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[Slide 1 — Cover Page]

I would like to begin by thanking the conference organisers for putting on this session and for inviting
me to come along. But I would particularly like to thank Roy Woodall for something he did 20 years
ago, which was to ask me to join Western Mining Company’s exploration group. In the process of
doing that, he sparked my passion for mineral economics, which continues today. He switched me
from the dark side of engineering to the bright side of geology. To paraphrase: geologists are
optimists; they are fun people to be with. On that basis, I will get started with my talk!
My topic is ‘Giant ore deposits: why are they important?’ There is one obvious answer: they are big
and that is where the money is. But there are a lot of subtleties associated with this and I am going
to spend the next 10 minutes or so going through them.
[Slide 2 — Correction/Clarification!]

I think the first thing to do is to correct the Think Tank by saying that giant deposits are not the same
as world-class mines; really what we should be doing is focusing on the latter because that is where
the money is. Just to pick up on that: giant deposits are of academic interest and often geologists
tend to focus in on big things, but really where we should be looking, for industry and society, is
where the money is being made. The differentiation between the two is pretty obvious. Giant
deposits are large accumulations of metal, but they may not necessarily be economic. What you are
really looking for are things that can be turned into mines of large size and long life and can actually
have an impact on society. So that is really a definition of what world-class mines are.
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Different people have different views on what is ‘world-class’. If you talk to the general public, it is
something of general outstanding quality. Geologists tend to think of the size criteria. Investors are
focused on the money aspect. For promoters, it is anything that is big, they are very loose and fast
with their definition of ‘world-class’. But I like what Michael Doggett said in 2004: ‘World-class should
be more than just big geologically [and that] there must be an economic consideration. …when
economics are considered, there is no such thing as a world class mineral deposit. There are only
big interesting mineral deposits or world-class mines.’

So we have to focus on things that are of economic value, things that can be turned into mines. It is
no use finding a brilliant ore body if it is in the middle of a national park - as you cannot mine it. It is
no use finding a large deposit 1000 metres down that is too low-grade to mine. It has to be
something that is of value to society.
[Slide 4 — Why we need to find more deposits …]

Why do we need to find more deposits? This chart has been well used, and I love using it again and
again. It talks about the 100 years of copper production in the world; it has grown from less than
half-a-million-tonnes-per-year production to over 15 million tonnes per year now. Over the last 23
years the world has used up half of the metal that has ever been mined. The scary thought is that
over the next 23 years we are going to mine all of the copper that has been mined to date. So,
basically, we are going to double the size of the cumulative history of the industry. It is a real
challenge to fill that gap: where are we going to find the metal and of what quality will it be?
[Slide 5 — Most of the metal found is tied up in a handful of deposits …]

When you look at copper in particular, you find that it is a fairly episodic event. This chart shows the
total amount of copper that has been found each year for the last 100 years. You can see quite
clearly that there are a few peaks there, and much of the copper is found in just a handful of
deposits. The names are legendary in their own right: Chuquicamata, El Teniente, Olympic Dam in
1975 and Escondida. When you add up all of the discoveries, you find that something like 2.7 billion
tonnes of copper have been found in the last 110 years. Of that, 62 per cent was in deposits
containing more than 5 million tonnes of copper metal and, when it comes to Tier-1 or world-class
deposits, 43 per cent of the metal was in those. So just a handful of the deposits have a large
amount of the metal; that is where the value is.
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[Slide 6 —What are the benefits of World-Class Mines? …]

So what are the obvious benefits of world-class mines?
Geologists all want to be associated with a significant discovery; there is a lot of pride prestige to be
gained and money to be made out of them.

What do world-class deposits of world-class mines mean to companies and investors? A company
making mines that run for several business cycles makes a lot of money for the investor and the
company itself and, more importantly, such mines create a lot of optionality—and this is something
that is underappreciated with a mine. It is better to have one big mine than 10 small mines because,
when you think about it, as you go through the business cycle with technologies changing and
opportunities arising, if you get a large deposit, you can basically grow and grow it. You see that
time and time again, in places like Escondida, which has had over four expansions; it is amazing. It
is the same with Olympic Dam: when it first started off, it had a production rate of less than 30,000
tonnes a year; now it is over 220,000 tonnes and they are talking about going to 600,000 tonnes.
Believe me, when I am long gone, they will be talking about a million tonnes or more for that
operation.
The other thing to think about from the government’s perspective is that world-class mines generate
strong revenues and, obviously, lots of taxes, which are of benefit.

To consumers, world-class mines tend to be the ones that set the price for the industry; and,
although it is not good for the mining company, it is good for society in general to have low-cost
inputs.

From a societal point of view, having large mines with long lives, which are actually
multigenerational, is important for society because such mines create a long-term perspective. They
justify and underwrite the infrastructure that is required for Australia. Looking at a map of Australia
and seeing where the roads and railway lines go, you will see that quite often they are associated
with mining deposits. You can think of Kalgoorlie and Broken Hill as a couple of classic examples in
that case. They underwrite our long-term prosperity, which is critical to why we are here today. We
need to think about what we will be doing today that will underwrite Australia’s society in 20 years
time if not longer.
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[Slides 7 to 10 —Incremental NPVs of all significant base metal discoveries …]

This series of charts explains why world-class or giant deposits are important. I did a study a few
years ago of 74 base metal deposits around the world in low-risk countries and looked at how many
of those were big and valuable.

The NPV chart is now out of date. But, at that time, at low-commodity prices, I drew a line that said:
of those 74 significant mineral deposits that were found in that period, how many had a NPV greater
than $250 million? About 14 per cent had a NPV greater than that. Those same deposits contained
32 per cent of the metal; those same deposits had 59 per cent of the taxes paid; and those same
deposits had 67 per cent of the NPV. So you can very quickly see that only a handful of the deposits
generate much of the wealth for the industry.

One of the characteristics of a world-class mine is that they do have large and obvious signatures.
Going back to Neil Williams’ question, imagine that you are a giant ore body: ‘What are the things
that I can’t hide under 350 metres of cover?’ They do have large footprints, large geochemical
signatures and, obviously, large geophysical signatures as well. The challenge that we face is that a
lot of the deposits that have been ‘at surface’ have been found, particularly in so-called mature
terrains such as Australia. I would actually argue the point that Australia is not mature once you go
below 200 metres of cover. It is also becoming progressively more difficult to find these world-class
deposits, especially for commodities that have much more subtle signatures and a much more
variable grade distribution. In the case of nuggetty gold deposits and uranium deposits, it is very
hard to find those things under cover and there are special challenges for those.
[Slide12 — District maturity and the need to chase deep targets …[

This chart shows depth of cover for deposits that have been found in the last 50 years or so. The
green is associated with emerging countries, such as those in South America et cetera; and the red
dots are associated with so-called mature terrains or mature countries with well-established mining
areas, such as Australia, Canada, the USA and Western Europe. You can see that, as the industry
matures in places like Australia and North America, we have to explore under deeper and deeper
cover, and that presents a lot of challenges. But, in emerging countries, people still are swimming at
the shallow end of the swimming pool.
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[Slide 13— Even though giant gold deposits do exist at depth, to date …]

That is not to say that deposits do not exist at deep cover; a lot of challenges are associated with
gold exploration in particular. In recent years—this slide is from a study I did a little while ago that
looked at this—most of the deposits that have been found for gold have been under less than 25
metres of cover, and that is where most of the ounces are as well. But, looking at the average size
of the discoveries that were found at depth, you will see that they actually got better at depth. So
that implies or tells you that, just because we have not been finding any there, it does not mean that
they are not there; it is just that we do not have the right tools to see them. That is the challenge for
you.
[Slide 14 — World Class Deposits are rare! …]

We keep emphasising this; it is almost a definitional thing: world-class deposits are rare. I will repeat
that: they are rare. If you add up the money that has been spent over the last 35 years, about
$US154 billion in today’s terms has been spent on minerals exploration and, from that, we found
only 59 world-class or Tier-1 discoveries. That means that you basically have to spend $2.6 billion
per discovery—and, on average, the industry only finds less than two a year. It is a pretty scary
thought when you think about it because, when you read the strategic plans of the BHPs and the
Rios of the world, they all say, ‘We want to find world-class mines.’ Everyone is competing for these,
but only one or two are found each year.,. If you step back a little and look at Tier-2 deposits—I
guess Olympic Dam would be a Tier-1 discovery and Prominent Hill and Ernest Henry would be
Tier-2 discoveries—you find a lot more of those and you actually find quite a large number of other
deposits along the way. But, if you add up the smaller and probably less economic deposits—we are
talking $50 million or more per discovery—the real challenge is that, if you are a junior mining
company with a budget of $A1 million or $A2 million a year for exploration and it is costing you
$US50 million on average to find something, a lot of people are missing out. There are a lot of frogs
that you have to kiss before you find that prince or princess.
[Slide 15 — Exploration expenditures and discoveries Western World 1975-2009 …]
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This slide shows some statistics on the frequency of discoveries. They show Tier 1 and Tier 2
discoveries. On average, less than two Tier-1 discoveries are found in the western world each year.
Exploration expenditures are up and discovery rates remain fairly modest.
[Slide 16 — Exploration expenditures and discoveries Australia 1975-2009 …]

This is the snapshot for Australia; it is even more modest. I guess though that we should not feel too
badly about ourselves: in that period of 35 years, we added up to about 18 per cent of the
exploration spend and we found about 17 to 19 per of the discoveries; so we were punching above
our weight.
[Slide 17 —Discoveries: Australia versus the World …]

But the concern is that in recent years the discovery rate has gone down in Australia, and I suspect
that it is probably because we are spending less money exploring: people are going to other areas.
So how can we reinvigorate and excite people to come back to Australia and explore for those
targets?
[Slide 18 — Tier 1 & 2 Discoveries …]

This is a summary of some of that data, in terms of a snapshot over a 10-year period. I guess it is
saying that we are still competitive when it comes to discovery compared to other parts of the world,
in terms of spending our money and the number of deposits that we find; but the scariest thing for
the industry in general—not for Australia in particular, but for the industry in general world-wide—is
that it is costing us more and more money to make those discoveries; it is becoming much more
challenging. Is this a reflection of the fact that it does take time for ore bodies to be found, or is it a
fact that we are now getting to where the easy ones have been found. It is costing us over $1.2
billion to make a Tier-1 or Tier-2 discovery. That is a lot of money.
[Slide 19 — Sometimes we can “grow” on our own WCMs …]

The other thing to think about, when you look at it over 100 years, is that some deposits are made
and not found; you can actually grow ore bodies. When you think about copper in particular, there is
no such thing as a single tonnes & grade; it is actually a tonnes-grade distribution.
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You can normalise those things and, basically, you can dial in an ore body of any size you want; it
depends on what cut-off grade you use. The cut-off grade is set by the economics of the mine. The
economics are driven by the price; you have no control over that. They are also driven by costs, and
costs you do have control over. Engineers can lower costs. Technologists can come up with
breakthroughs which make uneconomic ore bodies viable.
[Slide 20 — Economies of scale and new technology helped drive down costs …]

This is a chart looking at the costs of various world-class ore bodies over the last 100 years. You
can see that, over the period of 1915, 1929 and the 1970s through to 2007, there has been a stepchange down in the cost structure; there has also been a step increase in the size of the mines.
Back in 1905, the world’s biggest copper mine had a mining rate of only half a million tonnes of ore a
year; today we are talking about 80 million tonnes a year.

So the thing to think about is that, just by the industry growing in size, we have been able to achieve
economies of scale and to lower our costs. But, more importantly, what has been happening is that
technological breakthroughs have led to a step-change reduction in the cost of mining. That means
that we can have lower cut-off grades, which means that we can have larger ore bodies. That
particularly benefits copper porphyries because of the diffuse nature of those types of ore bodies. So
what I am trying to say here is that geologists should not be independent of the technologists and
the engineers; you have to work together as a partnership to come up with breakthroughs. Just think
about things like copper oxide ore bodies; people used to ignore those things 50 years ago. The
invention of SX/EW suddenly made them very attractive and people came back in again. In the case
of case of Australia, CIP, which came in during the 1970s, suddenly reinvigorated the gold mining
industry here. So do not just wear a geologist’s hat when you are looking for ore bodies.
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[Slide 21 — The Key Challenge …]

In conclusion, these are the key challenges that I see. There are three things that we need to do at
least to improve our discovery rate of world-class mines. First of all, we need to be in the right area.
It is no use exploring where there are no ore bodies. Secondly, you need to be innovative. You have
to be efficient and innovative in area selection. Also, you have to be very effective in testing those
areas. You have to have the tools to be able to explore those things effectively. Finally, we have to
be smarter at how we extract the ore. This is the point that I was emphasising before: geologists
need to work together with engineers and metallurgists to make ore bodies, and there are lots of
examples of that.
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