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6. Mineral Depletion and Peak Production 

     Magnus Ericsson and Patrik Söderholm 

 
Introduction 

 

Natural resources are essential for the economic development of human societies and 
cultures, and fears of an impending depletion of these resources have been expressed (at 
least) since antiquity (e.g., Maurice and Smithson, 1984). The most recent – and overall very 
influential – predictions of resource depletion are those concerning the production of oil. 
Advocates of the so-called peak oil concept suggest that oil production is close to an 
unavoidable (geologically-determined) peak that could have serious consequences for the 
global economy and society as a whole.1 The ‘peak’ concept has increasingly influenced the 
debate over mineral depletion as well, and some analysts claim that world production of 
many minerals (e.g., lead, mercury, cadmium etc.) has already peaked or are close to peaking 
(Vernon, 2007, Bleischwitz et al., 2009).   
 
In this paper we provide a brief economic critique of the ‘peak’ concept as it applies to 
understanding mineral availability. From a geological point of view availability is indefinite. 
Given that only a few percent of the earth’s surface and sub-surface have been explored in 
detail, the potential for discovering new mineral deposits is vast (WP2, 2010). Simply for this 
reason the ‘peak’ discussion is leading us in the wrong direction. It should be noted that the 
‘peak’ resource debate does not concern the issue of whether oil or mineral resources will 
deplete in a physical sense. Long before the last ounce of metal is extracted from the earth’s 
crust, costs would rise, at first curtailing but eventually completely eliminating demand. In 
other words, what we could fear is not physical depletion, where we literally run out of 
mineral resources, but economic depletion, where the costs of producing and using mineral 
commodities increase to the point where no one longer is willing to buy them. With some 
qualification (see below) this view appears to be shared by both economists and peak 
modellers. 
 
The authors have focused most their research on minerals and have no in-depth knowledge of 
the oil industry. We believe however that the differences between oil and minerals should 
neither be overstated nor ignored.  Both commodities show extremely low price elasticity of 
demand in the short term but in the longer term the elasticity increases and there are clearly 

nd also for technical development resulting in savings. The 
 the increasing of copper reserves by including deposits of 
 

1 Aleklett and Campbell (2003) even suggest that the: ” transition […] will include moves to a more 
central style of government as the famous open market is not designed to manage depletion of a 
critical resource,” (p. 19).  



POLINARES                          D1.1 – Framework for understanding the sources of conflict and tension 
Grant Agreement: 224516                                                       Dissemination Level: PU   
     

 

progressively lower grades made possible by the shift from selective to mass mining, are 
examples of the effects of technological progress. The most important difference is clearly 
the recyclability of minerals but from most other points of view the differences between oil 
and other minerals should not be exaggerated.  
 
The controversy lies rather in how one should model and interpret changes in mineral 
production and deposit discovery over time. The peak models (e.g., the Hubbert curve) 
essentially assume that geology is the prime constraint for discovery and mineral production, 
and they thus only leave room for economic and political factors as ex post explanations. This 
is a serious weakness, and for minerals it implies that these methods tend to systematically 
(and often grossly) underestimate the available quantity of mineral resources and hence the 
time left before mineral production peaks (also assuming that any anticipated peak will be the 
final one). This does not preclude the fact that there may come a day when the production of 
some minerals peaks, but unless we understand the real reasons behind such peaks, decision-
makers at the corporate and/or policy levels will be little helped.  
 
In the next section we briefly discuss the fundamentals of the ‘peak’ approach, and highlight 
a number of critical assumptions underlying the methods used. A following section presents a 
brief economic critique of the ‘peak’ approach, and suggests a closer synthesis of geological 
and economic knowledge. Some final remarks are provided in a concluding section.  
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The ‘Peak’ Concept 

 
The ’peak’ concept builds substantially on the work by the oil geologist M M King Hubbert 
in the 1950s; he predicted that US oil production would peak in the early 1970s. The model 
was later used by others to predict global oil production peaking in year 20002.The model 
used by Hubbert was based on logistic production growth curves (bell-shaped curves), and if 
applied to minerals it essentially suggests that geology requires that the production of the 
mineral should follow such a curve and thus peak at a stage where (roughly) half of the 
ultimately recoverable resources (URR) have been extracted. URR is assumed to be known, 
and it refers to the amount of the mineral that is believed to be recoverable given existing 
technology but not of economics. The reserve definition combines geological knowledge and 
the economic dimension (the McKelvey diagram).3 The additional assumptions underlying 
Hubbert’s ‘peak curve’ include also that: (a) the population of producing deposits is 
sufficiently large so that the sum of all fields approaches a normal distribution; (b) the largest 
deposits are discovered and developed first; and (c) mineral production continues at its 
maximum possible rate over time (e.g., Bentley, 2002). All these assumptions may well be 
seriously criticized (e.g., Lynch, 2003).4  
 
The central message from this type of model is that resources have to be found before they 
can be produced, implying, for instance, that a drop in discoveries signal increased resource 
scarcity. Aleklett and Campbell (2003) note, for instance, that “extrapolating the discovery 
trend of the past to determine future discovery and production should be straightforward, 
[…].” (p. 5). Production mimics discovery with a certain time lag, because what is produced 
needs to be discovered first. This notion, it is argued, appears to be independent of the kind of 
resource considered.  
 

The ‘Peak’ Approach to Non-fuel Minerals 

 
In recent years the ‘peak’ approach has been increasingly applied to minerals as well. Vernon 
(2007) examines the world production of 57 minerals, and concludes that there is ‘evidence’ 
that 11 out of these have clearly peaked and production levels are thus declining. Several 
additional minerals may be peaking or appear to be close to peaking. The author expresses 
strong support for the Hubbert model, and claims that this model captures a nearly universal 
phenomenon in resource exploitation. This view is supported by Laherrére (2009), who 
asserts that the historical gold production curve can be interpreted in terms of multiple 

llowing the Hubbert curve. Giurco et al. (2010) investigate the production cycles, each one fo

                                                        
2 See for example Aleklett, Campbell and Laherrère. 
3 URR does include estimates of undiscovered resources, although normally this represents only a 
fraction of the total.  
4 It can also be noted that the date of the global oil peak has been pushed further into the future when 
the year 2000 was passed. 
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issues of mineral resource extraction and depletion in Australia, and conclude that the ‘peak’ 
minerals concept is useful for addressing the gradual depletion of minerals in the country. 
The authors conclude, for instance, that copper fits the Hubbert model well and appears to be 
approaching a peak in the country. Similar to the findings of Laherrére (2009), Giurco et al. 
(2010) argue that gold production in Australia reflects multiple peaks in production due to 
technological transitions that have occurred in the industry. The studies on individual 
countries have, though, very limited interest in an age where markets, economies and political 
developments are truly global. The outlook when securing the future supply of natural 
resources has to be global, otherwise sub-optimal solutions will be chosen. 
 
The studies employing the Hubbert-type models do not necessarily ignore economic factors 
(e.g., Vernon, 2007); they do recognize that peaking and decline in production is the result of 
gradual increases in the cost of production of the mineral as it gradually depletes over time. 
These costs can be expressed in monetary terms but they are also sometimes expressed in 
energy units instead (e.g., Laherrére, 2009), the latter approach thus emphasizing only one 
cost component of the mineral extraction process. However, most peak studies only highlight 
economic impacts at the supply side of the minerals market, and neglect technological 
innovations in exploration and mining and, as was noted above, the economic explanations 
are most often provided ex post as rationalizations of the projected peaks rather than 
integrated into the models.  
 
Thus, Hubbert models ignore the fact that the rate-of-return on mineral investment (in 
production capacity as well as exploration) will depend on the price of the mineral (which in 
turn will be influenced by the marginal cost of extraction). Moreover, extraction costs are not 
only determined by physical depletion, but also by demand patterns, which in turn will be 
affected by the price level and the ease with which consumers can substitute to other 
minerals, products or services to satisfy human needs. This is elaborated on in more detail in 
the next section.  
 
The Economic Critique of the ‘Peak’ Minerals Approach 

 
Most of the peak studies so far have focused on the case of oil, and Giurco et al. (2010) note 
that there exist fundamental differences between oil and many minerals such as the 
recyclability of metals. Metals are elements and hence are indestructible. Once they are 
mined and put into use they do not disappear but are in most cases available for recycling, 
i.e., production can increase but the balance of supply between primary and secondary 
sources will vary. For example, steel production of the US has continued on a high level 
based on scrap even though iron ore production has not grown at the same pace.    
 
However, the main weakness of the Hubbert approach lies not so much in its applicability to 
certain minerals or energy sources; it concerns a more fundamental methodological problem 
of ignoring the nature of the causal effects in the minerals markets. This makes the ‘peak’ 
concept a poor tool for projecting future mineral production levels, and, perhaps even more 
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importantly, for providing relevant knowledge that can support future policy decisions and 
investments.  
 
Clearly mineral discovery is a necessary condition for mineral production but it is certainly 
not a sufficient condition, and although there may exist a (lagged) statistical relationship 
between the two variables this does not indicate a causal relationship. Data cannot speak for 
itself without the help of theoretical tools, and economic theory provides some of the most 
important tools (but certainly not the only one) in this particular area. Economics 101 teaches 
us that in the presence of growing economic scarcities (e.g., lower ore-grade deposits at more 
remote locations), the price of minerals will increase inducing: (a) more substitution to  
decrease global demand; (b) additional investments in new capacity and exploration; and, not 
the least (c) increased efforts to improve current production and exploration technologies. 
The outcome of this process is far from certain (it is simply unknown), and can of course be 
constrained by geological factors and does not preclude the emergence of a peak production. 
However, if we do not model this process in a consistent manner (addressing the relevant 
uncertainties) we will learn very little about the behaviour of the markets.  
 
Clearly, political factors also play an important role here. In the ‘peak’ oil debate it is 
frequently pointed out that depletion is occurring since oil production has systematically 
exceeded “new discoveries” since the 1980s. While this is true in itself, peak oil proponents, 
even though appreciation is sometimes included in the models, underestimate the importance 
of, first of all, the very substantial appreciation of oil wells after discovery. A similar pattern 
is found for mineral deposits; the ultimate extraction from a deposit typically represents a 
quantity several times greater than the initially recorded discovery. Moreover, the idea that 
this relative lack of discoveries must (by some immutable natural law) imply lower 
production, ignores the fact that in the oil case the drop in discoveries was largely a result of 
a drop in exploration activities in the Middle East. Governments nationalized foreign 
operations and lower exploration expenditures as demand for oil fell drastically (Lynch, 
2003). From an economic perspective this makes sense, since it is uneconomical to spend 
money exploring for something that consumers have become more reluctant to buy. This does 
not preclude that geological factors may also have a played a role in explaining the drop in 
discovery, but unless we properly address the underlying economic decisions little will be 
learned that can inform various types of decision-makers. Similarly, declining demand 
growth for some metals is overall a result of greater material efficiency and substitution, or 
even societal changes, but not necessarily scarcity.  
 
The examples given above of previous peaks in the production of lead, mercury and cadmium 
(Vernon, 2007) all illustrate how important demand is. For each of these metals it is a sharp 
fall in demand that has resulted in a peak in production, and thus not geological availability. 
All three have serious detrimental effects both on the environment and directly on man when 
producing and using them. When these health and environmental effects have become known 
the metals have been totally or partially banned by government authorities. It is also no doubt 
possible that the use of one metal could “peak” for other political reasons. Uranium is one 
example; after the end of the Cold War the use of weapon grade uranium made the 
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production of uranium from geological resources drop, which again had nothing to do with 
the geological availability of resources.  
  
We believe that in contrast to the deterministic approach offered by the Hubbert modellers it 
needs to be acknowledged that in the long-run the seriousness of depletion trends depends 
“on the race between the cost-increasing effects of depletion and the cost-reducing effects of 
new technology. The outcome will be influenced by many factors, and is simply unknown,“ 
(Tilton, 2003, p. 41). Historically the real prices of most non-renewable resources depict a 
declining rather than an increasing long-run trend. This is due to the fact that new discoveries 
are made (again, as a result of conscious investment and exploration activities), and that 
technical progress has refined the methods used to find new deposits and lowered the 
extraction costs and has also made it possible to use substitutes for virgin natural resources 
(e.g., Radetzki, 2002).  
 
Over the 20th century the growth in metal production has, in spite of falling prices, been 
possible because of technological developments. The productivity of, for example, drilling, 
one of the processes involved in mining, has increased more than one hundred times in the 
same period, thus overcoming falling ore grades in reserves and the deterioration of other 
cost increasing factors. This shows that in many cases the cost reducing impacts of technical 
progress and resource substitution have far overcome the cost-increasing impacts of access to 
resources. There are no indications that this process of technological developments will stop 
at this stage. Over time technical progress has taken place in waves and with the presently 
increasing prices of many mineral commodities, the incentives to invest in R&D in this area 
have become stronger. The results of these present efforts will take decades to translate into 
practice and it is still too early to a priori say that they will not succeed. It is up to the peak 
theorists to give evidence that this will be the case. 
 
At present the rate-of-return on mineral exploration R&D is high given the high commodity 
prices, and there is currently great interest in exploring the possibilities to extract minerals in 
more remote regions, from greater depths or from the sea bed. In recent years the traditional 
geological concepts of metalogenesis over millions of years have been challenged when new 
frontiers of the earth are being explored. The continuous geological processes leading to the 
phenomena of “black smokers” and other examples of ore deposits being formed on the 
bottom of the sea, open up new sources of metals production. For instance, the first 
commercial concessions for deep sea mining of black smokers have recently been granted in 
Papua New Guinea (Ericsson, 2009). These concessions illustrate both how novel 
technologies make previously high-cost deposits available, and also how the static geological 
assumptions underlying the peak theories are being challenged. 
 
At present we do not know about the outcome of these efforts, but given the important role of 
technical change in the past, these forces cannot simply be ignored by assuming a constant 
stock of ultimately recoverable resources. Tilton (2003) notes that at current rates of 
consumption the copper and iron found in the earth’s crust would last 120 million years and 
2.5 billion years, respectively. Clearly, only a tiny share of this ‘stock’ is economically 
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available given present technology, and unless the potential future technological progress is 
taken into account we cannot expect predictions of future mineral extraction discoveries and 
extraction rates to perform well. The ‘peak’ concept does not help us much in this respect.  
 
Final Comments 

 
In this review we have criticized the methodological approach used by most ‘peak’ 
modellers. It ignores the underlying causal relationships in the supply and demand for 
mineral commodities, and the associated exploration activities. Clearly minerals are nothing 
but non-renewable in the sense they can not be biologically reproduced but this is not of 
prime interest as they are not – unlike oil – destroyed when used. The ultimate stock of 
minerals in the earth crust is not known and thus the potential for developing undiscovered 
resources is not finite or limited. 
 
Economic depletion of minerals may become a real concern for mankind in the distant future. 
Still, the Hubbert curve and any associated approaches do not provide us with much guidance 
for knowing when this will occur. By essentially adopting the idea of a fixed resource stock, 
these models ignore the forces of technological change, which will influence exploration and 
extraction possibilities in the future, but also the importance of certain minerals for satisfying 
human needs. The ‘peak’ advocates also tend to assume that oil and certain minerals are 
essential commodities in themselves, but the demand for these is a derived demand for a 
number of underlying human needs (food, shelter, travel etc.). To the extent that these needs 
can be satisfied with other more abundant resources, mineral depletion is not in itself a 
problem (even in the presence of a peak or decline in production).  
 
Another important corollary of the ‘peak’ theories is that the emerging economies of the 
world will not be given the opportunity to develop economically and socially using metals 
and minerals as key inputs. This route was successfully used by the industrialised countries of 
today during the 19th and 20th centuries. Recent developments in China, India and other 
developing countries show that this route is followed also today and that metals and minerals 
have not lost their importance in spite of technological progress bringing new materials and 
processes. As long as the ‘peak’ theories are only discussed among academics, they will not 
cause much harm. But if the ‘peak’ theorists manage to gain support from politicians and 
political action would be taken based on the unproven theories, serious damage could be 
done. Today’s emerging economies would perhaps be forced to try to find new, so far un-
known routes for their future economic development. This is not to say that new, more 
efficient ways of extracting and using minerals and metals should not be tried, nor do we 
mean that the industrialisation route chosen by today’s developed economies is the only 
possible or the most effective. but only that decisions about efforts to find alternatives to 
metals because of a fear of future depletion, should be taken based on sound and well proven 
scientific evidence only. If the emerging economies would not be able to use metals and 
minerals, as have the developed nations of today done, for their quick and efficient economic 
development, there could be serious political and social implications. Exactly what these 
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implications  will be is difficult to imagine but when it becomes clear that the ‘peak’ theory 
was not sufficient to predict when metals are becoming seriously scarce, it is certain that the 
result could be devastating. The mistrust between developed and emerging countries, 
between the haves and have nots will deepen further and to rebuild it will take too long. 
 
In addition, the ‘peak’ models do not provide us with much policy guidance either 
(Söderholm, 2003). The reason is simply that the models do not explain thoroughly enough 
why we may witness a peak in production, and if any anticipated peak would indeed be due 
solely to geological constraints this would inevitably be reflected in rising market prices. 
Thus, in the case of non-renewable resource extraction there is essentially no market failure 
arising from the pure fact that the resource is exhaustible, and ‘peak’ modellers would 
therefore do more good to societal development if they instead paid attention to the goods 
and services that may not be properly internalized in the price mechanism (e.g., 
environmental pollution).  
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