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The Late Cretaceous conditions of the Gombasek bedsdimentation
(Silica nappe, Western Carpathians)

Stanislav Jackd, Roman Farka$ovsky Diana Dirnerovd, Julian Kondeld,
Grzegorz Rzefaand Barbora Zakrsmidova

The Silica nappe forms the rear paleoalpine nappectire of the Alpine orogeny in the Central Wast€arpathians. The main
period of the nappe formation relates to a spat@hvergence from the south to the north. DuringBhdy to Late Cretaceous, the position
of this nappe as well as its structural core elsfi reflect an uplift of the Silica nappe pile awmdnsequently its weathering and
karstification. After that, inner karst structuregre injected by concentrated aqueous solutioms frdich Fe, Mn (#\i) nodules and crusts
have been precipitated. This stage of nodules/srdsposition reflects anoxic conditions. Ongoindgimg of the Silica nappe caused
an increase of the karstification rate and localgo its connection to the surface. Implicitly citioths for the clastic sedimentation were
formed and deposition of the Gombasek beds waatédt The Late Cretaceous paleoclimate could taattterised by small temperature
variations during the year and only seasonal ralisfavhat is also indicated from the compositionttté Gombasek beds reflecting quiet
water conditions with recurrent sediment inflowéméstone clasts incorporated to the upper part médlgsed sedimentary record most
likely relate to the tectonic activity increase thgr Late Cretaceous thrusting.
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Introduction

The Late Cretaceous evolution in the Western Chigias relates to significant nappe shortening teécto
and therefore sedimentary record underfeeding @it tiealm. Crustal shortening of Variscan and Geener
basement formed décollements of Mesozoic sedimergequences. The Mesozoic strata were separated to
the individual crustal segment which were passivieinsported as large - scale nappes toward th# nor
(Andrusov, 1936; PlaSienka et al., 1997). Progvessappe over-thrusting from the south to the mavas
finished by the latest, the Silica happe sheethénsame time, the exhumation of Veporic and Gentersement
superunits have been completed (KrE977; PlaSienka et al., 1999, 2007; Janak, 2a0d)therefore weathering
of sedimentary sequences started. In consequenoemtfoned conditions, wetterstein limestones @nttip of
Silica nappe were intensively karstified. Narrowsfire caves were created at the top of the Sihppen pile,
and they were filled by the Gombasek beds. Thediensemts are well preserved for example in the Gavka
Quarry located in the southern margin of the PkSiKarst, as a part of the Silica nappe Slovak tKars
The sediments were dated to Late Cretaceous age gedynomorphs (Mello and Snopkova, 1973; Cilek and
Svobodova, 1999; DaSkova et al., 2011).

Conditions of karstification and sedimentation cbude related to paleoalpine climate. For the Late
Cretaceous period, high annual average temperaamee®nly small temperature variations during tharyare
typical. Annual rainfall was evidently high, butegipitation was concentrated in the summer monsatiie
the winter monsoon season was dfynfura, 2002). These climatic conditions, alternativej and dry periods
(Zhang and Karathanasis 1997; Gasparatos et #15)20ould explain covering of the karst surfer fs-Mn
crusts and nodules. The Fe-Mn modules are distretges formed under alternating oxidising and réeuyc
periods. Subrounded morphological features are ddrrby the processes of reduction, translocation and
oxidation of Fe-Mn (Gasparatos, 2012).

This study is focused on some petrographic andvsmablogical features of the Gombasek beds, which
could be important for the understanding of thealic conditions, tectonic activity and palaesogepiy during
Late Cretaceous age.

Geological overview

The southern margin of the Central Western Caraathis built by basement complex of the Gemeric
Superunit composed of the low-grade Lower Paleozoicano-sedimentary formations intruded by Perman
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Early Triassic Sype granites (Uher and Broska, 1996; Poller et 2002). The basement does thave
sedimentary cover as a result of their em during Jurrasic age. It was tectonicallerthtruste by Borka and
Silica napped$rom the south. The study area is located in thies€€nappewhere massivwetterstein limestones
dominate (Fig. 1). Their complicated tectonic stove related to thoverthrustingof the nappe bodies caus
incorporation of other younger sediments into thesgstructureof the rock massif. The sedime preserved in
the studied quarry are mostly in theem of irregular layers and lenses.
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Fig. 1. Main geological nits distribution in the Central Euro (Kové&® et al., 1998jand position of the Gombasekarry in the Western
Carpathians (Biely et al., 1996).

The essential part of Gombasek quarry depositsgisraf massive, white and whit-gray limestones with
high fossils content (Bystricky, 1964; Mello, 197dochanova et al. 1975; Mello et al., 1997), knoasa
wetterstein limestones. Regarding theitension and thickness, they represent the mostriapolimestones i
the framework of the Triassic carbonate platfoTheir karstification liability is evidenmainly from the near-
surface positions where somargt forms like grikes, sinks, vertical d successively mineralized fissu
evolved Intensive weathering is also indicated by the uommce of red coatings fringing structu
discontinuities of the limestone.

The limestone analgsl in the study area is medi- to thick-bedded. In general,gtbedding is of the N-
SW direction with weak, monoclinal 1- 20° dip towards the NW (Sasvari et al., 2006). dBed planes wer
tectonically deformed. Based on the structural el as the stratigraphic records from the studiegadgit, it is
possibleto state that actual thickness of the limestonepernin the Gombasek quarry does not correspol
the "original" thickness. This was most likely cadsby tectonic processes resulting in the spaceestiog,
generation of the duplex structure andowing tectonic "accumulation” of the entire seditay complex

Sediment fill of described limestone is represerigdsombasek be (Mello et al., 1997 consisting of
dark shales and sandstones. The sediments are Knmwrthe Gombasek quarry, whehey are exposed in the
form of lenses or irregular layers. Their occureige most frequent in the basal part of the quawhgre it is
also the thickest. The altitude difference betwaetividual occurrences is from 10 to 30 m, howevegher
upward,the difference is up to 150 m. In the r-surface positions of the quaraiso Quaternary sediments i
preserved. They consist mainly of weathered praduspresented by red and ocous claystones containing
irregularly scattered clasts of wetters limestone.

Methodology

The main aim of the presented study a characterizationf sandstones of Gombasek beds as well a
ferruginous crusts and nodules covering limestanase contact zone with these beds. Detailed nmappf
structural and sBmentological features of the Gombasek bwas realisedn the Gombasek quarry. Minel
composition was investigated using reflected ligtitroscopy and scanning electron microsc SEM-EDS
analyses were performed usitige FEI QUANTA 200F microscope copled with an energy dispersi
spectrometer (EDAXat theDepartment of Mineralogy, Petrography and GeochemisGH — University of
Science and Technology, Kraké8@ome areas of the samples were studheSE (secondary electrons) and B
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(backscattered secondary electrons) mode, firgtowitany coating and later after coating with agpnately
20nm of carbon. These procedures allowed to compperaguality of images and to cross-check the tesul
Acceleration was set at 15 keV. The environmentl weas the one of water vapour at a pressure oPHE)0

Sedimentary characteristics

The Gombasek beds consist of a rhythmical altesnaif the sandstone to siltstone and mudstone doedis
represent filling of the karst caverns formed asesult of the limestone karstification occurredtiie Late
Cretaceous. The characteristic feature of the meeti karst caverns is the presence of the ferrugicoust on
the walls, i.e. in the contact zone between sandsamd limestone (Fig. 10, 11).

Coarser-grained beds of light grey and light todigl-brown colour could be, based on their grahesi
identified as an unimodal moderately well sortenly fine-grained sandstonego coarse-grained siltstones
(Fig. 2). Most common are the beds where the st sand particles ratio is almost 1:1 but spordlgiteds of
the fine-grained sandstone characterised by nograation were identified too. In general, the khiess of
these beds reaches from a few millimetres to aB6utm and can be characterised by sharp bases.vdgwe
occasionally, also up to 100 cm thick sandstones laee preserved.
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Fig. 2. Histogram of the particle diameter changeth the cumulative frequency curve of the repnestére sandstone sample.

The histogram is of unimodal distribution what icates the relative high structural maturity of #end. Also, it is apparent that based on
the grain size, predominate grains of 60-80 (48%g 40-60um size (27,8%) indicating coarse-grained siltsttméine-grained sandstone.
With respect to the cumulative frequency curve dedimed the sorting coefficient (based on the Fb#68) indicating moderately well

sorting of the sample.

Siltstone and sandstone beds are relatively resjstédlowing the identification of some stratifigats in
their structure. Predominating structures are adrrgpples and parallel lamination which are in sobreds
highlighted by the presence of the thin organic/andanud drapes (Fig. 3). Some of the described beds
sporadically contain angular fragments of the litoee, which most likely reflect disruption of theeaky top of
the cavern (Fig. 4Mudstonesare of dark grey to black colour and form bedthafkness similar to sandstones.
These beds are less resistant to weathering wiidt e their higher disintegration.

mud/organic ﬁ ;
drapes

organic material \

e e 80) 50  60mm 0 0 20 30 40 50 mm
Fig. 3. Typical sedimentary structures observethinstudied sandstones. a — Current ripple stmactwhich reflects the deposition during

lower flow regime. Organic and/or mud drapes indigzhthat the flow regime typical by ripples fornsatiwvas episodically followed by quiet
depositional conditions. The direction of the fiaas from the right to the left as can be seen fitmarpreserved lee side of the ripples. b -
Parallel lamination as a result of the variatiomsthe grain size of deposited sediment betweenfiergand to silt or clay visible also as

colour changes (the finer sediment shows the dasdaur). Organic material content, as well as tbe grain size of the sediment, indicate

deposition by settling out from suspension. Indicest of starting ripple formations and/or small-EE@onvolution (see arrow) could reflect

disruption of quiet depositional conditions by trev input of sediment. This is also indicated bbglatively abrupt change in the grain size

(from muddy to sandy).
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Described grain size, as well as other feature§Sombasek beds, indicate that these sediments were
deposited during relatively quiet water conditignenctuated by recurrent intervals of new sedimefibws.
Sediment inflows are documented by beds of laméhatel rippled siltstones to sandstones. Organifoamaud
drapes, which could be designated in some beddirmothat phases of sediment deposition from theesu
were overridden by more quiet phases, during wihiehsediment was settled out from suspension. tpes of
depositional environment is also indicated by trespnce of mudstone beds deposited by the same way.

Presented process of deposition could occur irnt kemaronment (limestones) where various cavitiesen
formed and represent depositional environmentterinflowing sediments. Regarding the genetic attareof
these basins, it is probable that some of themdcbal un-closed and interconnected. Marschalko aatioM
(1993) interpreted described Gombasek beds as énsity turbidites formed in such settings.

During the Gombasek beds deposition (SantonianGentipanian), the studied area was not constantly
flooded (Gaal and Bella, 2005) but most likely iasvepisodically flooded. As a result, the localiseatary
basins would rather be interpreted as small lakéeK and Svobodova, 1999) with quiet depositiaegimes,
which were occasionally disrupted by new sedimefhbws.

|
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Fig. 4. Parallel laminated sandstone with the alag@ragments of limestone. a — Clasts of limest@pgesent the collapse of the top of
the cavern. Convolute bedding evolved under thetslayer indicate that underlying beds were saeaéy water, which was pushed up
after clasts impact, i.e. sedimentation occurrethim water environment. b — In comparison to sampligh the organic / mud drapes

the velocity of the depositional flow was a littiehigher what allow the alignment of the limestaasts parallel to flow direction. On
the tops of described clasts could be distinguighedcorrosion surface (see arrows), which couldicate that rate of sediment supply was
too low to cover clasts immediately. Thereforeteheas a time for limestone corrosion.

In the analysed sediments, signs of the Mn mirgatitin were also distinguished. These could bespred
as the manganese aggregate on the bedding plartes shndstone beds (Fig. 5) and in this case doaild
interpreted as of syngenetic character, reflegbeigolation of the mineral solution through theis®ht during
its deposition. Other forms are Mn dendrites, whadtompanied calcite veins (Fig. 5) and therefae a
interpreted as of epigenetic character.
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Fig. 5. Sandstone beds with visible syn-depositi(a) or post-depositional (b) Mn mineralisation.

Petrography of psammitic rocks from Gombasek beds

Sandstones from Gombasek beds are formed by cotopadly and texturally different laminae. Textural
differences are caused by slight changes in greitwléFig. 7a, b). Compositional changes are causgd
moderate varieties in the volume of quartz or cadbe clasts in laminae (Fig. 7a, b). Quartz fragsare more
abundant in the most cases. Other composition#&rdiices result from the presence of the carborszat
material (Fig. 8d). This material is substantialsimme parts of the sandstone, and is almost missiogher
parts. Laminae with the abundant organic matemaltgpically dark coloured (Fig. 3). The presenédron
oxides is characteristic of some laminae, wherg #re connected exclusively with carbonate mat¢Fiag. 8a,
b, c; 9¢). These laminae have reddish-brown cqeig. 3).

Petrographically studied samples of psammitic ratéen Gombasek beds can be classifiecaanites
according to the proportion of detrital matrix. IBeling the modal composition of sand-sized particlthe
sandstones belong lithic arenites (Fig. 6). Sandstones can be namedalslithites because a substantial part
of lithic fragments is represented by limestondg.(B). Psammitic rocks are composed mainly of acepus
fraction grains, amount of which varies from 8280 %. The volume of structurally different fine-grad
matrix varies from 2 to 3 %. The amount of cemearias from 7 to 13 % of the rock. Sand-sized ddtgtains
are formed especially by quartz (47 — 52 %) and fomgments (31 — 40 %). Sand-sized feldspar graiadess
common (0 — 2 %). In terms of textural maturitye #tudied sandstones have a little matrix, modecagood
sorting and subangular to rounded grains. Theyeatterally mature.

Q sampleno. M [%] Q%] F[%] L%
1 3 60 1 39
2 3 61 2 37
3 > 53 1 46

calclithite - rock fragments
are formed mainly

by limestone clasts _ _ )
M - proportion of detrital matrix

(grais <30 microns in diameter)
Q - quartz fragments
F - feldspar fragments 100%
L L -rock fragments

lithic arenite

F

Fig. 6. Position of studied sandstones in clasatfon diagram of siliciclastic arenaceous sedinagptrocks according to composition
(Pettijohn et al., 1987).
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0.5 mm
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Fig. 7. Photomicrographs of psammitic rocks froontbasek beds, crossed polarised light; a — pathefsandstone lamina with relatively
bigger clastic grains and with relatively highemtent of carbonate grains comparing to average migize; b — part of the sandstone
lamina with relatively smaller fragments and lowetume of carbonate grains comparing to averagergsize; ¢ — monocrystalline

subangular quartz fragments (centre and upper jigind more rare polycrystalline subangular quartaig (lower right) with undulose
extinction of subgrais; d — fragments of anguleriatised feldspar grains (centre) are rare; CaCalcite, Cmt — Cement, Fsp — Feldspar,
Lm — Limestone, Qtz — Quartz.

Quartz fragments are mainly monocrystalline. Theawe of nonundulatory quartz grains and those with
apparent undulosity is approximately the same. iReags with strong undulose extinction are not fesdu
Relatively minor part of quartz fragments is polstalline. Sometimes they have oriented and el@ugat
subgrains with sutured grain boundaries. They ssrefragments of the stretched metamorphic qBitz 7c).
Studied sandstones are very-fine grained that cbeldhe reason of relatively low content of polyatafline
quartz grains. The very-fine quartz particles am@bpbly the subgrains or fragments of the original
polycrystalline grains. The roundness of the quiitgments ranges from subangular to subroundeg {i&i-d).

Fig. 8. Photomicrographs of psammitic rocks fromntbasek beds, plane polarised light; a — sandstoméains two types of carbonate
fragments, major are limestone fragments, lesaueatjare calcite rhombohedral grains (lower rightlastic grains of tourmaline are
present rarely; b — most of the limestone fragmantsmud-grade limestones, detrital origin is visilm some clastic grains (left side); ¢ —
detrital carbonate grains are coated with a thirotan rim of iron oxide, in some grains iron oxidenpgate internal parts of carbonate
grains; d — some laminae contain abundant volumeadionized plant remnants which are oriented patdab lamination, carbonized plant
material is deformed due to process of sedimenpection; Cal - Calcite, cb PIt — carbonized Plaht — Limestone, Qtz — Quartz, Tur —
Tourmaline.
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Lithic fragments are formed mainly by carbonate rocksst€laf siliceous rocks are present rarely.
Carbonate grains are formed by different kindsimiebtone (Fig. 8a-c). Sometimes calcite crystajrfrants
occur. In most cases, limestone clasts can beiftdalsas lime-mudstones formed mainly by micritgstals.
Less frequent are grains of lime-grainstones withing supported with little matrix. The roundnedstie
limestone grains can be characterised as subrouttdesunded. The original rhombohedral idiomorptac
hypidiomorphic shape is visible in many calcitegimeents with well-marked cleavage. Unlike the quarans,
the thin reddish-brown rim of iron oxide is typiaafl detrital carbonate fragments (Fig. 8a—c). loxide also
penetrates internal parts of some limestone grdingalcite crystal fragments, iron oxide penetatbeir
cleavage planes (Fig. 8c).

0,1 mm

Fig. 9. Photomicrographs of psammitic rocks froontbasek beds, crossed polarised light; a — commoessory minerals of sandstones
are rounded zircon grains; b — relatively rare amgstals of white mica; ¢ — cement of the sandstimérmed by calcite, some parts of
calcite cement crystals are penetrated or rimmedday oxides analogous to clastic carbonate fragtapd — newly formed crystal of
calcite cement with typical lamellar twining, gragnot coated with iron oxides; Cal - Calcite, GmEement, Lm — Limestone, Ms —
Muscovite, Qtz — Quartz, Zrn — Zircon.

Feldspar fragments are very rare in the studiedstanes (Fig. 7d). Low feldspar content is causethéir
instability in sedimentary conditions. The proce$eldspar chemical weathering may be rapid, pcoty clay
minerals and mica. Alteration of feldspar fragmewts more intensive in tropic and humid climatet thas
typical of the Late Cretaceous period during thenBasek beds formation (Mello and Snopkovéa, 1978kCi
& Svobodova, 1999; Gaal, 2008). The content ofde#d fragments in psammitic siliciclastic rock atkpends
on its granularity. The very-fine size of feldsptasts supports their rapid chemical breakdown.

A common constituent of studied psammitic rocks thie remnants of carbonised plants. These opaque
carbon substances appear in the rock rather locBligy can form a substantial part of particulandsdone
laminae (Fig. 8d), and their size does not exceadni Carbonised plant remnants of longitudinal shape
oriented parallel to lamination of the sedimentewgk. They are strongly deformed by the more compet
surrounding clastic material, and in many case=y; #re disintegrated by the process of sedimenpaotion.

Zircon (Fig. 9a), monazite and rutile are commonreasory minerals in studied rocks. Relatively rare
accessory mineral is tourmaline (Fig. 9b). The tjo&h rocks of Slovak Ore Mts are probably the seuof
these accessory minerals (Gaal, 2008). Quartz fatgriogether with the accessory minerals were siegubin
limestone plain of Slovak Karst, where they stutithe seasonally flooded karst cavities with redorditions
of sedimentation.
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Spaces among sandstone fragments are infilled Wyixmmaaterial locally. Matrix is penetrated by iron
oxide and it has aleuritic to pelitic characterténms of granularity. Studied psammitic rocks aaebonate-
cemented. Cement is formed by very-fine crystaltiakeite (Fig. 9c, d) of microsparite to spariteesiCrystals
are irregular in shape and xenomorphic. Lamellanitwg is typical of cement calcite grains (Fig. 9¢)) the
sandstone, cement fills spaces among the clastinggrPart of the calcite cement is coated or patest by iron
oxides analogous to carbonate clastic grains. Piphaunger generation of cement is formed by lighicite
crystals without iron oxides (Fig. 9c, d).

Nodules microanalytical study

Gombasek beds analysed in this study were depositetie karst cavern formed in the wetterstein
limestone. The bottom and the walls of this caweere covered by symmetrical to asymmetrical comaent
and/or cylindrical forms of the Fe-Mn (xNi) clusseand/or nodules (Fig.10 b, c). Limestone suri@dmes not
indicate either any degree of karstification nor weatheridgwever, it was covered by irregular accumulagion
of a Fe-Mn mineralisation presented mainly as studtisters and nodules (Fig. 10 a) pyrite clugteig. 11 a,

b) or very rarely as a macroscopic pyrite graing.(E1 c). The size of idiomorphic pyrite grainsuigto 1 cm.
The nodules are rusty, dark grey with metal shiita gize up to 3 - 4 cm. Relations between pynitd aodules
are not clear.

Microanalytical study of presented nodules confintee high concentration of Fe and Mn oxides and
hydroxides (confirmed by X-ray diffractometry), @stonally in the form of very fine crystalline hetiba but
mostly as an amorphous goethite. Goethite wasifthtn forms typical for an oxi-hydroxides, i.§alisades”
and fan-shaped aggregates of elongated, needlechijstals, up to a few tens qfm long (Fig.12 a).
Cryptocrystalline masses, botryoidal accumulatiffig.12 a, b, c), and sheaf-like aggregates (Fig)l@%ere
common as well. Hematite habits and shapes wecevalsable, but small (up to a feum in size) spherical
particles, botryoidal and globular aggregates pt€kéy. 12 d,g). Ordinary impurities, mainly Sil,ACa and in
some cases P, Mg, Mn, Ti, K, diversify chemistrytlutdse oxides. Variable phase contrast seen iniBi&ges
suggests inconstant water content in iron oxides.

Manganese oxides were also quite often encounterébde samples studied. They form aggregates of
lamellar or sheeted crystallites (Fig.12 f), sugigeslayer-type crystal structure. Chemical composiof the
Mn oxides is also variable; typical admixtures @e K, Fe, Al, Mg and Si. Occasionally, significamounts of
nickel (over 1 wt.%) were measured in these misg(failg.12 h).

Fig. 10. Fe, Mn, (fNixrusts, clusters and nodules preserved on the seidha limestone cavern. a- nonintegrated arealutes
distribution b- symmetrical concentric forms, csymmetrical cylindrical forms.

266



Acta Montanistica Slovaca ‘lume21(2016), numbed, 259-271

Fig. 11. a- irregular distribution of pyrite crusin carbonate surfaces b- a cross-section of pyritist in two perpendicular cross-sections,
c- pyrite druse on faulted surface.
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Fig. 12. a—c: Fe, Mn (#Ni) nodules within thin-sien with typical fine crystallised and amorphotusture: a - with a magnification of
800 x, b — with magnification of 1 600 x, ¢ — vdtmagnification of 3 200 x. Backscattered elecirages and chemical composition of
noncrystalline phase. d- the presence of prevaitiogtent of Fe-oxides and hydroxides, e — the pasef other additions and individual
grain containing Bi, Ti elements, f — the preseotprevailing content of Mn-oxides and hydroxidgs, light-coloured phase with
increasing concentration of Fe, h — light-colourgthse with increasing concentration of Ni, i -hligoloured phase with increasing
concentration of Rare Earths Elements.
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Besides Fe and Mn oxides, the ferruginous accuipnktcontain small amounts of barite, ferrous
sulphides (most probably pyrite, Fig. 12 g, h) amhtite. Th-monazite grains (Fig.12 i) and a fewtattie
Ni—Fe particles were encountered as well, but tiggroof the latter is unclear.

Fe-Mn nodules are most common in the deep-wateir@mient where their qualitative composition
reflects the high content of Fe and Mn. That is th@son why they are often referred to as iron maege
concretions (Depowski et al., 1998), but the cant#rNi also showed increased content of Al whatiéates
continental environment. Therefore, it is more ljk¢hat studied nodules were precipitated underx&no
conditions.

Discussion

The Late Cretaceous evolution of the southern phthe Western Carpathians edge is connected with
tectonic, sedimentary and environmental changes. Silica nappe is a specific example of nappe, vhiot
position and definitive structure emplacement astaexplained sufficiently. Sedimentary record ofn@masek
beds from Silica nappe analysed in this study res an important record of depositional cond#ionthe
Central Western Carpathians, based on which ibssiple to compare relations between erosion, miisation,
sedimentation and tectonic evolution.

Rear position and structural core elasticity of #ileca nappe during the Alpine orogeny shorteratigwed
to form bulge at this part of the nappe in the E&netaceous related with weathering of the Cretaseand the
Jurassic age deposits. Adjacent Gemeric Superemérgted transpressional shear zones and alsorsegpo
compression state of the south edge. The Uppea&retss thrusting of the Silica nappe to the nathted with
the general sedimentary hiatus in the Central Wiestarpathians at that time period. As a resué#t, Middle
Triassic wetterstein limestones were exposed tavikethering and their karstification started. Sahthe cave
systems (Marschalko and Mello, 1973), silkholedg)Cand Svobodovéa, 1999) and caverns were creatéd a
therefore sediment deposition was allowed.

Before the sedimentation of the Gombasek beddiratfon of the solutions saturated with the higher
content of Fe, Mn, Ni and organic matter was alldwe penetrate to deep karst caverns. At this ¢ionlistage
of the area, the Late Cretaceous clastic sedimentat the top part of the Silica nappe was resitridnto this
depositional environment. Only micron-size particlwould be deposited on the bottom (grain with &igh
content of Bi, Fig. 12), where degradation of thgyamic matter under anoxic conditions predominated.
Described depositional conditions were appropffiatehe precipitation of the pyrite crusts and tajs as well
as nodules of Fe, Mn £ Ni composition. Similar ¢susere in Slovak Karst area interpreted as a treduhe
limestone weathering by Kowik, 1955 and Gaal, 2008. However, analysis of thests and nodules presented
in this study only showed the low content of the(@lko established by Gaal (2008)) and atypicdhérigontent
of the Ni. Therefore, their interpretation as aduct of limestone weathering is not very likely gHér content
of the Ni, Co and Cr was also interpreted from datldstones (Marschalko and Mello, 1993).

In consequence of the ongoing limestone karstificafeventually tectonic processes) caverns, inctwhi
chemical precipitation occur, were gradually opeaed conditions for the clastic sedimentation haeen
formed. During this stage, sediments known as Gaemlbdeds were episodically deposited and depoaltion
conditions were transformed into the oxidic oneke Tising of the pressure from overlying sediments
combination with oxidation of the pyrite crusts anddules results into solutions formation which -syn
depositionally penetrated overlying sediments aadehbeen (post-depositionally) concentrated on bibih
bedding planes and tectonic joints in sedimentsravtieeir precipitation starts.

Creation of the nodules and pyrite concretionsesricted only to the first described depositiophhse
what is indicated by their presence only on theetmsd not within the clastic sediments. Therefiris clear
that the depositional conditions have to be chargelde beginning of the Gombasek beds deposition.

As the last depositional phase of the studied depdsreaking of the caverns tops and/or raisinghef
tectonic activity during the Late Cretaceous dejmsiof the Gombasek beds could be designatedhestudied
deposits, this phase has been recorded by the noesef beds with angular limestone clasts, which
concentration is higher in the upper part of thdireentary record.
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Pyrite and Fe, Mn, Ni crusts and nodules form
in anoxic environment of the carst cavities
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Perkolation of Fe,
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from surface
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and Fe, Mn, Ni
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Fig. 13. The schematic model of polystage evaiuticGombasek beds/layers within studied cavern*E™ stage” — Formation of pyrite ,

as well as Fe, Mn, Ni crust and nodules, b ™@age”- Karst cavities were episodically filled biastic sedimentary material of Gombasek

beds, ¢ —¥' stage" — Formation of collapse breccia with anguliaestone clasts forms in upper parts of Gombéssls.
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Conclusions

Gombasek beds as sediments deposited in the kansbement represent a valuable record of the Late
Cretaceous nappe events, which allow a better rétimg of the rear position of the Silica nappe hit the
Central Western Carpathians.

Analysed sedimentary record from the Gombasek gumadicates the polystage evolution of the Gombasek
beds. Three main genetic stages, which relateettetttonic settings of the Silica nappe could =ghated:

1. Overthrusting of the Silica nappe on the GemeripeBunit during the Early — Late Cretaceous — Raggrd
the climatic conditions, only small temperature iaons and therefore good conditions for the karst
formation occurred during this stage. As a resatig-term weathering and karstification of limestomas
initiated.

2. Precipitation of the Fe, Mn =Ni crusts and nodufesn the concentrated agueous solutions under the
anoxic conditions — During this stage, clastic sedits in the karst structures (caverns) were npbosieed
what indicates only the lower stage of the kaxsifon.

3. Deposition of the Gombasek beds — Higher stageaddtification, most likely supported also by ongpin
uplift of the Silica nappe allowed connection oé thnderground karst structures with the surfacestKa
structures were opened and behave like sedimetitgry for the Gombasek beds. These were deposited i
relatively quiet water condition with recurrent sadnt inflows.

4. Breaking down of the karst structures indicating firesence of the limestone clasts in the uppéds pér
Gombasek beds — This last stage could relate tmtheased tectonic activity of the Silica napperythe
Late Cretaceose period.
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