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Are YOU concerned about:

Climate Change?

Pollution?

Environmental Issues?

The Earth Running Out of 
(Mineral) Resources?



My Favourite Rock:

Pale green monazite in ferroan carbonatite
with textures indicating modified magmatic 
origin, probably hydrothermal

The 3rd from the sun



·Initiated & Developed by IUGS:
·International Union of Geological Sciences

·Ȱ3ÅÃÕÒÉÎÇ ÔÈÅ ÍÉÎÅÒÁÌȟ ÅÎÅÒÇÙ ÁÎÄ ×ÁÔÅÒ ÒÅÓÏÕÒÃÅÓ 
ÒÅÑÕÉÒÅÄ ÂÙ ÆÕÔÕÒÅ ÇÅÎÅÒÁÔÉÏÎÓȱ

·A bridge between industry, academia and geological 
surveys

Resourcing Future Generations (RFG)



Resourcing Future Generations (RFG)
·#ÕÒÒÅÎÔÌÙ Á ÂÉÔ ÏÆ Á ȰÂÕÚÚ-ÐÈÒÁÓÅȱȠ ÉÔÓ ÃÁÔÃÈÙȟ ÉÔÓ ÓÅØÙ ÉÔ ÈÅÌÐÓ ÇÅÔ 

attention (and possibly funding).

·However, the consequences of getting it wrong are probably 
severe on future generations.

·Proposed by Lambert et al., (2013) to the IUGS as a proposed 
international collaborative programme to satisfy the demands of 
society for natural resources in the long term (10-20 years!!!!!!!).

·Essentially based on Malthusian economics (exponential growth 
of population vs arithmetic growth of resources) and Sustainable 
Development via the Brundtland Report (1987) etc.



Malthus & the Club of Rome

Urbano, 2011

Lahart et al., 2008

-ÁÌÔÈÕÓȟ Ϋαγβ Ȱ!Î %ÓÓÁÙ ÏÎ ÔÈÅ 
0ÒÉÎÃÉÐÌÅ ÏÆ 0ÏÐÕÌÁÔÉÏÎȱ



Club of Rome
·1968 A meeting of 30 

individuals in Rome gathered 
ÔÏ ÄÉÓÃÕÓÓ ȰÔÈÅ ÐÒÅÓÅÎÔ ÁÎÄ 
ÆÕÔÕÒÅ ÐÒÅÄÉÃÁÍÅÎÔ ÏÆ ÍÁÎȱ 
and ultimately formed the 
club of Rome

·Ϋγαά Ȱ4ÈÅ ,ÉÍÉÔÓ ÏÆ 'ÒÏ×ÔÈȱ
·One of the most controversial 

and influential books of the 
century.

· (Available as a free PDF download 
on the web)



·The team at MIT undertook 
computer simulations of 
exponential economic and 
population growth with 
finite resource supplies. To 
ÉÎÖÅÓÔÉÇÁÔÅ ȰÂÅÈÁÖÉÏÕÒÁÌ 
ÔÅÎÄÅÎÃÉÅÓȱ ÉÎ ÔÈÅ ÓÙÓÔÅÍ 
not to make predictions.

·5 variables:

·World population

·Industrialisation

·Pollution

·Food production

·Resource depletion World Model ɀstandard run ɀno changes



Conclusions from LtG

·The pessimistic:
·Ȱ)Æ ÔÈÅ ÐÒÅÓÅÎÔ ÇÒÏ×ÔÈ ÔÒÅÎÄÓ ÉÎ ×ÏÒÌÄ ÐÏÐÕÌÁÔÉÏÎȟ 

industrialization, pollution, food production, and 
resource depletion continue unchanged, the limits to 
growth on this planet will be reached sometime within 
ÔÈÅ ÎÅØÔ ÏÎÅ ÈÕÎÄÒÅÄ ÙÅÁÒÓȱ

·The optimistic:
·Ȱ)Ô ÉÓ ÐÏÓÓÉÂÌÅ ÔÏ ÁÌÔÅÒ ÔÈÅÓÅ ÇÒÏ×ÔÈ ÔÒÅÎÄÓ ÁÎÄ ÔÏ 

establish a condition of ecological and economic 
ÓÔÁÂÉÌÉÔÙ ÔÈÁÔ ÉÓ ÓÕÓÔÁÉÎÁÂÌÅ ÆÁÒ ÉÎÔÏ ÔÈÅ ÆÕÔÕÒÅȱ



Limits to Growth

·άΪΪή Ȱ4ÈÅ ,ÉÍÉÔÓ ÔÏ 'ÒÏ×ÔÈȡ 
The 30-year updateȱȢ

·The arguments still rage and 
whether it is an appropriate 
method of systems analysis.

·There are a couple of 
consensus points:

·We can never accurately 
quantify our finite 
resources.

·The predictions are only 
indicative.

·Resources are finite.

NB. Limits to Growth considers the next 
100-300 years. RFG is really only focused on 
the next 10-20.



Sustainable Development
·4ÈÉÓ ÔÅÒÍ ×ÁÓ ÃÏÉÎÅÄ ÉÎ ÔÈÅ ȰBrundtland 2ÅÐÏÒÔȱ ɉGro

Harlem Brundtland , former PM of Norway (UN, 1987)) and the 
ÄÏÃÕÍÅÎÔ Ȱ/ÕÒ #ÏÍÍÏÎ &ÕÔÕÒÅȱ ÁÌÓÏ ËÎÏ×Î ÁÓ ÔÈÅ 
Ȱ2ÅÐÏÒÔ ÏÆ ÔÈÅ 7ÏÒÌÄ #ÏÍÍÉÓÓÉÏÎ ÏÎ %ÎÖÉÒÏÎÍÅÎÔ 
ÁÎÄ $ÅÖÅÌÏÐÍÅÎÔȡ /ÕÒ #ÏÍÍÏÎ &ÕÔÕÒÅȱ 
(downloadable free as a pdf on the web)

·Ȱ3ÕÓÔÁÉÎÁÂÌÅ ÄÅÖÅÌÏÐÍÅÎÔ ÉÓ ÄÅÖÅÌÏÐÍÅÎÔ ÔÈÁÔ ÍÅÅÔÓ 
the needs of the present without compromising the 
ÁÂÉÌÉÔÙ ÏÆ ÆÕÔÕÒÅ ÇÅÎÅÒÁÔÉÏÎÓ ÔÏ ÍÅÅÔ ÔÈÅÉÒ Ï×Î ÎÅÅÄÓȱ



Sustainable Development

To achieve this we need natural resources



The Resources We Need

·Food

·Water

·Shelter

·Energy

·Metals and Materials

·If it is not used directly then typically it is used in 
manufacturing and/or intermediate products to make 
things we use directly or consume.

·Disconnect between the mine / metal and the end 
user.

·How do we know what future generations will need?



Houses, cars, watches, 
make-up, talcum 
powder, toothpaste, 
plumbing, electrical 
wiring, aeroplanes, 
cell phones, 
computers, road 
construction, bridges, 
jewellery, ferries, 
glass, concrete for 
buildings, aluminium 
foil.



Individually
(1 lb = 0.453592 kg)



Our daily lives ς(or aspirations)

Frank et al (2001) USGS



Minerals in our Environment 
(Bathroom)

Weathers et al (2000) USGS



Minerals in our Environment 
(Kitchen)

Weathers et al (2000) USGS



Minerals in our Environment 
(Garage) Weathers et al (2000) USGS



Minerals in our Environment 
(Office) Weathers et al (2000) USGS



What does our planet 
(crust)contain?

Metals are not abundant!!!



Unsurprisingly, the price of 
a commodity is related to 
its abundance.

In addition, our planet 
does not have a uniform 
distribution of minerals or 
mineral deposits.

A mineral deposit is a 
geochemical anomaly ɀit 
has formed by normal 
geological processes 
although some special 
factors must have been at 
work.



Concentration factors
·To make a deposit economic the commodity of interest 

must be concentrated to a level that is economically 
viable to mine.

Commodity In crust (g/t) )Î ȰÔÙÐÉÃÁÌȱ ÄÅÐÏÓÉÔUpgrade

Iron 50,000 600, 000 (x) 12

Uranium 3 500 (x) 166

Copper 55 10,000 (x) 181

Gold 0.004 5 (x) 1250

Platinum 0.002 5 (x) 2500

Tin 2 8000 (x) 4000

Lead 12 100,000 (x) 8333



Selected and simplified map 
ÓÈÏ×ÉÎÇ !ÆÒÉÃÁȭÓ ÍÉÎÅÒÁÌ 
occurrences (not deposits or 
mines)

Note the uneven distribution 
of the occurrences. This 
reflects:

Known distribution
Known clustering

!ÆÒÉÃÁȭÓ -ÉÎÅÒÁÌÓ



The Value Curve



Resources and Reserves
Resources and Reserves are 
dynamic and will f luctuate 
with time depending on 
knowledge of the deposit, 
exchange rates, commodity 
prices, processing 
efficiencies. In fact,  all the 
Geological and the Modifying 
Facors.

ȰMcKelveyÄÉÁÇÒÁÍȱ ÆÒÏÍ 
SAMREC code (2016)



Reserve Base (RB)
RB in Tg (1012g)

Not Stock-exchange 
compliant and referring to 
Ȱ4ÈÁÔ ÐÁÒÔ ÏÆ ÁÎ ÉÄÅÎÔÉÆÉÅÄ 
resource that meets 
specified minimum 
physical and chemical 
criteria related to current 
ÍÉÎÉÎÇ ÐÒÁÃÔÉÃÅÓȱ 53'3ȟ 
(2009) in Graedel & Nassar, 
(2015)

Figure from Graedel & 
Nassar(2015)



How well do we know global 
resources: An example
·Sverdrup & Ragnasdottir (2016) in an investigation of 

platinum extraction, supply, demand, and recycling 
concluded that their model indicates maximum 
extraction 2020-2050 and that market supply will peak 
2070-2080.

·They were not aware of two recent major discoveries 
(PTM Waterberg project and Ivanplats, Platreef
Project) and so of necessity their model is flawed at 
best  or totally incorrect. Projects on the Platreef are 
likely to have > 100 years LOM.



Increasing
Demand

Sverdrup et al., (2013)
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Increasing demand



Nickless et al., (2015)

We must:
1. Find new deposits
2. Use what we have more 
efficiently
3. Recycle
4. Mine more efficiently

Reduce, Reuse, Recycle



Have we got enough
·Hubbert Peak Oil / Minerals

·(1956)

Prior et al., 2012

By Plazak- Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.
php?curid=25859126


