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The 90 natural elements that make up everything
How much is there? Is that enough?
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Giacimenti minerari

Accumuli naturali di minerali o metalli nella crosta terrestre
che, per dimensione, concentrazione e localizzazione, sono

sfruttabili con profitto.
| metalli devono essere recuperati a costi relativamente bassi.
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Giacimenti minerari
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La differenza tra un giacimento e altre rocce risiede nel fatto che, nel primo, i metalli sono
concentrati. Questa concentrazione ¢ il risultato di processi geologici che avvengono solo in
determinati ambienti tettonici. Cio comporta che i giacimenti minerari non siano
uniformemente distribuiti sulla crosta terrestre.




Giacimenti minerari = anomalia!

Abbondanza media crostale (Clarke) vs. concentrazione economica di alcuni elementi

Elemento valore Clarke Tenore limite (cut-off) Clarke di concentrazione

[wt. %] Superficie Sotterraneo Superficie Sotterraneo
[wt. %] [wt.%]

Al 8 30 40 3.75 5

Fe 5 50 60 10 12

Mn 0.09 35 40 389 444

Cu 0.005 0.15 1 30 200

Ni 0.007 0.5 1 71 142

Zn 0.007 4 5 571 714

Sn 0.0002 0.5 1 2500 5000

Cr 0.01 30 40 3000 4000

Pb 0.001 3 4 3000 4000

Au 0.004 ppm 1 ppm 5 ppm 250 1250

Pt 0.005 ppm 1 ppm 5 ppm 200 1000

Tenore limite = Concentrazione minima per una coltivazione economica




Giacimenti minerari: come si formano?
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| Giacimenti di metalli nobili (Au, Ag, PGE)
Giacimenti di metalli di base (Cu, Ni, Co, Pb, Zn)
Giacimenti di metalli ferrosi (Fe, Mn, Cr, V)

Giacimenti di minerali industriali (incl. diamanti
ed altre pietre preziose)

| Processi geologici:
- Attivita magmatica .
* Alterazione idrotermale | %
 Processi sedimentari Wi
- A




Giacimenti minerari — come si formano?

| depositi magmatici si formano in seguito al raffreddamento di un plutone. —

| minerali metallici
(solfuri e ossidi)
cristallizzano
direttamente nella
camera magmatica.

| minerali tipici di questi — =
giacimenti sono: cromite, o e ——
calcopirite, platinoidi e :
diamanti.

Sulfide ore
concentrate

Earth: portrait of a planet, 4° ed.
Copyright © W.W. Norton & Company




Giacimenti minerari
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Water infiltrates
into the ground.

———

Il fluido idrotermale pud essere d| origine
magmatica, se rilasciato direttamente da
un’intrusione magmatica che sta

raffreddando, o di origine meteorica

— come si formano?

| depositi idrotermali si formano
per precipitazione dei minerali di
interesse economico da soluzioni
acquose ad alta temperatura
(>150°C).

Vein in
country rock

Vein ore

Vein in intrusion

Disseminated ore

Isuperficiale, se acqua di falda viene
riscaldata da intrusioni ignee ed € in grado
di solubilizzare e precipitare metalli.

Earth: portrait of a planet, 4° ed.
Copyright © W.W. Norton & Company




Giacimenti minerari — come si formano?

| depositi superficiali
residuali si formano in
ambienti caratterizzati da
un’estrema alterazione
superficiale di tipo chimico e
da clima caldo-umido
tropicale.

Un’intensa alterazione chimica
elimina quasi tutte le componenti di
un suolo, lasciando in posto solo
gli elementi meno solubili.

Gli elementi comunemente piu
conosciuti sono Al e Fe, che si
concentrano in suoli “residuali” detti
bauxite.

Earth portrait of a planet 4° ed.
Copyright © W.W. Norton & Company




Giacimenti minerari — come si formano?

| depositi superficiali detritici (placer) si formano per processi di
selezione/setacciatura idraulica in ambienti fluviali, deltizi o marini ad alta energia.

| minerali a bassa
densita vanno in
sospensione e vengono
dilavati, mentre i grani
piu pesanti sono
concentrati per
sedimentazione. La
selezione idraulica € un
importante meccanismo
di concentrazione per
I'oro, lo stagno e i
diamanti.

La sorgente originaria
dei minerali di interesse
economico puo essere
individuata risalendo la
corrente.

Ore veins '

Blocks of ore
fall down and
break up.

Grains are sorted
by river current.

Earth: portrait of a planet, 4° ed.
Copyright © W.W. Norton & Company




Giacimenti minerari

| processi
tettonici hanno il
controllo
principale sulla
posizione dei
giacimenti
minerari.
Attivita ignea e
idrotermale si
sviluppano
lungo i margini
delle placche,
lungo i sistemi
di rift e hot
spot. Questi
sono i luoghi
dove si
formano la
maggior parte
delle risorse
minerarie.
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Giacimenti minerari su margini divergenti

Pillow basalt

Lithospheric
mantle

Earth: portrait of a planet, 4° ed.
Copyright © W.W. Norton & Company
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Margini divergenti fossili

Subduction

Obduction of oceanic lithosphere
onto continental lithosphere

Subduction

Continent - Continent collision long
after the obduction event

DiPietro 2013




Margini divergenti fossili
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0 o E
AFZ Arakapas Fault Zone o o
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Complesso ofiolitico del Monte Troodos, Cipro
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Upper and Lower Pillow Lavas
[I]]]]]]] Basal Group
|:| Diabase

Gabbro, granophyre and
ultrabasic rocks

Limassol

Approximate size of
TAG Hydrothermal Field

Mousoulos
Kalavasos
Mavridhia
Petra
Platies




Depositi di rame su margini divergenti




Giacimenti minerari su margini convergenti
Margini continentali attivi

La fusione avviene
quando dei volatili
sono introdotti nel
mantello e ne
abbassano la
temperatura di
fusione.

Volatili comuni sono H,0 e CO,. Queste
sostanze sono portate nel mantello dai
sedimenti e dalle fratture presenti nella
placca in subduzione.




Giacimenti minerari su margini convergenti
Catene montuose

Trench ) Volcanic

Collisional
mountain belt

Before

Earth: portrait of a planet, 4° ed.
Copyright © W.W. Norton & Company
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Aree cratoniche

Geologic Province
[ |Stretched crust
I Large igneous provinces
[ Phanerozoic orogens
[ Phanerozoic basins
[ Phanerozoic platforms
[ Precambrian shields A
I Archean crustal remnants

Cratone = blocco di crosta continentale molto antico
(eté anChe > 2_5 Ga) Earth: portrait of a planet, 4° ed.

Copyright © W.W. Norton & Company




Hot spot e Mantle plumes in aree cratoniche

Rift (filled with Volcanic Oceanic Volcanic

@ volcanic rocks) @ arc @ plateau f}\/ arc

-’ a
. ~
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B Hot spot -] Arc rock Il Magma
igneous rock (future granite/
(future greenstone) gneiss)

Greenstone bel

SRR i i 0 il A i i L

B Modified crust [l Remelted crust  [[]] Oceanic crust Gneissic fabric [l Sediment

Cicli orogenetici

Cratone = blocco di crosta continentale molto antico
(eté anChe > 2_5 Ga) Earth: portrait of a planet, 4° ed.

Copyright © W.W. Norton & Company




Monopolio “geologico” delle risorse

Herrington 2013

Table1 | Geographical restrictions on

non-energy commodity supply

Commodity Producer Market
share %
I Rare Earths China 97 I

Antimony China 91
Gallium China 83
Platinum South Africa 80
Germanium China 79
Tungsten China 75
Indium China 58
Silicon China 58
Tantalum Australia 53
Rhenium Chile 53
Chromium South Africa 45
Cobalt Congo 45
Lithium Chile 44

Iron Ore China 43
Palladium Russia 43
Vanadium South Africa 38
Copper Chile 31

Compilation table showing commodities where one country is

responsible for >30% of the world mine production, showing the
percentage market share (2008-2012 figures)™.




Dove si trovano i depositi di REE

Selected  Other

preduction advanced deposits/

REE
Primary deposits
Carbonatite-
associated .

Alkaline igneous .
rock-associated

Iron-REE

Hydrothermal
other than alkaline
settings

Secondary deposits
Marine placers
Alluwvial placers
(in¢ palago-lakes)
Palaecplacers

Lateritic .

lon-adsorplion .

projects occummences

A

> = >

= -

1 Bokan Mountain
2 Mountain Pass
3 Rock Canyon Creek
4 Snowbaird
5 Lemhl Pass
& Deep Sands
7 Nechalacho (Thor Lake)
8 Hoidas Lake
9 Bald Mountain
10 Bear Lodge
11 lron Hill
12 Gallimas Mountains
13 Pajarito Mountain
14 Pea Ridge
15 Elliot Lake
16 Green Cove Springs

17 Caroling placers
18 Strange Lake

19 Karral

20 Sarfarieq

21 Qeqertaasaq

22 Tikiusaag

23 Kvanefjeld

24 Motzfeldt

25 Pitinga

26 Charigualo

27 Barro do Mapirapua
28 Araxa

29 Camaratuba

30 Bou Naga

31 Tamazeght complex
32 Longonjo

33 Etaneno

34 Lofdal

35 Steenkampskraal
36 Zandkopsdrift

37 Pilanesberg

38 Naboomspruit
30 Phalaborwa complex
40 Richards Bay

41 Karonge

42 Mkombwwa Hill

43 Kangankunde
44 Songwe

45 Mrima Hill

46 Wigu Hill

47 Congolone

48 Morra Karr

49 Bastinas

50 Kiruna

51 Korsnas

52 Khibiny complex

53 Lovozero complex
54 Conakll

55 Nile Delta and Rosetia
56 Kutessay I

57 Amba Dongar

58 Chavara

59 Manavalakurichi

&0 Orrisa

61 Maoniuping/Dalucao
62 Perak

63 Dong Pao

64 Bayan Obo

65 Wesshan

66 Xunwu/Longnan
67 Enesabba

68 Jangardup

69 Mount Weld

70 Cummins Range
71 Brockman

72 MNolans Bore

73 Olympic Dam

74 Mary Kathleen
75 WIM 150

76 Dubbo Zirconia
77 Fraser |sland

78 North Stradbroke Island

Wall 2014




Tipi di deposito

Le REE sono arricchite in:

- Rocce ignee alcaline (sottosature in SiO,, ricche in
Na,O),

« Carbonatiti (rocce ignee costituite da mineral
carbonatici)

| depositi “primari” sono rari (i.e. il processo magmatico
da solo non € in grado di “fare un giacimento”). Per
Incrementare i tenori di REE, sono necessari processi
di arricchimento secondario:

 Idrotermali
« Superficiali

e.g. Wall 2014




Bayan Obo, Cina
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Monazite (LREEPO,) & bastnasite
(LREECO;F), con magnetite,
hematite, fluorite - T > 400 °C
(tenori fino a 2-3 wt.% REE,O;)
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Smith & Henderson (2000)




Longnan, Cina

Depositi superficiali —
REE concentrate in suoli lateritici al :
di sopra di graniti, grazie ad un »

fenomeno di adsorbimento su argille
(tenori 0.2 - 0.35 wt.% REE,0,).

REE+Y (ppm)
Horizon 0 1000 2000

— 0

A a1

vo)
Depth (m)

A. Williams-Jones



Longnan, Cina

Processo di estrazione:
leaching acido in situ!!

A. Williams-Jones



Bayan Obo, Cina

© Red Door News

Bayan Obo, China - REE mine and processing plant




Monopolio “geologico” delle risorse

Table1 | Geographical restrictions on

non-energy commodity supply

Commodity Producer Market
share %
Rare Earths China 97
Antimony China 91
Gallium China 83
Platinum South Africa 80
Germanium China 79
Tungsten China 75
Indium China 58
Silicon China 58
Tantalum Australia 53
Rhenium Chile 53
Chromium South Africa 45
Cobalt Congo 45
Lithium Chile 44
Iron Ore China 43
Palladium Russia 43
Vanadium South Africa 38
I Copper Chile 31 I

Compilation table showing commodities where one country is
responsible for >30% of the world mine production, showing the
percentage market share (2008-2012 figures)' 8,

Herrington 2013



Copper Institute
Copper Alliance

COPPER: A CIRCULAR MATERIAL AT

FOR A RESOURCE EFFICIENT EUROPE

5090 RECYCLED MATERIAL

@ Around 500 of EU demand for copper is met through recycling.

/18 ELEMENTS

Copper mining offers many useful
by-products, including gold, silver,
zing, cobalt, molybdenum and rare
earth elements.

RECYCLING COPPER USES

uP 10 8590
LESS ENERGY
THAN PRIMARY PRODUCTION

60 ELEMENTS +400 ALLovs

A mobile phone contains up to 40 metallic Combining copper with other metals
elements, plus many non-metallic ones, produces alloys—such as brass and bronze
Copper is a significant and vital part, that suit a wide range of applications.
offering good recycling opportunities,




La domanda di rame e cresciuta...

Forecast

i O Other
25,000 B Africa
it 20,000 @ Oceania Total
C
$ 15,000 B China
§ i O Latin America Total
0O Asia Total
2,000 l North America Total
@ Western Europe Total

1981 1984 1987 1990 1993 1996 1999 2002 2005 2008 2011 2014

*China’s copper demand boom... Source: RBC 1-23-12, Brook
Hunt, ICSG




Il prezzo del rame e salito...

Copper Price
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La produzione “mineraria” di rame e
aumentata...
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Risorse minerarie di rame su scala globale

Mineral resources (inclusive of reserves) Mineral reserves

2010 study!
Mineral deposit type Basis Count Mt % Cu Mt Cu Count Mt % Cu Mt Cu (Mt Cu at % Cu)
0.45 489.0 1,316.5 at 0.45%

C 385  443,508.8 0.42 1,842.8 139 109,873.3
NC 342 96,524.9 0.43 417.6 1 27.0 0.26 0.070

O =1

Sediment-hosted

stratiform/stratabound Cu C 126 18,632.4 1.48 275.9 48 5.856.4 1.18 69.3 165.5 at 1.52%
NC 65 3414.8 0.89 30.4 2 345.6 0.78 2.68
Iron oxide Cu-Au (IOCG) C 76 19.362.3 0.71 138.1 23 3,776.7 0.80 30.3 125.1at 0.71%
NC 12 2219 1.24 2.75 0 - - -
Volcanogenic massive sulfide
(VMS) C 246 6,556.3 0.73 479 59 1,023.8 0.91 9.3 31.6 at 0.78%
NC 366 3,618.0 1.23 445 10 178.7 1.54 2.75
Magmatic sulfide C 186 34.397.6 0.24 83.6 65 5,186.2 0.37 19.2 76.2 at 0.29%
' NC 52 3,178.7 0.54 17.2 0 - - -
Skarn C 82 8,096.2 0.63 50.7 28 2,696.1 0.63 17.0 34.5 at 0.70%
NC 46 1,049.1 0.65 6.86 0 - - -
Epithermal C 83 8,278.5 0.27 22.2 20 762.1 0.24 1.81 49 at0.18%
NC 58 1,550.6 0.74 11.5 0 - - -
Sediment-hosted Pb-Zn C 26 7.243.0 0.15 10.6 4 46.5 1.56 0.73 10.7 at 0.39%
NC 51 1413.3 0.34 4.81 0 -
Sea floor polymetallic nodule C 1 553.0 1.14 6.32 0 - -
NC 3 670.1 1.09 7.28 0 -
Orogenic Au C 24 352.3 0.70 2.48 9 60.7 0.99 0.60 0.5at0.41%
NC 10 201.8 0.41 0.83 0 - - -
Manto Cu C 5 130.3 1.23 1.60 1 3.1 0.07 0.002 1.02 at 1.41%
Tailings C 26 2.113.6 0.19 4.02 5 145.0 0.10 0.14 0.26 at 0.88%
NC 7 255.1 0.09 0.24 0 -
Native Cu C 1 2.2 2.87 0.063 0 - -
NC 2 117.1 1.08 1.27 0 -
Intrusion-related Au C 5 446.7 0.17 0.75 1 149.0 0.10 0.15 0.84 at 0.12%
Miscellaneous? C 10 5.665.3 0.03 1.61 1 35.0 0.54 0.19 0.74 at 0.37%
NC 3 5.6 0.21 0.012 0 - - -
Stockpiles and waste rock
dumps C 2 646.4 0.10 0.67 0 - - - -
Subtotal C 1,284 555,985.1 0.45 2.489.4 403 129,613.8 0.49 637.6 1,780.9 at 0.49%
NC 1,017 112,221.0 0.49 545.3 4 394.2 0.82 3.22
Grand total = 2.301 668,206.1 0.45 3,034.7 407 130,008.0 0.49 640.9 1,780.9 at 0.49%

Mudd & Jowitt 2018




Distribuzione spaziale dei porphyry-Cu

Galore Creek
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Principal metals Deposit type Age
© Cu-Mo o Porphyry Bau Miocene-Pleistocene
e Cu-Mo-Au . Porphyry + major skarn/ eaby Eocene-Oligocene
e Cu-Au carbonate replacement ray Late Cretaceous-Paleocene
A Ag-Pb-Zn-Cu o High-sulfidation gisbes | ate Triassic-Early Cretaceous
= No porphyry known epithermal + porphyry oyitelgsi | ate Devonian-Carboniferous

cadia Qrdovician

Sillitoe 2010




Genesi dei porphyry-Cu

Volcanic arc ?"
]

L | Magma che staziona nella
| camera magmatica si

La fusione avviene arricchisce in H,O e rame.
quando dei volatili \

sono introdotti nel

mantello e ne

abbassano la

temperatura di

fusione.

Volatili comuni sono H,0 e CO,.
Queste sostanze sono portate nel
mantello dai sedimenti e dalle
fratture presenti nella placca in
subduzione.




Genesi dei porphyry-Cu

VOLCANIC-HYDROTHERMAL
—— SYSTEM
GEOTHERMAL SYSTEM 500°-900°
SO, HCI, CO,- Crater lake
100° & & 200°-300°
Hotsprings COg, HpS | K:.e' CO,, HCI, S
i P S e So/ 4
34;:, | fluidi esercitano una } §__$ - Acidic fluid : : - s/
~ | pressione sulla Sas “~ 2000 1N, Sl > . S
roccia, e la h 6\\\3,‘9» S N e %’ = High sulfidation
brecciano. S 0'9;;7) ~300° 1§ § £ Au, Cu
-~ b eo =) 3
~ N \();9//?/ §—Z - ! 3
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Se il fluido . o IS ARG 'Porphyry Cu (Mo, Au)
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‘ \__./7 Approximate
scale

Hedenquist et al. 1996







Chuquicamata
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Porfidi a rame: arricchimento supergenico

| Surface

Goethite

Green Oxide

Secondary Sulﬁde Zone: ';‘ R

Supergene grade

Primary grade

Primary sulfide assemblage (chalcopyrite) is
exposed to weathering agents and leached

aCikes B + 700 +10H 08 —>

4Fe(OH)3 + B4GuE £ 850, = 13k

Cu-rich solutions form “green Cu minerals*
under oxidizing conditions

2CUE RS — Cu,S

Cu precipitates as secondary sulfides
under reducing conditions

Incremento dei tenori di Cu!

Reich & Vasconcelos 2015




Chuquicamata:
evoluzione dei porphyry-Cu del Cile

Mineralization Event

Pre

Early

Main, Late

Post

Basement rocks
(Paleozoic to Lower Cretaceous)

-«

West Fault System

D e e e »?
: ductile l brittle

Porphyries (35-33)
—

Potassic alteration (35-34)
—

Quartz-molybdenite veins (35)
—

Phyllic alteration (31)

—

Climate humid Supergene enrichment 4, o4 rig
D Sl L LC LT LUEELEREEEEEEEREEEEERREEES I G >
| | | | | | | | | |
45 40 35 30 25 20 15 10 5 0

Time (in Ma)

Sillitoe 2005
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Zone climatiche

attuali

Table1 | Geographical restrictions on
non-energy commodity supply

Commodity Producer Market
share %

Rare Earths China 97
Antimony China 91
Gallium China 83
Platinum South Africa 80
Germanium China 79
Tungsten China 75
Indium China 58
Silicon China 58
Tantalum Australia 53
Rhenium Chile 53
Chromium South Africa 45
Cobalt Congo 45

{ Lithium Chile 44 |

| Iron Ore China 43
Palladium Russia 43

Salar de Atacama, Ch”e Vanadium South Africa 38

Copper Chile 31

The world's largest and

Compilation table showing commaodities where one country is

purest active source of

responsible for >30% of the world mine production, showing the
percentage market share (2008-2012 figures)' .

lithium!




Monopolio “geologico” delle risorse

Herrington 2013

Table1 | Geographical restrictions on

non-energy commodity supply

Commodity Producer Market
share %

Rare Earths China 97
Antimony China 91
Gallium China 83

I Platinum South Africa 80 I
Germanium China 79
Tungsten China 75
Indium China 58
Silicon China 58
Tantalum Australia 53
Rhenium Chile 53
Chromium South Africa A?I
Cobalt Congo 45
Lithium Chile 44
Iron Ore China 43
Palladium Russia 43
Vanadium South Africa 38_|
Copper Chile 31

Compilation table showing commodities where one country is
responsible for >30% of the world mine production, showing the

percentage market share (2008-2012 figures)™.




South Africa

SIMPLIFIED GEOLOGY AND SELECTED MINERAL DEPOSITS -

SOUTH AFRICA, LESOTHO AND SWAZILAND

Mineral Data extracted from SAMINDABA
SIMPLIFIED GEOLOGY
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Bushveld Complex

Intrusione
¥23 Granitic rocks TN magmatica
I Ultramafic-mafic ultrabasica

T e East Lobe stratificata
Main Chromite Layer
™ 2.06 Ga

/ — (Proterozoic)
fault

West Lobe
66,000 km?

estensione

Gised" 7 km spessore
massimo

East-West Cross-Section

(not to same scale) E Simplified geologic map and
e e ~ e —cn cross section of the Bushveld

‘X XL ' ' complex. After Willemse (1964),
, Wager and Brown (1968), and
Irvine et al. (1983).




Bushveld Complex

Magma ultra-basico cristallizza molto lentamente all'interno di una camera
magmatica profonda. La cristallizzazione frazionata si sviluppa in maniera
estrema e i minerali si separano in maniera tanto efficace da accumularsi in
“strati” ben definiti all'interno della roccia intrusiva risultante.




i |.=—=+| Bushveld Complex - Critical Zone
R if.i « Lower Critical zone (mostly pyroxenite) &
j% ] Upper Critical zone (mostly norite)

[ sl « 13 major chromitite layers, in 3 clusters:
" > Lower group: 7 layers (LG1-LG7) in

L Lower Critical zone
> Middle group: 4 layers (MG1-MG4)
> Upper group: 2 layers (UG1 & UG2) in
Upper Critical zone
e ||+ 601090 % chromite grains
* Anomalously enriched in PGE

« PGEs economically enriched in Merensky
reef (overlying UG2)

* V-bearing Ti-magnetite in the upper zone
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Bushveld Complex - Critical zone - Merensky Reef
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Diamanti
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Depositi di diamanti in kimberlite

THE

BIG HOLE

KIMBERIZEY)




Continental Crust

Diamond Bearing
Kimberlite

Barren
Kimberlite

Aree cratoniche
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77~

miles of rock

removed by

erosion over
millions of years

Old Terminology

R

ancient
landscape
/ surface

Epiclastics

Crater Facies

Tuffisitic
Kimberlite
Breccia

modern
landscape

Diatreme Facies

Hypabyssal Facies

Skinner7986 mod

Revised Terminology

Resedimented
Volcaniclastic Rocks (RVK)

Pyroclastic Rocks (PK)

Massive
Volcaniclastic
Rocks (MVK)

HYPABYSSAL KIMBERLITE (HK)

VOLCANICLASTIC KIMBERLITE (VK)

Depositi di
diamanti in
kimberlite

Al di sotto dei cratoni si
raggiungono pressioni
litostatiche tali da
permettere la
formazione di
diamanti.

| diamanti raggiungono
la superficie quando
sono trasportati da
magmi che risalgono
rapidamente attraverso
la spessa crosta del
cratone. Se stazionano
nella crosta, i diamanti
vengono riassorbiti dal
magma.




Depositi di diamanti in kimberlite
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Depositi di diamanti “alluvionali”
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Depositi di diaman
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Depositi di diamanti “alluvionali”

Orange river (Namibia-South Africa border)



Depositi di diamanti “alluvionali”

Orange river (Namibia-South Africa border)



Depositi di oro
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GOLD DEPOSITS OF THE WITWATERSRAND BASIN
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Depositi di oro nel bacino del Witwatersrand

Johannesburg (South Africa)




Depositi di oro nel bacino del Witwatersrand

PICTORIAL MAP

WIT OF THE

§a ) WITWATERSRERAND GOLD FIELDS.
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“‘Johannesburg, the World's Premier Gold Mining City” (1924)

La scoperta dell'oro nel bacino del Witwatersrand nel 1880 rese
Johannesburg una delle citta piu popolose e grandi del mondo.

Si stima che dai depositi del Sud Africa derivi circa il 40% di tutto I'oro
estratto nella storia dell'umanita.




Depositi di oro nel bacino del Witwatersrand

M. Boni




Il bacino del Witwatersrand 3.0-2.9 Ga

Reproduced from Antrobus (1986)



The 90 natural elements that make up everything
How much is there? Is that enough?

United Nations . International Year
Educational, Scientific and - of the Pericdic Table
Cultural Organization . of Chemical Elements

Serious " | Rising threat Limited Plentiful Synthetic From conflict Elements
threat in the from availability, . Supply —J Y . minerals usedina
next 100 years increased use future risk to smart phone
supply
Read more and play the video game http://bit.ly/euchems-pt »
RO This work is licensed under the Creative Commons Attribution-NoDerivs CC-BY-ND European Chemical Society




La ‘Criticita’ dei metalli high-tech per 'UE
|
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Importanza economica
® Non-metals Critical Metals Other metals

Ag, silver; Al, aluminium; Be, beryllium; Bt, barytes; Bx, bauxite; Bn, bentonite; Bo, borate; Co, cobalt; Cr, chromium;
Cu, copper; Cy, clays; Dt, diatomite; Fe, iron; Fp, feldspar; Fl, fluorspar; Ga, gallium; Ge, Germanium; Gr, graphite;

Gy, gypsum; In, indium; Li, lithium; Ls, limestone; Mg, magnesium; Mn, manganese; Mo, molybdenum; Mt, magnesite;
Nb, niobium; Ni, nickel; Pe, perlite; PGM, platinum-group metals; Re, rhenium; REE, rare earth elements; Sb, antimony;
S|, silica; Ta, tantalum; Tc, talc; Te, tellurium; Ti, titanium; V, vanadium; W, tungsten; Zn, zinc.




La ‘Criticita’ dei metalli high-tech

Provenienza delle materie prime “critiche” per ’'lUnione Europea

Russia -
Palladium 46 % P

France
Hafnium 43%

x

USA , China
Beryllium 90 Antimony 87%
Helium 73% Baryte 44%
Turkey . Bismuth 82%
Borate 38% Fluorspar 64%
p Gallium 73%
b Germanium 67%
Indium 57%
Thailand Magnesium 87%

Phosphorus 58%

DRC Natural rubber 32% Natural graphite 69%

' Rwanda Phosphate rock 44%

Cobalt 64% Tantalum 31% osphate roc °
Scandium 66%

B!'azil Silicon metal 61%
Niobium 90% Tungsten 84%
South Africa Vanadium 53%
Iridium 85% LREEs 95%
Platinum 70% HREEs 95%

Rhodium 83%
Ruthenium 93%

EU Commission 2017




La lista dei metalli critici
“cambia” nel tempo ...
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Sviluppo delle tecnologie energetiche
negli ultimi 300 anni Zepf ot al. 2014
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Cosa ci riserva il futuro? \
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Crescita della domanda di rame...
...nel caso sostituissimo completamente

le auto attuali con veicoli elettrici (EV)!

World EV copper consumption by vehicle World EV copper consumption by region/country
20 including infrastructure, millions of tonnes . including infrastructure, millions of tonnes
Infrastructure Other
6.0 :
= ECEV 6.0 m NE Asia
m Western Europe
5.0 mBEV 5.0
m North America
EmPHEV
b 4.0 m China
mHEV
3.0 30
§ I I I I ) I I I
0.0 _---lIlIIII 0.0 ---..I.III
1’ 17 19 21 23 25 27 29 31 3 3 15 17 19 21 23 25 27 29 31 33 35

Notes: FCEV = Fuel cell electric vehicles, BEV = Battery electric vehicle, PHEV = Plug-in hybrid electric vehicle, HEV = Hybrid electric vehicle

Davidson 2018




Come soddisferemo la
domanda di metalli?
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Elementi in uno smartphone!
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Molti metalli high-tech non sono riciclabili...
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Mercato delle risorse metalliche naturali

. The global market for oil This puts the oil market at
I was 94 million barrels $1.7 trillion per year with today's prices -

per day in 2015. far more than all raw metals combined!

s gilver 4
20B .
Titanium (EHEL: L3 Platinum

Palladium

The world's largest

The largest metal metal marke.t by
market by tonnage dollar valueis gold.
isiron ore. The physical market is
worth $170 billion per

China alone consumes i .
year at today's spot price.

1 billion tonnes per year
mostly to produce steel.

SOURCES: Infomine, EIA, World Gold Council, Johnson Matthey, Cameco, Benchmark Minerals visualcapitatust.com




... la ricerca di metalli continua!




