3 Research on genesis of precious metals deposits

- in the Central Slovakian Neogene Volcanic Field

-

Peter Kodeéra



Recent related research projects

position: principal investigator

Genesis of precious metal epithermal and porphyry mineralisations in
the stratovolcanoes Javorie and Stiavnica. VEGA grant, 2020 — 2023

Complex model of base and precious metal mineralisation at the
Rozalia mine in Hodrusa - Hamre. APVV grant, 2016 — 2020

Mineralogy and genesis of economically important types of gold
mineralisation in the Central Slovakian Neogene Volcanic Field. VEGA
grant, 2015 - 2018

Au-porphyry systems deposit models in the Central Slovakia Neogene
Volcanic Field and environmental aspects of their exploitation. APVV
grant, 2011 - 2014



Precious metal deposits in the Central Slovakian
Neogene Volcanic Field
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Complex model of base and precious metal mineralisation
at the Rozalia mine in Hodrusa — Hamre

APVV grant, 2016 — 2020




Outcomes of the project

Structural-geological model of the deposit:

« Model of the central zone of the Stiavnica stratovolcano
 Model of the magmatic evolution of the Stiavnica stratovolcano
Model of mineralisation at the deposit

Model of hydrotermal alteration at the deposit
Genetic model of the deposit

Criteria for ore prognosis (regional, local)
Modelling of the deposit in GIS

« Complex structured spatial database

* 3D model of mine works

« 3D model of geology of the deposit

« 3D model of distribution of Au-Ag at the deposit



Magmatic evolution in the Stiavnica stratovolcano (rosmier er ai. 2020
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Stage 2c¢ (~12.95 Ma)
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Stage 2b (13.5 - 13.0 Ma)
granodiorite uplift, sector collapse
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Stage 3 (~12.9 Ma)
caldera stage

Andesile (o dacile
lava domes, flows, tuffs

Stage 5 (12.2 - 11.4 Ma) Actual situation

rhyolites + resurgent horst uplift

Rhyolite lava domes,
lava flows, tuffs

High-Al
basslts
(11.8~- 8.2 Ma)

Alk. basalts
(7-8~ 7.2 Ms)
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Magmatic evolution of the mineralized Stiavnica volcano (Central
Slovakia): Evidence from thermobarometry, melt inclusions, and
sulfide inclusions

Bertrand Rottier **“*, Andreas Audétat?, Peter Kodéra?, Jaroslav Lexa®
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SHRIMP U-Pb dating of
associated intrusive and volcanic
rocks

the deposits were formed during
periods of upper crustal reservoir
cooling when the residual melt has
reached fluid saturation




Stage 3 veins in releasing
bends of the LANF zone
Stage 3 veins in tension
gashes of the LANF zone

Minerzlogy and Patralogy (2018) 112705-731
hitps:/dot.org/10.1007/500710-018-0358¢

ORIGINAL PAPER

@

Mineralogy of the epithermal precious and base metal deposit Banska
Hodruia at the Rozélia Mine (Slovakia)

Alexander Kubaé' (. Martin Chovan® - Peter Kodéra' - ). Richard Kyle® - Peter Zitfian® - Jaroslav Lexa® -
Rastislav Vojtko®
e OIe 0 0 DV d ed OlNe
» ol= a DEe 0 210 -
Al A C C
- Granodrorite pluton ore a 0 NArp 3 a 0 anao
- Pre-caldera andesite
elalO0 adesS Ol evlo 0
I:] LANF zone in andesite - Stage 1 silicified breccias
Tectonic event Early development of shear zone Late development of shear zone Horst uplift e
¢ | Relat s —— =
Sage z 5 5 = , 'udams' Rty poles) Viuaj sirizngj zony Vyzdin hrésta
= Etapa vyvoja v v, Vil
Vein system Svetozér Karolina Kristof I Agnesa Post-ore veins | Horst-related S 1 2 3
Assemblage P 28 T2 an ) s adim (qtz-rdn)| (sulf-Au) (atz)
. . ! Karolina =
Quartz | — - —-— | — | — . | — Zilng typ siict | Karolina Kristof oy | wrastove ziy
Rhodonite — H ] | Agnoss
Rhodochrosite — L —-— ] o Kremei I | — - —— | —
Chlorite —_— — l e zodon':t — _—
i ' utnohorit =
Calcite — - — 1= = o Rodochrozit — —
Dplomlte (Fe) L — I ! —_— Chlorit — —
Siderite L — I ' Kalcit —_— — —_ — -
Adularia ; - ; —_— DelomitiEey — -
lllite bl i - i H ioary = =
. Adul - - -
Hematite h - ] ! T = =
Pyrite —_— — | — -_— _— | — — Hematit = - =
Sphalerite - -— - —_ ' [ ] — — Epidot -
—_ re— | _ — H [ _ — Pyrit — —_ — -
gﬁﬁ:ﬁ rite i — | —_ : - - — Sfatart — - prc
Py’ ; i o Galenit = . =
Gold = = — ' — — ' —-— Chalkopyrit — = -
Hessite — _— _ —_ — Zlatolelektrum —
Petzite i —_— — — Hessit
H i Petzit =
Te-polybas\_te i ' — Altait
Cu-cervelleite C : — 0 — Totraedrit
Cu-Pb-Bi sulphosalts g H e — Tennantit =
Polybasite-Pearceite L i ' — :olybix:t -
- ' ' t P earcei
ég Bi ﬁ.u_ltphosa\ls ! h ¢ (Cu)-Cervelleit =
AL ; P i - Ag-Cu-Bi sulfosoli -
Acanthite ' ! ' — Akantit L




Properties of paleofluids at the Rozalia mine

homogeneous 81804 of magmatic origin
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Proertles of paleofluids at the Rozalla mine (LA ICPMS)
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Model of magmatic-hydrothermal evolution of
mineralisations at the Rozalia mine
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* Au-Ag at Rozalia mine is related to quick uplift of granodiorite and sector
collapse of stratovolcano



Model of shear zone evolution and fluid flow
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Agnesa

Koédovanie oblasti pismenami
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Koédovanie podla vzdialenosti
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Genéza zlata v Au-porfyrovych systémoch

APVV (2010-2015), VEGA (2008-2021)




Au-porphyry systems
in the Central Slovakian Neogene Volcanic Field

Deposit
1 — Biely Vrch

Occurrences

2 — Podpolom

3 — Slatinské lazy
4 — Banisko

5 — Kralova

6 — Beluj

7 — Zupkov

' " Central zones of stratovolcanoes:
Cones of andesite intrusions (a), andesite (b)
stratovolcanoes caldera & graben fills (c)

» Centered on small diorite porphyry stocks

» Biely Vrch - biggest and best explored

4lové 0.29
» Exceptionally low Cu/Au ratio Slat. Luzy 5 0.3
Beluj 58.4 0.2-0.4




Genesis of the porphyry Au deposit Biely Vrch

GOId mmerallzatlon formed from Magmatic salt melt and vapor: Extreme fluids forming porphyry gold
nearly anhydrous Fe-K-Na-Cl salt deposits in shallow subvolcanic settings

m elt : CoeXIStI ng Wlth h yd ro u S P:,—ler Kodéra', Christoph A. Helnrich?, Markus Walle?, and Jaroslav Lexa’

vapor of very low density

* Low depth of emplacement
— Biely Vrch of magma — low density of
ki vapor (and sulfur fugacity)
(typical) prevented transport of Au
and crystallisation of Cu
sulfides

Pressure (bar)

—Salt meltsEN\_
\(halite saturation)




Magmatic evolution in the Javorie stratovolcano
(Rottier et al., 2019)
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« two levels of magma chambers, sulfide saturated during entire evolution

« Cu/Au ratios in magmatic sulfides and predicted in exsolved fluids are up to
100 times higher than in porphyry deposits — extremely low Cu/Au ratios
acquired during hydrothermal stage

* recent SHRIMP U-Pb dating of the Biely Vrch intrusion (13.53 + 0.15 Ma)



3D models
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Gold in Au-porphyry systems

Mineralium Deposita
https://doiorg/10.1007/500126-018-0798-0

ARTICLE

@

Distribution and composition of gold in porphyry gold systems: example
from the Biely Vrch deposit, Slovakia

Peter Kodéra' () - Jaroslav Kozak' - Jana Bréekova' + Martin Chovan - Jaroslav Lexa® - Michal Janosik ' -
Adrian Biroi* - Peter Uhlik” - Frantisek Bakos®
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Temperature of gold precipitation

« Predominance of gold in altered rock rather
than vein quartz can be explained by ¢
retrograde solubility of quartz during isobaric
cooling from ~450° to 375°C at low pressure =
(Fournier, 1985) L

» Rare precipitation of primary gold in vein
guartz occurred at <380°C as indicated by the
low Ti content (<8 ppm) of the quartz

u

lith/hydr. P S & S P S
transition Ti in quartz (ppm)
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TitaniQ geothermometry
(Thomas et al., 2010)




enetic model of Au-porphyry systems

Synthesis of geological and i
microanalytical data and 3D
models of alteration and
mineralisation

Biely vrch
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Paleofluids

* Fluid inclusions in vein quartz (all

* Vapor (most common)

» Crystallised salt melts (mainly in A-
type veins, Th>600°C)

« Aqueous solutions (rare, secondary,
also in calcite) — related to low-
temperature alteration

(Fluo
KCaCl,  KFeCl,

(Chlorocalcite) (Javorieite)




Composition of paleofluids — LA ICPMS data

Salt melt inclusions 1 Vapor inclusions Salt melts have

10 tens ppm Au and
Cu/Au ratio is lower
than in ore
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the composition of
salt melts is close
to Cu-Au-Mo

10* i .
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Combined Raman and FIB-SEM-EDX-EBSD-SAED
analyses of salt melt inclusions

* Phases with the characteristic Raman spectra were exposed
to the surface in vacuum by FIB technique 4 - Ee-OH




ughter minerals in salt melt inclusio

2017, 29, 995-1004 ; T T
Published online 22 September 2017 s BVQTI(? in inclusion in quartz
DVE-51_475.0 (Qtz substracted)

Javorieite, KFeClz: a new mineral hosted by salt melt inclusions
in porphyry gold systems

PETER KODERA'™, AGNES TAKACS?, MARTIN RACEK®, FRANTISEK SIMKO®, JarmiLa LUPTAKOVA®,
TaMAS VACZI*® and PETER ANTAL’

Contents lists available at ScienceDirect
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Raman spectroscopy "
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Application of Raman spectroscopy for identification of
rinneite (K;NaFeClg) in inclusions in minerals

Svetlana Grishina’ | Peter Kodéra’ | Sergey Goryainov' |
Aleksandr Oreshonkov** | Yurii Seryotkin'® | Frantiek Simko® |
Alexander G. Polozov’

Ferrous hydroxychlorides hibbingite (y -Fep(OH)3Cl) and parahibbingite (3-
Feo(OH)5Cl) as a concealed sink of Cl and H20 in ultrabasic and granitic 5\ ;
systems L e

Peter Kodéra, Juraj Majzlan, Kilian Pollok, Stefan Kiefer, FrantiSek Simko, Eva 2'0 '

Scholtzova, Jarmila Luptakova, and Grant Cawthorn American Mineralogist (801°C) (771:C)




Hibbingite -FeZOHgCI In iInclusions

 Hibbingite described from altered mafic
intrusives, but not identified in inclusions
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1

Distinct Raman spectrum of the mineral — not published yet
In salt melt inclusion it is the only phase which stores water (OH group)
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Hibbingite v-Feg(OH)ECI In Inclusions

Hibbingite identified by combination
of Raman and FIB-SEM-TEM
(TEM-EDX and TEM-SAED)

b
Cl K Na
Si
"g.pff" - ‘f
‘Mn Ba f p— .y




Parahibbingite 3-Fe,(OH),Cl — a new mineral

(2715 E » Parahibbingite found in pyroxenite
from the Karee Pt mine in Bushveld
Complex, South Africa
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Parahibbingite 3-Fe,(OH),;Cl — a new mineral
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Conclusions — future plans

BaCl, — a new mineral in salt melt inclusions
publications on genesis of the Rozalia mine
publications on genesis of the Biely vrch deposit
publication on perlite genesis

publication on bentonite genesis

submitted new APVV project: Complex model of the W-Mo
deposit Ochtina-Rochovce and environmentally acceptable
possibilities of its exploitation



