Prumyslové suroviny
a jejich zdroje

Konstrukcni
suroviny, Fe a
slitiny, Mn, Cr, Al, ...

Vanécek: Ner. suroviny svéta

the environment



Konstrukcni suroviny a jejich hlavni

prumyslové zdroje

Fe (+steel)
Mn

Ni

Cr

silicon
(ferrosilicon)

TéZba téchto surovin vytvaii vyznamny
ekonomicky prostor — zpracovani,
navazujici vyroba, ...

m Vlastni metalurgicky
(o) v 7 7
prumysl| spotrebovava
dalsi napr. nerudni

suroviny: slévarenske
= Co, Mo, V, W, Nb, Y

Te

pisky, jily



Fe

m pouziti: slitiny, konstrukcni
materialy
m ekonomika: zasoby znacne, cena:

obchoduje se hlavné se zuslechténym
materialem - specialni slitiny a ocel

m distribuce lozisek relativhe rovhomerna!



Loziska Fe a jejich zdroje
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Geneticke typy:
1. Proterozoické metamorfogenni Fe-silicity
(,,kvarcity*, v€etn¢ itabiritl, taconitll) - _ 7, stafi: stf.
archaikum 3,5 - 2,9/sp. proterozoikum 2,5 -
1,9/svrch. proterozoikum 0,75 - 0,5
hlavni producenti: Rusko/Ukrajina, Brazilie,
Australie, Cina, USA, Indie, Kanada, zasoby: 500 x
10° t rudy s kovnatosti Fe >50hm%
2. Sedimentarni Fe rudy, ¢ .2 . ..2 (oxidicke,
karboqétové, leptochloritf)vé) | Jiné typy, historické zdroje Fe
3. Magmatické Fe- rudy Fe-Ti (16 - 25% Fe, maji napf.:
dulezity obsah ™., ™) O — v
4, Clrnwme? Tl Ty o
Jiviue, o, o - wat-pinSubmarinng exhalacni)
6. Hydrotermalni - Roxby Downs (* | ..piv — . )

Polished sample of BIF ore

N



Banded Iron Formations (very low O, in atm)

BIF -
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<— Reducing Oxidizing —>

Geneze BIF

|Ultraviolet radiation
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Figure 5.18 Model invoking upwelling and oxidation of ferrous iron from an oceanic source to explain the
depositional environment for BIFs. Oxidation of ferrous iron and precipitation of ferric iron compounds occurs at a
diffuse redox interface formed by the production of oxygen in the upper water levels, either by photosynthesizing
organisms or by ultraviolet radiation induced photo-oxidation, or both. The lateral zonation of BIF facies [i.c.
siderite-magnetite-hematite) shown here differs from the simple scheme envisaged by James (1954). Diagram
modified after Klein and Beukes [1993).



Rozsireni BIF

Precambrian Banded Iron Formations

L B T R SR
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Location of the major Precambrian banded iron formations of the Lake
Superior type. These ores assure abundant iron resources for centuries ahead.



Sedimentarni Fe-ruda

ooliticka struktura,
ruda obsahuje
L@

The iron deposits of
the Northampton
district, UK, Jura:
ore minerals:

chor 102, siderite,
goethite, grade of ore
cca 32% Fe




oliticka Fe-ruda

In thin sections of this rock detail is
obscured by the very fine grained
nature of the matrix and fill of the
ooliths, much of which is opaque.
Compositionally dependent imaging
(BSE) of polished material
overcomes this problem. The
concentric nature of the ooliths is
highlighted by the variation in grey
level caused by the variability of the
iron content of the clays and
differing proportions of hydrated
iron oxides which here show up light
grey. The dark grey chamositic
matrix is crowded with rhombs of
authigenic calcic siderite. Note the
presence of tiny spheres of
framboidal pyrite top left.

CamScan 4 SEM. Backscattered
electron image. Beam 20kV.
Working distance 20 mm. Field of
view approx. 3 x 2 mm. This image is
a stitch of a 3x4 array of images
taken at x100. Polished block,
carbon coated. Leeds University,
Earth Sciences teaching collection
rock #30.

Oolitic Ironstone, Lower Cretaceous, Lincolnshire, U.K.


http://www.greenelectron-images.co.uk/sem/oolite/oolitic_festone-3.html
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Fe districts
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http://www.mining-technology.com/projects/kiruna/index.html

Kiruna - apatite-Fe ore
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Kiruna - specifikace

Kiruna Iron Ore Mine, Sweden

Producer of Iron ore
Location Northern Sweden
Ownership LKAB
Geology type Precambrian: - = g}
Mineral type
Reserve base 800Mt plus projected extensions
Annual production 14.5Mt of iron-ore products (2004) S
. . . Magmatic origin of giant ‘Kiruna-
Mining method Automated sub-level caving underground type” apatite-iron-oxide ores in
Processing method Wet beneficiation and pelletising Erk Tonsson. Valentin B, Trol
Employment 1,800 Frang Wes, Kataina P,

Nilsson & Alasdair Skelton

Iron is the most important metal for modern industry and Sweden is by far the largest iron-producer in Europe, yet the genesis of Sweden's main iron-source, the
‘Kiruna-type’ apatite-iron-oxide ores, remains . We show that magnetites from the largest central Swedish ‘Kiruna-type’ deposit at Grangesberg have 5180
values between —0.4 and +3.7%o, while the 1.90—1.88 Ga meta-volcanic host rocks have 8180 values between +4.9 and +9%o. Over 90% of the magnetite data are
consistent with direct precipitation from intermediate to felsic magmas or magmatic fluids at high-temperature (6180mgt > +0.9%o, i.e. ortho-magmatic). A smaller
group of magnetites (6180mgt < +0.9%o), in turn, equilibrated with high-6180, likely meteoric, hydrothermal fluids at low temperatures. The central Swedish ‘Kiruna-
type’ ores thus formed dominantly through magmatic iron-oxide precipitation within a larger volcanic superstructure, while local hydrothermal activity resulted from
low-temperature fluid circulation in the shallower parts of this system.



Kiruna - doprava

elektrifikovanad doprava, aj. moderni vybaveni



Mn

pouziti, funkce:

odstranovani necistot z roztaveného Zeleza, v uhlikatych
ocelich, feromangan, slitiny a nerezav¢jici ocel, s Al ma
antikorozivni efekt a s Cu pevnost, dioxidy Mn pro baterie

typy loZisek:
- Lottty
- exdiment?

- chemogenni sedimentarni - ko I %2 lzzilrece,



Mn - laterite

Australia, Brazil, Gabon and South Africa,

supplying over = .. of the international market.
R T
"t"‘f“';: = F e high grade ores (defined as
Wl 'Eﬁ : having more than 44% Mn
- content)
mineraly:

pyrolusit f—~MnO,




Mn - sedimentary ore

relation of sedimentary facies to sedimentary
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Mineraly Mn a struktury

Table 1. Important Mn oxide minerals

Mineral Chemical formula
I L
Ramsdellite MnO;
Nsutite Mn(O,0H);
| Bay(Mn*+ Mn**)z0 4
( =t " ne  Ky(Mn*t,Mnit)gOe
Manjiroite NayMn**+ Mn+)50¢
( ——adite Pby(Mn** Mn**)sO 4
I _ite  Bags(Mn**,Mn**)50,0°1.34H>0
e - _aute (Ca.Na.K)x(Mn** Mn'+)s0,23.5H:0
Lithiophorite  LiAlz( Mn3* Mn?+ )Os(OH)g
Chalcophanite ZnMn3;O73H:0
Birnessite (Na,Ca)Mn70,4-2.8H20
Ve-—adijte MnO>»nH>O
1v] Cadpali. MnOOH
Groutite MnOOH
Feitknechtite MnOOH
Hausmannite ~ Mn2*Mn3i "Os
Bixbyite Mn204
Pyrochroite Mn(OH)z
Manganosite MnO

D

... a dalsi.



Mn - distribuce

Major Manganese Producers in the World(In toames of motal content)
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Mn - zasoby

Global manganese resources distribution

(metal content; unit: thousand metric tons)

Country reserves
Australia 97000 3
Brazil 54000 4
China 44000 6
Gabon 24000 7
India 49000 5
Kazakhstan 5000 8
Mexico 5000 8
South Affica 150000 _
Ukraine 140000 B}
Other countries small

World total(rounded) EegLU0)

USGS 2014




1 — produkce 2015

Rank

O 0O N O U1 A W N B

= =
= O

-t
N

Country/Region

World
South Africa
Australia
China
Gabon

Brazil
India
Malaysia
Ukraine
Kazakhstan
Ghana
Mexico

Myanmar
Other Countries

Mine production
(tonnes)

/500,000
2,200,000
-,000,000

,900,000
1,800,000
1,000,000
950,000
400,000

390,000
390,000
240,000
100,000
400,000


https://en.wikipedia.org/wiki/South_Africa
https://en.wikipedia.org/wiki/Australia
https://en.wikipedia.org/wiki/Peoples_Republic_of_China
https://en.wikipedia.org/wiki/Gabon
https://en.wikipedia.org/wiki/Brazil
https://en.wikipedia.org/wiki/India
https://en.wikipedia.org/wiki/Malaysia
https://en.wikipedia.org/wiki/Ukraine
https://en.wikipedia.org/wiki/Kazakhstan
https://en.wikipedia.org/wiki/Ghana
https://en.wikipedia.org/wiki/Mexico
https://en.wikipedia.org/wiki/Myanmar

Fe-Mn nodules

Global Distribution of Manganese Nodules
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Genetic types of nodules

Formation of Fe-Mn crusts

Ph(CO;],2 =

Hf(OH)5, Cu?+

HgTeO,

U0,(C0;),%

. Fee T e o o cq s X 2
Sl o : ofe t.'.‘;!':a. o Metallic compounds in sea water
-.:'”"'” L : ) % are deposited on nodules
: - 5/ 3500

& ;‘-"ﬁ- .
Both diagenetic .
and hydrogenous

podule growth

¢ pon  0°

Manganese nodules grow when metal compounds
dissolved in the water column (hydrogenous
growth) or in water contained in the sediments
(diagenetic growth) are deposited around a nucleus.
Most nodules are a product of both diagenetic and
hydrogenous growth.



Jizni Afrika — zasoby a
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NI

slitiny — antikorozivni vlastnosti, pevnost za vys. teplot
(nerezavéjici zaruvzdorné ocell), magneticke slitiny, odporove
slitiny (chromnikl), termoclankové materialy

crwgiue "L . 1 Cu-N1 (Subury, 0,5% N1, 9% Cu),
Norilsk, Great Dyke (Zimbabwe), Bushveld, Kambalda,
(pentlandit)

- Nova Kaledonie (3,5 % N1, 2% Co), Australie
(Kalgoorlie district), [='ka, /™ "~ (hydroalumosilikaty —
Saiihunt)

Fe-Mn konkrece, obsah N1do ~ "



Zasoby a loziska

NI

World Nickel Reserves
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Garnierite a mixture
of nickel
silicates.Note some
darker green nodules
that probably contain
a higher percentage
of nickel.Nodule
from Nickel
Mountain,
Oregon.Width ~ 6
cm.



Principal sources/deposits of Ni

—
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Massive Sulphides

o of Ni production
from ‘sulphide
deposits’ of this sort.

~ South Africa
Africa Others

New Caledonia (Fr)
75 from ‘Ni laterites’
(from weathered mafic Australia
rocks) — generally in
tropical areas.

Mafic complexes are the o o)
main source of the Niin
both cases.

Ni used for specialist Russian Federation

alloys, Ni-Cd batteries.
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Sudbury — Cu-Ni

Sudbury Igneaous Complex
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Naldrett, 1989; Naldrett et al.,
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Shanks and Schwerdtner, 1991)



Cr

legovani oceli, slitiny s Co — zubni 1ékarstvi, slouc. k vyrobé
barev, zaruvzdorné materialy - (1893°C)

-1::'::_”[ (Mg, Fe)(Cr, Al, Fe’"),0,, obsah Cr,O, v rud¢ az ptes
=75, s vétsim obsahem Al — Zaruvzdorné materialy

télesa v ocean. litosfeére (ofiolity, podiformni télesa): Filipiny
(Zambales), Turecko, Kuba, j.Ural (Kempirsajsky masiv)
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Main deposits of Cr

World chromite production 2014
_Z™ tonnes
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Source: data from USGS



Co

ochrana proti korozi, abrazi, slitiny — magnety (Co+Ni+Al),
fezne nastroje (+ karbid W nebo diamanty), katalyzatory

zdroje:

1) Cu-nosné bridlice (+ -~ 7"t — Dem. rep. Congo,

a A

Zambie), obsah cca 0,4% Co, Dolni Slezsko — .~ -

2) vedlejsi produkt pi1 zpracovani sulfidickych rud Cu-" * a
lateritickych rud (Kuba, New Caledonia)

3) hydrotermalni Zilna — Cobalt, Ontario (s Ag)
4) N~ T'e konkrece
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Representative cross section through the Musoshi deposit, Katanga Province, DRC

Location of the Central African Copperbelt and
of the most important ore deposits (after
Cailteux et al. 2005).
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Mo

v oceli ovlivityje tvrdost, abrazi, korozi, vys.teploty, 30% jin¢€ pouziti na

chemikalie, katalyzatory a mazadla

zdroje jsou soustfedény jen do nékolika malo oblasti na svété

~ 4

hlavni rudni mineral: molybdenit MoS,

~*: Chile, USA, Rusko — Tyrny-Auz (skarn)
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Grade

Country |Deposits '(I':Irt\; age Cu%|Mo% g:'l gtgl
Bingham (Utah) oo |CT ] - -
— O ra Morenci
u . 848 0.88] 0.007 | - -
(Arizona)
San Manuel-
Kalamazoo 0.74] 0.015| - -
(Arizona)
San Rita (New 662 loo7| - ) )
Mexico) )
Canada  [OMex (British | o0 1o374{0.013| - | T
Colombia)
Valley Copper 853 0.48 - - -
Mexico Cananea 0.79 - - -
Panama Cerro Colorado | 0.6 | 0.015 |0.062| 4.35
Chile Chuquicamata 0.56 | 0.06 - -
El Salvador 283 1.1710.033 | - -
Papua New |, e 543 |06 - |o5]| -
Guinea
Panguna -- 1 10.48 - 0.55| 1.5
Iran Sar Cheshmeh
Supergene 92 1.996| Tr Tr Tr
Hypogene 334 |0.896] Tr Tr Tr
UK Coed-y-Brenin 200 0.3 ]0.003+]0.082
Yugoslavia |Bor 383 |0.428| ~0.1 |0.065|~4.26




W, V, Nb, Te

W - karbid W (nejtvrdsi synteticky material): fezné nastroje, elektr. a elektronicky pramysl:
katody, .”"* 1, nove ndhrady: nitridy B, karbidy Ti

scheelit: -~ , — Shizhuynan (Cina), Tyrny-Auz (Rusko), Sangdong (J.Korea), Pine Creek
(Kalifornie), King Island (Australie)

wolframit: k. ' _..... ...y — Chiang-si (Cina), ™~~~ __ ... " (Portugalsko)

V - _...  :kontrola velikosti zrn, tuhnuti, tvrdost za vys.T
" bohaty magnetit (J.Afrika), ilmenit (anorthosity), Rusko

- zlepSuje mechanické vlastnosti uhlikaté oceli (obsahy cca 0,1%), pyrochlor (2~ = ),
columbit, . .. (zvétralé karbonatity — karbonatity ." __.4, Cawad), Kanada (Niobec
St.Honor¢ - karbonatit, v ptipravé napt. Thor Lake deposit — pegmatite, alkaline granitoids with
columbite).

Te - telur: 0,04% v uhlikaté oceli usnadiuje obrabéni, ziskava se pii rafinaci C , teluridy . 1na
ki. zilach, v Cu sulfidech



Tanco, Manitoba

minerals: spodumene, lepidolite, ¢ * ~k*=

79

pollucite - -+ (Na,,Rb o4Alj 4S1, ;O¢*(H,0)

———— A

BERNIC LAKE
TANCO MINE

z T
.........
y

-m;;_-mllli_ll : J
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[ wall Zone (20) ES] central Intermediate Zone (60) A
Aplitic Albite Zone (30) [ Quartz Zone (70) ' =
[ Lower Intermediate Zone (40) Jll Pollucite Zone (80) = =

- Upper Intamediate Zon (50) <] L apicce Zone (30} T




Brazil

1.150.000mn 1.150.000mn|
: : B ira matite in the BPP Perspectives for *~ and’
/;j. \. y]ue rio peg ?tlte the

Mineralization in the Borborema
/ / Legend Pegmatite Province, NE-Brazil:
Czone 1 B Replacement Body (RB) A review
B Zone Il (all) L Quartz core (IV) : .
B3 Zone Il blocky K-feldspar facies (A) Full-text available - Article -
B Zone |1| Albite-spodumene facies (B} Dec 2014 - Journal of South

American Earth Sciences

///& Hartmut Beurlen Hartmut

Beurlen Rainer Thomas Rainer
/ Thomas Marcelo R. Rodrigues
da Silva Marcelo R. Rodrigues
da Silva

HI(A)

Graphic legend
B 1 = granite/aplite
B8 > = pegmatitic granite
B8 3 = blocky K-feldspar (megacrysts)
Il 4 = massive quartz
[ 5 = muscovite rich border zone

t=+16 = graphic quartz-feldspar intergrowth|[” Evolution of pegmatite types with fractionation
BA 7 = quartz + random spodumene & peg ypP

Detailed geological sketch of
the Boqueir & o ( 1/4 Cabego)
pegmatite (modi fi ed from
Tavares, 2001) compared

g = ?Eplacement bf}di ik I= %ra phic_ or homogeneous grained & bndiasp cation of pegmatites based on

: ke egmatite V = albite-spodumene internal structure proposed by
(albite, lepidolile...) li=1 + blocky K-feldspar (megacrysts) peqmatﬁe I Vlasov (1952).




Nezelezné kovy -
nonferrous metals

m light metals: Al, Mg, Ti, Be
(vyznamna spotreba energie pro zpracovani)

m._  + ~"Z:Cu, Pb, Zn, Sn

m chemical and industrial metals: REE, Cd, Sb, Ge,
As, Rh, Hg, Ta, Zr, Hf, In, Se, Bi, Tl



Lehké kovy — prumyslové
mineraly

m Al - diaspor, gibbsit, boehmit
AIO(OH)

m Mg - magnezit, dolomit, solanky

m Ti — rutil, ilmenit

m Be - beryl - Be;Al,(SigO45),
ot xndit Be,(Si,05)(0OH), (ryolity,
tufy Spull Movuntain, '\.,"CG‘),

superlehkeé slitiny s Cu



Al

m pouziti: - z 90% metalurgie kovoveho Al,
konstrukcni slitiny ap.

m - nerudni surovina: vyroba
zaruvzdornych materidld, Uprava vody,
rafinace ropy, abraziva, katalyzatory pro
krakovani ropy

m svetoveé zasoby: jsou zname z 85 zemi,
v vrs Vs v . (o)
tezi se ve 27 zemich, hlavne oblasti tropu
(o) V. . v
a subtropu, loziska vznikla hlavne v

& ¥kenozoiku

ALCODA jedna z nejvétSich spolecnosti, tézba, vyroba Al



http://www.alcoa.com/global/en/home.asp

Al - loziska

m Australie, Queensland: Al-laterit vznikl v eocenu
Z p|SC|tych jila, ve svrchni &asti horizont se
zelezito-kremicitymi konkrecemi, laterit ma
mocnost * 7 ..i, v zakl. hmoté pisolity (45-60%
Al,O,), loziska: Weipa (3.4 ), Gladstone

m Darling Ranges v Z.Australii: Al-laterit vznikl v
miocénu zvetravanim krystalinika na plose
200000 km?2, pevny laterit nahore pod nim
krehky, tézitelna poloha s mocnosti 3m ma 30-
480/0 A|203



Australie (Al)

T-FI;? 30 132 30 13?m

Weipa, North
Queensland

|

.\5
30 00 P J
-32 30 } H,_,,,,f' N /
= q
Darling Range in M;Lf
Western Australia “tﬁ

—qz 30 112 30117 30 122 30127 30 132 30 137 30142 30 147 30 152 30

a4

=7 a0

i 00
Ty =
-12 30
=13 0
=17 30

=20 Q0

.o=E2 a0

L4
—Z3 00

—ZF 30

=30 00

Ern iy,

=33 Q0

=37 30

-4 Qo

—4Z 30

.



Al- plsollty, Weipa, AUS

.

Simple Complex Oolithic Earthy Vitreous

Figure 2: core types common in bauxite pisoliths from the Andoom Jacaranda profile.

Table 2: Mineralogy of pisoliths from Weipa and Andoom (data from David Tilley).

Weipa Andoom
Lomgtom Cod Av 21 pisos|Jacaranda2 Jacarandal Av 21 pisos

46 76 53 57 41 50

2 11 8 19 22 14

25 0 24 4 14 19

Total alumina 73 87 85 80 77 83
Kaolinite 14 7 9 4 5 5
Quartz 2 | 2 | 1 1
Hematite 5 5 3 10 13 10
Anatase 2 2 2 4 2 2




gibbsit, boehmit,
diaspor

gibbsit — AI(OH),

boehmit — AIO(OH)



dalsi Al - loziska

m Guayana
m Brazilie
m Guinea

o : Francie,
Madarsko - lozisko Gant, Ajka,
Halimba aj. na sz. zemé

bauxit - Al-laterit - sedimentarni loz.

Bauxite 1s named after the French district of Les Baux,
where 1t was first discovered in 1821.



m Lehky kov - 1,7 g/cm?3

m Mg - magnezit, dolomit, solanky - 3% Mg (60% produkce Mg v USA),
morska voda (0,13% Mgq), slitiny s Al, ) — soucast ohnivzdornych
materiall

o vy~ ) 70% produkce se vyuziva v priimyslu nekovovych
" content unless othervise noted) vyrobku: karbonaty, hydroxidy, chloridy Mg — guma,
textil, chem. primysl

content unless otherwise noted)

10,000
95,000 kov — slitiny s Al — odolnost vii¢i korozi (plechovky,

s sudy), lehky kov — roboti, ramy kol, dopravni prostredky

86,000
500,000
80,000
20,000
450,000
650,000

10,000
49,000
390,000
2,400,000
Source: USGS, 2014




Ti

m 95% spotreby na bily pigment TiO,

r o~

(Data in thousand metric tons of contained Ti0k)

rutil, ilmenit (FeTiO;) —: ~ "1: Florida, Natal coast

—g =~ -

J.Afrika, Queensland (Australie), Sierra Leone — fluvialni | Country | Hmenitc | Rafile |

o A 1 e 200  Na
ryZoviska, magmaticka loz. — 7 (Norsko, Kanada) 160000 240000
2 10 :
95% spotieby na bily pigment TiO, ;?’ﬂgﬂ 1200
st r , o China _ -
Shtlny — 1ehke, leteCky prumYSl “ 85,000 7,400
40,000 -
14,000 510
- 3500
[ Norway VAL -
600 830
NA -
B 50 2500
1600 -
26,000 400
F i pam s

World total (ilmenite and 750,000
rutile, rounded)
Source: USGS, 2014




~Base metals"

Pb, Zn, Cu, Sn



Pb-Zn

= hl. prumyslové genetické typy:

m hydrotermalni vulkanosedimentarni

= (,podkategorie™ ¢ .5 — volcanic massive
sulfides, ...

m teletermalni, (,. %)

s hydrotermalni zilné typy (genetické vazby k
magmatismu, vulkanismu)



Vyvoj cen Pb, Zn
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SEDEX

SedEx — Differences from VMS

Form in fault-bounded sedimentary basins on continental crust, not
oceanic crust. Hostrocks are usually 3 - volcanics are rare
Metals derived ~100% from host sediments/basement, not intrusives
Insignificant Cu and Au; more Pb and Ag; Znin both.

Carbonate First Order Basin Carbonate Local

Platform latfor Basin
2o, 220,
m:al Basin




Teletermalni loziska

hydrotermalni, nizkoteplotni, pestré a slozité strukturni
formy (odraz geol. vyvoje sedimentarnich jednotek)

Hlavni rudni mineraly:
sfalerit, galenit, (fluorit)

Typical hand specimen of
brecciated dolostone (d0, d1)
cemented by several generations of
hydrothermal dolomite (d2) and
coarse-grained quartz (qtz) and
sphalerite (sph) from Bushy Park.
JAR




Low-temperature deposits

m |
m Pine Point, Caiiada

m the Lisheen Zn-Pb-Ag prospect,
Rathdowney Trend, Ire'and

m Silvermines zinc-lead-barite deposit,
Ireland

m UoA. Tri State district (Missouri,
Tennessee, Mississippi,... — ,F /T =
negenetické oznaceni)



Pb-Zn, volcano-sedimentary

—

m Mt Isa, Broken Hill

VMS
m Sullivan (BC, Kanada)

W
m Iberian pyrite belt: R 77 - ES
m v CR - Zlaté Hory
Broken Hill (Aus, NSW): ... @ _. 5 Pb+Zn, -_ ‘g/t Ag

(proterozoikum, 1690Ma)



World Copper Mine Production, 1890 — 996
C l I {thousands of matric tons)

chalcopyrite: principal ore

100

hlavni prﬁmYSIOVé, - “m.d“::irwm 1920 1930 1940 1950 1960 1970 1980 1990
primarni zdroje:

1) _ I'udy Cu_MO N Jan 4, 2002 - May B, 2041
(cca 80% produkce a

spotieby)

Copper Price (USDAb)
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Vyznamna loziska Cu

m Lubin, Polsko
m Cooperbelt, Zambie

m porfyrove rudy: Bingham, El
Teniente, ...

m Neves Corvo
m Olympic Dam




O M NI Y Aam A
OLYMPIC DAM - STYLE CU-AU SYSTEM

e e, K-Fe metasomatism,
brecciation, hematisation GRV mafic volcanics

GRV

felsic volc, i
7?Na-meta-

- . somatism ;|- -
PRETA R ) IS

s WSS A
R s R )

. et e g
B R |

¥ ciontion]
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- %.Hi-T oxidise R R AT D
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e
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“Bathoitn {8\ komplexni
hydrotermalni
system
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¥ Felsic magma / granite - sourced fluids

¥ Fluids reacted with mafic/ultramafic intrusions (schematic)
— — > Meteoric waters (oxidised, cool)

Geology partly based on Reeve ef al. (1550) & Haynes et al. (15595)

PDAC 2005 (reoscience Avstralia



dalsi zdroje a moznosti ziskavani Cu

Operatlons1

( : b I O I e a ( I I I I I g Examples of Current Industrial Bioleaching

“inane
mlmu Spain

*Dump Leaching
*Bagdad, USA
Morenci, USA
*Pinto Valley, USA
Sierrita, USA

*Heap Leaching
«Cerro Colorado, Chile
«Cananea, Mexico
*Chuquicamata SBL, Chile
*Collahuasi, Chile
*Girilambone, Australia
elvan Zar, Chile
Morenci, USA
*Punta del Cobre, Chile
*Quebrada Blanca, Chile
*Salvador QM, Chile
*Sociedad Minera Pudahuel, Chile
«Zaldivar, Chile

*Bioleaching of Gold Concentrates
*Ashanti, Ghana
*Fairview, Zambia
*Harbour Lights, Australia
*Mount Leyshon, Australia
*Sao Bento, Brazil
*Wiluna, Australia
*Youanmi, Australia

4CuFeS, + 110, + 6H,0 Thichacillus ferrooxin >> 4CuSO, + 4Fe(OH), + 4S (1)
2S + 302 + 2H20 Thiobacillus thiooxan >~ 2H2804 (2)




Sn

m kasiterit - SnO,

Peru
13%

Tin - Major producers 2010

Bolivia
8%

Australia
7%

Brazil
4%

Malaysia

= genetické typy zdroju/lozisek: greiseny, rozsypy
m saxothuringikum (Cinovec v CR)

m Cina, Indonesie

. T 'aT¢d 7 Tndonesia) is devastated
by illegal tin mines. The demand for tin has increased due to its use in smart
phones and tablets.

R ualanc
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Upper Triassic te Tertiary sandstone,siltstone

Devonian to Lower Triassic limestone, shale

Sinianto Cambrian slate, meta

Granite

Granodiorite
Fault
Concealed fault

Matal deposit

00.52

Sketch map of tin and tungsten deposits in the
central Nanling region,



Chemical and industrial
metals
REE, Cd, Sb, Ge, As,

Rh, Hg, Ta, Zr, Hf,
In, Se, Bi, Tl



REE — specialni ocel. slitiny (smés), La, Nd, Pd — rafinace ropy, cena: 3$/kg oxida,r =~ ~7 7 17 ~x=i-
' -~=-+'J bastnezit, monazit, xenotim — Bayan Obo (Cina), Mountain Pass (Kalifornie)

" — toxické, baterie, antikorozni povrchy, barevné pigmenty, stablizace PVC, greenokit, sfalerity — rafinace Zn: Cd

Sb — vyroba chemikalii s uzitim proti vzniceni (plasty, textil, détské obleCeni?, stibnit, tetraedrit, jamesonit, antimonit
hydrotermalni loZiska, skarny, greiseny, Cina, Bolivie, J.Afrika

- optickd vlékna a skla, vedlejsi produkt zpracovani Zn rud
As — herbicidy, insekticidy, ochrana dieva, arsenopyrit, realgar, auripigment, enargit, tenantit, vedlejsi produkt huti

Re—1 | — 10-100 ppm Mo-porfyry, az 2000 ppm Cu-Mo porfyry, rafinace ropy, slitiny Re-Ni —
vysokoteplotni aplikace (let.motory)

Hg — hydrotermélni nizkoteplotni loZiska, McDermit caldera (Nevada), Monte Amiata (Italie), .

v piskovcich

hl. mineral cinabarit, jinak produkt rafinace rud, prodej: lahve (76 1b), amalgan _, baterie (uZne), v’
méfici ptistroje, barvy, pouzivala se na zubni amalgam (50% Hg, 35% Ag, 12% Sn, Cu, Zn)

- )

JT e

— slitiny s Fe, elektronika, columbit-tantalit (ColTan)
Zr (+Hf) — zirkon, teplotné odolné soucastky (2500°C), atomové reaktory: Zr — pouzdra na palivo, Hf — fidici tyce
— sfalerit — 10-20 ppm, slitiny s Bi1, Pb, Sn, Cd, oxidy In a Sn — ochranné povrchy, skla, polovodice, zubni slitiny
Se — fotoelektrické vlastnosti — soldrni energie, papir pro kopirky, guma, zdroj — elektrolyticka rafinace Cu
Bi — kosmetika, I¢ékatstvi (chloridy, karbonaty), pti rafinaci rud Pb, Mo, W
T1 - 10-40 ppm thalia ve - slitiny s nizkym bodem tani, T1 = 303,5°C, elektronika, farmacie

sfalerit! — zdroj fady prvku z vySeteplotnich hydrotermalnich lozisek



Critical elements

Li

REE - zdroj: karbonatity, alkalické magmatity, (monazit, parisit, loparit, ..., hlavné
oxidy a fosforec¢nany s La, Ce, ...)

Te - solarni panely, slitiny, zdroj - teluridy (calaverit AuTe2, Kalifornie, Emperor

Mine - Fiji,

Figure 6.E1b (riticality Ratings by the European Commession of Shortlisted Raw Materials

Native tellurium
crystal on sylvanite

from the Emperor

[High "] High-Medium | Megium Medium-Low -
- M — S ——— Mine, Vatukoula,
Graphite REE: La, Ce, 5m, Gd | | Nickel Tavua Gold Field
REE: [ Rhenium Tt Molybdenum | Lead (image width 2
Gallium Hafnium T “m Selenium Gold mm)
Tellurium Germanium Niobium Silver Cadmium
Platinum Vanadium Copper
Indium Tin
Chromium
Sylvanite,
(Au,Ag)2Te4, and
Tellurium, Emperor
Mine, Viti

low sulphidation, epithermal mineralisation at Emperor is regionally associated with higher-
temperature alteration zones near the centre of the caldera, 3 km east of Vatukoula




REE deposits
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Li

m Spodumen, ambligonit, lepidolit

e Lithium (Li): atomové Cislo 3, relativni atomova hmotnost 6,941 je
stribroleskly, velice reaktivni, vodivy elektropozitivni kov. Je mékky (0,6)
a nejlehéi (0,534 g/cm3) ze vSech kovu, ale tvofi pevné slitiny
s ostatnimi kovy. Pouzivaji se predevsim slouceniny Li,CO; Li,0O, LiCl,

LiF, LiOH atd.

« Hlavni mineraly Li: amblygonit (3,4-4,7 % Li), spodumen (3,7 % Li),
lepidolit (1,4-3,6 % Li), petalit (1,6-2,3 % Li), eukryptit (2,1-5,5 %
Li), cinvaldit (1,4-1,6 % Li); v budoucnosti: hektorit (0,5 % Li),
jadarit (3,4 % Li)



Loziskoveé zdroje Li

Sl T 7~ ™=+ roztoky Li soli v panvich a slanych jezerech aridnich
oblasti v predhurl velehor - 53% podil na svetove tezbe, cca 75 % zasob - * '~
Argentina, _. ‘~, Cina, L

Pegmatity: hIavn| mineral ¢ 1, ale i , eukryptit, lepidolit a
amblygonit - 46% podil na svetove tezbe cca 20 % zasob - /. .., Cina,
Zimbabwe, USA, Z~="e, [ i tuguicnu

Sedimentarni: budouci perspektivni typy lozisek

borosilikat : ‘Srbsko)

jilovy mineral (USA, Mexiko)

Solanky geotermalni a ropnych poll mozny zdroj v budoucnu, nizké obsahy
Li, navic doprovodne soli dalSich prvku (napfr. Br)

T, LS. -.aem..u_‘“‘ * .y . dfive vyznamne, nizke obsahy Li, Casto spolu
daI5|m| prvky (— , ' Rb) - hIavn| Zdr'O_] v CR

Antropogenni: odpady po Upraveé Sn-W rud - omezena velikost, ale snadna
tézba i Uprava



Li - tézba

Lithium - svétova tezba: 34-35 kt

3% __1%_ 0%

Chile 31%

. _ .. reserves estimates

S
HecUSA
~Cina
mZimbabwe
B Portugalsko

1 Brazilie




Chile - Li

Letecky pohled na
odparovaci nadrze
solanek loziska Salar
de Atacama

v severnim Chile




Greenbushes

-

v |
"
AUBTRALIA
R i i) [
Ambai I

Overview and location of Greenbushes Operations

Greenbushes - nejkvalitnéjsi pegmatitové
lozisko Li * -Li) spodumenovych rud

Vv jz. Australii se 118 mil. t rudy o obsahu
1,0-1,5 % Li



