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ABSTRAC'f

Platinum, the major metal recovered by the platinum mines in South Africa, is unusual among
metals in that irs commercial applications are limited to three major sectors, namely,
autocatalysts, jewellery and investment. Hence, any degree of change in these sectors will
either result in a rapid flooding of the market and a drop in the price, making it uneconomic
for mines to continue to operate or, on the other hand, create a shortage.

The purpose of the study is to determine the future changes in the fundamentals, the effect
thereof on the price of commodities produced by the platinum mining companies, and the
consequent changes in the South African platinum industry.

:fhe study was done mainly through literature research and empirical data. The latter were
~.sed to find correlations between prices, and supply and demand, in order to determine the
plice up to the year 2000. These price forecasts were used in c(tlculating the revenue for each
mine at a specific production rate.

Final evaluation of the mines was done by applying various techniques to determine the status
of the mines.

It is concluded that future entry will be more difficult due to a moderate increase in the price
of PGM. However, after the closure of certain new mines and prospects in South Africa, high
cost producers who are able to implement effective cost saving measures to survive the
recession periods, will be ensured of a flourishing future.
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CHAPI'ER.l

1 INTRODUCTION

1.1 Statement of the Problem:

During the seventies and early eighties the Western market relied almost entirely on a single

source of platinum-group metal (PGM) supply, controlled by an oligopoly of only three

producers: Rustenburg Platinum Mines Ltd, Impala Platinum Ltd and Western Platinum Ltd.

These mines accounted for almost all of the total South African production of 132 tin 1989.

The producers have generally been secretive about technical information such as ore grades,

PGM proportions and working costs, probably as part of the companies' market strategy.

This made it difficult for other companies to estimate the floor price and the revenue

generated.

During the early 1980's, however, global demand for platinum increased dramatically, which

led to a short supply of platinum. Increased demand from three sectors, namely autocatalysts,

jewellery and investment demand (which accounted for nearly 86 per cent of the total

Western World demand), gave rise to au increase in price. Demand for autocatalysts became

important in the control of exhaust emissions from motorcars in America, Japan and Europe.

As an investment, platinum enjoyed great popularity, especially in the East, where the

Japanese developed a great affinity for the purity of the metal. This favourable climate led to

worldwide exploration for platinum resources. Furthermore, research by MlN'IEK in South

Africa, opened new grounds for the development or the UG2 Reef. Other mining companies
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realised the opportunities that existed and since then several announcements of new ventures

have been made by a diverse group of entrepreneurs.

In 1990, however, it was realised that demand was not enough to absorb all the platinum

entering the market and at the end of that year an oversupply of 70 000 ozt was recorded.
,

Drastic price declines of all metals occurr'ect: aggravated by the. world economies entering a

recession period. Cash Hows of mines were negatively affected, causing three new mines to

cease development or production and \'establishedmines to scale down expansions.

1.2 Purpose of the study

The purpose of the study is to find ways of forecasting PaM and

by-product prices and to determine the impact of these price changes on

developments during the next ,}·~wyears until the year 2000.

This will be of the utmost importance to the investor who performs feasibility studies on

producing and developing mines. Different cpinions exist on developments in the platinum

industry during the next decade. These range from a slight oversupply to more severe

expectations of a.negative platinum to gold premium and temporary suspension of expansion

programmes and closure of mines.

H catastrophic events are excluded. a possible trend in the fundamentals of platinum could be

determined in order to find a significant price-path which in turn will influence production.
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1~~ Justification of the Project.

1\
'I. 'I

This project is l.tiuch needed by the plati~~umindustry at this stage, because of the lack of
il

information that exists at a time when the market is in oversupply. It could play an important

role in future planning by Government and could assist the mining companies in drawing up

their market strategies during this lean period. The investor. in particular, finds it difficult to

judge the financial positions of the platinum companies correctly, which acts as a negative

stimulus for investment in the platinum market,

,
I

1.4 Limitations of the Project

A sound overview of production statistics was necessary, but these were not obtainable from

some of the producing mines and were derived from previous research documents and recent

publications.
I'
',I

The geographical isoJr;ationof South Africa from worl:d markets and lack of prompt news,
,;", '. fi

generally make it ,)1bre)djft:~lJlt to estimate deman&\than supply. Reliable sources like
" " .. ' \1 "

Johnsen Matthey's 'Platinum' and newsletters published, by the Platinum Guild International

and International Precious Metals Institute, acted as valuable sources of reference.

/'~
,i
o

It is recommended that further investigation be undertaken to perfect a model OJ: supply and

demand, to act as a basic tool in the platinum industry to make better predictions on supply

and demand balances.



1.5 Preview of the Organization of the Remainder of the Thesis{
Ii

'i
"

Platinum supply and demand and market share in the industry is discussed inChapter 2. The

South African producers and the price behavior of the aifferent metals mined by these mines'

is emphasised. This is followed by a presentation of the South African Platinum Industry in

Chapter 3, I'n{;l, a closer evaluation of the South African platinum mines, A s!Jmmary and

conclusion is presented inChar~e~4.

1.6 Resume

During the last decade, figuree released by research organisations were generally based on

empirical data and research done by Wagner (1929), Von Gruenewaldt (1977) and Buchanan

(1979)1.

In his publication, 'Platinum Deposits & Mines of South Africa', P:A Wagner's main object

was to describe the platinum-bearing deposio-i= the Transvaal. and 11:0 draw attention to their
,....r---\

enormous economic possibilities, wh~f'~~' .1.!t ~tage, were not exploited to their full

potential. This work by Wagner was used as referenc~ by several researchers und is a primary

source of information.

Wagner's geological description of uie occurrence of the platinum-group metals is very

detailed and is used later in the thesis as a criterion to determine the production of some of the

platinum mines in the different localities of the Bushveld Complex Valuable information

regarding the grades and ratios recorded by Wagner, is found in the later work done by Von

Gruenewaldt

,

I
I
j
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1.5 Preview of the OrgarJb..ationof the Rem~jnder of the 1hesis.
Ii
If

Platinum supply and demand and market share in the industry is discussed in Chapter 2. The

South African producers and the price behavior of the different metals mined by these mines

is emphasised. This is followed by a presentation of the South African Platinum Industry in

Chapter 3, and a closer evalusdon of the South African platinum mines. A summary and

conclusion is presented in Chapter 4.

" 1.6

During the last decade. figures released by research organisations were generally based on

empirical data aad research done by ~#agner (1929), Von Gruenewaldt (1971) and Buchanan

(1979).

In his publication, 'Platinum Deposits & Mines of South Africa', PA Wagner's main object

was to describe the platinum-bearing deposits in the Transvaal and to draw attention to their

enormous economic possibilities, which, at that stage, were not exploited to their full

potential. This work by Wagner was used as reference by several researchers and is a primary

source of information.

Wagner's geological description of the occurrence of the platinum-group metals is very

detailed and is used later in the thesis as a criterion to determine the production of some of the

platinum mines in the different localities of the Bushveld Complex. Valuable information

regarding the grades and ratios recorded by Wagner, is found in the later work done by Von

Gruenewaldt
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In 1977, Von Gruenewaldt, Professor and Director of the Institute of Geological Research on
~i

the Bushveld Complex, revealed some of his findings on the Bushveld Complex. He tried to

identify the growth rate of production of platinum in the Bushveld Complex, ill an effort to

calculate the remaining life of the resource. His report contains information regarding the

thickness of various seams, and the in-situ and recoverable grades of the platinum-group

metals of the three platinum-bearing horizons of the Bushveld Complex namely, the

Merensky Reef, UG2 and the Platreef,

More recently, Buchanan (1979), placed roM production from the Bushveld Complex in

relation to world markets. He calculated the revenue distribution from the Merensky Reef in

the Rustenburg area, and pointed out the importance of the resource, being a source of

primary platinum production, by contrast to other countries. In Canada and the USSR,

platinum-group metals are by-products of nickel and copper mining. South African producers

are thus in a position to adjust their production according to demand.

The above-mentioned studies reviewed .he platinum industry as a whole and it is felt that

some of the data used to calculate platinum production and revenue distribution are not

suitable for lise in current studies.

In view of the inadequacies of these investigations, this study is conducted in more detail to

predict the outcome of developments in the platinum industry. The feasibility of several

projects during the next five to ten years will at~pend on the final outcome of events, but the

next few years could be very lean due to an oversupply in the market.



1.7 Sources of Data.

, \'

The sources of data consisted of literature searches (of which Johnson Matthey'l~ 'Platinum'
\ v

review' cis one of the lead~ng journals on the subject), personal communleation with

management staff of the diflrerent mining companies, and empirical data gatl1e\ted during

employment as Mineral Bconomis; at the MineralsBureau of South Africa.

Information concerning productien capacity and revenue was generally obtained from company

annual reports and the media. '\

All metal prices were gathered from the Metal Bulletin, an American journal which publishes.

daily, monthly and yearly price fixings.
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CHAPI'ER2

2 PruCEFORMATION

2,1 Introduction

One of the important criteria in "valuating a nroject is the change in the income and

expenditure of a mining company. The greater part of the income of mining companies.

derived from the sale of mineral commodities they produce. is determined by the volume and

the final market price received for the commodities .. (The market price of a commodity is

determined, in tum, by the point of intersection of the market supply and market demand

curves for this commodity (Van den nvg;el'de, 1976: 22).

However, instability in the mineral industry , as staL.U by Tilton (1~n), occurs when an

unbalanced state exists between supply and demand, leading to fluctuatlons in pnces. The

historic price changes for platinum in particular, have made it difficult to predict the price, due

to large price fluctuations and uncertainty about output and demand.

Price elasticity of supply in the short-term is due mainly to substitution, expansion and distance

of transport. Both an increase in supply and reports of substitution were responsible, to a high

degree, for the drastic price decline ofPGM from 1989 to 1991.

In the case of an oversupply, scaling down of output can occur within a reasonably short period

by PGM producers in South Africa. However, when the market is in a state of under-capacity,

it takes about 3 yeaiJ or more to develop a new mine. The change in the price of PGM does not
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have as much of an effect on demand in the short term. because of the Intermediary status of a

mineral commodity. III this case only a minimal amount is used in the final product, and the

user is hesitant to use a substitute because of the expectancy of a decline in the price of the

original product and the uncertain efficiency of a new product (as is the .case with
II

!lutoe(~·falysts). 11

Models of price predictions are numerous, Theories concerning the supply and demand of

PGM, are, howeve~\ not yet fully developed, by contrast to the many models developed for

other minerals and metals. In order to calculate accurate revenue figures, each metal was
treated individually. However, the primary role that platinum played in decision making when

embarking on a new venture, diminished during the 1980's and early 1990's when the

proportion and high price of rhodium in the ore shifted the attention from the Merensky Reef tel.

the U02.
W

1

II
Thus, to get a clear inJ)cation of movements in the market, price foreoaats must be made for at

least six PGM (platinum, palladium, rhodium, ruthenium, iridium and osmium), as well as gold

and three base metals (nickel, copper and cobalt).

For the purpose of this study, the less important metals were eliminated by multiplying the

volume of each metal produced in 1991 by its average yearly price for the Same period, to

determine the contribution of each metal to the revenue of mines (Fig. 2.1).

Three metals, namely platinum, rhodium and nickel were responsible for 88 per cent of mine

income. Analyses of these metals were done in mort":detail, in order to determine supply and

demand patterns from which prices were then determined. Price forecasts for the remainder of

the metals were deduced by linear regression calculations, in order to determine the future

trend.
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Fig. 2.1 .. PERCENTAGE CONTRIBUTION BY
EACH METAL TO THE REVENUE' OF MINES, 1991

\ )

Platinum 46%

~;;::--=::::==I Other 2%
Copper 2%

Gold 8%

Rhodium 80~

Nlokel12%

I;

Palladium 5%
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This attempt was, therefore, not to predict or explain every short-term price movement cf the

metals, but to try to determine a relationship between certain variables and previous

predictions, in order to forecast a price pattern for the metals to be used later in the final

evaluation of the mines.

Where possible, this analysis is based on established evidence, but in cases where there are no

data available, the study relies on analyses of previous studies and empirical data.

2.1.1 Supply

P1h~_.ySupply

Some 281000 kg of PGM was produced in 1989. The largest single producer, South Africa,

produced more than 48 per Q~nt (131 591 kg) of the total world PGM production, followed by
;)i

the USSR with 127500 kg'i! ;The output from other countries is significantly smaller (Table

2.1). The three major prod ..seers, South Africa, TJSSR and Canada accounted for about 96,7 pet

cent of total world production.

Secondary Supply

A significant portion of supply of platinum-group metals each year originates from secondary

sources. i.e., is recovered from scrap. Supply from this sector varies over time, partly in

response to cyclical phases in the platinum price. In 1989 a platinum price of $500/ozt acted as

a lower limit for feasible recycling; this, however, has changed. In 1990 and early 1991 the
,

price of rhodium, another substance used in autocatalysts, experienced a sharp increase in price,

which allowed for a reduced platinum price.
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Table 2.1 WORLD PRODUCTION OF PLATINUM-GROUP METALS
(kg)

..

Country 1988 1989 % Rank ,,'

South Africa * 131592 132289 47,3 1
USSR 127500 127500 45,5 2
Canada 13444 10921 3,9 3
USA 4970 6280 2,2 4
Colombia 810 973 0,3 5
Australia 433 500 0,2 6
Other 2217 1538 0,6

TO~l\ALWORLD 280966 280001 100
"

Source: BGS, 1991, p212
*Minerals Bureau of South Africa

Scrap material, which accounted for about 6 per cent of total platinum supply in 1990, has

been growing in importance over the past decade, and in 1990 was the third largest source of

supply of platinum. Recovery of the other metals has also grown substantially, Large

quantities of rhodium, first introduced in autocatalysts 1983, are likely to become more fully

available for recovery in the 199m,;, ~·:incethe median age at which cars are scrapped is eight

to ten years.

f~"
cO 2.1.2 Demand

The biggest outlet for PGM in 1990 was for the use in autocatalysts. Demand from

autocatalysts in the Western World during this period accounted for 39,3 per cent of the total

demand for platinum and 84,4 per cent of that of rhodium. Demand for platinumin jewellery

comprised another large consumption sector, which used 35,3 per cent of total platinum

demand (Table 2.2).
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It is fuus clear that these sectors were consuming a large share of the total supply of PGM.

Consequently. the irregular price behavior of rhodium, and in particular that of platinum. is

subject to the change in demand from these sectors.

Table 2.2 WESTERN WORLD DEMAND FOR PLATINUM, PALLADIUM
AND RHODIUM, 1990

Platinum Palladium Rhodium
Application --

kg % kg )./) kg %

Autocatalysts 47277 39,3 9642 8,8 10575 84,4
Chemical 6376 5,3 - - 809 6,5
Dental - - 31414 28,8 - ..
Electrical 6376 5,3 52098 47,8 373 3,0
Glass 4199 3,5 - - 280 2,2
Investment 6221 5,2 - - - -
Jewellery 42456 35,3 6065 5,6 - -
Petroleum 3732 3,1 - - - -
Other

I
3732 3,1 9798 9,0 498 4,0

120369 100 100
I':

12535 I 100Total 109017

Source: Coombes I.M., 1991, p6,10,59

Autocatalysts

Motor vehicles emit large quantities of carbon monoxide, hydrocarbons, nitrogen oxides and

other toxic substances, such as fine particles of lead. Each of these can have adverse effects

on the health and environment. In an effort to minimize the motor vehicle pollution problem,

emission rates from cars have been limited by legislation in some of the industrialised

countries for over two decades. Since then the motor industry has become the largest

consumer of platinum and rhodium, and an important end user of palladium. In 1990, the

autocatalyst industry accounted for 39,3 per cent of total platinum demand, 8,8 per cent of

total palladium use and 84,4 per cent of total rhodium offtake (Table 2.2). Given this

predominance, it is evident that the PGM industry pays a lot of attention to the worldwide

trend towards adoption of PGM-based catalytic converters. Several countries have, during the
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course of the late 1980's and early 1990's, adopted standards which will rely on these controls

for the first time, including parts of the rapidly.industrializing developing world.

During the. 1980's, much time went into research to find alternatives to replace the two

metals, platinum and rhodium, and in 1990 and 1991 several announcements were made of

alternative compounds to replace them. None of these substitutes, however, seemed to be

competent enough to meet all standards but did. on the other hand, depress the prices of

rhodium and in particular that of platinum, and harmed investors' confidence in platinum.

Jewellery

Demand for expensive jewellery pieces in Japan, the largest consumer of platinum for

jewellery purposes, continued during the late 1980's to early 1990's. The market size of

jewellery gifts, according to a Platinum Jewellery Fair press release in 1991. is anticipated to

expand further in the future. There are signs of a shift in preference from combination

jewellery of platinum and gold to pure platinum. Whilecombinations of the two metals have a

tendency to'emphasize platinum.

Further growth is expected as fashion and expertise in jewellery making, spread to other

countries.

Fuel CelIs

In spite of the relatively high cost of generating power using fuel cells in 1990, the

environmentally friendly nature of operation is resulting in their adoption in a number of
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markets that will lead to lower cost of production. In 1990, 9:t least five companies, in Japan

and the USA, were close to offering phosphoric fuel cells commercially, in sizes ranging from

10 kw to tens of megawatts. The phosphoric acid technology, which requires platinum coated

electrodes for satisfactory performance, is now sufficiently advanced for commercial

operation.

Fuel cells, in particular. the platinum,': sotid polymer' cell or Proton Exchange Membrane
/i

technology could have a significant future as a mobile power source.•especially in cars, trucks

and busses with a 10 kw power unit.
'\:'\

\"
)\;/

Fuel cells look set to become a. major consumer of platinum over the ne~t!!~~ade, with the
;;:;;:.=- __--

market growing to 1,2 million ozt by the year 2000 and to 2,8 miV~onby 2010 (Nurdin, 1991:

l.03). \~
~ Ii

I,:,

2.2 Metal forecast

2.2.1 Platunurn

Supply

(?:,,/~~~

~

10
This section surveys the probable increase in mine supplies of PGM during the next ten years,

up to and including the year 2000. The main focus is on South African mines, as these will

provide the bulk of new metal to come onto the market.

1

I0
t
L

\\
.' I)

Future supply calculations were made on the assumption th\~t current mining development

will commence as originally planned in 1990.
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South Africa is by far the largest producer of PGM. Due to the high, ratio of platinum to other
I,

PGM in South African ore, the country's! share of world platinum production substantially

exceeds its share of world PGM production (Table 2.3).

Table 2.3 PROPORTIONS AND RECOVERY(ORADES OF PGM+Au ANrJ BASE
METALS IN THE MINERALIZED LAYERS OF THE BUSHVEID
COMPLEX.

Merensky UG2 Platreef
Reef Reef

_____, ,
..

Proportions:
59 42Pt 41

Pd 25 34 46
Ru

/
8 12 4

Rh 3 ~9 3
Ir 1 1,9 0,8
Os 0,8 1,7 0,6
Au 3.2 0,4 3,4

Recovery
Grade PGM+Au glt 5,5 6,0 3,4

Ni
Content % 0,18 variable variable
Recovery Grade
kglt 1,3 0,7 3,6

Cu
Content % 0,11 low variable
Recovery Grade
kglt 0,8 - 1,8

Source: Von Gruenewaldt, 1977, p88

In 1990, South Africa accounted for 74,5 per cent of the total world supply of platinum,

which stresses the important role the country plays in any price move due to changes in

supply.

In order to obtain a realistic scenario for supply of the PGM and by-products, the analysis of

each mine was done on a Quatro Pro spreadsheet by feeding in different parameters obtained

from company reports and other relevant publications.



-16-

The parameters are as follows:

Tons milled: The tonnage received at the mill, less waste rock sorted on surface,

plus or minus ore taken from or added to mill bins and stockpiles, after adjustment

for the moisture content (Storrar, 1981: 230).

In-Situ Grade: Term used to distinguish material ego rocks or minerals found in

their original position of formation, deposition or growth, as opposed to loose,

disconnected or derived material.

Overall ¥ffiing Recovery (OMR): The ratio of mill head grade to the in-situ grade.

Reduction &kes place due to:

* Losses which are brought about by geological disturbances made up of

potholes, displacements and intrusions

* Dilution due to shortfall and gullies. Both increase the tonnage but reduce

the grade. Shortfall is tons unaccountable by survey measurement and is

explained by inaccuracies of stope width measurement underground.

Metal Proportions: Table 2.3 gives an indication of the average metal proportions in

the diff~~ef)t>,1ayers. These proportions do change, however, throughout the

BushveId Complex, so that mines were treated on an individual basis, each with its

own grade and proportions.

I
[

L

Percentage Recovery or Extraction at treatment plant: The ratio expressed as a

percentage of the mass of)!the specific mineral product actually recoveredfrom ore

treated at the plant to its specific mineral content before treatment (Storrar, 1981:

225).



I_S:-:

Developments in the South African platinum industry and the future outlook are discussed in

more detail in Chapt6r 3.' ,i i ' •

Projected output of PGM m South Africa is expected eventually to rise

sharply to reach a peak between 1993 and 1994, due to the

commencement of several p,.anned mines and the "expansion of e:::isting

mines, after which itwill level off.

A further sharp increase is expected after 1997 due to the commencement of other new mines

like the Southplats, Kennedy's Vale and Severin prospects, to meet increased demand ,for

platinum in fuel cells (Figure 2.2, Appendix 1).

North America is the second largest producer of PGM in the Western World. There are

currently about 30 exploration projects in the USA and Canada. However, in Canada,

exploration activity at potential PGM~producing sites was subdued durin~ 1990/91 as risk

capital became less readily available due to the slowdown In the eC9,nomiesof the world.
\;"

Increased output is, however, expected from the Madeline Mines,' La.c des Ilses prospect in

Ontario. Established production of PGM in Canada is limited by nickel output.

Mine capacity at the Sti11wa~.r~ine in the USA is 27 500 tons per month with Ii ratio of
;I

platinum to palladium of I:3;5,.~~Coombes, 1991, pI7) and only minor amounts of nickel and
I

rhodium as by-products. Reco~~ry bi-flotation is over 92 per cent According to Coombes
~
\,

'\
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Fig. 2.2 ...SOUTH AFRICA'S PRODUCTION OF
PLATINUM-GROUP METALS, 1989-2000
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(1990, 17), plans to expand mining at Stillwater have been put on hold for the time being. It

was. however, assumed for the purpose of this study, that further expansion could take place

by 1997. Expansion of the project could double capacity to about 5287 kg platinum and

~12441 kg palladium per annum. According to Mancusso (1990) development of a second

mine is expected to commence at East Boulder, adjacent to the Stillwater Mine in 1993, and

will produce 3 421 kg platinum and 11 508 kg palladium per annum by the end of 1998. The

Stillwater mine is, however, vulnerable to any pronounced weakness in the platinum and

palladium price. However, with a grade as high as 27g!t platinum and palladium in some

places (Coombes , 1991, pI7) high prices of these two commodities will assure the

company's continued existence.

The USSR supplies a large percentage of PGM to the Western World. The largest output of

PGM by far in the USSR, comes from the Ncril'sk-Talnakh and Kola Peninsula deposits as

by-products of massive disseminated Ni-Cu sulphide deposits. According to Von

Gruenewaldt (19:91:24),PGM production originates from the Noril'sk area, which amounts to

close on 95 000 kg, and other producers in the USSR, notably the Pechenga area on the Kola

Peninsula where grades are only 0,04 " 0,4 ppm.

A representative of Inco, who visited the! Noril'sk deposit in 1990 has given the following

approximate grades:

Nickel 3%

Copper S%

Platinum 2,2 ppm

Palladium 11,0 ppm

Rhodium 0,6 ppm
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( apply of the USSR to countries in the West is expected to increase, but availability would be

affected by increasingly volatile political conditions during the period under study and change

in domestic requirements. If the Soviet industry were eventually to be restructured as part of

a market orientated economy. increased output of consumer goods, to make up for the present

scarcities, might result in increased internal demand for platinum. The application of

emission control for the 1,3 million cars produced each year in the USSR, would further erode

the export allocation of platinum.

\\\\\

Zimbabwe will probably also become a large producer of PGM in the W~stern World within

the next few years. The platinum deposits along the Great dyke in Zimbabwe are probably

the largest outside South Africa, Within the Great Dyke is the Hartley Complex, which is

100 km long and 10 km wide. A $193 million (capital cost, mid 1990 value) investment to

bring a mine on stream is envisaged by Delta Gold, an Australian company and BHP-Utah

International, Recent expenditure at the developing mines in South Africa would however,

suggest1nii:;;:::'~l&may be too conservative, especially in Zimbabwe. Production of PGM is
\
;,

expected by 1996';-\
"'\':,

Secondary Recovery ofPGM. according to Saville (1988) falls into two broad classes:

(i) Industrial recycling, which follows normal business principles of main taming

minimum inventories of high value scrap. This is done by recycling promptly under

refining terms, which fairly reflects services supplied, processing costs and profit

requirements of refiners.

(ii) Scrap industry recycling with a. speculative motive. especially if the scrap arises as a

low cost by-product. Recyclers then tend to hoard and release PGM scrap according

to their assessment of market price trends and their cash flow requirements. Here
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autocatalyst recycling is the most likely growth area for PGM recycling, because of

the regular large input of PGM into this market.
("».
~~

By 1995. 14789 kg of platinum and 1 088 kg of rhodium are likely to be avsAlablefrom spent

catalysts. By the year 2000, these figures are expected' to reach 22 938 kg platinum and

3 241 kg rhodium (Figure 2.3).

These figures are based on the following assumptions:

* 15% loss of the PGM in place

* 60% of scrapped converters being recycled

* Platinum and palladium recovery of 95 per cent and recovery for rhodiui;i varying

from 60 to 75 per cent.

* Life expectancy of 10 years for autocatalysts;

The application of platinum-group metals in the petroleum and chemical industries is well

known. These industries are also comparatively mature industries. with well developed

patterns of recycling. Spent catalysts are returned to the refiner on a changeout credit basis.

where new catalysts are supplied and the consumers charged for the refining and metal losses

in refining. Typical refining terms give PGM returns of 97-99,5 per cent. External supply

from this sector is thus negligible.

Between 1990 and 1995, annual supplies of platinum could increase by about 43 030 kg. or

38 per cent. The overwhelming majority of these extra kilograms will originate from South

Africa,



I \\

H

l '
.~

-22-

"

Fig. 2.3 - SECONDARY R,ECOVERYOf
PLATINUM AND RHODIUM FROM AUTOCATALYSTS,

1982-2000
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World supply of platinum is projected to 194652 kg in the year 2000

which means a weighted average growth of 5,17 per cent from the

122 547 kg produced in 1990 (Appendix 2)? depending on:

* The success of the first phase expansions by the established South

African producers and the success of the new ventures

* Whether any of the South African producers embark on any second

phase expansion

* Level of sales emanating from the USSR

* The success of the projects in Zimbabwe.

Platinum Demand

The analysis and development of demand is based on a number of publications. Most of the

historic data comes from the widely ~egarded Johnson Matthey publication; 'Platinum'. This,

combined with models and theories published by; economic journals and stockbroking

companies, provides a chronology of the PGM market.

f~
i

Increased demand is expected from three major demand sectors namely autocatalysts,

jewellery, and fuel cells. However, the big unknown factor is the investment sector, which

has the capacity to absorb well in excess of 9 000 kg, as was demonstrated during the period

1984 to 1988.

"o
Autocatalyst demand is expected to remain the largest consuming sector of platinum. A

worldwide trend is continuing towards adopting PGM-based catalytic converters to reduce

vehicle emissions,
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Figure 2.4 depicts the growth trend in the demand for platinum in autocatalysts. Sales of cars

equipped with autocatalysts is expected to grow frotil approximately 50 per cent of all cars in

1991 to over 75 per cent in 1993.

According to Walsh (1991) the annual growth in vehicle registrations around the world since

1950 has averaged 5,9 per cent for motorcars and 5,6 for trucks and buses. More recently, the

trend has slowed down. Since 1970. annual car registration growth averaged 4,7 per cent per

annum while truck and bus registrations averaged 5,1 per cent per annum.

The world vehicle population has been growing faster than the overall number of people,

indicating that there may not be a natural limit or at least that it has not been reached yet.

According to Walsh (1991), anticipated new car sales for the different regions of the world

Hidicate that while North America is not forecast to grow, the Asia Pacific region will gIOW

:irapidly. Furthermore, while the next few years are expected to be economically difficult for

Eastern Europe, rapid growth in this region from the year 1995 to 2000 is likely. Coombes

(1990: 24), recently gave the forecast growth figures for this region. New car registrations

are expected to rise from 700 00t) in 1990 to 1,2 million in 1995 and 1,6 million in the year

2000, which means a substantial potential for the application of autocatalyst technology,

The tougher standards of emission control set worldwide, ruled out the use of the lean bum

engine with a simple platinum-palladium catalyst as a means for the small car to meet

legislative requirements. Consequently, platinum-rhodium catalysts, in the ratio of 5:1

(already the favoured configuration for larger cars inNlJrth America and the EEC), are likely

to be the universal choice of carmakers in Europe for emission control.

Another large outlet is in the motorcycle industry. In Taiwan, where emission control on

motorcycles was implemented in July 1991, 1000 motorcycles are produced every year.
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Fig. 2.4 .. WORLD DEMAND FOR PLATINUM BY
THE AUTOCATALYST SECTO~R,1986 .. 2000
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With a 5g PGM load per motorcycle, this area could become another large outlet for PGM

when implemented later in all countries where these vehicles are used.

Jewellery is an area of demand which has been a mainstay of the platinum industry since the

mid 1960's.

In 1990, 87\?~J;cent of platinum consumed in the jewellery industry was accounted for by

Japan. It was then assumed that the outlook for the jewellery industry largely depended on

the continuing growth of consumer spending and favourable reception for new designs by

Japan's younger set.

This ratio is illustrated in Figure 2.5 where a relation between the deviation of GDP from its

long term trend and the demand for platinum for jewellery is evident.

It is thus intuitively assumed that, under normal conditions, the: demand for platinum

increases when per capita income rises. To check this possibility. the historical GDP and

platinum demand were used to calculate a linear regression of jewellery demand on the

business cycle of Japan. The result was a correlation coefficient of 0,86, which indicates a

very good correlation between the two parameters.

A growth cycle was then determined by taking GDP from 1965 and deflating it using the CPI

of Japan. A path of the business cycle was then calculated by substracting the long term trend

from the actual values, to get a positive and negative deflection of each following year

(Lombaard and Stadler, 1981:46).

By using this information, the trend in the economy was then deduced and drawn for the next

ten years, under the following assumptions:
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Fig. 2a6 - DEMAND FOR PLATINUM BY THE
JEWELLERY SECTOR, 1978a2000
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* The Japanese economy was at its peak in 1989 resulting in high demand for

platinum in jewellery consumption. This demand continued in 1990, although a

slowdown in the economy already existed.

* A trough would be reached by the economic cycle by 1992 - 1993, but not as deep

as the previous slowdowns, because economies are better geared for recession

periods.

A growth-trend for jewellery demand was also calculated, with a resultant average yearly

growth of 3,24 per cent.

Both these factors were then used to establish growth.

'·.1

Fuel cell development is the most promising development for platinum in the next ten to

fifteen years.

The US Public Utility A3sociation plans the establishment of 15 006kw of fuel cell capacity

in the Western USA early next century. In Japan the New Energy and Industrial Technology

Development Organisation published a forecast that by the year 2000, phosphoric acid

technology will have an installed capacity of I 900 megawatts in Japan, which "ill be 85 per

cent of all alternative technology installed. This alone will account for .300 000 ozt of

platinum. In the year 2010, this will rise to 5 800 megawatts, which would account for almost

one million ounces of platinum (Nurdin, 1991: 102).

Forecasting of platinum application in fuel cells was made under the following assumptions!

it,e
~l~ ,

* Large scale commercialisation no later than the mid-1990's (American Public

Power Association, 1988: 9).
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* Consumption of 1.2 million ozt platinum in fuel cells by the year 2000, and 2,8

million by the year 2010 (Nurdin, 1991: 103).

* Loading of 5 g piatinum for each kilowatt of electrical capacity (Coombes. 1991:

44).

* The substitution of one technology for another according to Martino (1972: 110)

shows art Sssbaped curve.
\\

The new teclinical approach, such as the case with fuel cells in 1~90, has not yet proved to be

economically viable, but as the nr'N approach continues to prove itself in an ever widening
~<_/ ['

variety of applications, the olde;,~~pproachis abandoned. Th'?'new technology will also not be

adopted at once. There will always be some risk involved in adopting it This approach was

used to fit a Pearl curve on the data available.

Figure 2.6 shows the expected growth in demand for platinum infuel cells.

Some 80 per cent of the platinum is recovered when the cells are replaced after four years.

Other sectors in the platinum industry which absorb about 25 per cent of total Western World

platinum demand, include investments, petroleum, chemical, electrical and glass industries.

Due to the expected lacklustre performance of platinum from 1991 to 1993, investors are
"expected to turn to alternative investments during th~ period}but renewed interest is expected

in 1993 and the remainder of the decade.

The new drive to lead-free petrol is causing petroleum. refiners to use higher platinum catalyst

loadings. Projections agree that if new source refineries in the Pacific Rim come to fruition,
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Fig. 2.6 ...PROJECTED DEMAND FOR .PLATINUM
IN 1"HEFUEL CELL SECTOR, 1989-2000
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this will mean all increase in demand for new catalyst installations of up to 8 Per cent by the

mid-1990's.

The other sectors are set to remain smell, Further demand in the chemical sector will merely

be to top the existing catalyst installations. Over-capacity in the fertiliser industry will cause

a gradual de-activation of plant'> in the 1990's. This is due to pressure within the EEC for

farmers to use natural dressing instead of fertiliser. Platinum and palladium use in the

electronic sector will remain Iimlted due to the ongoing move to minie.uriso electronic

components. Other eno-uses in the glas.~-fibre. paint and pharmaceutical industries are not

seen as significant growth areas.

In order to predict the demand for platinum in these sectors, a regression analysis of demand

over time was done (Fergusson, 1976: 115).

Wvrld demand for platinum is projected to 206 674 kg in the year 2000

which me9J1Sa weighted average growth of 5,54 per cent from the

120423 kg produced in 1990.

Platinum Price

For the purpose of determining the price of platinum, the above-metioned factors were

investigated to find means to forecast the price. Firstly, a correlation between the actual

historic data of the supply and demand balance and the yearly price for the commodity was

investigated. On visual estimation, a correlation was evident between the changes in the

balance, negative or positive and the change in the price of platinum, but the linear regression

correlation of price with balance was very poor. The assumptir=, was made that some

difference or lag must exist because of expectations of market players, which could influence

any correlation. Data were smoothed by applying a three year moving average on the two

h~fi1.~ .. t;;;Wiiiiiiliiiriiiie"iiil."11. 5W!II.'_L~K!t!'IlI._I_'_'''''''''''' --' -----
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sets of data in order to attempt a better correlation. A much better negative correlation was

then achieved, which fits with the assumption originally made (Table 2.4).

Table 2.4 I..lNP..AR REGRESSION ANALYSES OF PRICE
OF PLAJ]NUM PLATINUM ON mE SUPPLY-DEMAND

1000""

B~PE FROM 19:6 T9 1990.
Applying five year moving average: -

Correlation Coefficient (:r2)
1--

Before 0,064743
r--
After -0,51486

These criteria were then used to calculate the price of platinum. The slope of the increase

in the price of platinum was determined by the linear correlation of historic performance of

the price.

The price of platinum is expected to improve in the second half of 1992, to

reacn a ~ in 1993w~~ demand for autOUltalysts reaches its fUll swing

in Europe. During 1994 to 199'1, the price is again expected to decline. ill.

recent years Japanese investors have accumulated' platinum following the

sustained rise in the price. During 1990 and 1991, the Japanese have

encountered losses on the stock mark6t which will have to be offset by

way of selling platinum stocks. 'Furthermore, secondary supply is likely to

increase to 18 939 kg per annum, aild the developing South Africap mines
'\\

will reach full production while the demand for platinum in Eu...~pe

moderates to stay in line with annual production of motorcars. By 1998

the negtative situation is expected to be offset by the increase in demand

for the use in fuel cells. and the price is expected to reach $6OOIozt

(Figure 2.7).

..:t4:k:tiW;; ahe. Mer.. -
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Fig. 2.7 - PRICE FORECAST FOR PLATINUM
1976...2000
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2.2.2 Rhodium

Rhodium is produced as a by-product by all the platinum-producing mines, which means

that supply is inelastic to changes in price. This was tested by applying a regression

analysis of supply on price, which resulted in a very low correlation coefficient. Keeping

in mind that the autocatalyst sector absorbed 84 per cent .of the total demand for rhodium

in 1990, the dependance of price on autocatalyst demand was calculated and a correlation

of 0,78 was obtained. Demand for autocatalysts was then used to obtain the furore price of

rhodium (Figure 2.8), This price is expected under the assumptions that:

* future production will be stable. without any disruption, as happened in 1990

when Rustenburg Platinum Mines experienced refining problems

'i< there is no disruption of supplies from the USSR

2.2.3 Prices of other metals.

The price trends of gold, copper, palladium, ruthenium and iridium were calculated using

linear regression analyses to get the best fit line. Price forecasts are represented in figures

2.8 and 2.9 (Appendix 3). The gradual weakening of ruthenium and iridium prices

conforms to the supply and demand situation in 1990, where supply was able to cater

comfortably for the demand for both metals. A further increase in platinum production

will inevitably result in increased supply of both ruthenium and iridium in arli;,a1ready

saturated market, and will result in lower prices.

n~e price of nickel was determined by finding a relationship between the production of

stainless steel and the demand for Hickel in this application. A correlation of 0,76 was

calculated. A Gompertz curve wan applied onto stainless steel growth to forJcast growth

~jt" •• 11 jj
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Fig. 2.8 - PRICE FORECAST FOR PALLADIUMJ RUTHENIUM
IRIDIUM AND RHODIUM
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Fig. 2.9 .. PRI"ci flJf!Er,AST FOR GOLD, NICKEL AND COPPER
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to 2000. These calculations were fitted on the linear regression calculations to fmd the

price for nickel.

~""._'''''-'~" . ~ ~.
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CHAPI'ER3

3 AN ANALYSIS OF FUNDAMENTALS OF THE PLATINUM INDUSTRY IN

SOUTH AERICA

The ~ ~ of this chapter is to determine finally the influence uf the
Ii

circqmsjlances given for the, period 1990 to 2000 on each of the South
Ii

AfrlcaJ:~latinum mining companies.

Mine evaluation consists of the physical aspects of the mine, which are also linked

intimately with the edbnomic conditions prevalent during that specific period and which

were dealt with in Chapter 2. Although the true value of a mine is never known until such

amine is completely worked out, the value can be determined either through an estimate or

an informed guess.

3.1 TheSouth African Platinum fuduetry.
//"~

1

" 0"!

3.1.1 Progress of the Industry

The first report of plQ.Unum in South Africa was made in 1892 by William Betel who

identified PGM-bearing concentrate from the Witwatersrand gold-bearing ores. These ores

contained mainly two platinum~gr""up metals, namely osmium and iridium, in alloy form,

commonly known as osmlridium. Sixteen years later, Drs A.L. Hall and W.A. Humphrey
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reported the occurrence of PGM-bearing ore in the Rustenburg districts, but all deposits

were found to be uneconomic.

In June 1924, Dr Hans Merensky received concentrate panned from alluvial deposits on

the farm Maandagshoek, from Andries Lombaard, a farmer in the Lydenburg district. To

Merensky it was clear that the concentrate originated from a nearby 'mother lode'. Soon

afterwards, dunite pipes were discovered at Mooihoek, Driekop and Onverwacht. In

addition, Andries Lombaard had discovered a 12 metre ..thick band of platiniferous rock on

Maandagshoek which proved to be a platinum-bearing magmatic layer. Merensky was

able to trace the horizon north and southwards for a distance of 100 km. In September

1924, Merensky proposed that the layer be known as the Lombaard Reef, bursoon

afterwards it was acknowledged as the Merensky Reef.

The Merensky Reef is found between the Main Zone and the Critical Zone of the Bushveld

Complex. As it persists downdip for several kilometres, the resource is beyond.calculation

and the economic, measured reserve calculation is defined merely by heat gradient and the

technology to overcome it. The Reef attains its typical development in the Rustenburg and

Lydenburg districts, where it h~; the characteristics of well-bedded, sedimentary strata,

dipping inwards towards the centre of the Complex at between 6 and 25 ~pl·ees.
t-

According to Wagner (1929:101), the horizon attains its greatest importance lin the

Rustenburg district. PGM grades in the Lydenburg district, average about 3,42 glt

compared to the Rustenburg area, where the average tenor exceeds 10,26 glt over a stoping

width of 762mm..

, _ ...::'''''''rv' ....~·~ •
« .' ., '"

.:

A prospecting programme was started inMarch 1925 in the Potgietersrus district. Activity

was concentrated on a pyroxenite layer, which pro~ed to be the main platinum carrier and

which is now known as the Platreef.
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In June 1925, attention was fOCUSf}~on the western section of the Bushveld Complex, and

the Merensky Reef was located soon afterwards by way of trenches, on the farms Waterval

and Turffontein,

Despite the attention given to the discoveries at Waterberg, Lydenburg and Potgietersrus,

the focus was centred on the Merensky Reef near Rustenburg,

A rapid and sustained weakening in the price of platinum in the early ·1930's, led to the

closure of several operations, except at Eerstegeluk and Waterval, near Rustenburg.

During this depressed market, rationalization of the platinum industry took place, which

resulted in the formation of Rustenburg Platinum Mines (RPM) in September 1931, by the

amalgamation of two operations, namely Potgietersrust Platinum and Waterval Platinum.

After World War II, an upsurge in demand occurred in the chemical industry. Platinum,

formerly-used only for jewellery, was then used by the chemical industry, as a catalyst for

nitric acid and sulphuric acid production, .and for hydrogeneration and synthesis of

hydrocarbonsiund hydroxylates.

(~

I

ThiS led to the start of new mines, and renewed competition. In 1949, The Union Platidum

Mining Company Limited, administered by the Anglo Rand Mining and Finance

Corporation, commissioned a plant near Northam. Steps were taken by RPM to absorb the

Company and it became what is known today as the Union Section of RPM.

\\
Ii

An additional outlet {f~~{~,~realized in 1950, when platinum came to be used as a

catalyst for the production <if ~fgh-octane petrol from low-grade and natural crude oils.
f )}
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Further mine development was, however, hampered by a faU in the price of platinum in

1958 to almost half its original level. This was caused by a sbarp reduction in offtake by

the end industry and the dumpin$ of excessive USSR stocks on the Western Market.

The next development came in 1966, when Union '_ JrporatiQn announced its intention to

establish a new mine on a property held by the Bafokeng tribe north of Rustenburg. This

became known as Impala Platinum Limited.

The renewed activity and competition, hastened RPM's exploration activities in other

areas. The company recommenced its prospecting of the Potgietersrust leases and of its

property north of the Union Section, on the farms Middellaagte and Amandelbult. In 1972,

a decision was taken to open the Amandelbult Section, with the intention that its plant

would produce 225 000 ozt platinum per annum, and act as lever to provide RPM with the

flexibility to react promptly to any changes in demand. This was followed by Anglo

Transvaal's decision to mine at Atok, in the Pietersburg area. In 1977, Atok Platinum was

acquired by RPM.

Western Platinum Limited, managed by the Lonrho gr~up in association with Falconbridge
\1

Nickel of Canada, was commissioned in 1971. on the :t\lfll1sMiddelkraal and Wonderkop,

near Brits. In February 1987, Lonrbo purchased Falconbridge's 49 per cent: stake in

Westplats, bringing its share in Westplats up to 99,44 per ce...~,::

Although the UG2 chromitite horizon was identified in the 1920's, at first no attention was

paid to its potential. RPM, however, conducted studies on the UG2 ore since"1976, while

Impala Platinum has been mining UG2 ore and processing it M a blend with the

run-of-mine Merensky Reef ore. Mining at Western Platinum was initially spncentrated

on the Merensky Reef, but m January 1983, milling of the ueJ2 cosunenced.
(.( "
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Thereafter, during. the period 1985-1989, several announcements on developments of new

mines were made. In 1985, the London price of platinum rose sharply from $291,47/0zt to
'_, _,<C/·"~·-::-~-'-··"

over $5521ozt. The mining houses then realised the opportunity that existed and feasibility

studies and development at different prospects started.

However, in the late 1980's, a collapse in the price occurred; which led to the closure of

mines and the suspension of several prospect developments.

In 1987, plans by Severin to develop a 50 ktlmonth mine were abandoned, when the

company failed to raise the required capital.

In 1989, operations of the companies Lefkochrysos Ltd and Rhodium Reefs Ltd were

affiliated to the holding company Barplats Mines Ltd. The Lefkochrysos m~1jat.srits was

renamed Crocodile River, and the Rhodium Reefs development near Steelpoort changed its

name to Kennedy's Vale. The Crocodile River ~...fine was, however, plagued with

problems throughoutJ990. The ensuing delays in reaching production targets reduced the

planned output of all metals, after difficulties in underground extraction of ore, mechanical

failure at the milling plants and arsenic contamination at the refinery, accentuated the

lock-up of semi-refined PGM in the refining pipeline. As a result, operations at Kennedy's

Vale were deferred until such time that Crocodile River reached its production and

generated a positive cash flow. However, the ill-fated Crocodile River Mine soon run into

cash-flow problems and was acquired by Impala Platinum in the third quarter of 1991. A

month later, Impala decided to mothball the operation, due to the high-cost mine layout

which made the mine unviahle at the prevailing low platinum and rhodium prices.

Western Platinum acquired ele Karee mine from Impala platinum in January 1990, in

terms of which the Impala Group acquired a slightly greater than 25 per cent equity share
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and a 27 per cent profit participation. in the future earnings of the merged Western

Platinum/Karee mine.

Despite all closures and restructuring in the industry, by October 1990, RPM, backed by

strong financial reserves, continued to increase output and raised output of UG2 ore by 30

000 tpm at the Uryionsection. This was scheduled to be followed in September 1992, by

an additional output at the Amandelbult Section, further to the north, comprising

100 000 tpm from the UG2 Reef and 40 000 tpm from the Merensky Reef. Atok Mine,

with a mining and milling capacity of 70 000 tpm, undertook a 100 000 tpm expansion

programme. due to be in place by August 1992.

Future increases in output could also stem from the start of the Southplats project

(Southern Witwatersrand Exploration Company (Pty) Ltd), ~"'eSevplats project (Severin

and Anglovaal) and from the copper-nickel prospects .of Anglo American and J\.nglovaal in

the Eastern Transvaal.

The expansion by existing mines and the advent errnew producers, have

made the platinum business environme4. -ore OOttIpetitiv¢.
I

The structure of the South African platinum industry in 1991 is depicted inFig. 3.1.

3.2 The Platinum Mining Operations inSouth Africa

3.2.1 Mining Methods

••
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111 South Africa, the mining of PGM ore is similar to >gold mining, inasmuch i:IS it occurs in

layers in the Bushveld Complex. which enables a progressive mining method in stopes.

Platinum mining. however, differs froxrl<.gold~~ing in several respects. PGM reefs are

igneous in origin whereas gold reefs are sedimentary. This results in a much higher heat

gradient in PGM mines. One of the main features of the platinum reefs is potholes in the
'f

plane of the reef, varying from 30 to 500 metres in diameter and causir/g rapid sinking or

rising of the reef. These potholes disrupt the smooth cycle of drilling, blasting and stope

clearing, which results in geological losses. Further dilution of the ore takes place through

inaccurate blasting and the inclusion of waste rock, and during the blasting of gullies. In both

cases, an increase in tonnage but a reduction in grade takes place. Dilution was therefore

taken into account during the calculation of the overall mining recovery, which is the ratio of

mill head-grade to the iil-situ grade, expressed as a percentage.

3.2.2 Concentration, Smelting and Refining

The treatment of platinum-group metals is a complex process. The main source of ore has

traditionally been t~'eMerensky Reef, which is relatively amenable to processing. However,

the UG2 Reef. lying below the Merensky, poses significant metallurgical problems. The high

chromite content of this re-efaccumulates as a solid deposit within the furnace. It is only with

recent interest ip the UG2 Reef due to its higher ore grade and rhodium content, that new

processing routes to extract PGM from this ore, have been developed. Recovery is further

complicated by the occurrence of PGM, not as a separate mineral type, but in chemical

combinadon or solid solution, either with base metal sulphides or within a silicate mineral

matrix. In some areas, as in the proximity of dykes and other intrusions, the base metal

minerals have been altered geologically, and th.\S affects their resno.ise to the extraction

methods used.
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Crushing of t~e ore to particle size is done to promote the metals' chemical and P~Y~"1p'l1··
separation or concentration processes. It is during this stage that a percentage of PaM Islost .0

in the different processes. Metal recovery during concentration is usually in the i...mgeOf
., _,;::.

71-93 per cent (S Allison, 1982 and Mining Mirror, 1988). Froth flotation, whereby selected

chemical reagents induce bubbles, and create all flffinity for the metals to adhere to the surface

of the froth from which they can easily be gathered, is used.

During smelting, the flotation concentrate is mixed with limestone (to act as flux) and is then

heated In a furnace to produce copper-nickel matte which absorbs the roM. The product of

smelting is treated in a base metal refinery to extract the metals, copper, nickel and cobalt and

PGM concentrates.

Finally, the PGM metals are refined by essentially confidential processes, to separate the six

constituent metals.

3.3 Evaluation Qf the Mining Companies

Several techniques exist to determine the status of a mining operation. These techniques were

used for evaluation, and to demonstrate the impact of variables on the present and future

status of the mines (Appendix 4).

A brief description of the variables in the final equation, which combines profit, cost and

revenue, follows.
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3.3.1 Cost

Costs are obviously involved in any mining operation and are one of the most important

criteria in the evaluation of the platinum industry, and an important measure of the future

feasibility of an operation. The problem of keeping day-to-day running costs within bounds,

is a difficult task. It is aggravated in times of high inflation in a country like South Afri~a,

when extra efforts have to be made either to increase production,··to mechanize, or to

introduce new operating techniques. The cost factor was the main reason for the closure of

the Crocodile River Mine, mentioned in section 3.1.1.

In 1990, D Russel (1990: 14) estimated the average cost per ton to be around R130. The

author, however. estimates this figure to be more in the region of RIOO/t. In the average cost

breakdown, on-mine costs account for 82 per cent of total expenditure, treatment and refining

12 pel' cent and other expenses 6 per cent. Operating cost over and above on-mine cost, add

around R19/t to the costs of existing producers. These costs comprise milling .. 37 per cent,

smelting - 21 per cent, base metal refining - 32 per cent and PGM refining .. 10 per cent.

Cost/ton of Ore Milled depends on mining depth and haulage method. Increasing depth will

raise cost, while the method of haulage can vary from labour intensive on the one band to

completely mechanised on the other. These differences result in the cost/ton of ore milled

varying from one mine to another •
..

('~.
,: .. \~

.j The South African mining industry is undergoing a period where increasing labour-cost and

inflation playa major role in. the accumulation of costs,

In figure 3.2 the expected cost per ton of ore milled and the cost per kg of platinum produced

is plotted agains; cumulative tons milled, by the existing and developing platinum mines in

South Africa.
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Interesting to note is the change in ranking order when the cbst/kg platinum produced is taken

into account.

High cost producers include Lebowa, Messina, Crocodile River and r~ortham. These mines

will, in future, have to find alternative means to counter ever increasing costs. RPM, for

instance, is experiencing increasingly difficult mining conditions at certain shafts of the

Rustenburg section with increasing mining depth. However, ill future, trackless mining

methods at RPM and the introduction of a chrome recovery circuit, will help to lower the cost

of production. Expansion at Amandelbult and Union sections, r~sults in marginally lower

cost, due to shallower deposits at Amandelbult, combined with higher grade. Mines in the

Lonrho group are expected to improve profitlt dramatically after 1992, when teething

problems at their mines are sorted out.

The deteriorating effect of increasing cost is, however, accelerated by the forecast decline of
•the platinum price from 1994 to 1997, whereafter an improvement in some mines is expected.

The importance of cost was demonstrated with the closure of Crocodile River Mine. On the

other hand, Western Platinum enhances cost effectiveness at its shafts through the

participation of employees in certain decision-making, This contributes to labour productivity

and better cost figures.

t'~

fo

i
J t)
~

U

3.3.2 Ore Grade and Revenue Distribution

At 1991 metal prices. the average value of the Merensky Reef was R303,421t, (about RIO

more than that of the U02 Reef), and that of the Platreef was R210,23/t.Thls indicates the

advantage of high grade Merensky Reef ore, as is the case with Rustenburg Platinum Mines

and Northam Platinum. However, the UG2 has an advantage over lower grade Merensky

Reef operations. due to the high value of rhodium, which is more abundant in the UG2. The



~50~

fact that it can be exploited from existing underground shafts by some mines, makes it even

more attractive.

Figure 3.3 indicates the revenue contribution of each metal in the different layers.

3.3.3 Revenue

Revenue calculation was derived from five PGM, gold, copper and nickel. Although other

products like silver, cobalt sulphuric acid ~11dammonium sulphate are also produced by the
".:

larger mining groups, for simplicity, they have not been included in the Calculations.

Furthermore, revenue was based on the calculated quantities produced and the expected prices

received for the metals during each year under review.

Northam Platinum is by far the highest revenue/ton mine in the industry, followed by the

combined mine output of Rustenburg Platinum (Fig 3.4). Th~ can be ascribed to the high

grades which originate from the Merensky Reef. Worthy of note is the fact that both of these

mines were also classified as high-cost producers. which has a negative effect on profit

(Fig. 3.5).

3.3.4 Profit

Profitlt received by the individual mines gives an indication of the control of mining costs by

each mine. Figures 3.5 a.b,c show the forecast profit/t of companies. Despite lower revenue/t

figures at the mines of the Lonrho Group, cost control by these mines contributes to the better

-.""--"--------------------,,__--------------~
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performance, for example, Western/Karee, which arc now better placed in the ranking order.

It is also clear from figure 3.5 that opencast operations are highly profitable. Compared to

underground operations they also have the advantage that income is generated more quickly

at the start of mining operations. The less profitable mines are Messina, Lebowa, Northam

and Crocodile River. The first two of these have additional cost associated with economies of

'\\
\

')
'1

<..:
i)

scale, while Northam has extra cost due to the depth of the mine. Ali three companies have

the disadvantage that refining is done either by a sister/parel1t company or toll refining

overseas, which lengthens the refining pipeline of PGM. This is a drawback for new mines,

because time is of ~le utmost importance during the refining of a high value commodity like

the platinum-group metals.

\)

If prices perform as assumed in Chapter 2, distinctions between the different mining

companies for the period under review are possible. As indicated by the profit/t calculations,

the companies most.hardest-hit by the low platinum prWe in 1991-1993 will be Lebowa,

Crocodile River, Western Platinum, and Northam with its entry in 1992. There should be,

however, anotable recovery of Northam in 199:3and also a strengthening of RPM. This is

due to the expected lise in the platinum price, which will benefit high-grade Merensky Reef

exploiters. It is possible that during the next downturn, these companies will fall back in

rank, due to their reliance on platinum production. Although the grades of Potgietersrust

Platinum are lower than producers of other reefs, the company benefits from the high nickel

content of the ore and the fact that costs of opencast mining is lower.
/!~
, \

I·
i

I~O
L

3.3.5 ProfitlRevenue

ProfitJrevenue indicates the change in either price or control in cost. At each mine, costs are

kept at a constant growth rate, which means that changes in the profitJrevenue are due mainly

to better metal ratios and initial cost. It is anticipated that Eastem Platinum could be a highly
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"profitable mine in years to come, followed, by its stablemate, Western Platinum, The same

applies to Potgietersrust Platinum.

3.3.6 ProfitICost II

All the techniques used so far incorporate only one or two variables and might give an

inaccurate mine r$.1king. An example is the case of Impala and Messina in 1995, It could be

assumed that because of a constant costlt rate of change for both companies, Messina, with

the higher revenue/t rate of change, compared to Impala, will experience a less severe change

ill profit/t, However, this is not the case, as can be seen inFigure 3.6. 'The line AC represents

the revenue/t received at t1 and AB the cost/t, which means that profitJt equals Be. As time

progresses, revenue/t and costlt increase and since the rate of increase in costlt is greater than

that in revenue/t, the slope BL is greater than CK.
,I

,I

It could thus be assumed that profitlt ('pI ') will decline over time to an amount equal to 'p2'

at t2., due to the increase in cost/t from 'c l' tu •c2' being greater than the increase in revenue/t

from 'AC' to 'DF'. The project will eventually reach a time t3 when the coset line crosses

the revenue/t line at 'H', where profit/t equals zero. Note that at 4. cost equals 'c4' and

revenue equals 'JK', giving a negative profit 'p4' (loss).

It then emerges from the graph that, should 110 cost reduction measures take place, that the

profitable period, 't3 minus t1'depends on the ratio between initial profit/t 'pI' and initial

cost/t 'cl'. Should' c l' increase at the expense of 'pl ' , the intersection 'R' Will move to the
\ ..'

left, that is, occur at a time earlier than t3 (giving rise to a shorter profitable period),
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This statement is formulated as follows:

Profitlt

Cost/t

where Profitlt ("-"= Revehc:.Jt - Costlt

and Revenue/t
n

- '("'"I Price (R) x Ore Grade (gJt)- ·~1
1=

n = purnber of commodities

thus

Costlt

Revenue/t - Costlt
=

Costlt

Revenue/t Costlt
= -,~

Costlt Costlt

Revenue/t
= -1

Costlt

Piofitlt

Costlt

thus
Profitlt

This means that the higher the profitlcost factor, the better the performance of a company.

Impala Messina
I;

Revenue/t Change 9,5% 11,14%

Costlt Change 20,3% 20,1%

$ Profitlt Change -4,5% -6,42%

ProfitlCost 0,784 0,4

I:
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Table 3.1 !,dicates the profit/cost-factors for all PGM producers as calculated in this manner

for the 10 consecutive years from 1989 to 2000~

Table 3.1 PROFIT/COST FAC'fORS FORALLPGM PRODUCERS

1 2 3 4 5 6 7 8 9- .
1989 1,24 1,09\\ 1,67 0,44 0,20 - - - 0,46

\\ \ ' '.'

1990 0,98 0,56 0,19 0,58 0,01 - - - 0,94
I---

,
)

1991 0,86 0,61 0,85 0.27 1.85 - - - 0,45
"

1992 0,60 0,83 1,42 0,54 2~08 0,42 - - -
1993 0,71 0,98 1,65 0,65 2,42 0,54 - - --
1994 0,54 0,78 1,41 0,51 2,1: <~~38 0,52 0,94 -

-,".

"1995 0,40 0,62 1,20 0,39 1,88 0,24': 0,41 0,78 0,46

1996 0,33 0,54 1,1.0 0,33 1,74 0,18 \ 14.-t 0,70 0,39, .. , . -',\,
\':-

1997 0,35,'1 0,57 1,13 0,35 1,78 0.20 0,37 0,73 0,41
• .~l',

1998
\ i )i . 1\\

0,42O?~.4' .~1.67 1,20 1,94 0,29 ... {},37 0,83 0,49
,,' ,~

1999 0,45 '~,65 1,26 0,42 1,94 0,29 0,44 0,84 0,49

2000 0,51 0,72 1,35 0,46 2,04 0,35 0,48 0,91 0,54

L Rustenburg
~. Impala
;3. WesternlKaree
4. Lebowa
5. Eastern
6. Northam
7. Messina
8. Potgietersrust
9. Crocodile River
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It is clear that certain companies can expect to show a deteriorating profitlcflst~factor. This is

mainly ascribed to the high cost of production these companies will experience; due to high

inflation and rapidly increasing labour cost. However, companies which are able to keep costs

low and the mine-call-factor high, are able to out-perform certain higher grade mines. Also

clear is the better than -xpected performance by the opencast operations, Eastern and

Potgietersrust Platinum.'. ,,'

It is important to note that (;';'vital expenditure and taxation are not taken into account in these

calculations. This will put Rustenburg Platinum in a better position with respect to the oHter

producers, which are heavily burdened by capital outlay for the next few years.

Finally, an equation given by Posel (J989: 34), was used to determine the performance of the

different mines over the whole decade, to indicate the overall increase or decrease inprofit:

Change inProfitlt = O<i1 ,"q, Qst)e-h
~, \~.,~.-,' -
~.~fitlO~)st

where e = % increase predicted in the revenue/t

h = % Increasepredicted in the coset

The factor 'e' was calculated, in this instance, from the expected increase in revenue received

from 1989 to 2000, from all the metals, and was found to be equal to 18,31 per cent.

The factor 'h' was calculated on the assumption that the platinum min- - will experience the

same increase in costft as the gold mines had over the past iO years. This was found to be

equal to 20,3 per cent. It is envisaged that 'e' will experience a lower growth rate than 'h'

(Also demonstrated in Figure 3.6 by curve CK having a less steep gradient than curve BL).



o

These factors were calculated to obtain two scenarios:

Actual e=18 h=20
e=15 h=20Pessimistic

The point at which the graph crosses the x-axzs, indicates the minimum value of the

profit/cost-factor which is permitted under the assumption- of the predicted values for 'e' and

'h' as indicated 011;Figure 3.1~: point A=0,38 and 3..7 b: poin_t :8=0,10. An optimistic

scenario was not necessary. because all the mines already satisfy the .conditions as stated in

the actual scenario.

Figure 3.7 shows the influence of the changes in the price of commodities on the different

mines.

One mine, Northam, at the lower end might experience cash flow difficulties at a lower

revenue growth rate. However, this mine is the first entry of Gold Fields South Africa

(GFSA) into the platinum market, and with capital outlay already more than Rsbillion on this

mine, it is virtually impossible to postpone development further. This mine will, however,

benefit at a later stage, when other mines reach the same depths, some at a lower grade than

Northam.

Two mine's also at the lower end are Messina and Crocodile River. These two mines were
\)

o

U
closed as a result of long-term incapability to produce a positive cash flow, due to the low

POM prices at the start of the mines. Eastern, Westem/Karee and Potgietersrust Platinum are

well geared to withstand virtually any price decline, while Impala is 110t expected to

experience much difficulty. It must he kept in mind, however, that Impala does haveia heavy



Fig. 3.7 - Infiu~nceof Revenue on the ProfltJCo8t-factor
and Ccneequent Change In Profits
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capital expenditure burden which "ill have an influence on the final distributable profit.

RPM is expected to fare better against the other companies during the period 199111992.

Expansion at Amandelbult and Union sections will also result in marginally lower cost due to

shallower deposits at Atnandelbult, along with higher grade.

_ F7Wlll I
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C1IAPTER4

4 SUMMARYANDCONCLUSION

4.1 Introduction

During the 1980's, platinum-group metal mining became a feasible alternative to gold mining

for mining houses in South Africa, but increased exploration and exploitation created an

oversupply of platinum which the market was unable to absorb. The conditions which are to

blame for market disequiUbrium were caused by various factors.
11
.\

~ "IiI! !\
Prior to 1989, PGM prodlucers' ability to adapt to market conditions was ml(5h greater than II
after the Ford announcement in that year, that it intended rising palladium as a substitute for II
platinum in autocatalysts, Afte.r this announcement, consumers were in a position to !i

manipulate the platinum market toi~ greater extent, in particular the autocatalyst market which

is the biggest consumer of platinum; Also during this period. a third force became more

apparent, namely the role of tM investment sector. Investment plays a dual role in that it

tends to stabilise the market in both directions.

PGM producers in South Miiea need to take notice of th~ important

signals.because they are a warning that future entry and the acquisition of

market share is going to be more diffieuit than before 1989.
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4.2 Platinum-Group Metal Supply, Demand and Price Forecast

A technical approach has been followed to forecast the fundamental changes in the PGM

market for the next ten years, but the final results conform well with market expectations.

The relationship between the world consumntion of platinum and price is strong and forms

the basis for price expectations over the next ten years.

The forecast indicates that consumption wiJl continue to be sluggish until

the second half of 1992, when demand will start to increase. Production

will have to be set accordingly, but will ree.ult in an oversupply in. 1996

wbon demand is expected to moderate. A surplus of platinum. will most
\\

;~kelf be taken up by fuel cells, when expected large scale

··I':"'1.merciaIisatioD. t&<:e.c; place at the tnd of the decade.

The technical ~pproach which has been followed to forecast the prices of commodities, give a

expected lotig~t term view, but it fails to identify short-term fluctuations. It is, therefore

impossible to identify short term influences. It does, however, gives an clear indication of

future cycles, which is needed for future planning.

4.3 The PaM Industry

PGM have many unique properties and as such have found many applications in industry.

The high price ;f some of the meita1s, like all other expensive metals, has exposed it to

substitution. Platinum, rhodium and palladium, however, will/Continue to be the important

metals in autocatalysts, and many new and exciting uses are continuously being found for

them through research.

.. !'it. ~ • : .... 1 ...
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Extraction methods have become very sophisticated, but the I.hst of prcqhcticn, as well as

capital investment cost to start a ne~ mine and refinery, have-become ver:) high. Up to 1989,

many producers could afford to exploit several platinum deposits, but high cost, the lack of

funds and low platinum. prices, have forced less economic prospects temporarily out of

business. Even the established producers, like Rustenburg Platinum Mines and Impala

Platinum, have found it difficult at prevalent prices in 1990-1992.

The rising production cost and difficult economic milieu, have caused a shift backwards to an

ollgopolistic market, which existed before the expansion boom in the 1980·s. It can also be

argued th~i1:the closure of mines poses a threat to supply for the ne~/t three yeats. However, it

can be! ected that when that happens, the free market price wt!~ adjust itself to allow new

producers to commence operations.

Chapter 2 identified the important fundamentals in the world roM markets, and the il1tel'Pl~y

of oligopoly in the major producing country, namely South Africa. Unti11989, this market

worked very efficiently in favour of producers who were able to adjust to changes in the

fundamentals.

•

A drastic change has occurred since 1989J with consumers' influence on

the price of the differellt commodities having a much greater effect on the

price than before. This is because of the absolute necessity of platinum

applications in expanding sectors. A third force, namely investment, has

also came into play. By contrast to the one-sided flow which is demand

orientated, the investment sector now started to play a dual role, i.e. on

the one band it tends to stabilise the market where inVb1tors buy at a low,

thereby acting as support, and on the other hand tends to sell at any

observable rise in the price.
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It is clear, however, that after the announcement made by the Ford Motor Company early in

1989, PGMjoined the tanks of other metals with oversupplied markets at the beginning of the

economic downturn in the early 1990's; a situation which has kept prices under pressure.

The platinum price underwent a complete re-rating during 1990. and it is unlikely that the

world will soon see platinum breaking the $1 OOO/ozt level again.

o

It emerges from the graphs that Westplats/Karee, Potgietersrust and Eastplats are highly

profitable producers in the longer term, with Rustenburg Platinum Mines and Impala

Platinum.medium profit mines. Northam, Messina, Lebowa Platinum and Crocodile River

Mine are unequivocally low profit mines.

Rnstenburg Platinum.Mines is the market leader in terms of platinum production, and as such

exhibits the most stability in the market. Geographically, it is better situated than Impala and

J.ebowa platinum. both of whom largely employ homogenous labour forces and experienced

labour unrest in the past. To date the mining operations of RPM have not been plagued by

serious incidents of labour unrest. In addition, RPM has a sound balance sheet, which enables

them to withstand any short-term problem;

In terms of long-term growth, the company stands solid, due to the even spread of metals and

the high grade of its lease areas. It is evident from the profit/cost-factor that the company will

greatly benefit from the turnaround in th0 platinum industry in 1992193 and again in 1997.

Rustenburg Platinum Mines also bas the advantage that Johnson Matthey, one of the world's

largest platinum dealers: is marketing its products.

The sharp decline in the price of the commodities in 1989-1992 undoubtely had a negative

influence on the performance of Impala Platinum. It came @.t a time when the company

experienced labour problems, and when itwas committed to expansions due to the shortening

life of its existing areas. The company also faced major upgrading to its refineries due to
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metal lock-up. Should the company overcome these problems, it is likely to perform better in

the longer term. Impala also has the advantage of income from the Lonrho Group of

companies (Fig. 3.1).

The Lonrho Group of companies, WesternlKaree Platinum and Eastern Platinum, with the

main advantage of shallow deposits and cost effective production, are in the best position to

overcome the difficult times.

Four companies namely, Lebowa, Messina, Northam and Crocodile River are, however,

facing difficult times. In the case of Northam and Crocodile River, which are higher revenue

earners, reduction in cost could put these two mines in a better position.

Two of these mines, Messina and Crocodile River, were, closed. It is

doubtful whether any further closures will occur.

Lebowa Mine is already an established mine that could adapt to a certaai extent in the-market,
n:1

and as explained earlier, Northam Platinum is the first entry of Gold Fields into the platinum

arena and they are expected to do everything in their power to remain the platinum industry.

All new underground operations on the Merensky Reef and UGZ Reef

were to a large extent unsuccessful, which leads one to the conclusion

that. provided there are adequate reserves at acceptable recovery grades on

the Merensky Reef and UG2 Reef, it is easier and cheaper to expand

existing operations than to start new, integrated platinum operations from

scratch.

However, South African producers must avoid adverse competition, which could lead ttl

imbalances in market conditions and price volatility.

t: 1

i
"~
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Although the future looks very gloomy for at least the largest part of 1992, the producers

which survive ~e recession period, and can implement effective cost saving measures, will

continue to make profits. Weaknesses in the local currency will be an additional bonus for

producers.
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APPEt-.!"DIX 1

METAL PRODUCTION (ozt)
SOUTH AFRiCA

+------------+--------+_-- +_-------+------- ....--------t----- ..-_+- +- _+--------+-~-_---+--------+---_-- __+
iYEAR I 1989 1 1990 1 1991 1 1992 1 1993) 1994 1 1995 1 1996 1 1S97 1 1998 1 1999 1 2000 [+------ ..-----+---------t---- ......-...-.+......~.-- ..--+_--.--- ..-+_----"" ....'."';"'~...-- ....-_+ ...------_+_- ...-....---+--------+--- ...-....--+------_-+-- ...-- ....-"'+
1Platinum
I
IPalladium

IRh«t1um
1
1RiJthenfum
I
1Osmium
l:iridium

12440759 12614717 12652884 12873922 131581t313531405 13646464 [3704864 13746208 13836619 14094114 14213637 I
+-...------+--- ......~--+--------+--------+-------~+--------+---- ...---+--------+--------+-------~+~--~----+--------~
11059699 11141'92 1"62572 11270687 11400476 11677026 117&u440 11788764 11828392 11886851 12062743 12144570 I
+---...----+...-----...-+--------+----- ...-~-~------+----...--~~---..--.+-~~-...---+--- ...-......-+--------~-------+--------+
1 189984 I 218499 1 228914 1 249976 1 277304 1 312035 f 326522 1 337063 1 342234 I 349612 1 385005 I 399951 I
+--~-----+------~-+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------.
1 304477 1 346805 1 360'11 1 392380 1 434258 1 485170 1 506180 I 520079 1 532750 1 550255 1 608218 I 636765 I
+--------+---.-~~-+--------+--------+--------+--------+----~---+--------+-~----~-+--------+--------+--------+
1 24648 I 25139 1 25294 I 27816 1 30606 I 34077 [ 34564 1 34637 1 35284 1 36229 I.. 39549 1 4070S I
+_------_+-------_+_-_-- __ _+_------_+c-------+_------_+_------_+_----- __+_-------+_-------+-----.---+--------~
1 51913 1 54523 I 56055 I 62373 I 699S8 1 78389 I 80736 I 81226 1 82537 1 84523 1 90984 I 92872 I

+-..,,----------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+------_ .....IPGI't; 14071480 14400874 14485830 14877154 15370775 16118103 16354907 11)466634 16567406 16744098 17280613 17528500 i

+----\\.~-----+--------+--------+--~~-~--+-------_+-"-----~+~-------y--------+--------+-~---~-+--------+----~~--T---~----+IGold \\ 1 174426 I 180561 I 177896 I 187615 I 203392 I. 224359 I 230266 1 231542 1 233112 I 236997 1 247609 I 2S01fi1 I
INiCk.' \~T) i--~;;-i--~543~~..;;;G;-i-..3;~;~~-;o;;G~-;~~~-i--;~~-i--;~;;;-i--;;;;;-i--;;~~5-i--~~~;~-i--;;.G~;·i
I +--------+--------+--------+----- ..--+--------+--- ..-~--+--------+--------+--------+--------+--------+--------+ICopper (T) 1 22108 I ;22126 I 22200 I 23800 I 26171 1 29739 I 30657 I 30708 1 31242 I 32208 1 34647 1 35051 I
+--------~, ..-+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+

METAL PRODUCTION (Kg)
+__~__~. _+__-----_+_M_~----+_--_----+_--_----+_---_---+_-- +- -+- ~+_-------+_----~-_+_----~--+_-~-----+
IVEAR 1989 I 1990 I 1991 I 1992 1 1993 I 1994 1 1995 I 1996 1 1997 1 1998 1 1999 I 2000 I
+ + ~ +_-------+-------_+_------_+_~-----_+ + -+ +~_~ w+---_----+---_----+- +

1Platinum 1 75916 I 81327 1 82514 1 89389 1 98230 1 109839 1 113418 I 115234 I '16520 1 119332 1 127341 1 131059 I
+--------_--_+-------_+--------+_-------+_-------+__- +_ ~ +------o-"--------+_-------+---_--_-+--------+- +
IGrowth 1 1 7.13 I 1.46 1 8.33 1 9.89 I 11.82 1 3.26 I HO 1 1.12 1 2.41 1 6.71 I 2.92 I
1Pa lladiurn
I
1Rhodium

IRut~nium
1IOs.'!1ium
III"id1urn

1 32960 1 35495 I ~\6160 I 39523 I 43560 I ~>2161 1 54756 1 55637 I 568$9 1 586BS 1 '6415!l 1 66704 I
+----- +o --+_~ _+_------_+__--- +_------_+__-----_+_-.----_+--------+_-------+--------+--------+
I 5909 1 6796 I 7120 I 7715 I 8625 I 9705 I 10156 I 10484 I 10645 1 10874. I 11975 1 12440 1

+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+_ .._-----+--------+
1 9470! l07S7 1 11201 I 12204 1 13507 1 15090 I 15744 1 16176 I 16570 1 17115 I 18918 I 19806 1

+---~~~--+--------+--------+--------+------"-+--------+--------+--------+--------+--------+------~-+--------+
1 767 I 782 I 787 1 865 I 952 I 1060 I 1075 I 1077 1 1097 I 1127 j 1230 I 1266 I
+--------+--~--.--+--------+--------+--------+--------+--------+--------+-----.~-+--------+--- ..----+--------+
1 1615 I 1696 I 1744 I 1940 I 2176 I 2438 I 251' 1 2526 I 2567 1 2629 I 2:330 I 2889 I

+------------+--------+--------+--------+--------+--------+--------+------ ..-+--------+--------~.--------+----- ---+--"'-----+IPG-I I 126637 I 13GSB2 I 139525 I 151697 1 167050 I 190294 I 1()7660 I 201135 I 204269 1 209764 1 2264\.;.~ 1 ?"·1'i2 I
+------ ...........---+------,..-+- ...----- ...+--..---....+-----...--+--------+--------+--- ...----T--------+-- ..---- ....+-- ..-- ...--+------ ...,.:;...'.'·....". .,--+
IGrowth I 1 8.09 1 1.93 I 8.72 I 10.12 I 13.91 I 3.87 I 1.76 1 1.5& I 2.69 1 7.~!'i I 3.40 I
+------------+--------+--------+--------+--------+--------+--------+--------+----~--+--------+--------+---~ .+.~---"--.IGold I 5425 I 5616 I 5533 I 583S I 6326 I 6979 I 7162 I 7202 I 7251 I 7371 1 7702·1 ii 7800 I
INiCkO 1 (T) 1-~;;-T-;;;;-r-;;~~-I-;;~;T~;~~-;~S46~-;;;T-46~~I--;;~~I-;;;~-r-~~~;;-r-~~~~~-i
I t--------+----- --+--------+--- ..----+--------+--------+--------+--------+--------+--------+--------+--------+ICopper (T) 1 22108 1 227'.6 1 22204 I 23803 I 26181 I 29739 I 30657 I 30708 1 31242 1 32208 I 34647 I 35051 1

+------------+--------+--------+--------+--------+-----~--.--------+--------+--------+--------+--------+--------+-_._-----+
:i
~. .'\. h<:»
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APPENDIX 2

hOl\LOPLATINlMPRODl!CTION(l:g) /
+ ....------- ......------------ ...---- ...- .. ""'....-- ...------- ..... --- ...----------------------------rl-- ...-----.......--------- ......-----,..-~,...-........----...-----~-+
IMina 1989 1990 1991 1992 1993 1994 ~j 1995 1996 1997 1998 1999; 2000\ I
+--- ...-------- ......-------~-- ...-------------------- .......-- ..---- ...... ..... 1,.;._ ... ...... .... ... ... .:.;... ...... _+
ITOTALRSA PRODUCTION 1 81491 BS46I3 82514 89389 98230 1098::19 113418 115234 116520 119~32 127341 131059 I
+-.;.._--------- ............_....----+--;,......._--_.._------_ ......--------------------- .......- ...- ...--------- ..._---------------_ ............~...-------- ...---------------+
IUSSRS"1~s I 17107 21712 2'.268 14453 151~ 15851 16$50 17250 17949 18648 19347 20046 I
+..._---------------- ...............-+--.....__..._-_........_-...-...----- ...._------------ ...----..-- .....------"*---- ....-...-...~..-- ...-..--- ...-- ...-- ..._------------_ ...-......__.,...._--+
IZimbabwe I () 0 0 0 0 0 0 1361 3247 3247 ::1247 3247 I+--....---- ... ... +_.._ ...__ .. ....._ ...... a.......... ... ... ... ... ........;._ .. ......_ ... ... ..... _.+

INorth Amar1!;:.: I 6065 5754 7508 7S26 8165 8185 8204 8223 8243 9553 15290 15300 I
ICANADAI Other . I 4635 5781 5i9S 5816 5833 5851 586S S886 5903 5921 5939 5957 I

Lac d•• Us.. I 0 0 0 0 522 624 625 628 629 631 633 635 I+--------------- ...----...~-- ...----..-...------ ..........----- ..._,.-....-- ....:......_--_..............-----_..._-......_--.........._-_..._-----..._-......_----------_ .....-_.......
IUSA: 1430 1710 1710 1710 1710 1110 1710 1710 1710 3000 8708 8108 I
I Stillwat.r 1430 1710 1710 1710 1710 1710 1710 1710 1710 3000 5287 5287 I
I East 8o\i1d... 0 0 0 0 0 COO 0 0 3421 3421 I
+--- .....--- "",.. ....'~---- ...--- ..""'iooc ... _ ..... .. _...;. ..... .... ..... _.;..,. ... ... ,,__ ......... __ .. ._ ... _ ... __ "" ... +

IOtl'ler 1066 2021 2025 2029 2033 2037 2041 2045 2049 2054 2056 2062 I.+-------- ..-..-....------ ...-~- ...----- .....--------------------- ..."'.......-------------- ..-----_..._-----_..._-------_......._-----_..._-......._--_..._......__..._----+
ISecondary Supply I 5443 6532 9658 9884 9734 12676 14789 17219 18939 19844 21957 22938 I
+.......----------------------+ ...----_......_--------_......_--------------- ...----------- ....._-...------_ .._---..._--_...._------- ------ ....------- ..---------~.--+
ITOTALPROOUCTI.ON (kg) I 111972 122547. 123973 123281 133314 148saS 155002 161393 166947 1726'17 189230 194651 I
+- ..- .........------------------t-------- ......---....-..---- ......--...... -__ ... ... ... ...... ... ... .+
ITOTALPROD ('000 ozt) 3600 3940 3986 3964 4286 4177 4983 5189 5367 5552 6084 Q258 I
+---- ..--...--- ...--------t------------- ...------------ ..._,........__............__...__._- ..._... ..... ... .. .... ~

+-._----------------- ...--_...-............_-------- .._-_.._----------_...- ....-...----------_..._-------------_.-...-------_.._---_.,----_-_..._+
I«lRLDPLATINt»!OEMAND(kg)

+ ...... ...... -+<- .. .- .. ............__ ...__ ...... ... ........_.._ ...... ....__ ............ ""'...._·..._... ... 4 ... .... _ ... .,..... __ .. +

1989 1990 1'191 1992 1993 1994 1995 1996 1997 19S8 1999 2QOO I
+...-~--- ...-- ...---------_----+- ....-""-------- ..-- ...---- ...----- ...------ ......,---.---...------_ ...._-_...._--------- ......_-...._--_......-......_-------------+
!AUTOCATA\.VST I 45256 51176 58072 71501 7:5679 75494 76521 78886 80833 82418 83698 I+-.:..__ ......__ . __ ... --+- ... ..._ ..__ ...~- __.._-... ...ao ..... __ -- ... -- .. -- ...... -- .. ------ ... - ... ---- ... +_

IJEWEL(.EItV I 40435 424!i6 38270 39931 44131 46951 ''$1519 54891 60079 64025 68344 I
+---_ ..._-....----_..._----- ............-_........-----_ .....__-------_ ......_---------.;. ..._----------- ...------_ ...--_...__......-_......_---_..._----...--+
IINVESTMENT I 4977 6221 6175 8213 12743
+-------_.------ ......_--+----.._---._-_..._-_.--..-----.--
ICH£!1ICAl.. I 5132 6376 5876 537S 4815

11610 10025 7308 7760 10025 11157 12290 I
..._---""--- ..__...._ ..'_..._..._----_ ..._------_ ..._---+

+----------- ......-----+------_.-----_._-------------_. ------- ...-_.._-----------------_.............---...----------_ ...._..._-----+
IELECTRICAL li065 6376 6231 S087 5!l42 5797 5652 5507 5363 5217 5073 4928 I
+--------------- ........--+---- -_ ....--_...-_....._---_..__...._-..........._--...-------.-_...----_...-........-------------....-...-------------_..._-------+

/)~

IGLASS I 4354 4199 375;1 3710 3668 3627 3885 ;354J 3502 3460 3418 3377 I+ ... ... ...... -+- '... .. .........__......__.. ......_.......... ... ... ... ... ...__....._..4 __ .......... ... ... +

IPETROlEIJ'I I 2333 3732 1757 1894 iaOOO 221$ 2389 2578 2187 3010 3250 3512 I
+-_ ...._----_ ..--- .._--_...,..._.. ..._------, .._-- ..._..._----_ ..._- ........._---------------_ ..._-_ ..._------..,----- ..._---_ ....._--_ ...------_ ..._-_ .....--_ ..._---+
IFUELCELLS 30 ,53 102 200 387 749 1446 2770 5232 9632 16967 27878 I
+e-- .........---------- ...- .. -,~-,._._-------- ....--------- ...----- ...-~-- ....- ........_ ..._-- ...._-- ....--------------- .............._-_ ..._--------_ ...------+
IOTHER I 3571 3732 3664 3399 313.; 2868 2603 2337 2072 1806 154; 1275 I
+-...- ...__ ....._----------_ ..._-+- ...------------ ......-------. -- .....------------~--- ...-- .....--- ..----- ....- ...------------- ....---_._-_ ..._...._......+
ITOTALbEMAND(kg) I 112158 120423 1i7713 125220 144230 149050 152319 155517 163366 176435 189721 206674 I
+---------------------+----IBALANCE

---------., ..._------_...- ......-_..._--_ ...._------------ ...-........_---_.........._---..._--....----------+
-186 2124 15254 -1939 -10916 2683 5876 3581 -3758 -491 .,12023 I

+-_ ...._------------------+------------- ...-------------_ ..._-_......_----_..._-----------------..,.---_...----------------"(-----------+

i

W
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METAL PRICES
+---_ _ -_ - - _--- ---.+--- .._--+-.._--- ---_ __....,._-----+-- ----+--- ..-----+- --+ -..------+ --------+ -- --~- - ..._-.~-+---- --.
IYEAR i989 I 199(, I 1991 I 1992 I 199~ 1 1994 1 1995 1 1996 1 1997 1 1998 1 19~9 I 2000 1
+--' ..- .•------------ ......-- ...-+......---+ooo ......- ..----+--------+ ...-------+-- ...--..........+......-- ...---...._-- ...-----+--------i' .....-.........--...+---~........-.........-..,...----+- ...-----+-- ...............--.,..
jAverage Meta 1 Pri cas:
+- ...------- ...u .,. ..__ ..._+- -+--- ..._+_ ... ........-+-- ..... oi,".-+ ....__ -+- ... ......-+-.......__....._--+- +__ ... +- ......__+.. ...__0.+_ ...- ...... +-... +

I Pl&tim.!! 1$/oz~1 451.4 I 423.48 1 373.62 I 457.84 I 556.741 491.59 I 410.18 I 372.4 I 39$.28 I 473.96 I 487.66 I 553.49 I
+--- .........------ .., -+-_ .......+- .._..._.._.._~-.,.- __-__+_----_--_+_ __---"'<....._..;oi -+-_, .._............-+-_-----+--------'-+--0---- ................-..-- .......-+--------+ ...---- ...-- .....'
1 PalladilJll! 1$/07.tl 143.7 I 113.95 I 148.1 I' '_52.n I ~S1.35 I 161.97 1 166.6 I 171.23 I 175.85 I 180.48 I 185.11 1 189.73 1
+-- ...--- ....- ...-- ......-- ......----+-_---+----- ...-~-----..._----..- ............-...................-- ...........--~-,-.....-- .._..__..+-'.;,:. ... ------+ ..._--_..._..............-..._-...-+---------.
1 RI'IQCI1UnI!$!oztl 1300

JP ,~~567 I 2528 I 2835 i 3434 I 3531 1 3612 1 3657 I 3763 I 3849 1 3920 1 3977,
+...---------- ...------------+ .....-, r+- ...--- ...---+- .....l,~,';-- ...... ----- .................... - ...--+-- ..--...--+-----:-+- ...---- ...-+---.:.'~----+_o"'-...-- ...---+---- ...----+--..,---"I-+c'------+
I RutMtlium Woztl 67 I 66,451 65.31 63.741 62.111 60.61 59.03 I 57.47 I 55.91 54.331 52.761 51.19:
...... ... ... ............ _ ......... __ ..... hol .. f-+- _,.__ .~-~ ..."'"':a .. "''''"..:~+......... .,....~- __ -+-o"_ ..._- .. -..w, ....-_ .. -- ............- ...- ......---+O-O~,.....-- .......-+- ......'......- ......-+
1 Iridium I$IQZtl 314.56 1 322.25 I ~17.76 I M 12 I 294049 I 282.85 I 271.22! 259.5$ 1 247.95! 236.31 I <!l!4.681 21.04 I
+--...---- ...--- ...--- ...- ...-----+--- ........--------+------- .............-.............:--+----,_.:.,......-+- ..----+-o-- ......'......-+----- ...-+-- ...-- ......-+;.-- ....-.- ...-+- .....- ......~ ...----- ...-+---_ ..._--+
I Gold .WeottI 43~.7S I 383.58 I 489.11 1 SOil.79 I 528.445 I 548.1 I $61.71 I 581.43 I 607.09 I 626.76 1 646.42 I 666 I
+ ----- ..-- .. ---'------- ---+ -_...,. -+-_ __ -+-__, _--+---~---_ -+---- __+_--- ...,.._- _-_-_+~ _ .-...t - .. -- .. _-+- - ..-+- _ .._-+
1 Nickel 1:;/t I 13283 1 aaao I 9909 I 10417 I 10918 I 11412 I 11900 I 12380 1 12853 1 13318 I 13774 I 14223 I,
+..----------- ......------- ..- ........- ...-+---- ...----+-- ..- ............-+--~---......+------+--_ ...---.....--_..._..._-+-_ ..._---+-----_ ..._'-+--_ ............--+-.,.. .....----'""'+---------+------.

Coppar'I\./t 1'734.8911496.71 1'515.1211514.91 t 16M.11 i 1694.49 I 1754.29 t 1814.08 11873.87 1
'
933.66 11993.458 1 2053.25 I.

+------------- ...-- ...---- ..-~--+"'--- ..--+----- ..-,.,.._------+------+-----+-------+- ...__ .-+-_ ...----_ ..+----......-+_ .._-_ ...---+--_ ..._-_.......y.- .. ----- ...-+
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APPENDIX 4

MINE EVALIiATIOH PARN1ETERS
MINE: Impalar---....--....-- ...- .....----+--- ..-+- ......-- ...---+----- ...-~-- ...---+__- .....--_+__--- ...__---+-_ ..._ .....__ .ll+.;. __ ... -+- ..._+- .,......_+ __ ~'~.._ ..*"-+_--- --+ ..._..__-+

!Year I , 1989 1 1990 1 199i I 199a I 1993 I 1994 I '99~'l 1996 1 1991 I 1998 1 1999 I 2000 1
+-_ ...------- .........__...._------+-0,;,.---+- ...-_........_-+- ....- ........---+- ..._----+----...-........._-........~-.,.-___+ .........-- ...;..::!"*-------+ .._--__..-- ....._-......-_-..... ..._-+-_ .. ~
I"",tal,. Prdduced: 1
+..............- .. _-- ....-_ .....---_ .. ---- .... ----+--- ........._ .....------+--_ .........--+_ ..._-- ....--+----_---+--_ .._----+---------+ .._-- ...--- +- ..,- ......-- ....-+--_ ..._- ...-+-_ .._..._---+-_ ........_--+
I Platinum lozt I· 1053(l61 ~ 1046153 I 916360 1 1024627 1 ',721$1 1 1225874 I 1225$74 I 1225874 I 1225874 I 1<.'25874 1 1291421 I 1291421 11'-----..............- ..._+_ ...__ -+__... ...+ ..__+ -----.;.- ...-------+--------+--- ...--.........--------+----- .....-- +- ....-+- --+ .. ......-__... -+

\ Palladium Idzt I 466971 1 464319 I 437461 I 4ssea9 I 520240 1 553848 I 553848 1 5~ I 553848 I 553848 I 606661 1 606661 I+------- ...-- ..... +-- +_ .. .... _ ... ..+_ .....__ ...__+_----- ...--+-- ......-- ...-...+---------t-',...-- ...-- ..--+------ .....;.-+- __ .. -+ .,_-+-..._......_ ..-+- ¥

1 R~.w1unl lozt 1 ea828 1 88391 I 83960 I eeoWI ~9037 I 10704S 1 \07045 1 ,1(17045 I 107045 1 107045 I 1Z1011 f 121011 t
+--..--...--------- .....--...--+-...........;.-...":'...--_..,.----- .........- ...."";'J'" ... +-..-.---l,-+- ..---·-- ....---- ...---+- ...---- ......-+-....-- ...----+-------+--~~-........--------+-----...--+
I RutMniUIII lozt 1 129768 i 130880 I 121757 i 12771i i" 144521 1 154=36 1 1$4336 I .154336 1 154336 1 154336 I 170000 i 170000 1
+.........----_ ......._---------+-- ...--+--- ..._-+------+-----+- ........-----+-----__...,_ .._-,.--+_ ..._----+-- ......---- +-....._-....-+-----+- ......-_......--+----_ ..._--+
I I"idlUill lozt I 22531 1 22402 I 21091 1 2a.13O I 25100 I 266q9 I 26699 1 26699 I 2669!J I 26699 1 29193 I 29193 i
+---- ........- ...- ....--- ...- ...------+- ......--+--- ...-- ...-~ ..-......-__...------+--.- ........--+---_ ....._-+-- .......--_ ...-+---_ ..._--+------_ ..._+- ......._..._-._... .._-----+----_ ........-+--------+

Nickel It 14152 1 14152 1 13035 1 1~ 1 15744 1 16279 I )5279 I 16279 1 1(\279 I 16279 1 16706 I 16706 I
Gold lozt 1 77644 1 78120 1 71625 I 75182 1 S6388 1 89559 i 89559 1 89559 1 89559 1 89559 1 ,.<;2474 1 92474 I

+---- ...-..------.........-..---+----+-- ...---+----- ...+--------+--- ......--.-...- ....-+------~--...,__--- ...-..r------+-- ..----+----j,; ...--.....- ...--.,.---...+

+------ ...---...--- ..--....-- ..+----+-.~-...---.....----_+_- ..--- .....-..,---__+--------+--.-------+----- ......_+-------- +--0---- ....-- ...........+------_ ..+- .....__......--+
Coppe~ It 10894 1 10970 I 1ooZ5 1 10524 1 12119 I 12509 I 12509 I 1~509 1 12509! 12509 1 12786 I 12786 I+------""- ...------,.--- ...-~- .......--+_---- ......-+-_ .. +__-- ......-- ...+-.....--- ..--+---- ......- ...-+-- ......-;,,---+-- ...-- ............,..-------- +-00------+- ........----+---------+----- ...--;;-;..+

ITons Milled: 114520000 114640000 113575600 J14241600 j16173E<lO 117160000 117160000 1'7160000 117160000 1171~OOOa 1111660000 118650000 J
+-------_ --------_ _----+-- -+* _--- ..+ _-_ _ - .._- ---- --+-_ .._----+-- --- -_..._--------+--- __ _----+----_ -----__+------- ..<+
IExchange .Rate: IR/$ I 2.8 I 2.59! 2.86 I 3.231 3.621 4.12 I 4.81 5.63 1 6.62 I 7,7!i! 9.•17 t 10.78 I
+- ....------ ...- .............-- ....--+--- .................:......--+------ ...........-----+-- ..----..0+------+-------+----.----+------ ...""....+...----- ....-+-- .........,(.!-o:-~-+---...- .....--+- ....-...-.,...--+

1R/lo I 4.1 I 4.61 I 4.79 1 4.61 I .4.5 I 4.5 I 4.5 I 4.5 1 4.5 1 (_;.s 1 I; 4. 5 I 4.5 1+---------- ......-----,...._--..._._---....-+---:~-+-~----+--- .......--+---.,.---+------ ..........---.~...--+--..;;:--- ........-------+---- ...-+--- ..-- ...-....
IReve"'-~/Ton 111118<1: IR I 144 1 143 1 167 1 229 I 298 I ~ 1 353 I 404 1 494 1 633 I 7$4 1 942 I
+- ................- .........------·---+----+----- ........-+-----+--- ...---.....---· ...-f-- ...--· -+-------.-io- ...-- ..--+- .....--- ...-+-- ......----+--- ................-+...--.:.-----+--- ........-+
Ie I 1 I -0.8611 11.09%1 36. 79fl :;Q.4~1 8.25%1 \'l·~l 14.29= I 2:!.23%( 211.?S11 19.10=1 24.93%1
+...-- ...--- .....-- ...-- ...- ......----+--- ...-+---- ...---+-- .•--...__._ ...----+--- ...-..---..,.__~---f-o----a..+-...-------i-------- ...- +w---- ...-+----------+-- .....-.---+-- ......----+
ICost/Ton H111;J(h@20.~ IR 69 1 sa I 104 I 125 i 151 1 181 I 21B I 262 1 315 I 379 I 456 i 549 1
.--------_ .....__ ..._ .._---+- .._--+---_ .......-+- ..--- ..---+ ..._-.._---+- ...-..........--+- ..- ..-- ..--+--~...----- ...--.- .....--+- ...--- ...,..~.:-+--------+--------+-_ ...--'"'_,...+--...------+
lh ! 32.92%1 13.31%1 2o.:m1 2o.~1 20.30=1 20.30%1 20 •.3O~I 20.30::1 20.30%1 20.30%1 20.30::1
+ .....__ ....... ... ............00-+-_ ... .. _"" ..._ ..1-+- ......__ ...... ...+ ....__ -+ .... ~_--_ ...__+'"" ... -_- ..... -+---_-- ......+_...--_-_+_o_--..,--..._.......- ...-----.,.
[Profit/Ton M111ed: IR I 7S 1 51 I 63 1 104 1 148 1 142 1 136 1 142 I 118 k 254 I 29B I 393.!
+__ ....... ... +-_...-+__ ...........,.-".+- ...• .~ """ .........1"..;.--_ ..._+-_..._-- ..........------+-_ ..._--+"":"'--- ..-- +-- -+ ... +-_... -+- ,1+-

IY% I ·32.01::1 23.91~1 63.95%1 42.81"1 -4.02%1 -4.50%1 4.631: I ~5.ao=1 42.31::1 17. 31::i 32.03%1
+... ~_ ...ooi-- .....-_-- ................-......- ......---+---,--. t.. _ .. _ .... _ .. :,... _.... __ ...._.___......-.....- __ .. -+ ..._ .. ..._+- +-_...,~...-..,-+- ..-_---+-_ ..._-.......-+----- ...--+-
ICost/kg Plat·l" ... I.R 1.952.1766 1'284.S~5 11446.085 1'739.015 120;6.822 12534.622 13049.151 13668.128 1441fm8 15308. S4B 16S91.941 17930.112 1
...-- ........- ...-~- ......------.....--- .......---- .....-+--- ..--- ..... -- .......-~---+-----..+-----+-- ......-......-...........-...;.----....~.---- ..-+-- .....-- ..-+--.;.----+----------
IP/R .ratio 52.05%1 35.70::1 37.1~1 45.2~1 49.56%1 43.94111 38.36::1 35.11% I 36.14=1 40.10::1 39.50%1 41.74%f
+_0( .• ---------..: ..._~--- .. -- .. --+__---+_o_I_ .._ ___+__. -.---+------ ..-+-:-------t". ......--.-+-------+--- ...---..-+-- ....----- +_--. --+-------+--------+-------+
Iprofit/~t 1,0851 0.555 I 0.6071 0.828 1 MB2 I 0.784! 0.622 1 0.541 1 0,566 I 0.6691 o.ssa I 0.716 I+---- ...--- ........-- ...-- ...-~ ...-_+-----_+__-- ..-...._+_-...-_ .._-io-__ ..........._.......- ..._-_+----- ......--- __ ......_ .. ... - ...- .....--+--- .....---...---...--...0..+--- ......---+
IMining R..,........ IR'oooj 20911(0)/1 20B9900 I 2269200 1 3256332 I 4825780 1 55423« I 6053553 1 6929945 1 8470644 11086381'(; 1'4070055 111518124 1
+... .... W'_..... .. _ .. -+-_ ...-+-__..._ ...~--___+ .. -- ...~.~ ...__+_-_ ...- ....__....... .._-+--._.,~ ........_*+_-_--_- .........--_- ..---'_..+_.......-_---+- ..-- .."'"...-._+_ ...---- ......-+
IWOrking Costs lit'COOI 1002700 1 13438Q:l 1 141'900 I 1781843 I 2434349 1 31117127 I 3737874 1 44966G3 1 S«l94BS I 6$0,611 I 8512979 110241114 !
... ----- .......... ----------- ....... - ......... .;o-- ..--+--...;.- ........-....-----r---.............--.......,..._......----......-------+---------+ ......------+- ..-...--~-----+-"" ..----"'!'-+
IMln1fl\1 Profit IR'OOOI 10Ba400 I 746100 I B57i~.Jin 1474489 1 2391411 I 2435217 1 2l2567B 1 243328.2 1 3061158 I 4356265 1 :S57086 1 1:mOll I

"+--...;._ ..-_ .... ----...___ ..._--+----+- ---+-".-;~:;.---+--.;.--..+--- ......__.....-----+----- ...~- ..-----+------+-- ..<!'>----+- ..------+----- ..--+

------------------~--....~------........~



I)

MIllE: RustMi:oul"l1 Platl'1Ut11 loll..... ltd+--------_ ">,' .,' --- ---+--- ..+ --,.,.- -+ - - - ..-+- --- ..~ +-- -_..+_ ----_ +---_ -_ "" -'. .,,------+- -_ _- __._ _..-_ --------+
IYEAR 1 1 1999 1 1990 I 1951 I 1992 j 1993 I, 1994 I 1995 I 1996 I 1991 1 1999 j 1999 I 2000 I
+ .._ .._ .. __ .. ""_,._+o_ _+ _ .. +_ ~.._-- ..----+..-- -- ..- + - - ~ -+..---- -+--,.--- ~- - ..--""'+- - --- -.-- -+-- ---- ....

IMetals ProdUC~1 I I I I I I I I I I
+ __ .,..._.. + -+ _+ .-+- _..+ _ _ -+-_ .. __....._ ~ -__+ - .. --, - - -+----- +--- ----+- --- ~'to

I Platl!1U111lozt I 1162062 I 1161~ 1 1183483 I 1242940 1 1302396 I 1302396 I 1302396 I 1302396 1 1302396 I 1.;u2396 1 1302396 I 1302396 1
+ _.. _ _.._ _ __ _..__ _~ _ _- ..-+-- _+_ +- _ _-+-_ .._ _ __.. _-+_ __ ..__ .._f;. .. __ __ -+_ - - +-- -- +-oo- ~-- .

L .~~~~~~~.e:_~~!:~J--~~:!l-:~!~~~~~.~~~~~l_~~:~-L~~:~-l--~:~~l~~~l-~:~~~-!-_~~~~~_!
I Rhodl""" lozt 1 14329 1 75165 I 17696 1 84891! 92006 1 920B6 I g2086 I 92086 I 92086 I 92006 I 92006 I 92006 I
...- ...__ ... ...__... ',_.." ............,.. +...... ..._..........._...~_ ......--+-- ...-.....--+-----+...-- ..........-..-+-~...-- .........-i'- ..---- ...--+-,.,.-- ......- ..._+_-..----- ...+--...-- ..........1(

Ruthotnlum lozt I 12~28 1 130580 I 133251 1 141490 I 149729 1 149129 1 149129 1 149729 I 149729 1 149729 I 149729 I 149729 I
+.,,_ _>e< __ _*'_o.o+-_ ,... __ ~,.._ -- "_+_t_- -+-_ -+- , __ _ ~ _.._ __+_ - +_- -_ +_- __ _..- + --- _ -+

I IridiuM Ion I 25192 I 26149 1 21230 I 30276! 33322 I 33322 1 33322 I 33322 1 33322 1 33322 I 33322 I 33322 1
+- ....._-- ..._........._---_ ....------+- ..---+-_ ..._-,........_..,......._---+--------..,.._ ...-,......-...""+- ...--- ...~- ...........--+---- .....-...-+- ...- .....- ..- ..+-..-- ...--+----"'!'- ........+-..-_ ..........,.._.."'........._--+
I Gold lo;t I 82097 I 82143 I 822e3 I e3367 I lI4o'91 1 84491 1 lI4o'9' 1 844g1 1 84491 1 !l44g, 1 8A491 I 84491 1
+........... ,,"'.. --_ _--+-_ _-+- - _--+-_ _---+----_ _ +- --+-- ..- --+-..,---- ~ , -- -+--- ..- - -..--+- ---- -+- - ...
1 Nlckel It 18"4 I 18125 1 ;8159 I 18721 I 19282 I 19262 I 19282 I 19282 I 1;282 1 19282 I 19282 1 19282 I+----....__ ......._ ..............._-+- .._...-+- .._..._ ..--E_ .................. .............__ ......_+_ .......- ~-- --' -+ -----+ ..- -.....---+-- --+- --+ -+

9613 I 9628 I 9921 i 10014 1 10014 1 10014 I 10(l14 I 10014 I 10014 I ' l'4 I ,0014 I
+ - -- ..- ---~ ..- --+-'-- -- ..___... ..;_-..,.._ ..--- +<--- ..._... --- ----+--- __.....-...-._----+ _ ------+--_. __ +-"" --+------ -+
ITons, Mn1f1dl 112259600 ,12349200 11261!lOOO1134SrJOOO1'4299BOO 1'425geOO (14299900 114299000 114299900 11429geOO p4~>,;a!lO 114299800 I
..,...- ...--;1-------......',.--+---+- ..,.,...--- ...-- ...........-.....---+0- ...----+-- .....--.....- ....--',-+-,.,.- ..-- ......-+---- .....--~ ...-.....-....--+ ....----- ...--+-- ............,_...--+-- ...-- ...- .....+
IExCh&n!~ Rat., IR/$ 1 2.9 I 2.5~ 1 2.86 I 3.23 I 3.62 I 4.12 I 4.8 1 5.63 I ~.62 I 7.79 I 9.17 I 1Q.78 I
+- ----~I_ _ _, _-+_ _+_ __ t--_ .. __ ~· -- _ .. :oo,- - _.,.--- ----+-- -+ -- ..-_+- .. - __ +- - --+- -- _ -+

IR/l I 4.1 I 4.61 1 4.76 1 4.61\1 4.S 1 4.!' 1 4.S I 4.5 I 4.S I 4.51 4.5 I 4.5 1+------., .....-- .......-.........-..- ..-'...............~ ..- ...---t-......----+- .....- .......-+- .._.._.......'.~- .......-- ..-+- .............--+..-..-.....----+ ....-- ..- ...---,+......-- ...........-+-.,;;; ...""-'-- .............._ .........-0:-+-- ...- ...-_ ...-+

IR._"'U/Tcn Ml11~1 , III 1 239 I 234 I 271 1 290 1 360 I 39' I 426 I 486 I 595 1 766 I 9~$ 1 '159 1
........ -_ .,jp. _ - _ •• < ', +-- ,__ _ _,.,. _ _ .,._-+-_ --+- ..,..._...._ _..., -_Oi., ,,+,_ _ _--t-_ ..____......_ __ -+ -+

I. I I -0. Wli 13.eell 3. 16~1 2e.s(l~1 8.63%1 8.9~1 101.i3lt1 22.39X1 26.78%1 20.0711 25.35!C1
+--- ........!".... - .. --- ...- .....----+- ....--+---- ...- ....-- .....---+- ...-...--- .....- ..-- ..-+- ......- ...-~- ......----+- ......(.....-~ ..........""".....+---..---+------ ....-----+- ..-----....
lC>st/Ti>n Mil1.,hi20,3l IR 1 107 1 120 1 l~ I 17$ 1 211 I 254 I 305 I 361 1 441 I 53' 1 .639 1 768 I
+-- _ -, _ --- -_ +-- _.,_._ - ..-+-_ _ ...,__- - ,.- ..-+---- --+-- +---' --- -_--t---"' __ ..-;.-:.. ..._.......,. -+

Ih 1 1 I 12.51%1 ~1.23.'C1 2O.ao%l 20.~1 2().3O%1 20.30%1 20·30%1 20.30%1 20.3011 20.~1 20.:IO~1
.---_ _--_ _-- - -+_ _ ...,_ ..-----+-_ .._-- --...-+-._ ..-....-.--_ - ..-- _--- -+--- ~ -- ..-+- -- -+-- ,..---+
IProfit/Ton Mmlld: IR 132 1 118 I 126 I 105 I 14g I 137 I 121 I 119 I 154 I 235 I 2M I 391 I
+- ..~_ __..__ _ _ _-+- __ _-+- _ _+__ -.._+_ - ~--, --+-_ - ..-+- - _--+0- ...,. "''''_ -+-_ .._.._--+-_ _--+

Iy% I I -10.67%1 6.41%1 -16.601 42.2011 -1.8611 -11.9311 -1.42%1 ~B.e2%1 53.15%1 21.51:(1 36.1)3%1
+-.........- ........-- .............--- ........-+0-- ...-+0 ..... ...........,-- .. - ...--+- ....- ......- ...............- ..--......--- ..- ...................- .......- ....- ..........- ........-- ....~ ..........-_+_......- .._.........""1"' ... __ .......... .: ... _ .. _+

ICost/kg P1ft\'.lnum IR 11126.446 1'270.792 11552.1174 11891.142 12314.003 127e3.?46 13348.846 l40aB.'662 14846.48 15930.316 11in3.8t 18437.685 1
+- _ - ,-_ ..,._; +o- _-+ -+- -.....- + .,.- -"..,.._...--- -+-~ - -+-- - -+ - "'..- -- __ ~,._ _--- - .."'"......
Iprofitabllity (P/R) 55.351:1 4UOlI 46.351:1 37.44):1 41.43l1 35.14%1 28.40%1 24.53%1 25.~1 :lO.70l1 :lO.9~1 33.70%1
+--- - ---- ---- -+- -, --+-0- - --- _ __. _..,._ --+---- --+- --- t-- - - ..~__+_- ..---+_--- "'i' -+
IProfit/Cost 1.239 1 O.~ 1 0.8641 o.s98 I 0.7071 0.5421 0,391.1 0.325 1 0.348 1 00443 I 0.44\\1 MOO I
....- .......- ......-- ...--,.. ..-+-- ..--+..-.- ..................--- .............---+-------.......-........- ............--- .............-..._--+-- .............-- to--,.".__- ........---+---- ...-+-...-.........--+
IM1ninQ R~ '~"OOOI 2931!iOO I 2943!iOO I 3425!iOO r 376$997 I $145349 I 5589615 1 6091352 I 6952091 1 B5OeG32 110957663 1'3222943 1

'
6514669 I

+- ...__ -+--_--+ ...__ .•-+-_~ .....-~_+__- _ __+__- ...._ ......... ......_ .......... b~'~ ~_ .............. -+

IWorklnQ Costa IR'oool 1309000 [l483!iOO 1 1837S00 1 2359034 I 301374$ I 3&25539 1 4361S?4 15246913 I 6;i12037 I 75933$Cl I 913483/i [10989200 1+---- -- ..~ __'-~.._ .._+_ .._+--' -+--_ _ -+--_'*_ -+--o.-....- __.._-+_ __"'_ _~-+ __ ........,._ _- -+-_~_ -+

IR'oool 1622500 1 1460000 I 16$T1OO I 1410964 I 2131599 I 1964071 1 1729928 I 170m8 1 2196595 I 33642e3 [ 400s007 I 5535462 I
+-- - -- -_\~ ..--- -~-----+--- ----to- - ..- -- - ..+- --, _ _ ...,_~_ wo _ _ __ _ +-_ -+
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'"'I

II
'"MINE: wCI$urn/Ka,... ''':"

+-- - ..'- - ..' -- - ..- --+ - :~ .,.- - ""' -+;",- -_.,.. ~ --+ -- ..+ -- -+- - ..--- ..- --- ..,...._ - -- + -_ ,,,. +- "'----+
IVaal' : I .;1' 1989 Ii 1990 I 1991 I 199:! I 1993 I 1994 I 199$ 1 1996 I 1991 I 1998 I 1999 I 2000 1
+-- - ----t~.~-':'~~,;.;;.;.+..- -"' - - - - -+..- - -- - +- --- _ _+- -+_ ..;;.._-+- --+- _~ ""_+ .,. _+

IMeta.ls Produced I \~ / ' I I I I I 1 I 1 I I I I I I
+_ --- .. _ _ - -- _+- -...,. __ - -- -+-- +-- "" ';.-+- ~ -+----- --- --- --- -~- -- ~- - +-- -- ..---+
1 Pla1:intJm Ion I 181598 I 247196 I 31S<i~' 355:!OZ I 389600 I 426850 1 443959 1 44~959 1 443959 I 443959 'I 443959 1 443959 I
.,.._ - -_ -_ "' _ --+-_ -+- - --+--- "."'''-- -+-- -- ~ ..- .,..-- - ---......-+ ''''..,:- ..-+- ..- ..- - ,~- -"" -+
1 Palladium !ozt I 1~540 I 104428 I 136114! 153931 I 168685 I 1114680 1 191424 I 191424 I 191·W I 1111424 I 191424 I 191424 1
+..-- - - - - -+- "* .. ~-+-"' ""..-- -- .., ~ -- .,"".+ - ..- - +-* - - - --_.... -.-~_......- - --+_ _---- -+- ..- ..-.._ +

1 Rhodium lozt I 19919 I 20061 I 36047 1 41147 1 46274 I S1903 I 54919 I 54919 I 54919 I 54919 1 54919 I 54919 1
+- - --- -- -- ..-- -". +-- ---+- -+---- - "" --t- ..- _--+- _- - -+--_ - .-+-..- "" - ..+,;;,_ --+
I RutheniYIII Ion I 33396 I 47667 I 61851 1 70717 I 19,176 I 8S1l60 I 93907 I 931)07 I 93807 I 93907 I 93807 1 93807 I._ __ _ -+-_ ..+ _ "" _ -+- ..,_ __ _~..,.. __ -+- _ + jOt _..-+ .. +- _-" -+I"i .. __ __ ...

Iridium lozt 1 443$ I 8903 I7&21 I 8488 I5935 I sea3 I llOO3 I 8903 k/ a90~ I 8903 I 8903 129~3 I
+_ - ""--_ - - _+_ - _-_._+ --+ -- ,.,. - • .,... -+- - -+-- --- - + - -~' .!"f '~ +-- - - -+- - ---+- - - --+
1 G!>Jd Ip>:t I 1::m!4 I 16946 I :!Om I ~21B1 1 24?[)5 I 2642& I 27610 1 27610; ~' 27610 1 27610 I 27610 I 27510 I
+ .,. ,.. - - -- __ _ _.....,__ _.._ ~ _ --+-_.,.""--- - .._ ,.".... ---+- - _+_o ,- .. ---+-0 - '""+_ _ -+- _ -.0.+- _ _ _ ""+.
I Hickel 11: 1831 I 2449 1 2870 I 3141 1 3306 I 3480 I 3516 1 3S1q I 3$16 1 3516 1 3516 I 3511; I
.................... _ ..... __ .... __ ... _ lo_ .. __ _._'·._ ......... _ ..... ooi __ ... ~-_~__............-+--~ ....""...~._"' _ _+___- .._-+-_ ......_-.......,*~._.,.~.._........_..__............_..._...~ ..__.............+- ...- ...............~

I Cop~,. It '2~ I 1611 I 1976 1 2t51 I 2271: I 2281 I 2402 1 2402 1 2402 I 2402 1 2402 I 2402 I
+__ _ _.._ ~ _ _ ~;;;. _ _ _ ""O'+_ _~_ .. __ ~""' -...-..,¥I ..-+-- - -_..... ..- --+--_ --t- _-_--+.._ ,.; _-+
Ifons Mi111td, I ::844000 1 4211,f,OOI 5217000 I SOl6000 I 61eoooo I 679ZtlOO I 70El00Q1')I 70a0000 I 7080000 1 70a0000 I 70I.10000 1 7080000 1
....... _ .. _"" ..... __ ...... .,... _- ...~ .. ............... _ .. ...o+- ........ - ...,.._ ...__ .............. .....-_ .. ........_ .. - .._-+-- ...-_+_ ...-- ..........- ......_ ..............__ .._--+- ....""_.;,......-+--o-- ...---+-_...-................-........--.-.+

IExc;ha~ R.ul IR/$ I 2.8 I 2.591 2.IM I 3.231 3.62 I 4.121 4.8 I 5.631 6.62 I 7.79 I 9.17 I ..10.7.1 I
+- "" ~ - __ _ _ _.._,..._ .. ~_~ -+- _._.....,j,,,-+-" .. _ .. __ .........- --~ -_ - +-- - -T- ..- _ + +-- __ - --+

IR/L 1 4.1 I 4.611 4.181 4.611 e.s ] 4.SI 4.51 MI 4.51 4.51 4.51 4.51
.+ ,,- --- -- ,..+."!' ,.. --- '"' _ -~- .. - '!I'.-.....- _"" .. --...,._ + __ _ _+ __ _ _+-_ _+

IR...,.nue/Ton Mi11~1 IR 146 I 164 1 148 I 206 1 271 I 297 1 321 I 314 , 457 I 5S4 I 703" 871 I
+- - - _.... ....,. - .....,._.__.....-+- - -+ -- -+--- -+o---...- -+-- --- .._.....- -_ +-- _-. _ __ __+
I_ I I I 5.1~1 ~3.!la%1 39.37%1 31.6411 9:45%1 1o.0a%1 14.39%1 22. 19'.(1 27.B~1 20.47%1 24.73%1
+..._..._..._....._........u__.. ............+-o_ ...-+--_~ .............._,._...-.+-- __ ................ ......._ ...................._-- ..+----- ...-+-- ..- ......-~- ......- ....~ ......- ........__+_ ...- .. - ...- ...---t-......- ........._+

ICos1:/ion Hl111td1~O.3:C IR 52 I 61 I 11 I as 1 1~ I 123 I 148 I 176 1 215 I 258 I 311 I 374 I+_.II_ _ _ __ __.,._.,; _........ _ _ 40- ~ _ .,..._... __ _- +- __ _~ _ _ ..+<p __ -+_ _ _ __+- +

Ih I 1 29.$011 5.62%1 2O.:m1 2Q.3.~1 aO.3~1 20.33%1 20.33%1 20.33:C1 :!O.33%1 20.33%1 20.~3%1
+ · ""' - _- __ -+-- - - +-_· _ +- 4 ..~ --+..,...-~"""""'-+--- ---+-- - --+ - - ~ - ---+-----+-- --+0--- _- "+

~~~:~~~-~~~~~_:~~---!~._l.-~~__~l_-__~jt__.._~.L_-~~~-L_---~~~l----~::l--.-~:~J-;;:l...,.-:~:J....__::::_L:::l_~.-~:~
~: -__. ._._~..i,L~_~~__.~ l.~=~:~;~t_::~:~l.~~:~~-.:~~~--.~~~L--.:::~L-_-~:~~..~~:~-~:~~~-:~:~~:L--:~::~:!
ICost/ilg Platir1U111 IR I94M298 1121l3.6415 IU54.629 I 1345.07 j162!!.81G 11960,034 12363.771 12644.326 13422.578 14110.3Il8 14955.0$ 15963.14l 1
+.. ..__ II_ _ _ _ " +-_ -+- _~_ .._- ~_ - __ ~__ .._..,·_~ _ -+....u. _ +-_ .. --t-_iIo '"' __ _ .._ -+ .._+-_ -+

IP/Il ratiO 56.90%1 51.15%1 4O.4n:1 58.71XI 62.2&11 56.511\ 54.6211 52.2nl S2.99l1 5$.7~1 55.eo~1 51.36%1
+ -._ _"' _ _ _ ~_ "".__ .oi!' ~_~ __ __.........,._ -~"!' --'"--+- -__ _ _ ~ _+ _ __ -+-_ __ -+

Iprofit/Coct 1.670 1 ,.1iiO I 0.846 I 1.422 1 1.6$0 1 1.410 I 1.204 I 1.09$ I 1.1211 1.2~ I 1.2621 1.345 I
+.........._....._"""'.....*.._.........._ .._...,.___-+-_ .._..._...........~oiI_ ... --+- ...·_......·............._:" ..._ ...-+-~ __ -+- ........_-+-...__--+-.....__.._+-- __ ..........._ ..._........_+..........._ ....._-+
IH1n1119R--... IR'OOOI 416569 1 657062 I 711313 I 1157113 1 167ti29$ I 20H5338 I 2312546 I 2643417 I 3232374 I 4131$4Q I 4911425 I 6208234 I
+ u _ -+- __-_.,._.. __ _.. +--..· _ _.,_ _ __ "'""".-+-_ _ _ ~ __ ~._~ _- -+- +

I~·OOOI 171216 I 317312 I 459129 1·\77771.7 1&32638.1 1004(1.4 1 1049418 1 12627641 15194$4 I 1e2839!i I 2200108 1 26473~ I

1HininQ Profit IR'OOOI 245353 1 3403$0 1 312164 I 679401 1 1043658 I ,'W698 I 1~63130 I 1362653 I 1'i1289O 1 2303146 1 2771a17 I 3~C844 l
......... -- .. -- _ o.t .. -+-o _ +Jo+ ......,._ _ __ ~ .. ""_ _ .. -+-_ _ ~·+ ~_---...~ot..-..I1.-+--_._- _.,.... - ~;':+
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MINE: Lelx»!a Plat1num M111$sI.td
+--...- ....._...__..._"'....._....._......_+- .. +- __...__ ....+- ... -+w_ .........,;.._-+ ..........- ..............-- .........---+ ...-.....-- ...-+--~!'"--+-----...--- ....... ..._-+_ ....__ ...__ ...+' ...__......+ ..__ ......

IYEAR I 19B9 I 1990 1 1991 I 1992 I 1993 1 1994 I 1995 1 1996 I 1991 I 1998 I isss I 200C! I
+ - -- --- -+_ - ..+-- - -+---_ --+- -- -+- - - ~ - ----+-..----+--- -- -- +.._-_ _-+ ---- -+---_ .._---+- _-- _ +

IMI!ta1~ P!"QducOdI I
+-...---.---......---~._ ..- .-+-..""...~ ...........-,..;---+- .........- .........-+-- ...'.....-~..........----.-.,.... ....---- .......+-- .....-- ...+-- ........-- .........---_ ...+_ .....--- ...... --_ ....._-+- .._ ...........-+..............._-_._,..

~..atil1Ulll lo't I 19206 I 19206 I 24600 I 42013 I 60019 1 ..0019 I 60019 I 60019 I 60019 I 60019 I 60019 1 60019 I
.... ----- ........,_ ..... -- ..... _-_ ...... _ ..... ""+-" .._-+-...-_..._-+_ ...-..-_ ............._..._ .............-- ..._-_..........,.------+ .........._--...-.+- .._-_ .........-+......._--- .....+--_...- ............;.-...........-_........-_..-- ...--+---_ .......--+

P_lladium lo:t 1 18110 1 18110 I 23203 1 39615 1 56593 1 56593 I 56593 I 56593 I 56593 I 56593 I 56593 1 56593 1
+..------ --- -- ------ - --+-- - - -~ --- - - -.-+-- .._ -+- --......_- "' - - - + +"' --- -+

Rhodtum lozt 1 2408 I 2408 1 3085 I 5268 I 7525 I 1525 I 7$<15 I 7525 I 7525 1 7525 I 7525 I 7525 1
+ ..; ~ __ __ _ __+ +_ --_ _-+-_ -~_- _.~ _ _ ~ -~ - -+--- -+- _ _-+- __ _+_' .. __ __ 01 +..- ..--_ +

Ruthenium jozt 1 5718 I 5718 I 1326 1 1250$ 1 17969 I 11869 I 17969 I 178119 1 17869 I 17869 I 11869 I 17869 I
+ ....................................------ ...- ..-+--- ...................:o--......... ---+- ..............................................-+---- ...-----+-- ...-...........~ ......-- ..._+_- ..-,j ......--+..-- ...- ..--- +- ........- ............+-- ...- ......--+- ........-- ...--+------ ........

lrlalum lozt 1 409 1 409 I $<15 1 8!l6 I 121l() t 1280 1 12e.o 1 1200 1 1280 1 1280 1 1280 I 1280 I
+-.....---- ......--- ......---------""+""- ..-~ ...--- ..-..-;.....---""...- .......-- ...- ..--+-- ........_......-_ ............."..._-....._ .......,_......._----+- .........---- +--------+- ......-..-.....;,...----- ..-~+--......-...---+

Gold lo:n 1 41B 1 418 1 5$ 1 915 I 1307 1 1307 i 1307 1 1307 1 1301 I 1307 I 1307 I 1307 I
+...-- ... .._........ ..............__ .........._........._...... _ ......__ -+ .........--- ...- ..._+-_ .....__ --+- ...;Iw.' ..... ~- __ -_ ........... - __ - __ OOO+_ ...... - ......... _~ +---- ........-+<-- ...-- ..4- .............-...-+..-__........._-+

I Nick.' It 3i3 I 323 I 414 I '708 1 ien 1 lOll 1 ~O" 1 1011 I 1011 1 ron 1 ion I iou 1
+ ----- -- +.,0 _+- --- -+>-" _-+ - - ------+ -- --+- -~'""'~ -..-- -+..- - ---+---- -+ --- __-+- ..__ + .:..__ _+

I Cop"" r I~ 350 1 350 1 449.1 767! 109S 1 109\:1I 109$ 1 1095 I 109S 1 1095 I 1095 I '095 1
....... __ ;0 __ _+ _+_ _-+- -_-+-_ __ _----........_,..---+-t _- - __ _._ __ +-- .. -+-- __..-+ ____ + _ .

Irons Mill.,11 I 1 384000 I ~ I 492000 I 94000Q I 120QCX.0A 1200000 I 1200000 1 1200000 I 120000ll, 1, 12COOO()I 1200c00 1 1200000 I
...- --- - - - ..--- -+-- -~- --_...,- -~ +- _ _ _~, ..J.,.:.-. .. _._ _ _-+ +..--- ./,'-t'--- ..- -+ -- - -+---- - +

IExc"~t\Illl RllltAl. IR/$ I 2.91 2.591 2.8$ i ;.:l:3 1 'l.621 4.12 I 4.81 5.63 1 6.6£1 7.19 1 9.17 I 10.781
+- ---"" ------ +-c- -+-- - ..o+----- - .. -+:- ----..o+- ~- ..__.....,_-- +- --- - -.--+----- ---- -- -+ --- ..+-- +

IR/I. 1 4.1 1 4.61 I 4.78 I t.61 1 4.5 ! 4.5 ! 4.S 1 4.5 1 4.5 1 4.5 1 4.5 I 4.5 1
+ .._ __ _ _'40 .}- .. __ +-_ +- ""'_ _~- - - - - ~- - -- - - ----+--------+--0-- - +--- --+

IRevenuII/Ton Milled. IR 1'8 1 202 1 227 I 196 1 252 1 278 I 309 I 356 1 433 1 548 I GS() I 818 I
+__ _ _ _ __ + "' _ _"'~__+_ _ *+-'_ _ __ _ -+-__ _~..+-.,. _ --+- __ +- __ +-_ _" \- _----+ --+11

I. 1 13.14#1 12.b~1 -14.02%1 28.97%1 10.2211 11.09~1 tS.l~1 21.ml 26.54%1 2Q.~1 23.96%1
...- -- -- _ -+ _ -- --+--- -..-+- _ ---_ _ +- --- ..+-""'--_ +----_ - .,.....--- _--+--_ _-- -+-- ..--_-........,..
ICost/Ton rt11lOd:i20.~ IR 124 1 as I 106 I 127 I 153 1 le4 ! aaa 1 a67 1 321 1 386 I 464 I 559 I
+ - _-- __ .. - - .. ""+- --+- _--+-- _+ -+------ --+- - -- .,....---..- - ~- - .,_._ +---- ~-- ..~ "' - -----'"
Ih I 1 -29.16~1 20.30%1 20.~1 20.30%1 20,30%1 20.30%1 20.30%1 20.30%1 20.30%1 20.30%1 20.30%1
+-_ , - +00 >- - - -+-_ - -+ - ..-- -.-+- ----+--- - -+-- - ..~-- - ;. -_ - --""":"-+- _-_ -+-- _ .
Ipr<;>flt/Ton Mil1edl IR I 54 1 $1 1 29 1 ,>8 I 99 I 9iI I 87 1 e9 1 112 I l,t( I 195 I 259:,,!
+ __ -_ -_ -+-O._--i'""' __ +-_ --+- _ ...,.__'""--~~- ..---+------+- ..--..~ +-- ""-+-- --+--__...,;.~ ..- - -+- -- -- +
Iyl: 1 -5.29%1 -44.14:(1 137.!)6;! 45. I~I ~5.a7%1 .7.03%1 U3:c 1 ~6.2OXI 44.3g:c1 20.57%1 32.66%1
+ _- .., - ..-+- -_ - - --+-_ ---+-- - -- -- --+- ~ - ..+- -- -+---~---+- ..-- - ----- -+
ICoat/kg Platinum 1ft !24S3.59~ 13009.47& 13974.317 1 2546.313063.1'11 j36a6.00a 14433.057 1$332.967 1 6415.56 17111.918 19294.656 111169,44 1
+ ............. ........._ ........._ ...... _........__ +- .. ...__-+-........._.,......._.._ ....._~- ....-~ ...- ...-_ ...+---..............OO; ..... _;oo_ .. _+--- ..........-..._- ..._+__.-._ ........_.....-__ _+ ~

IProfitabllity (P/R) 30.36"1 25.4~1 W.6QX1 34.1lall 39.2~1 33.70:C.l 29.2OXI 24.9~ I 25.~1 2g.5~1 29.60%1 31.67:£1
+_.., __ _ _ _ +-.."' -+ -"'1 <Jo __ ~ ~.- _ .. - _ _...,... _ .. _ __ ..,~ +- _..+-- ..-- -+--- - __-+-0 ,..00+- _ .......

!Profit/Co$t 0.436 1 00583 1 0.271 1 0.536 I 0.646 I· 0.508 1 0.393 1 0.333 1 O.34~ I 0.419 I 0.420 I 0.464 I
+ _ _+ _-- - - -+- - -- - --'+-'..,.. ,..... ;.---- ..-+-- - ..-+-..- -+- --ofo<

IMining Revenue IR'OOO! 68900 1 77500 1 111900 1 164266, 1 302641 1 33l!iS6 1 370575 1 42670S 1 $19615 I 657510 I 791506 I 981134 I
~ _ __ .;.. _ _ ~ ..- - - ..iti-- --- -- - ..- -~.-"" -.-+- ..- - --....., --- ..-+- .., ---+-- ---- ...
IWorkin<;,JCosts IR'~' 47100 I 57800 I 97!lOO1106m,? [183&0,3 !221170.1 1266067.61320019.4 1385055.51463221.71557255.81670378.7 I
+ - --_ _+- -...- .,.... _- -.- +-.- --+ - ~ - - - +-- _--+-- --+- - - -~ ---._--+
IM1n1t\1lProfit IR'OOOI ']0800 I 19700 1 14100 1 S12M 1 l1e792 1112415 1 104507 1 1066a6 I 134559 1 194289 1 234250 I 310756 1
.....--..;,-- -- - - -..--+-- - ..--..-+----~ ..- -..- -........- - -I ~ _ ~- --+----- ..-+--- -+-' - - +- - +

I
r 0

U
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lRevl""a/Ton Mlllod: 23 1 6, I 196 1 254 I 3401 374 I 414 1 47$ 1 !ia01 737 I S86 1 1102 i

MI~IE:Eastern Pl ..tlnUIII Ltd.
+- ............,....__......_ ...__...__ ...+_.., __ ...(__ ........ ...+ ........__ ...+- -- ...+---·.........-- ..to------ ..--+-- ......-- ....-+--- .._.._.._+ ...__ +- ...... -+ ........... +- ...-+ ~

IY".AIl I 1 1989 I 1990! 1991 1 1992 I 1993 1 1994 I 1995 1 1996 I 1997 I 1996 I 1999 I 2000 I
+-- ........- ... ...__...__.. .....-+- ..........+.."" ...~,..--r .. ...........+ ..._---+----- ...-...-+- ..-- ..--- ......--------+-------- .....-- ..-----.+- ~;.._+_...._ .._.._+ ........ + ... +

IMeta.ls Produced: I 1 I I I I I I I 1 1 II!...-- ...--- ...- ...- .........- ..........---- ...--+---- ...~..........-- ......-+---- ......-..+----...-...-...+- ...---- ...~-- ...- .........-+---- ...-- ...-+---------+ ...- ..--- ...-....+- ...- .._............--_ ..........._-+......_- ...- ......+..._....._-- ...-+
Pl&tln~ lozt I 2932 I 25280 I 94400 I 137309 I 137309 I 137309 I 137309 I 131309 I 13731)9 1 137309 I 137309 I 137309!

+ ...- ....----- ..... - ........ --- .... - ...-- ........... -+-- .........- ..........----- .........- ...-----+- .....---..-...+- ...- .....----4-- .....-- ...-.;".p ... - .. ......... + ...... ...+--__.._...-~ ........----+ ..-----"i!_-+ ...------ ...-+
Palla,dliM11 lozt I 1262 I 1105; I 41295 I 60066: 60066 I 60066 I 60066 I 60066 I 60066 I 60066 I 600b6 I 60006 I

i-o __ __ _n__-+_ -+-- _-+- .. -+ __ __-+- --+--;.....;;;.-_ -----+- __ _._-p. _ -+--_ - _. _-_ _+ _ _ +- ---+

Rhodiwn !ozt I S46 I 4709 I 17584 1 25571 I 25577 I 25577 I 2Sm 1 25571 1 25577 1 Z5577 1 25577! 25577 I
,. ... ...... __ ......... _ ... ""... __ ......... .... __ ;,0,.+;- ..._+-0 ........... .; __ .....-+-.. ............- ......- .....- ..-----+- ......-- ...--+--",. ...----r-- .....-- .....+------...--+- ...---- __>OIor ....._..__ ...

~~~! 5841 ~1~1~1-1-1-1~I~l-I-!-i+ ...__....._......__...__..;o, .... __ ~ __ +<_---+-- ......_......-+- .....----_+_-_ ..._..._.._+-- ..............--+- <11 ... _+- ..... ........ -+--__..__......+- __...__ ...-+....._...__..._OOO'+- __ .. ...... _ .. __ ... _ ..._+

t ..~dlum lo;t 1 24 1 200 I 771 1 113'1 I 1131 I 1131 I 1131 1 1131! 1131 1 1131 I 1131 I 1131 I
....................-- -- ------- ---+- ----+---- --.~ ----- ---- -+- - --+-- -----+ - ----+- -----~- - ""+-- -----+-- - - _-- .I ~I~I UI ~I ~I ~I ~I ~I ~I ~I ~I ~I ~I ~I
+ _..- - _-_ _-' --+- -----+ _ --+- _----+- ----_ ..+--_ -- ..-+---- _ -+---_ __ + ------+ -- ..-_.._+..- - ,....-+-- -----+ -----.._.~
I Nick.1 It 5 I 57 1 165 1 240 I 240 I ;140 I 240 I 240 1 Z4G I 240 1 240 I 240 I
+...----- ......-- ......... -------- ...-+-..---+- ..'1-- ...""..+-...- ......- ....--+---- ...........-+- ..-------+-oo- ............- ......+.....--- ...-- ........------- ......- ...---- ......-+-- ...------+-------+---- ..-...~roo---...-- .......+

I Copper It Z I 24 1 11 I 103 I 103.1 103 I 103 I 103 I 103 1 103 1 103 I 103 I
+_ ....._..._......_...__ ..... ..._ ................-+__...__ .....~ ..._+- .. ........._+__-_-_ ......-+- .._....+-_0.1 ........... _.-+- .............. +_...- ...- ...--- + ......... _ ...__ ..._+_ ..... -+ ... ...+

ITon$ Milled: 40992 I 5O:i99G I 1:120000 I 192000() I 19~OOOOI 19?OOOOI 1920000 1 1920000 I 1920000 I 1920000 I 1920000 I 1920000 I
+- - -_ -_ ..--- _..,._--+_ _._ - _-- -_ __..-- -- -+--- ..--- - -+-0 -- ---+--""- -+--- -- ---+- -----+----- ---+ __ _ __ -+
!Exchall9. Ratel IR/$ 1 2.B 1 2.59 1 2.00 I 3.23 I 3.62 I 4.12 I 4.B I 5.63 I 6.62 I 7.19 I 9.111 10.78 I
+-- - _- .. .._ __~.oii"' -+ _ -+_ '""'_ __ -- .. - -- -+-- ------+-- -- ..- -- --.-+- ------- - - - -- -- ..- +-- ..-- - - - ..~.---.

IR/L 1 4.1 1 4.61 I 4.731 4.61 I 4.5 I 4.51 4.5 1 4.5 1 4.5! 4.5 I 4.5 I 4.$ I
+...__ ......_.._........_...__ ...~ ...__._...__+..............+- ~.........__ ~_ ... -_+_ ............._ __+_ ....._- ...--_........- .. __ ...+_-...-- ..-_+_--_ ...-_..+.....,..............-- ........-----_+_-- ......-...-ooo+ .......... -- ...--+---------+.

+-- ..--- -"'!' .,--+w-- -+ -- -+--~ +- -+--_ _ 00.+- __ .. _ + __ __ _.. -.- __ ,.... __ ..--+.. + b_+ __ .;.'.. .

I. I I 165.93%1 221.26lC1 29.94%1 33.76lC1 9.97%1 10.67%1 14.69%1 22.10:1:1 21.03:11 20.35%1 24.30~1
+ -- ;,;.,.. -- - +.~- -+------ -..+ -- -+- - ---_ -- --- -+--_ _--+- ..--_ _ +--_ ..- --+- _ ---+- __--+----- ..- .._+-- __ ....
ICo$t/t9t1 MI11$dI@20.3% IR 1 5~ I 8' I 6~ I 83 1 99 1 120 1 1<14 I 173 I 208 I 251 1 302 1 363 J
+__ "iI _ _ _ _ -+_ _+ ..~ __ _ _ _ ..+__-- __ _ + _....,._ __ _-+ _.._ _ + ~, __ +-__ __ -.+- __ __ __ _ _ -+

Ih 46.16%1 -14,8011 2().~1 20.:30%1 2o.3Ol:1 :10.30:(1 20.3011 20.~!l~1 20.30::1 20.30:1 (Q.3O%1
+_,;;... - - -- - +-- -+- -1'1',..--- -_-+ ..~ _-_--+----- __-+- _ _--+- +_ __,_ _+- .. _-+- __ __--+--- .._ +-
IF1"Oflt/Ton Mi11.. h IR II I 1 I 127 I 172 1 241 I 2M I 270 I 302 I 371 I 486 I sas 1 739 I
-..-........---""...........--""....-...--- ...+--~-- ..---.........-.....--......_-...- ..-...".._...--- ...-+-_ .....--+---_ .._..........._...---+" .--.._...-..~......--..-...-+- ...- ...- ...- ...-+--.......,..."".........--...--....-+

I -B9. so%l 111Ei1.64:t1 35.16%1 4(1.27%1 5.70%1 6.13%1 11. 70%1 23.14~1 30.81%1 20.38%1 26.36%1
+......--- ...-.,.fo--- ..- ..- ..----""- .....+---.............- ...--..o.t--- .....----+--·>-~-_+_......-*...-+------+-------t---- ....-+-- .....- .........-""...-..---+--.......,- .........-- .............+..------ ..._+
ICost/kg('Platlnum IR 11/0.191 11'94.343 1961.3347 11156.496 11391.253 1167M7B 12013.434 12422. ,~l I ~13.86 13905.:174 14~1&.95$ 15073.008 I
+-- ....- ....-~- ..........- ...- ..-- ..---- .......-- ............- ..---+-------+- ...---..--+- ...........-~- ...--- .........- ...---~ ...-- ......--+- ..........._.;;- ......- ...- •._.....+----.~-......----...----+- .....--_ ......_+
IPrQfltabl11tll (t>/R) 1 I 46.tlG%1 1.85%1 64.97%1 67.4a:t1 7o.t5%1 68.01~1 65.22%1 63.52%1 64.06:11 65,,96%1 65.98~1 67.01:[
+ _..__.,; _ _ ""_ _ ..+ __ +-_ .._,._ _~_ _ __+- --+- -+-_ _ ~_- -_ ~ .._---_- -+_--- .._u+--- !~__ - --_ ~-_- -_+

IPrQflt/CoSI> I 1 0.195 I 0.0141 1.647 I ~.075 I 2.419 I 2.126 I 1.B7sl 1.741 I 1,762 1 1.!13S 1 1.939 I 2.0)1 I
...__ _ u _ .. __ _ -+-_ __+-_ _.,.... _.._..__-.+- ~ +_ ""'__ _.._ _ _ _ _-+ __.._ .- _10 + +- __ __ +

IM1n11l9 R..... nu. IR'Oool 939 1 30762 I 258334 I 4882..<4·1 653180 1 71Ba95 I 794905 I 911703 I t11319& I 1414,00 I 17018$1 I 2115456 I
+ _ __ .._ __ -+-- _-+-- _ _ __ +- _ "'.._-+-__ ~...-- - noo+_- _~ _+_ _- --- -_ -_- .. iIo_ - _- +- - -_ ..- ....

!WorklrtQ Cos" IR'OOOI 499 I 3(1193 I 90750 1 158796 1 191032 I 2291\;1't· 27\;463 I 332585 1 400099 I 48t~19 I 579027 I 696570 I
+- .._.,.. -+- __ +_ _ __ .._-o+- _ _-+-- -+-__ __-+- -r,.; n -+- .._ ""- +- _-_..-+ __ - ..

IMlnl~ Prsf'lt IR'OOOI WI I 5S9 I 167564 I 329468 I 462148 I <I$B.484! 518442 I 57911B I 713097 i 932100 I 1122954 1 1418886 1
............................ ""-+- __ jI., .. ,. __ -+-_ .. +- _.. -+--_ __-+-__ __ +- f_ __·~ _-+-_ _ ·;. _ __ _ + --- _- +

- --- -~--------------------..
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MINE: Potgi"tarsru.1; PI.tinu", Ltd
+---_ ...----- ......----_ .....- .........-- ....- ...--+- ......._ ........+............_---+--_ ..................---.--;-._..._..._--+----- ...-+-.......--_ ...--+-_..._..._.......
IVEAR 1 1 1989 I 1990 I 1991 I 1992 1 1993 1 1994 1 1995 1 1996 r-~~;;~r--~9;;;-i-··-~;~;T---~~~oi
+-...,..--...-""-- ...----- ..---_..., ..........+-...- ...----+-----+- ...-----+---~...--..,......-+--.,.- ...---+-~----......+--- .............+- .....-----+-----,;.. ...-...+j.-- .....---""'+-- ..-- ..---~
IMaUl!. !'rodue.,h ! I I I I I ! I I f I I I I
+- __ --+-- -- __..._--t------+-o ------+-- ----+---- --- - -----+ _ _ _ -+__ .- .._ __.;;i: + __ .. ;.

I 1'111tl""", 10%t I 0 I 0 ! 0 I 0 I 0 I 127653! 110204' 170204 I 170204' 170204 1 .170204' 170204 1
+ ..._..._ ......__...__.._..._....._......+-..._-+- .........~ ......-- ....... _ ...- ..._+_---- __ ~-- .....--+- ...__ ....___+_- ...-_- ...+..._.._.........._ +--..- ..._.~__+ .. _- ..._--;.-_+_>O\ ...._ ... +_ .. __ .. _ ...__ +

\\ Pall!ld1um lozt I 0 I 0 I tl I 0 , 0 I 135616 I 18O$2? I la0a22 t 180822' 180822 I .180822 I 160822 I
+-- ....- ..- ..,...;,;---.......- ...-..,~.........,.._- ...-+-- ......-- ...--+- ..- ......- ..........-- .....-+--- ......-+-..............-...~ ...----................-...-..........--..............-+---~----+-......----+- ....I- ......- ..,..+- ..-- ......--~

RhQdl~ lozt I 0 1 a I 0 I 0 I 0 I 8662 I 11550 I 11550 I 11550 I 11550 I .11550 I 11550 I
..... _ _ "" __ _ _ __ +- __ + ,. __ __.,.__ _ '!"- -+-__.._ +.. .._-+ +- ..+-- _+ ..+ '100 ,.. .. _ _-..... ...

I Ruthlll11um lozt to, 0 I 0 I a I 0 I 10334 I 13778' 13778 I 13779 I 13718 I '1:)778 1 1377il I
+..- _ - -- ..- ---+-- ----~ --__....,.-..---+--- ..- ._._- --~ ..---- --- --+--- - -+-- -- -+..--------+--- ..~..-- + ~ .
1 tridium tozt I 0 I 0 I 0 lot 0 I 2042' ?om I 2723 I 2723 I 2723 I .am I zm 1
+ -- ..- ..- - - ..- v+-~~_+_-- -'""t-- ~- - --_+_ ---+-----_ -+--- - - -T--~,... .;...;.---+--- -- -- - -·---+-~ -- -.+ .. - i" - -- - -+

Gold lort 'I 0 I 0 I 0 , 0 I 0 I aoGO I 10741 I 10147 110m I 10747 I 1t1747, 10747 f
.J."" ... __ .. .............. ......... -+ ........_-+- .... ....-+--_ .........--+-- ~_- ......__ .......-_ .._ ..........._...._.....+- -+ ...._ +- .....- ....-+--....-- ...>4-- .. - .. 00\'1----+ ...... ----- ...-+

Nick.l It 0 I 0 I 0 I 0 I 0 I 2359' 3145' 3145 I 3''''5 t 3145 I 3:\45 I 31451
.......... -- - ..-- - - ..- -+w - .. - ..""-+-- ----+-- --+--- .,,-..--+-o.......-...- - ---+-- _.._+- _ _ _-...,..._ - -- ..-+-_ 0\\ -+--- _-+

Copptl' It 0 I 0 , 0 I 0 lot 1769 I 2~59 I 2359 I 23Sg i 2359 , ~~~9 1 2359 I
+..- - --- - .. --- ..-- •• -+---- _-__ _ -+__ ~_+ __ _ __+_ __ - --+-..--_._-w..+ __ - - - ---+ - ..-- + --.. -- ~~ - .
ITons Mill ••11 'I 0 I. 0 , 0 , a I 0 I laooooo I 2400000 I 2400000 ',f4l)OooO 12400000 I 24000t\.0 I 2400000 I
+----........- ...-- ...--- ............_.........,..._.........._............__":'............. +-.........._"".........,...........-- ...+o- ...----+-------- .....-......--..............-......-..__..oI:·r----- ......-<t .......---- ...-'O'+ ..........- __ ooIr- ... +- .....__ ......+

,£xCh&ng. Rate: IR/$ I 2.8' 2.591 2.M, 3.23 I 3.62' 4.12 I 4,8 I 5.63 I 6.6:! 1 7.19 I 9.,? 1 10.161
+_ __ _..__ "" + __-+-_ _ __ _ + __ "'!~ _ _-+ _ + __ + ---_ -+-_ - --.·1-+- ---_ --+

IR/L I 4.1' ".ut I, 4.791 4,61 1 4.5 I 4.5 I 4.5 I 4.5 I 4.5 L 4.51 4.$ , 4.5 J+------- --- ----+-- - ---+-----+- ..- --+- '_+-_ _.oo+ _ _ ,._ ..__ _ ~..--.,;, - -_ __+_ .. --- -·II'+- -~ ..--+
'Rell.nuII/Ton M111O!dl IR I ERR I ERR I ERR I ERR I ~rtR I 34S I Jel 1 438 I 535 I 683 I 924 'I 1029 I
+- ....- ...-.- ...- ......-- ...-~_+_ ..- .._+_.-- ..._ ...........-- __ ..-~-....,._~ __ .....-+--_ ...__ ..........~ ......_ ...-............. - .... -_ .....+- .._ ....__ ...+---...-...-........-...-- ...--..,.~-- ..- ...........,..t_ ...... ------ ......

I- 'I' ERIt,J ERR I ERR I ERR I ERR I lo.2~1 Q4.91%' ~~.l1:tl 27.67%1 20.65%1 24.B9%1
+ ..._4 ...._._ ... __ ..._ ...__ ..... __ ..... -+ ..._.._-+- .._...__...,,~.,....._ ....................-__ ••_-+- .. ~ .........._-_+_- .._....._..._+ ..._- ..............- +- .....,... ......+- ............._..-+- ...... -+""'... ...__ +

least/Ton M111edl820.3% IR ~RR 1 95 , 102 I 1~3 I ,148 I 178 1 214 , 2SS I 31" I 373 1 449 I 540 I
+ .. --- -""'---- - .. -- -- --+- --+--- --- ----.-+-_ ~.-- -._..- - ----+ ..-- __ __ i>-- - _+- -+ - ..;.- ;1"---_ .. _- +

Ih ERRI 20.30%t 2O.3OX1 ;!().3OX1 20·30~1 20.30%1 20•.3(l% I 1l0.3OX1 20.30:1:1 20.30%1 20.3O:t1
+ - ..,. - - - _ ......_-- ..+- , -- __ _+-o .. __ .. ...__.., __ ~-+--- .._ _..+- .._ ..(.i._ _.._ __ _~_ '4_,_ _ _ __ _+ - -+~"i;; - +

Ipf'Ofit/Tol1 Mil'.,!! III ERR' ERR' ERR 1 ERR I ERR 1 168 I 167 I 100 t aas I 310 I 375 , 490 ,
+-"!' - --- - ---- -- ..-~- _.-- --- - ..--+-- - - --+------ -+ - -- ..-_..;.- +--- - -..~-- --- ~- ..+;;. !';~ - ---+
I~X I ERR I ERR 1 ERR I ERR; ERR I -Q.49%1 8.01% I 24.69%1 37.82%1 21.08%1 ~C.38:t1
...................._ ....,... _..__ -+-_ _ ......,__ -+"" -+- _ _ __+__ ....0 .._+ ...:.._ +_ .. _ +- __ __~ __ __ +_ ~.'""'_ +

least/kg Ph~tinUIII IR ERR I ERR 1 EP.R 1 ERR' ~RR 12510.2M 13019.872 1:lt132.906 14370.386 '5251,514 16324.862 '760£1\009 I
+..........--- .....-- ...--- .........--+->- ..,..w+ ...-- ...--!';-+---~-_'" ,+...__ ~.._-+- _ ____+_-_- ................_ ...... ,',_-_ ...-......+........ _-_ ..._+ .......-_ ..._-+......-._ ........_+-- ..._.....---+
IProfltabillty (P/R) I ERR 1 ERR! ERIt I ERR I ERR I 48.53%1 43.82%1 41.'9~ I 42.06%1 45.40%1 45.57%1 41.$7%1
+- - -- -- - ---+-o-- -+- - ---+-- ---.........--_-+- .._ _......._ _.--+ .. - .. ~- --- .. -- +- - - --+ ~'!"-- -- --- - - +

IProfit/Cost I ERR I ERR , ~RR I ERR 1 ERR I 0.943 I 0.700 1 MOO' 0.126 I "0.83Z I 0.937 I 0.901 I
+- -- _ -+-__ -+-__ _ __--+-- -+-_ ,.oi, ....,._ __ ..__~_ -_ _ + ""-- --+- ---.--~ - -- ""__.\.+.
IMinino II.......,... 11100001 0 1 0 I 0 I 0 I 0 1 622617 I 914~O 1 1051413 1 1283654 1 1639003 I 1977624 I 2469927 t
+- ------ -- ..- ..---t----+-oi' -. _-+- __ ~ ..- --_+__- _......._-- _ -_.-- -+ - - -_ - _u *!' __ __ _-+-_· _ __ _ ~.......

IWorking Costs 111'0001 0 I 0 I 0 I 0 I 0 132044$.3 1513994.3 IG1833S. t 17438S1.2 IB94860.2 1 1076517 I 1295050 "
.-- _.._ _--_ -- - - .....,_--+-- ..--.- _ -- - ~ --+-- -- +- -- + + _ _..-+_ - ----+- _--+-- .._ - _..,..
IM1n1no Profit IRoOool 0 I 0 I 0 I 0 I (j' 302112! 400966 I 433078 , 539~91 I 744222 1 901107' 1174877 I'
+-- ..-_"" __ __ -+ __ +-_ _+__ ..i.-:).. _""''O'+ + 40 -+_ __ _ + +- ---.,. -+-"- -~-- - +-

e



IR"".""'9/ion HOled: IR 139 I 184 I 166 I ERR I ERR I ERR I 350 I 401 I 490 I 749 I 931 I
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.o4o-- -- -- -r .:....-- + -- ~-- ""- --+ -..- -- ..-+-.-_ __ _ ~:.. ..+_ _ +- __ -+ .;._+----_ + - --+- .., -----+-., - ..;~__+-- __.. ..

IYear 1'989 I 1990 I 1991 I 1992 I 199~ 1 1994 I 199$ I 1996 I 1997 I 1998 I 1999 I 2000 I
+--- ...----- ...--- ..- ......--- ..- ...-+..- .......+----.....-~----+-------+--......- ...-,..._------,...+--.......-_ ...+--_ ..- ...- .._+ .._ ......- ......-+-_ ..._-_..._..+-......-_ .._+.........---_ ..._+----- ...._-+
IMetals Prod\lclld: I
+ - - _--_ _--+- - _ .._ +-._ _ _-+-----_ ."..._-----+----- +----- -__-_.._-+------_ _+- ----.+--"_ _---+-_ __ -+-------- .....

Platinum I'z.t I 21900 I 109500 I 5B4OO I o I o I o I 36500 I 94900 ( 94900 I 94900 J 146000 I 182500!
+... ........_ ...__ .................._..._..,..___ ............_-+_ ........ +-_ --- ..........,.._.....-- ...- ....,....-- ......---+ ............- .......ooo+- ... -_ ...... _ ... -- ........... -+---- _+,-- ......----+------ .....-+-- ...- ........---t-

f'al1adlUtn I~t I 10621 I 53107 I 28324 I 0 ! 0 I 0 J 17702 J 46026 I 46026 I 45026 I 70810 I 88512 I
+---- .....-------- ..- ...-- ...--- ...-+----.-+- ........- ....--+ ... - .._......_-+o- __ ..._ .. --+-- ...-...---+---- ...--...+- ......- .........-~ ......- __..._...+..- ...---- ............- .........-_...+_ ...-- .....--+ .....- ..- ...- ...-+..-- ......;....-~
I RhodIUM loz.t J 3953 I 19765 I 10541 I Q I a I 0 I 6S68 I 17129 I 17129 I 17129 I 26353 I 32941 1+-..- ------- ~ -- - ""+-_---+---- -~-- - ---- ..-+--- - - _,_-+-_ _-_ --.- _ __ _- __ _--_ _+--_ _---+- ..- +-- -_ .

I Ruth.nlum lozt I S~12 I 260$1 I 13899 I 0 I \}) 0 I 8661 I 225aQ I aases I 22586 I 347,~6 I 43435 I
+ ----- ..- ..--- --- - - -+--. -- - +-,.- - ~- ----+---- +-- - -- ..I,. - --- --+~<----- +- ,..-- - +- -- --+- ---+-.~..- - ..-~
I Iridium IOrt I 184 1 920 ( 491 I 0 I 0 11\ 0 I :307 I 797 I 797 I 797 1 122$ I ~533 I+---- ..--.- .....-------- .._-......-...--+--- ...;..-~-...+------ ..-......-- ...----+---- ........-...,._-----+- ..-...-........~~-- ...-...--+..---- .......-+.....--.- ...--+---~-----+----- ..._-+ ...-- ......_......+
I Gold loz'/: ( 478 ( 2391 I 1275 I 0 I 0 I 0 I 197 I 2073 I 2073 f 2073 I 3189 1 3986 I
.._.._-_ - -+- ---. --+-------+--o- ..- --+- --""'+-"- - -.-.+-o- _-+--_ +-- -..--+-- -- +_- --- -+---~----+------· T

Nick.' It 45 I a2S I 1~ I I) i 0 I 0 I 75 I 195 I 19$ I 195 I 300 I 374 I
+--..- ..-- -- - ..- - --to- -+..-- .._ -+_ __ -+-_ _-+- __ ---+-- ..__ -+-- _-+ ..o+- _ _ -+-_ _..-+ +- __ _+-_ .

Coppel" It 19 I 97 I· $2 I 0 I 0 f 0 I 32 I 84 1 84 I 84 I 129 I 161 I
+-....._--_ ..._.....----- ..._...-- ......*+ ....._-+-- ......._........+.......- ..- ..... -_ .....-_ ..+-- ..._..._..+-_ ..__.................._.............-+- .....-----...- .....- ......---+- ......_......_--+--_ .....-- ...~-- ..- ...- ...-+-- ..........""..-+
ITons M1l1.cl: I r- 1 360000 11eooooo I 960000 I I) I 0 I 0 I 600000 I 1560000 I 1SOOOO01 1560000 I 2400000 1 WOOOOO i
+--- - -- -- - ..---- L_4---- - --.:-+--- -, + - -- ..---+-- - -- --.;.-..--+--- - +..------+- ,-..----+--- ---+- ~..,;..__..-+
!Exchang. Rate: IR/$ I M I 2.59 I 2.86 I 3.23 I 3.62 J 4.12 I 4.8 I 5.63 I 6.62 I 7.79 I 9.17 I 10.78 I
._..- ..-_......- ......_........- ....-_ .........-+-----+- ..._----+-_ .._-.......-_.---+--...---I"I..........- ...- ...--+----- ...--+----- .......-............-...-.-~..-..-...--+ ......- .....-- ...-+..---- ......--+- ...__...-r- ..._+

IR/l I 4.1 I 4.(\1 I 4.78 1 4.61 I 4.$ I 4.5 I 4.5 I 4.5 I 4.5 I 4.5 I 4.5 I 4.S I
+-.....- ......- ...- ......- ...- ...- ...- .......-+---+- ......----..........----+-....----...+---...--+->-----ooo+------....y.. ......------+.---- .............+...------+------- ...-+- ..- ............- ....+..- ....- ...~I'* ...+

+-". ..- ......----------- .......-+-- .......o+----- .....-- ............-----+---_.......,.- .....--+-...--__--+- .............__ -+ .....__ ~;O. ........ _ ....... ~ .. _+__-- __ _+-_-- ..-_-_+_ ...--- ..._..._+
I- 33.0all -10.04:.:1 ERR I ERR I EAR I ERR I 14.69%1 22.11:1:1 27.06%1 20.36%1 24.34%1
...-..-....-...........--- ..-......-.........--+-- .....-...--...----+-...- ......--+o--- ..- ...-......-- ......--+-...........- ...""'"+-- .. --..",. ...-+--- ...-.........-+- ..........- ..-+-- ..-- ..........__ -__...+_ ..__ .... _......+----.......---.
ICost/Ton M111.cl;i20.3lI IR 95 I 95 I 114 I 138 I 166 I 199 1 2~ I 288 I 341 I 418 I 502 1 505 I
........ _ _-_ __ _ - ----_ --+--_ - .._-+--_ _-+--. __ -+- __ - ---_ -+- _ __ -_......,..._,... _ +- .;....---+---_ "" +- - _--+

Ih 0.00%1 2O.~1 2o.~1 2O.ml 2o.~1 20.33%( 2o.3..'l%1 20.33%1 20.33%1 20.3~%1 20.33%1
+ -- _ _.,; __ _ -- _..-~- ..- - -+- _-+-_ -_- ..-+---- __ -+- ..• · _ 1· __ -+ __ +- -+ + _ _ -+-_""' _ __+

jPl"Ofit/Ton Hilled: IR I 44 I 89 ! 52 ! ERR I EM J ERR! no I 113 I 143 I 2~S I 247 I 327 I
+-- -.- ---- -- -+--- -+- - ----+- -- --+--- .,...__--..;..-+- --- -- -.-- --+---- -+- ---_ -+_ \0--- -_..+

Iy" I I 105.29%1 -42.33l:1 ERR I ERR 1 ERR I ERR I 2.39%1 26.65%1 43.51%1 20.43%1 32.50%1
+ - - - - ..-- - - --+----+-- - --+--~--~ --..-+- ---...........,. ..----+---_ _--+-----_ _ -------+- _-_ _-+- - -+_ _----_ ..;.

ICost/k~ Plat.111UI1I IR 11581.644 11561.644 1.1979.126 k ERR I . ERR I ERR 13939.595 14740.515 15704.261 16a63.~38la259.376 19938.507 I
....- - --."" -- -- -+-0---+ -------+---- -+----. ...............--+--__.._.,._ ..__ --+- _ _ _.+ __.;; + _"""+- +

Ip/R r.tl0 J I 31,42%( 48. 47XI 31.1)7t1 ERR I ERR 1 ERR I 31.46~1 2a.o9%1 29.14%1 31!.~O"1 32.92%1 35.00%1
+-........_.....- ...------_ ......._-+- ..................._---... ........_ .....- -+- ..._--'+---_ .....--+------ ..........._.--+-- ......_. -+-_..,!'- ....................._----+--_ ..._...---+
IPl"Ofit/Cost \).4Sil I Q.941 1 0.451 I ERR I ERR I ERR I 0.459 I 0.391 I 0.411 I 0:;490 ( 0.491 I 0.S40 I
+...__'""_.. ....._....... ...~__+_ ........---+--_----+_ ......---. -+---_ ...._...........,.___ ..+- ......."..___ ............._.._~ ...+-_-..___+_-__i .......____+ ............ _ ... +_ .......--- ...- ..+

IMin1111111_ IR'OOOI 49970 I ~1847 I 1592111 I 0 I 0 I 0 I 209BO~ I 625612 I 763909 1 97i)7\iS 1 1791672 I 2793954 !
+..........-''''...-- .....-- ....-- ............- ..............~---"""-+-- ...'"''--+---- ...-......-+----..........-......-...,.~-...-- ..~ .......----.......-...--.....--+- .....- ..,........-+-- ....j~- ... --- ......... -+- ...--- ...--+
IWO~kingCOlts JR'OOOI 34200 I 171000 1 1097'1 1 0 I 0 I 0 1143795.2 1449874.8 1541334.4 1651~a1.7 I 1205869 I 1913778 1
+ ---_ -- +- +- +- - .._--+-- --+---',,-_ +-- ..- ..---~---- - - - -+---- -_._..,.,- -+ ..-~"" -""-+-- -- -+--- - _.,.
IM1nlng prom 111'0001 15670 I 160941 ( 49475 I '" 0 I 0 I 0 I 6601-4 i 175737 I 22257S I 3\9407 I 591B03 I 980177 I
+- .,__ __ _..~ -- _+_- ..- _ - -.~:I-"' .;.,""__ -.0+- _ -+- _ __ -+-0 __ -+* "'100_ +-__ "'""' +



~-i.•.lj..J... 0..... 1.

* .. " !.
,,_' ..,...0'.
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+----- ...- ..--_ .._...._----_ .......--+-_ ...--+-- ...-_ .....-+-------+-_ ...--_..............-------+----- ...-~--- ...---+"'-- ...---- ........----- +..._..-,.. .........,.._--- ....- .._-+---- .........-+------ ..--+
lVEAR I I 1989 I 1990 I 1991 i 1992 I 1993 I 1994 I 1995 I 1996 I 1997 I 1999 I 1999 I 2000 I
+-- -_ __,, ~ .. +-.;. _-+- ._ -_ -_+____- ___+__;y-- __+- - -+o-------+-------+- - -.+ +-_ __ _ __ _+ __ ...

I I I I I I I I I I+_ .. _~~ __ _ ·..;_-+ _ 40-to- .-+-_ .._ _..... -_ _+_- ___....- -- -...-+ ---_ _+-_ __ +- +- _-+ -.. +,.;._ _+

Platinum lozt I a I 0 I 0 I 71932 I 96697 I 207208 I 207209 I 201209 I 201209 I 207208 t 207208 I 201208 I
? ..__"", ..__ ......,___ -;.-__ _ ->- .......-__ _ ..-+- --+- -----+------+--- ---+- ------ +--_ _--+---_ -- -+0- _- --_ .

P."adi"", lozt I 0 I 0 I 0 I 38110 I 52'109 I 111662 1 111662 I 111662 I 111662 I 111662 I 111662 I 111662 I
+----~ .,. ""!~ _.,._ ~ }'-o-- - - +----- -+--o - o.+--- ..- ---+---- ..----+- --+--------+-.0- -- -- +-------- +-- .. - ---- + --------+-- -+

Rhodium lozt I 0 I, 0 I 0 I 505$! 6805 I 14591 I 14581 I 14591 1 14591 I 14591 l 14591 I 14591 I+---- ...-~- ...---- ...--- ...----+_ ..-....o+ ...--------+_-- ...--_+_-- +..._,..._...._...-+-__... +-_"'Jo.- __ -+- ~ ... +- ...--- .........~ ...--, __..... ....._+_--- ....---+
I Rut"-nium lort I 0 I 0 I 0 I 7915 I 1065$ I 22831 1 22631 I 22931 I 22631 I 22831 I 22831 t 22931 I
.---- -- ----- -- --+--- --..--+- ---+------- ..-+------ -+----- ..........,.._---+---- --+-------"'!- +-------- ..+-------+- --- 'f' .

I Iridium I()~t I 0 I a I 0 I 1117 I 1504 I 3223 I 3223 I 3223 I 3223 I 3223 I 3223 I 3223 I
+-..------ ...------------+---+------~-..----+---...-+-- ..--- ...--+-------+------+---- ....--+------- +-_ ..._--- ......+------ ...-+-....._..._--+-..:..- .......----+
I Gold loz::t 1 0 I 0 I 0 I 3909 I 4051 I i36BQ I S680 I B680 1 86BO I S680 1 8680 I 86BO I+----_- ...-- ....--.------~--+..----+- ...----+----__.,_..- .......-+ ...- ..- .....,...__...-+-----~--' -+-------+---_ ............+--..--_ ..._+- .._- .............+--_......-_.....+
1 Nick.' It I 0 I 0 I 0 I 662 I 891 I 1909 I 1909 I 1909 I 1909 I 1909 I 1909 I 1~09 I
+ ,... -- -- __ __ --+- -+----.... _---+---_ ---+-0-------+-- ---- - -+--__ __....-____+
I Copper It. I 0 I 0 ! 0 I 419 I 563 I 1207 I 1207 I 1201 I 1201 I 1207 [ 1207 1 1207 I
+...-- .._...__ .....__.._~ ...- __ +- .._----_+_-- ...__..._..__..... --+--- ..__..-+- ....,..__...-+...~ ......_+- ...- __ - ........+_- ...- ....._ ......<Of'_ ... -+-_ ....._ ..._><+ ... +

ITons Ml11ed. o I o I 624000 I 840ooo! ieeoooo I ieoocoo I 1800000 I 1800000 I 1800000 I 1800000 I 1800000 Io I
+.....--_--,_- ...--...- ..-----------+-- .....-+----- ...-...-+- ...-----~-+-...--_ .._........._-----+------,..--+---- ......- .._.....-_....._..._-+-_ .._-- ....,_+----_ ......-+---- .....-+--- ..._---+ ...........-----+
IExchange Rata, IR/$ I 2.9 I 2.59 I 2.86 1 3.23 1 3.62 I 4.12 1 4.8 I !i.G3 I G.62 I 7.79 I 9.11 I 10.78 I
+- ..-- ..- ...-- ..-~ ..-----------+- .....--+ .....- ...---+-- ...-...---+------+---- .....--+- ........._--" .. -----_ .._-+-- ...- ......--.....-----,..-- ...+--------+--------+-_ ..........--+--'....--_ ...-""'+

IR/t. I 4.1 I 4.61 I 4.79 I 4.61 I 4.5 I 4.51 ".5 I 4.5 I 4.51 4.5 I 4.5 I 4.5 I+----- ...-.....-- ....---..-...----+-- ...-+---- .........._--~---__..._.......___...,..-------+-- ......-- ........-------+-- ........_..................__ .-+---- ...._-+---_ ......--+..._- ......_-+
IR.... nu./Ton Mi1118d. IR ERR I ~RR I ~"'. :.i26 I m I 464 I 5(.\2 1 !>70 I 699 I 903 I 1090 1 1:l7~ I+----------_ ..._ ..........----_ ...-+---+--_ ..._----+-_ ......----+---_ .........----............_..- .....-------""'+-"------+----_ .....--+---- ......---....,.__- ....--+---------+--- __,,;...--+
Ie ERR I ERR! ERR I 30.80%1 8.01%1 e.2~11 13.63% I 22.~1 29.31%1 20.64~1 25.90%1
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