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GEN ETICKA KLASIFIKACE
LOZISEK (upraveno podie 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 .
. Ag (kyzové 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’, S, Us
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
. Au, Sn, W, Mo, Cu,
plutonicka U, Ni-Co, Sb, ...
s _ Sn-W-Bi-Ag, Au-Ag,
hydrotermaini subvulkanicka S
_ 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 . N ..
pegmatity azbest kiemen-zivec-
metasomatity slida  viz skarny
metamorfné viz hvdrotermalni
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HIGH SULPHIDATION EPITHERMAL Au

steam heated

alteration permeable

horizon

MINERALIZATION

Banded tension vein
Fissure vein
Sheeted vein
Stockwork vein
Breccia fill
Lithological control
Disseminated

Fluid mixing

LOW SULPHIDATION EPITHERMAL Au-Ag
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Rising mineralised
magmatic fluid

Circulating metearic-
dominant water

Collapsing evolved fluid
A -low Ph
B - bicarbonate
O - oxygenated

Rising volatiles

https://www.geolo
gyforinvestors.co
m/magmatic-arc-
hydrothermal-
systems-part-1-
an-introduction/



HYDROTERMALNI LOZISKA

 VZNIK — vysrazenim nerostnych latek z
hydrotermalnich fluid

* velmi ¢asta zonalnost a reaktivace zil

« opakovana krystalizace urcCitého mineralu
za odlisnych PTX podminek — vice
generaci

» koncentrace rozpustenych latek je v
hydrotermalnim roztoku variabilni —
nejcasteji 2-16 hm. %, vyjimecne az 40
hm. %

SIMPLIFIED VIEW OF FISSURE
VEIN FORMATION SHOWING
MULTIPLE MINERALIZATION STAGES

1. Fracture after faulting 2. Mineralization &
with open space wallrock alteration

3. Reactivation of the fault, 4. Futher reactivation, brecciation
brecciafion and mineralization & mineralization

https://projects.exeter.ac.uk/geomincentre/min1.htm



RUDNI MINERALY

4 7 %4 galenit, sfalerit, chalkopyrit,
HYDROTERMALNI LOZISKA pyrit, molybdenit,
arzenopyrit, antimonit,

cinabarit

: ; _mamre

NERUDNI MINERALY

kfemen, baryt, fluorit,
magnezit, azbest

PRVKY

Ag, Au, Cu, Pb, Zn, Hg,
Sb, Mo, U, Bi, Ni, Co, Mn,
Sn, W, Fe

zily, zilniky, cocky

TSV o @rTsrT ¥

rudni zily, hydrotermalni
alterace (pretisk),
impregnacni loziska,

TEXTURY

masivni, vtrouseninova,
brekciovita, kokardovita,

et i S - Ontboté et . -
Sy ; o cm g paskovana




HYDROTERMALNI ROZTOKY - VODA

taveniny poklesem vnéjsiho

tlaku nebo krystalizacni

minerall hornin pfi
diagenezi nebo

vlivem zvysSeného tepelneho
toku k jejich ohrevu,
mineralizaci a premeéeneé na
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Fractured rock and lava

iffuse fluids
<1 00°C)
S awater L~

Coollng by \
mixing N

ySub-Surface \ Conductive
~ mineral _ NI cooling
precipitation - A

Hydrothermal :I{I t:::the e
habitats .

Hot endmember

White (200-300°C) and Black
(up to >400°C) Smoker

Koschinsky, 2014

Cartoon Showing Metal Bearing Fluid Movement

Jevonian - Carboniferous - Permian - Triassic

logical Time

\\\\\\\

» o 0*

Vain Ore Deposits
Strato Volcano Hot Springs

Under-Sea
Volcano

Rain-Water Recharge

txhalative
Jre Deposit

asmaannaWater

matic
ater

Sediments/ Htt-ll bearing
mltllidlminu- Volcanics - Granite - Sediments Mineralization

https://projects.exeter.ac.uk/geomincentre/min1.htm



PRENOS LOZISKOTVORNYCH
KOMPONENT

Kovy se v hydrotermalnich roztocich zmenou teploty nebora |
vyskytuji v podobe elementarni nebo lehce i gm%rredh
rozpustnych sloucenin s S, O, Cl, F (vazba Lpotencialt _

~ZIMENOU C

na tzv. ligandy).




HYDROTERMALNI LOZISKA - ROZDELENI

' PLUTONICKA H intruzivni horniny (zejména granitoidy) |
~SUBVULKANIC (vulkanity a vaikanosedimentamit —— )
\ KA J Lkomplexy ,
| EPITERMALNI H low sulphidation vs. high sulphidation |
—TELETERMAL ) | ické = bez vztahu K intruzivni
~ N ) Lhorninam

NI

a ,
MEZO e RM#L‘A[_300?O®“ ROZTOKY

EPITERMALN| | l 200-100 ysokoteplotni fiuidas
—— c—— teplotou vy$si nez 374 C
TELETERMALNI - J (kriticka teplota vody) pfi
tla .

- 100-50 C
ALPSKA ) (7350100
PARAGENEZE c——




HYDROTERMALNI LOZISKA
PLUTONICKA



PLUTONICKA LOZISKA

zily-zilné pasma,

V asociaci s intruzivy spiSe granitoidniho typu, [ LOZISKOV zilniky, }
[ piip. i v krystalickych bfidlicich ¢&i } A TELESA metasomaticka

karbonatovych horninach. pasialesaa,
ZMmeZi | brekciovita,

ik | TEXTURY kokardovita,

[klfiﬁie—va?arw_naﬁlwm druzovita,
m. _ vtrousSeninova
W [ TEPLOTA ] [ 'Hyp(.)tellll"éill’l' = ]



PLUTONICKA LOZISKA

FORMACE

STARA
ZLATONOSNA

zvrasnéné fundamenty platformnich
oblasti

zilna mineralizace — Au ryzi nebo v
sulfidech

Roudny, Jilové, Celina-Mokrsko
Mother Lode (USA), Kirkland (CA)

KREMEN-WF-CST-
MO

asociace s malymi intruzemi (Si-Cs, Si-
Sulf) a greiseny (Si-Wf-Sch, Si-Cs-Wf, Si-
Mo)

zily, zilniky

Krupka
Kazachstan, Zabajkali

URANINIT-
KARBONATOVA

uraninit-sulfidy-karbonaty
zily, vtrouseninove zrudnéni

Pribramsko, Rozinka
Beaverlodge (CA)

PETIPRVKOVA

Ag-U-Bi-Co-Ni s dolomitem
zily, vtrouseninove zrudnéni

Jachymov, Horni Slavkov
Eldorado (CA)

POLYMETALICKA

Gn-Sp-Cpy s Ag + karbonaty, Si, Brt, Py,
Apy

Kutna Hora, Pribram, Stfibro
Leadville (USA-metasom.), Freiberg
(DE)

y N ll'l'll.f\lll'l'f\\li

Pezinok, Magurka, Bohutin u

~NNvr7y,




HYDROTERMALNI LOZISKA
SUBVULKANICKA



SUBVULKANICKA LOZISKA

[ LOZISKOV zily, Zilniky, rudni }
. - A TELESA sloupy
V asociacl s vulkanickymi ci vulkano-
sedimentarnimi komplexy (andezity, dacity, paskovana,
ryolity). " TEXTURY ]_{ brekciovita, }
3i VA7 ubky 1:2= kokgrdoyl’fa,
m. druzovita
[ TEPLOTA ] [ mezotermatmni—= ]
FORMACE

v efuzivech cirkumpacifického

Sn-W-Bi-Ag

mlada zlatonosna pasma nebo vnitini zény Kremnica
ARG, AL karpatského oblouku Sl (=
Sl e igfol tretinorni vulkanicka centra Potosi (BO)

polymetalicka

vulkanosedimentarni komplexy
Cu-Pb-Zn (+ Ag-Au)

Hodrusa, Banska Stiavnica

viilkanoaenni kombnlexv (andezit




MINERALY

kasiterit, wolframit, tetraedrit,

POTOS| — CERRO RI{ sn-w-8i- pyrargyrit, chlorargyri ryzi Ag)

Ag sfalerit, galenit, chalkozin-covelin

* lozisko Cerro Rico ma unikatni tvar hory s Sn-W jadrem a Ag-Pb-Zn okraji

* intruze dacitu do sekvence ordovickych bridlic s nadloznimi terciérnimi
konglomeraty a vulkanity

* behem chladnuti se vytvorila tvrda kremenna slupka, diky které se lozisko
zachovalo a unikatni tvar

35 hlavnich zil + mnoho vedlejSich splyvajicich do 5 hlavnich systému zil smérem
dold

* nékolik pulzi hydrotermalni fluid

* lozisko se tézi pfes 450 let — poCateCni obsah Ag byl az 25 hm. % (ca. 200 kqg/t),
dnes pouze 0.02 hm. % (174g/t)

* tézi se do hloubky 1 150 m na 16 dulnich patrech



POTOS| — CERRO RICO

Geology and Looking South
Alteration JASPEROID
VUGGY SILICA.
QUARTZ-DICKITE
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CARACOLES FRM.
"] (TUFF)

|100 m DACITE PORPHYRY PAILAVIRI FRM.

CARACOLES FRM.
(SANDSTONE & ASH) E ORDOVICIAN SHALE

Bartos, 2000 https://www.riotimesonline.com/wp-
content/uploads/2021/05/Bolivia-potosi-768x512.jpeg



HYDROTERMALNI LOZISKA
EPITERMALNI



HYDROTERMALNI LOZISKA -
EPITERMALNI

* nizkoteplotni zilna hydrotermalni mineralizace — do 270 C

« melka loziska ulozena v prostoru mezi intruzi a zemskym povrchem
(max. hloubka cca do 1.5 km)

e vazana na aktivni vulkanismus — ostrovni oblouky

» stari: mesozoikum-kenozoikum — asociovany s recentnimi
subdukCnimi zonami

paleozoikum — asociovany s puvodnimi subdukcnimi zénami

 sulfidacni stav = pomér siry a chalkofilnich prvku v rudnich

mineralech, urcuje jake rudni mineraly $g RUAGH, Wokllbe com/watch?v=kePVUkgz_3k

* low-sulfidation high-sulfidation



HIGH-SULPHIDATION DEPOSITS

" Uvoln&na horka acidni magmaticka fluida h
zustavaji témér nezredéna meteorickou
vodou, reaguji pouze s omezenym mnozstvim

\_ podzemni vody a vytvari silne kysela fluida. )
~PFi pruchodu horkych fitid - horninou dochazi k
jejimu vylouzeni a alteraci: zivce — jilove
mineraly — ,houbovity SiO," (vuggy/muggy

(150500

( LOZISKOV | ( zily, zilniky, masivni J
_ATELESA | sulfidy
. TEXTURY | replacement, brekcie,
) zitna . -
) Qn I J J

chalkozin chalkopyrit,

pyrit, bornit, tetrahedrit-
~——tennantit————

\ A |

b : . silica) J [ RUDI""

S0,, SO, ulozeni: MINERALY
—vysSisalinjta fluid (2=-15%)~ 500 -=>1000 m~ __
r rodukty alterace: vuggy SIO,, alunit- NERUDNI Hit, Datyt,

pyrofylit-dickit, sericit. Alunit je diikaz [MINERALY I kaolinit, sericit,
o S : oy
[ Nansatsu (JP), Kasuga Mines (JP), El'lndio-Tambo (CL),
Chuquicamata (CHL)

|




LOW-SULPHIDATION
DEPOSITS

" Magmaticka fluida jsou zchlazena a vyrazné

zfedéna meteorickou vodou a cirkulujici

. podzemni vodou— pH je zneutralizovano.

- ,boiling process"— unik plynné faze (H,0,
CO,, H,S) — vysrazeni Au a sulfidu v

[ H,S H hloubka uloZeni: |

_ nizsi salinita fluid (do 10 0-800m )

" LOZISKOV

| <300 C |

_ ATELESA

\
~ J

(@[

brekcie, zilng,

" TEXTURY

rodukty”alterace: adular, kaolinit, Sericit,

[ RUDNiI
MINERALY

[ NERUDNI
MINERALY

m_[ Au+Ag Pb,Zn, As, |
Sb, Cu, Se, Hg y
lertaalen ?

( )
| w ] J 4

pyrit, cinabarit, antimonit,
markazit, pyrhotin,

" chalcedon, adular, illit, kalcit, |

_ sericit, baryt, anhydrit, chlorit |

| Hishikari deposit (JP), Round Mountain (USA) |




Rift Arc

Low Sulphidation  Low Sulphidation High Sulphidation

magmatic
scifatara

acid sulphate and
oxygenated

..~ acid
---sulphate @acid sulphate
and oxygenated
waters ore system
with zoned

alteration

ithaermal
apAl.l—A\g;

HIGH VS. LOW

& dissociation of
é H2304 + HCl to
> give H+
T
SULPHIDATION $
2
| barren high
Quartz-sulfide temperature
Autcy
disproportiation of magmatic SO 2
Entrainment of magmatic Lt 4s -E4H20 > 3H50 4+ HS

+ * Magmalic"' + !

volatiles 11
+ Hy0,C0O, + ¥
+ 9502, H20 |
+ HCI, HF +

+ + + + +

+ + 4+ o+ o+ o+
+ + + + +

+ + + + o+ o+

volatiles in circulating waters

__

Reduced near neutral fluid
Sas HoS

-+

Oxidised acidic fluid
Sas S0»

Corbett, 2002 | 124888




HIGH-SULPHIDATION VS. LOW-SULPHIDATION

VOLCANIC-HYDROTHERMAL

SYSTEM Low-sulphidation epithermal High-sulphidation|epithermal
GEOTHERMAL 500°-900° g
SYSTEM 802, HC', COQ w Crater Iake [ iitnter} Vuggmjr quanz ore
100° gl oy 200°-300° e N\
Hotsprings COp, HpS ?//// : eV co, Hl s =
/7 3 & ™ Acidic fluid” " &
.._;&_J_:\\ (/ s £ Boiling
L W sulf; e 200+ Ore with quartz, 3
A f'datio,, N ' $ adularia, calcite :
u, g Q?o Q?
Cﬁéé
%, - fols)
Saline magmatic fluid S H.S "
__7 Liquid flow Lt $55a
E Vapor ascent - Kaaclinite, alunite
! /TT\__ ,)' Vapor ascent
= 1 km CO,S0,HCLHS Meteoric water

Approximate
scale

ot et
AR AT By

L L I i)

Hedenquist and Lowenstern, White & Hedenquist, 1995
1994



LOW VS. HIGH SUPHIDATION - SROVNANI

LOW SULPHIDATION HIGH SULPHIDATION
Au-Ag Au-Cu
neutralni fluida s nizSi salinitou kysela fluida s vysSi salinitou
redukovana forma siry oxidovana forma siry
vzdalena od magmatickeé intruze v blizkosti magmaticke intruze
mineralizace zilna Ci brekciovita mineralizace primarné vtrouseninova
pfitomnost mineralt Hg a Sb vylouzené alterované horniny s ,vuggy silica®
termalni prameny bahenni sopky, fumaroly




HYDROTERMALNI LOZISKA
TELETERMALNI



TELETERMALNI-SEDIMENTARNI LOZISKA

komplexech bez vztahu K

macnmaticlAd ﬂl/‘l'

T 4 LICALI |V

a akt Vlld muZeJ

byt zdrojem tepla pro hydrotermalni

nda
||U|lua

[ Geosynklinaly nebo sedimenty }

platformnich pokryvu

dlice — obvykle morské nebo

F
o rno-l-r Al
O UVU Uoll UU|

Stratirormni vs. srrathepenaentnl stavba

]

INJ e I\JI\J

[LOZISKOVH Zilniky, stratiformni }

A TELESA polohy, 8ocky, Zily
paskovana,
brekciovita,

[ TEXTURY ]_[ kokardovita, }
druzovita

teplora - Splerman-



TELETERMALNI HYDROTERMALNI LOZISKA

morfologii (vyskyt vazan na urcitou

vrenty

11\
VIsStv)

a:synsedimentary stage

Rapid crystalization
of framboidal and colloform pyrite

BSR
S0,—"3% H,S

lonic migration and crystalization of
monomineralic pyrite bands

¥ rgaeson B i,

-

vent distal A _____vent proximal

[(a - L

=

- — — = = S — — Feeder~—|

T A Ao B 200 =
OM-rich

Buoyant Plume
50,2 7 .

Stratiform sulfide + barite

b: Diagenetic stage
Sediment-Water >

Seawater
infiltration

Seawater
infiltration

‘5 interface
g
S SO2
8o
o 9
® N
:“Ts; BaSO,
Diagenetic barite C 2 SMTZ ——
= Ba*?
<}
8 4 2
g CH, : .
D 0 A e T
2 S . Dissolution
g" s CH,
2 .
= .
.
\ 4

PRINe0 000055 B

50,2 A0M 5 1,5 vein barite Ba* 2
SR naly2g o8BI (Bt
euhedral pyrite Ba*
euhedral barite

Sharifiyan et al. 202



TELETERMALNI HYDROTERMALNI LOZISKA

Reakce sirant SO, (oxidace) a
organické hmoty (redukce) — S.

Pomaly proces probihajici pfi
nizkych teplotach (60-250 C).

MVT (Mississippi Valley Type)
SEDEX (Sedimentary Exhalative)
Kupferschiefer

J

Pb, Zn, Ag, Cu, Co, U, V

)

R R A It A KA

Shale - Hosted Dolomite (HTD) - Hosted
SEDEX* Pb-Zn MVT Pb-Zn

ore body ore bod

T ¥ T

[age of Shale host =

age of mineralization] Hydrothermal

(Thermobaric)
Dolomite
Reservoir

SEDEX Deposit Facies

[CL] Limestone [=2] Dolomite [.] Shale Sulfide mineralization Dilational Breccia

Magalhées et al., 202



TELETERMALNI-SEDIMENTARNI LOZISKA -
PREHLED

MVT H e Eotky ine Poin ,QfL\f/frmmes, Fi
[ Pb-Zn RUDY . _ - .
> bridlice | S . ’ e ’

[ Cu-Co RUDY

[ Hg-Sb RUDY




MVT LOZISKA (MISSISSIPPI VALLEY TYPE)
=

: epigeneticka — stratidependentni

COC y space-

_ TEXTURY

horniny - dolomity, vapence,

A 5 I’ -
devon-perm a krida-paleogen | [ TEPLOTA ] [ C) ]

]
" mélka sedimentace tésné pod h ~~ Hornoslezska
povrchem v morskych panvich . panev
_ blizkorovniku (do 2 km) | LOZISKA ——— Pine Point (CA)
Silvermines (IE)

\__Tri State (USA)



MVT LOZISKA (MISSISSIPPI VALLEY TYPE)

" obsah uzitkové slozky |
_ca.10-15 hm. % Zn+Pb |

" MVT loziska tvofi 25 %
. svetove tézby Zn+Pb

4 o o )
caste zlomy, poruchy,

L brekcie )

sfalerit+galenit, markazit,
pyrit, chalkopyrit,

Gﬂm—[ baryt+fluorit, kalcit, dolomit}

| BY-PRODUCTS | Ag,Ge Ga,Cd,Cu |




SEDEX LOZISKA (SEDIMENTARY EXHALATIVE)
e
[ syngeneticka — stratiformni ] @?;& i tai%?gr’,.'kt%ﬁ)gga }

.. ; P Y p , .,
vazana na karbonatové bridlice, UL IR
prachovce, vapence, pfip. i tufity v [ TEXTURY ] vtrouseninova,

S sedimentarnich panvich y re
~ proterozoikum a mesozoikum | [ TEPLOTA ] L epitermélr;l'(150-250
. . . . <)
rmwm —Red Dog (Aljagka) —
dné v dusledku dlouhodobé Mt. Isa. Broken Hill
hydrotermalni aktivity [ LOZISKA ]_ (,USA)
doprovazejici kontinentalni rifting Sullivan (CA)

- »100-m —2 km / L Gicioce 115



SEDEX LOZISKA (SEDIMENTARY EXHALATIVE)

Pb+Zn (prumér 10 hm. %) v masivnich : galenit+ sfalerit,
rudach pyrhotin, pyrit,
" Cu-Pb-Znaz4 hm. % | | |

_ Cu v masivnich rudach |

,» Kal Y,

4

casta metamorfoza

[’ barytu ] | _ BY-PRODUCTS — Ag, Cu |

UUUUUU

\WAVAYZ=YaY,
v ] \ A4 | ]



 SEDEX LOZISKA (SEDIMENTARY EXHALATIVE)

oceanskou kuru — podminka pro vznik

NNy Mn®
f : ' Orebody forming
: : . s in brine pool
Lk " & Early stages
i, T OO, O e “*-. Fe+Mn+SiO,+Zn+Pb
Middle stages
f\fh Zn+Pb+Fe+Mn+SiO,

A

™" Late stages

oL o 10 g | Zn+Pb+Cu+Fe+Mn+Si0,




MVT VS. SEDEX - SROVNANI

MVT

SEDEX

epigeneticka

syngeneticka

sedimentace tzv. open filling — pod povrchem
karbonatové panve — vypli volnych prostor

sedimentace tzv. open space — na morském
dné nebo tésné pod nim

fanerozoikum

proterozoikum-fanerozoikum

platformni karbonatové panve

vazano na rifting

karbonaty

bridlice — siliciklasitcké sedimenty

kompresni prostredi

extenzivni prostredi




LOZISKA MVT A SEDEX - VZNIK

INTRACONTINENTAL AND EPICONTINENTAL ENVIRONMENTS

Epicontinental
far-field ch#-arc Intracontinental extension
egxtension URAMIUM
] |repeepcu| | sEDEX| L'-IFHI::I‘.G'“ ons] Llredox front)

y—\tﬁ =% LEGEND Alkalic-felsic plutons
' Cr-Pt I B cabonate rocks Continental crust
Clastic sedimentary rocks; reducing burial diagenesis Cceanic crust; thaleiitic mafic rocks
Clastic sedimentary rocks; oxidizing burial diaganesis Mantle; ultramafic rocks
Arndt et al. 2017

Soltan,
2017




LOZISKA MVT, SEDEX A VMS

© SEDEX/BHT
@ VSHMS

World Mineral’s Project
Paradis et al. 2007



CU-CO LOZISKA

A 4

syngeneticka — stratiformni [—_EO'LZIEEE?YSAA_—]_[ Cocky, pasky J

4 vznikala v obdobi svrchniho )

proterozoika az svrchniho _ TEXTURY
. paleozoikka
Fi ' ’ | 5’ i - -
beds) s organikou bohatymi [ TEPLOTA }—i eieterma r(1\.|\(
vrstvami bfidlic, karbonatu a jill 7
ulozenych v redukcnich /"~ oblast Kupferschiefer

kontinentalnich riftovych panvich
blizko rovniku

. Mansfeld (DE)

| LOZISKA Lubin, Rudna (PL)
Copper Belt (ZA)

\_ White Pine (USA)




CU-CO LOZISKA

Sediment-hosted, )
- stratiform copper Sandstones, siltstones,
deposits and shales
Evaporites
Carbonates
I=:ISEAL
h"""'--L__ -
- | ] =" Sandstones,
“l. : RESIDUAL ﬂ siltstones

Venan 0aF

oy

METAL
SOURCE

https://www.semanticscholar.org/paper/Salty-Matters-Salt-Dissolution-(-5-0f-5-)-%3A-
Metals/70b5f78da293aa04879629f8c44762244efde15b/figure/0



KUPFERSCHIEFER (CU RED-BEDS)

stfidaji s vrstvami karbonatu, jilu,
organické hmoty a piskovcu

~— Kupferschiefertvori bazaini— !::EZ:E :IVI H kalcit, kfemen }

soucast Zechteinské panve
tahnouci se od Polska pres

Némecko, Holandsko aZ do Velké [ BY-PRODUCTS ]_[ Ag, Au }

N Britanie J

hloubka cca 600-1500 m
pramérna kovnatost — 1.5 % [ LOZISKA }-—-{ Lubin, Rudna
(Pl \
|| |—l

\

{ paleozoické Cu-bohaté bridlice se }




KUPFERSCHIEFER (CU RED-BEDS)

Viking - Graben

! 3
w il
\ il
Ch - //
]! /@ Bergen \
A 0
- { Q

Helsinki L
Peterslitrg

s Stockholm Tallinn

~, L]
P \.Brisse
I

-

s R = =
\ e 5
. , )
e Paris ]I ) h ePrag < 5
\‘\ b -
\ r’.-\“ \
N
Strasbourg s e f ;
. ]I Miinchen, it 710 v‘] o A, <5
- - -
. o < Wiene | i i I i,

Zechsteinska panev; Keith et al. 2

Dl Wettelrode/Sangerhausen;
Keith et al. 2018 Foto: Juergen
Kopp



COPPER BE| cu-

Co Ag

lozisko médi a kobaltu

[ vazano na bfidlice-dolomitické } Gﬂm anhydrit, albit }

bridlice neoproterozoického stari

[ nejvetsSi svetove sedimentarni }

pramérna kovnatost Cu+Co — 4 % [ BY-PRODUCTS ] [ NG B 1, 1Nl 2 }
soucast Central African Copperbelt [ TEXTURY ] [ vtrou&eninova ]




COPPER BELT

Democratic Republic of Congo (DRC)

< Congolese L '™ Shale Belt
\ 'j—=2m—£|ﬂlmJI i, Copperbelt fea N b
o o S e : ; " Cu-(Co) deplositl
* 2 basin (surface projection)
gy

: ~ _— Nguba and

Kundelungu groups
: ’ B Gabbro
g Konkola  \ 3 Mwashya and
[ : e ' = Upper Roan subgroups

[] Lower Roan Subgroup
[ ] Muva Group
- basement

T e,

______

Zimbabwe
Craton

Luanshya Basin

.....

Botswana

mm e s s mp e —.—————a

Rt .\ Kalahari Kaapvaal B
Ocean 15 Craton Craton p
. i : - 20km
P SO Wt e South Africa ' [ ©

Central African Copper Belt; Broughton, 2014 Zambian Copper Belt; Broughton, 2014




WHITE PINE

=

Blal

7 r L] V4

vaz I Vv

piskovce
r.l 1I\J N ¥V \JI\J

[ prumérna kovnatost — 1.2 % }

o

kompakci sedimentu v panvi Lake Superior, nahrazen
chalkozinem. Zlomy, vzniklé v dusledku kompakce, poskytly

cestu kovy bohatym fluidum, které nasledné prostoupily

o) . FI .S > 10 1] 8 (=10 | AYANg—" X p o
2. Behet aze mineralizace, vznikla ryzi-med spolus

B
c
-

~

(&

ryzim stribrem a chalkozinem. Predpoklada se, ze tato stejna

fluida umoznila vznik nedalekého, velmi rozsahlého lozZiska

Keweenaw Peninsula.

. TEXTURY

Méd, stFibrc;, malachit; Rosemeyer,
1999
Foto: Peter Rodewald




V(H)MS
VOLCANOGENIC (HOSTED) MASSIVE
SULPHIDE




VMS

submarinni loziska vazana jak na
vulkanity mafického-felsického
slozeni, tak sedimenty — bazalty,

;bnd%e,—rehevee—/
f meélka sedimentace tésné pod h [TEXTURY v,

&=11T1 TCA

morskym dnem v blizkosti aktivnhiho

L vulkanismu — rychlé zakryti y [ TEPLOTA }_[Tmler—mélﬁ(\l:(?mT

4 loziska vznikla vetsinou behem )

relativné kratké epizody vulkanismu
& (<2 mil. let) J




VMS

" velmi Gasta je silna deformace a | i pyrit, pyrhotin, sfalerit,
galenit, chalkopyrit,

postizeni metamorfézou , ,
hematit, magnetit

4 charakteristicke jsou i ) ]
metasomatické premény, jako m[ baryt, kfemen, J
%chloxmzaceraﬁsencmzace—/ anhydrit, karbonaty

hydrotermalni aktivity — precipitace
Zeleza a manganozeleznatych [ BY-PRODUCTS | Ag, Au J




Volcanogenic Massive Sulfide (VMS) Deposits
Physical and Chemical Processes of Seafloor Mineralization

100 m

o

v "7 /Black smoker complex

Debris apron &
metalliferous sedi

Disconformable alteratiol

Entrainment of seawater \y, | .:.._9'7331 margin)
Lli.mit rgfﬂintens;a o }%&-smecﬁte
yﬁtera%cr.m ¥ outer zone
SR ""‘Sl High permeability
High-temperature ~ Low permeability
Metal leaching %née-mgmi)er
Srock = H25

...........

Cp: chalcopyrite
ouile

T pyri 400 °C
Sp: gyphalerite high-temperature reaction zone

Modified from Hannington et al. (1995)

Xuan-Ce Wang,
2023

Cu massive
sulfides

VMS

_ -w

100

Fe massive
sulfides

Black Smoker CompleX® psed Arej

An

Debris Apron &
Metalliferous Sed

ide Talus

Cu footwall
stockwaork/

stringer

Zone

Silicified, Pyritic Stockwork

Approx. Limit O

Demagnetized Zone Chloritized + Hematized Basalt

Alterfjtion Pipe

https://geologyscience.com/geology-
branches/mining-geology/volcanogenic-massive-
sulfide-vms-deposits/



Hanging wall Volcanics Sharp
~~ loziska ize rozdelit na dve Castir et e
contact
¢océku masivnich sulfidi (> 60 % e
sulfidu) a zilnou-zilnikovou : N o s
\ miHeFaIizaei \/ pedlez"’l / | u-rich botto : (exhalite)
4 v . 0 ac )
loziska jsou charakteristicka
L vysokou kovnatosti R ; .
- . , - ™\ Volcanics '., . o 2 Footwall contact
doposud je znamo 850 lozisek na =
N svete J Hydrothermal '/"F ; "\:‘\ﬁtﬂr;?:lrié;tjgﬁkwork)
alteration pipe o -
(chloritic/sericitic = 4 G pyEapg]
} alteration) LR '
: (] ]
99 Ay P X ;
<.c MU e Footwall Volcanics

Misra, 2011



VMS — PODMINKY VZNIKU

- vulkanicka aktivita — napr. vybuch
podvodni sopky, uvolnéni horkych fluid
[ bohatych kovy J

fluida reaguiji s vulkanickymi horninami,

" loziska kyzové formace jsou gasto )

N jimiz prostupuji, ale také s morskou ) T PR S (52 GO
vodou
23 antsulfidi = 2ini %) v podobé pyritu a pyrhotinu
fluida pfi kontaktu se studenou . doprovazené polohami barytu
morskou vodou, zchladnou a umozni
tak vysrazeni v nich obsazenych recentni analog — black and white
sulfidu a jejich akumulaci na morském smokers
- dné /
vznik VMS loziska — akumulace sulfidu T —=
v prib&hu &asu vytvori loZisko s [ ngﬁgmc\{(%?fsﬁ\\llu

rozlicnymi typy mineralizace




VMS - VZNIK

Polohy vulkanit v mocnosti nékolika tisic
metrd nad intruzi zahrnuji regionalné
rozsahlé, alteracCni facie, vzajemné
odlisné typickymi metasomatickymi
mineralnimi asociacemi (chloritizace,

/" POGATEENi FAZE ALTERACE

\ spilitizace, silicifikace, epidotizace). /

/~ Alteracni facie se souhrnné oznacuji

jako SEMI-COMFORMABLE alteracni
zoény, které vznikly v dusledku

metasomatické reakce mezi morskou

500-2000m

< > S
smoke plumes ﬁj l\-ln.fgf_’\l;
; 0)
Fe Si <A
i
i Zn oy
300'C 0 e
S a A T
recharge zone L v/ Cujx

H,0frock >> 1 @ Hzoi "f}_cl‘ >1 alteration/stringer zone j
. /,/ ‘*-._\ /
pH=6 Upper Semiconformable 2 N Si 100s of
Alteration Zone ~~ fracture/fault zone \\_" Na meters
e S -Ca
o ————
— e = +Si
—Z impermeable barrier +Mg
S _ ——— — - #C0, o
- i - = - - - - ‘v - — -
H,O/rock<1 — — (9} I - - -gll S
— — — — - — — —— —— .Fe — . : .
. Lower Semiconformable +‘2' | - Massive sulfide deposit
—— HLk: - — “Alteration Zone e :\: — Disseminated sulfide
pH =2 -
— 1 —— —— — —— - — — — — —| Alteration pipe
A 4
- — — —— — — - —— —— D Upper Reaction Zone
—400°C ¥ — | Talus, breccia
A Y] 1
f}'ejd | Host rock
15-30 i i | L Lower Reaction Zone
km : — | B voleanic Nt
/- > | Subvolcanic intrusion

Franklin et al.,



Mg-K ZEOLITOVA METASOMATICKA FACIE (50-140

SEMI-COMFORMABLE
ALTERACNI ZONY

-

\

C)
felsické horniny — adular — Mg-smektit
mafické horniny — zeolit — Mg-smektit
Tyto nizkoteplotni reakce nejsou dostatecné pro

vyluhovani kovu a siry, ale mohou extrahovat vyznamné

mnozstvi Fe, Sia Mn, a méné také Ca, Mga S z

vulkanické kupy. Tato facie je bézné prekryta tenkou, ale/

rozsahlou polohou Fe-Mn bohatych chemogennich

N

sedimentu.
Na-Mg METASOMATICKE FACIE (140-300 C)

Typicka mineralni asociace: Mg-smektit — chlorit —
kremen — albit.
Pri teploté > 200 C prechazi metasomatismus z

hofeCnatého do sodného (spilitizace) — puvodni mirné
\_alkalicka fluida (Mg-K-Na-SO,) se zmeni na horka acidni /

(Na-Ca-Si).

e e e e e e e P

+ Si.Fe,Mn

'
A A
3 . _
,—'wl,!f Ve N ) N " —
Il II r

|
,/+ Si,Ca,Na, Fe,

b y + K.MgS80y4 | /
\ A R
\ - —‘/él Ca,Na, Fe,Mn S - K,Mg.50,4 GartTonatEazt(I]%no
E & {FeIS| ¢ volcanic s}l * (Mafic volcanics)
g d 0O=6-0 (primary) » g
A A A \ N
é 7 A (, P
(r-'-_o-t'o_;'-o PO I B B :l.—-l-—-l-—l-T-v- o.q-‘_o.q-_o.q-_o.q-T:q-‘o._-h—l—!-—! FF
i‘-‘.+-|.+‘l.+-it+-lt +++++++++++++++++++++++++++++++++++++++++

Deep Intrusion
SHALLOW CONVECTION

T I T M I L

B_\ Si, Fe, S n —
“". I;’ ."ll-
— ‘I‘“ll 0T [T 11 r;_'r |"““ TITIT TTIT TIIT TITIT TIIIT 11T r.
i LS /! 7 i
|I + K Mg SO COA __-';l;:.-: A | | = H | /
Co N ) il Lo o[ oo
; '+ Na Mg \““- o al | EFHC;; 12_15{,,:93‘,{3’{&-- ul SI Na C—a Fe Zrl Cu
& +8iCa e e /
e g —y 14 j 400
+ Ca- Sl - - - _od).l _;’/'-:bi\:lhl‘:l:l‘)‘t" .-‘): L;
o ’f“:-::*T':+-_|':+T"T¢:I:+_-IT+-IT+‘1.+-I.+-I.+-I.+*I_+ .‘:‘—_'|+'.|_F_rl_
4/_/',*_-,* - Shallow Intrusion e -
e DEEP CONVECTION
e L A R T o T T e L T
N Mn,Si,Ni,P,Eu,metals —
A\ ey —_— /
)} i /
Zeo li rte \\ ay—EeLnCusSi g9 8 ! / 7
__l f v 1%__Mgmetasomatism /
N+~ C@honate o] (S "W / Recharge zone
E s Greenscmst_},] I ) «_Spilitzation (__/
77 FL Ay b Silicification Imgem_’leable
S = ; arrer
. Y ) o )
Amphibolite . ! : >Z__ High temperature
7 Reaction Zone
1 /.". ***********
+ & .+¢+.'¢+.‘¢‘.' ......................................

FORMATION OF HYDROTHERMAL CELLS

. Subvolcanic Intrusion
I:l Upper, low-T reaction zone . Sulfide deposit

Cap separating lower and upper |:|
sami i Lower, high- T reaction zone
I:l semiconformable alteration zones g Franklin et al.,



SEMI-COMFORMABLE
ALTERACNI ZONY

Na METASOMATICKA FACIE ZELENYCH BRIDLIC
(300-400 C) \
Typicka mineralni asociace chlorit — aktinolit —
epidot — albit.
Reakce na hranici facie zelenych bridlic s
amfibolitovou vedou k intenzivnimu vyluhovani kovu a
silicifikaci horniny. Silicifikovana hornina poté

pusobi jako izolace, a diky tomu muze pod ni lezici

Ca-plagioklas.

Typicka mineralni asociace: kfemen — Ca-amfibol —

Reakce horkych acidnich Ca-Fe-S kovonosnych fluid s vulkanickymi
horninami a magmatickou intruzi v jejich podlozi. Opakované strukturni
poruchy silicifikované nadlozni horniny umoznuji kovy-bohatym fluidum

vystoupat k morskému dnu a zde vytvofit masivni sulfidicka loziska. Mezi

I i T T Tl T N

Mn,Si,Ni,P,Eu,metals —

i
/
i |/
A l;’_ / i

/r_ Mg metasomatism
—r . e / Recharge zone

4 S —
A\ +_Spitaation _ S

Y
4
\.

.
Silicification Impermeable
— ——— arrer
High temperaturs
Reaction Zone

FORMATION OF HYDRDTHEHMAL CELLS

. Subvolcanic Intrusion
I:l Upper, low-T reaction zone . Suifide deposit

|:| Cap separating lower and upper

- i Lower, high- T reaction zone
semiconformable alteration zones I:l 9 Franklin et al.,

2005

Fe-chlorit — epidot —

\ntru2| a amfibolitovou facii se obvykle vytvori v oblasti vysokého toku fde/

p0|ona epmosnu ato jaKO dusledek reakci fluid s intruzi.



VMS -
PREHLED

Priklad CR:
Zlaté Hory

180 °

60 °

=]

[MllCenozoic [l Neoproterozoic
Mesozoic

U.Paleozoic

[ L. Paleozoic
[liPaleczoic [l Archean

| Mesoproterozoic
B Paleoproterozoic

o 09

o

60 °

,.f{" | s S

o« 09

120 ° 60 ° 0° 60 ° 120 °
Fic. 1. Location of principal orogens containing VMS deposits, classified by Era. See Appendix Table Al for list of de-

pmlts and ages. 1 = northern Cordilleran, 2 = Slave (Kenoran), 3 = western Trans Hudson, 4 = western Superior (Kenoran),
5 = Penokean (Trans Hudson), 6 = Superior (Kenoran), 7 = Labrador trough (Trans Huds(m) 8= Appdldc;hmn 9= Yd"udpdl
10 = Sudbury impact, 11 = central Cordillera, 12 = Caribbean arcs, 13 = southern Cordillera, 14 = Amazonian, 15 — Gariep-
Damara, 16 = Magondi, 17 = Barberton, 18 = Pan African (Arabian), 19 = Atlas (Alpine), 20 = Iberian {Herc&, nian), 21 =
Caledonides. 22 = Svecokarelian, 23 = Uralian (Caledonian; Hercynian), 24 = Pontides (Tethyan), 25 = Troodos (Tetln an),
27 = Semail (Tethyan), 28 = Aravalli, 29 = Dharwar, 30 = Caucasian, 31 = Altaides {Heroml an),
22 = bBalka-vitim (Caledonian), 33 = north Qllmn (Cdledﬂnmn} 34 = Indonesian platform iTethhm} 35 = Sino-Korean
(Tethwn ). 36 = Japan-Kurile Ares (Tethyan), 37 = Philippines arc (Tethyan), 38 = Kalimantan arc (Tethyan), 39 = Banda arc
(Te-thwn) 40 = Tasman, 41 = Yilgarn, 42 = Pilbara.



VMS VS. SEDEX - SROVNANI

VMS

SEDEX

riftové zony

kontinentalni okraje

spiSe vulkanickeé horniny, ale i sedimenty

sedimentarni horniny - bridlice

aktivni vulkanismus

bez vulkanické aktivity

polymetalické

Pb-Zn Ag

fluida (modifikovana morska voda)
nesou kovy i siru

fluida (panevni solanky) nesou primarné
kovy, sira je dodana z externiho zdroje
(redukované sulfaty, biogenni sulfidy)




FORMACE TYPU LAHN DILL NA MN-RUD

[ e ] . FORMACE Mn-RUD |

submarinni vulkanismus /
neovulkanity (ryolity-trachyty-

AnAA":L‘ '\
dlucLity)

submarinni vulkanismus / paleobazalty
(spility) a bazické metatufy / rozhrani

VUIRC O a SCUITIeT ity

chlorit, jaspilit, kfemen, chamosit, psﬂomelan,. perIUZ.'t’
L e y . rodochrozit, rodonit
kalcit
cocCky, stratiformni polohy | ~ doprovazi loziska Fe |

povodi Fek Lahn a Dill (DE), Ural
Unicov, Chabi¢ov, Horni BeneSov




KYZOVA FORMACE

/—ﬂehmeke—maefﬁmeh A- masivnich
oasma zelenokamentl bohaté —PRIMITIVE= <>3ﬂaﬂea nt

mafickymi horninami, nebo \ Y. —— MATTABI- _WPW]
[:E:]— fanerozoické obloukové a B | [suBTYPE JL —Ag

TYPE
 BESSHI-TYPE

zaobloukové sekvence

\ dominantni mafickymi )

fanerozoickeé vnitroboukove
terany s felsickymi horninami

s nebo bez pritomnosti




KYZOVA FORMACE Cu-

PRIMITIVE-
[ TYPE ]
(BIMODAL-

[ Zn-Cu Ag-Au ]

Cu-Zn Au, Ag

vazano na ofiolity a vylevné _ e L vysoce diferenciované
| bazaltové sekvence ) sedimentarni prostredi — bazalty-ryolity a pyroklastika v
' - ) | Wdieleliy, €0 LUEIE | rdmci pasem zelenokamen(i
Troodos ophiolite na Kypru —intrudovaly-bazaltové 2ily— : : ,
——spiSe-mensikupovitaaz—— —Sanbagawa Schist Belt'v /ySOCE VEIPAOTELLE,
R . iy J relativné rozsahla kupovita
Sockovita t8lesa s masivnim ————Japonsku . N . .
ritem prechéazejici do ~—chatkopyrit, sfalerit+ typicke télesa mélce ulozena (do 1
S Al o el ) tenké, lateraln rozsahlé \ k) /
ez obvyﬁlé. fgi' povrel o) polohy masivniho pyrhotinu Mattabi (CA), Kid Creek (CA),
Al LIS S - ¢l pyritu J | Mattagami Lake (CA) |
—— PO RIS e —, \ relativné mala télesa |
Zilnik Y s - N
L T Windy Craggy (CA), Besshi
( pyrit, chalkopyrit, sfalerit . (el DS LD /

Vs

Kypr, Oman, Lekken (NO), |
Chabicov, Horni BeneSov




PRIKLAD
LOZISKOVEHO
TELESA
KYPERSKEHO
TYPU

‘—‘\‘%‘

=
\

Pelagi
WA

Seq: Limonitic
v Yo (ochre)
| v v v| Oxidised
ive sulphide -, Vo B W Epls
vt ot v Vy g
VERRY. Sulphide
] e mineralisation
lying vV 2 v v
pillow lavas :,. =8 oW . N | -
i v v V.V :
v v v sulphide ore
: <+—— Stockwork Al
v ; ore zone
¥ (Open-space
filling and
¥ disseminated | | thormal
sullfides) alteration with
- disseminated
Lh ||, Sheeted ' sulphides
: dike |
complex |



KYZOVA FORMACE Zn-Pb-Cu

(BIMODAL-

-Pb-CU-AJ-AU- KUROK 1M PRIMITIV CYPRU BESS KUROK
0} E S =1 O

/ vazano na Intermedlah‘ll- \ Back-arc Island Mid-ocean int?::[r:fe Continental r?f?frtl,t;r;ir_];a,:;
basin arc ridge volcanoes margin arc basin

felsické horniny v extenznim
prostfedi obloukového
vulkanismu, tzn. tufy, lavy,
\ brekeie & ruoll )
| Green Tuff belt v Japonsku |
, ; ~
relativné rozsahla kupovita
> e téeselu—’l, e
. Zilnilovy )
I | I a---lll\\}z . l,

lateralni i vertikalni zonalnost

Continental Iy
lithosphere ‘-:"‘.-

Mantle
plume

Subducting
slab

§ e EXPLANATION
smerem Od kuraku —> Zn-Pb- «<__> Volcanogenic massive sulfide deposit
\_ J

4

( IbEl an F 7| |te elt < |%|U I ] |tU, ) Shanks, 2012; upravenc

Neves Corvo), Kuroko (Black

. Dro) J
A\ 4 | GI




KYZOVE eu=x
FORMACE—-

LOZISKA

100m

/

Chlorite-sericite alteration
+ jasper infilling

d

Pillowed mahc
flows

C >Sphalerite-chalcup}rrite- (: ) Pyrite
rich margin yea
Q Pyrite-quartz breccia (:) Pyrite-g

. Massive pyrite

Mafic

[ S

Average 1.3 Mt
Median 2.3 Mt

3.2% Cu
1.9% Zn
0.0% Pb

15 g/t Ag

2.5g/t Au

uartz in situ breccia

uartz stockwaork

‘:::.‘-' Chlorite-pyrite stockwork

Bimodal Mafic

Fillowed mafic

flows

[ VE

Average 6.3 Mt
Median 113.9 Mt

200m

Lobe-hyaloclastite 1.7% Cu
flows 5.1% Zn

3 0.6% Pb

Fillowed mafic { 45 g/t Ag
flows E 149/t Au

afic intrusive

C) Quartz-chlorite

. Chlorite-sulfide D

(:::) Sericite-chlorite C:} Massive magnetite-

pyrrhotite-chalcopyrite
Pyrrhotite-pyrite-
chalcopyrite stockwaork

Sulfidic tuffite/exhalite
Massive pyrite-sphalerite
O -chalcopyrite

Massive pyrite-pyrrhotite-
Q chalcopyrite

[F—Icws ar volcaniclastic rr::cks] 100m

Felsic lava
dame

[Felsic flow complex |

() Sericitequartz  Detrital| (C_) Pyrite-sphalerite-galena

Chl - tetrahedrite-Ag-Au
. orite-sericite O Pyrite-sphalerite-galena
Q Quartz-chlorite

D Pyrite-sphalerite-chalcopyrite
Chalcopyrite- , , ,
@} pytite veins C) Chalcopyrite-pyrrhotite-pyrite

Massive

Bimodal Felsic

O

Average 5.5 Mt
Median 14.29 Mt

1.3% Cu

6.1% Zn

1.8% Ph
123 g/t Ag
2.2 g/t Au

{::) Barite [Au)

Carbonate/
aypsum

Mafic-
Laminated argillite] Siliciclastic
| and shale : BESSHI
Average 34.3 Mt

Median 148 Mt

Laminated argillite5 £

and shale ) =

= : 1.6% Cu
[Basalt flows/sills 26% Zn
- ——————— 0.36% Pb
29g/t Ag
z ﬁ <0.9 g/t Au

Pyrrhotite-pyrite-magnetite
transition zone
Pyrrhotite-pyrite-chalcopyrite zone

@
-

Pyrrhotite-chalcopyrite-pyrite-

sphalerite stockwork zone

B Chert-carbponate-sulfide

s
M

Q Massive pyrite zone

Piercey et al. 2023

Pyrite-sphalerite zone




RECENTNI SUBMARINNI HYLC

SYSTEMY

|

BLACK J
SMOKER

[ teplota ca. 400 ]
C

4

J A’ Y

dusledku

- o
QARG SICTTIVC IV SOTIICE
UITUSC JU Ul T - -

A,

acidni, redukovana a

118

PrelV)9/ =W w]A]s B \NU)'QAATH
JIVUVU Cl C Ci U

yd

JV d

pfi pruchodu horninami
bazaltového slozeni, z nichz

\\

chalkopyrit, pyrhotin a sfalerit,

4 | ] 7

zonach jsou analogem VMS

A4

I‘v.

WHITE SMOKER

( teplota ca. ZbU-oUU

/~vznik v pocatecnich fazichijiz
ustaleneho hydrotermal. systému,
nebo pfi smichani horkych fluid

cernych kuraku s chladnou
~— pfi smichani horkych fituid cernych
kurakul s chladnou oceanskou vodou

pfi mofském dné muize vzniknout

J

v

zilna-zilnikova mineralizace Cu-Zn

- v_podloZi J

T AT T

ROTERMALNI

o LU, (s , £1N
Au a Ag v X0-X0

alalan]
PPt

.

kominovita télesa,
hydrotermalni kupy

J

/ stredooceanskelirbety, \

centra rozsirovani
okrajovych a
zaobloukovych panvi,




BLACK AND WHITE SMOKERS

25k

Mni+ o,
*He Fel+ FeDOH

. CH, / Particle fallout
2
) : ; 4 . X "} - s i '::

Oxygen
from seawater

https://www.grida.
no/resources/8166




LOZISKA ZLATA




LOZISKA ZLATA - ROZDELENI

S

HYPROTERMAL

EPITERMALNI

SKARNY

IOCG

- CONTINENT OCEANIC ARC  BACK ARC ACCRETED CONTINENTAL BACK ARC

L LINI ) TERRANES ARC EXTENTION

| ® Epithermal Au © VHMS * Orogenic Au @ Epithermal Au o Epithermal/
( y ) Cu-Au Hot spring Au
\ O ROG E N N I J ® Porphyry Cu-Au ® Porphyry Cu-Au *Carlin-style Au

| (tskarns) (tSkarns)
| CARLIN-TYPE Plager Au

VMS -
[_SEDTMENJMR_] - Accretionary wedge - Continental crust Eg Granitoids
i I! ! |:] Oceanic crust - Subcrustal lithosphere D Asthenosphere

[ RYZOVléTE ] “\ Extensional fault \\ Compressional fault/thrust

Nguimatsia et al, 2017




OROGENNI PROSTREDI HYDROTERMALNICH
LOZISEK

Toziska Au a Au-Cu spjata s tektonickymi

a Casove i magmatickymi procesy —

+ Magmatic-hydrothermal
fluids

= 3 Metamorphic fluids

—» Meteoric waters
e == 11|
———~ Shear zone

\ nmgpnpﬂ:
( fluida magmaticka, metamorfni a
L meteoricka
bez vazby na konkrétni intruzi
p

metamorfni fluida — nizka salinita,
neutralni pH a michani H,0-CO,

N\

teplota 300-350 C

\r’—V~—~\\ a0

D

' Ore body

W

o e

. -
\\\\\
o

aaaaaa
................




OROGENNI LOZISKA AU

loziska vazana na aktivni okraje
kontinentl nebo prostredi kolize
kontinentll — kompresni

prostiedi masivni,
g CTEXTURY [— o

" Zzlato se objevuje v ryzi podobé

nebo v sulfidech rit, pyrhotin, alni-
fidech (p%t) py [ e mez’otgrmalnl
S 9 ) hypotermalni (200-650 C)

mezi kontinentalnimi

II\II\ Vi

h
MIUNY

(. ; . ; v )
mineralizace asociovana s kfemen-

_karbonatovo-sulfidickymi Zilami | . TLAK (hloubky a2 25 km i

. § vice)

| kovnatost ca 5-30 g/t

~pokryvaji 30 % svetove produkce [ BY-PRVKY ]—[ Ni, As, Au, W, V, Cr J

\ AL! J




OROGENNI LOZISKA AU - VZNIK

prubéhu progradni metamorfozy, vytvofi regionalni hydrotermalni

N cvetanmyy Y
oY STl |y

[ Fdea jsou vodnata bohata CO, s nizkou sallnltou }

}JIUbIIdLI
[ Zlatonosna fluida poté prochazi skrze hlavni diskontinuity, podél jejichz }

okraju reaguji s matefskou horninou a vytvafri lateralni alteraéni zény.

[_K—l%ﬂ—ﬁﬁ‘ﬁ—l_ﬁl—l_l—;ﬁﬁ_mu ozeni mineralizace dochazi az behem destabilizace zlatonosnych sulfidickyc
komplexu.




OROGENNI LOZISKA AU

ARCHAIKUM
pasy zelenokamenu

|

Golden Mile (AU), Sigma (CA),
Barberton (ZA)

|

FANEROZOIKUM

metamorfované turbidity

Macraes Flat (NZ2),
Mother Lode (USA)

ACCRETIONARY
WEDGE

+—— BACK ARC —

Metasomatized
lithosphere

Sediment wedge
Au-rich pyrite

\

Oceanic crust Supracrustal rocks

Lower crust

Lithosphere g

—7— Fluid ponding(?
i = ponding(?)

L e . . e & SCLM
De-watering

(H,0 release)

Asthenosphere De-carbonation

(CO,release)
(More CO,in Precambrian)

Subduction zone jams
or breaks off(?)

Groves et al. 2020



CARLIN-TYPE AU

loZiska vazana na karbonatové
horniny — extenzni prostredi

( zlato se objevuje v arzenem h
nabohacenych sulfidech (pyrit,

. arzenopyrit, markazit)
e ol —

vazano na procesy neutralizace slabée
kyselych fluid rozpousténim
karbonatu sulfidizace, silicifikace,

[ kovnatost ca 1-4 g/t }

7 A strukturné vazané
strata-bound

|

 TEXTURY

vtrouSeninova }

 TEPLOTA — ep'terma'r}l_\('zm'zzm

' BY-PRVKY

TLAK { (hloubky obvykle 1-4
km)

31 ’ ’ u, g7 ga

Pb

 LOZISKA ]—[

Carlin-Nevada (6000 t
Au), Cina, Makedonie

|




CARLIN-TYPE AU

Epithermal Au(-Cu-Ag)

Au(HS), S—ricn:&ﬁeous "' Carlin-type
Au(HS)S;;  H,S, S0, e e
Au(HS)H,S Vapor ATV =
is':(ﬂ;?éll'ﬂmq Orogenic : 3
u . 3 g =
Au(HS) : upercritical |ntrusion-related L0
cucl,, Mo-S fiutd o &°
uCly, Mo-5, (+brine) b 16‘;&1‘ O "E‘
Porphyry Nodido Wy | < oo £
Au-Cu-M :Il Mo, Bt) ‘v T o B 8- =~
Au,Mo,Pt)-S,.,55 AN r~
® o © 1 .- o° Metamorphism of pyrite— | §
‘a bearing sedimentary and 7]
volcanic rocks =
@ FeS melt/solid FeS, to FeS breakdown, s
Au, Cu, Pt, M release of H,S, S;, and Au
‘ . Partial melting, dehydration 100~

Pokrovski et al.

Depth (km)

Carlin-type
gold deposits

10+

20

30

40

50

80 =

120

140 —

Yaetern !; ﬁ!\"‘

} I.‘b_wer
| | erustal
one
t. |
wl

AR

Ponding of

A

Conrad
discontinuity

()

I:rusti

SCLM

_ jmafic magma

SCLM

Oceanic crust

Muntean et al. 2011



OROGENIC VS CARLIN-TYPE AU - SROVNANI

Orogenic

Carlin-type

Temperature and pressure
Major host rocks

Alteration
Gold form
Trace element associations

Quartz veining
Gold setting

Tectonic setting
Age of mineralization

200—650 °C, 0.5—5 kbar
Greenstones and turbidites

Sericite, quartz, carbonate

Abundant free gold; minor solid
solution in pyrite

Au, Ag, As, Te, Sb, W, S
Abundant

Dominantly quartz veins

Compressional
>3.0Ga, ca. 2.8—2.55 Ga, ca. 2.1
—1.8 Ga

180—240 °C, 0.5—1 kbar

Shelf carbonate with high carbon
content

lllitic sericite, quartz, jasperoid, removal
of carbonate

Solid solution in pyrite

Au, As, Sb, Cu, Tl, Hg

Absent

Areas of increased porosity and
permeability (faults, hinge zones of
anticlines, lithological contacts, etc.)
Mildly extensional

42—36 Ma

Fielding et al. 2019



INTRUSION-RELATED AU

loziska asociovana s porfyrovymi lozisky,
skarny, zilnou a replacement mineralizaci

mineralizace spjata s poslednim
magmatickym pulsem, nejCastégji

/~ metaaluminicke, subalkalicke intruze, ™\
intermedialni az felsické intruze —
redukované S-typové granity (bézna
Sn-W a Bi-Te-As-Sb-Mo), nebo
oxidované I-typové granity (Cu-chuda

\__ porfyrovaloziska) /

A4

E%ng —| zily, Zilniky |

g
( } virouseninova,
BN _replacement, brekcie }

)
mezotermalni-
_TEPLOTA _hypotermalni (200-600 C)J

| TLAK — 053kbar |

I’ e’ S’ ) 07 ) n’
Pb, Cu

_ Fort Knox, Shotgun (Tintina )
 LOZISKA Gold Provice), Australie,

NZ, Rusko, Mokrsko

' BY-PRVKY |




INTRUSION-RELATED AU

zlato v ryzi podobe, nebo inkorporovano
v tellurovych Ci bismutovych fazich,
mozna asociace se scheelitem

- N
nizky obsah sulfidu a zakladnich kovu (<

5 %) — max. arsenopyrit, pyrhotin, pyrit

N\ Y,
( kovnatost 1-3 hm. % Au \

~ fluida maji nizkou salinitu a vysoky

- obsahCO,

Intrusion-hosted Proximal Distal
Au-Bi-TexW, Mo, As  Au-As+W,Sb Au-As-Sb+Ag,Pb,7Zn
| 1 ] | I
contact skarns
Au-W - calc-alk
Au-Cu - alkalig

replacement &
disseminations

hydrothermal

eccla .

sheeted veins

e

==_F tensiona Z0nes,

veins & lamprophyres

roof zone thermal aureole

above pluton

Sb+Au, As veins :
aplite & pegmatite dikes

" Ag-Pb-Z
[ VEeIns

\

structurally prepared
hanging wall

low-angle faults

Hart & Goldfarb,
2005




INTRUSION-RELATED Al

o ol e premery Cresk o0 VR
o = rew ele " W o VIS

b 5  dii Vf.‘i‘ & Dublin Gulch, & ,‘Lj"‘l-:‘b‘f.rr_} J?

& (% =, (Yukon) (B 05 & &

{
JRAS s b
Molasko &  / Jiﬂ;s}?’
Petrackova hor (L
(Caech Rep) [ [
'I

Petza River (Idaho
Miller Min (Montana

‘iﬁ i s Kidston

—’}“:3 (Queensland)

Timbarra ©
(New South WnIes)

g -

Lang & Baker, 2001

Spatial Geological and

Exploration Model for

Intrusion-Related Gold
Systems

Hydrothermal Fluids

I Liquid-rich, aqueous,
low to moderate
salinity

II Vapour-rich. aqueous,
low salinity

III High salinity. halite-
bearing

v LOE-H20+J-CH4
v CH4-C02-H20

Paleodepth (lan)

Deposit References

Sillitoe et al. 1998
Ebert et al. 2000

Baker and Andrew 1991
Mustard. this volume § =
Moravek 1995

Bakke 1995

Brown and Nesbitt 1987
Lynch et al. 1990
Diment and Craig 1998
10 Crespo 1998

11 Ritcey et al. 2000

12 O'Dea et al. 2000

13 Dick and Hodgson 1982

AT-T0 - BRI LSRN Su PR

0 =

Breccins: Assoc. With Dikes & Sills,” | ]
Au-Cu-Mo-W-Bi-(As-Te) , ;"". S
KIDSTON, AUSTRALIA (3),” (44 ‘ 3
'
i “' -
'
R T A
] s S

14 Snuth et al 1999

dome complexes;

associated voleanie rocks

Advanced Aspillic i
Sn-Ag-W-Bi-(Au)
BOLIVIAN POLY'- <
METALLIC BELT (1) Il

Epithermal-Style Veins/Stockworks
Au-A -As-5b-
NLIN ALASEA (2)

Shallow )
Sheeted \l'cins I+

D | |||j

l"”\l,r

¥

Dissenumated mn Pluton |
Au-Mo-Bi-Te-(W-As

TIMBARRA, AUS -’. {-I}

L] 1'I.. t']
]

Rz}

L))

‘ Y

LR l . *f

1 I‘I l, .':I.'- =i
_f.'

L.‘ ‘ T

e |

Late and/or Peripheral
Veins Ag-Pb-Zu-

\wy (Au-Sb-A5)
VWO  cvoliiiion
*

f i

Contact Skam
' Cu-Au-Bi-(Zn)
BIARN, YUKON (7)

Dike/Sill & Metasedi-

menl:lx E-Snl:l Rocks
Au-As

BREWERY CRE, @&ON @

SALAMON, SPAIN (10)

Large Fault Veins
An-As-Sh-(Bi)
LONGLINE. YUKON (11)

- -

: o
L
—
. \ O\
1 \ A

Replacements in Calcareous Schists
& ASHABW)
SCHEELITE DOME, YURON (12)

Contact Skam
. W.Bi+/-( An.Cu.Mo)
* MAC G.NWT (13)

A ]
L]
L
L]
1

Illlru':wu-ﬂosld Sheeted Veins + V4TV
Au-Bi-Te-Mo-W-As . —
MOKRSKO, CZECHREP (5) - (=== x Ductile qulncunem\f.lm
FORT KNOX. ALASKA (6) Au-Bi-As-W-(Mo)
L g ' POGO.ALASKA (14)
¥ .
infumulli;lr_ln?d_ﬁc_
metalumons,
| sub-alkalic stock Typically <2 ki >
Au-Bi-Te-1 Aui-As-Sb-Hg
+/e (A5, Me) Zn-Ph-Ag+/-An

Lang & Baker, 20



|OCG (IRON OXIDE — COPPER — GOLD)

/ magmatlcko-liydrotermalne-metamOiIn| \

loziska vazana na horniny
vulkanosedimentarnich panvi, ktere byly

metamorfovany v nizkém-strednim stupni

[ metasedimenty, metavulkanity, migmatity }

felsického-mafického slozeni

" zlato jako inkluze v sulfidech, hematitu

nebo hlusiné (kfemen, baryt, kalcit, siderit),
L electrum nebo Au-Bi-Sb-Te )

g/t)
\ I(G”HateSt el E :I 49 04 )

] " vtroudeninova, brekcie
[ TEXTURY _structurally controlled }

} f mezotermalni-
[ ULEIALOTL _hypotermalni (200-570 C)J

As, Co, Ni,

i magnetit, hematit, pyrit,
MINERALY oyrhotin, chalkopyrit,

bornit, chalkozin, aktinolit




IOCG

celkem 11 IOCG provincii s.s. na A
svété (Zhu, 2015) )
stari: archaikum-mesozoikum

uvnitf kratont nebo kontinentalni
okraje (extenze — Andsky typ)

korove prostredi, strizné zony,
metamorfoza

hydrotermalni Na-Ca, Fe, a K
alterace

N N N (O )

|
|
|

e Syn-subduction, transtension/extension =i

arc-hosted 10CG

& 10A deposits intra-continental or

back-arc basin extended continental margin basin

0 km 100
[ T—

Incipient thinning of lithospheric mantle

= 0 km
Moha
lithespheric - 50
mantle
e - 100
LAB
150
- 200
asthenosphere
| Syn-orogenic compression to late-orogenic extension |
1] 100 ki
—_ former arc & back-arc basin syn- to late-orogenic 10CG & ISCG deposits
T . e 3 ir 0 km
Ii%gl Eheric e
thickening ‘mafic underplate ohe 50
confinent, island anc
or oceanic plateau) 100
e LABE s 150
asthenaspheric upflow o

Post-subduction, post-orogenic extension

] 100 km *

—
W
R

major hinning/fremaval of
lithespheric mantle

pre-extension LAB/

asthenospheric upflow

N N

- Mafic volcanics
- Mafic intrusions

"ﬂr IOCG £ I1SCG deposils

D Andesite/diorite
I:l Felsic volcanics

@  Sediment-hosted steatiform Cu andlor Zn-Pb deposilts

- |- and A-type granitoids

O 104 PCD & skam deposits ©  Orogenic Au deposits Skirrow

|:| Basins - sedimentary-volcanic * evaporites

, 2022



| @i®

0

O]

Sedimentary Basin

o
®

-
\ -
-*

Mgt + Cpy+PotPy*Hem
Mgt Hem Mgt + Cpy Fluid la!_er&f
Volcanic n +PotPyiMs) migration

host rocks Rk At
migration Mgt +Py+

Cpy+Msk

fluid
~700°-650°C

Mgt +Py+ Cpy

. fluid
E Mgt fluid ~550-600°C
- 10A-style recirculation
+H Mgt + Py <500-550°C Mgt + Py
= " . 3 e = ==51 B e
= :
D
)
» S /Fiuid accumu- fluid

lation rich in ~700°C

ressure
e+Cu+Cl+S Overp

TR R smmmEEE

fluid
accumulation

&,

fluid
- LY accumulation j«
et 4
e v,

4 ~

!
e

Del Real et al. 2021




EPITHERMAL

Low-sulfidation epithermal

High-sulfidation epithermal Dacite dome
disseminated Au £ Ag

disseminated Au + Ag = Cu

Permeable Steam altered Epithermal Au-Ag

Zone

Carbonate-replacement
Zn-Pb-Ag * Au (or Cu)

CARBONATE HORIZON

1
I
i
1
]
- 1
CG I
’ ’ ) : Sediment-hosted
OV N A N I S_ub;ﬁ_m{;ern;i[_: distal-disseminated
MAAR-DIATREME vein U-Ph-| : Au-As + Sb + H
COMPLEX AgtAU | Proximal g
i Cu-Au skarn
PORPHYRY o
Magmatic—hydrothermal IOCG
Porphyry Cu,AuxCo+Ag+U
Cu + Au £ Mo
e MAGMATIC
SUBVOLCANIC BASEMENT \ Magnetite HYDROTHERMAL
HOST ROCKS I0CG
204527-016

Wade et al. 2014



Magmatic-hydrothermal R G e Porphyry

il
Intermediate-low sulfidation orvent  Advanced argillic

High-sulfidation
Intermediate-sulfid ation

iy =Ny Sinter, breccia or vein
1 _ Au, Ag (As,Hg,Cu,Zn,Pb)

Serici ——e N
K-felds p';ﬂ;/'"“"
1 km /,-..... Albite
L o Ma

Basement rocks —
T

Chl = Chlonte

Hem = Hematite

K-fsp = Potassium feldspar
Mag = Magnetite

Ma = Sodic alteration

Ma-Ca = Sodic-calcic alteration
Py = Pyrite

Ser = Serncite

Batholith

[I——1 L

Raju & Kumar, 2020
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