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Mineral resources are the building blocks of civilization and are essential for basic 
needs such as food, housing, and transportation as well as modern conveniences such 
as smart phones, flat screen TVs, and air conditioning, that many of us cannot imagine 
life without.  These needs have been highlighted in recent years by concerns about 
critical minerals, such as rare earth elements, that could be subject to supply 
disruption.  As is sometimes said, “Critical means that you need it and strategic means 
that you don’t have it.”  This is both an economic and geopolitical concern as countries 
and thought leaders are beginning to grapple with the underlying issues of resource 
constraints. 
 
The adequacy of mineral resources has been a concern since the time of Malthus 
(1798), but many studies, such as the famous 1972 Club of Rome publication “The 
Limits to Growth”, erroneously forecast impending peak production, exhaustion, or 
societal collapse because they confuse reserves with “all there is”. This is further 
illustrated by the famous bet between Julian Simon and Paul Erlich about the price of 
five benchmark metals, chromium, copper, nickel, tin and tungsten, ten years in the 
future.  Even though Dr. Erlich was quite confident that prices would have to be higher 
in the future due to resource scarcity, he lost that bet because prices were actually 
lower, both in real and inflation-adjusted dollars. 
 
Reserves are formally defined as a subset of resources, and even current and potential 
resources are only a small subset of “all there is”.  It is a simple fact that peak 
production or exhaustion cannot be modeled accurately from reserves. Using copper as 
an example, identified resources are twice as large as the amount projected to be 
needed through 2050. Forecasts of imminent peak production are simply not valid. 
Short-term supply problems may arise, however, and supply-chain disruptions are 
possible at any time due to natural disasters (earthquakes, tsunamis, hurricanes) or 
political complications.  Society needs a better understanding of these issues and our 
educational system needs to do a better job of teaching the science that underlies this 
emerging problem. 


