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Predslov

Vazené kolegyne, vaZeni kolegovia,

Cas bezi rychlo a po roku opit’ Studujete zbornik prispevkov z tradi¢nej vedeckej konferencie
L ,GEOCHEMIA 2024« Aktualny 27. roénik konferencie sa kona uz v novom jarnom termine, ale po
dlh§om ¢&ase v tradi¢nom priestore Statneho geologického tstavu Dionyza Stira v Bratislave aje
organizovany vo viacerych tematickych sekciach. Okrem tradi¢nych odbornych sekcii, zameranych na
exogénnu a environmentdlnu geochémiu ¢i vysledky aplikovanej geochémie v prieskume a sanécii
zivotného prostredia, sucastou konferencie je samostatna sekcia venovana geochémii a petrologii v
komplexnom pohlade na varisky vyvoj krystalinika Zapadnych Karpat (pod gesciou prof. Juraja Majzlana
z Friedrich Schiller University v Jene).

Konferencia GEOCHEMIA dlhodobo reprezentuje tradiéné forum, kde sa prezentuju najnovsie
poznatky z geochemickej problematiky réznych vedeckych zamerani, orientovanych na zakladny vyskum
a vysledky z aplikovaného vyskumu a prieskumu geologického a Zivotného prostredia. Dolezitou sucast’ou
konferencie su aj tento rok sukromné spolocnosti, ktoré za zaoberaju geochemickymi a geologickymi
pracami rozneho zamerania, a ktoré prezentujii vysledky svojich vyskumnych aktivit. V zborniku
,,GEOCHEMIA 2024 opit najdete aj mnozstvo d’al§ich zaujimavych a hodnotnych prispevkov z oblasti
geochémie, pripadne z dalSich pribuznych vednych odborov. Prierez tém poukazuje na Siroky zaber,
vyznam a perspektivu geochémie ako vedného odboru, ale aj ako odboru s vel'kym praktickym vyuzitim.

Konferencia je usporiadana v ramci ¢innosti Slovenskej asociacie geochemikov v spolupraci s
Oddelenim geochémie Zivotného prostredia SGUDS v Bratislave a Katedrou geochémie PriF UK
V Bratislave. Pozornost’” na konferencii bola opidtovne venovana aj mladym vedeckym pracovnikom,
celkovo je prihlasenych 9 prednasok zaradenych do stitaze mladych vedeckych pracovnikov do 35 rokov o
najlep$iu prednasku (cena akademika B. Cambela) a 6 posterov v stitazi o najlepsi poster (cena S. Gazdu).
Dufame, ze tymto spésobom prispejeme k motivacii mladych vedeckych pracovnikov v ich usili o
zapojenie sa do vedeckej prace v ramci geochémie a pribuznych geovednych a environmentalnych
disciplin. Zaroven je konferencia dobrou prilezitostou pre mladych odbornikov, doktorandov a Studentov
na stretnutie sa s vedeckymi pracovnikmi starSej generacie.

Dakujeme vSetkym, ktori prispeli k vzniku a naplneniu tohto zbornika, ako aj k celkovému
zorganizovaniu a priebehu konferencie ,,GEOCHEMIA 2024%. St to predovsetkym autori jednotlivych
prispevkov, ale aj recenzenti, odborni garanti, ¢lenovia ¢estného predsednictva a organiza¢ného vyboru.
Dufame, ze ich usilie nevyjde nazmar a budete po skonceni konferencie odchadzat' s dobrym pocitom a

rrrrrr

V Bratislave 10. aprila 2024
LCubomir Jurkovi¢ & Jozef Kordik & Claudia Ci¢akova
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FROM THE VARISCAN BASEMENT OF THE WESTERN CARPATHIANS: INDICATORS
OF DEMISED TETHYAN OCEANIC BASINS (REVIEW AND NEW DATA)

Marian Putis!, Qiu-Li Li?, David Chew?, Xian-Hua Li?, Ondrej Nemec?, Martin Ondrejka?,
Luka$ Ackerman®*, Jan SpiSiak®, Jan Madaras®, Zoltan Németh’, Peter Ruzi¢ka®

'Faculty of Natural Sciences, Comenius University in Bratislava, Slovakia, marian.putis@uniba.sk
2Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing, China, ligiuli@mail.iggcas.ac.cn
3Department of Geology, School of Natural Sciences, Trinity College Dublin, Ireland, chewd@tcd.ie
“Institute of Geology of the Czech Academy of Sciences, Prague, Czech Republic, ackerman@gli.cas.cz
SFaculty of Natural Sciences, Matej Bel University, Banskd Bystrica, Slovakia, jan.spisiak@umb.sk
®Earth Science Institute of the Slovak Academy of Sciences, Bratislava, Slovakia, j.madaras@savba.sk
"State Geological Institute of Dionyz Stir, Bratislava, Slovakia, zoltan.nemeth@geology.sk

INTRODUCTION

Mafic and ultramafic rocks within orogenic
zones may indicate remnants of ancient oceanic
basins. This contribution reviews our published and
new  geological, petro-chronological, and
geochemical results from the Western Carpathians
basement. We report the Early Variscan and Late
Variscan ~ complexes, which include the
Prototethyan  (Ordovician), or Paleotethyan
(Devonian) ophiolitic complexes, respectively,
derived from the northern Godwana.

METHODICS

Mineral chemical compositions were
determined on a Cameca SX-100 and a JEOL
Super-probe JXA-8530F electron proprobe micro-
analyzers at the State Geological Institute of
Dionyz Star in Bratislava, and at the Earth Science
Institute of Slovak Academy of Sciences in Banska
Bystrica, Slovakia, respectively. The whole-rock
major and trace element analyses were made in
ACME and BV Labs in Vancouver, Canada.
Strontium and Nd isotopic compositions were
acquired at the Institute of Geology of the Czech
Academy of Sciences in Prague. The U-Pb dating
of zircon, rutile, and titanite was performed on a
Cameca IMS-1280HR SIMS at the Institute of
Geology and Geophysics, Chinese Academy of
Sciences in Beijing. Laser-ablation inductively
coupled plasma mass spectrometry (LA-ICP-MS)
U-Pb zircon and apatite age data were determined
using a Photon Machines Analyte Excite 193 nm
ArF excimer LA system with a HelEx 2-volume
ablation cell coupled to an Agilent 7900 ICP-MS at
the Department of Geology, Trinity College in
Dublin, Ireland.

RESULTS AND DISCUSSION

Early Variscan complexes

The Layered amphibolite Complex (LAC;
also called banded amphibolic rocks by Spisiak and
Pitonadk, 1990, banded amphibolite complex by
Puti§, 1992, or Leptyno-amphibolite complex by
Hovorka and Méres, 1993; Hovorka et al., 1997)
separates the Upper Jaraba and the Lower Hron
complexes included in the Alpine (Cretaceous)
Tatric and Veporic units (e.g., Putis et al., 2009).

The lower part of the LAC (Fig. 1a) is
comprised of Ky-Grt gneisses of inferred
Cadomian origin (Puti§ et al., 2008). These
gneisses, with detrital zircon dates of ~3400-550
Ma, contain lens-shaped bodies of massive
metamafic rocks, such as OI-Px-Spl or Grt-Px
metagabbros, rare peridotites, and gabbro-eclogites
(Putis et al., 1997; Korikovsky and Putis, 2002;
Janak et al., 2007, 2020). Zircon from a gabbroic
protolith in an eclogite was dated at 478+3 Ma and
an associated granitic orthogneiss gave an age of
493+3 Ma (Puti§ et al., 2017, 2018). The
metamafic rocks are enriched in TiO2 (1-3 wt.%),
with av. Lan=53.70, av. Lan/Ybn=4.77, and largely
show variable Nd isotopic compositions
(eNdEoo=+7.7 t0 0.0, TDM(2s) 0.58-1.18 Ga). Their
chondrite (C1) normalized patterns document an
enrichment in LREE relative to HREE.

The ca 200-300 m thick, upper layered part
of the LAC (Fig. 1b) consists of Cpx-Amp
cummulate, gabbro, diorite to leucotonalite layers,
the latter enriched in magnetite (eéNdusp)=+10.1 to
+5.5, TDMgsy 0.37-0.73 Ga). The layered
metamafites with 0.17-2.7 wt.% TiO, have av.
Lan=48.18 and av. Lan/Ybn=3.33. Petrological-
geochemical variability of the meta-igneous layers
is typical. Relatively wider, sharply separated
layers show distinct LREE fractionation with a
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wide ratio interval of (La/Sm),%. An increasing
content of REE, and particularly LREE, from
melagabbros, through gabbro-diorites to tonalites
and leucotonalites, as well as a distinct negative Eu
anomaly in the latter, document accumulation of
these elements into pale layers during fractional
crystallization (Filova and Putis, 2004). In contrast,
newly formed narrow layers of partial-melting
leucosome, rimmed by melanosome, fit model
hyperbolas of two-component mixing. These
leucotonalitic  leucosomes  show, vice-versa,
strongly decreased REE contents, and a distinct
positive Eu anomaly.

The lower metamafites are WPT, less E-
MORB, and rare N-MORB, while the upper
layered underplated fractionated metamafites are
mostly N-MORB, less E-MORB, or OIB, after the
Meschede (1986) and Pearce (2008) classification.

The lower &Ndgy values of the basal
metamafites may reflect derivation from the
subcontinental lithospheric mantle during the
continental rifting stage. In contrast, the layered
amphibolites, with higher €Ndy values, indicate
their formation by melting of more juvenile mantle
sources beneath the spreading centre of an oceanic
BAB (Putis et al., 2009, 2023).

The magmatic compositional layering of the
LAC was dated in an interval of ~503-480 Ma in
the Tatric (Jasenie mine) and Veporic basement, or

~480-450 Ma in the Tatric Branisko Mountains.
Magmatic oscillatory zoned zircons (Th/U 0.22-
0.45) of the fractionated gabbro-dioritic and
tonalitic-leucotonalitic layers provided identical, or
very similar (within analytical uncertainty) ages
(Putis et al., 2008, 2009, 2017, 2018, 2023).

The northward subduction and metamorphic
overprint of the LAC is registered in some zircon
pale patches (Th/U 0.12-0.15) that yielded a
concordia age of 394+5 Ma. The post-collision
extension and exhumation-related melting of the
metamorphosed LAC was determined by dating of
newly formed dioritic to leucotonalitic layers and
veins at ~370-360 Ma (Puti§ et al., 2009, 2023).

The LAC is tectonically overlain by a few
km thick succession of paragneisses with rare calc-
silicate rocks, amphibolites and orthogneisses of
the Jaraba Complex. The granitic protoliths of
orthogneisses were dated at 515 to 440 Ma. The
deposition of sedimentary protoliths may have
lasted until Silurian/Devonian boundary according
to the youngest detrital zircon ages. This
succession may represent a forearc basin. This
complex in the Strazovské vrchy Mountains (Suchy
part) gave a metamorphic age of 368+6 Ma and the
migmatitic leucome of 347+4 Ma (Puti§ et al.,
2023). The micaschists of the LAC underlying
Hron Complex may represent a passive margin.
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Fig. 1 The LAC defines an oceanic suture between the passive margin Hron Complex and a forearc Jaraba Complex,
left after the Prototethys closure (Putis et al., 1997, 2009). (a) Basal Ky-Grt gneisses and massive metamafic rocks of
the LAC, north of the Helpa village. (b) The upper layered part of the LAC in the Velky Zeleny Potok Valley, east of

the Brezno town (middle Slovakia).
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Late Variscan complexes

The coupled Rakovec-Klatov Complex
(Grecula, 1982; Németh, 2002; Radvanec et al., 2017;
Radvanec and Németh, 2018) separates the Early
Paleozoic Lower Gelnica Complex (Vozarova et al.,
2010) from the Upper Hladomorna Dolina-
Klenovec Complex in a southvergent tectonic
structure (Putis et al., 2009).

The Rakovec Complex Sykavka Unit
(formation in Bajanik et al., 1984; Hovorka et al.,
1988) comprises pillow basalts, dolerites, gabbro-
porphyrites and less gabbros (eNduo=+8.2 to +3.7,
TDMpsy 0.46-0.81 Ga; av. Lan=74.96, av.
Lan/Ybn=4.76) have a composition of mostly WPT
and less E-MORB types from continental to incipient
oceanic rifting stages. Magmatic ages of the Sykavka
Unit were obtained from a porphyritic metagabbro of
the Sajby Hill area dated at 405+5 Ma, whereas
a metagabbro from Pora¢ Valley, Slovinky mine
yields an age of 395t5 Ma. However, the felsic
metavolcanics from the base Smrecinka Unit
(Bajanik et al., l.c.) in the Babinid Hill area are
Ordovician (471+3 and 468+3 Ma).

The Klatov Complex NiZny Kldtov Unit
isotropic to layered gabbros, plagiogranites
(eNd@00)=19.8 to +5.4, TDMsy 0.34-0.68 Ga; av.
Lan=18.27, av. Lan/Ybn=1.10) are exclusively N-
MORB type magmas associated with peridotites, talc
calc-schists and carbonates, representing a Devonian
ophiolite complex (Puti§ et al., 2009, 2017, 2018).
Six metagabbro samples from this unit at Dobsina,
Rudnany, Kosicka Beld, and Nizny Klatov yield
magmatic ages of 410-383+3-5 Ma, and
a metaplagiogranite boulder from a Carboniferous
mélange zone at Zavadka 398+4 Ma (Puti§ et al,
2009, 2017, 2018, 2023).

The Zlatnik Unit N-MORB-type basalts,
dolerites, gabbros and ultramafic rocks (formation in
Ivan and Méres, 2012) may belong to the Klatov
Complex oceanic section (av. Lan=25.27, av.
Lan/Ybn=1.44). They are metamorphosed in
greenschist to blueschist facies and incorporated in a
mélange. An anorthositic metagabbro (Hnil¢ik,
Zimna Valley) yields a U-Pb zircon age of ~410 Ma
and a titanite core gave an age of 388 Ma.

A distinct part of the Klatov Complex RuZin
Unit, contains deformed calc-alkaline quartz
(meta)diorites to (meta)tonalites (av. Lan=97.89, av.
Lan/Ybn=5.77). Gneissic rocks are mainly derived
from igneous sources (Hovorka and SpiSiak, 1997),
while Radvanec (1994) reported also ,,semipelites®,
representing mixed siliciclastic and volcanoclastic
sources. They may represent a former continental
margin  sedimentary-magmatic  suite.  Typical
occurrences are at DobSina in the Vic¢ia Valley but
also at the Ruzin dam, KoSicka Bela, and KoSice-

Jahodna. Apatite from a Qz metadiorite yielded a U-
Pb age of 382+4 Ma (at DobS$ina in the VI¢ia Valley),
and a metatonalite 385+4 Ma (at the Ruzin dam).
Zircon from a Qz metadiorite at KoSice-Jahodna
yielded an age of 389+3 Ma, and this sample
contains inherited zircons dated at 482+9 Ma and
578+12 Ma.

The Klatov Complex(?) Zlatnik Unit
anorthositic metagabbro (Hniléik, Zimna Valley) has
titanite with outer rims dated at ~340 Ma. This
titanite age is consistent with the metamorphic zircon
age of 350+5 Ma from a metagabbro-porphyrite of
the Rakovec Complex Sykavka Unit below Ostra
Hill (Puti$ et al., 2017, 2018). These dates indicate
a metamorphic event (e.g., Radvanec, 1999; Faryad et
al., 2020) related to Early Carboniferous closure of
the Rakovec-Klatov Basin, and finally the formation
of late Early Carboniferous shear and mélange zones
with eclogites, blueschists, amphibolites, dioritic to
tonalitic gneisses, and greenschists of the coupled
Rakovec-Klatov Complex (Fig. 2).

‘N ) =
Segments of Meliaticum
brought on Bérka

ARBONIFEROUS

(Cambrian-Ordovician)

subducted & exhumed sequences

Smolnik Formation

Gelnica Group

Veporicum (cover)

Fig. 2. The coupled Rakovec-Kldtov Complex (groups in
Neémeth, 2002) defines an oceanic suture between the
Lower Gelnica and the Upper Hladomornd Dolina-
Klenovec complexes, left after the Paleotethys closure. VD-
Variscan, and AD Alpine thrust-faults, respectively.

The Late Devonian (dolerite dated at 371+4
Ma; Puti$ et al., 2009) ophiolitic Pernek Complex
(Ivan et al., 2001) consists of deepwater silicic Mn-
rich sediments and black shales, N-MORB-type
basalts, dolerites, and rare gabbros (eNd(370=+10.4 to
+8.0, TDMgsy 0.27-0.43 Ga). This BAB closed at
~365-355 Ma. The thrust plane of the metaophiolites

153



Konferencie, sympdzid, semindre — Geochémia 2024

over the basin margin Kuchyia-Harménia Complex
is crosscut by tonalite veins dated at 352-343 Ma
(Puti$ et al., 2004, 2023).

CONCLUSIONS

(1) The transformation of the Gondwana
margin thinned late Cadomian gneissic basement to a
Prototethyan oceanic BAB is constrained by the Late
Cambrian-Ordovician magmatic ages of the LAC. (2)
The Early Devonian northward LAC subduction
(~405-385 Ma) resulted in its suturing between the
collisionally metamorphosed (~385-370 Ma) Late
Cambrian-Silurian forearc Jaraba Complex and
passive margin Hron Complex. Consequently, a
detached Cadomian terrane Galatian microplate
docked with Gondwana, generating the south-vergent
structures in the Early Variscan basement (Puti§ et
al., 2008, 2009; Fig. 1b, 2). (3) Slab break-off and
post-collisional extension-related exhumation
resulted in partial melting of the LAC at ~370-360
Ma, pre-dating an older group of granitic to tonalitic
plutons (Broska et al., 2022) within the Jaraba
Complex (~360-350 Ma). However, the more distal
portions of this complex from the LAC suture (e.g.,
the Strazovské Vrchy Mountains) underwent delayed
collision, yielding a metamorphic age of 368+6 Ma.
Here, the post-collisional extension-related partial
melting, constrained from a migmatitic leucosome
dated at 347+4 Ma, pre-dated the formation of a
younger granitoid group at ~350-340 Ma. (4) The
closing of Late Cambrian to Silurian pre-Variscan
basin system triggered the rifting of the Gelnica
Complex type basement on the Gondwana margin
and finally the opening of the Paleotethyan Rakovec-
Klatov Basin in the Early Devonian (~410-380 Ma).
(5) The ~370-350 Ma closure of this basin by the
northward subduction of oceanic/continental margin
plate resulted in the accretion of adjacent Gelnica and
Hladomorna Dolina-Klenovec complexes to the
sutured Rakovec-Klatov Complex. (6) The Late
Devonian Pernek BAB may have been opened by
roll-back of a northward subducting slab (including
the LAC) in combination with the incipient
southward subduction of the Rheic Ocean beneath the
Galatian microplate (Puti§ et al., 2009). (7) The
Pernek Complex was welded with the coupled Early
Variscan  complexes during Late Variscan
southvergent thrusting of the Upper Jaraba Complex
with the hanging wall LAC over the Hron Complex
(mylonitic amphibole “°Ar-**Ar age of 356+6 Ma;
Dallmeyer et al., 1996), while the coupled Rakovec-
Klatov  Complex, including the overlying
Hladomorna Dolina-Klenovec Complex, overthrust
the Gelnica Complex at ~350-330 Ma.
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Vzorkovanie podzemnych véd v rusriovom depe Nitra
(foto: M. Jankular)

W
N <4

Vzorkovanie oxidacnej zony na Zily Drozdiak v Rudrianoch.
Vyskumom izotopov ortuti sa zistilo, Ze cca 20 % ortuti sa pri
zvetravani vyparuje do atmosféry (Majzlan et al., 2023 —

— https://doi.org/10.1016/j.chemer.2023.126019) (foto: J. Majzlan)
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Solidifikacna linka na technologicku Upravu nebezpecnych Prieskum ropného znecistenia v areali byvalej rafinérie
odpadov (ENVIRONCENTRUM, s.r.o. Kosice) (foto: P. Sekula) v Kugove (Albansko) (foto: J. Bartor)
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