Refining Parameters Taxes
Plant Capacity Royalties
. Plant Recovery Factor | Environmental | Asset Retirement Obligations
Processing ;
) Social Falls under ESG
Deleterious Factor —
Governmental Statutory and Regulatory Restrictions

Great Dyke and Bushveld PGM Reef Profiles

The Great Dyke in Zimbabwe and the Bushveld Complex in South Africa are well known igneous
complexes and it is not the purpose of this paper to prepare a discourse on these two orebodies.
However, it is important to briefly highlight their reef stratigraphy as shown in Figure 1, Figure 2 and

Figure 3.
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Figure 1. A schematic of the general location plan and the main sulphide zone location within the stratigraphy of
the Great Dyke (after Oberthur, 2011).

Hanging wall Pyroxenite

Upper Chromitite Seam

Pegmatoidal pyroxenite, the highest
grade component of the ore-body
known as the Merensky Reef

Coarse-grained Ni-Cu sulphides

Lower Chromitite Seam

Footwall Anorthosite

Figure 2. An example of a physical sample of the Merensky Reef to illustrate the mineral manifestation of the ore
with geological explanation next to it (Anglo America, 2004).
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Fiqure 3. A stratigraphic profile of the UG2 in the Western and Eastern part of the Bushveld. It illustrates the
‘parting” issue and reinforces the premise of this paper which is the importance of detailing the various widths
converting from the reef thicknesses (Anglo American, 2004).

Grade is King

Irrespective of what the Mineral Resource and Mineral Reserve statements generate for valuation
purposes, all projects are always most sensitive to the “grade”, preferably the recovered grade. The
SAMREC Code requires the Mineral Reserve to be declared as “fully diluted delivered to the mill” and
then the other processing Modifying Factors should enable the recovery grade to be estimated. This is
clearly critical for investors and analysts to prepare cash flow models. However, it can be used by the
readers of the public reports to assess efficiency by comparing to production results as declared.

The estimation of the grade is not just a geological and mining issue but requires the preparer to take
into account a cut-off and a pay limit, both of which require the input of commodity prices and operating
costs. The purpose of this paper is not to discuss this issue in detail but merely to emphasise that this
information needs to be included in the clear presentation of the Modifying Factors for which “width”
is a crucial component for tabular orebodies.

The Value Calculator

In tabular ore bodies calculating an appropriate “mining cut” by building and weighting reef and waste
sample slices is a tried and tested methodology (Storrar, 1981). A typical methodology to carry out this
task is to build a reef cut calculator which is undertaken routinely on sampling sheets of a South African
mine. For this paper, a PGM reef calculator is shown in Figure 4 of the Main Sulphide Zone based upon
the metal prices.

The grade calculator accumulates the value per slice to generate the maximum or optimal reef cut that
can then be diluted with hangingwall and footwall waste as determined from practical mining
parameters. This eventual full mining cut can then be used to calculate the delivered to mill grade for
incorporation in the valuation cash flow model. More to the point, this number can be compared to
actual recovered grades
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Value
Reef Cut UsSD Single Cut SELECTED CUTS
(cm) Pt Pd Os Ir Au Cu Ni UsSD 100 | 120 140 150 160 180
10 0.00 0.00 0.00 0.00 0.00[ - - 0.00
20 1.76 1.76 0.00 0.00 1.76 7 32 44,19
20 26.36 26.36 0.00 0.00 1.76 12 52 118.31
|MSZ 20 26.36 26.36 0.00 0.00 2.11 13 64 132.65/ 1,009 | 1,206 | 1,343 | 1,350 [ 1,462 | 1,506
20 17.57 17.57 0.00 0.00 2.1 12 46 95.34
20 77.31 21.08 0.00 0.00[ 35.14 13 69 215.29
20 168.68 22.84 0.00 0.00[ 28.11 13 69 302.06
20 137.05 35.14 0.00 0.00[ 14.06 13 64 264.08
20 70.28 63.25 0.00 0.00 7.03 10 46 196.64
20 42.17 42.17 0.00 0.00 3.51 8 41 137.31
10 0.00 0.00 0.00 0.00 0.00 7 - 6.72

Fiqure 4. The value calculator.

The use of the commodity prices as shown in Table II for estimating the cut-off is an interesting
philosophical issue. For Mineral Resources the intention of a mining company is to use a commodity
price that is much higher than the spot prices for the geologist and orebody modeller to capture as much
‘potential’ ore as possible. In gold mining it is common practice to then apply a gold price that is lower
than spot to define Mineral Reserves in order to make sure that only ore blocks that make a meaningful
economic contribution are selected for mining.

Table 1I. PGM commodity prices as at 31 March 2022

Commodity Price (USD/oz)
Platinum 1,093
Palladium 2,404

Osmium 400

Iridium 4,150

Gold 1,900

Nickel 23,000

Copper 6,715

In the PGM industry it seems that the individual companies exercise company discretion to define the
cut-offs and pay limits, but simple summaries of these Modifying Factors are not easy because of the
extensive nature of many of the Mineral Resource and Mineral Reserve statements. However, providing
sufficient information to allow investors to assess how the conversions were made should still be a clear
objective of reporting.

Significance of Quoting Reef and Mining Width Examples

In order to demonstrate the impact of the non-standardised reporting Figure 5 is an example from the
2021 Implats Annual report for the Great Dyke.
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MINERAL RESOURCES (Inclusive of Ore Reserves)

Toones | PIgt | Pdgt  Augh | Rhon NI(SI% Cu% | 4EQY | PiMaz| 4EMoz Thickm
Ngezi South - Open Pit

© Total W17 120 026 04 010 007 343 08 15 250

MINERAL RESOURCES (Inclusive of Ore Reserves)

*  |wwt |® |tn |13 |om |ata law |aw |aer [ea [as |23 Tonnes | Pigt  Pdght  Augh  Rhght Ni(S)% Cu% 4EQh  PtMoz |4EMoz Thick

Overall Milions
Messured 1439 179 143 026 015 0N 000 364 &3 168 23
Indcated 6927 180 141 020 015 012 010 365 402 s2 22 Ngezi South - Open Pit
Infered 1072 171 142 030 015 OM 012 38 %1 1234 19 Measured 140 1.74 129 026 0.14 0.10 0.07 343 08 5 0
. Totat 1900 178 141 029 015 013 0N 36 1076 215 20
< Total 14 174 129 0.26 0.14 0.10 0.07 343 08 15 2.50
Notes
. Ngezi Portals - Flat - P1-P7
Measured 69.7 1.73 135 025 014 0.10 008 34 39 18
indicated 2269 1.73 1.34 026 0.15 01 0.07 3 2.6 S
< Total 297 1.73 134 0.26 0.14 0.1 0.08 35 16.5 331 25

Fiqure 5. 2021 Zimplats Annual Report Mineral Resources and Mineral Reserves Statement.

It neatly subdivides the orebody into compartments and then quantifies the Mineral Resources into
levels of confidence and quotes the individual metal components on a 4E basis with the thickness, and
states the clarifiers about the thicknesses. They also provide the base metal content, and the Mineral
Resources are reported inclusively. There are however some inconsistencies with respect to number
formats and decimal places.

Implats follows this up with the detailed description of the mining dilution factors as shown in Figure
6 where the Ore Reserves are quoted in summary and compared to the prior year.
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Ore Reserve dilution factors per mine

Dilution Factor (%)

Internal geological | Explanation Mining | Explanation
dilution

Ngwarati 58 faults, harzburgite, course Minihg overbreaks
grained bronzitite

Rukodzi 4.9 faults Mining overbreaks

Mupfuti 5 faults, dykes and reef Minipg overbreaks and elevated
disruption at Mulota Hill dilutjon due to UORI contribution

Bimha 3.1 faults, dolerite and aplite Minfng overbreaks and elevated
dykes tion due to UORI contribution

Mupani 23 faults, sills, dolerite and s ning overbreaks and elevated
aplite dykes dilution due to UORI contribution

Comparison of June 2021 and June 2020 Ore Reserves

as at 30 June 2020

as at 30 June 2021

Tonnes Mt 116.4 1242 240.6 103.3 134.3 2376
Width cm 265.0 265.0 265.0 265 265 265
4E grade g/t 3.19 3.18 3.18 3.19 3.20 3.20
6E grade g/t 3.37 3.35 3.36 3.37 3.37 3.37
Ni % 0.10 0.10 0.10 0.10 0.10 0.10
Cu % 0.07 0.08 0.08 0.07 0.07 0.07
4E Oz Moz 11.95 12.67 246 10.6 13.8 24.4
6E Oz Moz 12.62 13.38 26.0 11.2 14.6 25.8
Pt Oz Moz 5.93 6.27 12.2 ) 6.9 121
Pd Oz Moz 467 497 9.6 41 5.4 9.5

A net increase in Ore Reserves of 0.2Moz 6E (0.9%) was reported. This was a net effect of reserves addition of an
estimated 0.8Moz 6E mainly at Mupfuti and Mupani mines due to increased drilling coverage against mining depletion of
approximately 0.6Moz 6E. About 0.5Moz 6E at Mupfuti Mine were advanced into reserves after drilling in a portion of the
eastern Upper Ores | (UORI) confirmed favourable ground conditions along the planned access drives. At Mupani Mine
increased drilling resulted in model updates which accounted for a further 0.3Moz 6E. Tail cutting improvements were
noted by close of the year across the mining lease.

Fiqure 6. Detailed description of the mining dilution factors.

In Figure 7 the summary Ore Reserves Statement is shown for AngloPlats 31 December 2004. While this
is a summary;, it is not particularly helpful as the sheer size of the Ore Reserves swamps any relevant
detail except for the Platreef where there is a massive change in the classification confidence level. Such
a massive difference should have had comprehensive notes to understand why.
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Ore reserves and mineral resources by reef, as at 31 December 2004
Ore reserves' as at 31 December 2004 Metric Imperial
Reef Category Reserves Grade 4E Contained 4E Contained 4E
Million tons g/t tons Million troy ounces
2004 2003 2004 2003 2004 2003| 2004 2003
Merensky Reef? Proved 91,3 71,0 5,57 5,62 508,9 3994 16,4 12,8
Probable 124,8 145,4 6,14 6,18 765,8 899.0 24,6 28,9
Total 216,0 216,4 5,90 6,00 1274,7 12984 41,0 41,7
UG2 Reef® Proved 229,5 166,3 412 4,34 944,8 7217 30,4 232
Probable 362,3 462,8 4,41 4,40 1596,9 2034,0 51,3 65,4
Total 591,8 6291 4,29 4,38 2541,7 2755,7 81,7 88,6
Platreef* Proved 246,8 4,0 3,34 3,03 825,5 12,0 26,5 04
Proved Stockpiles® 9.9 79 291 323 28,9 25,5 0,9 0,8
Probable 92,0 311.3 4,09 2,65 376,0 826,1 121 26,6
Total 348,7 3231 3,53 2,67 12304 863,6 39,6 27,8
All reefs Proved 577.6 249,2 4,00 4,65 2 308,0 1158,6 74,2 37.3
Probable 579.1 919.4 4,73 4,09 27388 3759,0 88,1 120,9
Total 1156,7 1168,6 4,36 4,21 5046,8 4917,6 162,3 158,1
Tailings® Proved
Probable 33,5 1,10 36,9 1.2
Total 33,5 1,10 36,9 12

Fiqure 7. Anglo American Platinum's 2004 Ore Reserve Statement.

In Figure 8 AngloPlats reports on the Unki (Great Dyke) Mineral Reserve and note the inconsistency
between Ore Reserve and Mineral Reserve, and the introduction of imperial and metric units! There is
also no indication of reef width or mining cut but a quick thumbsuck calculation suggests that compared
to the other Great Dyke compartments, Unki is probably mining at 190 cm. However, there is a footwall
pyrophyllite which may interfere with mining, but it is not mentioned in the Mineral Resource and
Mineral Reserve reports.

Zimbabwe Metric Imperial
Mine Category Reserves Grade Grade Grade Contained 4E Contained 4E
attributable Mt 4E g/t %Cu %Ni 4Et 4E Moz
Unki Proved 7,6 4,30 0,15 0,21 32,7 11
(attributable) Probable 11,3 4,30 0,15 0,21 48,7 1,6
(51%) Total 18,9 4,30 0,15 0,21 81,4 2,6
Rounding of figures may result in computational discrepancies.

ollowing the fi ofan ¢, Anglo Platinum holds an attributable interest of 51%.

Fiqure 8. Anglo American Platinum's Unki Mine Mineral Reserve Statement.

The notes to the summarised Mineral Reserve statement for Unki are shown in Figure 9. Apart from the
fact that they are almost illegible, the increase in Merensky Reef confidence limit is a simple statement
without any real technical clarity.
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General: Rounding of figures may result in computational discrepancies. 4E grade reported: sum of platinum, palladium, rhodium and gold grades.
1. Reserves: Joint venture agreements are still being finalized. Once finalized, the above statement may be affected.
2. Merensky Reef reserves: The global tonnage and grade remain largely unaffected compared with 2003. The proved reserves increased by 28% (20Mt).

3. UG2 Reef reserves: The drop in the tonnage by 6% (37Mt) is due to the reallocation of reserves to resources in part and the narrower resource widths being modelled in the deeper areas at Union and Amandelbult Sections.

4. Platreef : ion results have d confidence in the reserve. These results account for the very substantial increase in the proved reserves. Finalization of modelling of reserves in the PPRust
North project has had a major influence on grade estimates.

5. Platreef stockpiles: These are reported as reserves and. d into the

6. Tailings: These are reported separately as reserves and resources but are not aggregated to the global resource and reserve summation tabulation.

Figure 9. Notes beneath the Mineral Reserve Statement for the Unki Mine.

The UG2 is commented on regarding widths but again with no clarity. It is surprising that the Platreef,
which is probably the biggest strategic PGM orebody in the world, has so little clarity on its Modifying
Factors.

The AngloPlats Annual Report for 2020 Figure 10, simply states tonnes and contained metal but now
reports inclusive and exclusive quantities. This demonstrates the valuation problem because a market
capitalisation per exclusive ounce will be higher than for the inclusive ounces. Given that the level of
confidence in exclusive ounces (left over from Mineral Reserves included in the mine plan) must be
lower, the calculation is counter intuitive. One could say the exclusive ounces will probably not be
mined in an investors lifetime and should be regarded as a zero value.

100% basis
2020 2019

Million Contained Million Contained

tonnes metal tonnes metal 4E
Classification (Mt) 4E Moz (Mt) Moz |
Ore Reserves* = South Africa 1,473.4 1441 14683 1459
Ore Reserves' — Zimbabwe (Unki) 51.0 5.4 533 56 |
Ore Reserves! - South Africa and
Zimbabwe 1,524.4 1496 15216 1515
Mineral Resources exclusive of
Ore Reserves?® — South Africa 5,107.0 6395 50822 6396 |
Mineral Resources exclusive of
Ore Reserves®* - Zimbabwe (Unki) 156.9 21.3 1680 230
Mineral Resources exclusive of Ore
Reserves? — South Africa and Zimbabwe 5,264.0 660.8 5250.2 6626
Mineral Resources inclusive of
Ore Reserves?* — South Africa 6,594.2 800.6 66336 8054 |
Mineral Resources inclusive of
Ore Reserves?* — Zimbabwe (Unki) 212:2 28.3 2239 301
Mineral Resources inclusive of Ore
Reserves? — South Africa and Zimbabwe 6,806.4 8289 68575 8355 |
Mineral Resources exclusive of Ore |
Reserves®® - South Africa tailings 723 19 125 19 |
Mineral Resources inclusive of Qre
Reserves?* — South Africa tailings 723 19 723 19 |

Figure 10. Amplats Annual Report 2020.
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In Figure 11, the Sibanye Annual report for 2020 reports comparative production information which is
very useful as it essentially quantifies the yield grade which can be compared to the Mineral Reserve
grade fully diluted, delivered to mill as required by the codes. The Stillwater orebody is an order of
magnitude higher in grade than the other orebodies. In general, the Mine Recovery factor or the yield
grade divided by the Mineral Reserve grade can be calculated to indicate efficiency of conversion from
Mineral Reserve to saleable metal.

Comparative operational production statistics for 2020 and 2019
31 Dec 2020 31 Dec 2019
Tonnes Produced Tonnes Produced
milled Yield 2E/4E/Au milled Yield 2E/4E/Au
Region Operation  Source area kt g/t koz kt glt koz
US PGM Stillwater uG 1,490 12.6 603 1,411 13.1 594
Surface N/A N/A N/A N/A N/A N/A
Total 1,490 12.6 603 1,411 131 594
SA PGM Rustenburg UG 5,404 2.9 504 6,996 2.9 648
Surface 5,056 0.4 58 4,384 0.4 49
Total 10,460 1.7 562 11,380 1.9 697
Kroondal uG 2,997 2.0 197 4,060 2.0 264
Surface - - - N/A N/A N/A
Total 2,997 2.0 197 4,060 2.0 264
Marikana uG 5,343 3.1 539 4,717 3.1 468
Surface 3,283 0.4 86 2,076 0.3 40
Total 9,056 23 656 6,793 2.2 508
Mimosa UG 1414 2.7 123 1,357 2.7 118
Surface - - - N/A N/A N/A

Fiqure 11. Sibanye Annual Report Comparative Table.

In Figure 12, Sibanye provides a very useful facies profile schematic for the Merensky Reef and the UG2,
illustrating again the premise of this paper that quantifying the reef and mining widths is critical for
each orebody. The question arises as to why the platinum industry doesn’t recognise the need to
standardise their reporting?
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Fiqure 12. Sibanye 2020 Merensky Reef and UG?2 facies variations.
In Figure 13, Sibanye reports the prill splits for 4E and 6E which can be input into the value calculator.

Note the rhodium grade in the UG2 is significantly greater than in the Merensky Reef and that again is
why the value calculator is crucial to determining cut-offs and the mining cut economics.
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4E PGM prill splits

Platinum
Palladium
Rhodium
Gold

%
%
%
%

61.85 59.38
27.81 28.87
3.31 11.18
7.02 0.57

63.75
27.31
399
494

54.53
34.31
10.43

0.72

54.94
33.95
10.38

0.72

| Mimosa |
| msz
49.35
38.47

4.20
7.97

6E PGM prill split and base metal concentrations

MER uG2

Metal Unit MER UG2 uG2 MSz
Prill split

Platinum % 57.21 4793 59.76 46.0 47.20 45.80
Palladium % 25.73 23.31 25.57 29.04 25.71 35.70
Rhodium % 3.06 9.02 373 8.55 845 3.90
Gold % 6.49 0.46 461 0.68 0.59 7.40
Ruthenium % 6.40 15.50 3.23 12.65 1442 3.20
Iridium % 1.11 3.78 3.1 3.09 3.64 4.00
Base metal concentrations

Copper % 0.09 0.01 0.10 0.01 0.01 01
Nickel % 0.16 0.03 0.21 0.12 0.09 0.14
Cobalt % - - - 0.07 0.07 0.05
Chromium oxide (Cr,0.) % 0.37 19.45 0.53 21.88 13.95 -

MER - Merensky Reef
UG2 - Upper Group 2 chromitite
MSZ - Main Sulphide Zone

Figure 13. Sibanye Platinum 4E and 6E prill splits.

In Figure 14, the Sibanye 2013 Mineral Reserves statement for 31 December 2020 is neatly summarised
so that comparisons to the production results generated for Marikana are 3.1g/t divided by 4.1g/t or
75.61% and for Mimosa it is 2.7g/t divided by 3.4g/t or 79.41% Mine Recovery Factor. Such an
important calculation - it is surprising it isn’t regarded as a key Modifying Factor.
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Mineral Reserves

31 Dec 2020 31 Dec 2019

Tonnes  4E Grade  6E Grade 4E PGM
OPERATIONS ~- SOUTH AFRICA (My) (g/t) (9't) (Moz)
Underground
Marikana
Proved 19.6 39 4.7 2.442 2.929 1.007
Probable 141.6 4.1 48 18.678 21.920 7.594
Total 161.2 4.1 438 21421 24,849 8.601
Rustenburg
Proved 106.1 37 44 12.690 15.076 12.779
Probable 4.5 44 5.2 0.626 0.743 0971
Total 110.5 3.7 45 13.316 15.819 13.750
Kroondal
Proved 12.0 2.6 31 0.995 1.213 1.201
Probable - - - - - -
Total 12.0 2.6 3.1 0.995 1.213 1.201
OPERATIONS - ZIMBABWE
Mimosa
Proved 8.5 35 38 0.958 1.029 1.086
Probable 4.6 33 3.6 0.496 0.530 0.604
Total 131 34 37 1.454 1.559 1.691
Underground - total 296.8 39 4.6 36.886 43.440 25243
Surface
Opencast and tailings storage facilities
Marikana 1.5 12 12 0.434 0.434 0.559
Rustenburg 60.5 11 12 2.102 2383 2381
Kroondal 0.8 33 4.0 0.088 0.107 -
Surface - total 72.9 1.1 12 2.624 2.924 2.940
Grand total - underground, surface and projects 369.7 33 39 39.510 46.364 28.183

Modifying factors (underground) in converting Mineral Resource to Mineral Reserve

Parameter Unit ﬂ
Off-reef % 1 3
Dilution cm 20.9 30
Stoping width cm 136 135
Mine call factor % 100.0 99.9

Figure 14. Sibanye Mineral Reserve Statement 31 December 2020.

An attempt to be clear on Modifying Factors is shown in Figure 15 for two examples. It hearteningly
reflects the input of a South African mine surveyor as cmgt are quoted for cut-off and pay limit.
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hﬂﬁﬁ factors (underground) in converting Mineral Resource to Mineral Reserve

Parameter Unit 2019

Off-reef % 4 3
Dilution cm 10.9 10.1
Stoping width cm 147 136
Scalping % 2 2
Mine call factor % 96 96

Modifying factors (underground) in converting Mineral Resource to Mineral Reserve

Parameter Unit 2019

Mineral Reserve cut-off am.ght 480 579
Mineral Reserve pay limit am.ght 1,710 1,800
Off-reef % 4 3
Stoping width cm 171 165
Milling width cn 234 229
Survey shortfall % 1 10
Mine call factor % 86 87
Plant recovery factor (UG) % 98 98
Plant recovery factor (SRD) % 88 86

Fiqure 15. Sibanye Modifying Factors.

Moving on to the Platreef identified in the Ivanplats reporting Figure 16 shows the Platreef Mineral
Resources from the Feasibility Study 2022. There is no indication of selective cuts in this Table although
different mining methods are described elsewhere. As a general comment the cut-offs at 3.0g/t are close
to the in-situ grade of some of the other PGM orebodies. Although not plotted, a metal calculation of
the grade-tonnage curve indicates a significantly steep set of curves suggesting selective mining will be
critical. Interestingly, while for the Merensky and UG2 and main sulphide zone orebodies have stable
grades over relatively narrow reef widths, the Platreef is completely different. Furthermore, the
information available for those primary reefs is sufficient that the conversion to Measured Resources
and Probable Reserves is very high compared to the Platreef of Ivanplats.
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Indicated Mineral Resources Tonnage and Grades

Cut-off Mt Pt Pd Au Rh 3PE+Au Cu Ni

3PE+Au (g/1) (9/1) (a/1) (g/1) (9/1) (%) (%)
3a/t 204 2.11 2.11 0.34 0.14 4.70 0.18 0.35
2g/t 346 1.68 1.70 0.28 0.11 3.77 0.16 0.32
1 g/t 716 1.11 1.16 0.19 0.08 2.55 0.13 0.26

Indicated Mineral Resources Contained Metal

Cut-off B Pt Pd Au Rh 3PE+Au Cu Ni

3PE+Au (Moz) (Moz) (Moz) (Moz) (Moz) (Mib) (Mib)
3g/t - 13.9 13.9 2.2 0.9 30.9 800 1,597
2g/t - 18.7 18.9 3.1 1.2 41.9 1,226 2,438
1 g/t - 25.6 26.8 4.5 1.8 58.8 2,076 4,108

Inferred Mineral Resources Tonnage and Grades

Cut-off Mt Pt Pd Au Rh 3PE+Au Cu Ni

3PE+Av (g/1) (g/1) (g/1) (g/1) (g/h) (%) (%)
3g/t 225 1.91 1.93 0.32 0.13 4.29 0.17 0.35
2g/t 506 1.42 1.46 0.26 0.10 3.24 0.16 0.31
1g/t 1,431 0.88 0.94 0.17 0.07 2.05 0.13 0.25

Inferred Mineral Resources Contained Metal

Cut-off s Pt Pd Au Rh 3PE+AuU Cu Ni

3PE+Au (Moz) (Moz) (Moz) (Moz) (Moz) (Mib) (Mib)
3g/t - 13.8 140 2.3 1.0 31.0 865 1,736
2g/t - 23.2 238 4.3 1.6 528 1,775 3,440
1 g/t - 40.4 43.0 7.8 3.1 94.3 4,129 7.759

Fiqure 16. Ivanplats Platreef Feasibility Study 2020 Mineral Resources; all Mineralised Zones (Base Case

Highlighted).

In Figure 17, the notes to the Ivanplats Feasibility Study do not show or reference an orebody profile;
there is little comment about continuity as defined in the codes and the metal prices seem out of date. It
would be interesting to see what a value calculator would generate at the latest commodity prices.
Nowhere is there a clear set of comparable Modifying Factors.

There appears to be three mining methods involved, including Ore Development, Longhole and Drift
and Fill and for the latter there are some details as shown in Figure 17. In this case, there is an indication
of a 5.5m mining width and ‘each horizontal slice” but still no “average mining width’ is defined. Mining
support will be very important but no clarity as a Modifying Factor is given. Dilution could be reported
in the same way as others have as shown in this paper.
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+ Drift-and-Fill:
- Overhand Drift-and-Fill will be used.
- Each horizontal slice is mined completely before mining of the slice above begins.
- Drifts will be driven with flat backs for recovery purposes.

- Mining widths should be limited to 5.5 m to reduce the length of ground support in the
back and walls to 2.4 m. If mining Widihs exceed 5.5 m, additional support will be
required.

- Assuming a mining width of no more than 5.5 m, the mining sequence should be
primary-secondary-tertiary to ensure that slender backfill ribs are not formed. For this
method a 5.0 m width was utilised.

- An average of 0.15 m of over break will be used to estimate the overall dilution from
each paste fill rib.

Fiqure 17. Ivanplats Platreef Feasibility Study 2022 Notes to the Mineral Resource Statement.

Importance of Consistency of Annual Reporting and Valuation Comparisons
The intention of the SAMREC Code in South Africa and the CRIRSCO Codes internationally was to
create standardised reporting of Mineral Resources and Mineral Reserves.

The problems with inconsistent Mineral Resource and Mineral Reserve Reporting and in particular the
issue of reef and mining widths have been illustrated in this paper and linked to the problems of
valuation that these create, especially by quoting Mineral Resources exclusive of Mineral Reserves.

It is suggested that the PGM industry collaborate to standardise their reporting and how they report
Modifying Factors for comparative purposes. This is also something that the SAMREC Committee
should assist with to ensure a principles-based approach to the problem.

The Platreef is clearly the biggest remaining PGM Mineral Resource in the world and ensuring it can
be compared to its peers will be critical to the industry’s ability to raise capital for its development.

CONCLUSION
This paper clearly demonstrates the following: -

e thereis aclear inconsistency in the Mineral Resource and Ore Reserve reporting by the main players
in the PGM industry; and

e the clear reporting of the reef grades, relative to the mining cut, relative to the full stoping width is
required for the users of this information to understand the change in grade relative to changing mining
cuts.

Most codes of reporting are intended to create a standardised framework of reporting to enable
project and company comparisons by the users of the reports. Given the strategic importance of
Southern African PGM orebodies, the lack of consistency is not helpful. It is also difficult to
understand why the SAMREC and SAMVAL Code committees have not addressed this issue or that it
has not been raised more directly. The gold mining industry appears to be more consistent in this
matter in Annual Mineral Resource and Mineral Reserve disclosures. The award of the Investment
Analyst’s Society and the SAMREC Code committee could possibly identify this issue and perhaps
more specifically the Readers Panel of the securities exchange.
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