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T h e gd fro m th e S u n Pale green monazite inferroan carbonatite

with textures indicating modified magmatic
origin, probably hydrothermal



Resourcing Future Generations (RFG)

Initiated & Developed by IUGS:
. International Union of Geological Sciences
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A bridge between industry, academia and geological
surveys



Resourcing Future Generations (RFG)
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attention (and possibly funding).

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

Proposed by Lambertet al., (2013) to the IUGS as a proposed
International collaborative programme to satisfy the demands of
society for natural resources in the long term (1620 years!!!i),

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



althus & the Club of Rome

Malthusian Growth
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4 - “The power of population is so superior
. _._F..---""" to the power of the Earth to produce

subsistence for man, that premature
death must in some shape or other visit the
human race.” —Thomas Malthus, 1798

Urbano, 2011 “If the present growth trends in world
population, industrialization, pollution,
food production, and resource depletion
continue unchanged, the limits to growth
on this planet will be reached sometime

Thomas within the next 100 years.”

Malthus —The Club of Rome think tank, 1972

Lahartet al., 2008
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Club of Rome

1968 A meeting of 30
individuals in Rome gathered
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and ultimately formed the
club of Rome
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. One of the most controversial
and influential books of the
century.
- (Avalilable as a free PDF download
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- Theteam at MIT undertook
computer simulations of
exponential economic and

population growth with
finite resource supplies. To
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not to make predictions.
5 variables:

- World population

- Industrialisation

- Pollution l | T I
- Food production o
. Resource depletion World Model z standard run z no changes
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Conclusions fromtG

The pessimistic:
. 0) £/ OEA POAOCGAT O cOi xOE OOAI
Industrialization, pollution, food production, and
resource depletion continue unchanged, the limits to

growth on this planet will be reached sometime within
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The optimistic:
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;imjis to Growth—"
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The 30-year updated 8

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

guantify our finite
resources.

- The predictions are only e h o
indicative. NB. Limits to Growth considers the next

i 100300 years. RFG is really only focused on
Resources are finite. the next 1620.
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Sustainable Development
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(downloadable free as a pdf on the web)
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~_The Resources WeNee€

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?




S IF IT CAN'T BE GROWN... 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.

IT'S GOTTA BE MINED!
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Individually

Every American Born Will Need...

(1 1o = 0.453592 kg)

1.25 million Ibs.
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3.11 million pounds of minerals, metals, and fuels in their lifetime

©2015 Minerals Education Coalition

The Society for Mining, Metallurgy & Exploration Foundation Learn more at www.MnneralsEducatlonCoalmon.org



tungsten

lights blubs
light fixtures
stained glass
paints
silica
abrasive and blasting sand
ceramics

fluorit £
uorite 7 .

[Eee— toothpaste

BUSGS s ’ paint pigments o, C([/J-

Mineral Resources culf
Out of the ground...into our daily lives gold g

fertilizers

rubber products
stereo components

jewelry
telephones
electronic components

titanium beryllium

cobalt
= white paints stereos
3 toothpaste fluorescent lights
don enamel finishes v
.
aluminum
- micas
2yPpst & ol lipstick
o 3 2 Se= bricks
fluorite feldspar L =3 insulation for electrical motors
. - 4§b paints
1d sulfur silver b
PR A : oron
glass
insulation

titanium berylliumj .

pelmlcl{r_n products soaps and detergents

halite ZinC

washing machines

galvanized steel
cameras &
coins @

chromium

graphite

lithium

_lead

electronic components
‘ television screens
batteries

Frank et al (2001) USGS

soda ash

windows

glassware
fiberglass
detergents

ey gypsum

concrete
wallboard

cobalt

paints
magnets
engines

tools

aluminum

felds

plates
glassware
paper

refrigerators
automobiles
cans

par

hite
pencils
refractory bricks
lubricants
fuel cells/batteries

lithium

lubricants
batteries

barium

spark plugs
rubber products
glass and plastics

copper

stoves
wiring
brass fixtures
plumbing

coins

nickel

clocks
stainless steel
copper-nickel alloys

.
1ron
faucets
tools
magnets

silver

photographic materials
mirrors
wiring
jewelry

plastics

automotive parts
natural gas

gasoline for cars

chromium

toasters
car bumpers
stainless steel

clays
porcelain
sinks
bricks
paper

coal tar

shampoos
asphalt

zeolites

soil additives
water softeners
cat litter

petroleum products

halite

salts
ceramics
de-icing agents

steel production
electricity
synthetic fabrics
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. DEODORANT: Includes aluminum and the

. TOOTH PASTE:

. ABRASIVE CLEANSER: Includes silica
. LIPSTICK AND MAKEUP: Includes clay,

. PLUMBING: Made of copper, clay and

. RUGS: Includes limestone, petroleum

. PLASTIC SHOWER CURTAINS: Contains

. FLOWER POT: Made of clays and metallic

. TALCUM POWDER: Contains talc and mica.
. DANDRUFF SHAMPOO: Includes coal tar,

. MIRROR: Includes feldspar, silica and silver.
. FAUCETS: Includes iron, nickel and

. TILES: Made of clay, feldspar, wollastonite or

. TOILET: Includes clays, silica, copper, zinc,

M1
(Bathroom)

rals in-

container is made of petroleum products.

Includes fluorite, barite
and calcite. The container is made of
petroleum products or aluminum.

DRINKING GLASSES: Includes feldspar,
silica and soda ash.

or calcite.

mica, talc, limestone and petroleum products.
petroleum products.

products and selenium.

petroleum products.

minerals for pigments in glaze.

lithium clays and selenium. The container
is made of petroleum products.

chromium.

talc, mineral pigments.

petroleum products and borates.

14
(0=
)
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(Kitchen)

I. RADIO: Includes aluminum, copper, gold,
iron and petroleum products.

Weathers et al (2000) USGS
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. TOASTER: Includes copper, iron, nickel,
mica, chromium and petroleum products.

3. ELECTRICAL WIRING: Includes copper,

aluminum and petroleum products.

4. MICROWAVE: Includes copper, gold, iron,
nickel and silica.

5. STOVE: Includes aluminum, copper, iron,
nickel and silica.

6. REFRIGERATOR: Includes aluminum,
copper, iron, nickel, petroleum products
and zinc.

7. TABLE SALT: Includes halite; light salt can
be made from sylvite. Most salt has added
iodine.

8. PLATES: Includes clays, silica and feldspar.

9. CUTLERY: Includes iron, nickel, silver and
chromium.

10. CLOCK: Includes iron, nickel, petroleum
products and silica.

11. STAINLESS STEEL SINK: Includes iron
and nickel.

12. BLACKBOARD: Includes clays. Chalk
includes limestone or petroleum products.

13. MAGNET: Includes cobalt.
14. DISH RACK: Made of petroleum products.




Weathers et al (2000) USGS

Approved for publication March 2001

. BRICKS: Includes graphite, clays and silica.
. CONCRETE STEP: Includes gypsum,

iron, limestone, clays and silica.

. BIKE: Includes barite, iron, nickel and

petroleum products.

. DOOR KNOB: Includes copper and zinc, which

make brass.

. SHINGLES: Includes petroleum products and clays.

. MAIL BOX: Includes copper and zinc, which

make brass.

. WINDOWS: Includes silica, feldspar, soda ash,

coal and salt.

. TOOLS: Includes iron and nickel.

. SCOOTER: Includes aluminum, calcite, mica,

nickel, petroleum products, clays, silica and talc.

CAUTOMOBILE: Includes aluminum, barite, calcite,

iron, lead, mica, nickel, petroleum products, clays,
silica and zinc.

. PAINT: Includes titanium, gypsum, barite and

sulfur.

. LIGHT AND FIXTURE: Includes tungsten,

molybdenum, aluminum, silica, copper and zinc.
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. COMPUTER: Includes gold, silica, nickel,
aluminum, zinc, iron, petroleum products, and
about thirty other minerals.

. PENCIL: Includes graphite and clays.

. TELEPHONE: Includes copper, gold and
petroleum products.

. BOOKS: Includes limestone and clays.

. PENS: Includes limestone, mica, petroleum
products, clays, silica and talc.

. FILM: Includes petroleum products and silver.

. CAMERA: Includes silica, zinc, copper,
aluminum and petroleum products.

. CHAIR: Includes aluminum and petroleum
products.

. TELEVISION: Includes aluminum, copper,
iron, nickel, silica, rare earths, and strontium.

10. STEREQ: Includes gold, iron, nickel,

beryllium and petroleum products.

11. COMPACT DISC: Includes aluminum and

petroleum products.

12. METAL CHEST: Includes iron and nickel.

The brass trim is made of copper and zinc.

13. CARPET: Includes limestone, petroleum

products and selenium.

14, DRYWALL: Includes gypsum, clay,

vermiculite, calcium carbonate and micas.

Weathers et al (2000) USGS




at does our plane

(crust)contain?

Elemental Crustal Abundances

Metals are not abundant!!!

Abundance, atoms of element per million atoms of Si
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——— Au ..Pt .c (industrial diamonds)
@Pd
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Unsurprisingly, the price of = oA Om “ony Yoa
a commodity is related to : B ) Uy e
& g - 5!. Mo Sm m\CO.
its abundance. : on  ems o 0 deu,
In addition, our planet = i g iy  Aimen,
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distribution of minerals or s L Fe ore,
mineral deposits. z ®¢ (coal Al (ore)®
A mineral deposit is a o om0 ' e g om0 e

; : Abundance (ppm, grams of element/tonne of Earth's crust)
geochemical anomalyz it

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.

Incrust(g/t) )T OOUDPEAAI 6 |Upgrade

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
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Selected and simplified map
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occurrences (not deposits or
mines)

Note the uneven distribution
of the occurrences. This
reflects:
Known distribution
Known clustering
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increeasing
level of
geoscentific
knowiedge
end
confidence

EXPLORATION
RESULTS

| MINERAL |
| RESOURCES |

MINERAL
RESERVES

|
|
|
INFERRED |

INDICATED PROBABLE

MEASURED PROVED

Reported as in situ

R ed mineable
mineroksation et

production estimetes

estimetes l

Considerstion of mining, metallurgical, processing,
infrestructurel, economic, merketing, legel,
environmentsl, sociel end governmental fectors (the
Modifying Fectors)

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

MckelveyAE ACOAT 6
SAMREC code (2016)
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Reserve Base (Tg)
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Not Stock-exchange
compliant and referring to
O4EAO PAOO 1 £
resource that meets

specified minimum

physical and chemical
criteria related to current
FELElC DOAROE
(2009) in Graedel &Nassar
(2015)

Figure from Graedel &
Nassar(2015)



“How well do we know global j§sd
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
pest or totally incorrect. Projects on thePlatreefare
Ikely to have > 100 years LOM.




Anmual glohal production, ton
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Sverdrupet al., (2013)

1900 1950 2000 2050

Increasing
Demand

Million tons

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

years



Million metric tons
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U.S. Raw Nonfuel Mineral Materials Put into Use Annually
1900-2006
(Excluding materials embedded in imported goods)

Recessions /

Qil ¢risis
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Demand trajectory

Today’s known resources leave a

35 - ¥ historicil arowth /' 30 Mt shortfall in 2050 in available
B F supply from primary resources to meet
- rate followed / the world’s historical demand trajectory.

This requires parallel efforts in:

- new resource discovery, development
- increased recycling

- slowing growth in demand.

Historical and Projected
25 { Copper Production

In million tons
20 { mAustralia = Chile -
® China ®WFSU/Russia We must:
i mP - :
T8 R - 1. Find new deposits
1 mRest of world - 2. Use what we have more

- efficiently
i 3. Recycle

4. Mine more efficiently
(0 e e

1900 1920 1940 1960 198 2000 2020 2040 2060 2080 2100

Nicklesset al., (2015)

Reduce, Reuse, Recycl
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Have we got enough

Hubbert Peak Oil / Minerals
(1956)
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Incrermental innovation in By Plazak- Own WOI’k, CC BY.SA 3.0’

governance or tech HD'DQ}' P, : %
\ Radical innavatien in https://commons.wikimedia.org/w/index.

govémance or tachriology php?curid=25859126

Annual Production
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Time

Prior etal., 2012



