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PODMINKY ZAPOCTU

1. DOCHAZKA — max. 2 absence bez omluvy

2. PRUBEZNE TESTY
* bez absence — nutne dopsat v nahradnim terminu
. %:e(l)k%)vzy poCet bodu v kazdém testu je individualni — systém bodovani <-2;-
0-1-9>
3. PRUBEZNY TEST NA MINERALY
* bez absence — nutné dopsat v nahradnim terminu
* nepocita se k ostatnim prabéznym testim — nutné jej splnit (mozna oprava
na konci semestru)
4. ZAPOCTOVY TEST

* kona se XXXXX — pred timto datem je nutné mit splnéné vsechny vyse
uvedené podminky

« soucasti bude i praktické poznavani horninovych vzorku
 k celkovému ziskanému poctu bodu se pfipocitaji ¢i odectou body z
prubéznych testu
* bez jeho splneni neni mozné jit ke zkousce
5. KONZULTACE
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(Geneticka Klasitikace

|OZIS€k (upraveno podle Rozloznik et al. 1987

vulkanoexhalacni S, B
subaericks Lkrustalni travertin, sintry
] pitna, léciva, primyslova voda
Endo- ) SelEEg Ol geotermalni energie
exogenni L Fe (Lahn Dill), Mn, Cu+Pb-Zn+Au-
vulkanosedimentarni .
o Ag (kyzoveé formace)
submarinni —
hydrotermalné Cu-Co, Cu, Pb-Zn + Ag,
sedimentarni kovonosné jily
mineralizace hydrogenni:
Exo- infiltracni |V piskovcich U, Cu red beds
endogenni v karbonatech S, sadrovec, P
v kaustobiolitech U, Ge, P
ryzoviska Sn, Nb-Ta, W, diamant, pyrop
reziduani kaolin, bauxit, Fe, Ni-laterity, ...
zvetralinoval p o1 myrolyticka bentonit
] . |druhotné oxidické a sufidické
supergenniho obohaceni Ay
Exogenni

sedimentar
ni

klasticka

Au, Pt, diamant, Sn, Ti, Zr, Au-U,
stérky, pisky

chemogenni a
biochemogenni

evapority, karbonaty, silicity

organogenni

karbonaty, silicity, fosfority
kaustobiolity

Série Skupina Typ Formace
likvaéni Cu-Ni + PGE
magmaticka protomagmaticka Cr, PGE, C, Ti, REE
hysteromagmaticka |Cr, Ti, magnetit-apatit
jednoduché pegmatity| kiemen-zivec-slida
pegmatitova metasomatizované |\ BS: Nb-Ta’, Sy L-
pegmatity Th, Au, drahé
kameny
karbonatitova REE
Endogenni skarnova 7o il S Pl 20
o Co, Sn, Mo, U, ...
hydrotermalnich  [gpititova Nb-Ta, Zr, U, Be, ...
metasomatit greisenova Sn-W, Mo, Be, Li
porfyrovych rud Cu, Mo, U
plutonicka A, Sn, W, Mo, Cu,
U, Ni-Co, Sb, ...
o . Sn-W-Bi-Ag, Au-Ag,
hydrotermaini subvulkanicka Cu-Pb-Zn. ...
. Pb-Zn, Hg-Sb, Cu,
teletermalni .
fluorit
kontaktné ’ Fe. Mn, V. ...
metamorfovana
kontaktné kontaktné
metamorfogenni  [metamorfni: viz skarny
‘E metasomaticka grafit, smirek,
o termometamorfni andalusit
S regionalné Fe, Mn, kyzové
E metamorfovana formace, ryzoviska
S regionalné
© 7
o s metamorfni:
S |regionaine ity grafit, sillimanit,
metamorfogenni . Y ..
pegmatity azbest kiemen-zivec-
metasomatity slida  viz skarny
metamorfné Vviz hvdrotermalni




MAGMATICKA LOZISKA

Procesy diferenciace a krystalizace magmatu



MAGMATICKA LOZISKA - PREHLED

| Loziskalikvacni Ni-Cu-Co, PGE || chalkopyrit, peniiandit, Pyrotin, ofvin, }
magnetit, millerit, pyrit, cubanit
Loziska - Cr. Ti, Fe, PGE, diamanty chromit, |men|., r-spinel, magnetit,
protomagmaticka diamanty
4
LozZiska : : chromit, ilmenit, magnetit, hematit, apatit,
[ hysteromagmaticka [ Fe-Ti-V, apatit } L nefelin, PGE )
. . f bastnasit, monazit, apatit, ilmenit, flogopit, )
[ Loziska karbonatitu | REE, Nb, Cu, vermikulit | vermikulit, chalkopyrit, cubanit, bornit,
’ L columbit, pyrochlor, fluorit )




LIKVACNI LOZISKA



' DIFERENCIACE MAGMATU

v pfirodé neexistuje — nedokonala difuze v J
mineralech

asimilace }

otevieny
2z miseni

— frakéni— _gravitacni )

HLAVNi FAKTORY At —Khystalizace o AEREEe——

obsah fluid r likvace ] ; segregace tokem ’
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LIKVA

sulfide-saturated
mafic silicate magma

CE

immiscible
sulfide

" ” " AV4

ulfidi veni Z

Proces oddéleni
silikatové a sulfidické

taveniny pri cca 1500
C.

shlukovat a vzhledem ke své
vySSi hustoté, klesa do spodnich
casti magmatickeho télesa, kde

zacina tuhnout v teplotnim

silicate melt

¥

quenched liquid

[—Wzis a Ni-Cu-Co,
PGE

peridotite
(olivine cumulate)

chalkopyrit,
mineraly,

disseminated ore olivin,

net-textured ore

sulfide melt

masivni, vtroudeninové a }

massive ore [ brekciovité textury

Wang et al., 2021

Stage 1

a system of coexisting
two-phase liquids

evolved magma

silicate liquid

6 (-275280gcm)
o . ] (o] o o

G O

primary magma

(sulfur-rich and

sulfide saturated

mafic magma)
/

segregated
sulfides

sulfide liquid

(>40gcm’) magma chamber

Stage 2

silicate minerals crystallize
first and sink but suspend
in the sulfide liquid

mafic silicate
minerals with

higher liquidus
(~3.25-3.35g cm™)

olivine, pyroxene

“magma chamber”
cumulate

Stage 3

subsequent crystallization
of sulfide forming the net-
textured ores

s

solidification of
the system

net-textured
sulfide ore

crystallization of “magma chamber”

sulfide liquid




LIKVACE

Procesy likvace nejsou vzdy
vazany jen na jednu intruzi —
mohou probihat i v ramci soustavy
vice intruzi.

Pohyb taveniny tak neni vazan jen
smérem vzhuru, ale i do stran a
muze dochazet i ke zpétnému
toku.

Vicefazovy pohyb taveninu
soucCasne s likvaci také
diferencuje dalSimi zpusoby.

odrazejicich rizné zpusoby
pruchodu taveniny a polyfazovy

AN O
v y v UJ .

Lateral and vertical 9 Backflow of
flow of magma unstable sulfide
with entrained & liquid pools
crystals, sulfide as gravity
droplets, xenoliths currents

<

breccias &

Mafic magma + entrained xenoliths
Magma + sulfide
droplets, phenocrysts
Magma, contaminated
- Dolerite (chilled magma)
|:| Taxite - contaminated gabbro
- Mafic/ultramafic cumulate

- Sulphide liquid/massive sulphide §f *

SN Sulfide matrix ore breccias

Globular disseminated

Gravity-driven intrusion of sulphide

marginal xenolithic taxites creating

= bo@ :'. %1

K
Sulphide-matrix

Barnes et al., 2018

Migration of sulfide
into footwall vein arrays

Vein-array pseudobreccias

liquid into partially consolidated

ore breccias

-

Net-textured

.t g
L)

oL Sulphide-matrix

Y

breccias

Slowing and reversal of flow, dense suspension of
crystals, sulfide liquid droplets and xenoliths flows
back down pathway choking the conduit neck.

(1] Silicate matrix polymict
intrusion breccia.
SMs=silicate melt/crystals

Sulfide melt floods matrix,
leaving refractory clasts +
solid silicate phases,
displaces silicate melt

disseminated




LIKVACNI

LOZISKA -,

PREHLED

.

Kabanga
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SUDBURY

Ni-Cu, PGE,

Co

nejvetsi svetoveé lozisko Ni

vrstevnata maficka intruze vznikla
dopadem meteoritu pred 1.85 Ga

prumeérny obsah Ni 1.2 hm. % a Cu 1.03

hm. %

chalkopyrit, pyrhotin, pentlandit

mineralizace vazana na nority, kfemenna

gabra a brekcie

Murray Mine (defunct)

175

A, _SudburSr e
— Vale Copper

Elevation (m)

275

375

Cliff Complex

475



SUDBURY — VZNIK LOZISKA

Crater
deformed

2. Sudbury Crater ejecta layer

Meteorite crater

Af— —_———

200 km

https://craterexplorer.ca/sudbury-impact-structure/
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SUDBURY — KOMPLEX
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IMPAKTNI STRUKTURA MA 3 HLAVNI CASTI

Sudbury basin

SIC (Sudbury Igneous complex)

Sokové met. podlozni horniny (shatter-coned)

y di SUDBURY IGNEOUS COMPLEX

- Sudbury breccia

- Ni-Cu-PGE mineralization

|:| Granophyre

- Contact Sublayer

- Offset dykes

- Quartz gabbro and felsic norite

|:| Superior Province
I:l Southern Province

Sudbury dyke
swarm

Faults

Lakes

|:| Metasediments (Whitewater Group)

Hashmi et al. 2021

A® N é$ NCuCo A Occurrence

4 ‘Ab‘ A A d A® B $ CuNi-PtPd-Au( PastProducer
4 A N A | AQ Zn-Pb-Cu O Producer
» 4 AQ Al { Advanced
A A Cu-Au Prospect
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|

Owain [ Basin in-l
Formation Black
Susvite
Breccia
QOnaping Grey
Formation L it hodies
Zal
Impact melt breccias
Basal
A
Granoph)
Sudbury e
198008 | (yartz Gabieo lmgact et sheet
G| e T
Mafic Narite, |8
Y C ;ﬁ\ (last-fich basal member

Footwall

Thermally melamorphosed
clasiic breccia and
manomict breccia
Pseudotachylite

Lightfoot, 2007

ALIZACE

DBURY — STRATIGRAFIE

CONTACT SUBLAYER

Fe-Ni-Co mineralizace vazana na
magmatickou brekcii v bazalnich noritovych

MAIN MASS
ROCK

vrstvach loziska.

Vtrouseninova az brekciovita textura.

FOOTWALL BRECCIA

3 HLAVNI VRSTVY

Cu-PGE-Ni mineralizace vazana na

svrchn

granofyr

brekciované podlozni jednotky loziska
Sudbury.

stredn | kremenné

gabro

Vysokeé obsahy Pt+Pd+Au.

Masivni textura.

[«
N

MINERALIZACE

OFFSET DYKES

contact sublayer

Cu-Ni-PGE mineralizace vazana

footwall breccia

Qz-diorite offset
dikes

na kifemenny diorit
VtrousSeninova az masivni textura.




SUDBURY - MINERALIZACE

footwall breccia — masivni
chalkopyrit pyrhotinu a chalkopyritu




NORIL SK  [Hpacu

PGE

olivin-nosné diferenciované ultramaficke
intruze (gabro-dolerit) perm-triasového stafi,
ulozené v sedimentech na SZ okraji sibirského

F kratonu

) - obsah Ni 0.5-2.8 hm. % a 0.6-5 hm. Cu ;
. PGE az 15 git e
- Co, Pd, Rh, Au, Te, Se,Aga S Rl %
 chalkopyrit, pentlandit, millerit, pyrhotin 1‘ -

 mineralizace vtrouseninova, masivni a
tzv. Cu-sulfidova




NORIL SK — STRATIGRAFIE

[#®] Intrusion Major fault

Sedimentary Rocks
[ ] Ordovician-Permian

Cembrian
-Silurian

Volcanic stratigraphy of Norilsk Region
3500 - s &

Samoedsky Fm.
3000 4

Kumginsky Fm.

Upper
series

2500 4 Kharaelakhsky Fm.

2000 - Mokulaevsky Fm.

Morongovsky Fm.
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Yao & Mungall, 2021

NW - B - ___SE
7 \\\ = - o
il Norilsk- | "
. i . . Kharaelakh/
N Ky
e
Gabbrodolerite . =/ >
series rocks \Q‘EA\ 7 \ﬂs/ g’ okh e
e 4-—“ | 9 — N
Picritic/taxitic gabbrodolerite \\,\ x = 2
with disseminated sulfide . /
b \ Kharaelakh
) . Upper taxitic
Norilsk-1 Open Pit Mine 0___100m massive ore ™ gabbrodolerite/leucogabbro
w / — Diorite Residual series
r _ ¢ e E _
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MINERALIZAC

VTROUSENINOVA RUDA ‘3'"' 'ﬁ o s

0.5-0.6% Ni, 0.6-0.7% Cu, 5-6 g/t PGEc

Vazana na olivin-nosné ey
horniny.
Chalkopyrit, pyrhotin,

MASIVNI COCKY
2.8% Ni, 5.6% Cu, 15 g/t PGE

Vnitrné zonalni: stred tvoreny
Cu-sulfidy je lemovany
pentlanditem, pyrhotinem a | — b e a

. - Gabbro-diorites
mag netltem i - Carbon-baaring pelites - Basalis of lvakinskaya suite
Cu-SULFIDY Bl o:ic gabiro | Ettes

TVOLI peprgwde:(na rUdSm teles’a Figure 2. Field relationships of different rocks in the Medvezhy Ruchey open pit. (A) Layout of the open
brekciovite St_ru tury. arr’lotna pit with outlined main geological bodies; (B) sampled outcrop on the 300 m horizon; (C) a geological
Cu- ruda Je vrstevnata. sketch of the 270 m horizon (after [13]); (D) Leucogabbro with visible Cr-spinel-rich sites.




NORIL SK -
MINERALIZACE

Yakubchuk & Nikishin,

80 cm mocna masivni ¢oCka sulfidu ulozena v kontakt diferencované intruze (nahore) a vapence (dole)
kontaktnim rohovci, Komsomolsky dul, intruze Talnakh se sulfidickymi CoCkami podél jejich kontaktu,
2 Komsomolsky dul, intruze Talnakh
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NORIL SK - ZNECISTENI

Norilsk Leads the World in Sulfur Dioxide Pollution

The Morilsk Nickel smelting complex in Siberia generates close to 2 million tons of sulfur dioxide
pollution annually, far more than any other human enterprise on Earth. Only volcano emissions
come close, according to a NASA-led global monitoring project. The company this year launched
a project it says will reduce sulfur pollution 90 percent by 2025.

TOP 10 SULFUR DIOXIDE EMITTERS

In kilotons, 2019 1
Volcano @ Smelter @ Oil & @ Power
gas plant
LOCATION EMISSIONS
) Norilsk, Russia 1,833 kt 2
) Mt.Etna, ltaly 1,161 kt 6
- Manam, Papua New Guinea 1,070 kt 7 2
Yasur, Vanuatu 844 kt
Dukono, Indonesia 763 kt
| - Aso, Japan 664 kt 5 3
- . . .
“ | @) Rabigh, Saudi Arabia 652 kt
) Kadovar, Papua New Guinea 592 kt 4
€) Zagros,Iran 558 kt 10
(1) Kriel, South Africa 504 kt

e SOURCE: MASA PAUL HORN /[ Inside Climate News



KAMBALDA Ni-Cu, PGE

* mineralizace Ni-Fe vazana pri bazi mafickych-ultramafickych hornin
(komatiity) v archaickych greenstone belts

» poloha Silver Lake Komatiite — vsechna loziska Ni

* dnes vSechny horniny ruznou mirou metamorfovany, hydratovany a
karbonatizovany (ultramafické horniny — jilovo-karbonatove a
serpentinizované formace)

* niklo-nosné rudy mohou byt asociovany take se zlatonosnymi
hydrotermalnimi kremen-karbonatovymi zilami

* 1-5 hm. % Ni (vyj. az 20 hm. %)
* masivni a vtrouseninove textury

* pyrhotin, pentlandit, pyrit, chalkopyrit, magnetit, spinel a chromit



SPINIFEX TEXTURA e

» = skeletalni, tabulkovité az jehlicovité
krystaly olivinu Ci pyroxenu v
ultramafickych-mafickych lavach

« synonymem je herinkovita Ci péerovita
textura

* interspinifex ore = olivin se spinifexovou &
texturou asociovany se sulfidy, typicky na |
sulfidovych loziscich vazanych na |
komatiity

Staude et al, 2021
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e SO0 000 000000
e = B0 000000 00
K55S net-textured sulfides o raon

M O D E L V Z N I KU :::. KK

4 Komatiitova tavenina lateralné A
injektovala do sulfidické taveniny
a vytvorila tak bariéru mezi stale

jesté tekutymi masivnimi sulfidy a C d
kjii ztuhlymi net-textured sulfidy. )

/Interakce a vzajemna asimilace\
— spinifex textury, sférické
agregaty komatiitu v sulfidech a
naopak, emulzni struktury
\ (nemisitelnost tavenin). . Staude et al, 202

Spinifex textura olivinu vznikla diky vyrazné vysSi teploté Krystalizace spinifex olivinu

komatiitoveé taveniny ( >1500 C) injektované do zchladné vyrazné zpomalila vzajemnou

sulfidické taveniny (ca. 1190 C) a drobnym pohybim interakci tavenin, az doslo k
komatiitovych sférickych agregatu. jejich oddéleni.




MODEL VZNIKU 2

Model zalozeny na nékolika pulzech
komatiitoveé a sulfidické taveniny.

Vyklinéni (pinchout) vzniklo lateralni
termalni erozi zpusobené sulfidickou
taveninou.

4 )

Postupné doslo k ,vymilani a erozi®
sulfidické taveniny stale aktivni
komatiitovou taveninou za vzniku polohy
. komatiitu se spinifex texturou. )

Novy pulz sulfidické taveniny injektoval do
| zfejme stale CastecCné tekuté komatiitove
taveniny a generoval dalsi spinifex rudu.

Lunnon
Basalt

b Lunnon

Basalt

remolten basalt

komatiite lava flushing sulfide melt

spinifex

d| further influx of sulfide melt

spherical sulfides

Nasledoval dalSi pulz komatiitové
taveniny a alterace/eroze starsi
sulfidicke taveniny.

Staude et al, 202



[ MODEL 1 }

[ MODEL 2 }

~ Vysvetluje pozorovane
textury, stratigrafii a

[Vysvétluje geometrii vyklineni,

~

A AL & 4

 Vysvetluje vyséké mnozstvi magnetitu v asociaci s interspinifex-
texturou a vysoké hodnoty Ni, S, Pd a Pt v komatiitu — interakce

4 Vyzaduje injektaz relativné lenké komatiitove A
taveniny v podobé lozni zily do hustsi, stale
castecné tekuté sulfidické taveniny — strukturni

N komatiitu-a-sulfidu. J

\ bariéra (zlomy, praskliny, atd.) Y,
7 Virouseny chromit by mel byt hojny vzhledem kK
vyraznemu promiseni sulfidické a komatiitove
taveniny. Chybégjici chromit by musel byt fyzicky

premisten jinam — vysvetluje pozorovane

N chromitovédutiny.

textured sulfidu bez masivnich

{ VlyZaduje vznik pouze net-

sulfidd.

|

~ Vysvétluje chybgjici velky

objem vtrouseneho chromitu —

dusledek magmatickych pulzu
\_ a nasledné eroze.

~

J




KAMBALDA — Ni DOLY
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BUSHVELD COMPL[reE nicy

Scoon & Costin, 2018

MARKER LAYERS LITHOLOGY
e ers 15- Diorite
. v t v v tv 7 t t J f. k 7 }ipp:ﬂt::n:'\ﬁ: c::'::us p:::lsa:: : i
svetove nejvetsi vrstevnata maficka- o ey [N,
ultramaficka intruze (70 000 km2) vain Magnette Layerang | (Anorhoste)
LLower Magnetite Layers (1 - 3]
 vznik pred 2.055 Ga
Pyroxenite Marker
MINERALIZACE Ff::ﬂ?fgf
likvacni PGE, Ni- .
C u Upper Mottled Anorthosite
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BUSHVELD — VZNIK LOZISKA

Metasomatised
SCLM

Melt &
fluid flux

upraveno podle Maier et al.

A B 2013
Obdobi stfedniho Archaika — Obdobi pozdni Archaikum az

kraton v nadloZi sub- Fanerozoium — alterace SCLM
kontinentalniho litosférického metasomatickymi fluidy odmiSenych
plasté (SCLM). béhem subdukce.




BUSHVELD — VZNIK LOZISKA

C e _“

Vznikly plastovy chochol stoupal
vzhuru a zacal tavit okolni

horninu. Vznikla tavenina spolu s
teplem generovanym chocholem
injektovala do
metasomatizovaného SCLM a
zpusobila jeho nataveni.

D g vV __
Mafic rock et EaX __.‘-_‘, e /
Mafic-ultramafic =24 PGE ey

rocks

Ultramafic rocks

Poté doslo ke smichani obou
tavenin a jejich vystupu podél

trans-litosférické sutury az do

kratonu, kde se VytVO‘f”y upraveno podle Maier et al.
, 2013

vrstevnaté intruze. D

Vznik PGE, chromitovych a magnetitovych reefu s
vtrouseninovou az masivni texturou. Narust objemu
hornin v kiife po magmatickém pulzu zpUsobil centralni
subsidenci.




MERENSKY REEF

* hlavni zdroj PGE - v ,pegmatitickém zivcovém pyroxenitu®

norit

— velmi hrubozrnny orthopyroxen (az 90 %) + plagioklas (az 30 %)

gabro-

« 85 % (pyrhotin, pentlandit, chalkopyrit); zbytek pyrit, cubanit, millerit,

troilit, vzacné galenit a sfalerit
« PGE, Ni, Cu, REE, P

PGE MINERALIZACE JE VAZANA NA TRI TYPY TEXTURNI ASOCIACE

PGE uzavrené v sulfidech

38-97 %

PGE uzavreneé v silikatech

3-62 %

PGE uzaviené nebo pridruzené v chromitech ¢i Fe-
oxidech

Vv mensi mire nez
ostatni




MERENSKY REEF

f -3 o A _ R bl h i S T _ hrubozrnny hnédy pyroxen
ol e d iR T Y o | ':?f g pegmatiticky pyroxenit

= minerals

bily anortozit s hnédé
zbarvenymi zrny
pyroxenu

Cawthorn, 2010




L A | MERENSKY AND BASTARD UNITS
?I)D-q Main Mottled Mem:l;:?““' T
© of Anorthosite / o s Giant Mottled |
20 © Anorthosite
MERENSKY REEF — e |
600+ ] |
STRATIGRAFICKE SCHEMA /
=]
5004 ©
. ;- :
S / 15 @
'% Porphyritic p-Bastard Reef (Upper)
: ! N
3 /
.t ! 104 | _} Bastard Reef {Lower)
/ i e X
/ fe) 1
0/ A4 V' 4 V4 G x o
* 80 % svetovych zasob PGE i W
bemn L::welr (8]
oofemal | Rrorthosie 57 © i £
0/ 1 f T o Giant O
» 22 % primo v Merensky Ree LB [l B 2
— '\ z £, =
u u )V 4 u )V 4 A4 = 3 E "R ef"
* PGE mineralizace takeé v chromitove vrstve UG2 | ¢ ||« \ { e
L = il \ E_ - [2= < Merensky Pegmatoid
a Platreef 3 | \ £3f
§ _,“; o \\EEE . o7 X
5 |2 2 sy M T
. . . . 2 |z =2 >c
 PGE mineralizace situovana v nadlozi chromitu | ° [ | = sri/ IE
[T -2
BE o DeWG E‘Lg\ a? =5
= \ o
55T | oo uG2 e
g B4
Mottled :\northosite I (7 Scalat Cavanadt Fyroxsois
Mottled/Spotted Anorthosite Idspath
[ Poorph:rriti: ?Sa:bro::rit:s %:g;::hi:lcar:yﬁz::;e
— Gabhrom_:rite [ reldspathic Harzburgite and Pyroxenite
Scoon & Costin, 2018 % Lauconotlie: —orChromitite stringer
Norite/Leuconorite —+ Chromitite layer




UG2 REEF (UPPER GROUP 2 REEF)

« chromitova vrstva UG2 lezi primo pod
Merensky reefem v mocnosti 0.4-2.5 m

-

Feldspatht _,-.pyr_oxelni'te kol

{ o

+ 90 % chromit: zbytek pyroxen a plagioklft
+ akcesorie

 obsah Cr,0; muze dosahovat az 40 hm
%

l‘l

. , . 10 . . “-'E .-~..-.'a " ‘"""‘ &
* mineraly platinoidu - PGE mezi 4-7 g/t 7/ , B Anornosite (B9
1 R SR

» nikl i mé&d jsou v ppm vazany v sulfidechi



PLATREEF

* pouze v severni Casti komplexu, na
kontaktu s podloznimi horninami
Transvaalske superskupiny

* reakce horkeho magmatu komplexu s
podloznimi Ca-bohatymi horninami

 asociace pyroxenitl se serpentinity a
skarny

* mineralizace az 40 m mocna

* mineraly platinoidu, pyroxeny, pyrhotin, R T AR e R
pentlandit, chalkopyrit, pyrit McDonald et al. 20C




East and West limbs

Upper Zone

Main Zone

Critical
Zone

Lower Zone

STRATIGRAFIE REEFU

Northern limb

---. Main Magnetite - ---

L Pyroxenite Marker ---

Merensky Reef
UG2 chromitite

LG6 chromitite

Transvaal
Sequence

McDonald et al. 2005

9000 m
7660 m
MEerensky
3150 M R ef
ug=-2
53 =1
1700 m UG
Om

Merensky and Platrest

Upper Zone

Main Zone

Flatree! (on contact)

Critical Zone

Middle Group
Lower Group /”
f,r ’/ 4} N\
/" Transvaal Archaean
ff Sequence granite

i

Lower Zone

Transvaal Seguence

Fig. 2 Stratigraphic
column showing the
position of the UG-2 Reef
relative to the Merensky
Reef. The Platreef is
interpreted as a Merensky
equivalent (modified after
Vermaak (2)). UG-1 is
Upper Group Chromitite
No. 1, the Middle Group
and the Lower Group are
also chromitites.

The Platreef lies directly
on the 'floor' rocks of the
Transvaal and Archaean
sediments and granites,
while the Merensky lies on
Bushveld rocks of the
Critical Zone, etc., before
the 'floor' rocks are
reached

Schouwstra & Kinloch,
2000




SHRNUTI REEFU

MERENSKY REEF

» tahne se pres celou zapadni a
vychodni cast komplexu

« 300 km délka, mocnost az4 m

UG2 REEF

e 20-400 m pod Merensky
reefem

e mocnost 0.5-2.5 m

PLATREEF

* Vazan na severni ¢ast
komplexu

 délka ca. 30 km, mocnost 10-
300 m

el

Legend

[ Alkaline intrusions
B Upper Zone

[ Main Zone Northern
[ ] Critical Zone =247 N = Lob
I Lower Zone obe
[] Marginal Zone
Merensky Reet
4 Middle Group chromitites
= Town or city Amandelbult
® | ocality des- Compartment

cribed in text Union /o

Compartment £
. 4/
-250 N— M\h‘ northern WEStE rn
/ sector Lobe

southern
Far Western

Lobe Boshoek \
Compartment~%
Pretoria
—
ggfﬁe';ﬂl;:g\;: Marikana Compartment
126° N=— P Compartment
Scale
[ IIEaaaaa—— | ™
0 40 80 120 160 Johannesburg
. km
I
260 E 2?0 E 280 E

Platreef
A Oliphants River
’ Compartment
Clapham
Compartment
—— Modikwa
western Mine
sector \; +«— Madiseng
central Burgers-
sector fort
Eastern southern/ E}EEIS
sector |
Lobe | Winterfeld
Compartment
Middieburg
||
L]
L\ Southern
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| I
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PROTOMAGMATICKA
LOZISKA



FRAKCNI KRYSTALIZACE

Three ways crystals separate from a melt: c.J  Temperature Bowen’s Reaction Series Igneous Rock
Filteripressing:

Regimes Types

Remaining meltisipushed ligeesr
. Temperature R ULTRAMATIC
through@afracturgiand 1430 oC C‘?I@fﬁ‘ﬂﬁi ) i)
separated fromxlized melt ) 7\ - komatiite, peridotite -
(first to crystalize)
&
_ Pyroxene BASALTIC
Grystalisetting: S5
o - basalt, gabbro -
SATHENTSUMNEralsto L Amphibole
xlizetaredenseriand o))
SinKitothebottom? - o -
> <. Biotite ANDESITIC
8 QJ‘ Mica - andesite, diorite -

Crystal ‘floatation Sodium-rich
s The firstcrystalsare ;
g Lowest Potassium Feldspar
Lis:htietrase andrise Temperature { GRANITIC
E 650°C Muscov:fe Mica - rhyolite, granite -
(last tocrystalize) Quartz

[ loZiska Cr, Fe-Ti-V, PGE, a } » [ chromit, ilmenit, magnetit, hematit, J
diamantu apatit




EXSOLUCE FLUID

nebo se michat s povrchovou vodou

(procesy mohou vést ke vzniku lozisek

Gas-rich eruptions
and persistent degassing

Shallow or
volatile-rich
second
boiling

Deep or
volatile-poor
second
boiling

Accumulation of
exsolved volatiles

cm
Exsolved volatile
transport through
channels and fractures

Overturn Tmetre Bubbly buoyant plumes Hybrid mafic enclaves

podminkach vede
k explozivhimu
VyVOji intruze
taveniny a k

"V pFipovrchovych™

f

i Volcanic plume

.

Outgassin
o 9 Shear brecciation
Viscous dissipation

Bubble growth

Exsolution surface

Magma with (bubble nucleation)

dissolved volatiles 4 __— Saturation surface

Magma reservoir

Edmonds & Woods, 2018



PROTOMAGMATICKA LOZISKA

* tzv. ranne magmaticka loziska vznikla procesy frakéni krystalizace, kdy

loziskotvorné mineraly vykrystalovaly dfive nez samotna hornina

HLAVNiI MINERALY

TEXTURY

vtrousSeninova

chromit FeCr,O,
iImenit FeTiO,
magnetit Fe;O,
diamant C

masivni

PGE, sulfidy, REE

LOZISKA
Great Dyke zimbabwsky kraton ZW
Stillwater Complex wyoming kraton us
A

Bushveld !Cr, Fe-Ti- | Kaapvaal kraton JAR
V!

Kimberley Kimberley kraton JAR
Mir sibifsky kraton RU
Argyle Halls Creek orogen AU




LOZISKA CHROMITU

STRATIFORMNI
vrstevnata intruze _
stratiform
archaikum - proterozoikum magma layered chromitite
chamber = intrusion _

peridotity, pyroxenity, gabra, anortozity - o = e ———
Bushveld, Great Dyke, Stillwater crust o méfié}uiframafic
Complex cumulates

|
PODIFORMNi mantle (5 | podiform
v v iy | " e\ | & =i
cockovita télesa ' \ ’ \ St
pozdni proterozoikum - fanerozoikum — |' S dumte/_i |
ofiolity — dunity, harzburgity harzburgite | harzburgite |
Kempirsai Ultramafic Massif § mantle chromite/chromitite crustal chromite/chromitite

Arai, 2021



GREAT DYKE LerPee Nicu

* protahe teleso vyvrelych hornin intrudovalo do
archaickych granitoidu a_pasma zelenokamenu v

druhé nejvetsi lozisko PGE

zimbabwském kratonu pred cca 2.575 Ga

* chromitove polohy
pyroxenity (bronzi

 PGE mineralizace je vazana na horizonty chromititt

nebo silikatu

{sou vazany na dunity az

it)

* pyrhotin, pentlandit, chalkopyrit, vzacne pyrit

EII:IITE h dona Chambe
3lE \ i
- Snake' s L — o
L f}r”— S Head ){,3;: Musengezi 5] 4
= 1 )
G rd uHar“areli A -
\\ Zimbabwe J g/
- 19 5 /
'-.\h f ?L Mutorashnngﬂd-'flf %
= Bulgway@/ / fll,-"l %
N / / -E
‘-‘I—\_\ [ { T
e P R o E i
] o
) |
E
o
L =)
Q
Hartley Platinum Mine [
___________________ S
=
o
75
i)
k-
10° 8 i
o
o
Great Dyke - o . -
B Mafic Sequence / Q T
[ ] Ultramafic Sequence %Unki i B | L
) = 7]
3| &
0 50 km 'f @ 5
0 s et
. £
Mimosa | =B
/T° Mine o 3
i .'I o
[/ 2
|II 'II
o g e s o = el
J
&

Maier et al. 2015



Upper

GREAT DYKE - STRATIGRAFIE -

Cyclic Unit 1

niddle

Subunit
Malfic Sequence

Exposed width (Km) =

4 2 ? |2 4 1a
| | | | I

Lower

Mafic Sequence

Present erosion level

Nejvyznamnéjsi
akumulace PGE Q
jsou ve vrstvé l
PT. \

e

Bronzitite Succession

Gabbro, norite, ol-gabbro

Sulfide reef

* [ Gabbronorite L Websterite
£ 1 Pyroxnite ornhopyrorenie
i B Dunite/harzburgite #0071 Ol-onhopyroxenite
B Border Group Granular harzburgite
+ Granite-gneiss Poikilitic harzburgita/dunits

Chromitite

2000+

Dunite Succession

Maier et al. 2015 b

I I I I [ I I I [ I |
A8 5652 5656 60 64 68 72 6 .80 B4 88 .92

Mg/(Mg+Fe®*) .
Maier et al. 2015




https://www.nsenergybusiness.c
om/projects/darwendale-
platinum-project/




STILLWATER COMP]_[LPCE. Cr. Fe-Ni-Cu

Block ?
Xenolith
/ localities
v
U, * W Red Lodge
B 2l *
Squaw Pk o
East Boulder Quartz monzonite

B Stillwater complex

vrstevnata ultramaficka | i, RO
= Faul

Intruze vznikla pred 2.7
Ga

mineralizace vazana na
tzv. Basal Series,
Ultramafic Series a
Banded Series

[] Paleozoic & younger

-- Upper Banded series

[] Middle Banded series .
sssss Picket Pin PGE zone o Y T ;

I Lower Banded series .
s J-M Reef

[ Uitramafic series

|:] Basal series

[ Quartz monzonite =T
[ Homnfels, iron formation

Stillwater Complex

Boudreau, 2016




STILLWATER COMPLEX

PUVODNI

BASAL SERIES

sulfidicka mineralizace Fe-Ni-Cu
vazana na nority

ULTRAMAFIC SERIES [ Middle & Upper Banded Series Bl Ultramafic Series
. . : E=3 J-M Reef Bl Basal Series
chromity vazany na cyklicky se @ Lower Banded Series [ Basement Rocks
opakujici dunity, harzburgity a .
ortopyroxeny SSW Beartooth Uplift SOUCASNE Wesst of Reed P;mg nt
s o — ULOZENi -
BANDED SERIES
J-M Reef (Johns-Manville) s
PGE vazany na kontakt
gabronoritd s anortozity » Thrust fault
L —
BN Stillwater Compiex ———
Chaumba, 2022 Basement rocks 0 4 miles




Boudreau et al. 2019

chmitové polohy v Ultramafic mineralizovany anortozit J-M mineralizovany gabronorit J-M
Series Reefu Reefu




BUSHVELD COMPLEX_ c:FeTiv

* 75% svétovych zasob chromitu

» vSechny rudni polohy jsou soucasti
Rustenburg layered suite

« chromitove a magnetitové polohy vznikly
gravitaCni diferenciaci

Cr

chromit, Cr-spinel

thin vs thick layers (cm az 2
m)

vtrousSeninové az masivni
textury

Fe-Ti-V

magnetit, ilmenit

obsahy V a Ti maji negativni
korelaci — smérem vzhuru
koncentrace V klesa a Ti
stoupa

vtrouseninoveé az masivni
textury




BUSHVELD COMPLEX

MARKER LAYERS LITHOLOGY

* nejrozsahlejSi polohy chromititu lezi
v lower and upper Critical Zone a
jsou vazany na pyroxenity a nority

Upper Mottled Anorthosite

Main Mottled Anorthosite

* magnetitem nabohacené vrstvy lezi NG —
v Upper Zone a jsou vazany na
gabra a anortozity emsona, N

SUPERGROUP

Norite (Anorthosite)

Hroxenite., Norite

Subzone with abundant Inaroxenite
olivine (Harzburgite, Dunite)

/\/ % H Pyroxenite

Scoon & Costin, 201




BUSHVELD COMPLEX —
CHROMITOVE POLOHY

Chromitova poloha UG1 je Chromitova poloha LG6 je
vazan na anortozity, nikoliv na nejvyznamnejSi z hlediska produkce a

IR

s

L

"i‘-

| Sil-ike protrusion of

ETICIITIi tite

sk

i

Pebane & Latypov, 2017

Drll‘mpyrrc:xemte

i *‘::’ _'_ =

~ E: ot
Latypov et aI 201 8



LOZISKA DIAMANTU

« diamantonosné horniny jsou vazany na staré subdukcni zony

« stafi — mezozoikum, kenozoikum, devon (vétSina kimberlitu intruduje do
starsich hornin)

e diatrema — hloubka 1000 — 1500 m

 diamant = HP varieta uhliku — stabilni pri tlaku vysSinez4 GPaa T 1000 C (v
hloubce vysSi nez 150 km) — zalezi na termickem gradientu

* nekrystalizuji z kimberlitu — jedna se o ulomky plaste, které se na povrch
dostaly jako xenokrysty nebo v xenolitech

* generovany ve spodni kure (je zde dost C a vice H,O nez ve svrchnim plasti)



2

"'l'\\ lf\ﬂlv'\

bohatych fluid ve vystupuj ici magmatické

FRAKCNI| KRYSTALIZACE g

100-150
km

[ Dorustani diamantovych krystalt ve

vystupujicim ultrabazickém magmatu.

|

v

s karbonatovymi

subdukujicino materialu.
Rozklad karbonatt a vznik
150-200

flid & N
lkrm 119110 R R Wi w2

sedimenty a asimilace

kontinenty — kimberlity, lamproity,
lamprofyry Ci komatiity —

Backarc Island arc Ocean
Forearc

K prorazeni nejsvrchnejsi Casti zemskeé

' povrchu magmaty vazanymi na ‘

N widoceana | charakteristicﬁé velmi rychlym vystup’)ervr)
| (70 km/h), s Casto mohutnou explozi pfi

)

Metasomatized

7
7=

ﬁlt_l:'i:)ﬁg:g @ D = Transition
) \\0‘ @ Superplume T
. 660 km
~— o thoher .
V 0 A vzestupnou plastovou konvekci do
Lower mantle svrchniho plaste, kde se promisi s
obycCejnymi chromity a vytvori podiformni

la>iclea

O Diamond Kimberlite Komatiite ' LBmPFOitE Lamprophyre Recyc[ed material é Released fluid
ITUZT1OoN\d.

% Chromite with/without diamond ‘ Chromitite \ Mantle fluid —— Mantle flow Yang et al., 2021



LOZISKA DIAMANTU

DIAMANTONOSNE HORNINY

Kimberlity

Lamproity

Diatremy (kominové brekcie v hloubkach,
vySe mohou prechazet do Zil), nékdy
ukonCeny na povrchu maarem, vzajemne se
protinajici, mohou tvorit shiuky.

Prevazne zilna nebo vylevna télesa.
Diatremy méne Casté, Sirsi a melCi nez
Kimberlity.

Kratony prevazne archaickeho stari.

Kratony archaickeho-mesozoickeho stari.

Mg,K-ultramafické magma

K-ultramafické magma

ulomky plasté, silné metamorfovanych hornin,
ultrabazik a ostatnich hornin kury a plasté

ulomky plasté, silné metamorfovanych hornin,
ultrabazik a ostatnich hornin kury a plasté

olivin, flogopit, diopsid, enstatit, pyrop, ilmenit

leucit, flogopit, klinopyroxen, amfibol, olivin,
sanidin

Kimberley (JAR), Mir (RU), Aikhal (RU) Ekati
(CA)

Argyle (AU)




LOZISKA DIAMANTU — ARCHAICKE
KIMBERLITY

istribution of kimberlites worldwide




LOZISKA DIAMANTU
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LOZISKA DIAMANTU

|-|— Generally 100500 meters —I-|

Crater facies

Volcanic deposits
“Tuff ring”

Explosion
breccia

*Maar” crater
filling of
sediments

Xenoliths of

crustal rocks =
{1‘10 Gianmnds}

Diatreme facies

CRUST
MANTLE

Upper mantle
Eclogite and

Root facies
Peridotite T

CARAT COLOSSI

THE 10 LARGEST DIAMOND in carats
PRODUCING COUNTRIES 2022* + Svalue

LA

OTHER
1.0M | $199.5M

Botswana topped 2022
diamond production by
value, with a record

output of $5.0 billion.

-
: BOTSWANA
P 24.8M | $5.08

G7 sanctions on
Russian diamonds

face challenges due to
the complexities of
tracing a diamond's origin.

» M ininé production, figures'a
SOURCE: Kimberley Process Statistics and the Departn

736K | | $314M
X

Which countries are the leading diamond
producers annually? This chart presents
data from the Kimberley Process Statistics,
highlighting global diamond production and
its monetary value for 2022.

L -, R
&7 curore &7 AFRICA 44 N.AMERICA

SIERRA LEONE
689K | $143M

NAMIBIA
< 21M]$1.28

O
ANGOLA
8 8M | sz.os‘
-

«

i‘t;gum AFRICH
7\ 9.7M|$1’,§ 4

LESOTHO

-

$10.8B

With 8 of the top ten spots,
Africa’s total production value
surpassed $10B in 2022.

D Ashok Damarupurshad



LINHORKA

Pfemys| Poradek,
N1

Pyroponosna ( diamantonosna)
diatréma, Linhorka.

Privodni draha explozivniho
vulkanismu vyplnéna vulkanickou
brekcii s ulomky pyroponosnych
peridotitd. V blizkém okoli byly
nalezeny tfi (potvrzené) drobneé
diamanty o velikosti max. 4 mm
(P. Poradek)



HYSTEROMAGMATICKA
LOZISKA



HYSTEROMAGMATICKA LOZISKA

 tzv. pozdné magmaticka loziska vznikla procesy
frakcni krystalizace, kdy loziskotvorné mineraly
vykrystalovaly pozdeji nez horninotvorné

* uzavreni zbytkové taveniny mezi zrny
horninotvornych mineralu — vtrouSeniny

* tektonicky neklidné prostredi = vytlaceni taveniny —
tvorba epigenetické mineralizace (zily, CoCky v
dislokacich)

HLAVNI MINERALY

chromit FeCr,0O,
iImenit FeTiO,
magnetit Fe;0,
hematit Fe,O,
apatit Ca(PO,),
(OH,F)

PGE, sulfidv

TEXTURY

vtrouSeninova

masivni




//R;idual quuN

ém I:IFE—Ti1:nxidesl_£l‘(l:'l Cpx = &
O%IZIJ‘:E::“: -rilq" .1-0 .

Frakéni krystalizaci magmatu | —
(gravitacni diferenciace) Addition of

H.O-rich

vznikla Fe-Ti-V-bohata vrstva frronsalic
odmiseniny s vysokou
nustotou.

Pigiang mafic-ultramafic
layered intrusion

Granitic magma

Residual liguid

Plagioclase-bearing clinopyroxenite

l,-' 'f j Anorthosite

Disseminated Fe-Ti oxide ore

Prinos H,O podporil
krystalizaci Fe-Ti-V rud na
Hogmaen 8 ukor silikatu — vznik masivni
BT Ol poooeo a nasledné vtrouseninové

mineralizace.

_Mﬂssiveor h. y -
Cao et al. 2019 Cao et al. 2019



HYSTEROMAGMATICKA LOZISKA

LOZISKA
Cr Ural, Turecko, Nova Kaledonie, serpentizované peridotity
Filipiny
PGE Ural ultrabazika ofiolitovych
komplexu
Fe-Ti-V Tellnes (NO), Lac Tio (CA) anortozity

magnetit-apatitova
formace

Kirunavaara

keratofyr (alkalickozivcovy
trachyt-andezit)

apatit-nefelinova
formace

Kola (Kukisvumcorra, Jukspor a
Koasva)

lopolit alkalickych ultrabazik




LAC TIO (ALLARD LAKE DEPOSIT)

* nejvetsi magmaticke ilmenitove lozisko na svete
* hematit-ilmenitovy norit ulozeny v anortozitu

 hlavni rudni teleso — nalevkovity tvarca.1 1 0.1-0.3 km (32-38 hm. %
TiO,)

* ilmenit, plagioklas, Al-spinel, orthopyroxen
 epizodickeé usazovani magmatu stridajici se s periodami frakCni krystalizace a

miseni magmatu — hybridni magma — periodicka krystalizace hematitu-
IImenitu s Ci bez plagioklasu



Canada

7 e
~ North-west
ol ‘t“,}"' ﬁl_: e

Riviere Romaine
anorthosite

Sheldrake
anorthosite

Allard Lake
Allard

anorthosite ~ Grader
1061 Ma (3)

Riviere-au-Tonnerre )
anorthosite 1129+ 3 Ma (2)

1062 + 4 Ma (1 Saint-Pierre

e

i

1

R T

Charlier et al. 2010




TELLNES

* ilmenitovy norit (18 hm. % TiO,) ulozeny v anortozitu
* by-products — rutil, magnetit, Ni-Cu sulfidy

* rudni téleso — srpovity tvar ca. 0.4-2.7 km — koncentrace TiO, se snizuje
smérem do kraju télesa

 plagioklas, orthopyroxen, olivin, Fe-Ti oxidy

« prevazuji procesy frakCni krystalizace



TELLNES

Rogaland anorthosite

<]~ North Sea ~

10 km

7 Granulitic gneisses
- Anorthosite - leuconorite
|:| Cumulate series (norite - mangerite)

(Quartz) mangerite - charnockite
(massive / foliated with jotunite bodies)

- Rock of the jotunitic kindred
B  /imenite-rich norite
] Foliation trajectory

ANA-SIRA
ANORTHOSITE

Diot et al. 2003



KIRUNAVAARA

Lozisko magnetit-apatitovée
formace, Kiirunavaara.

Pohled na nejstarsSi Cast
dolu, kde byla zelezna ruda
tézena z povrchu (open-pit).

Povrchova tézba zde byla
priblizné do 60. let 20. stol
(P. Poradek)




KARBONATITY



KARBONATITY

REE (LREE), P, Nb-

* karbonatit = karbonatova hornina tvorena vice
nez 50 % primarnimi karbonaty, obvykle i vice
nez 90 % a zaroven méné nez 20 % SiO,

* nejCasteji soucast alkalickych ultramafickych-
ultrabazickych intruzivnich komplexu, ale mohou

Ta

pronikat i fenitizovanymi granity

» zdroj karbonatu — metamorf. fluida, subdukce

oceanské kury
 proterozoikum — recent

VZNIK KARBONATITU

rychly vystup ultrabazického magmatu

!

vznik alkalickych hornin

| metasomatoéza-fenitizace |

KARBONATIT - finalni diferenciat
ultramafického alkalického magmatu

!

alkalicke zily

TVAR TELESA

Centralni pné s vyraznou
koncentrickou stavbou nebo zilné
vyplné vulkanogennich struktur.

Kominoveé intruze konického-
valcovitého tvaru mohou mit hloubku i
vice nez 15 km.




KARBONATITY LZE ROZDELIT NA 3 TYPY

PRIMARNI MAGMATICKY

HYDROTERMALNI

ZVETRALINOVY

mineralizace jiz v pozdni
magmatické fazi

mineralizace vznikla pusobenim
hydrotermalnich fluid odmiSenych
Z magmatu

mineralizace vznikla v
dusledku dlouhotrvajiciho
zvetravani a vyluhovani fluidy

charakteristickym znak —
mineralizace celého télesa

hydrotermalni fluida ¢asto
pretiskuji puvodni
magmatickou mineralizaci

obvykle obohacen o HREE
— LREE ma vyssi mobilitu

cocCkovita télesa, ohraniceni
hlubokymi zlomy

zily, zilniky, ohraniceni hlubokymi
zlomy

lateritické kary/krusty

zrudneni obvykle
jemnozrnné, masivne,
vtrouseninové Ci paskované

zrudneni obvykle ve formé zilné
vyplné, vtrouseninoveé Ci
obrustani primarnich
magmatickych mineralu

REE zrudneéni je
remobilizovano,
obohaceno a adsorbovano
na povrchu jilovych
mineralul, typicky kaolinitu

bastnasit, monazit, allanit,
xenotim, parisit-(Ce,Nd),
pyrochlor, magnetit, hematit,

mineralné mene rozmanity:
bastnasit a parisit, kalcit, baryt,




Peripheral Basalt

Phonolite/
Nephelinite
Potassic Fenite
Sodic Fenite

KARBONATITY

Nimar Limestone

e Nimar Sandstone
GENERALIZOV | ciciecarmonsie
ANA STAV BA Carbonatite Breccias :‘:4..9 bt}

Strong Hydrothermal er
Overprinting Gneissic Complex

REE Mineralisation 0
Alvikite Veins | o
Alvikite Veins Il 4

Sideritic Veins ;

Basaltic Dykes /

Dhote et al.

NMNNDA



B

Amores-Casals et al. 2013

KARBONATITY  scory

vtrouseninova Rt \

%
Carbonatite
cone sheets

topographic
surface

pasky, zony "B

’| Apatite-magnetite:
lats
L’ L] .‘ S T Fenitization
- .

l"‘.” * (Y ';2
N Cooler natrocarbonatite 4 ‘ Intrusion of immiscil ble
LOZI S KA 280 CE“:Z::;:O”“'";—)‘-L ‘. H::::I:Itrmr::::r z | aillikite magma
‘.‘l‘.“ u "l} ‘:f‘ Intrusion of immis: f
Pallabora Transvaal supergroup | JAR el ,5 ‘— o | o
Regional Regional
Bayan Obo severodinsky kraton CN | i

Mountain Mojave Crustal USA
Pass Province

Araxa SV okraj panve BR
Parana

Primary pyrochlore
(Type Q)
Na-, F-rich

T

Current
topographic
surf:

y}ulumile
veins

primarni karbonaty | kalcit, dolomit, ankerit, siderit

Apatite-magnetite

Apatite-magnetite

. . . . . . . fragments fragments
ostatni mineraly apatit, magnetit, ilmenit, diopsid, e | s
. . , N N s (type II) high Ca, no Na
a u g It L) a I ka I I Cky Intm?'?h of immiscible Intrusion of immiscible
aillikite magma. ailli 4.

immiscible~" |

pyroxen/amfibol/zivec, flogopit,

alnbite magma

alndite magma

Dolomite veins

) .
| e
|
I I Dclz)miteveins' ’
biotit e o— L ki
\ i \
\ No F(:y"l:'"ﬂJ L JAVSCT TR Primary pyrochiors
1 e | IS
Regional | Regional 4
granites L3 granites |
L |

U, Th, Zr, Fe, Ti. V., Zn, Mo, Cu, Mn, Pb, Ba
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KARBONATITY - FENITIZACE (S SEs

FENITIZACE
Si + Al vylou€eny do roztoku

K+ Na + Ca + Fe zustavaiji ve fenitu

Na,K-amfiboly, Na-pyroxeny, K-zivec,
albit, nefelin, tmava slida

apatit, REE mineraly — titanit, pyrochlor,
monazit, bastnasit

a". -7 . -‘L
o
& .5 b

Wang et al.

NN



Phanerozoic
Proterozoic
Archean craton

Carbonatite

Mingralized carbonatite
(exploration target)

Mineralized carbonatite
(in production)

Wang et al.
2020




PALABORA Cu, Co, Zr, Hf, Fe, vermikulit

* lozisko vazano na proterozoicky komplex vylevnych hornin (pyroxenit,
foskorit, syenit, ultrabazické pegmatity) vznikly pred 2.06 Ga lezici v SV
Transvaalu archaickeho stari

chalkopyrit, kubanit, bornit, magnetit, apatit, vermikulit

Au, Ag, U, Ni, PGE

struktury masivni az vtrouseninove, cockovite

mineralizace Cu je vazana na karbonatitoveé jadro a foskority

o fosfaty jsou vazany na foskority a apatit-bohaté pyroxenity



PALABORA —
REZ LOZISKEM

ite

Northern Pyroxen

e komplex ma ledvinity tvar

Open Pit

* mineralizace je vazana na
tzv. Central Carbonatite

First Lift

* Central Carbonatite ma
koncentrickou stavbu do
stredu tvorenou
pegmatitickym pyroxenite,
foskoritem a karbonatitovym
Jadrem

Southern Pyroxenite Loolekop pipe

iiiiiii

Phlogopitite

Feldspathic
Pyroxenite

Syenite

Giebel et al.
2017



MOUNTAIN PASS |LREE (Ce) Ba

« druhé nejvétsi lozisko REE na

NdPr SEPARATION

SVété (1 6 mil- t ZéSOb RE E) MILL & FLOTATION FACILITY
. . v H:N{w’;k_‘ , (C)Mrnlifi-JFD H-FJ\T & POWER PLANT
 karbonatit intrudoval do O or o B

prekambrického metamorfniho
podlozi

 rudni télesa jsou ve formé loznich
zil nebo €ocCek ulozena v
Sulphide Queen karbonatitu

* mineralizace — bastnasit (10-15
hm. %), baryt, dolomit, kalcit

https://www.mpmaterials.com/what-we-
do/



Explanation

/,'

SULPHIDE QUEEN CARBONATI

NEOBVYKLY KARBONATIT /

ultra-potasické horniny alkalické horniny !
HORNINY shoshonit, syenit, granit | (Na) ;
fenit, syenit, trachyt | ||

TVAR TELESA | tabularni koncentricka stavba ‘
> b, Ta, Zr, P

[]

Alluvium

Sedimentary and
volcanic rocks

Neoproterozoic& Phanerozoic

Stocks Dikes

i gran

Syenite&alka te

Mesoproterozoic
H:O
NEE

Shonkinite

[ ]

Gneiss, schist, and
granite pegmatite

Paleoproterozoic

/‘\-_.

Intrusive or depositional
contact

Gradational igneous
contact

T N,

-

Fault, dotted
where concealed

\Turs

Name of stock

https://www.usgs.gov/medi
al/images/mountain-pass-
., rare-earth-element-mine-

Wang et al. 202(



Nb-P-REE-Ti et N i € s a6 5\
A L < =% Francisco g 2 a =l
: { R B Craton §, P o & \ 5o
) f “\H',e'r‘ i ; : : J
nejvétsi lozisko Nb na svéts o Brazii ARNEEELN | A ' ¥
mazondi > P;E:zir:]a' SA%}X/WL% ?.Rla DE i [’{
g7 n o v 25° - . /i ’)-:‘;Jggup‘:'anga RS e :
kKruhovita intruze s prumérem 4.5 km % ) VTN e
v , 'y , Séo Paulp==*Rlo de SO ) i ARAXA
uloZena v mezo-ptz fenitizovanych TR ' sl b ALKALINE |
H Y H [ S | Maina\!:allneinwusrons — ,—/“r = ‘:-J'"""’";'-k.‘.‘"' ik
kvarcitech a bridlicich B W o et ————
[ mobile beits N o o 200 400km = -~
B Cratonic Areas ——— .
klasicka koncentricka ringova  CieHcshus =
struktura: dolomiticky karbonatit — M OB TR S TR g N Ny
SvVor — kvarC|t Eé;ﬁgi:;l;?g?gog?;pgl?;ined phlogopitite and g B ﬁ §
minor, fine-grained lamprophyre, inside a
phenite halo.
! . . i Proterozoic
mineralizace: monazit, apatit, Ibia Group

pyrochlor-Nb, magnetit dolomit, kalcit, R Vverde Formation

Muscovite-quartz schist interlayered with

ankerlt, Sl ida’ perovsklt L] muscovite-chlorite schist and quartzite

Canastra Group

Quartzite and mica-rich quartzite interlayered with quartz schist, muscovite schist and sericite phylite.
~ Minor garnet-muscovite schist

vysoce kvalitni Nb asociovan s Arax Group

fOSkOFIty Mainly garnet-muscovite-biotite-quartz schist, interlayered with muscovite-biotite-quartz schist and quartzite

EE Mainly amphibolite and minor chlorite-actinolite-schist, amphibole schist, and garnet-amphibole schist
I Granodiorite, monzogranite, and alkali-granite
[_] Granite and alkali-granite

lozisko je silné zvétralé a obsahuje

mocnoti lataritickorr vretril o Braga Jr. & Biondi, 20z



AXA —
OLOGIC

VBA

Araxa complex surface 90 - 70 Ma

Weathering of phlogopite-rich rocks with
carbonatite veins

Weathering of carbonatite L5k
+ phlogopite-rich rocks s R e

ol T 1T T e Novich cayey
. L o yey

T —-"+-' i X ‘:" L % sediments / R : _ ,
\ Fib4ih ciayey g di ock wheatering, .scnl removql and spr_eadlng_,
,3 \ sediments P ...z and surface lowering by erosion and dissolution
! N L b Lo o 7
Ich clayen: Surface toda Present surface

Soil formation, clay sedimentation and
formation of bauxite and/or Fe-laterite crust

Strong concentration and spreading of clastic-,

Goyazite ore , e
= ora a T L] - . .
,egoﬁt?, o ~_ weathering-resistant and supergenic minerals

5= Pyrochlore regolith
___=orangeore || I'

~ Apatite ore
| Aﬁ b'rown » CaO removed = top of the water table
regolith Pyrochlore + apatite Concentration and spreading of clastic-,
regolith = brown ore weathering-resistant and supergenic minerals
Dolomitic ore | MgO removed
with apatite = P
rust- colored | Rust-colored, oxidized rocks
saprolite Wheatering and oxidation front

Dolomitic ore

I N : Botton of the water table
with pyrochlore + = Campnahte
apatite = rust- - S ring
colored saprolite | @4

Phlogopite - rich rocks (brown)
cut by carbonatite veins and
carbonate micro-veins (white) Braga Jr. & Biondi, 202



BAYAN OBO LREE, Fe, Nb, F

: s
- Qeddam 7 North China
craton

lozisko vazano na dolomitické mramory
synklinaly Bayan Obo proterozoickeho
stari

h*l ‘lﬁ- fFereruamrrimranes = iﬁ_ﬂﬁlﬁ’:l—-‘mﬁ ’
T A F\T C i T dalalr At LN
] \'4 ~ r w r w m o | L\_ —— 5 i 3 Sy ¥ o
* nejvétsi svétové lozisko REE ( peyanoof o
i“\MWCHlNA 'E) : f-. s - A T i

jedna se o soustavu nékolika R

B PLLF‘}?F!;ESEQ!H!!I;;‘E" T L
Main Orebody
.1 1

karbonatitovych pnu — dolomiticky (Fe), i fd,& =
kalcit-dolomiticky (Mg) a kalcitovy (Ca) s \ ::;: R

- vgw s , Vi
nejvetsi koncentraci REE = R Y

i el R N NN N R N,
-E:ﬂ:- [~ Sedimentary rocks-undivided } Tertiary
] [ ] | ] D t x
 columbit, bastnaesit, monazit, pyrochior, M Orebodies [ Goniirocks Jpamian
ayan Obo group )

mag netlt, he matlt, fI uorlt [ Thrust Fault South of Kuanggou fault North of Kuanggou fault —

= %1 Shale, slate and schist
W]Other Fault F= Ha Dolomite ] Sedimentary Pibterozoic
rocks-undivided

[=—] Sedimentary rocks-undivided
: 1 Wutai group - gneiss } Archean
Smith et al. 2015 l = | Area mapped and carbonatite dyke localities from Kejie et al. 1998




(ca. 1.3 Ga) Bayan Obo rift L2KM | ey N

BAYAN OBO - VZNIKiihame— o e

-----------------

rozsahlé hydrotermalni alterace
béhem pozdni etapy mineralizace

extremni REE obohaceni vzniklo diky
procesum intenzivni diferenciace —
transformace Fe-magmatu na Ca-
magma + fenitizace

REE-bearing
calciocarbonatite

Y Carbonatite and iron
__immiscfbﬂlty

R i
2 ":‘b‘\,v‘b%’ig;g": ,«p:jo‘
q_

Yang et al. 2019



BAYAN OBO - HORNINY

b .

‘dolomite

: B
. o REE e g
o ™ (3)jemnozrnny dolomit s
% vtrouseninovou mineralizaci
(b) paskovana REE-Nb-Fe
mineralizace
— SRS (c)pozdni Zila protinajici
= < paskovanou REE-Nb-Fe rudu
.‘1
o ".‘Pu il : ! . : % 4 . =
L REE flaorite

Fan et al. 2015



