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Foreword
The research activities at the Geological Institute of Slovak Academy of Sciences over its 60 year-long
existence were primarily focused on the geological evolution of the Western Carpathians, although
these activities had also strong ties to exploration of adjacent regions, including the Bohemian Massif,
the Eastern European craton, Eastern and Southern Alps, and Eastern Carpathians. Recently, the
geographic and temporal coverage of research performed at this institution became increasingly
broader, expanding beyond the Western Carpathians, especially (1) addressing key geological
phenomena and events that have large-scale or even global significance, and (2) testing a wide range
of theoretical concepts in petrology, paleobiology, volcanology, and stratigraphy.
Most of the past studies investigated the geological structure and evolution of the Western Carpathians
– targeting structural geology, petrology, and geochemistry so that geological processes that affected
the Variscan and Alpines orogenies and their geodynamic regimes were properly identified and
quantified. Research projects at this institution gathered fundamental petrological and
geochronological data relevant to the evolution of the crystalline basement, including the pre-Variscan
and Variscan magmatism and reconstructions of metamorphic P-T paths, which led to new insights
into paleogeographical position of ancient continents. Other significant parts of research activities
were focused on (1) the reconstruction and models of paleogeographic configurations, including
geochronological and stratigraphic dating of openings and closures of past ocean domains and other
large-scale events, and (2) on the identification and quantification of the temporal changes in climate
and depositional environments and on evolution and paleoecology of marine and brackish ecosystems
in the Mesozoic and Cenozoic. Research projects led by this institution also substantially expanded the
knowledge of the origin and spatial distribution of ore resources in the Western Carpathians,
especially of uranium and precious metals. Recently, the projects solved at this institution cover a
broad spectrum of geosciences, with the principal role played by structural geology, petrology,
geochemistry, paleobiology and biostratigraphy.
The conference is split into three main sessions, including (A) the Variscan evolution of the Western
Carpathians, including magmatic and metamorphic history, with insights into petrological,
geochemical and mineralogical processes, (B) the Alpine evolution of the Western Carpathians,
including (i) general insights into tectonic history, (ii) detailed accounts of sedimentological and
paleobiological history of environments and ecosystems during the Mesozoic and Cenozoic, and (iii)
new perspectives in biogeography of marine and freshwater organisms whose geographic ranges
intersect with the Carpathians, and (C) the history and genesis of volcanes in the Western Carpathians.
We expect that the conference will shed a new light on the genesis of granites and pegmatites in the
Western Carpathians, including youngest ones, the Miocene granites. Magma mixing phenomenon
seems to be increasingly more typical for the granite evolution and the study of kinematic deformation
also started. The main metamorphic events affecting the crystalline basement, source areas of protolith
and their relation to relevant tectonic regimes are discussed now in wider relationships. Modern
SHRIMP and monazite datings better constrain the evolution of the West-Carpathian crystalline
basement during pre-Alpine geodynamic events and this long-term research is now waiting for new
synthetic works. The history of pre-Alpine oceanic domains also provides many new clues for
geodynamic model reconstructions. The talks in the mineralogical session point to the role of REE
minerals and fluid activity from various localities, including comparison of some phenomena
described in the Erzgebirge and the Western Carpathians. The typological role of accessory minerals
in granite genesis is introduced in more complex way. The recent progress in research on tourmalines
with rare compositions based on combination of chemistry and crystallographical data is also
presented. A description of sulphosalts from the Rozália mine located in Neogene volcanic rocks is a
bridge to the session devoted to volcanism. Evolution of the Cenozoic volcanism in the Carpathian
realm, the characteristics of mantle and its metasomatism, and gravimetric research have broad
geological implications.
The talks focusing on the Alpine history revisit the tectonic history of the Pieniny Klippen Belt, assess
complex rotations of blocks forming the Outer and Inner Carpathians on the basis paleomagnetic
analyses, evaluate the crustal-scale contact between the Western Carpathians and the European
Platform, and point to the role of the Carpathian Shear Corridor in the tectonics of the Western
Carpathians. Multiple presentations on the Mesozoic and Cenozoic document new insights into
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climatic and oceanographic changes at the Triassic/Jurassic and Jurassic/Cretaceous boundaries, and
extinction trajectories and changes in biomineralization during the end-Triassic mass extinction event.
They also provide new ideas on the evolution of the Pieniny Klippen Belt during the Middle Jurassic,
on the sources of extensive carbonate production in the Lower Cretaceous, and on the history of
depositional environments in the Cenozoic. One of the major obstacles in ecological and
biogeographic analyses is the lack of quantitative data and the absence of rigorous treatment of biases
caused by spatial and temporal variations in sampling intensity. The contributions in the session
devoted to paleobiogeography assess such biases in the Jurassic, Eocene, Miocene and Pliocene, and
highlight new approaches that can be used in such analyses, focusing on benthic communities with
molluscs, bryozoans, decapods and ostracods.
The GEEWEC conference, marking the anniversary of the founding of the Geological Institute Slovak
Academy of Sciences in 1953, is thus devoted to the discussion of major geological problems of the
Western Carpathians and to the examination of other major geological questions that place this region
into a broader geodynamic, paleogeographic, and evolutionary context. The Geological Institute
Slovak Academy of Sciences is grateful to the contributors of this anniversary conference because
they present and advance many themes and topics that are important to various aspects of geological
evolution in this region. We expect that the presentation of talks and poster will stimulate interesting
debates and will be beneficial to all participants.
Editors: Igor Broska and Adam Tomašových
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Panel A: Variscan evolution of the Western Carpathians

Keynote talk

Plutonic belts in the Variscan orogen and their role in understanding the
architecture of the central European crust
Fritz Finger
University of Salzburg, Department of Materials Engineering and Physics, Hellbrunnerstrasse 34, A-5020
Salzburg; friedrich.finger@sbg.ac.at

During the Variscan orogeny large volumes of granitoid rocks formed. All were termed for a long time
simply as “Variscan granites” and not differentiated. However, refined geochronological and
geochemical research over the past twenty years has shown that these “Variscan granites” form
distinct plutonic belts and provinces, which were magmatically active at significantly different times.
Single granite-forming events are likely to be related to major tectonic/geodynamic stages in the
evolution of the Variscides.
Late Devonian to early Carboniferous calc-alkaline I-type granitoids (diorite-tonalite- granodiorite
series) are potential markers of early Variscan active margins (Finger et al. 1997, Broska et al. 2013).
Turnaisian S-type granites may mark regions of early Variscan terrane collisions and crustal stacking.
Chains of 330-340 Ma old, melagranitic, high-K, Durbachite plutons may be related to high local
mantle heat flow caused by slab break-off processes (Janousek and Holub 2007, Von Raumer et al.
2013). Regions of vast crustal melting and batholith formation in the time period 330-300 Ma could
reflect zones of mantle delamination underneath the Variscan orogen (Finger et al. 2009). A distinct
pulse of late Carboniferous I-type plutonism (290-310 Ma), seen mainly in the Penninic unit and the
Southern Alps, may indicate a zone of (back arc?) extension north of the Palaeothethys subduction
system (Stampfli 2001). Finally, I-, S-, and A-type granites intruded along Permian rift zones.
Considering the strong late- and post-Variscan tectonic reorganization of the central European crust,
the Variscan plutonic belts may serve as an important feature that can be used to infer the original
arrangements of Variscan basement fragments and to test plate tectonic models for the Variscides.
References:
Broska, I., Petrik, I., Be'eri-Shlevin, Y., Majka, J., Bezak, V. Devonian/Mississippian I-type granitoids
in the Western Carpathians: In Lithos, 2013, vol. 162, p. 27-36
Finger, F., Gerdes, A., Renè, M., Riegler G. The Saxo-Danubian Granite Belt: Magmatic response to
post-collisional delamination of mantle lithosphere below the south-western sector of the Bohemian
Massif (Variscan Orogen). In Geologica Carpathica, 2009, vol. 60, p. 205-212
Finger, F., Roberts, M.P., Haunschmid, B., Schermaier, A., Steyrer, H.P. Variscan granites of central
Europe: their typology, potential sources and tectonothermal relations. In Mineralogy and
Petrology, 1997, vol. 61, p. 67-96
Janoušek, V., Holub, F. The causal link between HP-HT metamorphism and ultrapotassic magmatism
in collisional orogens: Case study from the Moldanubian Zone of the Bohemian Massif. In
Proceedings of the Geological Association, 2007, vol. 18, p. 75-86
Von Raumer, J., Bussy, F., Schaltegger, U., Schulz, B., Stampfli, G.M. Pre-Mesozoic Alpine
basements - Their place in the European Paleozoic framework. In Geological Society of America
Bulletin, 2013, vol. 125, p. 89-108
Stampfli, G. The intra-Alpine terrain: A Paleotethyan remnant in the Alpine Variscides. In Eclogae
Geologicae Helvetiae, 2001, vol. 89, p. 13-42

10

GEEWEC 2013

Keynote talk

Accessory minerals and fluid-rock interaction in the crust and upper mantle:
dating and recording the geochemistry of metasomatism on a local and regional
scale
Daniel Harlov
Deutsches GeoForschungsZentrum GFZ, Telegrafenberg, D-14473 Potsdam; daniel.harlov@gfz-potsdam.de

The current role of REE- and actinide-bearing accessory minerals as both geochronological markers
and recorders of geochemical processes is reviewed in this review. The minerals covered include the
most common REE- and actinide-bearing accessory minerals found in high-grade rocks, i.e. monazite,
xenotime, apatite, huttonite, thorite, zircon, allanite, and titanite. The goal of this review is to describe
the most recent research developments regarding these minerals and their interaction with each other
as well as their role as geochronometers. These results are then applied to three cross-sections of
lower crust from Rogaland-Vest Agder, SW Norway, Val Strona, Ivrea-Verbano Zone, N Italy, and
Tamil Nadu, S India (granulite- and amphibolite-facies) with regard to seeing how REE-accessory
minerals relate to each other as a function of metamorphic grade. In either traverse the same
relationships are seen between monazite, fluorapatite, allanite, and titanite. Namely, in the
amphibolite-facies zone, the REE’s are hosted by titanite and allanite whereas in the clinopyroxene-in
transition zone between the amphibolite-facies and granulite-facies zones, monazite is the stable REEbearing phase in the region of the orthopyroxene-in isograd. In the granulite-facies zone the REE are
hosted by fluorapatite as opposed to monazite. These similarities suggest that mineral hosting of REE
follows certain general trends, which are a function of metamorphic grade, whole rock chemistry, and
intergranular fluid chemistry.

Keynote talk

Metamorphic evolution of crystalline basement of the Western Carpathians –
an overview
Marian Janák
Geological Institute, Slovak Academy of Sciences, 840 05 Bratislava, Slovak Republic; marian.janak@savba.sk

The pre-Alpine basement of the Western Carpathians represents the easternmost exposure of the
Variscan orogen in Europe, which marks the collision of Laurasia with Gondwanian-affiliated terranes
during the Palaeozoic. Variscan metamorphism is well documented in the crystalline complexes of the
Tatric unit where Alpine recrystallization was relatively weak. The Tatric crystalline unit of the shows
an inverted metamorphic sequence, well-preserved in the Western Tatra, where a high-grade unit
comprising migmatites with relicts of eclogite has been thrust over a lower-grade mica schist unit.
Eclogite facies relics in metabasites record P-T conditions of 2.5 GPa and 700 ºC obtained by
geothermobarometry on the eclogite facies mineral assemblage garnet + omphacite + quartz +
phengite, suggesting deep subduction of Variscan basement to depths of around 80 km. During
decompression, these rocks were re-equilibrated at the upper amphibolite to granulite facies P-T
conditions (750-800 ºC; 1-1.4 GPa). The timing of the high-pressure, eclogite facies metamorphism
before the onset of exhumation into the mid crust, was likely between c. 380 Ma and 360 Ma. Later (c.
360-350 Ma) recrystallization and partial melting was related to decompression and exhumation of the
lower-crustal assembly and intrusion of voluminous granidoids with the development of sillimanite
and cordierite. Present data suggest that Variscan orogenic cycle involved several metamorphic stages
- from high-pressure, subduction-related metamorphism to lower-pressure thermal events, connected
probably to heating from the upwelling asthenosphere after delamination or break-off of subducted
lithosphere. Low-pressure metamorphism was also locally related to intrusions of granitic magmas.
Extension, rifting and upwelling of the asthenosphere after the collapse of Variscan orogen in the
Permian to Triassic times caused low-pressure metamorphism in a thinned continental crust. Available
geochronological data on Variscan metamorphism and granitoid magmatism indicate that the Western
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Carpathian basement belonged to those peri-Gondwanan terranes which collided with the BalticaLaurasia megacontinent relatively early. Although there are basic similarities with internal parts of the
Variscan orogen in Central and Western Europe, large-scale tectonic correlations are uncertain.
During Mesozoic-Cenozoic times the Western Carpathians evolved as a complex subductioncollisional orogenic belt. They resulted from collision of European and Apulian continetal domains
located between two oceanic sutures - Meliatic in the south and Penninic in the north. Continental
collision after the closure of the Meliatic ocean caused substantial crustal thickening and
metamorphism in the Central Carpathian zones, mainly in the Veporic unit. During the Cretaceous,
both pre-Alpine basement and Permo-Mesozoic cover were affected by regional metamorphism. Our
present data on extent and intensity of Alpine metamorphism in the Veporic unit document
metamorphic zonation at P-T conditions of 500-620 ºC and 0.6-1.2 GPa in the Late Cretaceous time.
Age data from the monazite dating suggest that metamorphic peak of Alpine metamoprhism occured
between 100-90 Ma. Locally, intrusions of Alpine granite (Rochovce granite) caused contact
metamorphic overprint onto regionally metamorphosed rocks. Tectonometamorphic evolution of the
central Western Carpathians during the Cretaceous time can be correlated with the so called
”Eoalpine” events in the Alps, mainly in the Austroalpine units.
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Granites in the Western Carpathians from the Ordovician to the Permian,
a petrological view
Igor Petrík1, Igor Broska1, Pavel Uher2
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The earliest granitic rocks of the Western Carpathians, now invariably orthogneisses, formed during
the Cambrian – Ordovician, are represented by I-type diorites (500-450 Ma, Veporic u., Putiš et al.
2001, 2008) and S-type granites (470 Ma, Nízke Tatry Mts.), they have originated as part of north
Gondwana history. The first granitoids, which belong to the Variscan orogen, were I-type tonalites and
granodiorites with associated diorites (360-365 Ma, Tribeč, High Tatra Mts.), They were closely
followed by mainly S-type two mica granites and granodiorites (340-350 Ma, Malé Karpaty Mts.
Kohút et al. 2013). The latter were post-dated by another phase of diorite magmatism. A prominent
petrological feature of the earliest I-type magmatism is magma mixing between granitic and dioritic
magmas producing relatively basic tonalites with enclaves (Broska and Petrík 2011). A late oxidation
process related to water dissociation reworked the original more reducing magma to characteristic
present magnetite rich rocks. The diorites which post-dated S-type granodiorites have not influenced
their mineralogy thus could have preserved the original, reduced nature.
The I-type granite massifs of the Western Carpathians most probably originated in an arc-related
environment within the Galatian superterrane, an assemblage of Gondwana derived fragments. The
early I-type magmatism pre-dates collision of Gondwana fragments and indicates a northward
subduction of Paleotethys. Variscan I and S-type granites shows in fact intermediate character between
I- and S-type characteristic, in other words, amount of mixed mantle contribution determines the
granite typology; higher amount of mantle material resulted in I-type characterisric and vice versa.
The Variscan orogen was terminated by Permian A-type granites in the Veporic u. (260 Ma) and
specialised rare element S-type granites in the Gemeric unit. The Permian granites of A-type and
Gemeric specialised S-type granite magmas were strongly influenced by depolymerizing effect of F
responsible for their special mineralogy (annite-siderophyllite, rare elements (Nb-Ta-W-Mo) minerals.
Besides F and B, some Gemeric granites show also P and Li specialisation resulting in a variety of
aluminophosphates. In general source rocks (protoliths) are considered responsible for respective
properties of all main granite types with following postmagmatic evolution capable of significant
reworking of primary assemblages. The A-type granites are characterised as anorogenic granites
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originated in within-plate conditions and they show rift-related origin. The S-type granites from
Gemeric unit originated after the main collision of Variscan orogeny.
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Meso-Hercynian successive S- to I-type granitic magmatism. In Geologica Carpathica, 2013, vol.
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Geologica Carpathica, 2008, vol. 52, p. 49-60.
Putiš, M., Sergeev, S., Ondrejka, M., Larionov, A., Siman P., Spišiak, J., Uher, P., Paderin I.
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The oldest – Archean age of ca. 3400 Ma was found yet from an inherited zircon core of a granitic
orthogneiss in the Veporic basement (Putiš et al. 2008) of the Central Western Carpathians (CWC).
Ca. 3200 Ma was detected from a clastogene zircon of low-T metasediments in the Gemeric basement
(Vozárová et al. 2012). The Neoproterozoic ages were determined from zircon cores of granitic
orthogneisses in the Tatric and Veporic basement and the Variscan S-type granitic rocks of the CWC
as well. Zircons of some ortho- and paragneisses, including metabasite (eclogitic) lenses, show 90% of
Neoproterozoic ages (mainly 550-750 Ma), the latter being a good evidence for a Cadomian basement.
The West-Carpathian crystalline basement complexes record well the Early Paleozoic extension and
shortening events (Putiš et al. 2009). Igneous precursors of a layered amphibolite complex –
fractionated upper mantle gabbros to diorites were dated at 503-492 Ma, or 480-450 Ma from the
Veporic and Tatric basement respectively. They are contemporaneous with granitic A-type (511±6
Ma), I-type (507±4 Ma) and S-type (497-450 Ma) precursors of orthogneisses from the Veporic and
Tatric basement (Putiš et al. l.c.), and calcalkaline rhyolitic and dacitic (494-464 Ma) metavolcanics of
the Gemeric basement (Vozárová et al. 2010), indicating a magmatic-volcanic arc setting. These ages
point to Cambrian to Ordovician extension in the northern Gondwana margin and separation of
Avalonian, and later Galatian terranes continental ribbons. They correspond with the opening of a
Prototethyan Basin (von Raumer and Stampfli 2008). The closure of the Prototethyan Basin was
recorded in layered amphibolites and orthogneisses at 430-390 Ma, dating a metamorphic event.
An N-MORB type metagabbrodolerite from the Pernek Group ophiolites in the Tatric basement was
dated at 371±4 Ma. Similarly, ca. 385 Ma old porphyritic metabasite of the Zlatník ophiolite complex,

GEEWEC 2013

13

and a 350±5 Ma old metabasite from the Rakovec Group in the Gemeric basement could constrain the
opening of a Paleotethyan Basin dividing the northward drifting western Galatian terrane microplate
from the Gondwana margin. These ages are consistent with an extensional melting event (390-350
Ma) in the lower to middle crustal complexes. The medium- (the Pernek Group) to higher-pressure
(the Rakovec Group) tectonic fragments indicate the closure of the Paleotethyan Basin in the
Carboniferous. The Paleotethyan complexes accreted to the Galatian terrane microplate, the latter
represented here by the Tatric and Veporic basement complexes.
Acknowledgement: Support from Slovak Research and Development Agency (No. APVV 0081-10;
APVV APVV-0546-11), and VEGA Agency (No. 1/0255/11) is greatly acknowledged.
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New occurrences of magnesio-foitite in Western Carpathians – the relationship of
the genetic environment and chemical composition
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Magnesio-foitite, □(Mg2Al)Al6(Si6O18)(BO3)3(OH)3(OH), is the tourmaline-supergroup mineral, which
is considered to be relatively rare and occurs in specific genetic environments. No occurrences were
known in the Western Carpathians for a long time until tourmalines with magnesio-foititic core in
probably Alpine-type vein near Limbach, Malé Karpaty were found. Average chemical composition of
the core is (Na0.40Ca0.04□0.56) (Mg1.25Fe2+0.85Al0.66Ti0.02) (Al5.99V0.01) Si6.04O18.00 (BO3)3.00 (OH)3.00
(O0.50OH0.50). The magnesio-foititic core was developed only in the minor part of tourmaline crystal.
The rim of crystals has dravitic composition. Similar magnesio-foititic core with (Na0.43Ca0.13□0.44)
(Mg2.22Al0.77Fe2+0.01) (Al5.66V0.29Cr0.05) Si6.01O18.00 (BO3)3.00 (OH)3.00 (OH0.51O0.49) composition was found
in V-enriched tourmaline from Variscan-metamorphosed metacherts near Chvojnica, Strážovské vrchy
Mts.. Similarly to tourmaline from Limbach, the rim zones have a dravitic composition. Than in a
short time two localities were found in very similar genetic environment – altered Neogene magmatic
to volcanic rocks. On the Detva-Biely vrch deposit magnesio-foitite represents the oldest generation of
tourmaline, which subsequently changes composition to schorl/oxy-schorl and even feruvite. The
average
composition
of
the
magnesio-foitite
corresponds
to
(Ca0.32Na0.18□0.50)
(Mg1.12Al1.14Fe2+0.73Ti0.01) (Al5.94V0.05Cr0.01) (Si5.60Al0.40)O18.00(BO3)3.00 (OH)3.00 (O0.64OH0.27Cl0.09).
Interestingly, it has the highest content of Cl measured in natural tourmaline ever. Similar tourmaline
occurs in Al-metasomatites in Kapka near Remetské Hámre, Vihorlat. However, there are some
differences to Detva – Biely Vrch deposit in chemical composition since the average composition of
magnesio-foitite from Kapka is (Na0.31Ca0.04□0.50) (Mg1.54Al1.33Fe2+0.13) Al6.00 (Si5.59Al0.01)O18.00(BO3)3.00
(OH)3.00 (O0.69OH0.35). All of mentioned magnesio-foitites forms zones in size of a few micrometers up
to tens of micrometers. However, magnesio-foitite zones in radial tourmaline aggregates from
Tisovec, Slovak Ore Mts. attain hundreds of micrometers in size. Greyish-green long-prismatic
tourmaline crystals occur in fissures of quartz vein, which can be ascribed to Alpine-type veins most
likely. The core has a dravitic composition, the rim verges to foitite. Magnesio-foitite forms the
intermediate
zone
and
has
(Na0.38Ca0.13□0.49)
(Mg1.23Fe2+0.88Al0.84Ti0.05)
(Al5.94V0.05)
(Si5.59Al0.01)O18.00(BO3)3.00 (OH)3.00 (O0.69OH0.35) composition.
Distinct occurrences of magnesio-foitite from the Western Carpathians suggest that it can form in
different genetic environments. Two of occurrences are located in Alpine-type veins; other two are in
altered rocks connected with Neogene volcanism. Magnesio-foitite from Chvojnica is likely the result
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of a relatively HP-LT(MT) metamorphic event. However, there is no clear connection between the
proportion of the X-site vacancy and supposed temperature as in the case of schorl-foitite s.s.. The
zoning of crystals is variable as documented on tourmalines from Alpine-type veins with inverted
zoning to each other. The presence of magnesio-foitite could be connected with specific geochemical
properties of the host rock. The enrichment in Al (but also V and Cr content in studied magnesiofoitite samples is noteworthy) results in the increase of charge-required X-site vacancy, lower content
of Fe compared to Mg causes crystallization of magnesio-foitite in spite of more common foitite.
Acknowledgement: This work was supported by grants APVV-0537-10, APVV-0081-10, VEGA1/0255/11.

Transportation of the Western Carpathian Hercynian crystalline complexes
during Alpine orogeny
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In the present structure of the Western Carpathians the Hercynian crystalline complexes crop out in
isolated mountain ranges (horsts) separated by Neogene grabens. These complexes have been formed
and integrated to the European Hercynian orogenic belt during the Paleozoic evolution.The Hercynian
tectonic units in the Western Carpathians are middle crustal nappes composed of complexes of
metamorphosed rocks differing in the grade of metamorphism and lithology intruded by granitoids.
Later the Hercynian units were incorporated and structurally reworked in new Alpine units. They were
gradually transported from the place of their origin along huge strike-slip zones towards northeast. The
displacement began already in the Late Paleozoic and continued during the Mesozoic. The final
emplacement of the massifs to the present position within Neoalpine arc occurred during Neogene.
Disintegration of Hercynian-formed continental crust started from Late Paleozoic rift genesis and
continued during the Mesozoic until of oceanic basins and microntinents were formed. Throughout the
Mesozoic and Tertiary we assume the existence of three oceanic basins with different development. In
connection with their closing the fundamental Alpine tectonic units of the Western Carpathians
formed in various time and space. These units gradually came into present-day space with latest
Neoalpine stages of development of the Western Carpathians.
The traces of original Hercynian structure were identified in contemporary Alpine structure of the
Western Carpathians. By analogy it is possible to compare primary position of the Western Carpathian
Hercynian complexes within the European Hercynian belt with tectonic structure, lithology and
metamorphic evolution of crystalline massifs in the southern branch of the European Hercynides. The
closest crystalline basment in this sense are the Massif Central and the External Massifs of the
Western Alps.

Accessory minerals and granite typology in the Western Carpathians
Igor Broska1, Igor Petrík1, Pavel Uher2
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Associations of accessory minerals in Variscan granitic rocks of the Western Carpathians can be used
for the determination of granite evolution. In general 5 genetic groups can be recognised: (1) relic, (2)
orthomagmatic, (3) late-magmatic, (4) hydrothermal, (5) metamorphic. The most important is an
assemblage of orthomagmatic and late-magmatic accessory minerals originated in similar conditions
which can be directly used for revealing of granite origin. Inter-relating crystallo-chemical properties
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of such accessory minerals, their parageneses, zircon morphology, along with whole rock chemistry
allow for the discrimination of granitic rocks in the Western Carpathians into S-, specialised S, I- and
A-type granitoid suites. The assemblages of I- and S-type granitoids are not just products of
contrasting crustal protoliths (an igneous and sedimentary source are required for I-type and S-type
respectively), but important is a variable mantle input presumed for I-type granitoids. The following
principal parageneses of magmatic accessory minerals used to granite typology have been recognised:
I-type granite: zircon of high S subtypes, apatite, allanite, magnetite, titanite, ± amphibole, pyrite
S-type granite: zircon with low L and S subtypes, monazite, xenotime, ± garnet, ± sillimanite
S specialised - type: zircon with prevalence S8 subtypes, tourmaline, monazite, xenotime, garnet. Also
in evolved granites Nb-Ta-W-Sn oxides, ± topaz ± fluorite, ± aluminophosphates
A-type: zircon P1 (subsolvus) and D subtype (hypersolvus), monazite, xenotime, garnet ± allanite, ±
Ti, Nb, Ta, W oxides can be recognised.
Apatite is abundant in early magmatic granite differentiates with I-type affinity where locally it may
reach high concentrations. Monazite-(Ce) is typical of S-type granites but it is found also in latemagmatic I-type differentiates, whereas xenotime is rare or absent. Primary xenotime is more typical
of S-type granites but is common mostly as a secondary phase formed from apatite and zircon. LREE
distribution in the silicic melt is controlled mainly by distribution of REE minerals such as allanite,
titanite, monazite and apatite. The presence or absence of accessory monazite, allanite and apatite
depends on P, LREE and Ca concentrations, and is controlled by the process of magmatic
differentiation. In this sense, of importance is alkalinity and the oxidation-reduction stage of the silicic
melt indicated by Fe-Ti oxides, especially by magnetite and ilmenite (e.g. higher fO2 and Ca activity
leads to the crystallization of apatite and allanite, in contrast, monazite indicates lower fO2 and Ca
activity). The Permian S-type granites rich in volatiles may contain primary tourmaline, topaz or
fluorite. In this special type of mineralization, the most evolved part of granite bodies crystallise
cassiterite, wolframite, Nb-Ta oxides, and especially in altered parts, P-rich melt crystallises
aluminophosphates. These granites have been named specialised S-type granites.

Margarite and pumpellyite from metapelites of the Strážovské Vrchy Mts.:
indicators of prograde and retrograde metamorphism
Štefan Čík
Geological institute, Slovak Academy of Sciences; geolcist@savba.sk

Metamorphic rocks form an important part of crystalline cores of the Strážovské vrchy Mts. Both
cores (Suchý and Malá Magura) are strongly migmatized and granitoids commonly inject the
surrounding metamorphic rocks and migmatites (Kahan, 1979 Vilinovičová, 1990 Čík and Petrik,
2012). The studied samples were taken from the Poruba valley (Malá Magura core) where granitoid
veins intensely inject metapelites, and transitions can be seen locally from gneiss through metatexites,
diatexites and hybrid granites to leucogranites. Such transitions from the metamorphic rocks to
granitoids are characteristic for the Strážovské vrchy Mts. (Kahan, 1979).
Metamorphic rocks of the Malá Magura core due to the presence of suitable mineral assemblages
allow calculations of P - T conditions and estimates of metamorphic trends. Recently, pumpellyite(Al), was identified and analyzed by microprobe in migmatite, and fragile Ca-mica, and similarly,
margarite was identified in biotite gneiss. Thanks to these minerals it was possible to calculate
conditions of retrograde metamorphism. Calculations using the database Holland and Powell (1998
Thermocalc, v. 3.31, the mode „average PT”) yielded following peak conditions of metamorphism: T
= 668-782 °C, P = 550-740 MPa (the assemblage: biotite, garnet, muscovite, plagioclase, sillimanite,
quartz). This estimate of prograde metamorphism was confirmed by pseudosections obtained by
PERPLEX, which gave the T range of ca. 670-765 ºC and P ca. 600-820 MPa. The conditions of
retrograde metamorphism indicated by the presence of pumpellyite and margarite were determined by
Thermocalc, v. 2.31, (mode “calculations on all reactions between end-members"). Intersections of
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univariant reaction curves in P-T diagrams indicate that the retrograde metamorphism (sample MMC –
10, the association pumpellyite, muscovite, biotite, plagioklase) occurred at T ca. 270 º C and P of ca.
200 MPa, and in the sample MM - 1 (association margarite, sillimanite, biotite, plagioklase, garnet) at
ca. 480 º C and a P ca. 460 MPa. Whereas, the P-T conditions of metamorphism in gneisses (the
margarite-bearing assemblage) are interpreted as being due to continuing Variscan retrogression, the
much lower P-T conditions obtained from migmatite (the pumpellyite-bearing assemblage) suggest a
subsequent, low temperature Alpine overprint. Such overprint is confirmed by common Alpine ages
obtained from Tatric basement by 39Ar/40Ar and zircon FT methods (Malá Fatra,).
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Magma mixing and prolonged pluton assembly – a case of the Tatra granitoids,
Central Western Carpathians
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Formation of granitoid intrusions is considered as a result of incremental assembly of felsic and mafic
magmas, in different periods of time. Such a continuous intrusions could be developed in the regionalscale, long-living shear zones, being paths for magma migration. As a consequence, the thermalmechanical instabilities in magma during flow and shearing could led to formation of magmatic
layering (Vernon & Paterson 2008 and references therein). The Tatra granite is an example of such a
case (Gawęda & Szopa 2011), anyway the questions about reasons of magma instabilities and the age
relations of the separate layers is still open.
Geochemical and isotopic data point out the presence of two separate magma pulses (X and Y) in the
Tatra granite. Less common pulse X is characterized by lower I345Sr values (0.705-0.706) and higher
ε345Nd (+0.90 – -2.28), TDM = 0.98-1.2, Rb/Sr = 0.13-0.64 and high K-calc-alkaline to shoshonitic
characteristic, while more common pulse Y show slightly higher I345Sr values (0.7062-0.7072), lower
ε345Nd (-1.9 – -3.63),TDM = 1.2-1.4, Rb/Sr = 0.05-0.35 and calc-alkaline- to high K – calc-alkaline
characteristics. Pb isotopic composition of granites from both pulses is typical of lower crust. In pulse
X plagioclase composition An18-35 is typical with de-anothitization of plagioclase reactions observed
(Broska & Petrik 2011), while in pulse Y An30-50 composition is more common.
In both pulses a presence of so called “textural assemblage” typical of magma mixing were found:
quartz-titanite ocella, calcic spikes in plagioclases, K-feldspar porphyrocrysts with inclusion zones,
underlying both normal, reversed, and irregular chemical zonation, proved by CL imaging, poikilitic
feldspars, blade-shape “hydrogenic” biotite, all in the contact zones of mafic microgranular enclaves
of different size and shape and host granite. Cumulates developed as a consequence of layering, at the
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bottom of layers: ilmenite-magnetite-monazite-zircon cumulates in case of X pulse and apatitefeldspar-rich cumulates in case of Y pulse.
That was proved by a geochemical modeling, supporting the presence of two mixing stages: for pulse
X composed of 61% of the felsic component and for pulse Y composed of 74% of the felsic
component. Such a quantification is in accord with the isotopic data.
LA-ICP-MS U-Pb zircon dating and U-Th-Pb chemical monazite dating showed, that the pulse X is
restricted to the age around 350 Ma, while pulse Y cover the large time-span from 370 Ma to 337 Ma.
We suggest, that both magma pulses developed independently, but they intrude in the same time as
discrete magma pulses in the regional-scale shear zone. The continuous shearing, magma
mixing/mingling and magmatic erosion of former layers enabled the instability inside the following
magmatic sheets and led to the formation of magmatic layering and other sedimentary-like structures.
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The youngest post-tectonic calcite-chlorite-quartz mineralization in the extentionrelated tectonic zones in the High Tatra Mountains, S-Poland
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The Tatra Mts. belong to the Central Western Carpathians. The crystalline core comprises granitoid
rocks and their metamorphic envelope, considered to be the products of Variscan orogeny. Granitoid
rocks were frequently deformed during Alpine orogenic phase and during Neogene uplift of the Tatra
massif. Effects of this evolution are numerous shear zones of complex origin. Now the Tatra Mts
Block is bordered and cut by the active tectonic zones, being a migration paths for the juvenile fluids.
Calcite-chlorite-quartz mineralization, located in the extensionally opened tectonic zones is connected
to the youngest stage of their tectonic evolution. The mineralization could be found within steep
dislocations, comprising mylonites and cataclasites (Jurewicz and Bagiński 2005). This mineralization
is popular in the High Tatra Mountains, filling the space between the quartz vugs and forming the
lens-shaped druses of pull-apart origin. Till now their age and origin remained unknown.
Microprobe analyses, coupled with cold cathodoluminescence imaging, document the presence of two
calcite generations. Orange luminescing calcite (Cc1), with typical deformation-related twinnings
(Burkhard, 1993) show the composition of Ca98.5Fe0.3Mn0.5Zn0.1)CO3 – (Ca98.9Fe0.1Mn0.5Zn0.2)CO3.
These co-exist with (Mg-Fe)-chlorites, showing #fm ratio in the range of 0.48-0.52, classified as
penninite, with Fe+3/Fetot = 0.19, while their calculated temperatures are in the range of 143-199oC.
Pale-yellow luminescing calcite (Cc2), with no deformation-related structures, show higher Fe, Mn
and Mg content (Ca94.7Mg1.3Mn1.2Fe1.7Ba0.1)CO3 – (Ca97.1Mg0.6Mn0.9Fe1.4Sr0.2)CO3. Co-existing chlorite
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chemistry is characterized by #fm ratio in the narrow range 0.41-0.43 and similar calculated
temperatures 123-189oC.
Oxygen and carbon isotopic composition of calcite samples point out the juvenile character of the
parent fluid, although of biogenic CO2 cannot be excluded (δ13CVPDB = -5.9 – -8.4 ‰; δ18OVPDB = -11.7
– -18.3 ‰). In the chondrite-normalized REE diagram calcite samples point out the positive Eu
anomaly (Eu/Eu* = 1.98-2.08) and weak REE fractionation (CeN/YbN = 5.96-6.40).
The U-Th isotopic dating of the analysed calcite samples revealed 340 Ka for the homogeneous Cc1
sample, while inhomogeneous sample, with two types of calcite revealed by CL, show the age
> 350 Ka.
Possibly, the calcite-chlorite-quartz mineralization in the extensional tectonic zones mark the
successive fluid flow during unroofing and fissures opening. This data could also document the
youngest episode of the Tatra massif tectonic uplift and crystallization from the juvenile fluid.
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Age and origin of apatite-rich pegmatite from Baraniec Mt. (Tatra Mts.,
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Apatite-rich pegmatites are rarely found in the Tatra Mountains and are considered as a special type,
differing from the typical muscovite-type pegmatites (Gawęda 1993). On the southern slope of the
Baraniec Mount (the Tatra Mountains), the apatite-rich pegmatite, 1 m in thick, was found in the
subvertical shear zone, as a segregation inside the eclogite boudin (Moussallam et al. 2012).
Internal (felsic) zone of pegmatite is composed of antiperthitic andesine plagioclases (An30Ab70 –
An34Ab65), showing typical greenish CL colours, and quartz, with accessory REE-epidote. Plagioclase
crystals show typical mechanical twinning (ladder structures). Crystallization of secondary zoisite is
associated with oligoclase (An18-11) and quartz formation at the expense of primary andesine. Whole
rock chemistry of the pegmatite internal zone is governed by plagioclase, with typical positive Eu
anomaly (Eu/Eu* = 5.45) and weak REE fractionation (CeN/YbN = 4.18).
External zone is built of biotite, apatite, plagioclase (An22Ab75Or2-An27Ab70Or3), quartz, allanite –
REE-epidote as main minerals and accessory K-feldspar, muscovite, Mn-ilmenite. Biotite is
characterized by #fm = 0.47-0.50 and Ti [a.p.f.u.] = 0.29-0.35. Biotite chloritization is restricted, and
associated to the formation of secondary titanite and epidote.
The computed temperature of antiperthite exsolution point out the range of 454-470oC, while the
equilibrium ternary feldspar temperature in the external zone is in the range of 472-554oC. The
wedge-shaped intracrystalline fractures in plagioclases are filled by the strongly recrystallized quartz.
Pale-green (Ca,F)apatite crystals, up to 2 cm in length, are rich in REE (total REE content = 20094940 ppm). Y content range from 750 ppm to 1468 ppm, while Sr range from 261 to 638 ppm. High
Mn content (1220-2496 ppm) cause the typical yellow CL colour. The chondrite-normalized REE
diagram point out the LREE depletion (LaN/SmN = 0.33-0.60), as they are hosted by allanite, negative
Eu anomaly (Eu/Eu* = 0.24-0.29) and strong HREE fractionation (GdN/LuN = 11.59-12.98). LA-ICPMS U-Pb method (Chew et al. 2011), applied to obtain the isotopic age of the apatite points out the
328 Ma age.
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As the closure temperature of U-Pb system in apatite at 560oC and the computed ternary feldspar
temperatures (472-554oC), the obtained age could be interpreted as the main crystallization from the
fluid. The textures observed in feldspars, like mechanical twinnings and ductile deformations of biotite
flakes point out the pegmatite intrusion was syntectonic. The pegmatite melt was possibly generated
by partial melting of eclogite source rocks during uplift and formation of the thrust slices, hosting also
eclogite fragments of the deep crust.
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Four oceans in the geological history of the Western Carpathian orogeny: a clue
to the evolutionary geodynamic model construction
Peter Ivan
Comenius University, Department of Geochemistry, Mlynská dolina G, 842 15 Bratislava, Slovak Republic;
ivan@fns.uniba.sk

Western Carpathians as an integral part of Alpine-Himalayan mountain belt belong to the such
orogenic belts, which were produced by several repeating Wilson cycles - they geological stucture has
been formed in at least three overprinted orogenic events: (1) Caledonian (s.l.), (2) Varican and (3)
Alpine orogeny. Every cycle was related with opening and closure one ocean basin, so minimally
three oceanic sutures could be traceable in this realm. Evidence for existence of four oceans in the
geological history of the Western Carpathians has been found so far. Oldest relics of oceanic rocks
probably the Cambrian-Ordovician in age have been identified as enclaves eclogitized and then
retrogressed basalts, gabbros and ultramafic rocks several meters in diameter embedded mostly in
migmatized rocks of the leptynite-amphibolite complex (LAC) in the Tatric, Veporic and also
Gemeric Superunits. They display primitive arc and N-MORB, locally also OIB, geochemical
signature and can be interpreted as dismembered ophiolite suite metamorphosed during deep
subduction of the oceanic slab. They are related to Caledonian (s.l.) orogenic event and do not form
defined suture zone but could have been transferred to upper plate and extruded together with arc
lower crust (i.e. LAC) during Variscan orogeny. Oceanic crust relics related to Variscan event are
represented by ophiolite nappes and mélanges Upper Devonian in age (ca. 370-385 Ma), which are
located on NW margin of the Tatric Megaunit (Pernek Gr.) and on the N margin of the Gemeric Unit
(Zlatník and Ochtiná Gr.). Ophiolites comprising metabasalts, metadolerites, metagabbros,
metamorphosed abyssal sediments, and rarely also metaultramafic rocks, are incomplete,
dismembered, and mostly altered by several metamorphic events. Their geochemical characteristics
are transitional among N-MORB, E-MORB and BABB types and indicate similarity to P(plume)-type
ophiolites frequently related to initial stage of the oceanic basin opening. Variscan ophiolite relics
originally formed a single suture zone created by closure of an oceanic basin termed as the Pernek
Ocean. They present-day position is a result of Alpine tectonic reactivation. The suture is interpreted
as a fossil boundary between two lithosperic paleoplates with different Variscan magmatic and
tectono-thermal evolution due to Upper Devonian–Lower Carboniferous subduction of the Pernek
Ocean bellow northern (in present-day coordinates) of them. Space shortening, magmatic arc
formation, intensive metamorphic alteration in the upper crust related to ca. 365-350 Ma old granitoid
plutonism, and uplift as well are consequences of this subduction. Relics of the Upper Triassic–Upper
Jurassic Meliata Ocean are preserved only in the form of the Jurassic sedimentary or salinary mélange
containing blocks of deep-sea silicic sediments, basalts, dolerites, gabbros and serpentinized
ultramafic rocks. The mélange is a component of several tectonic units differing in metamorphic
evolution located in the Meliatic Superunit. Some of them (formations in the Bôrka Nappe)
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experienced also HP/LT metamorphism indicating subduction in Upper Jurassic time (ca. 150-160
Ma). Geochemical signature of basalts varies among tectonic units and is represented by a wide scale
of types from CAB and IAT trough BABB up to N- and E-MORB reflecting probably the evolution of
the Meliata Ocean from incipient back-arc to mature ocean basin in time. Ophiolite relics (basalts,
dolerites, ultramafic rocks) in the Szarvaskő complex with N- to E-MORB affinity forming ophiolite
nappe and mélange as well are Jurassic in age and could be represent products of other individual
oceanic basin. Original position of the Meliata and Szarvaskő suture zone is not known, all these
oceanic relics were transported in to their present-day positions as components of ALCAPA plate in
the Miocene and probably represent westernmost continuation of the Dinaride-Hellenide ophiolites.
Existence of the youngest Upper Jurassic-Miocene, so called the Vahic Ocean, is supported by indirect
evidence only and identity of the preserved oceanic crust relics is still matter of debate.
Acknowledgements: This work was supported by the VEGA agency grant No. 1/0555/13.

Variscan ophiolite nappe on the NW edge of the Tatric Superunit: implications
for geodynamic evolution and geological structure of the Western Carpathians
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Palaeozoic crystalline complexes on the NW edge of the Tatric Superunit form central parts of the four
so called core mountains: Malé Karpaty Mts., Považský Inovec Mts., Strážovské vrchy Mts. and Žiar
Mts. They display specific differences in comparison to those in the other parts of the Tatric Superunit
and are also termed as the Infratatric Unit. In the crystalline complex of Malé Karpaty Mts. two
individual lithostratigraphic units have been discerned: (1) the Pezinok and (2) the Pernek Groups. The
Pezinok Group, Devonian in age, is mostly composed of MSR (Metamorphosed Sedimentary Rocks;
phyllites to gneisses) intercalated by rare small bodies of metamorphosed carbonates and alkaline or
tholeiitic basalts with OIB/CT geochemical signature. Protolith of MSR (turbidites of clastic
sediments; lithic arenites and black shales) of island arc provenance were derived from
intermediate/acidic magmatic source area and deposited in rift-related basin located inboard of the
ensialic arc. The Pernek Group includes a complex of metamorphosed basic igneous rocks originally
represented mostly by basaltic lava flows and, in lesser amounts, also by isotropic gabbros, both
penetrated by doleritic or gabbroic veins. Due to multistage metamorphic alteration they were
transformed to greenstones or amphibolites. In its uppermost part the complex is built up by alternated
layers of black shales, metacherts and actinolitic schists layered on basaltic flows. Their protolith
deposited in the ocean floor sedimentary environment consisted of pelagic shales, silicites,
halmyrolyzed hyaloclastites and disintegrated altered basalts (all types ± organic matter).
Sedimentation was accompanied by basaltic volcanism and hydrothermal activity forming the
stratiform Cyprus-type ore mineralization in sediments. Distribution of trace elements relatively
immobile in metamorphic processes and Nd isotope ratios indicate that composition of metabasalts
originally varied between N-MORB and E-MORB types. Oceanic rift setting and generation by partial
melting of depleted to mildly enriched mantle source are typical for such rocks. Fractionation of
olivine, clinopyroxene and/or plagioklase participated on the formation of some basalts and gabbroic
rocks. The Pernek Group was preliminarily dated as ca. 370 My old and it can be interpreted as an
incomplete dismembered Variscan ophiolite sequence, which originated as upper part of an ancient
oceanic crust. Because the Pezinok and Pernek Groups, both Devonian in age, were formed in quite
different tectonic settings (rift-related basin adjacent to continent vs. abyssal oceanic basin) and
subsequently intruded by ca. 350 My granitoid plutons, they might have been in tectonic position
already in pre-Visean time. This is the evidence for the existence of plate convergence, space
shortening and nappe stacking directly related to Variscan orogeny. Vestiges of the original Variscan
ophiolite nappe in the form of reduced occurrences of the Pernek Group have been identified in the
Malé Karpaty Mts., in southern part of the Považský Inovec Mts., and in the Strážovské vrchy Mts.
Ophiolitic Pernek Group together with its analogues in the northern part of Gemeric Superunit, the
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Zlatník and Ochtiná Groups, represent in current geological structure of the Western Carpathians the
relics of a Variscan ophiolite suture reactivated in the Alpine era. This suture might be a record of the
last evolutionary stage of the Upper Devonian/Lower Carboniferous oceanic basin, termed as the
Pernek Ocean. It could be interpreted as a fossil boundary separating two lithospheric paleoplates with
different Variscan tectono-thermal evolutionary history where the southern plate (in present-day
coordinates) was spared the extensive arc-related plutonic activities and metamorphic reworking.
Current position of the Variscan ophiolite suture in the Tatric and Gemeric Superunits is an indication
that Alpine geological structure of the Western Carpathians could be very close to that of the Eastern
Alps and that rock complexes on the NW or N edges of the Tatric and Gemeric Superunits
respectively could be an equivalent of the Upper Austroalpine Superunit.
Acknowledgements: This work was supported by the Slovak Research and Development Agency under
the contracts No. APVV-0080-11, the VEGA agency grants No. 1/0555/13.
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The leptyno-amphibolite complex (LAC) is one of the principal lithostratigraphic units in the Early
Paleozoic of the Western Carpathians (Hovorka et al., 1997). LAC supposed to be lower crustal in
origin is relatively common lithology in the western European Variscides and in the Alps as well. A
belt of LAC building up the northernmost part of the Veporic Superunit has been studied. Multistage
metamorphic evolution, variably combined with partial melting and migmatitization, resulted in strong
heterogeneity in LACs lithology. LAC in the north of the Veporic Superunit, besides various
anatexites, contains also multi-stage metamorphosed igneous rocks (post-eclogite amphibolites,
banded plagioclase amphibolites, gabbros/metagabbros, leptynites close to tonalites/trondhjemites in
composition, several types of non-conform granitic mobilizates and mostly intermedial rocks of mixed
origin; Ivan and Méres 2007). The maximum pressure and temperature conditions of around 2.5 GPa
and 700 ºC, implying initial subduction to depths of around 80 km, have been constrained by
geothermobarometry on the eclogite facies mineral assemblage (garnet + omphacite + quartz +
phengite) of post-eclogite amphibolite (Janák et al., 2007). The post-eclogite amphibolites based on
their petrographic and geochemical characteristics belong to two different geochemical types. OIB
signature (alkaline and tholeiitic) is characteristic for the first type. Due to strong fractionation of
parental magmas the composition of rocks varies from basaltic to picritic. Post-eclogite amphibolites
typically display basaltic character. Metaultramafic rocks, comprising together with prevailing
amphibole also some spinel, orthopyroxene and olivine, represent the picritic end-member.
Composition of metaultramafic rocks is matching with olivine-rich cumulates of OIB magma. The
enrichment in HFSE (Nb=11.7-27.6 ppm, Nb/Y=0.50-1.15) and selective LREE/HREE enrichment
(sloped REE patterns - LaN=43.46-103.37, LaN/YbN=3.30-9.26) are typical for all rocks of OIB
geochemical type. Geochemical signature close to IAT (rarely also to N-MORB) shows the second
type of post-eclogite amphibolites. This type seems to be common in the whole extent of the Veporic
LAC. Its starting rocks, basalts or rarely also cumulate gabbros, were generated from the fractionated
magmas characterized by deficit of Nb and Ta (Nb=0.8-1.2 ppm, Nb/Y=0.03-0.12) and flat REE
patterns with LREE depletion (LaN=4.21-23.63, LaN/YbN=0.52-0.94). Evolutionary history of the
metamorphosed igneous rocks from the LAC of the Veporic Superunit seems to be extremely
complex. A part of these rocks, including post-eclogite amphibolites, has mostly preserved its original
geochemical features and rarely also relics of magmatic minerals. Others were transformed during the
metamorphic and melting events to the rocks of the mixed (metamorphic/migmatitic) origin. Most of
metaigneous rocks included in LAC were probably generated in suprasubduction setting as a part of
the arc lower crust. Post-eclogite amphibolites forming enclaves in LAC could be interpreted as relics
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of the oceanic slab formerly subducted together with seamounts and accreted to arc basement during
further geological evolution.
Acknowledgements: This work was supported by the Slovak Research and Development Agency under
the contracts No. APVV-0080-11, the VEGA agency grants No. 1/0555/13.
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Kinematics and deformational regime of the selected shear zones in the Western
Tatra Mts. crystalline rocks
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The orientations of the structural features (kinematic indicators), such as: S and C foliation planes, C'
shear bands, fault planes with striae, were analyzed in the selected structural domains of the Western
Tatra Mts. crystalline core. These domains are characterized by occurrences of the wide zones of the
fault rocks: cataclastic breccias, cataclasites and S-C cataclasites as well as mylonites and phyllonites.
The kinematics analysis of the ductile structural features (S and C planes, C' shear bands, mica fish
and rotating porphyroclasts) shows tectonic transport top-to-the NNW – NNE in the area of the
Litworowy Couloir – the eastern slopes of the Długi Upłaz Ridge. Such tectonic transport was
interpreted also on the Zabraty Ridge and the Rakoń Mt. In the Wołowiec Mt. massif the S and C
planes orientation records top-to-the WNW – NNW sense of shear. On the Trzydniowiański Mt. and
the Czubik Mt. tectonic transport vector is variable; most of the structures (S and C planes, rotating
porphyroclasts) document top-to-the SW direction. The Ornak Ridge is characterized by dominating
sense of shear top-to-the WNW – NNW, whilst the Siwe Turnie Ridge top-to-the S – SSW.
Northwards directions of the tectonic transport were recorded on the Kopa Kondracka Mt.
The brittle structures (faults with striae) record tectonic transport top-to-the SE, S, and SW in all of the
investigated domains.
The orientation of the paleostress tensor (σ1>σ2>σ3) was determined using TectonicsFP software,
basing on the orientations of the fault with striae. In all of the studied locations two complexes of the
thrust faults were investigated: the first one, with generally southwards tectonic transport, and the
second one with generally northwards tectonic transport. For the first, dominating, complex calculated
σ1 axes are oriented mainly S, SE – N, NW and slightly plunge to SE. For the second complex, the σ1
axes are oriented WNW, NW, and NNW – ESE, SE, and SSE and slightly plunge to NW.
Obtained results are consistent with data from the other areas of the Central Western Carpathians (i.e.
Nemčok et al., 1989; Jurewicz, 2000; Cymerman, 2011). The stress tensor orientation in the brittle
deformed rocks is typical for the European Alpides, whilst the northwards tectonic transport recorded
by ductile structures can be interpreted as an effect of the Variscan orogenesis.
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Tatra Mts.
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Sequences of the fault rocks (cataclastic breccias, cataclasites and S-C cataclasites, mylonites and
phyllonites) up to tens of meters width are common feature in the structure of the Western Tatra Mts.
crystalline core. Such zones were described by Skupiński (1975) as products of a tectonic
greisenisation process, and linked with a probably Alpine age thrust sheet tectonics by Cymerman (i.e.
2011).
Detailed analyze of the fault rocks microstructures in the selected areas (the Łuczniańska – Dziurawa
Passes section of the main Western Tatra Mts. Ridge, the Trzydniowiański Mt. - Kończysty Mt. Ridge,
the Ornak and Siwe Turnie Ridge), allowed to describe 14 types of microfabric. That classification
bases on the relative abundance of the cataclastic matrix (none of matrix, intragranular matrix,
intergranular matrix but grain supported framework, intergranular matrix and matrix supported
framework) and on the presence of the preferred orientation features (none of the preferred orientation
features, layered matrix, non-penetrative foliation elements, penetrative foliation).
Additionally, grain shapes analyze was carried out. This based on the measurement of the following
indicators: compactness, isometry, ellipticity, solidity and convexity, conducted on the vectorized thin
sections micrographs. Observed correlations of the indicators, especially between compactness and
convexity allowed determining relative rate of deformation in the cataclastic and mylonitic rocks –
long term cataclastic flow effects in the negative correlation, whilst rapid cataclasis gives rather
horizontal trend on the correlation diagram.
Distribution of the different fault rock types and their microfabrics was interpreted as an effect of the
strain partitioning process combined with fluids activity. These processes formed the following
deformation complexes: (1) zones of the weakly deformed granitoids, (2) protocataclasites and some
mesocataclasites, formed during block controlled cataclastic flow, (3) meso- and ultracataclasites,
formed during matrix controlled cataclastic flow, (4) mylonites and phyllonites. The selective silica
leaching and deposition caused relative softening and hardening of these complexes. The softened
complexes are localized in the marginal zones of the overthrusts, and comprise mainly mylonitic
schists and phyllonites. In the contemporary morphology these zones are marked as negative relief
forms (passes, i.e. the Dziurawa Pass). The hardened, often cataclastic complexes form core zones of
the overthrust, i.e. the main part of the Wołowiec Mt. massif.
The presented data and interpretations seem to be consistent with the model of the structural evolution
of the Western Tatra Mountains assuming thrust tectonics and intensive brittle or brittle-ductile noncoaxial shearing of an Alpine age.
References:
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Geochronometry of the granitic rocks from the Central Slovakian Neovolcanic
Field – an evidence for rapid cooling
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Miocene calk-alkaline granitic rocks of the Central Slovakian Neovolcanic field (CSNF) form an
integral component of volcanic and hypabyssal rocks exposed in the Banská Štiavnica and Hodruša
tract of the CSNF central zone (Hodruša – Štiavnica Intrusive Complex). The massive granodiorites
consist of intermediate plagioclase, quartz, K-feldspar, biotite, amphibole, and accessory magnetite,
titanite, pyroxene, apatite and zircon. The rock’s texture is evengrained and porphyric in marginal
parts, locally with mafic microgranular enclaves. The granitic rocks are often altered – sericitized,
chloritized and propylitized. These granodiorites have standard values of SiO2 (59 – 66 wt. %), higher
contents of CaO (3.7 – 7.0 wt. %), FeO (1.5 – 4.0 wt. %), MgO (1.2 – 3.8 wt. %) and lower content of
TiO2 (0.5 – 1.0 wt. %). Generally, they have enriched Ba (400 – 900 ppm), Cr (10 – 45 ppm), V (60 –
155 ppm), and F (220 – 800 ppm), whereas values of Sr = 320 – 540 ppm, Rb = 80 - 180 ppm and Zr
= 103 – 188 ppm are standard compared to other Western Carpathians granites (Marsina et al. 1999).
The initial Sr value of 0.706 (Kumar 1991) suggests a lower crustal source affected by lithospheric
mantle and/or its I-type character. General isotope characteristics of the CSNF rocks were presented in
Kohút et al. (2012).
The age of these granitic rocks has been determined by various methods: K/Ar dating yielded ages in
the range of 19.5 ±0.8 Ma to 10.5 ± 0.5 Ma (Konečný et al. 1983) and 16.9 ± 3 Ma (Rozložník et al.
1991); FT method on amphibole – 17.2 ±1.5 Ma (Repčok 1981) and Rb/Sr isochrone 19.6 ± 8 Ma
(Rozložník et al. 1991), whereas preliminary U/Pb zircon dating indicated its homogenisation before
24 – 21 Ma (Rozložník et al. l.c.). Recently, Konečný et al. (2013) proved the emplacement of a
subvolcanic intrusive complex of diorite, granodiorite, and their porphyry varieties within CSNF
during the interval of 13.4 – 12.7 Ma on the basis of new K/Ar and Rb/Sr isochrone data.
In this study we apply a combination of zircon U-Th-Pb on SHRIMP together with zircon (U-Th)/He
(ZHe), and apatite (U-Th)/He (AHe) dating methods to constrain the emplacement and exhumation
history of granitic rocks of the CSNF. A representative sample of diorite from the locality Banky and
granodiorite from Hodruša were chosen for this purpose. The U-Th-Pb zircon dating by means of
SHRIMP was carried out at the All-Russian Geological Research Institute (VSEGEI) in St.
Petersburg; ZHe and AHe dating was carried out at the University of Waikato. Detailed CL and BSE
zircon study revealed a presence of magmatic homogeneous and oscillatory-zoned grains typical for Itype granitic rocks without restite cores. Zircons SHRIMP spot ages of the Banky diorite and Hodruša
granodiorite gave a concordia-intercept ages of ~15 Ma and ~13 Ma, respectively, both with
propagated uncertainty of <2%. ZHe and AHe ages from identical samples (diorite and granodiorite)
show compatible ages, which are less than 1 Myr younger than corresponding zircon magmatic
crystallization ages for both samples. The data thus suggest a simple rapid cooling from magmatic
crystallization/solidification temperatures (ca 1000°C closure temperature of zircon lattice) to nearsurface temperatures without subsequent reheating.
Acknowledgement: Supported by Slovak Research and Development Agency, Grant APVV-0549-07.
References:
Kohút, M. et al. In: Geochémia 2012 Conference Proceedings, 2012, ŠGÚDŠ Publisher, p. 71-75
Konečný, V. et al. Monograph In: Západné Karpaty séria: Geológia, 1983, p. 1-203
Konečný, V. et al. In: PetroS/MinPet 2013 Conference Proceedings, 2013, UC Publisher, p. 41-42
Kumar, S. In: PhD thesis, Comenius University Bratislava, 1991, p. 1-163
Marsina, K. et al. Geochemical atlas of the SR – Rocks, 1999, p. 1-135
Repčok, I. In: Západné Karpaty séria: Min. Petr. Geoch. Metal., 1981, GÚDŠ, vol. 8, p. 59-104
Rozložník, L. et al. In: Geol. Carpath., 1991, vol. 42, p. 77-83

GEEWEC 2013

25

How many I- & S-type granite events occurred during the Meso-Variscan period
in the Western Carpathians? – An overview from recent data
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A general paradigm concerning age of the two principal Meso-Variscan granitic rocks was accepted in
the Central Western Carpathians (CWC) over the last decade of XX Century. Based on their
mineralogy, petrology and/or results of conventional (multigrains) zircon U-Pb dating there were
identified the Early Carboniferous S-type granitic suite (S-s) and the Late Carboniferous I-type
granitic suite (I-s). The peraluminous two-mica granites and granodiorites often with gneissic
xenoliths dominate to S-s, whereas biotite granodiorites to tonalites are subordinate. The total REE
contents of S-s are moderate with fractionated patterns and small depletions in Eu. Isotopic
characteristics document their origin by crustal anatexis of metasedimentary material with minor
contribution from mantle-derived products. I-s is metaluminous to subaluminous, dominated by biotite
tonalite to granodiorite with scarce hornblende, while muscovite-biotite granodiorites to granites are
less frequent. Lower silica contents coincide with elevated concentrations of trace elements such as Sr,
Ba, Zr and LREE. The presence and composition of MME indicate an interaction with gabbroic–
dioritic, mantle-derived or lower crustal melts. Isotopic characteristics suggest that the I-s originated
by melting of a predominantly mafic lower crustal protolith. The Palaeozoic orogenic cycle
culminated in the CWC by a Himalayan-type collision with crustal thickening between 355 and 345
Ma accompanied by S-s intrusions succeeded by lithospheric mantle delamination or slab break-off
between 310 and 300 Ma along with I-s and finally terminated in a phase of crustal
relaxation/extension (see review Petrík and Kohút 1997).
However, our first U-Th-Pb zircon SHRIMP dating from VSEGEI St. Petersburg laboratory excluded
significant gap between these two granitic suites in the CWC and suggests their nearly synchronous
origin in the Malé Karpaty Mts. with age 355 – 350 Ma (Kohút et al. 2009). Progressive dating on
SHRIMP at VSEGEI from various granitic plutons of the CWC exhibit some broader intervals in ages
e.g. for I-s from 363 Ma to 352 Ma and for S-s from 367 – 348 Ma (Kohút et al. 2010). Besides these
common ages last zircon dating in St. Petersburg brings the younger emplacement ages for selective
granitic intrusions within the CWC e.g. for the I-s: 345 Ma from the Malá Fatra Mts.; 340 Ma from the
Nízke Tatry Mts.; 332 Ma for the Tribeč Mts. and identical age for the Veľká Fatra Mts. tonalite
together with age 337 Ma for S-s two mica granite as well. Recently, Broska et al. (2013) reported
new SIMS (Stockholm) zircon U-Pb ages for several of I-type granitoids from the CWC showing the
late Devonian to early Carboniferous (Mississippian) 367 – 353 Ma magmatic ages. Interestingly, but
not surprisingly Burda et al. (2013) confirmed an existence of younger magmatic activity in the High
Tatra Mts. with ages 345 – 338 Ma obtained by LA MC ICP MS at Vienna.
It is obvious that the Meso-Variscan granitic magmatic activity has longlasting character in the CWC.
The composite granitic plutons originated due to various individual intrusions from a subduction ~368
Ma to the collision ~332 Ma stadium of orogeny with the differences caused by sources and MASH.
Acknowledgement: This work was supported by the Slovak Research and Development Agency under
the contract No. APVV-0549-07and APVV-0279-07.
References:
Broska et al. In: Lithos, 2013, vol. 162-162, p. 27-36
Burda et al. In: Geochronometria, 2013, vol. 40, 134-144
Kohút, M. et al. In: Geol. Carpath., 2009, vol. 60, p. 345-360
Kohút, M. et al. In: Dating 2010, Conference Proceedings, 2010, ŠGÚDŠ Publisher, p. 17-18
Petrík, I. - Kohút, M. In: Grecula, P. et al. (Eds.), 1997, Mineralia Slovaca – Monograph, p. 235-252

26

GEEWEC 2013

Evolution of accessory minerals during sub-solidus alteration by oxidising Asrich fluids: an example from Zinnwald granite (Erzgebirge, Germany)
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In small zones in the apical part of the Zinnwald/Cínovec granite cupola (Germany/Czech Republic),
consisting of highly evolved, weakly peraluminous and variably altered topaz–albite–Li mica
leucogranites of A-type affinity, various As-bearing REE-Y-Th-U-Zr accessory minerals were
identified. This assemblage includes REE arsenates [arsenoflorencite-(Ce), chernovite-(Y),
hydrated/fluorinated chernovite-(Y)−xenotime-(Y) solid solutions] and As-bearing silicates (thorite,
coffinite, zircon). Accompanying minerals comprise As-poor REE fluorocarbonates [bastnäsite-(Ce),
synchysite-(Ce), synchysite-(Y)], REE fluorides [fluocerite-(Ce), Y rich fluorite] and As-free
ferrocolumbite.
Arsenoflorencite-(Ce), ideally CeAl3(AsO4)(OH)6 contains low to moderate concentrations of P, Pb,
and Sr (4.0–8.3 wt% SrO), reflecting substitution of florencite, arsenoflorencite, goyazite, and
kintoreite constituents. Low sulphur content indicates only a subordinate presence of svanbergite
component. Relative to published data, chernovite-(Y) from this location is the most REE-rich yet
recorded, with up to 0.51 apfu REE substituting for Y. Thorite, coffinite, and zircon accomodated
maximum concentrations of As of 14.4, 5.3, and 1.3 wt% As2O5, respectively. Most of these minerals
display variably kinked REECN pattern, reflecting the lanthanide tetrad effect.
The origin of the REE arsenates and As-rich silicates is probably genetically linked to the late
evolution of the Zinnwald granite itself. These minerals have precipitated from cogenetic
postmagmatic, probably hydrothermal As-rich fluids that have interacted with pre-existing minerals.
The As-rich samples from this study lack monazite-(Ce) or xenotime-(Y), suggesting that the REE
arsenates have formed at the expense of these REE phosphates during early postmagmatic interaction
with As-rich fluids. The presence of S as (SO4)2– in arsenoflorencite-(Ce) and As as (AsO4)3– in both
arsenates indicates the oxidizing character of these fluids. Thus, sulfides of As were not stable during
the processes connected with the formation of As-mineral assemblage. Probably, these fluids first
dissolved xenotime-(Y), forming stoichiometric chernovite-(Y), and metasomatized, hydrated, and
fluorinated xenotime-(Y), resulting in the crystallization of xenotime-(Y) – chernovite-(Y) solid
solutions. Simultaneously, the fluids caused the partial breakdown of pre-existing thorite and zircon,
coupled with the formation of their As-rich varieties by dissolution–reprecipitation reactions. Arsenicrich coffinite likely constitutes a newly formed mineral, considering its presence as anhedral grains.
Arsenoflorencite-(Ce) may be the youngest within the history of formation of As-bearing species. It
may have formed from an oxidizing As–CO2-rich fluid, using the elemental budget of monazite-(Ce)
that probably survived interaction with the earlier, CO2-poor As-bearing solutions.
The source of the As may either be a residual fluid originally rich in As, or pre-existing As minerals
that became dissolved and locally enriched the interacting fluid in As.
The results of this study demonstrate that As-bearing hydrothermal fluids are susceptible to dissolve
and severely alter primary and secondary magmatic REE–Y–Th–U–Zr minerals (Förster et al., 2011).
Acknowledgement: Support from VEGA Agency (No.1/0255/11 and 1/0257/13) is acknowledged.
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Kyanite-quartz segregations in the metamorphic complex of the Western Tatra
Mountains, Central Western Carpathians
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Aluminosilicate-bearing veins and nests in the extentional fractures, described from the metamorphic
rocks, are usually interpreted as the result of the devolatilization of the host pelite and syntectonic
mass transfer (Allaz et al. 2005) or via diffusive mass-transfer of Al and Si through stagnant fluid
(Widmer & Thompson 2001). Till now there is no explanation for the origin and P-T conditions of
formation of the kyanite-quartz segregations, found in the southern metamorphic cover of the Western
Tatra Mountains.
The kyanite-quartz segregations, up to 20 cm in thickness, are composed of the large (up to 12 cm
long) kyanite crystals, quartz and scarce zoned plagioclase (Ab99.5An0.5 at rim to Ab78An21.5Or0.5 in the
center). Some crystalls are rimmed by sillimanite needles (6 % of the Al2SiO5 polymorphs), formed
via muscovite. Apatite-(Ca,F) is present both as inclusions in kyanite and in the surrounding
metapelite. Rutile (containing up to 0.8 % wt of Fe2O3), garnet (Alm65Spes19Py6Gr5And5), biotite (#fm
= 0.54-0.55; Ti [a.p.f.u.] = 0.22-0.27) and monazite-(Ce) form the inclusions in apatite. Mn-rich
ilmenite and zircon and accessory components. Temperature calibrated for the coexisting garnetbiotite pairs are in the range of 440-510oC. Chlorite is forming at the cost of biotite.
Surrounding metapelite is composed of biotite (#fm =0.60-0.65; Ti [a.p.f.u.] = 0.22-0.33), unzoned
muscovite, weakly zoned garnet (Alm70Spes9Py17Gros1.5And2 to Alm71Spes10Py16Gros0.8And3), zoned
plagioclase (An24Ab75Or1 to An1Ab97Or2), while weakly zoned tourmaline and kyanite are accessory
components. The calibrated temperature is in the range of 606-660oC, similar to those known from the
Alps (Allaz et al. 2005).
On the basis of field and microscopic observations, supported by geothermometric calculation, we
suppose that formation of kyanite-quartz segregations took place in the extentional fractures, related to
the shearing process. Possibly the highly saline fluid, rich in silica and alkalis (Newton & Manning,
2008), generated and liberated during host rocks dehydration, caused the local overpressure which
gave the opportunity to the kyanite-quartz segregations formation. Solubility of aluminium could be
also enhanced by the presence of other volatile components, like fluorine, phosphorus and boron,
conserved in some minerals, present in the investigated sample. Large kyanite crystals formation in
lenses might be stimulated also by the inhibition of the feldspar crystallization by high activity of
hydrogen in the fluid (Nabelek, 1997).
The inclusions in kyanite and apatite probably conserve the pre-peak metamorphic conditions. The
presence of rutile, together with almandine-rich garnet, suggest oxidative conditions during the
metamorphism and pressure above 9 kbar. Drop in pressure and growing temperature stability field
stimulated the reaction Grt + Rt = Ky + Qtz + Ilm while further heating caused the Ky-Sil
transformation.
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The Veporic basement structure, as a part one of the main tectonic unit in the Western Carpathians
may serve as a good example of the Alpine rejuvenation and reworking of the Variscan crust
complexes.
The relics of high-grade metamorphosed rocks, large-scale metabasite lenses and heterogeneous orthoand para- derived stromatitic to nebulitic, fully molten migmatites, or orthogneisses are interpreted as
host rocks of the Hercynian / Variscan composite granitoid plutons.
The migmatitic to orthogneiss relics are mostly represented by peralumineous rocks lacking any of
Al2SiO5 polymorph; contain quartz, plagioclase, biotite, muscovite - phengite, garnet, K-feldspar, ±
chlorite, rarely amphibole and accessory minerals - monazite, ilmenite, zircon to allanite, magnetite,
sphene, apatite.
Syngenetic ductile deformation associated with partial melting and folding is indicated within layered
migmatites. Melting was active during deformation (melt along the axial plane of fold). The local
rotation of the mineral lineation (in anatectic conditions) indicate highly non-homogeneous strain as a
later phenomenon - high temperature ductile shear zones and shear bands both indicate a sinistral
movement - top to SE (in current geographic coordinates). It could be compatible with a sinistral
transpressionally evolution of a continental margin in main Variscan domains within Europe, Ledru et
al. (1999). Thermal conditions for exhumation related decompression melting stage in migmatites are
estimated from relic schistose areas; T~680-730 °C, p~400-600 MPa (Siman et al., 1996).
Metamorphic / anatectic SHRIMP zircon / CHIME monazite ages refer about two stage of Variscan
evolution - older melting at 381 ± 6 Ma and younger at 326 ± 10 Ma to 319 ± 4 Ma, also.
The Alpine overprint reactivated existing Variscan framework at brittle/ductile conditions. The
intensive paleo-Alpine deformation had several stages, in this area; Late Jurassic-Early Cretaceous
compression and overthrusting from SE to NW and subsequent extensional unroofing with top to E
kinematics. Indication of new CHIME Cretaceous ages (115-85 Ma from monazite rims and Th/U
oxide inclusion) document the Alpine metamorphic overprint in the southern part of the Veporic unit,
e.g. (Janák et al., 2001), (Konečný et al., 2011).
The first laser Ar/Ar data from migmatites to granitic orthogneiss individual biotites give quite good
defined Late Cretaceous plateau ages 88 ± 2,6 Ma to 85 ± 2,0 Ma and reflected of totally reworked
lattice of biotites. The state of crustal unroofing after the Cretaceous collision was favorable for deep
crustal melting during Late Cretaceous age. Hidden granite intrusion cross-cutting the Alpine fabric in
the SE territory of the Veporic unit.
Acknowledgement: This work was supported by the grants APVV-0081-10, JSPS project
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The Slavonian Mountains in Croatia form one of the largest crystalline basement complexes within the
Tertiary Pannonian Basin and provide important insight into the crustal evolution of the Tisia Terrane.
Main lithologies are paragneisses, mica schists, migmatites and granitoids. Although an Early
Palaeozoic/Baikalian formation age was envisaged for parts of these rocks in early work (Jamičić
1983), it became prevailing thought later that the metamorphic evolution of the Slavonian Mountains
is almost entirely Variscan (Pamić et al. 1988). The proposal for a pre-Variscan metamorphic history
was recently reinforced when a monazite age of ~440 Ma was measured at Salzburg University by
EMP, in a micaschist from a locality ~3 km north of Kutjevo (Balen et al. 2006). A few km southeast,
at Gradište, Variscan (Carboniferous) monazite was found in an andalusite bearing St-Grt-Bt-Ms
schist (Horvath et al. 2010), implying a complex polymetamorphic history for this region.
Our current research project has the goal to delineate zones of pre-Variscan and Variscan
metamorphism in the Slavonian Mountains, to provide further geochronological and petrological data
for both events, and to establish on that basis regional correlations with other, Variscan/pre-Variscan
polymetamorphic basement terranes of Central Europe. Preliminary results are as follows: By means
of electron microprobe monazite dating, Ordovician metamorphism could be documented in several
localities along an east-west trending zone north of Kutjevo. We suggest the name Kutjevo Zone (KZ)
for this Ordovician crystalline zone, which is at least 12 km long and 3.5 km wide. The KZ exposes
Grt-Bt-Ms schists with small intercalations of amphibolites and metagranitoids in its southern lower
part, and a Grt-Chl-Ms schist along its northern hangingwall termination. The P-T evolution includes
an initial metamorphic stage at ~550-600°C and 6-8 kbar recorded by low Ca garnet cores in Grt-BtMs schists (Horvath et al. 2010) and, separated by an interim stage of severe garnet resorption, a peak
metamorphic stage at 10-12 kbar and 600-650°C. A comparable P-T evolution is observed in the GrtChl-Ms schist. The presence of Chl instead of Bt is due to an Al-rich pelitic protolith composition.
From the Grt-Chl-Ms schist we have obtained a Lu-Hf garnet age of 466.0 ± 2.3 Ma (isochron age
from 3 garnet fractions plus whole rock). EMP monazite ages also cluster around ~470 Ma. Judging
from the well defined Lu-Hf garnet isochron and the presence of exclusively Ordovician monazite, the
entire high-T metamorphic evolution of the KZ should have taken place during the Middle
Ordovician. Variscan and Alpine overprints are at best low T and of subordinate importance. To the
north, the KZ abuts low-grade metamorphic rocks (chlorite schists) with an Alpine metamorphic age.
Towards the south, the KZ borders a Variscan amphibolite facies metamorphic series with mylonitic
contacts. This Variscan metamorphic series (mainly staurolite and garnet bearing metapelites) seems
to occupy the entire southern flank of the Slavonian Mountains and, following Jamičić (1983), shall be
referred to as the Psunj metamorphic complex.
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Granitic pegmatites are relatively widespread rocks in Hercynian granitic massifs of the Tatric and
Veporic Superunits of the Central Western Carpathians. They form dikes to lensoid bodies in parental
granitic rocks or adjacent Lower Paleozoic metamorphic rocks (mainly paragneisses), usually up to 2
m thick and up to 100 m length. The pegmatites are related to peraluminous granodiorites to granites
of S-type tendency (especially the Bratislava, Bojná, Žiar, Suchý – Malá Magura, Veľká Fatra and
Rimavica massifs), less frequently to metaluminous – peraluminous I-type (I>S-type) leucotonalites to
granites (mainly in the Vysoké Tatry and Nízke Tatry massifs).
The pegmatite bodies frequently display mineral zoning with coarse-grained to blocky units, quartz
core and late albite aplitic and/or muscovite replacement zones (e.g. Dávidová 1978). Quartz, Kfeldspar (microcline to orthoclase), albite, muscovite and biotite (annite) are the main rock-forming
minerals of the West-Carpathian granitic pegmatites. However, a lot of accessory minerals have been
identified in these rocks; almandine-spessartine, fluorapatite, monazite-(Ce), xenotime-(Y), zircon,
gahnite, magnetite, uraninite, and pyrite belong to the most frequent. Moreover, a rare-element
mineralization with primary magmatic beryl and Nb-Ta-(Ti)-(Sn) oxide minerals (columbite, tapiolite,
and wodginite groups, Nb-Ta rutile) occur in more fractionated pegmatites (e.g. Uher et al. 1998a, b,
2010, Novák et al. 2000, Chudík et al. 2011). Consequently, the most evolved West-Carpathian
granitic pegmatites could be classified to beryl-columbite subtype of rare-element class and LCTfamily (Černý and Ercit 2005).
Th- and U-rich monazite-(Ce) and uraninite are suitable minerals for chemical (electron-microprobe)
dating. Moreover, pegmatitic muscovite was used for Ar-Ar dating. Both U-Th-Pb and Ar-Ar methods
confirm meso-Hercynian ages of the West-Carpathian pegmatites (∼350 to 330 Ma), consistent with
the age of the parental granitic rocks.
The evolution of the West-Carpathian granitic pegmatites is closely connected with adjacent parental
granitic rocks. Primary magmatic stage includes crystallization of volatile-rich magma at p ∼ 3 to 4
kbar and from 640 – 580 °C (biotite) to 480 – 400 °C (quartz core). Late magmatic to post-magmatic
stage involves albitization and dissolution-reprecipitation of beryl and Nb-Ta phases (≤400 °C ?). The
latest, subsolidus to hydrothermal stage of the pegmatites (∼300 to 250 °C) comprises breakdown of
beryl to phenakine and bertrandite, microlite replacement after primary Nb-Ta oxide phases and native
bismuth precipitation (Števko et al. 2012).
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Sulphur bearing minerals represent important group of minerals which are an indispensable tool for
study of sulfur character in the melt. Detailed study of S-bearing minerals, especialy pyrite may help
to reveal important characteristic properties of melt including sulphur and oxygen fugacity, sulphur
saturation, p-T conditions and chemical composition of the melt. The pyrites from three samples of
granitic rocks were investigated in detail: I-type granite (ZK-38, Malá Fatra), I-type metagranit (ZK29, Dobroč) and Ss-type granite (ZK-61, Čučma) with focus on chemical composition study, izotopic
study and inclusions study.
Chemical composition of pyrites is very closed to ideal stochiometry with average sulfur content 52.62
w.% (from 49.9 up to 53.2), iron content 47.2 w.% (from 44.3 up to 48.3), cobalt content 0.3 w.%
(from 0.03 up to 3.1), nickel content 0.02 (from trace up to 0.33) and arsen content of 0.15 (from 0 up
to 3.66). Strong correlation beween Fe and Co + Ni was detected, but none between Co and Ni
contents.
Detailed inclusion study revealed characteristic asociacions of minerals in each granit subtype.
Inclusions in pyrite are very specific in every granite type (I, S, Ss), indicating the time of precipitation
and to some extent also chemical composition of melt, p-T conditions during pyrite growth and
stadium of pyrite crystallization history. In the I-type granites are typically more abundant titanite,
plagioclase (An up to 30 mol. %), less quartz, rare chlorite, ilmenite, uraninite and pyrothite
inclusions. Characteristic is intimate overgrowth of titanite and pyrite indicating late magmatic origin.
The most variable inclusions assemblage was found in pyrite from hybrid I-type granite where
magnesio-hornblend, plagioclase (An up to 52 mol. %), epidote, titanite and chlorite was detected.
Typical pyrite inclusions from S type granitic rock are muscovites, K-feldspars, albites and apatites.
Occurrence of anhydrite inclusion in pyrite represent first discovery of this mineral from granitic rocks
in Western Carphatians. Inclusions of anhydrite estimate high oxygen fugacity in a early stages of
crystalization.
Izotopic study af pyrite shows that pyrites from I-type granites show sulfur izotopic composition low
in δ34S (3.x ‰ vs. V-CDT values; specimen ZK-117). The average sulphur isotope composition of
granitoid rocks is +1.0 ± 6.1 ‰ (Marini et al. 2011) and in this consequence the data from I-type
granite ZK-117 can be considered as juvenile phase. Representative pyrite specimen from S-type
granite (ZK-61) shows concentration 6.x ‰ probably due to assimilation from sedimentary crust
(Marini et al. 2011). In this manner isotopic composition of pyrite can reflect also primary character of
granites.
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The Oligocene and Miocene marine biota of the proto-Mediterranean Sea, the NE-Atlantic and the
Paratethys Sea are appearently well known. Thousands of species have been described in thousands of
papers leading to the impression that the faunistic inventory is more or less covered. Many scientists
consider the impressive richness of the tropical to warm temperate faunas of this area during
Oligocene and early Miocene times as indication of a major diversity hotspot. A comaparble Holocene
hotspot is now established in the Indonesian-Malaysian hotspots with about 4500 gastropod species.
Therefore, it is tempting to assume an eastward shift of the diversity hotspots during the Cenozoic.
Whilst this scenario is moderately well constrained for benthic foraminifera (due to the presence of
vast carbonate shoals) it is purely hypothetical for molluscs. Despite the huge area of coastal strips that
had fringed the Indian Ocean during Oligocene and Miocene times, the preserved sediments are
restricted to rather small areas in northern India and Pakistan, the Sultanate of Oman, coastal
Tanzania, Pemba Island, the Indian Kerala province, the Garo Hills in Assam and the Burmesian
Irrawaddy region. Now, new data on molluscs from Arabia, Pakistan, N-India and S-India allow for
the first time an evaluation of the faunistic similarity between the proto-Mediterranean and Paratethys
seas with the Indian Ocean.
Throughout the Oligocene, several of the species are also found in the Western Tethys, documenting a
still passable seaway for nearshore molluscs. Already at that time a clear biogeographic separation
from the Western Tethys is evident. Moreover, the similarities between Indo-Pakistani faunas and
Arabian ones are surprisingly low suggesting a further provincialism. During the Aquitanian the WestEast interrelation drops to zero despite the passage having been open during this interval. Only the
Burdigalian assemblages of N-India witness a very minor re-appearance of Western Tethys taxa, due
to the re-establishment of rather ineffective migration pathways prior to the final closure of the
Tethyan Seaway.
During the Early Miocene, a distinct Central East African Province (CEAP) is distinguished from an
Eastern-African-Arabian Province (EAAP) and a Western Indian Province (WIP) ranging along the
western margin of India. All of them have only limited similarities with coeval faunas of the ProtoIndo-Polynesian Province (PIPP), usually ranging below 10% of shared species. No faunistic relation
with the proto-Mediterranean Sea was established for eastern Africa and southern India during
Miocene times pointing against any immigration of “Indo-Pacific” elements into the circumMediterranean area. Nevertheless, this huge region is often portraied as source region for immigrations
into the western seas by paleontologists. Usually, however, this hypothesis is based on the fact that
species occurring in Miocene deposits of Europe have relatives (on genus or family level) in the
modern biota of the Indian Ocean. This is putting the cart before the horse as the argument would only
be stringent if older or at least coeval taxa would occur in the Indian Ocean.
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Early Miocene marine transgression covered beside the Carpathian Foredeep and residual flysch
troughs of the future Outer Western Carpathians also the paleo-Alpine consolidated internal zones of
the Western Carpathians (WC). Transpressive tectonics, related to collision of the orogene with
platform margin proceeded - accompanied closing of residual flysch troughs. Folding and thrusting of
their sedimentary fill was followed by formation of the orogene accretion wedge. The initial rifting of
the Pannonian back arc basin northern margin accelerated during the ALCAPA extrusion toward NE,
at the end of this period. The depth of the Central Paratethys Sea reached its maximum, up to bathyal
zone. The Early Miocene landscape had moderate relief, documented by lower portion of extrazonal
(mountain) vegetation, well developed riparian forests and swamps. Following terrestrial and marine
ecosystems, the climatic conditions can be defined as tropical to subtropical, supported by presence of
palms and other taxa growing in evergreen sclerophyllous and evergreen broad-leaved forests. There
was no altitudinal and latitudinal zonality noticeable in pollen spectra.
Middle Miocene broad marine flooding covered the new depocentres in the back arc basin area, as
well as the Western Carpathian Foredeep, reaching its maximum extent during this time. The
sedimentary record documents an increase of deltaic facies in upward direction. This fact is connected
with uplift of mountains and development of a new river net. Voluminous volcanic activity associated
with subduction and astenosphere mantle uplift during this time. The continental areas were
represented beside the European platform by uplifted parts of the internal zones of the WC; the
accretion wedge of the Outer Carpathian Flysch Belt shoved only a minimal uplift. The Badenian
Central Paratethys Sea can be characterized as an epicontinental sea with a number of archipelagoes
and a lot of separate basins in the back arc basin area. The depth of the water gradually decreased
during this time, and the depositional environment started to become shallower. Sarmatian isolation
led to salinity decrease. The continental areas gained a landscape with differences in relief; existence
of mountain chains and lowlands was proved. Commencement of the altitudinal zonation documents
the paleo-vegetation cover; higher portion of extrazonal (mountain) vegetation is present from the Late
Badenian. For this time interval is typical zonal vegetation with evergreen broadleaved forests
supplemented by wet azonal vegetation (riparian forests, swamps). The terrestrial and aquatic
ecosystems confirm a subtropical climate with some possible long term changes in humidity.
Late Miocene palaeogeography of the WC is characterized by uplift of mountains and subsidence in
the back arc basin area. The Lake Pannon brackish deepwater sedimentary environment gradually
changed to shallow and fresh water. The basin was filled by a huge amount of deltaic sediments and
alluvial plains represented majority of its territory at the end of the Late Miocene and Pliocene. The
mountain ranges gained features similar to present form. The Late Miocene altitudinal zonality and the
gradual retreat of the lake and swamp environment southeastwards, to the distal parts of the Pannonian
basin system, were confirmed by amount of azonal vegetation. The zonal vegetation was characterized
by evergreen up to the mixed mesophytic forests (open woodland – open grassland type), still with the
presents of evegreen taxa. Based on vegetation cover, a subtropical climate with gradual transition to
warm temperate climatic conditions has been supposed. The beginning of seasonality, at the end of
this period is expressed mainly in the amount of precipitation throughout the year.
Acknowledgement: This work was supported by the Slovak Research and Development Agency under
the contracts APVV-LPP 0120-06, APVV – EUROCORES – SOURCE & SINK, ESF-EC-0006-07,
APVV – EUROCORES – VAMP, ESF-EC-0009-07, APVV 015806, APVV–0099–11 & APVV0625-11.

34

GEEWEC 2013

Keynote talk

Paleogeography and paleoclimate at the Triassic/Jurassic and
Jurassic/Cretaceous boundaries
Jozef Michalík1, Ján Soták2, Otília Lintnerová3
1

Geological Institute, Slovak Academy of Sciences, Dúbravská cesta 9, P.O.Box 106, 840 05 Bratislava;
geolmich@savba.sk
2
Geological Institute, Slovak Academy of Sciences, Ďumbierska 1, 974 01 Banská Bystrica; sotak@savbb.sk
3
Department of Economic Geology, Faculty of Natural Sciences, Comenius University, Mlynská dolina G-1,
842 15 Bratislava; lintnerova@fns.uniba.sk

During Triassic / Jurassic time, central West Carpathian area occupied the northernmost part of the
Tethyan Domain. Rhaetian Tomanová Fm argillites (kaolinite + illite ± chlorite) with eolian quartz
grains indicate continental climate in source area with kaolinite crusts formation. Composition of
sediment points to felsic source rocks, while variability of mineral constituents points to erosion and
physical differentiation during sedimentation. Long eccentricity cycles controlled periodical erosion,
transport and sedimentary rate (83 mm/ka). Sudden floods are attested by sedimentary textures,
material (fluvial quartz grains, relative increase of clastic mica) and by textural immaturity of
sandstones. Organic matter production and decay, as well as mobilization of Fe and other chemical
elements and successive forming of siderite depended on humidity. C isotope composition points on
continental character of the organic matter and of its relative completing by a subaquatic organic
matter rising upwards in the Tomanová Fm.
Rhaetian transgression inundated mostly arid Carpathian Keuper basin with only seasonal rivers,
temporal lakes and local swamps with vegetation and with fauna strictly controlled by physical
environmental factors. The Fatra Fm sequence consists of 100 ka eccentricity- and 40 ka obliquity
cycles. Rhythmical detrital laminae indicate alternation of monsoon-like periods. Clastic quartz grain
size and content shows combination of both fluvial and eolian activity. C and O isotope curves
responded to changes of eustasy and climate and tightly followed formation of Rhaetian marine
carbonate ramp. Combination of wide range of 18O (-7.0 to +2.7) with negative 13C documents
dolomite precipitation from brackish or brine lake water. Less positive 18O included diagenetic/thermal
fractionation of the isotope. Negative C values indicate water enrichment to light C (HCO3-) induced
by microbial productivity.
Successive basal Jurassic Kopieniec Fm is characterized by cease of limestone deposition, by
disappearing of many benthic animals and by significant change in palyno- and dinoflagellate
assemblages. Based on microfacies and on negative δ13Ccarb excursion, the T/J boundary is placed near
to the lithological boundary. At first, δ13Corg positive excursion (-25 ‰) appears in the uppermost part
of the Fatra Fm, where striking negative δ13Ccarb excursion in carbonates was documented, while the
second, major negative δ13Corg excursion (up to -29.36 ‰,) occurs higher up, in the Boundary Clay,
where up to 10 % of kaolinite was identified. Prevalent IS in clay-size fractions most probably formed
from smectitic precursor weathered in seasonally wet and dry climate of the hinterland.
In West Carpathian units, the Jurassic – Cretaceous boundary was recorded in hemipelagic limestone
facies. Upper Tithonian strata are represented in the Rosso Ammonitico (red nodular limestone) facies
of the Czorsztyn Fm, or (in more basinal settings) by shaly Jasenina Fm. They are overlain by
maiolica facies of the Pieniny- and Osnica fms. Well bedded limestone sequence bears indistinct signs
of cyclicity and of sporadical submarine slumping.
Primary stratigraphic tools are represented here by calpionellid microplankton and nannoplankton
together with magnetostratigraphic proxies. The J/K boundary is put between the Crassicollaria- and
Calpionella zones closely below the Brodno Submagnetochron. Stable δ13C values (ranging from 1.1
to 1.4 ‰ PDB), in an accordance with minimum content of residual Corg, indicate stable C regime of
oceanic water. The δ18O curve is more variable (-1.5 to -2.5 ‰ PDB). Small changes correlable with
concentrations of radiolarian tests can indicate contourite currents. Negative δ18O excursion near the
J/K boundary indicates temperature and salinity changes: Late Tithonian cooling was followed by
temperature increase during very end of Tithonian and the beginning of the Berriasian.
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The Pieniny Klippen Belt (PKB) is a narrow, structurally complicated zone, which follows all along
the boundary between the Central and External Western Carpathians (CWC and EWC, respectively).
While the CWC is dominantly a mid-Cretaceous basement-cover nappe stack, the EWC (Flysch Belt)
represents the Cenozoic accretionary wedge of the Carpathian orogen. In this position, the PKB
experienced a complex tectonic evolution, starting from detachment of Jurassic through Paleogene
sedimentary successions, their thrust stacking and transpressional disintegration in several deformation
stages during the latest Cretaceous up to Lower–Middle Miocene. The final result is a block-in-matrix
structure in many places, whereas elsewhere the original nappe structure is fairly well preserved.
Based on detailed regional investigations, particularly in eastern Slovakia and Middle Váh Valley, we
have developed an updated model of the PKB structure and evolution. The main points of our new
conception are as follows: 1) we distinguish three large-scale thrust units within the PKB s.s.
(Oravicum): the Šariš (Grajcarek), Subpieniny (Czorsztyn) and Pieniny (Kysuca) nappes from bottom
to top that include several local subunits and/or successions; 2) the sedimentary record of the terminal
synorogenic formations in these units indicates their sequential thrusting – first, around the K/T
boundary, the Pieniny unit overrode the Jarmuta basin of the Subpieniny unit that was in turn thrust
over the Proč basin of the Šariš unit during the Paleocene–Early Eocene, and subsequently the Šariš
unit overrode the internal zones of the Magura superunit, along with all overlying elements; 3)
numerous klippen resting within the mass-flow breccias of the Proč Fm. are sedimentary olistolites,
while the others are tectonic by origin; 4) stacking of the Oravic nappes was preceded by emplacement
of frontal Fatric (Krížna) elements (such as the Drietoma, Manín and Klape units) in a superposition
over the Pieniny unit during the Turonian, which became constituents of the PKB in a structural sense
afterwards (so-called peri-Klippen zone); 5) during the Senonian to Early Eocene, the frontal Fatric
elements achieved position of a “false” accretionary wedge above the subducting South PenninicVahic oceanic crust with wedge-top compressional, Gosau-type growth basins filled with synorogenic
sediments; 6) Cretaceous “exotic” conglomerates originated in the Fatric Klape-Poruba basin (Albian–
Cenomanian) in foreland of the Meliata-related, supra-Veporic collisional stack of the inner
Carpathian zones and then, after the Fatric nappes were emplaced into the PKB proximity, their
material was recycled several times to the Senonian, Paleogene and Neogene deposits both in the
prograding foredeeps (Snežnica-Sromowce, Jarmuta and Proč basins of the Pieniny, Subpieniny and
Šariš units, respectively) and in the piggyback Gosau basins; 7) post-Paleocene out-of-sequence
thrusting, narrowing, horizontal axis rotation to a nearly vertical position and dextral transpression
occurred in the rear of the developing EWC accretionary wedge; 8) the arcuate PKB shape originated
as the progressive structural arc accommodating the outer bend of the indenting CWC, whereas it
achieved the Lower Miocene CCW rotation of ca 50° as an integral element of the already
amalgamated Western Carpathian part of Alcapa.
Financial support from the Slovak Research and Development Agency (grants APVV-0465-06 and
LPP-0225-06) is gratefully acknowledged.
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Early Paleogene basins rested on the Gosau-type basins (e.g. Brezová and Myjava Group, Malé
Karpaty) or they were accommodated in the Peri-Klippen Belt above fold-and-thrust structures of the
Late Cretaceous units (e.g. Klape, Podháj, Podmanín units). These shallow basins are filled by shelf
mudstones with slumps and olistolites of reefal limestones (Kambühel Kalk, Rašov Facies), allodapic
limestones, calciclastic turbidites, etc. Higher formations are fully hemipelagic (pelagic mudstones,
red clays), implaying a deepenning-upward tendency and gradual transgresion.
Early Paleogene basins of the Outer Western Carpathians also reached the deepest bathymetric
condition with deposition of non-calcareous clays (below CCD) and basinal turbidites (e.g. Beloveža
Fm., Szczawnica Fm., Svodnica Fm.). Deep-water turbidites also occur in Paleogene sequence of the
Iňačovce-Krichevo Unit, which belongs to the subduction-type units with oceanic lithology, LT-MP
metamorphism, Early Oligocene metamorphic age and Early Miocene exhumation at depth 6-8 km.
Late Paleocene-Early Eocene subsidence advanced to form the deep-marine basins with pelagic
deposition (Myjava, Domaniža, Hričov, Žilina, Terchová, Horná Nitra, Maruszyna, Haligovce).
Sedimentary beds aroun the P/E transition provide a climatic proxies of demise the Paleocene
bioherms, hyperthermal condition (55 Ma) and Eocene climatic optimum (42 Ma). New sedimentary
cycle was initiated by deposition of Lower Eocene clastic wedge (Súľov conglomerates), which
represent a kilometer-thick pile of dolomite gravels accumulated along scarps and/or intraformational
bodies in Early Eocene sediments of Súľov – Domaniža basin. Syn-rift accumulation of the Súľov
conglomerates (Súľov phase sensu Plašienka 2000) was preceded by lateritic weathering and
continental-type deposition.
Lutetian – Bartonian inversion of the Myjava – Hričov basin and opening of new basinal systems of
the Podtatranská skupina Group. The basin subsidence was interupted by uplift and Lutetian
denudation, which corresponds to initial collision of Alpine – Carpathian microplate with European
Platform. This compressional event also initiated uplift and amalgamation of the Biele Karpaty Unit
(youngest sediments belong to NP 15 Zone), which became a part of accretionary wedge together
with Klippen and Peri-Klippen Belts and internal units of the Central Western Carpathians.
Bartonian – Priabonian transgression was driven by most extensive lanward shift of global sealevel (~ 41.2 Ma) and regional subsidence. Basin subsidence implied a lateral migration and temporal
shift of depocentres toward to the East. The Central-Carpathian Paleogene Basin was accommodated
by carbonate ramps and progresivelly deepened during the Late Eocene. Sea-level highstand and
productivity maximum is documented by the Globigerina Marls at the Eocene/Oligocene boundary.
Oligocene compression led to substantial reorganization of paleogeography. Western part of Central
and Outer Carpathians was uplifted as accretionary wedge producing a tectonic load for rapid
subsidence and siliciclastic material for deep-water turbidite basins. Early Rupelian sediments of the
Central Carpathian Paleogene Basin are formed by menilite shales, which represent anoxic facies of
the Paratethyan basins (like Tard clays, Dynów Marls, etc.).
Acknowledgement: This work was supported by projects APVV-LPP 0120-06, APVV –
EUROCORES – SOURCE & SINK, ESF-EC-0006-07, APVV – EUROCORES – VAMP, ESF-EC0009-07, APVV 015806, APVV–0099–11 & APVV-0625-1, VEGA 2/0042/12 and funds of the
Centre of Excellence of Integrative research of the Earth's Geosphere
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Evidence for microbial methane production, seepage and gas hydrates occurrence
in the Silesian basin during Eocene and Oligocene, Polish Outer Carpathians
Maciej J. Bojanowski
Faculty of Geology, University of Warsaw, Poland; mcbojan@uw.edu.pl

Early-diagenetic carbonates from the organic-rich Menilite and Krosno shales were studied in the
Grybów and Dukla units of the Polish Outer Carpathians. Standard petrographic methods, including
XRD, electron microscopy and chemical microanalysis, and stable C and O isotope measurements
were applied. This work was mainly undertaken to characterize early-diagenetic stage when the
organic-rich sediments were still at shallow burial setting.
Ferroan dolomites are the most frequent carbonate rocks in the Upper Eocene and Oligocene Dukla
and Krosno shales. The main source of bicarbonate for dolomite formation was bacterial
methanogenesis as evidenced by the high δ13C values up to 16.6‰. The distribution of these dolomites
indicates that microbial methane production was a widespread phenomenon in the Silesian basin.
Some of the dolomitic rocks from the Eastern part of the area examined are enriched in 18O. Moreover,
they are characterized by a reverse relationship between d(104) and δ18O values which indicates that
the enrichment in Ca and/or Fe ions in the dolomite crystal lattice shifting d(104) towards higher
values. These two facts may be related to formation of gas hydrates which causes the 18O enrichment
and the ion exclusion effect in the surrounding pore water (Hesse 2003). Therefore, the dolomites may
serve as indicators of areas where biogenic methane was produced, where the rocks had high
hydrocarbon potential, and where gas hydrates could have existed.
Calcitic rocks from the Krosno shales in the Świątkowa Wielka tectonic window (the Grybów unit)
are strongly 13C-depleted (up to 54‰) indicating that they were formed due to anaerobic oxidation of
methane. They come as concretions, a laminated limestone bed and a carbonate build-up consisting of
intraformational breccia. The concretions and the bed were formed by a diffuse seepage of methanecharged fluids. The build-up originated by abrupt release of methane-charged fluids causing intensive
chaotic brecciation which occurred repeatedly and interchangeably with cementation (Bojanowski
2007). This recycling process gradually led to the development of the carbonate build-up on the
seabed, so it can be termed a chemoherm. Similar seep carbonates with distinctively light C isotopic
composition were found as exotic blocks in the chaotic Gorlice beds in the Southern part of the
Silesian basin. This shows that methane seepage occurred at least regionally and that the seep
carbonates were redeposited due to slumping.
NanoSIMS stable C and O isotope microanalyses and detailed sedimentologic and mineralogic
examinations performed on the seep carbonates prove that they were associated with gas hydrates.
Clast-like druses found in the chemoherm were originally hydrate particles. The 18O-enriched calcite
cement (up to 6‰) from these druses precipitated due to the decomposition of gas hydrate. Thus, these
rocks were formed from fluids supplied with water liberated from the dissociation of gas hydrates and
they can be termed clathrites. The evaluation of gas hydrate stability in the Silesian basin in Oligocene
times showed that they could have formed at depths exceeding 500 m b.s.l. (Bojanowski 2007) which
is in accordance with the paleobathymetric data of the basin. The most evident possible source of
methane for gas hydrate precipitation is the Menilite Formation, which underlies the Krosno
Formation and which commonly contains dolomites formed by bacterial methanogenesis (see above).
Thus, full microbial methane cycle operated in the Eocene-Oligocene sediments of the Silesian basin.
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Siderite concretions in Neogene deposits from the Orava-Nowy Targ basin
Maciej J. Bojanowski, Anna Wysocka, Maciej Łoziński
Faculty of Geology, University of Warsaw, Żwirki i Wigury 93, 02-089 Warsaw, Poland; mcbojan@uw.edu.pl

Siderite concretions occur in fine-grained Neogene deposits from the Orava-Nowy Targ basin
(Poland-Slovakia cross-border). The Orava-Nowy Targ intramontane basin is situated across the
junction of the Western Central and Outer Carpathians. The Neogene and Quaternary rocks
constituting the basin infill lie directly on several tectonic units: Podhale Synclinorium, Pieniny
Klippen Belt and Magura Nappe.
The host-rock is composed mainly of quartz, feldspars, biotite and chlorite as monomineral or lithic
grains. Concretions are spheroidal to discoidal in shape, sometimes coalesced. Their internal structure
is homogenous and they do not show any concentric fabric. Many specimens are cut by typical
septarian cracks. Up to 5 mm wide, often branching hollow tubes penetrate subvertically the
concretions. Wood remnants occurring in some of them indicate that these structures are roots
cemented by concretionary cements. Because such features are not preserved in the surrounding
sediments, the concretions apparently formed very early and close to the sediment surface where roots
could reach. The concretions acted as shelters preserving the structure of roots which were otherwise
lost in the surrounding sediments.
The main concretionary cement is Ca-rich siderite. Detrital and biogenic calcite present in the
sediments in amounts of up to 10 wt.% is usually absent or very rare in the concretions. Calcite
appears in concretions as strongly corroded grains and some siderite fabric resembles the outlines of
gastropod shells indicating that calcite was leached and substituted by siderite cement. The first
carbonate cement of the concretions precipitated as rhodohrosite rich in Ca and Fe. Rhodochrosite is
preferentially associated with organic remains and occurs as micronodules up to 0.5 mm in diameter.
This confirms that concretionary growth commenced in microenvironments around organic remains
which acted as nuclei for concretionary growth (see Bojanowski and Clarkson, 2012). Subsequent
siderite cementation often proceeded as isopachous overgrowths around detrital framework grains
indicating freatic conditions during diagenesis of the sediments. Later stages of siderite precipitation
took place in intergranular porosity as massive interlocking cements with strongly displacing character
causing dispersion of the detrital material. The final cementation stage occurred in the residual
porosity and in the septarian cracks where coarse-crystalline siderite with increased content of Ca
precipitated; excess of Ca is sometimes precipitated as kutnohorite or Fe-rich calcite.
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Olistostrome in the Hradište Formation of the Silesian Series with olistoliths of
dark Upper Jurassic - Lower Cretaceous deposits in town of Żywiec (West Outer
Carpathians, Poland)
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The Silesian Series, deposed in the proto-Silesian and Silesian basins and preserved within the Silesian
Nappe, includes most complete continuous (Late Jurassic - Early Miocene) basin sedimentary
succession within the Outer Carpathians. Late Jurassic - Early Cretaceous part of the Silesian Series is
represented in general by flysch deposits developed mainly as dark-gray or black mudstones and marly
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shales accompanying by the sandstone or calcareous turbidites. Within the dark deposits filling the
proto-Silesian Basin have been formed several olistostrome levels (Cieszkowski et al. 2012). The most
spectacular is Hauterivian olistostrome developed in the last evolutionary stage of the Proto-Silesian
Basin. It is developed within the Piechówka Member of the Hradište Formation (Valanginian –
Hauterivian), which consists of sandstones and conglomerates traditionally called in Poland the
Hradište (Grodziszcze) sandstones. The olistostrome is well exposed in the town of Żywiec on a
distance more than one kilometer along the right bank of Soła river, just above the outlet of the
Koszarawa river. Going up the river is possible to observe steeply upper and upper part of this large
sedimentary structure. It is composed of large olistoliths which represent deposits of the Vendryně and
Cieszyn formations and lower part of the Hradište Formation. The lower part of the olistostrome
consists of olistoplaque represented by plastically folded limestones (slump folds) of the Cieszyn
Limestone Formation, Tithonian – Valanginian in age. This carbonate flysch contains thin- to
medium-bedded calciturbidites (limestones and marls). There occur a few teschenit intrusions. Up the
section arrive olstosliths which consist of disharmonically folded deposits of the lower part of the
Valanginian – Hauterivian Hradište Formation called the Cisownica Shale Member. The upper part of
the olistostrome consists of large olistoliths of the Vendryne Formation (recycled chaotic deposits),
folded thick bedded and coarse grained limestone of the upper-most part of the Cieszyn Limestone
Formation and lower part of the Hradište Formation. The top of the olistostrome represents completely
chaotic deposits of debris-flow with gravels as well as disjoint limestone, marl, siderite and sandstone
layers. There occur teschenit blocks, pebbles of older Jurassic limestones as well as armored limestone
balls, olistoliths of deposits of the Vendryně , Cieszyn and Hradište formations. Next the olistostrome
was sedimentary covered by the deposits of upper part of the Hradište Formation, sandstones and
conglomerates, passing to thin- and medium bedded sandstone-shaly, more or less carbonate turbidites
with intercalation marls. Up the section it passes to carbonate-less black shales of Hauterivian –
Aptian Veřovice Shale Formation. Origin of the olistostrome was a result of Hauterivian tectonic
activity of emerged Silesian Ridge. Then the innermost part of the basin was tectonically uplifted and
incorporating it to the northern slope of the ridge. The large olistoliths composed of the basinal
deposits sliced down from the slope to the basin forming discussed olistostrome.
This research was financially supported by Polish Ministry of Science and Higher Education/ Polish
National Center of Science - grants NN307 249733 and N N307 256139.
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Olistostrome deposits in the Eocene Hieroglyphic Formation (Silesian Nappe,
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The Silesian Series was deposited in the Silesian Basin and preserved within the Silesian Nappe, one
of the main tectonic units of the Outer Carpathians. The section of the Silesian Series represents most
complete in the Outer Carpathians, continuous basinal sedimentary succession (Late Jurassic - Early
Miocene) composed mainly of flysch facies. The succession contains intercalations of numerous
olistostromes, which occur in most of its lithostratigraphic divisons. Especially interesting is an
olistostrome sequence within the Hieroglyphic Formation (Middle Eocene) outcropping in the
surroundings of the dam lake at Rożnów. This olistostrome consists of a series of submarine debrisflows containing olistoliths of various rocks. The matrix of sandy-gravelly debris-flow is composed
mainly of quartz, with admixture of feldspar, muscovite and plant detritus, as well clasts of
sedimentary rocks, maily mudstones, marls or occasionally limestones. Among clasts, there are also
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solitary large exotic pebbles of Jurassic, Stramberk-like limestones and crystalline rocks. Olistoliths
varying in size from several meters up to 100 m or more consist mainly of flysch deposits typical for
the Hieroglyphic Formation as well as Ciężkowice-type thick-bedded sandsones and variegatet shales.
Very common are clasts and olistolits of mudstones.
To determine the age of the olistostrome we sampled mudstones from the host deposits of the
Hieroglyphic Formation. The identified foraminiferal assemblages contain Middle Eocene taxa.
Characteristic are numerous occurrences of Reticulophragmium amplectens (Grzybowski) and single
Haplophragmoides parvulus Blaicher. Additionally, the assemblages found in mudstones overlying
the olistostrome contain Ammodiscus latus Grzybowski, Eratidus gerochi Kaminski et Gradstein and
Praesphaerammina subgaleata Vasicek. Co-occurrence of these taxa suggests early Bartonian age
(Lutenian/Bartonian?).
Biostratigraphical study included the olistoslithic material redeposited within the olistostrome. The
common mudstone clasts occurring in debris flow matrix contain assemblages of Early Eocene age.
Numerous and small in sizes Karrerulina conversa (Grzybowski), K. coniformis (Grzybowski),
Glomospira charoides (Jones et Parker) and Spiroplectammina navarroana Cushman are present.
Single specimens of Annectina grzybowskii (Jurkiewicz), Glomospra cf. diffundens Cushamn et Renz
occurr as well.
The debris-flow materials as well as olistoliths were supplied to the basin from the Silesian Ridge and
its slope to the south of the depository. The olistostrome composition is an important source of
information about the geological structure of Silesian Ridge and related basinal slope, which are not
preserved. Lithoclasts of igneous and metamorphic rocks and Mesozoic calcareous rocks that occur in
the olistostrome matrix were derived from the core of the ridge, while the slope supplied mudstones
and marls, as well as turbidite sandstones with calcareous organic remnants. Large olistoliths, even
olistoplaques, of deep-marine flysch deposits that represents Hierogypic Formation facies, variegated
shales or Ciężkowice-like sandstones represent basinal sedimentation. Probably the southernmost part
of the Silesian Basin was tectonically incorporated into the Silesian Ridge structure, uplifted and
became a part of the ridge slope. Olistoliths together with debris-flows slid down from there to the
basin.
This study was supported by grant no. 11.11. 140. 173 and no. NN307 249733.
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Alpine deformation localization in crystalline rocks of the Polish part of the
Western Tatra Mountains
Zbigniew Cymerman
Polish Geological Institute – National Research Institute, Lower Silesian Branch, al. Jaworowa 19, 53-122
Wrocław, Poland; zbigniew.cymerman@pgi.gov.pl

The results of new, detailed geological mapping and structural, kinematic and dynamic studies in
crystalline rocks of the Polish part of the Western Tatra Mountains documented the existence of
numerous, localized zones of brittle and brittle-ductile shearing. These zones are characterized by the
development of different fault rocks. Cataclastic rocks, tectonic breccias and phyllonites are the main
types of the fault rocks. Mylonitic rocks are considerably rare. The fault rocks locally occupy even
about 1/3 surface of crystalline rocks of the Polish part of the Western Tatra Mountains uncovered by
Cenozoic, mainly Pleistocene deposits. These rocks are characterized by very heterogeneous lithology
and different thicknesses, from a few cm to tens metres (Cymerman, 2011).
The outcrops of fault rocks mark the tectonic borders of crystalline thrust sheets. The thrust sheets are
various size and geometry, mainly as shear zone-related lozenges or flattened macroscopic lenses. In
three dimensions, the borders of crystalline thrust sheets can be bottom, lateral, frontal, back and floor
surfaces. The sets of crystalline thrust sheets predominate with sub-horizontal bottom and floor
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surfaces. These common structures probably arises from strain localization in low anisotropic rocks,
such as granites and gneisses. Relationships between crystalline thrust sheets, and especially with the
II-order (sub-slices) ones not are settled in many cases unambiguously. The resulting arrangement of
of localized, anastomosing network of shear zones and lozenges is also controlled by the interplay
between propagation of different shear zones (Cymerman, 2011).
The recognition of numerous, often anastomosing network of brittle to ductile-brittle shearing shows
on key role of these localized Alpine zones of faulting which contributed differentiations of the
Variscan patterns and the cartographical picture of the Western Tatra Mountains to a greater extent
than previously expected. Structural and kinematic data from the Western Tatra Mountains
documented that during the Variscan deformation the thrusting regime predominated to
transpressional regime with the direction of tectonic transport generally towards NE. On the other
hand, in crystalline rocks of the Polish part of the Western Tatra Mountains during the Alpine orogeny
predominant there was the direction of tectonic transport towards S or SW and SE (Cymerman, 2010).
Alpine compressional regime with the main deformation was characterizing in the crystalline rocks of
the Polish part of Western Tatra Mountains in the majority almost with the horizontal orientations of
the σ1 maximum stress axis in the direction from NNW-SSE to N-S and almost the vertical attitudes of
the σ3 minimum stress axis. The development of crystalline tectonic sheets of the Western Tatra
Mountains was connected from imbrication-style over-thrusting of crystalline rocks during the longlived Alpine orogeny. There is an open question, during what (Mediterranean or Laramide) phase or
the sequence of deformation phases, and may be a progressive deformation to the development and
tectonic displacement of crystalline thrust sheets may prevent their development and scale tectonic
movements associated with deformation localization and/or strain partitioning.
Although there been done the first step in the recognition and importance of crystalline thrust sheets in
the Western Tatra Mountains, it still remains many questions are still open for further investigation.
These include e.g.: (i) establish the time and sequence of tectonic movements, (ii) understanding the
kinematics of these movements, (iii) recognition of the state of paleostress tensor at different times.
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Petrography of the Neogene siliciclastic rocks from the south-eastern part of the
Orava-Nowy Targ Basin (Western Carpathians, Poland) – preliminary results
Urszula Czarniecka, Maciej Bojanowski, Anna Wysocka
Faculty of Geology, University of Warsaw, Al. Żwirki i Wigury 93, 02-089 Warszawa, Poland;
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The Orava-Nowy Targ Basin (ONTB) is a bipartite intramontane basin formed in the Miocene and
straddles the contact zone between the main units of the Western Carpathians: the Inner Carpathians,
the Pieniny Klippen Belt and the Outer Carpathians (e.g.: Chowaniec and Cieszkowski 2009, Łój et al.
2007, Tokarski et al. 2012). The ONTB is filled by the Neogene and Quaternary deposits.
The Neogene infill of the ONTB is represented by terrestial and freshwater deposits with a maximum
thickness over 1000m and is mainly composed of claystones and siltstones with subordinate
intercalations of sands, sandstones, gravels, conglomerates, brown coals and volcaniclastic sediments
(Sikora and Wieser 1974, Watycha 1977).
The investigations were performed using thin sections prepared from siliciclastic rocks samples
gatherd in outcrops and borehole Czarny Dunajec IG-1. Based on quantitative microscopic analysis
framework composition, matix, cements and porosity were described as well as grain size, roundness
and sorting. Grain size analysis allowed to distinguished mudstones, siltstones, sandy siltstones, silty
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sandstones and sandstones. The sandstones were classified as lithic arenites, sublithic wackes and
lithic wackes. The grains are generally subangular or/and angular, sparsely subrounded. Absence of
contacts between the grains and point contacts were observed more often than long or concavo-convex
contacts. The sorting is poor or very poor and rarely moderate. Matrix consists of detritic grains, clay
minerals, carbonates and iron hydroxides. Cements are present in small amounts and represented by
calcite cement. The amount of pore spaces is variable and interparticle porosity predominates.
The detrital components of the Neogene deposits of the ONTB were derived from adjacent areas as
Magura Nape, Pieniny Klippen Belt and Podhale Flysh Basin. Based on analysis of quartz grains types
it can be stated that metamorphic and plutonic rocks were primary quartz sources. The analysis of
relationship between framework composition of the investigated sandstones and tectonic setting of
source areas indicates derivation primarily from recycled orogen and narrowly also from magmatic
arc.
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Characterization of lithology and biofacies in Lower Cretaceous shallow marine
carbonate sequence, Butkov Quarry in the Manín Unit (Western Carpathians)
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The Manín Unit is originally Central Carpathian unit which has become a part of accretionary prism in
the front of Central Carpathian block. It was incorporated into the region of the Pieniny Klippen Belt.
It was deformed during the younger phases of the Alpine Orogeny together with the Outer
Carpathians. In the Butkov Quarry a sequence of the Lower Jurassic and Lower Cretaceous beds of
Manín Unit was exposed (Michalík and Žítt, 1988). The wall of the first level of the Butkov quarry
encovers pelagic limestones of the Kališčo and Lúčkovská formations, overlain by the „Urgonian“
complex consisting of thick bedded Podhorie Formation and of the massive Manín Formation. The
Podhorie Formation begins with limestone breccia arranged in graded strata which contain bad
preserved, corroded dinoflagellates (Michalík et al., 2005). Clasts consist of organodetritic as well as
Barremian to Lower Aptian micritic limestones, cherts, rarely of fragments of basic extrusives and
tuffs. The formation reaches thickness of 65 – 75 m. The erosive boundary with the Lúčkovská
Formation indicate progradation of slope sediments of the originating carbonate platform through a
pelagic carbonate ramp. Upwards, they pass into carbonate platform limestones of the Manín
Formation. It is developed in complex of mainly gray to light gray massive organogenic limestones
with numerous Aptian to Albian fossils of foraminifers (Orbitolina), crinoids, echinoids, molluscs,
ostracods, corals and calcareous algae. Total thickness of the formation is around 50 m. The Manin
Formation is terminated by hardground surface, which is followed by deep-sea clay sediments of the
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Albian - Cenomanian Butkov Formation (Borza et al., 1987). This “Urgonian” carbonate complex of
biodetritic and biogenic limestones of shallow-sea carbonate platform gradually covered the basin
deposits of the region. In the Butkov area, the major part of these carbonates is developed as the
carbonate platform facies and its slope (Michalík et al., 2005). The sedimentation of carbonates
stopped at the end of Lower Albian. An area of hardground originated on the whole surface of the
carbonate platform. With numerous borings of benthic organisms and covered by ferrugineous and
stromatolitic crust bearing the signs of biogenic as well as chemogene erosion of already consolidated
carbonatic sediments. Missing of remmants of autotrophic organisms and sessil infauna on the
hardground surface are the evidence of the formation of the hardground below photic zone level at
shallow depth in the range of waves (Borza et al., 1987).
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Carbonate biomineralization of marine organisms is affected by multiple factors, including seawater
chemistry (carbonate saturation state, Mg/Ca, pH), temperature, and salinity. When exposed to
temporal changes in these factors, marine organisms can either (1) keep their original
biomineralization mode if the costs required for skeletal secretion are not too high or (2) modify their
skeletal structure and/or mineralogy; otherwise they will face the risk of extinction.
For example, a sudden increase in volcanic CO2 and possibly a decrease in Mg/Ca ratio at the end of
the Triassic were hypothesized to produce mass extinction of marine organisms that were precipitating
aragonite. However, most analyses testing the effects of seawater chemistry on extinction of carbonate
producers focus on genera and assume that shell structure and mineralogy remained constant during
their evolutionary lifespan. This assumption is, however, violated by observations that show that
mineralogy and structure of many bivalve genera change through time.
Here, in order to assess the timing of changes in shell structure and mineralogy of bivalve clades, we
describe and analyze shell composition of Late-Triassic-Late Jurassic bivalve specimens from the
Western Tethys in thin-sections. We focus on six families with epifaunal life habits, including
Terquemidae, Plicatulidae, Pectinidae, Entoliidae, Camptonectidae, and Ostreidae.
We show that the proportional thickness of aragonite layer decreased gradually rather than abruptly
during the Jurassic (Terquemidae) and that some families (Pectinidae and Entoliidae) show structural
changes within their calcitic layer at the Triassic/Jurassic boundary.
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Phanerozoic paleogeography of Carpathian realm
Jan Golonka1, Aleksandra Gawęda2, Anna Waśkowska1, Michał Krobicki3,1
1

AGH University of Science and Technology, Faculty of Geology, Geophysics and Environmental Protection,
Mickiewicza Ave. 30, 30-059 Kraków, Poland; jgolonka@agh.edu.pl , waskowsk@agh.edu.pl,
krobicki@geol.agh.du.pl
2
Faculty of Earth Sciences, University of Silesia, Bedzińska st. 60, 41-200 Sosnowiec, Poland;
aleksandra.gaweda@us.edu.pl
3
Polish Geological Institute – National Research Institute, Upper Silesian Branch; Królowej Jadwigi 1, 41-200
Sosnowiec; Poland; michal.krobicki@pgi.gov.pl

The aim of this paper is the presentation of Phanerozoic paleogeographic maps of Carpathian realm
within the global context. The maps containing paleoenvironment and paleolithofacies details were
constructed using a plate tectonic model based on PLATES, GPLATES and PALEOMAP software.
The present-day fragments of the circum-Carpathian area belong to two major continents Baltica and
Gondwana separated by Iapetus Ocean during Early Paleozoic times. Break-up of Gondwana lead to
the origin Avalonia, which drifted from Gondwana toward Baltica and opening Rheic Ocean (Golonka
and Gawęda 2011) and narrowing of Iapetus. New continent of Laurussia was formed after the
complete closure of Iapetus Ocean. Docking of new terranes to Laurussia and significant consumption
of the Rheic Ocean caused formation of the Variscan Orogenic Suture, extending from Turkey to
Mexico. Laurussia cease to exist during in Carboniferous times and was included into supercontinent
Pangea. The carbonate platforms were formed during Triassic times .They covered the margins of
Western and Central Europe, including the Calcareous Alps and Inner Carpathians as well as several
plates between Europe and North Africa. The Calcareous Alps and Inner Carpathians formed the
marginal platform of Europe (Golonka 2004).
The break-up of Pangea which happened during Jurassic times resulted in the origin of the Alpine
Tethys that extended into the Carpathian realm. The Inner Carpathian block was moving away from
Europe. Paleomagnetic data from the Pieniny Klippen Belt Ocean (Lewandowski et al. 2005) indicate
relatively fast opening of this oceanic domain (Golonka 2004).
The Alpine Tethys reached its maximum width and stopped spreading during the latest Jurassicearliest Cretaceous times (Golonka 2004). The southern part of the North European Platform, north of
the Alpine started to be rifted and the Outer Carpathian basin had developed with the beginning of
calcareous flysch sedimentation. During Late Cretaceous times compression embraced the Inner
Carpathians and Alps. Several nappes with northward polarity developed. Cherty limestones gave way
to marls and flysch deposits. Large areas of Central Europe were uplifted due to tectonics related to
the orogenic activities in the Alpine-Carpathian realm. The process of the closing of Tethyan realm by
the Alpine orogeny continued during Paleogene times. Flysch, accumulated in the Alpine and
Carpathian accretionary prisms and foreland basins in front of the moving northward plates.
The geodynamic evolution of the basins in the Alpine-Carpathian belt led to a transition from flysch to
molasse type of sedimentation. Oblique collision between the North European plate and the overriding
Western Carpathian terranes led to the development of the outer accretionary wedge, the built up many
flysch nappes and the formation of a foredeep.
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Position the Tesin (Cieszyn) Limestone Formation within the Outer Carpathians
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Recent lithostratigraphic studies of the Lower Cretaceous deposits in the Outer Carpathians applying
requirements of formal lithostratigraphic division suggestchanges in traditional schemes (Golonka et
al. 2012). The Tesin (Cieszyn) beds (sesnsu Hohenegger 1861) functioned as combination of three
divisions which should be extracted as the formations level within Silesian and Subsilesian nappes.
They represent separate stages of Severin-Modavidic (Protosilesian) Basin evolution as well as
supersequences; thus they lithological development is completely different. Therefore the present
authors suggest propose the following characteristics for the Tesin (Cieszyn) Limestone Formation
within the lithostratigraphic scheme of the Outer Carpathians.
Development: The thin-bedded pelitic or/and fine-grained detritic limestones prevail in the lower part
of Tesin (Cieszyn) Formation. Medium- and coarse grained pelitic limestones (locally conglomeratic
limestones) dominate in the formation’s upper part. Limestones layers are interbedded by marly shales
with admixture of psammitic material in upper part of profile. The sedimentary structures suggested
turbiditic origin of deposits. The teschenite sills occur in the formation’s upper part.
Boundaries: Tesin (Cieszyn) Limestone Formation covers the Vendryne Formation. The lower
boundary is gradually – it is marked by occurrence of limestones layers within marls and marly shales.
Cisownica Member of Hradište Formation, which start gradually by presence of dark marly shales and
thin-bedded sandstones developed above Tesin (Cieszyn) Formation.
Occurrence: Deposits of Tesin (Cieszyn) Formation crop out in Cieszyn, Goleszów, Wapiennica,
Żywiec and Bielsko-Biała- Kozy area in Poland, and in Frydek, Tešin and Třiniec area in Czech
Republic.
Thickness: The thickness of Tesin (Cieszyn) Formation in locus typicus area is determined at 200m,
thickness is changeable – average value is 250 m.
Age: The age was recently estimated on the base of microfossils e.g. dinoflagellates, calpionellids,
calcareous nannoplancton, foraminifers, which indicated Tithonian - Valanginian interval of Early
Cretaceous.
Equivalents: Tesin (Cieszyn) Limestone Formation replaced Tesin (Cieszyn) limestone – the middle
part of Tesin (Cieszyn) beds in traditional meaning.
Type locality: The type locality is located in Cieszyn town. Hohenegger (1861) indicated the Cieszyn
Castle Hill, but currently as type section is regarded to good exposed profile in Olza River, on the
Polish-Czech boundary, directly below the Cieszyn Castle Hill.
Name: The formation name is derived from the town, which now belong to Poland and Czech
Republic. Different spelling of this town was used in literature: Teschen, Cieszyn, Tesin, Tešin. We
apply Tesin after Picha et al. 2006 with Cieszyn in parenthesis after Golonka et al. 2012.
Reference sections: Mały Grojec-Soła River section in Żywiec, Jasieniowa Mt. quarry in Goleszów,
Horni Listna section.
Sedimentary environment: The Tesin (Cieszyn) Formation represents one of the Lower Cretaceous
development stages within Severin-Modavidic (Protosilesian) Basin. It represents the oldest deposits
of turbiditic currents origin in the Outer Carpathians. The Baska –Inwałd and Silesian ridges are the
source areas for detritic limestone material, which was transported from shallow water reef
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environments. After tectonic movements the Tesin (Cieszyn) Formation deposits built the Silesian and
Subsilesian napes of Outer Carpathians.
Studies were supported by AGH grant no. 11.11. 140. 173
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The FreshGen – a unique database on Freshwater Gastropods of the European
Neogene
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More than one thousand gastropod species are currently known for European freshwater systems.
Apart from faunal lists and a few general overviews, studies on the γ-diversities of European
freshwater systems and the shifting biodiversity through space and time are entirely missing. For fossil
assemblages, biodiversity estimates are likewise scarce and usually restricted to small regions. In
many cases, even species lists do not exist and are hard to extract from the literature.
The present project is aimed at compiling freshwater gastropod faunal data from the huge amount of
existing works. The γ-diversity of several hundred modern and fossil European lakes will be evaluated
to provide a first detailed assessment of the faunal composition during the Neogene and Quaternary at
species, genus and family levels. Important topics to be addressed are factors explaining the
differences and changes in the γ-diversities through time as well as geographic gradients in species
richness and/or faunal composition. Diversity data and inter-lake comparison will allow estimating
endemism rates and quantitatively defining biodiversity hotspots in present and past lakes. The well
resolved climate history of Europe during the last 23 million years will be a frame for linking speciesand supraspecific compositions with climatic trends and events. Ideally, the project will shed light on
the origin of modern lake faunas by the intense cooperation between zoologists and paleontologists. A
major aim is to map a statistics-based Pan-European biogeography and palaeobiogeography of
Neogene to Quaternary freshwater systems.
Data will be made permanently available for the public via the FreshGEN-database (Freshwater
Gastropods of the European Neogene). Once established, this database will be open for geographic
and/or stratigraphic expansion.

Contact of the Western Carpathians with the European Platform in the light of
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The Western Carpathians represent the northernmost segment of the European Alpides and form an
arc-shaped mountain range related to the Alpine compression during the Cretaceous to Tertiary. Their
outward termination shows the contact with the adjacent European Platform and the Bohemian Massif,
units of different age and tectonometamorphic development. In the north and the west, the Western
Carpathians are bordered by the flysch nappes thrusted over the Palaeozoic to Early Mesozoic margin
of the European Platform and the Bohemian Massif.
The crustal-scale tectonic structure of the Western Carpathians and the European Platform, and
especially their contact, were analysed employing the data of the CELEBRATION 2000 and
SUDETES 2003 seismic refraction experiments. In the seismic wave field from profiles crossing the
Carpathian arc, anomalous mantle phases were observed. The data were interpreted by 2-D trial-anderror forward modelling of P waves, additional constraints on crustal structure were provided by
gravity modelling. The retrieved models were verified using the full wave field finite difference
calculation. The modelling revealed a complex structure not only within tectonic units, but also at their
contacts, which may reflect, to some extent, a structural variability related to tectonic events. The
crustal thickness of the whole area varied from 25 – 39 km. The Moho in the Carpathians was
relatively shallow and reached a depth of 32 – 33 km. This relatively small thickness, compared to
many other Tertiary orogens, e.g., the Alps, reflected a different tectonic evolution of the Western
Carpathians. In contrast, in the Pannonian Basin the Moho rose to a depth of 25 km which
corresponded to the Pannonian gravity high and the Pannonian lithospheric thinning.
The most prominent lateral variations of the Moho depth were detected at the contact of the Western
Carpathians with the Bohemian Massif. This area is unique because at the western margin of the
Carpathians the Moho rises from 32 km to a depth of 26 km and steeply dips to the NW to a depth of
37 km. Similar feature was found at the northern edge of the Carpathians. The anomalies were located
in close lateral proximity of the Pieniny Klippen Belt – a surface manifestation of the boundary
between the colliding European and Alcapa plates. Therefore, this abrupt change of the crustal
thickness seems to be tectonically related with possible continuation of this boundary to depth. The
proximity between these two features (the Pieniny Klippen Belt and the abrupt Moho depth change)
may suggest that the zone between them is an area of the contact of the European Platform plate and
the Alcapa microplate.

Decapod crustaceans and the Western Tethys as a centre of biodiversity
Matúš Hyžný
Comenius University, Department of Geology and Palaeontology, Mlynská dolina G1, SK-842 15 Bratislava;
hyzny.matus@gmail.com

The fossil record shows that there have been at least three marine biodiversity hotspots during the past
50 million years, including the Western Tethys (WT) during the Eocene, the Arabian biodiversity
hotspot in the Miocene and the Indo-West Pacific (IWP) biodiversity hotspot today (Renema et al.
2008). Major shifts of taxa during the Oligocene and Miocene were documented in WT only recently
(Harzhauser et al. 2007). It has been argued that the centre of radiation and evolutionary hotspot,
situated in WT during the Oligocene and Early Miocene, shifted towards the Indo-West Pacific, thus
establishing today's biodiversity hotspot in IWP. The Cenozoic fossil record of decapod crustaceans
suggests two periods of major diversification, in the Eocene and the Miocene (Feldmann and
Schweitzer 2006). It remains to be tested whether the shift of taxa is enhanced by the poor sampling of
the Cenozoic fossil record in IWP, and thus rather represents biodiversity hotspot area contraction as
opposed to shift of the centre of diversity. For instance, several recently published biogeographic
studies based on the molecular phylogenies of spiny lobsters (Groeneveld et al. 2007) and spider crabs
(Sotelo et al. 2009) argued for IWP as an ancestral area of today's Mediterranean taxa. On the
contrary, based on the fossil evidence Hyžný (2011) and Hyžný and Müller (2012) argued for the
Tethyan origin of the present day IWP communities of a mud shrimp Jaxea and a ghost shrimp
Glypturus, respectively. Although decapods were used as palaeobiogeographical indicators before, no
detailed analysis of the Tethyan taxa has been conducted so far. Considering the long history of
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collecting, decapod crustaceans are promising tool for independent testing of the proposed hypothesis
of WT as a centre of origin and diversity in the distant past.
Acknowledgements: The research has been funded by APVV 0644-10.
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Carbon-isotope stratigraphy integrated with calcareous dinoflagellata
biostratigraphy of the Upper Jurassic of the Krížna Nappe, Tatra Mts.
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Upper Jurassic deposits of the Krížna Nappe in the Tatra Mountains (Central Carpathians) are newly
dated on the basis of calcareous dinoflagellates. A new carbon isotope (δ13C) curve of the
Kimmeridgian–Lower Tithonian pelagic deposits is calibrated against these biostratigraphic data.
Section starts with red radiolarites (Czajakowa Radiolarite Formation) of Early Kimmeridgian–Late
Kimmeridgian with cysts of Moluccana Zone. Red radiolarites comprise microfacies dominated with
radiolarians and higher up in the section with Bositra and Saccocoma. The average CaCO3 content is
about 48 wt%.
Overlying red nodular limestones (Czorsztyn Limestone Formation) are characterised by distinct
thickness (5.5–11 m) and facies variability. Their sedimentation began in Late Kimmeridgian
Moluccana Zone, however upper boundary is strongly diachronous and ranges from Late
Kimmeridgian Moluccana Zone up to Early Tithonian Malmica Zone. The CaCO3 content of red
nodular limestones is about 67 wt%; ranging from 45 up to 97 wt%. Microfacies are dominated with
Saccocoma, Bositra, radiolarians, globuligerinids and globochaetes.
Younger, platy micritic limestones are light grey or olive-grey in colour. They are partly silicified and
locally contain reddish, pinkish, slightly nodular intercalations. The average CaCO3 content is 58 wt%
(ranging from 46 up to 72 wt%). Thin sections show Saccocoma, crinoids, globochaetes and
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radiolarians. The youngest identified microfossil assemblage indicate Dobeni and the Boneti Subzones
of Chitinoidella Zone in the uppermost part of the Lower Tithonian deposits.
Generally toward the west of the studied area, from the Belianske Tatra to the Western Tatra Mts,
thickness and CaCO3 content of red nodular limestones decrease and limestones become more marly
with indistinct nodular structure. This change reflects intertonguing westward of red nodular
limestones (Czorsztyn Limestone Formation) with grey platy limestones (Jasenina Formation).
Early Kimmeridgian Moluccana Zone shows positive carbon-isotope excursion (from 1.94 to 2.15‰,
∆=0.21‰), followed by a smooth negative trend up to the top of the youngest analysed deposits. It
shows almost constant decrease from 3.2‰ to 1.12‰, giving amplitude of 2.08‰. Generated δ13C
curve is significantly similar to reference δ13C Northern Tethyan profiles (Weissert and Mohr, 1996;
Padden et al., 2002). Hence, the Late Kimmeridgian excursion followed by smooth decreasing trend of
δ13C seems to be typical of Northern Tethyan region.
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Based on the detailed tectonic recognition, mineralogical, petrographical and geochemical studies
were conducted in the Carpathians at the borderland of Poland, Slovakia and Ukraine (Jankowski and
Jarmołowicz-Szulc 2009).
Mineral associations of calcite - quartz filling in veins and forming aggregates were studied (being
often accompanied by solid bitumens), as well as the character of anoxic facies in the Carpathians in
the Polish and Slovak area within different tectonic units – from the Dukla unit through the Silesian,
Boryslav-Pokuttia, Skole and the Węglówka units analyzed (Jarmołowicz-Szulc and Jankowski 2011;
Jarmołowicz-Szulc et al. 2012).
The analysis was based on geochemical parameters and indices from the from the methods as RockEval analysis, gas chromatography of n-alkanes and isoprenoids isotopic determinations of carbon
isotopes (in organic matter), as well as - for minerals, on results of microscopic investigations and
oxygen isotopic analysis.
Mineralogical and isotopic variabilities of the mineral associations in the W-E directions were
concerned. With a predominant isotopic homogenity for calcite, the average δ18O SMOW for quartz from
Poland (and comparatively – from Ukraine) exhibit a decreasing trend towards SE, which points to
the temperature increase of the quartz crystallization in the same direction. In case of the bituminens,
TOC content increases from Polany in the Magura unit, through Dara, Slovakia and Żubracze, Poland
in the Dukla unit, to Bandrów in the Skole unit as well as Aksmanice in the Boryslav-Pokuttia unit.
The highest TOC values characterize the facies of the Skole unit. The potential maturity of the
sediments is very good in the anoxic facies of the Silesian and Dukla units and in the Central
Carpathian Depression (CDK). Residual petroleum potential (S2) of the dispersed organic matter
varies minimum in the Lower Cretaceous strata of the Bystre Slice to highest in the Skole unit
(Bandrów), being moderate in the Dukla unit both in Polish and Slovak segments and slightly higher
in the Magura and Boryslav-Pokuttia units. Some trends have been observed in bitumen contents.
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Thermal maturity of kerogen (mixed type from II to III) varies from the immature phase (the Skole
and Boryslav-Pokuttia units) through mature in the Silesian and Dukla units up to the early gas phase
in the tectonic mélange and its neighborhood.
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At about 200 Ma, a major mass extinction took place at the end of Triassic (Alroy 2008) that is linked
to severe environmental crises: global warming, ocean acidification and a biocalcification crisis figure
prominently in scenarios for the biotic disturbance. Radiolarians, as the most abundant silica-secreting
marine microfossils of the time, provide a control group against marine calcareous taxa in testing
selectivity and responses to changing environmental parameters.
Although taxonomists claimed (Carter and Hori 2005) that radiolarians were significantly hit by the
end-Triassic extinctions, previous quantitative studies based on Sepkoski’s compendium (Hautmann et
al. 2008), and the Paleobiology Database (Kiessling and Danelian 2011) suggested that the group was
not seriously affected by the extinctions.
Due to the stratigraphic importance of the group, most radiolarian fossil collections in the Late
Triassic–Early Jurassic interval can be resolved further than the stage level of stratigraphic resolution
employed by these analysis, which allowed us to analyze the origination and extinction rates of the
group at finer resolution, using data from the Paleobiology Database, employing sampling
standardization and improved stratigraphic resolution at the substage level before and after the endTriassic crisis.
The major end-Triassic event is well-supported by a Late Rhaetian peak in extinction rate, followed by
an elevated origination rate in the beginning of the Jurassic, which are evidence that radiolarians were
affected by crisis and that ocean acidification was probably not the sole cause of the extinctions.
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Carbonate sedimentation along the margins of the Silesian Basin during the Late
Jurassic and the Earliest Cretaceous – prelimary results of exotics studies
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Boulders and pebbles of the Latest Jurassic–Earliest Cretaceous limestones commonly occur in the
Outer Carpathians. They are traditionally called “the Štramberk-type limestones”, with regard to
similiarity to the Tithonian–Early Berriasian limestones occurring in the vicinity of Štramberk
(Moravia, Czech Republic) (e.g., Houša 1990).
The studied rocks were collected from 30 localities situated within the western part of the Silesian and
Sub-Silesian Nappe of the Polish Outer Carpathians. Boulders and pebbles of carbonate rocks are
located among deposits of younger age (Early Cretaceous to Oligocene), belonging to various
formations, mostly to the Grodziszcze Formation, the Istebna Beds and the Ciężkowice Sandstone.
Limestones probably constitute sediments deposited in the (proto-)Silesian Basin. The paleotransport
directions indicate that material was supplied mostly from the South (see also Unrug 1963,
Leszczyński 1981). It suggests carbonate sedimentation developed along the Silesian Ridge – southern
margin of the basin and perhaps along the northern shore of the Tethys.
Microfacial studies implicate that limestones represent diversified environments of carbonate platform
(e.g., Flügel 2010). Peloidal grainstones, laminated stromatolitic bindstones, fenestral bindstones,
sometimes with Charophycean algae are typical for very shallow parts of platform interior.
Environments of restricted platform and shelf lagoons with open circulation are represented by
bioclastic grainstones and packstones with benthic foraminifera and calcareous green algae. Coated
bioclastic grainstones indicate margin of platform. The most frequent are reefal and peri-reefal facies:
boudstones formed by sponges, corals, and microbes, as well as peri-reefal grainstones. Intraclasticbioclatic rudstones with peri-reefal components could be formed on the slope, as well as bioclastic
wackstones with calpionellids. Spiculite wackstones and “filaments” wackstones represent deeper
shelf. Detailed reconstruction of these platforms is problematic and difficult due to fragmentation and
transportation of deposits.
The age of the studied exotics was determined based on calpionellids, calcareous dinoflagellates, and
foraminifera. The majority of the exotic limestones is Early or Late Tithonian in age, what suggests
the major stage of platform development. Early Berriasian age was rarely noted. Several samples
represent later parts of the Early Cretaceous. Moreover, Oxfordian exotics represented by spiculite
facies are relatively common.
Acknowledgments: This research has been financially supported by National Science Center in Poland,
grant no N N 307 057740.
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Late Paleozoic and Mesozoic evolution of the Peri-Gondwanan plates (including
Lhasa Block) with first discovery of the Early Jurassic Lithiotis-type bivalves in
the Carpathians (Romania) and their paleobiogeographical significance
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After the complete closure of the Iapetus Ocean during Late Silurian times (Caledonian orogeny) the
continents of Baltica, Avalonia, and Laurentia formed the continent of Laurussia. The Caledonian
orogeny and collision of Gondwana and Laurentia was related to the formation of the large Early
Devonian supercontinent Oldredia. The Early Devonian transgression occupied peri-Gondwanan
regions and most probably has been connected with initial rifting of the selected terranes from
Gondwana (e.g. Sibumasu) and origin of the Paleotethys Ocean which expanded during Carboniferous
times. The collision of the North China plate and closure of Solonker Ocean during Permian times
concluded the orogenic process. From the paleobiogeographical point of view (brachiopods,
foraminifera, corals, cephalopods etc.) several terranes have been separated in this time from
Gondwana and belonged to cold/temperate/cool-water and/or warm-water of Cimmerian
(Transitional)/Marginal Cathaysian biogeographical provinces, especially of the eastern part of the
Cimmeria – Qiangtang, Tengchong, Baoschan, Sibumasu (= Shan-Thai) terranes, and Indochina block
including Vietnam which were separated from Gondwana by young Neotethys Ocean. The latest
Permian and earliest Triassic quick rifting of this ocean and drifting of several Gondwana-derived
blocks caused strong Indosinian orogeny during Triassic times. This orogeny was the result collision
of Indochina with both Sibumasu and South China blocks, which closed part of the Paleotethys Ocean.
The time of new break-up of northernmost part of the Gondwanan Pangea is controversial and still
enigmatic. An especially relationship between Qiangtang and Lhasa blocks in space and time causes a
lot of controversies. This break-up most probably took place during the earliest Jurassic times,
indicated especially by separation of the Lhasa Block from Gondwana. This block very quickly drifted
northwards. Separation of the Cimmerian Continent [Iran (Alborz)-Qiangtang-Malaysia-Sibumasu]
from this part of Pangea during the latest Carboniferous–earliest Permian times by rifting and drifting
event originated Neothethyan Ocean and therefore the Lhasa Block belonged to the southern margin of
this new ocean. Northwards migration of the Cimmerian Continent took place during Permian-Triassic
times causing wide opening of the Neotethys and closing of the Paleotethys Ocean. The world-wide
distribution of Pliensbachian-Early Toarcian large bivalves of the so-called Lithiotis-facies (dominated
by Lithiotis, Cochlearites, Litioperna genus) indicates very rapid expansion of such type of bivalves.
Himalayan (Nepal) and Tibetan (Nyalam area) occurrences of Lithiotis and/or Cochlearites bivalves
could help to reconstruct of Early Jurassic position of the Lhasa Block. Occurrence of Lithiotis-type
bivalves from southern Europe [Spain, Italy, Croatia, Slovenia, Greece, Albania and Romania (where
these type of bivalves have been recently discovered)], westernmost Asia/Arabia (eastern Turkey,
Iran, Iraq, Kuwait, Oman) to central Asia in this time suggested migration path from western Tethys
trough Panthalassa Ocean up to western margin of North and South America (USA, Peru). In the
Romanian case it is first discovery of such type of bivalves in the Carpathians (Southern Carpathians
close to the Iron Gate – Danubian Unit; Middle – Late Sinemurian up to Toarcian – ?Early Aalenian,
the Munteana Formation), where grey, pseudo-nodular, coral-bearing, bioclastic limestones are rich
both in branching corals and small patch reef-type of them. Another fauna is represented by
brachiopods, bivalves and isolated crinoids. In well-bedded biodetritic limestones Lithiotis-type
bivalves and Aptixiella-type gastropods occur. Sedimentologicaly this unit represents short-lived
shallow-marine carbonate platform, primary with coral-dominated ramp.
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Triassic - Jurassic climate humidification and Rhaetian kaolinite formation
(Western Carpathians, Tatric Unit, Červený Úplaz section)
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Rhaetian Tomanová Fm overlying Norian Karpatian Keuper in the Červený Úplaz section in the Tatra
Mts is built of cyclic parasequence of argillites and sandstones. Sequence type, lithofacies, mineral
homogeneity of sediment and its chemical properties indicate periodical erosion and transport from
source area. Quartz (15 to 70 wt%. ) kaolinite (13 to 46 wt% ) and 2:1 Al dioctahedral phyllosilicates
(dioct 2:1: muscovite, illite, illite/smectite : 5 to 39 wt%) represent the major slightly diagenetically
altered mineral phase. The kaolinite/ dioct 2:1 ratio decreasing upwards the section (from 4.3 to 0.5)
signalizes variability in weathering/erosion intensity and changing water salinity. Major and trace
elements (LILE, HSFS, REE) composition of sediment supposes an uniform source - felsic rocks
localized probably in the Vindelician Highlands. The sedimentary rate (83 mm/ky according to the
cyclostratigraphy) has been controlled by climate. Alternation of dry and humid periods was attested
by sedimentary textures and by maturity of quartz (eolian vs fluvial grains), organic matter content and
its character (Corg and δ13Corg). Authigenic siderite or bethierine documents wet and reduced conditions
in the upper part of the Tomanová Fm.
Sedimentary rate of the Dudzinec Fm attained 25 mm/ka and the character of cycles preserved in the
sequence is similar as this of the Tomanová Fm (fining upwards parasequences). However, quite
different mineralogy of clays, recycled character of silicates, differentiated δ13Corg and raised calcite
detritus with specific C a O isotopic results document a discontinuity in the section. Transgressive
character of the Dudzinec Fm. was deduced from stratigraphic distribution and environmental
significance of benthic foraminifera. Involutinids and spirillinids dominate in lower part,
endothyrinids govern the middle part, and in upper part nodosariids and Ammodiscus-type microfauna
occur. All they concede a possible late Rhaetian age. Sea level rise in the Tatric triggered by thermal
expansion of the Central Atlantic rift was gradual, being affected by input of terrestrial clastics both by
fresh water input and by wind. Tatric Triassic / ?Jurassic sequence in the Western Carpathians helps to
understand sedimentation, paleoclimate (kaolinite weathering), and paleogeography of the
northernmost part of the Tethyan Domain.

Tectonics of the Central Carpathian Palaeogene between Skrzypne and Białka
Tatrzańska (Podhale region, southern Poland)
Mirosław Ludwiniak, Leonard Mastella, Danuta Klimkiewicz
Institute of Geology, University of Warsaw; Miroslaw.Ludwiniak@uw.edu.pl, l.mastella@uw.edu.pl,
d.klimkiewicz@uw.edu.pl

The northernmost part of the Central Carpathians Palaeogene Basin (CCPB) is an assymetrical
synclinorium (Podhale Synclinorium − PS). Four longitudinal tectonic zones have been recognized in
the central segment of the PS. They are, from the north to the south: the contact zone of the CCPB and
the Pieniny Klippen Belt (PKB), the zone of “the Peri−Pieniny flexure”, the zone of small dips and the
axial zone. The zone of “the Peri−Pieniny flexure” has been recognized only east of the Biały Dunajec
River. These zones continue eastwards in the eastern Podhale−Spiš area (Mastella 1975).
The longitudinal zones are cut by large, meridionally oriented Białka and Biały Dunajec valleys. Large
fault zones, NNW−SSE (Białka Fault Zone − BFZ) and NNE−SSW-oriented (Biały Dunajec Fault
Zone − BDFZ) have been recognized along them (Mastella et al. 1996, 2012).
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The BFZ and BDFZ are composed of map-scale Fm faults that are parallel to their general direction –
NNW−SSE and NNE−SSW, respectively. Less numerous Rm faults form en echelon arrays oriented
parallel to the Fm faults or feather the latter ones. Apart from the faults mentioned above occur large
longitudinal faults. They include W−E (Lm) and ENE−WSW-trending (L’m) reverse faults situated in
the central part of the synclinorium. Lm faults occur in the western and the L’m faults – in the eastern
part of the study area. Mesofaults (Fs, Rs, Ls and L’s) have similar orientations as the map-scale faults.
Additionaly, r faults feathering the Rm and Rs faults were recognized here. A majority of the Fm, Rm,
Fs, and Rs faults constituting the BDFZ and BFZ were formed during the initial phase as strike-slip
faults; they were later reactivated as dip-slip faults with a prevailing dip-slip, mainly normal
component. It seems that the dip-slip component is far more significant than the strike-slip one.
Generally, the BFZ and BDFZ are interpreted as scissor-like faults that downthrow the northern and
upthrow the southern part of the block situated between them. Such interpretation conforms with the
results of studies using the PSInSAR method (Perski 2008) and repeated precise levelling (Makowska
and Jaroszewski 1987). These fault zones cut the whole PS, extend to the north and cut the PKB,
which lies significantly lower between Szaflary and the Białka River Gorge and is largely covered by
Quaternary deposits. The CCPB/PKB contact line is shifted ca. 200 meters northwards in the eastern
part of the BDFZ.
As suggested by the geological map and structural studies, the zones trend into the Tatra Massif (e.g.
Fusan 1963). The BDFZ extends probably into the Małą Łąka Valley (see Dąbrowska and Jurewicz,
2013) and far to the south into the Goryczkowa depression. The BFZ continues into the border of the
Szeroka Jaworzyńska depression and the Havran elevation.
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New structural data from the southern margin of the Orava - Nowy Targ basin
(Western Carpathians, Poland/Slovakia borderland)
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The Orawa-Nowy Targ basin (O-NTB) located in southern Poland and north-western Slovakia is most
probably a strike-slip fault-related basin filled generally with Neogene freshwater sediments. In its
western part (Orawa) the basin overlies three tectonic units, from the south: the Central Carpathian
Palaeogene Basin (CCPB), the strongly deformed Pieniny Klippen Belt (PKB) and the southernmost
unit of the Outer Carpathians – the Magura Nappe. There are at least three different models explaining
the origin and tectonic evolution of the O-NTB: as a pull-apart basin (Pospišil 1990; BaumgartKotarba 1996); a strike-slip fault releasing band basin (Pomianowski 2003) and a strike-slip fault basin
that originated from the coupling of minor basins (Struska 2008). The aim of this study is to recognize
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which of these models are supported by tectonic mesostructures. Outcrops in the O-NTB are rare and
ephemeral due to the type of basin filling and changes in the stream and river channels. In these
circumstances, the study of relatively well exposed rocks along the basin margins is extremely
important. Here we present new, preliminary results of structural analysis based on 30 exposures in the
O-NTB and more than 100 from its southern, CCPB margin.
Directly to the south of the O-NTB, the CCPB flysch sediments can be divided into three distinctive
structural parts. In the SE part, between the Chochołów and Stare Bystre villages, the counterclockwise rotation of both the bedding and the fracture pattern suggests the occurrence of dextral
strike-slip fault zones that were active after the formation of the youngest joint set. Moreover, NESW-oriented strike-slip dextral mesofaults were noticed. In the western part of the CCPB between the
villages of Trstena and Vitanova, both the bedding and the fracture pattern are in a more regional
position. The exception are steeply-dipping strata in the vicinity of longitudinal, predominantly strikeslip, map-scale fault zones that occur somewhat to the south of the O-NTB margin. Moreover,
mesofolds with N-S axes within the contraction zones of the E-W-oriented strike-slip mesofaults were
observed close to the O-NTB border. In the area between Vitanova and Chochołów occurs a transition
zone related to the change of direction of the O-NTB boundary from W-E to SW-NE. Similarly as in
the eastern part of the study area, rotation of bedding and fracture pattern can be observed. There are
also two groups of mesofaults: 1) north-dipping W-E-trending normal faults and 2) N-S to NE-SWtrending strike-slip and normal faults. Zones of strong mesofold deformations that are not typical for
most of the northern part of the CCPB were observed here. Among them series of E-W-oriented northverging folds, folds with sub-vertical axes related to dragging along strike-slip faults and zones of
“pop-up – like” structures with minor reverse faults can be noticed. In the O-NTB we focused on two
areas with the best available outcrops. The first location along the Bystry stream in the SE part of the
basin provides data on the fracture pattern. The most distinct system is represented by orthogonal
fractures comprising the dominant NNW-SSE set and the subordinate ESE-WNW set. These sets form
a ladder-pattern or less frequently a grid-lock pattern. This simple arrangement is complicated by the
second system; it has a rhomboidal geometry with a NNW-SSE-oriented bisector of the acute angle.
Few observed mesofaults have a NNE-SSW orientation and are vertical strike-slip or NW-dipping
normal faults. Further to the west, in the Čimhova area, the fracture pattern seems to be more irregular
and most probably disturbed by mesofaults. Normal faults of two sets: N-S and WSW-ENE-oriented
dominate.
In the SE of the study area the preliminary structural analysis suggests that the O-NTB is bordered by
a series of dextral strike-slip fault zones that were active also during the deposition of the basin
infilling. The latter conclusion is supported by the fracture pattern in the O-NTB. The reconstructed
direction of the maximum horizontal stress (NNW-SSE) is consistent with the assumed dextral faultzones. In the SW and S of the analyzed part of the O-NTB, normal faulting is more prominent. There
is no direct proof that the observed strike-slip, W-E fault indicators are related to the basin
development and are not older, ensued from a strike-slip motion between the PKB and CCPB.
Summing up, the observed structures cannot be explained using only one of the models mentioned
above but are most probably the result of an interaction between the inferred tectonic processes.
However, a preliminary hypothesis can be put forward that the processes described in the BaugmartKotarba (1996) model played the most important role in the evolution of the O-NTB.
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Carpathian Shear Corridor – a zone of blocks uplift, tilting, rotation and recent
seismic activity (Western Carpathians)
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Structural phenomena of the Carpathian shear corridor (CSC) - ENE-WSW wrench zone (sensu
Marko 2012) running in between the Vienna basin and the Vysoké Tatry Mts. was recognized
already in 80-ties. Distinctive ENE-WSW photolineaments identified from RS images (Doktór et al.
1985) represents corridor boundarries, which were interpreted as a strike-slip Myjava and Hron faults
(Pospíšil et al. 1986). During the Neo-Alpine evolution of the Western Carpathians faults strongly
affecteded the morphotectonic character of the Western Carpathian orogen. Differential vertical
movements of individual tectonic blocks shaped this segment of the Westeren Carpathians during the
final stage of evolution. The result is a mosaic - like structure composed of fault-separated blocks,
complicated by rotations, tilting and exhumations at different erosional levels. We suppose, that just
CSC, as a dynamic zone played an important role in the process of the Western Carpathians
morphostructure formation. CSC displays all above mentioned map-scale structural phenomena. To
study blocks rotation and tilting related to intramountaine basins opening and destruction, and recent
fault activity within the shear corridor a multidisciplinary approach has been applied. Proper sites for
paleomagnetic analyses, FT ages analyses, recent fault-related microeartquakes monitoring and
focussed structural research were selected, Remote Sensing optical data (Landsat ETM+), radar data
(ERS-2) and DTM of terrain have been used as well to highlight morphostrustures related to shear
corridor. Preliminary apatite FT ages from crystalline massifs of Suchý and Malá Magura support
Early and Middle Miocene (ca 22 Ma and ca 10 Ma) exhumation phases, moreover they indicate
strong variations in cooling rates. Six locations of Eggenburgian sediments within the shear corridor
were sampled for paleomagnetic analysis, which are in processing. CSC is seismically active area.
Tens of weak earthquakes have been recorded in recent years. Strike-slip mechanisms with a normal
component or revers component or normal mechanisms are predominant. We have calculated a focal
mechanisms of two recent earthquakes (5.3.2012 near Malacky - D: 34, S:144, R: -42; and 31.5.2012
near Vernár - D: 40, S: 40, R: -55). Both of them showed up by macroseismic effects (Fig. 1).
Acknowledgement: This work was supported by the VEGA grant agency under the contract No.
1/0712/11.
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Fig. 1 Distribution of ERS-2 scenes with outlined borders of Carpathian Shear Corridor and
locations of sampling for FT ages analysis (circles), paleomagnetic analysis (squares) and
earthquake epicenters (stars) with solution of focal mechanisms (lower right corner).

Source areas of the protolith of metamorphosed sedimentary rocks of crystalline
basement (Lower Paleozoic, Tatric Superunit, Western Carpathians):
geochemical criteria for identifycation of three different types
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Faculty of Natural Sciences, Comenius University in Bratislava, Mlynská dolina, 842 15 Bratislava, Slovakia,
meres@fns.uniba.sk

In the Lower Paleozoic crystalline basement of the Tatric Superunit of Western Carpathians three
main types of the source areas of the protolith of metamorphosed sedimentary rocks (MSR) were
observed:
(1) The Active Continental Margin Source Area (ACMSA).
The chemical composition of ACMSA [variable composition, values of the ratio Th/U (> 1), values
Th/Sc (0.3-0.8), values LaN/YbN > 5 and values Eu/Eu* (0.6-0.9)] indicates components derived from
the Young Differentiated Arc provenance type (YDA). The same geochemical parameters of various
types of MSR (metapelites, metapsammites, black schists, gneisses, contact metamorphosed rocks) of
this group MSR indicate: the same protolith (greywackes, lithic arenites ± organic matter), the same
parental rocks (dacite-rhyodacite), the same source area (ACM - active continental margin) and the
same sedimentary environment (continental slope). MSR of the Malé Karpaty Mts. (Pezinok Group),
MSR of the Strážovské vrchy Mts., MSR of the Žiar Mts. and MSR of the Malá Fatra Mts. belong to
this group.
(2) The Deep Ocean Basin Ridge Source Area (DOBRSA).
The chemical composition of DOBRSA indicates the components being derived from the Young
Undifferentiated Arc provenance type [YUA, variable composition, ratio Th/U (< 1), ratio Th/Sc (<
0.25), ratio LaN/YbN (< 6) and values Eu/Eu* (~1)]. The protolith of shales and black shales of this
group consisted of pelagic shales, protolith of metasilicites (metacherts) was formed by pelagic
silicites, protolith of actinolite schists and chlorite-actinolite schists was represented by halmyrolytic
altered hyaloclastites and altered basalts varied between N-MORB and E-MORB types (all types ±
organic matter). The sedimentary environment of the protolith of this group was the ocean floor; the
sedimentation was accompanied by rift volcanism producing basalts and hydrothermal activity (black
smokers) forming the stratiform hydrothermal sulphidic bodies in sediments. To this group of MSR
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belong the pelagic oceanic sediments from the crystalline complexes of the Malé Karpaty Mts.
Strážovské vrchy Mts. and southern part of the Považský Inovec Mts. (Pernek Group in all Mts.).
(3) The Passive Continental Margin Source Area (PCMSA).
The chemical composition of PCMSA indicates extensive chemical weathering by high values of CIA
and PIA indexes. Th/U, Eu/Eu*, Th/Sc, LaN/YbN, Th/Yb vs. Ta/Yb ratios indicate a material derived
from the Ancient Upper Continental Crust (AUCC). Trends in Th/Sc vs. Zr/Sc and La/Th vs. Hf ratios
are typical for recycled sedimentary rocks (RSR) and older MSR. Mutual relations in La-Th-Sc and
Th-Sc-Zr/10 resemble a sedimentary basin in the passive continental margin (PCM) setting. Protolith
of this group of MSR was characterized by intercalation of mineralogically mature quartzous sands
and chemically mature clays. Lower Unit in the Západné and Vysoké Tatry Mts. crystalline complexes
can serve as examples. Also micaschists and quartzous gneisses of the northern part of the Považský
Inovec Mts. and micaschists of the Tribeč Mts. could be classified in this group.
Three main types of the source areas of the protolith of metamorphosed sedimentary rocks of
crystalline basement of the Tatric Superunit of the Western Carpathians suggest differences in: (a)
source areas (ACM, DOBR, PCM), (b) source rocks (YDA, YUA, RSR+AUCC), (c) protoliths of the
various types MSR, (d) sedimentary environments, (e) geotectonic setting of the sedimentary basins
and (f) probably in the age as well. Its present-day position is achievement of the Variscan (partly
probably older) and Alpine tectono-thermal evolutionary history and younger erosion of crystalline
basement of the Tatric Superunit.
Acknowledgements: This work was supported by the VEGA agency grants No. 1/0555/13.
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In the West Carpathian orogen, the Meliatic Superunit is typical by occurrences of Mesozoic pelagic
metasediments and metabasalts, which are considered as part of dismembered Mesozoic ophiolites.
The Bôrka Nappe represents a relic of metamorphosed accretionary wedge of the subducted TriassicJurassic Meliata Ocean.
Six formations were distinguished in the Bôrka Nappe: (1) Nižná Slaná, (2) Jasov, (3) Bučina, (4)
Hačava, (5) Kobeliarovo and (6) Steinberg Formation. A common feature of these Early Paleozoic (?)
to Mesozoic formations is that they underwent HP/LT metamorphism. This metamorphism was
directly related to the subduction and its age was estimated to 160-150 Ma (Faryad and Henjes-Kunst,
1997, Dallmeyer et al. 2008). The subsequent exhumation of the Bôrka Nappe and its transformation
to a system of partial nappes was accompanied by retrogressive metamorphism under the greenschist
facies conditions.
The Hačava Formation (Fm.) prevails in the eastern part of the Bôrka Nappe. Mélange of this
formation forms a sedimentary matrix in which olistolites of pelagic metasediments, metacarbonates
and metabasalts are emplaced. The pelagic sediments of the Hačava Fm. are represented by
metasilstones, albitic phyllites, chloritoid schists, radiolarites with glaucophane, metasilicites with
phosphates, metasilicites with basaltic volcanogenic admixture and metacarbonates. In sericitic
phyllites of the Hačava Fm. mélange matrix, relics of older paragonite in younger muscovite/sericite
are often preserved. In these phyllites, presence of numerous post-tectonic idiomorphic porphyroblasts
of monazites was revealed (30-500 µm in size), possessing typical oscillation zonation.
The oscillation zonation is reflected in their chemical composition by relatively lower contents of
Ce2O3 (27 % wt. %) and higher contents of Nd2O3 (19.2 wt. %), Sm2O3 (3.7 wt. %) and ThO2 (4.8 wt.
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%) in the cores of the monazite crystals. On the other hand, there were lower values of Nd2O3 (16 wt.
%) Sm2O3 (0.7 wt. %) and ThO2 (0.1 wt. %) and increased values of Ce2O3 (36.6 wt. %) at the crystal
rims.
The monazite dating indicates two resulting ages (1) 147±17 Ma. and (2) 89±18 Ma (ages calculated
by statistical method of Montel et. al., 1996). According to these results two Alpine tectonometamorphic events could be discerned: (1) the older age indicates exhumation following subduction
of the Meliata Ocean; 2) the younger one records collision and the main phase of the Western
Carpathian nappe stacking.
Acknowledgements: This work was supported by the Slovak Research and Development Agency under
the contracts No. APVV-0571-06, APVV-0212-12, SK-AT-0002-12 and the VEGA agency grants No.
1/0193/13. and No. 2/0195/12.
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Formations of spotted and variegated clay-bearing marly-siliceous sediments with horizons of black
shales are characteristic for the Upper Albian – Cenomanian Strata in the Pieniny Klippen Belt (PKB).
Along whole course of the Slovak part of the PKB these formations are known as the Tissalo and
Lalinok Formations (Haško & Samuel, 1977) or in the Polish part of the PKB as members in
Kapuśnica and Jaworki Fms. (Rudina and Brynczkowa Mb., Birkenmajer, 1977).
Light creamy or gray, bioturbated marls of the Tissalo Fm. and variegated marls of the Lalinok Fm.
were sampled for biostratigraphy, paleoecology and geochemistry from an abandoned quarry near
Kamienka village.
Dominant microfossils in both formations are planktonic foraminifera and radiolaria. Planktonic
foraminifera yielded evidence for Late Albian and Cenomanian zones (Rotalipora ticinensis,
Rotalipora appenninica, Rotalipora globotruncanoides, Rotalipora reicheli and Rotalipora
cushmani). Minority of the microfossil association is represented by calcareous benthic foraminifera
and less common aglutinated foraminifera and ostracods.
Frequently bioturbated marls of the Tissalo Fm. indicate well oxygenated environmental conditions, in
contrast to more dysoxic conditions with seldom bioturbations of the sediment in lower part of the
Lalinok Fm. However horizons of black shales can be found in both formations. Both formations
represent pure pelagic sediments deposited above CCD with only scarce terigenous admixture.
Contents of the major elements (ME) in the pelagic sediments of the Tissalo and Lalinok formations
show trend which is typical by increasing SiO2 contents (15-50 wt %), increasing Al2O3 contents (3-11
wt %), with simultaneous decreasing of CaO contents (45-15 wt %). Such trend is typical for mixing
of three principal components in the pelagic sediments: (1) organogenic SiO2 (radiolarians), (2)
chemogenic/organogenic CaCO3 and (3) siliciclastic material (clay). The siliciclastic admixture is
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controlled by a positive correlation of SiO2, Fe2O3 and K2O vs. Al2O3 contents. Contents of ME in the
studied pelagic sediment and average composition of the pelagic clay are very similar.
The rare earth elements (REE) distribution in the studied sediments is influenced by primary
quantitative proportion of the main components SiO2, CaCO3 and siliciclastic material in the original
pelagic sediment. Presence of the siliciclastic material influences relatively higher ΣREE in the studied
sediments, as the two remaining main components SiO2 and CaCO3 generally contain very low
concentrations of REE.
The multi-element (trace elements, high field strength elements and rare earth elements) patterns for
pelagic sediment normalized to the OOPE-501 (geostandard for the pelagic clay) point to their
compositional similarities as well. The low value of Ce/Ce∗ indicates a relatively small depth (above
CCD) of the sedimentary basin and redox conditions. Nearly ideal, parallel OOPE-501 normalized
REE patterns in all the samples point to a common, stabilized sedimentary environment of the studied
pelagic sediment.
Acknowledgements: This work was supported by the Slovak Research and Development Agency under
the contracts No. APVV-0571-06, and APVV-0212-12.
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The Belice Unit represents the lowermost structural element of the Central Western Carpathians,
which occurs in narrow slices in the northern part of the Považský Inovec Mts. The Belice Unit
includes Upper Jurassic – Lower Cretaceous deep-water pelagic sediments (Lazy Fm.) deposited
below the CCD and composed of red ribbon radiolarites intercalated by red and greenish shales
(Oxfordian–Tithonian), a few beds of redeposited maiolica-type limestones and Lower Cretaceous
grey siliceous shales. Radiolarites contain a dispersed manganese mineralization diagenetically
remobilized in quartz veinlets. The Lazy Fm. is followed by the Senonian synorogenic, thickeningupward sequence of pelagic marlstones, turbiditic sandstones, conglomerates and mass-flow breccias
(Horné Belice Fm.). The Belice Unit is overridden by and imbricated with the pre-Alpine basement
complexes of the Infra-Tatric (Lower Austroalpine) Inovec Nappe. It was previously inferred that the
Belice Unit was derived from the Jurassic–Cretaceous oceanic crust of the Vahic (South Penninic)
Ocean and involved in an accretion/subcretion complex situated at an outer active margin of the Tatric
(Austroalpine) continental domain during the latest Cretaceous. We have applied detailed lithological
and geochemical investigations of pelagites of the Lazy Fm. to reveal their sedimentary environment
and to test the above paleotectonic hypothesis. Sedimentary succession of the lower part of the Lazy
Fm. includes three principal components: (1) red clays, (2) siliceous ooze and (3) synsedimentary
ferromanganese oxides and hydroxides (Fe-Mn OXHOX); (1) Red clays are extremely fine-grained,
they have typically red (or yellowish brown) colour and form interlayers around 4 mm thick in the
siliceous ooze beds and its mixture with siliceous ooze around 1 mm thick. (2) Siliceous ooze
(radiolarites) have red colour, form laminae around 1 mm thick and are dated to upper Oxfordian –
upper Tithonian. (3) Synsedimentary Fe-Mn OXHOX form an extremely fine-grained primary
synsedimentary dispersed pigment in the red clays and in the siliceous ooze. The highest contribution
of Fe-Mn OXHOX is in the red clays, smaller is in the transitional beds, which contain mixture of red
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clays with siliceous ooze and the smallest is in the red radiolarites. The major elements (ME), trace
elements (TE), high field strength elements (HFSE) and rare earth elements (REE) distribution in the
abyssal pelagites of the Lazy Fm. is controlled by contents of these chemical elements in individual
main components: red clays, radiolarites and in Fe-Mn OXHOX and related minerals. Trends of ME
in the diagrams CaO-Al2O3-Fe2O3 and K2O- Fe2O3-MgO indicate synsedimentary mixing of three
principal components. A very low content of CaO and Na2O (< 0.1 wt. %) documents the absence of
calcareous ooze and detrital plagioclases as well. Contents of ME in the studied red clays and average
composition of the pelagic clay and contents of ME in the studied radiolarites and average
composition of the siliceou ooze are mutually very similar well except of CaO and Na2O content,
which is lower in all studied samples. The multi-element (TE, HFSE, REE) patterns for red clays
normalized to the OOPE-501 (geostandard for the pelagic clay) and the multi-element patterns for red
radiolarites normalized to the OOPE-402 (geostandard for the siliceous silt) point to their
compositional similarities. Sedimentological, petrographical and geochemical data suggest origin of
the red clays and Fe-Mn OXHOX by decomposition of the rift basalts in the proximity of the midoceanic ridge area. Sea flow cyclically delivered the red clays and Fe-Mn OXHOX in the nearby
situated sedimentary environment of the siliceous ooze of the lower part of the Lazy Fm. with various
content of three major components. Our results confirm the abyssal oceanic character of the Lazy Fm.
and indicate its deposition on an ancient oceanic crust that is correlated with the South Penninic-Vahic
Ocean. During the latest Cretaceous, the Belice Unit was scraped off the subducted Vahic oceanic
crust and accreted to the active continental margin of the upper Austroalpine plate.
Acknowledgements: This work was supported by the Slovak Research and Development Agency under
the contracts No. APVV-0571-06, SK-AT-0002-12, APVV-0212-12 and the VEGA agency grants No.
1/0193/13.
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Deposition of Lower Cretaceous hemipelagic planktogenic limestones of the Manin Unit in N part of
the Alpine-Carpathian basinal system started after submarine erosion evoked by Late Berriasian
extension. The Ladce Formation reveals limestone sedimentation inhomogeneity on the slope, whereas
cyclical strata of the Upper Valanginian Mráznica Fm indicate typical basinal conditions. A δ13C
excursion (1.5 to 2.6 ‰ VPDB) in the Campylotoxus - Verucosum ammonite zone inside the Ladce
Fm pale limestone could indicate a climatic change (the global“Weissert Event”). Limestone without
“black shale” documents local oxic conditions in marginal part of the basin. Overlying dark limestone
of the Mráznica Formation was associated rather with climate instability; general (slight) cooling and
wetting enabled fine terrigeneous input from dryland into basin. Epibenthic colonization of soft
bottom was gradual and long-lasting. Benthic epifaunal islands formed around hard objects on muddy
bottom in the Kališčo and Lúčkovská fms. Increasing calcification of benthic organisms and (delivery
of sediment?) resulted in carbonate platform progradation during Aptian. The platform growth stopped
during mid-Albian collapse when hard rock surface bored by infaunal organisms has formed. The
sequene was covered by thick shales of the Butkov Fm.
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Plankton (calpionellid-, calcareous dinocyst- and nannoplankton) and O and C isotope fluctuations in
West Carpathian Brodno, Strapková and Hlboča J/K boundary key sections resulted from
paleoenvironment fluctuations.
Tithonian Rosso Ammonitico nannofossil assemblages were dominated by Conusphaera. Polycostella
abundance increased during start of the calpionellid Chitinoidella Zone and decreased towards the
Crassicollaria Zone. Helenea chiastia accompanied by first small nannoconids appeared during
Middle Tithonian. Obliquipithonellid abundance in the Semiradiata Zone indicates surface water
warming.
Start of Late Tithonian Crassicollaria Zone is correlable with the reverse magnetic Kysuca Subzone.
Small nannoconids, Hexalithus noeliae and Litraphidites carniolensis appeared within the
Microstaurus chiastius Zone. Stable isotopes (δ18O, δ13C) and low Corg indicate colder period,
disturbed by warmer latest Tithonian episode.
The J/K boundary is defined by morphological change of Calpionella alpina tests. The standard
Calpionella Zone base is located below the reverse Brodno magneto-Subzone. Poorly diversified
nannofossils (Watznaueria, Cyclagelosphaera, Conusphaera, Polycostella) are relatively abundant.
Boundary interval is designated by the Nannoconus wintereri FO together with small nannoconids at
the base, and the Nannoconus steinmanni minor FO at the top. Temperature increase indicated by
oxygen isotopes followed Late Tithonian cooling. Nannoconids bloomed due to temperature / salinity
changes associated with earliest Berriasian warm water influx.

Biostratigraphic revision of the Magura Unit in the Horná Orava region
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The Magura, Racibor and Malcov-type formations are consider to represent younger flysch-type
deposits of the Magura Unit. These formations have been studied in Horná Orava region near Jasenica,
Babín and Hruštín (Oravska Jasenica quary, Veselianka Creek section, Skalnatý potok section and
Hruštinka stream section). The main purpose of this study is to reach a new nannofossil and
foraminiferal data for biostratigraphic reinterpretation of these formations.
Composition of foraminiferal microfauna excludes the Paleocene-Eocene age of the studied
formations. The Magura Sandstones and Racibor Fm. are rich in globorotaliform and tenuitelid
foraminifers, which resembles carintal and smooth morphotypes of the Latest Oligocene – Early
Miocene species. They are represented by following taxa: Paragloborotalia pseudokugleri,
Paragloborotalia siakensis, Globorotalia birnageae, Globorotalia peripheroronda, Tenuitella
inaequiconica, Tenuitella pseudoedita,
Globigerinoides sp. 1, Globorotaloides variabilis, etc.
Malcov-type formation contains the association with predominance of globigeriniform and
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quadrangular tooth-type foraminifers. They
belong to trilobus-group of species, like
Globigerineloides trilobus, Globigerinoides immaturus, Globigerinoides aff. sicanus,
Globigerineloides bolli, etc., and associative species of Globoquadrina praedehiscens, Globoquadrina
rohri, Dentoglobigerina larmeui, Zeaglobigerina connecta, Cassigerinella cf. chipolensis,
Chilogümbelitria samwelli, etc. Stratigraphic constaints of foraminiferal microfauna point to the Late
Chattian and Early Miocene age of the youngest deposits of the Magura formation. Foraminiferal
microfauna consists of characteristic species of the Latest Oligocene – Early Miocene assemblages
(e.g. P. siakensis, G. birnageae, G. peripheroronda, T. inaequiconica, G. rohri, and others).
Moreover, some of the foraminifers represent the index species of the Late Chattian and AquitanianBurdigalian biozones, like Paragloborotalia pseudokugleri (FO – P22, LO – M1), Globorotalia
peripheroronda (FO – M2), Globigerineloides trilobus (FO – P22/M1), Globoquadrina praedehiscens
(FO – P22, LO - M2), Globigerinoides aff. sicanus (FO – Burdigalian). Considering that, the
foraminiferal data provide evidence for the Late Chattian – Early Miocene age of the younguest
deposits of the Magura Formation. These deposits still reveal deep-water character, as is documented
by rich flysch-type agglutinants, occurrence of radiolarians and turbidite-flow sedimentation (cf.
Teťák 2010).
The nannofosil assemblages from all three localities are highly dominated by reworked species. The
autochthonous assemblages are characterized by the presence of Calcidiscus premacintyrei,
Sphenolithus conicus, Sphenolithus disbelemnos, Sphenolithus dissimilis, Reticulofenestra
pseudoumbilica and Triquetrorhabdulus carinatus. At the same time Dictyococcites bisectus,
Cyclicargolithus abisectus and Zygrhablithus bijugatus are absent from this association. According to
Young (1998), the FO of S. disbelemnos and/or Umbilicosphaera rotula are reliable biostratigraphical
events, characteristic for the lower limit of NN2 Zone. In such case the age of all samples can be
determined as not older than NN2 zone which is Early Miocene.
Examined sedimentary formations from the Horná Orava sections display the facies and age similarity
with the youngest deposits from the Magura Succession in Poland and Eastern Slovakia. The Magura
sandstones and Racibor Fm. fully correlate with the highest part of the Poprad Sandstone Mb. of the
Magura Fm. in the Beskid Sądecki and Ľubovnianska vrchovina ranges. However, the „Malcov
Formation” from the Hruštinka section could be correlated with the Waksmund Fm. in Podhale
Region, Zawada Fm. in the Nowy Sącz area and the Kremna Fm. in Beskid Sądecki and Ľubovnianska
vrchovina ranges.
Acknowledgement: This research was supported by the Jagiellonian University (DS funds), project
VEGA 2/0042/12 and funds of the Centre of Excellence of Integrative research of the Earth's
Geosphere (ITMS 26220120064).
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The Huty Formation consists of claystone-rich sediments, which cropping out in the Ružomberok
brickyard. The section has been studied by means of calcareous nannoplankton and planktonic
foraminifera to provide NP- and O-series biostratigraphic zonation (sensu Martini, 1971, Berggren &
Pearson, 2005).
Lower Oligocene NP 21/22 and O1 zones were determined in G-1 to G-3 intervals. Nannofossil
associations comprise of species Isthmolithus recurvus, Dictyococcites bisectus, Reticulofenestra
imbilica, Coccolithus formosus, Lanternithus minutus and Pontosphaera latelliptica, allochtonous
species as Discoaster saipanensis, Discoaster barbadiensis, and specimens of genera Sphenolithus
occured also. Foraminiferal association consists of species like Dentoglobigerina galavisi,
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Dentoglobigerina (Globigerina) rohri, Pseudohastigerina micra, Tenuitella munda, Globorotaloides
permicrus, Catapsydrax martini, etc.
Middle Oligocene NP 23 zone was determined in samples G - 4 to G-8 on the basis of Reticulofenestra
ornata, Reticulofenestra lockeri, Transversopontis pulcher, Helicosphaera compacta, rarely
Isthmolithus recurvus and Lanternithus minutus. Foraminiferal association lacks pseudohastigerinids
(LAD – O1 zone), cointaining a more frequent tenuitellinids (T. gemma, T. clemenciae),
chiloquembelinids (Ch.cubensis), some paragloborotaliids (P. nana) and subbotinids (S. angiporoides),
etc.
Upper Oligocene NP 24 zone was identified in samples M - 1 to M -4 and H-1 to H-8 based on the
index species Cyclicargolithus abisectus and Helicosphaera recta. In samples H-1 to H-8 the majority
of assemblage consisted of allochtonous species as Discoaster barbadiensis, Discoaster saipanensis.
Chattian age is well evidenced by new taxa of foraminifers, such as Paragloborotalia opima,
Paragloborotalia pseudokugleri, Paragloborotalia pseudocontinuosa, Paragloborotalia sp.,
Tenuitella inaequiconica, Globorotaloides suteri, Globigerina falconensis, etc.
The changes in assemblages of calcareous nannofossils are characterized by statistical evaluation, such
as diversity, equitability and dominance. The values of dominance and equitability are relatively low;
they reflect the unbalanced composition of nannoassemblage and the presence of dominant species.
Diversity of assemblage of calcareous nannofossils reaches the value about 2, the ideal value is 4.
Visible decline in nannoplankton diversity is visible in zone NP 23, where the foraminifers also show
a significant dwarfing and dominance of tenuitellinids and chiloquembelinids. In this reason both
nannofossils and foraminifers indicate onset of Paratethyan isolation, and that brackishing and
shallowing of water conditions in the sea (Nagymarosy, 1991, Soták, 2010).
This research has been supported by VEGA grants 02/0042/12 and 2/0145/11 and funds of the Centre
of Excellence of Integrative research of the Earth's Geosphere (ITMS 26220120064, European
Regional Development Funds).
References:
Martini E. 1971: Standard Tertiary and Quaternary calcareous Nannoplankton zonation. Proc. of the ll.
Planktonic Conference, Roma.
Nagymarosy, A., 1991: From Tethys to Paratethys, a way of survival. Acta Geol. Geophys. Mont.
Hung., 25 (3/4), 373 – 385.
Soták, J., 2010: Paleoenviromental changes across the Eocene-Oligocene boundary: insights from the
Central-Carpathian Paleogene Basin. Geologica Carpathica, 61, 5, 393 – 418.

The role of the Central Atlantic Magmatic Province in triggering environmental
and biotic changes around the Triassic-Jurassic boundary
József Pálfy
Department of Physical and Applied Geology, Eötvös Loránd University, Pázmány P. sétány 1/C, Budapest, H1117 Hungary; palfy@nhmus.hu
Research Group for Paleontology, Hungarian Academy of Sciences–Hungarian Natural History Museum–
Eötvös Loránd University, POB 137, Budapest, H-1431 Hungary

In the last decade major advances have been made in our understanding of the end-Triassic mass
extinction, related environmental changes, and the volcanism of the Central Atlantic Magmatic
Province (CAMP). Much new data have been generated, significantly increasing the support for the
causative role of the CAMP in the cascade of complex environmental and biotic events.
Previously, the end-Triassic extinction was often referred to as the least understood event of the five
major Phanerozoic biotic crises. Such statements may no longer be justified, owing to detailed studies
of individual sections and various fossil groups (e.g. radiolarians, corals, bivalves, ammonoids,
terrestrial reptiles), and synoptic analyses on the diversity history across the Triassic-Jurassic
boundary (TJB). A hallmark of the concomitant environmental changes is a series of perturbations in
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the global carbon cycle. After recognition of an initial and a main negative carbon isotope anomaly, a
more complex picture is emerging with other anomalies, both negative and positive, prior to and
following the TJB. The source of isotopically light carbon injections causing the negative anomalies
remains debated, proposed scenarios evoke dissociation of marine methane hydrate or thermogenic
methane released from contact of ascending magma with coal beds. Either process may be capable of
amplifying an initial warming, resulting in runaway greenhouse conditions. Support comes from fossil
plants through stomatal density studies and other paleobotanical work. Excess CO2 entering the ocean
causes rapid acidification, an effective killing mechanism for heavily calcified marine biota that
appears responsible for the reef crisis.
The areal and temporal extent of CAMP volcanism is increasingly well established, mainly through a
large dataset of 40Ar/39Ar ages. As CAMP is one of the largest Phanerozoic igneous provinces (LIPs),
volcanic CO2-driven warming is plausible as a key factor in the chain of TJB events. Greenhouse
warming may have been punctuated by short-term cooling episodes due to H2S emission and
production of sulfate aerosols, a process more difficult to trace in the stratigraphic record. Indirect
linkage of CAMP and the TJB events comes from dating studies, relying on a wealth of high-precision
U-Pb single crystal zircon ages from marine sections. Direct evidence of synchroneity has been
proposed in the form of distal fallout incorporated in a marine section. The position of the oldest
CAMP flows with respect to the faunal and floral change remains debated. Reviewing the evidence
available to date, CAMP volcanism is a viable trigger for the environmental and biotic change around
the TJB.

Origin, adaptation and migration of the Late Miocene Lake Pannon Ostracods
Radovan Pipík1, Dušan Starek2, Michal Seko1, Martina Sýkorová1
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The palaeogeographic changes that affected the Central Paratethys between the Middle and Late
Miocene led to a drastic reduction of the marine water body, drop of salinity and emergence of the
brackish Lake Pannon at about 11.6 Ma. The rise of Lake Pannon was a challenge for the Middle
Miocene polymorphic brackish ostracods (Cyprideis, Hemicytheria, Euxinocythere, Amnicythere,
Loxoconcha), which adapted to empty ecological niches dominated by sandy deltaic and clayey
offshore sedimentation with relatively stable brackish salinity. The ostracods of freshwater origin, with
affinity to extant holarctic and cosmopolitan fauna (Candona s.s., Fabaeformiscandona,
Cryptocandona, Notodromas, Cyclocypris, Ilyocypris, Heterocypris, Paralimnocythere, Darwinulidae)
(Fig. 1), occupied the marshes, oxbows, estuaries, and ephemeral lakes at the lake margin and we
suppose they have never entered the lake. Cypria seems the only exception among the freshwater
genera because it is frequently observed in brackish ostracod associations.
Less than 0.5 Ma after the establishment of Lake Pannon a lacustrine regression resulted in the
deposition of thick sandy sedimentary bodies and in the disappearance of littoral populations.
Nonetheless, around 11.04 to 9.78 Ma, Lake Pannon reached its maximum extent due to the increased
basin subsidence (Zone “E” sensu Papp, 1951; Chron C5n; Magyar et al., 2007). The onset of a new
transgressive cycle created the space for neoendemic littoral taxa, which showed a limited
morphometric similarity to their ancestors and contemporaneous sublittoral relatives. Benthic,
bathymetrically clearly differentiated taxa lived and flourished in muddy, fully oxic and still brackish
environments. Locally, riverine discharge and anoxic events affected the bottom meiofauna (Cziczer et
al., 2009; Starek et al., 2010). Candoninae, represented by several morphologically particular genera
(trapezoidal, elongated rectangular, and triangular) (Fig. 1), and Leptocytheridae dominated the littoral
and sublittoral faunae. Cyprididae (Amplocypris) settled and successfully adapted in brackish limnic
environment, on the contrary to what happens in the extant long lived lakes. Brackish Hemicytheridae,
Loxoconchidae and Cyprididae (Amplocypris, Herpetocyprella) were minor families, but locally
dominated the associations.
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After 9.78 Ma, a sudden retreat of the Lake Pannon led to the development of extensive alluvial
lowlands as well as ephemeral lakes and swamps. The endemic brackish fauna became extinct (almost
all Cyprideis, Amplocypris, and Hemicytheria) or shifted to the southern part of the Lake Pannon and
to the Eastern Paratethys (Amnicythere multituberculata (Livental, 1929), A. cornutocostata
(Schweyer, 1949), Bakunella dorsoarcuata (Zalanyi, 1929), Camptocypria praebalcanica (Zalanyi,
1929), C. lobata Zalanyi, 1929, Euxinocythere naca (Mehes, 1908). Occasionally, some of them
migrated into the Mediterranean during the lagomare event (Euxinocythere prebaquana (Livental,
1929), Loxoconcha aff. L. schweyeri Suzin, 1956, Zalanyiella venusta (Zalanyi, 1929), and
Loxocorniculina djafarovi (Schneider, 1956) (Pipík, 2007; Cziczer et al., 2009) (Fig. 1). The
progressive freshening of the lake resulted in the evolution of the new freshwater species at the time of
the deposition of the Pliocene Paludinian Beds.
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Geodynamic models for the Western Carpathians (WCA) were based on the evaluation of
palaeomagnetic data from the Outer Carpathian Flysch Belt, limestones of the Klippen Belt, and
volcanic and sedimentary rocks of the Inner Carpathians. The reliability of the interpretation of
tectonic rotations can be also enhanced by systematic magnetostratographic investigations. The highresolution magnetostratigraphy of the Tithonian-Berriasian boundary strata has been investigated at
Brodno near Žilina, WCA. In the first time, two reverse subzones were detected within magnetozones
M20n and M19n and both can be correlated with analogous subzones in the M-sequence of marine
anomalies. Palaeomagnetic directions from this unit indicate large (110o) counter-clockwise rotation
and clear difference in the values of palaoedirections (20o) between Late Tithonian and Early
Berriasian. Palaeomagnetic pole position derived from the J/K boundary at Brodno was compared with
pole positions from Jurassic carbonates from the Krizna nappe. In contrast to the majority of data from
the WCA, characterized by counter-clockwise tectonic rotations, both counter-clockwise and
clockwise tectonic rotations occur in different parts of the Krizna nappe.
The interpretation of data inferred from a relatively small area of the WCA was, however, preceded by
statistical and global-tectonic processing of palaeomagnetic data from the broader region comprising
Permian to Neogene rocks of the Alpine–Carpathian–Pannonian Zone (ACPZ). This procedure
involving more than 300 palaeomagnetic pole positions permitted the calculation of the reference
palaeogeographic coordinates and the determination of palaeogeographic affinities of the individual
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blocks. The processing of palaeomagnetic data resulted in the construction of synoptic maps showing
the orientations of palaeomeridians, palaeogeographic latitudes computed from statistically derived
mean pole positions from the Northern Apennines to the Outer WCA and the Inner WCA.
Palaeogeographic affinity to the African Plate was found for the Northern Apennines, Southern Alps,
Istria and the Transdanubian Mountains, as indicated by the sense of rotation and absolute values of
palaeolatitudes. Orientations of palaeomeridians for the individual areas of the ACPZ indicated a
predominance of counter-clockwise palaeotectonic rotations. Anomalous clockwise rotations were
evidenced only for the NE Alps (documented for the Jurassic and Cretaceous only) and the Outer
Eastern Carpathians (documented for the Jurassic and – with less probability – also for the
Cretaceous). Tectonic rotations resulted in a scatter of palaeomagnetic pole positions. A specific
distribution of palaeomagnetic pole positions for rocks of the same age motivated a formulation of a
theoretical model simulating palaeotectonic rotation of rocks assemblages about vertical axis (Krs et
al. 1992). Counter-clockwise rotations prevail throughout the WCA from the Permian to the Early to
Mid Eocene rocks. Up to 110° rotation occurred in the Permian rocks and the flysch formation shows
a counter-clockwise rotation of about 60°. The most prominent palaeolatitudinal drift dates to the
Permian and Triassic, and a similar drift was also documented for the Permo-Triassic rocks of the
European lithospheric plate. Palaeotectonic, predominantly counter-clockwise rotations were recorded
in the territory of the WCA, whereas the Bohemian Massif is dominated by clockwise rotations
(GACR - P210-10-2351). Rotations of individual blocks induce large scatters of palaeomagnetic pole
positions even though they may affect only small units. In contrast, changes in pole positions due to
drift of larger units are generally smaller although the translations involved are appreciable.
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Calpionellids and calcareous dinoflagellates in Late Jurassic and Early
Cretaceous pelagic sequences of the Western Carpathians – tools for
biostratigraphy and paleoenviromental interpretation – overview
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Contribution brings up-to-date informations about distribution of calpionellids and calcareous
dinoflagellates in the Late Jurassic and Early Cretaceous pelagic sedimentary sequences of the
Western Carpathians. Calpionellids - probably fossil tintinnids living in upper oligotrophic water level
produced organic or calcite walled loricas. They rarely dominated over the phytoplankton associations
and they were always eliminated in environments in which radiolarians prevailed. They occured in
mass abundance in shallow intrashelf basins and around the elevated ridges. The abundance and size
of their loricas decrease towards to open sea. Salinity variations should have been responsible for
morphological changes of loricas and together with the increased evolutionary rates in competetive
planktonic communities could led to total calpionellid decimation. Biostratigraphical potential for
West Carpathian sequences were done by Reháková & Michalík (1997). Nine calpionellid zones with
their subzones were accepted. Calcareous dinoflagellates belongs to important group of ancient and
recent unicellular eukaryotic phytoplanktonic microorganisms producing calcareous cysts of various
morphology and composition. Cysts are very small; their size varies since 10 to 60 µm. They have
spread in different marine environments, where they play an important role in marine food chains.
Their stratigraphic importance and paleoecological potential were shown by Reháková (2000a,b).
Twelve calcareous dinoflagellate zones were identified.
Distribution of calcareous microplankton was correlated with stable isotope analyses and
magnetozones to characterize the J/K boundary interval (Michalík et al. 2009, Grabowski et al. 2010).
It was shown that integrated parallel bio-, magneto-, and isotope stratigraphy give more precise results
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for deposits stratification as well as for better undestanding and interpretation of palaeoecological
conditions of the ancient marine environments.
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Unique, several decametres-thick coral reefs (Vrsatec Formation) that developed on the Czorsztyn
pelagic carbonate platform (eastern part of the Pieniny Klippen Belt - PKB, Western Carpathians) in
the Penninic Ocean were assigned to Oxfordian by Mišík (1979), Kochanova (1979), and Morycowa
& Mišík (2005) on the basis of bivalve and coral fauna. Schlögl et al. (2006) revised the stratigraphic
succession and argued that these reefs are of Bajocian age on the basis of ammonites and on the basis
of reinterpretation of stratigraphic superposition. Morycowa & Olszewska (2013) suggested that
foraminifera point to Late Jurassic age. Here, we integrate our own field data and focus on multiple
taxa to explain this controversy and to assess paleoecology of the coral-reef communities. The Vrsatec
Formation is formed by coral biohermal framestones, bindstones, and rudstones. In addition to reef
constructors, benthic communities are clearly dominated by species-rich bivalve assemblages. Coral
reefs were horizontally replaced by (1) breccias that accumulated at footwall margins of faulted blocks
(with clasts formed by biohermal limestones) and by (2) crinoidal limestones. These biohermal
limestones are overlain by crinoidal-spiculitic limestones.
The Bajocian age of biohermal limestones is supported by ammonites, brachiopods and benthic
foraminifers that occur within and above the Vrsatec Formation. Dykes and breccia interspaces within
the biohermal limestones are locally filled with Bositra buchi concentrations and contain common
ammonites Nannolytoceras tripartitum, with stratigraphic range from the Late Bajocian (G.
garantiana and P. parkinsoni zones) to the Early Bathonian and early Middle Bathonian. Stratigraphic
termination of coral-reef limestones is marked by frequent borings and ferrigenous coatings that imply

GEEWEC 2013

69

condensation and by abrupt replacement by cross-bedded crinoidal-spiculitic limestones. These
crinoidal-spiculitic limestones contain unequivocal Middle Jurassic brachiopods (Apringia,
Stolmorhynchia). The upper boundary of crinoidal limestones never extends beyond the Late Bajocian
(G. garantiana Zone) in the Pieniny Klippen Belt. The Vrsatec Limestone thus clearly pre-dates the G.
garantiana Zone.
Assemblages of benthic foraminifera found in the Vrsatec Formation are diverse and contain taxa with
hyaline wall (Spirillina, Tethysiella, Paalzowella, Hungarillina, Radiospirillina, Lenticulina and
Nodosariidae), dark microgranular wall (Troglogtella, Earlandia, Glomospira, Planiiinvoluta),
porcelanous wall (Nubecularia, Labalina, Ophthalmidium, Cornuspira), agglutinated wall
(Trochammina, Verneuilinoides, Textularia, Valvulina, Ammobaculites) and aragonitic wall
(Epistomina and Trocholina). Such composition and diversity is comparable to assemblages from the
Bajocian of Jura Mountains and Burgundy only. Ophthalmidium obscurum, O. terquemi, Labalina
rawiensis and Hungarillina media appear for the first time in the Bajocian, and the first three species
are restricted to the Bajocian-Bathonian.
We re-assess the composition of coral assemblages on the basis of new and extensive
sampling. The most abundant genera are Isastrea, Periseris, Thecosmilia, Cladophyllia, Dendraraea,
and Thamnasteria. Such coral assemblage is quite typical of the Lower Bajocian reefs of France,
Luxembourg and Switzerland (Lathuilière 2000a, b). Five of these genera are also common in the
Oxfordian, but they are represented by morphologically similar but different species in Bajocian and
Oxfordian. Periseris does not occur in the Upper Jurassic. Morycowa and Mišík (2005) also describe
the genus Atelophyllia on the basis of two fragments. We confirm the identification of this genus that
was known from the Lower Bajocian of France only. Dendraraea dendroidea also implies the
Bajocian age (Lathuilière & Gill 1998). The Bajocian age also explains the absence of some coral taxa
that are generally very abundant in Oxfordian reefs. This research was supported by grants APVV
0644-10, APVV 0248-07 and VEGA 2/0068/11.
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An incipient uplift of the Czorsztyn Swell in the sedimentary facies record (Lower
Bajocian, Pieniny Klippen Belt of Poland and Slovakia)
Tomasz Segit
Warsaw University, Faculty of Geology, Institute of Geology; t.segit@uw.edu.pl

An early stage of the Pieniny Klippen Basin sedimentary evolution (Early to earliest Middle Jurassic)
was characterized by the predominant deposition of dark, often bioturbated marls and mudstones. The
rather low facies diversity in the basin terminated at the end of the Aalenian with accumulation of
monotonous dark shales of the Skrzypny Formation. Bathymetrically controlled facies zones
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(successions) were developing afterward, consequently to the rising of the submarine pelagic swell,
called the Czorsztyn Ridge (Birkenmajer 1977; Mišik 1994).
The most striking feature of the lower Middle Jurassic sequence in the central sectors of the Pieniny
Klippen Belt (Poland and north part of Eastern Slovakia) is the sedimentary gap spanning slightly
more than 2 lowermost ammonite zones of the Lower Bajocian (Krobicki and Wierzbowski 2004).
The uppermost shale beds below the gap yielded phosphatic nodules and rare greenish pelitic
limestone lenses (Segit 2010, 2012). Similar type of deposition (possibly with some episodes of nonsedimentation) may have persisted till early Propinquans chron, when, at the onset of crinoidal debris
flux, it interferred with winnowing; reworking processes are was recorded as a lag horizon at the base
of massive crinoidal limestones of the Smolegowa and Flaki Formations. Nonetheless, the hiatus was
limited to the shallow and transitional successions, while the continous sedimentation of gray shales,
marls and limestones (Harcygrund and Podzamcze Formations) characterized more basinal settings.
The research carried out by the author in the western part of the Pieniny Klippen Belt (Púchov and
Varín sectors) provided biostratigraphical documentation and supplementary facies characteristics for
the early Middle Jurassic deposits, reported earlier by Andrusov (1945) and Aubrecht and Ožvoldová
(1994). The Upper Aalenian/Lower Bajocian, as constrained by dinoflagellate cysts, are represented in
the basinal Kysuca (=Branisko) Succession mostly by dark marls and limestones with graded sandy
crinoidal limestone interbeds (Harcygrund and Podzamcze Formations s.l.). In the transitional Pruské
Succession, corresponding to the Niedzica Succession, allodapic crinoidal grainstones are even more
common; they stand for much of the upper part of the Samašky Fm. at Horné Srnie (Aubrecht and
Ožvoldová 1994) and they occur in the dark mudstones related to the Harcygrund Fm. in Podhradská
Dolina, in the Laeviuscula and Propinquans Zones of the Lower Bajocian, respectively (Segit 2010).
An interval underlying massive crinoidal limestones of the Smolegowa Formation in the Medzivršie
locality (Czorsztyn Succession) consists of greenish marls with spotty limestone lenses and graded
cherty crinoidal limestone layers.
The data summarized herein indicates different facies patterns installed at the beginning of the
Bajocian in western and central areas of the basin. Individual facies pathways may have been
contingent on the geometry of the rising submarine ridge. In the central sector, southern slopes of
tilted blocks were gentle enough to prevent sediments from moving down. At the top of elevations, a
slow pelagic deposition took place, finalized with a phosphatic event, and followed by nonsedimentation and winnowing. Subsequently, an increased faulting activity locally exposed the
Triassic basement. Submarine scarps were eagerly settled by crinoids and produced crinoidal lime
sand with a clastic admixture, accumulated in wedges.
In the western area of the Pieniny Klippen Basin, submarine escarpments must have appeared earlier,
i.e., in earliest Early Bajocian or even Late Aalenian (Segit 2010), and they were extended vertically.
Steep and probably step-like slope stimulated turbidity currents. Crinoidal debris, accumulated at the
foot of some walls, was episodically by-passed into the foreslope and deep settings of the the Pruské
and Kysuca Successions. An erosion of basement rocks is documented by an elevated proportion of
redeposited Upper Triassic dinocysts. The transition from marls-dominated deposits into massive
crinoidal limestones in the shallower (Czorsztyn) zone seems to be gradual and was probably not
associated with strongly diminished sedimentation rate. This accounts for the lack of phosphatic
sediments in the Lower Bajocian strata in the PKB of Western Slovakia.
The facies model for the Lower Bajocian of the deeper successions in the western sectors of the PKB
resemble that of the “black flysh” and was referred to as such by Andrusov (1945); the latter deposits
were restricted to the area north of the Czorsztyn submarine elevation however. The north-facing
slopes of tilted blocks must have been very steep and strongly faulted; the exposed metamorphic
basement intensively supplied the “proto-Magura” basin (“Pre Late-Albian Magura Basin” of Barski
et al. 2012) with micaceous sediments till the Late Bajocian.
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Segit, T. Rare earth element patterns in phosphatic nodules from the Middle Jurassic of the Pieniny
Klippen Belt (Carpathians of Poland and Slovakia) – diagenetic and paleodepositional implications.
In Krobicki et al. (Eds.): Jurassica X, Meeting of the Polish-Slovak Working Group of the Jurassic
System, 25th-30th June 2012, Rakhiv-Beňatina, p. 23-25.

Trace fossils as unique stratigraphic and palaeoecological markers in uppermost
siliciclastic parts of Lower Triassic sequences (Western Carpathians)
Vladimír Šimo1, Mário Olšavský2
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Lower Triassic trace fossils in the West Carpathians domains (Tatricum, Veporicum, Hronicum,
Vernaricum and Silicicum) occur in the uppermost tens of meters of Lower Triassic siliciclastic
sediments, just bellow the Middle Triassic carbonate platform sediments (Šimo and Olšavský 2007;
Olšavský and Šimo 2007). They are preserved in sandstones, siltstones and mudstones with
heterolithic bedding. In the tectonically related Hronicum and Vernaricum units (Horehronie region)
trace fossils occur in 20-40 meters of the Hronsek beds (Olšavský et al. 2010). The lower parts of the
Hronsek beds contain trace fossils Diplocraterion, Arenicolites, Skolithos, and the upper parts contain
also Rhizocorallium and rarely Thalassinoides and Teichichnus. These beds are also characterized by
subtidal wrinkle and bubble gas structures (Pruss et al. 2004), by poorly preserved and rare body
fossils (Anodontophora, Myophoria, Neoschizodus, Lingula), and by several specific undetermined
trace fossils (?Lockeya, strange crawling structures). Geochronological dating of monazite from
rhyolite rock intrusion from direct overlying rock of the Hronsek beds (Drienok nappe, Vernaricum) is
261±15 million years (Ondrejka 2005). Trace fossil bearing-sequences contain Diplocraterion,
Arenicolites, Skolithos, Rhizocorallium, Thalassinoides, Teichichnus. In Tatricum and Silicicum these
assemblages are completely equivalent to assemblages from the Hronsek beds of Hronicum and
Vernaricum. These ichnoassemblages belong to the Skolithos ichnofacies, and represent shallow-water
(brackish / marine) paleoenvironmental conditions in adjacent depositional areas during the late Early
Triassic. The sedimentary textures and structures, and body and trace fossils from the Western
Carpathians are comparable with Lower Triassic globally-wide shallow-marine sediments and related
sedimentary structures. The changes of ichnoassemblages from dominant vertical traces (Skolithos,
Arenicolites, Diplocraterion) to the mixture with horizontally traces or subvertical traces
(Rhizocorallium, Thalassinoides, Teichichnus) can be correlated with the Permian – Lower Triassic
recovery model according to Twitchett (2006).
References:
Ondrejka M. 2005: Ryolity A-typu silicika v prostredí permsko-triasového kontinentálneho riftingu
Západných Karpát: geochémia, mineralógia, petrológia. Dizertačná práca, PhD thesis,
Prírodovedcká fakulta Univerzity Komenského, pp. 129.
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A new Gosau-type basin in the Horná Nitra region: lithology, stratigraphy and
geotectonic setting
Ján Soták1, Silvia Ozdínová2, Juraj Šurka1
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The Gosau-type basins are situated in marginal depresions (Brezová and Myjava) and in the PeriKlippen zone, having no more extensive equivalents in the internal zone of the central Western
Carpathians. New area of the Early Paleogene (?Cretaceous) sediments has been found in the Horná
Nitra depression and Strážovské vrchy Mts. (e.g Uhrovec, Omastiná).
Type area of the Paleocene – Middle Eocene sediments occurs in vicinity of Veľké Kršteňany –
Skačany toward to NE of Partizánske town. The most complete sequence of these sediments has been
drilled in KRS-3 borehole, where they reaches the thickness of about 250 m. Late Middle Eocene
formation of this sequence is formed by ochrey-yellow marls with foraminiferal index species of E 12
– E 13 Zones (Truncorotaloides rohri, Morozovella spinulosa, Orbulinoides beckmanii) and
nannofossils of NP-16/17 zones (Dictyococcites bisectus, Helicosphaera compacta, Reticulofenestra
hillae). Ypresian to Early Middle Eocene formation are characterized by large-sized morozovellids (
M. aragonensis – M. formosa plexus), heavily calcified acarininids (A. topilensis) and mass
appearance of discoasterids (D. barbadiensis, D. deflandrei, D. binodosus). Late Paleocene formation
is formed by grey marlstones with predominance of Acarenina-species (A. bullbrooki, berggreni, A.
soldadoensis) and planktonic foraminifera of P4 - P5 zones (Globanomalina pseudomenardi, G.
luxorensis, Morozovella aequa, Acarenina multicamerata, A. africana, etc.). The Paleocene age is also
confirmed by nannofossils like Fasciculithus hayii, Fasciculithus sp., Tribrachiathus contortus, T.
orthostylus, Discoaster araneus (NP 5 – NP 8). Older sediments of the Paleocene formations belong to
the Selandian, as is evidenced by foraminifers Igorina pusilla, I. tadjikistanensis, Morozovella
apanthesma, M. angulata, Subbotina velascoensis, etc. Mid Paleocene formations are composed of
more clastic sediments such as grey silty marlstones, sandy claystones up to fine-grained sandstones.
There are also endostatic breccias, conglomerates and slumps with clasts of biohermal limestones,
which resemble the Kambühel-type limestones (Selandian-Thanetian). Early Paleocene formation
contains a very rich tests of large foraminifers, which are accumulated in Discocyclina banks. These
orthophragminid accumulations are known as Discocyclina seunesi horizon, which correspond to SBZ
3 Zone (Selandian). Basal formation of the Paleocene sequence consists of grey calcareous sandstones
and siltstones, which are densely bioturbated, reworked and mixed with fine-grained conglomerates
and rare mollusks. Paleocene formations are underlain by red-bed sediments, which are constrained to
represent already the Late Cretaceous formations. They are redish and greenish siltstones and aleuritic
claystones free of planktonic microorganism, but their marine orgin is indicated by sponge spicules,
ostracods, glauconite grains, etc. Early Paleogene (?Cretaceous) to Mid Eocene sediments are
superposed on the Choč unit, overlapping the Ramsau and Hauptdolomit formations.
Stratigraphic and facial development of the Late Cretaceous?, Paleocene to Mid Eocene formations in
the Horná Nitra region corresponds rather with Gosau-type sequences and differs from younger
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sediments of the Podtatranská skupina Group (Bartonian – Chattian). This basin implies affinity to
sediments of the Myjava – Hričov Zone, but also to the Bakony Eocene Basin and Krappfeld area of
the Northern Calcareaous Alp.
Project supports: VEGA 2/0042/12, Centre of Excellence of Integrative research of the Earth's
Geosphere (ITMS 262201200064).

Spatial distribution of ostracods in travertine springs and lakes of Slovakia
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The samplings were performed in summer 2012 at 14 localities measuring a temperature of the water,
pH, ORP, DO (%), DO (ppm), EC, resistivity, TDS and salinity by multimeter HANNA HI 9828.
Sampled material was partially washed at the sampling place and preserved in 90% alcohol. The
habitats sampled at the travertine dome comprised 1) the area, where the travertine groundwater
reaches the surface (seep, including lake), 2) the sites of chemical sedimentation (canals, cascades,
terraces, and dams) where CaCO3 precipitates and incrusts moos, leaves, and other plant and animal
remnants, and 3) biotopes in front of travertine dome (marshes, bogs).
Twenty-four ostracod species were observed in the travertine springs, lakes and their surroundings.
Three species represented by juveniles were left in the open nomenclature. Our preliminary results do
not allow to make definite conclusions about the physical and chemical parameters that affect the
presence and the distribution of ostracods in particular travertine habitats. However, our findings
provide information on ostracod biodiversity in these environments.
Thirteen species were collected in the seeps. Candona candida, Pseudocandona sp. juv., C. neglecta,
Fabaeformiscandona brevicornis, F. sp. 1, Cryptocandona sp. juv., Cypria ophtalmica, Cyclocypris
ovum, Cavernocypris subterranea, Potamocypris fallax, P. zschokkei, Psychrodromus fontinalis
inhabited cold carbonate water while seeps with SO42- emanation and salinity between 1.0 and 3.4 ‰
were colonized only by Heterocypris incongruens. No species have been observed in thermal waters
with a temperature 48°C.
The sites of chemical sedimentation hosted 10 species. Empty valves of seeps species have been
frequently found here. In dams, cascades and terraces of sulphatic waters only H. incongruens was
found, whilst in cold carbonate water were present Pseudocandona albicans, Fabaeformiscandona
brevicornis, Cyclocypris ovum, Microdarwinula zimmeri, Cypridopsis vidua, Scottia
pseudobrowniana, Psychrodromus olivaceus, Potamocypris fallax, P. zschokkei.
The highest species diversity was observed in front of the travertine dome (21 taxa, namely Candona
candida, C. neglecta, C. sp. juv., Pseudocandona marchica, Ps. albicans, Fabaeformiscandona
fabaeformis, F. sp.1, Cryptocandona vavrai, Cyclocypris ovum, Ilyocypris bradyi, Vestalenula
danielopoli, Microdarwinula zimmeri, Notodromas monacha, Heterocypris salina, Eucypris pigra,
Potamocypris villosa, P. zschokkei, P. fallax, Limnocytherinae sp. indet, Psychrodromus olivaceus,
Scottia pseudobrowniana). Most of these species (11) were found in a bog with carbonate
sedimentation and water vegetation. Marshes with intensive SO42- emanation was settled by
Heterocypris incongruens and H. salina.
In the springs with Fe-ochre at the bottom and in their cascades no ostracods were found, although in
the bogs in front of these springs were present Fabaeformiscandona fabaeformis, F. sp.1,
Pseudocandona albicans, Limnocytherinae sp. indet. The Fe concentration in the water therefore
seems to potentially influence the ostracod occurrence. The lakes used for recreational purposes (e.g.
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as swimming pools) did not yield ostracod fauna, differently from similar lakes in near pristine
conditions, thus suggesting a potential negative impact of human activities.

Corelation between morphology and geology of the Magura Nappe in the area of
Orawa-Jordanów Foothils based on using of the GIS methods (West Outer
Carpathians, Poland)
Mateusz Szczęch
Jagiellonian University, Institute of Geological Sciences, Oleandry 2a, 30-376 Kraków, Poland;
mateusz.szczech@uj.edu.pl

The researches on a correlation between geological structure and terrain morphology of the Orava –
Jordanów Foothills have got interesting results. In the investigation GIS tools and software, and
remote sensing methods were used. Also based on DEM data the lineaments’ method was applicated.
The researched area is distinctly depressed and lower than surrounding it Beskidy ranges. Foothills
have lower highs of peek as well as relative highs than surrounding it Beskidy mountains. Morphology
of Orava - Jordanów Foothills is associated with tectonics of substratum. It is build of the Bystrica and
Rača subunits of the Magura Nappe. The Bystrica Subunit is represented here by deposits of Ropianka
Formation (Late Cretaceous – Paleocene), variegated Łabowa Shale Formation (Early Eocene),
Beloveža Formation (Early Eocene), Bystrica Formation (Middle Eocene) and Magura Formation
(Late Eocene – Oligocene). In the Rača Subunit are divided Ropianka Formation (Late Cretaceous –
Paleocene), Łabowa Shale Formation (Early and Middle Eocene), Beloveža Formation (Middle and
Late Eocene) and Magura Formation (Late Eocene – Oligocene). The tectonics determines
intramountain depression structure of Chabówka – Jordanów Depression. Realized analysis allowed to
conclude, that the thick-bedded sandstones of the Magura Formation mainly formed ridges on this
terrain. Depressions and valleys are formed in older rocks representing by shales and sandstone-shale
flysch sequences. Directions of the main ridges and valleys are usually parallel to orientation of main
fold structures. In the studied area interpreted lineaments were correlated to faults. Method of
lineaments allowed to conclude that some of valleys are associated with transverse faults. Thanks the
studies many new faults has been identified. Some of them were not marked even on detailed
geological maps constructed on the base of traditional methods of mapping geology. In some cases
was occurred that structures interpreted as simple dislocations really consist of fault systems.
This research was financially supported by DS-2013 grant of Jagiellonian University

Macroevolutionary emergence of bathymetric gradients in turnover of benthic
molluscan communities
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In contrast to deeper habitats, onshore environments exhibit high taxonomic turnover and more
evolutionary novelties at macroevolutionary time scales (>10 Myr). However, the mechanisms
generating this bathymetric gradient in turnover remain unclear. Here we test whether the bathymetric
(onshore-offshore) decline in turnover of communities with bivalves and gastropods holds not only at
longer (> 10 My) but also at shorter time scales (<1 Myr) in the NE Atlantic and Mediterannean. We
find that while compositional turnover significantly declines with depth at long-term scales between
the Eocene and Pliocene, it does not change with depth within Eocene and Pliocene at short-term
scales. Onshore-offshore differences in ecosystem dynamics at short-term scales thus cannot be
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extrapolated to macroevolutionary gradients in turnover in community composition. We argue that, at
macroevolutionary time scales, lineages in onshore habitats are more exposed to the risk of regionalscale habitat loss and fragmentation due to marked climatic shifts. Onshore-offshore gradients in
turnover thus emerge only when assessed over temporal scales exceeding several Myr.

An attempt of mineralogical-geochemical comparison between some dark Early
Cretaceous deposits from the Carpathians and Rhenodanubian flysch Zone
Patrycja Wójcik-Tabol1, Andrzej Ślączka1 and Nestor Oszczypko1
1
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The lower Cretaceous facies rich in organic matter in the Polish Outer Carpathians are know from
Moldavides as well as the Magura and Pieniny Klippen Belt succession. Towards the west in Moravia
and Lower Austria of the Moldavides pass partly into Helveticum (Golonka and Picha, 2006), while
the Magura succession find western prolongation in the Renodanubian flysch succession.
Simultaneously the Ybsitz zone could be regarded as an equivalent of the Grajcarek succession of the
PKB (Oszczypko et al., 2012). The prolongation of Klippen succession of the PKB towards west is
open to discussion. In the Rhenodanubian flysch, the age equivalent of the Aptian –
Albian/Cenomanian black sediments of the Western Carpathians (Verovice, Lhota fms and
Szlachtowa, Opaleniec fms) are represented by the Wolfpassing (Aptian) and Gault (Albian)
formations, as well as by Glossbach and Haselgraben formations belonging to Ybbsitz Unit.
The main aim of our presentation is general comparison of these dark sediments of the Carpathians
and Rhenodanubian realm, Grajcarek (Wójcik-Tabol and Oszczypko, 2012) and Ybbsitz succession
especially. The stratigraphicall and environmental similarities succeed to mineral and geochemical
resemblances. Drop in calcite and kaolinite with increasing of silica and illite are seen upward section.
Some layers are enriched in Fe-Mg carbonates. Measured total organic carbon content (TOC) vary
from 0.39 to 4.3 % in the Carpathian samples and 0.2 to 6.8% in the Renodanubian flysch. Results of
the Rock-Eval pyrolysis reveal constantly Type III kerogen with exceptionally low hydrocarbon
potential determined by the hydrogen index.
Thermal maturity indicate range from immaturity (T max=421°C), through the stage of the “oil
window” (435 – 450 °C) in the Renodanubian flysch and Grajcarek Unit up to the initial stage of the
“gas window” (>465 °C) in the samples from the Silesian Nappe. Distribution of major elements
through every section is parallel. The contents of SiO2 and Al2O3 become higher toward top the
sections. The Albian strata are enriched in incompatible elements (Rb, Cs, Ba, Ti, Zr, Th, Ga, Nb).
V/Sc, V/V+Ni, Ni/Co ratios and concentration of redox-sensitive elements (Mo, Co, U, V, As) in the
Aptian – Albian/Cenomanian sediments define anoxic deposits that record global episodes of the
OAEs.
This work has been supported by the Polish Ministry of Science and Higher Education (grant N 307
256139)
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New Miocene Bryozoa from Brazil – possible paleogeographical connection to
Paratethys
Kamil Zágoršek1, Laís V. Ramalho2, Vladimir Távora3
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Miocene Brazilian bryozoans have been studied during two expeditions in 2011 and 2012 to Pirabas
formation situated on the north part of the Amazonia (Pará state, Brazil). We examined four
expressive exposures: Capanema B-17 Mine, Salinópolis Atalaia beach, Fortaleza island and Aricuru.
Among the rich bryozoan association (more than 120 species) we found mainly genus Metrarabdotos
and species belonging to the family Jaculinidae.
Metrarabdotos is very distinctive genus characteristic for tropical environment. In Brazil we were able
to distinguished more than 12 species belonging to this genus, however only one species is known to
occur in Paratethys (M. malecki). Recently Metrarabdotos is not reported in the Mediterranean or any
surrounding basins (Cheetham 1968).
Bryozoans from Jaculinidae resembling the Paleozoic Fenestrata in development of the smooth
calcareous bar (trabeculae) jointing neighbouring branches and arrangement of two rows of
autozooecia on branch. Functionally and ecologically they suppose to live in the same environmental
conditions as phidoloporids (mainly genus Retepora). However we do not find any phidoloporids
among Miocene Brazilian fauna, while it is the commonest representatives in the bryozoan fauna in
Paratethys (Zágoršek 2010). Moreover, rich species belonging to Jaculinidae has been reported from
Miocene sediments of Dominic republic (web: bryozoa.net). The Jaculinidae genera is first time
reposted from Paratethys in Plio/pleistocene sediments of south Italy, and one report is given to the
living species in Mediterranean (Jullien and Calvet 1903).
This distribution of the fauna on both side of Atlantic suppose, that during the Miocene the evolutional
centre for the bryozoans could be the Caribbean and adjacent areas (including north of Brazil), where
new genera were evolved. Jaculinidae than slowly spread over the Atlantic and after Messinian crisis
occupy the empty niches. Recently they could survives in those niches, where phidoloporids (for
various reasons) do not occupy. Metrarabdotos however (due to the strong dependence of tropical
climate) stay in the equatorial seas and do not spread over the Mediterranean area.
This research is financially supported by Grant Agency of the Czech Republic (GAČR 205/09/0103)
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Panel C: Evolution of volcanic/magmatic and hydrothermal systems

Keynote talk

Neogene to Quaternary volcanics in the Carpathian-Pannonian region – their
geodynamic setting and petrological aspects
Ioan Seghedi1, Jaroslav Lexa2
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Neogene to Quaternary volcanic/magmatic activity in the Carpathian-Pannonian Region (CPR) took
place between 21 and 0.1 Ma in a close space/time relationship with the geodynamic evolution and
extensional basins. At the Early Miocene in the CPR, a land-locked basin of several hundred km in
width, resided between the Moesian and European plates. The opposite rotations of several tectonic
blocks, known as ALCAPA and Tisza-Dacia into the Carpathian embayment is thought to be driven
by retreat of a European lithospheric slab and showing progressively younger deformation events
toward east. The final collision of Tisza-Dacia ended at ~10 Ma, considered a ‘‘soft’’ continental
collision with only minor crustal thickening. This complex geodynamic setting, reflecting an interplay
of subduction, arc-continent colission, slab break-of, extension, delamination, strike-slip tectonics and
lithospheric block rotations was closely associated with diverse suites of volcanic rocks with
characteristic volcanic forms and specific petrological aspects characterized by calc-alkaline, K-alkalic
(shoshonitic), ultra-K and Na-alkalic magma types that mirror the composition of their sources (crust,
mantle lithosphere and asthenosphere).
Rhyolitic to dacitic ignimbrites with their reworked counterparts and minor dome/flow complexes
associated with early extension and basin formation in the intra-Carpathian areas. Geochemical and
isotopic data point to their origin by crustal anatexis due to tectonothermal reactivation by lithospheric
delamination and related underplating. Mixing of magmas from both crustal/lithospheric mantle
sources followed.
Intermediate calc-alkaline volcanic formations associated with advanced stage of extension in the
main Pannonian Basin. They are composed mostly of medium to high-K andesites, with subordinate
basaltic andesites, dacites and rhyolites that formed major composite stratovolcanoes, monogenetic
volcanic cones, effusive fields, dome/flow complexes and subvolcanic intrusive complexes. They
have originated from a mantle lithospheric source with dominant subalkaline compositions.
Intermediate calc-alkaline volcanic formations also extend like a chain-like ring and surrounding
Transcarpathian basin in the north-westernmost part of the Pannonian Basin, at a triple junction of the
north-easternmost edge of ALCAPA, Tisza-Dacia and the European foreland. Extensional
environment of core-complex type and asthenosphere rise were favorable for magma triggering
processes. They are composed dominantly of medium-K andesites, with basaltic andesites and minor
dacites and rhyolites that formed composite and monogenetic stratovolcanoes, effusive fields,
dome/flow complexes, subvolcanic intrusive complexes and monogenetic volcanic forms. The magma
derived from both lithospheric mantle and lower crust melts suggests to be generated at the mantle
lithosphere/crust boundary.
K-alkalic (shoshonitic) and ultrapotassic rocks are represented by rare occurrences in the western and
eastern parts of the CPR. Their generation is subject to debate for petrologists. Their source is ascribed
to a strongly metasomatized lithospheric mantle.
Na-alkali basalts and their differentiated counterparts, occur as isolated clusters of outcrops organized
in more or less extended monogenetic volcanic fields of maars, diatremes, tuff cones, cinder/spatter
cones and lava flows. Their source is in the asthenospheric mantle, but some lithospheric components
may be also involved.
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Transitional basaltic rocks showing isolated occurrences, were separated by their geochemical
features and show a shifting from subalkaline to alkaline to a more enriched composition toward Naalkalic rocks. They suggests a shift from the lithosphere to asthenosphere reservoirs.

Bismuth sulphosalts association from the Rozália mine, Hodruša-Hámre
Stanislav Jeleň1,2, Jaroslav Pršek3, Vladimir A. Kovalenker4
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The epithermal base-metal to precious-metal mineralization is a part of the extensive system of veins
of the Štiavnica–Hodruša ore field, in the central part of the Banská Štiavnica stratovolcano. Bismuth
minerals, bornite and scheelite, as well as hematite, are typical of the deeper part of the vein.
Sulphosalts association of Ag-Cu-Pb-Bi system is localized in copper ores in smaller amounts, at sites
of superposition of quartz-chalcopyrite mineralization on much earlier galena-bearing aggregates. It is
formed from neutral solutions that is manifested by the stability of adularia-carbonate-sericite
association. Reactional nature of Ag-Cu-Bi-S sulphosalts is proved by wide development of
symplectites (Kovalenker et al. 1993). The composition of sulphosalts naturally changes with
increasement of chalcopyrite contents in aggregates, forming various sequence: matildite-galena solid
solution that replaces galena; minerals ranging in composition from ourayite-mummeite to gustavitelillianite series. At the Rozália mine are common sulfosalts of the cuprobismutite homologous series.
Hodrušite is the most common, whereas cuprobismuthite and kupčíkite are rare. The Ag(Cu,Pb)–Bi
sulfosalts mainly belong to the pavonite homologous series are 4P makovickyite, 5P pavonite, 6P
dantopaite, 7P benjaminite and 8P mummeite. The associated sulfosalts are paděraite, berryite,
wittichenit and members of the bismuthinite–aikinite series (bismuthinite, gladite, krupkaite,
lindströmite, friedrichite and aikinite) (Jeleň et al. 2012).
The bismuth mineralization found at the Banská Štiavnica – Hodruša ore field is, as in the case of
other gold – silver – polymetallic deposits (Kanimansur, Adrasman, Madžarovo, Idarado mine, Round
Mountain, among others), closely space-related to quartz–hematite–chalcopyrite ores, relatively
enriched in gold and silver, and occurring usually in deep horizons of the deposits. The similarity in
mode of occurrence, mineral assemblages of bismuth sulfosalts, their chemical composition and
geochemical profile, as well as a considerable vertical extent of the veins in similar world deposits
(usually about 1 km and more) might be caused by a relatively high temperature, probably
thermostatic regime of ore formation in deep zones, the neccessary heat being supplied by nearby
intrusive and subvolcanic bodies of porphyritic granitic rocks. Indeed, the fluid-inclusion data
(Kovalenker et al. 2006) show that the mineral assemblage containing bismuth sulfosalts formed over
the temperature interval 345 – 300°C and continued to exsolve in the slowly cooling fluid in the deep
horizons of the Banská Štiavnica – Hodruša ore field.
Acknowledgements. This work was supported by the grant Agency VEGA No. 2/0087/12.
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Jurassic-Cretaceous volcanogenic event with pyroclastic turbidite system of the
Ukrainian and Romanian Carpathians
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In the frontal part of the Marmarosh Crystaline Massif of the Ukrainian Carpathians the Kaminnyi
Potik Unit is represented by the Jurassic–Early Cretaceous Chyvchyn (up to 1000 m thickness) and
Kaminnyi Potik (thickness 200 m) formations (Matskiv et al. 2009). The former is composed mainly
of basic effusive rocks and latter by thin-bedded limestones, black shales, sandstones and
conglomerates with basic effusives (including basaltic pillow lavas) and pyroclastic turbidites, which
pass upward into thick-bedded psammites (thickness about 400 m). In the Romanian Maramureş
Mountains the Black Flysch Nappe (Outer Dacides) (Sǎndulescu 2009) is equivalent of the Kaminnyi
Potik Unit. In the Ukraine the best places for study of this unit occur both in the Rahiv city vicinity
(Kaminnyi stream – stratotype of the Kaminnyi Potik Unit) and on the Chyvchyn Mount (Hnylko et al.
2012; with references), the highest peak of the Chyvchynian Mountains. On the other hand, in the
Romanian Carpathians volcanogenic rocks of the Black Flysch Unit occur between Ştevioara stream
on the east and Repedea stream on the west, with Farcăul and Mihailecul mounts of the Maramureş
Mts. Recently, our geological mapping of the Chyvchyn Mt showed that volcanic-sedimentary
complex forms the four small tectonic scales which consist of: (a) thin-bedded micritic limestones
interbedded by coarse/fine-grained calcareous pyroclastic turbidites, (b) calcareous-pyroclastic
breccias with blocks of the micritic and organodetritic limestones and basalts within volcanic/tuffitic
matrix of submarine debris flows and (c) massive basalts of pillow lava (Hnylko et al. 2012; Krobicki
et al. 2013). On the Romanian territory we have similar composition of effusive rocks – from basaltic
pillow lavas trough basaltic and pyroclastic breccias, and limestones with effusive (mainly basaltic and
pyroclastic) elements to pyroclastic turbiditic system. Full characteristic sedimentological structures
(according to Bouma sequence) typical both for proximal and distal turbiditic fans of deep-marine
lobes were observed. These rocks indicate strong volcanic activity in source area and their proximity
and could be one of the best key to understanding of geodynamic history of the Carpathian basins in
the northernmost part of the Neotethys.
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K-Ar dating of the Jastrabá formation rhyolites and related mineralization in the
Central Slovakia Volcanic Field
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Rhyolites of the Jastrabá Formation along with minor high-alumina basalts of the Šibeničný vrch
Complex concluded evolution of dominantly andesitic volcanoes in the western half of the central
Slovakia Volcanic Field. They occur as extrusive domes, cryptodomes, dykes, lava flows and related
pyroclastic and epiclastic rocks. Their spatial distribution was controlled by a system of N-S to NESW trending faults. Rhyolite volcanic activity was contemporaneous with subsidence of the Žiarska
kotlina intravolcanic depression and uplift of horsts in the surrounding area. Marginal faults of these
horsts host extensive precious and base metal epithermal systems at Banská Štiavnica – Hodruša,
Banská Belá, Pukanec, Nová Baňa and Kremnica. Shallow crustal reservoirs of rhyolite magma are
believed to be a relevant source of heat and magmatic fluids. Previous dating of the rhyolites by K-Ar
method on whole rock samples and FT method on biotites and glass provided ages in the range 15.4 –
10.7 Ma with most of the results in the range 12.9 – 10.7 Ma ((Konečný et al., 1969; Bagdasarjan et
al., 1970; Bojko et al. in Štohl, 1976; Merlitsh and Spitkovskaya in Štohl, 1976; Repčok, 1981, 1982).
However, ages above 12.5 Ma are not realistic owing to the overlap with ages of older andesites. Our
new conventional K-Ar dating of rhyolites carried out on mineral fractions demonstrates why whole
rock data as well as FT data can be misleading. We have dated mineral fractions of plagioclase,
sanidine, amphibole, biotite, felsitic groundmass, spherulitic graundmass and/or glass. Adularia and/or
adularized groundmass have been dated to obtain ages of associated hydrothermal activity. Potassium
was determined by flame photometry with relative analytical error 2%. Ar isotope ratio was measured
in the static mode with pure 38Ar spike, using a 15cm radius magnetic sector type mass spectrometer
built in Debrecen. Analytical error usually varies around 3 % relative. We have obtained results on
115 mineral fractions from 54 samples representing 31 geological objects. 19 dubious results have
been eliminated on the basis of unusual K-concentration, low percentage of 40Arrad and/or comparison
of results on mineral fractions from individual samples or geological objects – identification of phases
with excess 40Arrad (plagioclase and amphibole phenocrysts) and 40Arrad loss (K-feldspar, glass).
Average of reliable results is considered as the representative age in the case of samples and
geological objects. Geologically defined groups are compared on the basis of probability curves
defined as sums of normal distribution densities of individual results calculated with the step 0.1 Ma.
Statistical data on the groups follow:
group
number
max. age (Ma) min. age (Ma) aver. age (Ma)
Nová Baňa, rhyolites
18
13.36 ± 0.44
11.21 ± 0.34
12.21 ± 0.61
Nová Baňa, adularized rhyolites
7
12.12 ± 0.37
11.79 ± 0.37
11.93 ± 0.35
Kremnica, early rhyodacites
11
12.64 ± 0.39
11.00 ± 0.45
12.02 ± 0.53
Kremnica, main phase rhyolites
24
12.78 ± 0.41
11.18 ± 0.42
11.86 ± 0.48
Kremnica, rhyolite cryptodomes
4
12.29 ± 0.42
11.68 ± 0.42
11.96 ± 0.45
Kremnica, late rhyolites
3
12.09 ± 0.38
11.99 ± 0.38
12.02 ± 0.35
Turček, rhyolites
8
13.42 ± 1.43
11.10 ± 1.04
12.41 ± 0.51
Kremnica. adularizewd rhyolites 11
12.09 ± 0.37
11.11 ± 0.35
11.74 ± 0.40
Results allow for four essential conclusions: 1) interval of rhyolite volcanic activity is much shorter
than indicated by previous data – most probably 12.4 – 11.6 Ma (Late Sarmatian); 2) very short
interval of rhyolite volcanic activity in the Kremnica area is implied by almost identical ages of the
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oldest through the youngest group of rhyolites; 3) rhyolites of the Turček area are probably the oldest
ones, followed by Nová Baňa area and the area south of Kremnica; 4) ages of epithermal systems
(adularia) overlap with or are only slightly younger than rhyolites in the same area.
Authors acknowledge support of the VEGA grants 2/0171/08 and 2/0162/11, the Slovak Agency for
Research and Development grant SK-MAD-01106 and the Hungarian National Scientific Foundation
grant no. K68153.

Petrographic, physical and geochemical properties of the upper mantle beneath
the Nógrád-Gömör Volcanic Field (Northern Pannonian Basin)
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Though petrographic and geochemical features of the upper mantle have been widely studied in the
Carpathian-Pannonian region (CPR) through xenoliths found in alkali basalts, only a few publications
include examinations regarding the physical properties. This kind of information can be gathered from
studying crystal preferred orientation in the rock forming silicates, mostly olivines, of the mantle
xenoliths. Crystal preferred orientation means the distribution of crystallographic axes of a mineral
phase, and it is developed as a result of changes in the physical conditions (pressure, temperature,
stress, strain, etc.).
In the CPR Plio-Pleistocene alkali basalts have sampled the upper mantle at five known occurrences,
bringing ultramafic peridotite and pyroxenite xenoliths to the surface. One of these is the NógrádGömör Volcanic Field, which is located in the northern part of the Pannonian Basin. Various studies
have been carried out about textural and geochemical properties of the xenoliths (e.g. Szabó and
Taylor, 1994; Konečný, 1995), however, there is still a lack of studies focusing on crystal preferred
orientation.
For our research, 13 representative lherzolite xenoliths were selected from various parts of the
Nógrád-Gömör Volcanic Field. After determining the modal compositions, texture types and major
element compositions, we carried out electron backscattered diffraction (EBSD) measurements to
observe if there is any crystal preferred orientation in the olivines, the most deformable rock forming
mineral in the upper mantle. We recognized three distinct orientation types based on the distribution
and alignment of crystallographic axes, which show some correlation not only with the macroscopic
texture, but also with olivine J-factors that indicate the strength of the xenolith fabric (Bunge, 1982).
Furthermore, geochemical data make it possible to calculate equilibrium temperatures and estimate
originating depths for the xenoliths. Our results show that samples from the southern part of the
volcanic field come from shallower depths than those from the central part. This difference may be
responsible for the formation of different crystal preferred orientations, however, there are probably
other factors, for instance ‘water’ content, that can also have significant effect. Nevertheless, these
results suggest that there are more deformation mechanisms that could have been active in the mantle
during the Neogene evolution of the area.
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Geochemical evidences of stealth metasomatism in the upper mantle of NógrádGömör Volcanic Field (Northern Pannonian Basin)
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Nógrád-Gömör Volcanic Field is the northernmost locality of those five different locations in the
Carpathian-Pannonian region, where Plio-Pleistocene alkali basalts brought upper mantle xenoliths up
to the surface (Szabó and Taylor 1994; Konečný et al. 1999). As a result of a thorough sampling great
number of ultramafic xenoliths have been collected from the central part of the region, Medvesplateau (Eresztvény, Magyarbánya) and Babi hill (Ratka, Fil’akovské Kováče, Trebel’ovce), on which
detailed petrographic studies have been carried out.
As a result, in addition to the dominant lherzolite xenoliths, large number of wehrlite xenolith were
also distinguished. In wehrlite xenoliths the modal proportion of clinopyroxene was increased in
contrast to the descending amount of orthopyroxene, which only can be determined in the core of
clinopyroxenes as remnants. The wehrlite xenoliths, showing particular texture, consist of olivine- and
clinopyroxene-rich assemblages. This latter part contains tiny (100-200 µm in diameter) rounded
olivines and vermicular spinel inclusions hosted in irregularly shaped large clinopyroxene.
Based on petrographic features, ten wehrlite xenoliths, two from each location, have been selected for
a detailed geochemical study. The major element composition of wehrlite xenoliths show significant
Fe and Mn enrichment in olivines, Ti, Al and Fe enrichment in clinopyroxenes, and Fe and Ti
enrichment in spinels compared to compositions of common lherzolite xenoliths.
The trace element geochemistry of clinopyroxenes in wehrlite xenoliths was determined by LA-ICPMS analyses and show similar results for the different localities. The highly incompatible elements, as
well as Pb, Hf, Zr, show extensive depletion. Most of the other elements show a flat distribution
profile, except the compatible ones, from which Sc, V, Cr slightly enriched, however Co, Ni strongly
diminished compare to the primitive mantle. The REY elements depict a relatively flat pattern where
only Nd, Sm, Eu, Gd reveal some enrichment.
Our detailed petrographic observations and major- and trace element geochemistry of rock forming
constituents indicate that wehrlite portion of the mantle beneath the study area is product of a process
referred to as stealth mantle metasomatism. During this process new minerals, in our case
clinopyroxenes, is introduced to the system that is mineralogically indistinguishable from
clinopyroxene of common upper mantle peridotites. This metasomatism is supposed to be caused by a
migrating mafic melt agent, which led to incongruent melting of the dominantly missing
orthopyroxene. The five studied localities show similar petrographic and geochemical features that
confirm an extensive mantle metasomatism, resulting in the transformation of a large portion of
lherzolite to wehrlite beneath the Nógrád-Gömör Volcanic Field.
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First Oxygen Isotope Data from Amphibole Megacrysts in Alkali Basalts (Cerová
Vrchovina Mts., Western Carpathians)
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Amphibole megacrysts, up to 5 cm in diameter, were collected from welded tuffs of two maars
occurring near Gemerské Dechtáre village in south-eastern part of Cerová Upland. The maars dated at
3.1±0.2 Ma using U-Pb (zircon) and (U-Th)/He (apatite) methods (Hurai et al. in press) belong to the
Cerová Basalt Formation, and they are surrounded by Eggenburgian sandstones of the Fiľakovo Fm.
and covered by Pleistocene/ Würm deluvial deposits (Elečko et al. 1985). The main goal of this
research was to get information on the source and origin of the megacrysts and their parental magmas.
Chemical composition of the amphiboles was measured in carbon-coated thin sections using a Cameca
SX-100 electron microprobe at the Geological Institute of Dionyz Stur, Bratislava, Slovak Republic.
Oxygen isotope data were measured in 0.05 – 1 mg of material decomposed by CO2 laser-induced
thermal fluorination using a MAT 253 mass spectrometer at Georg – August University, Göttingen,
Germany.
All samples studied correspond to magnesio-hastingsite and are typical of an increased Al2O3 (> 14
wt.%), thus indicating crystallization at higher pressures and temperatures. Elevated TiO2 contents (>
3 wt. %) imply a compositional dependence on the host magma composition (Demény et al. 2012).
Average thermodynamic formation conditions calculated according to Ridolfi et al. (2010) were
estimated at 1077 (±5) °C and 870 (±55) MPa. The average oxygen fugacity and water content in the
parental melt correspond to 0.31(±0.15) ∆logfO2 units relative to FMßQ experimental buffer and 4.5
wt. % H2O, respectively.
A total of seven measured crystals yielded oxygen isotope ratios 18O/16O (δ18O) ranging from 3.9 to
4.2 ‰ (4.0 ‰ in average) for first maar (GD-1) and from 4.5 to 5.1 ‰ V-SMOW (4.8 ‰ in average)
for the second maar (GD-2). The determined δ18O values are somewhat lower than the value of +5.5
‰ commonly accepted for mantle-derived minerals and melts (Demény et al. 2012). Owing to the
high formation temperature and the absence of optically discernible alterations, amphiboles reflect
most likely the isotope composition of the parental basaltic magma, whose original mantle δ18O value
could be lowered by contamination with subducted hydrated oceanic crust. Alternatively, the observed
18
O-depletion could be due to postmagmatic, low-temperature interaction with hydrothermal fluids or
meteoric water.
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On the role of modern gravimetric methods in studying magmatic and
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A novice gravimetric methodology for inverting potential field data based on regional trend removal,
lateral and vertical separation (decomposition) of sources, line segments sources approximation and
the method of local corrections (Prutkin et al., 2011) is presented here in the context of the
interpretation of gravity and magnetic anomalies in areas of studied magmatic intrusions, as well as of
the interpretation of temporal gravity changes when studying magmatic or hydrothermal sources in
regions of active or awakening volcanic activity.
The non-linear inversion technique yields two classes of sources: star-convex homogenous bodies, and
the 3D shape of contrasting contact surfaces (interfaces), as well as combinations of the two. We
demonstrate the merits and benefits of the described methodology on a case study of the Kolarovo
gravity and magnetic highs in the Danube Basin. These anomalies are inverted in terms of various
variants of an intrusion. Presented are several possible solutions, all admissible from the viewpoint of
the potential field data. These admissible solutions are viewed in the tectono-geological context. Next
a case study on temporal gravity changes observed during the seismic unrest at the Central Volcanic
Complex on Tenerife, Canary Islands, is presented. The advantage of the methodology in multiple
source decomposition is demonstrated on searching for the deeper magmatic source, responsible for or
associated with the unrest, masked by the signal of hydrothermal fluids initiated during the unrest.
The advantage of the presented methodology dwells in finding several admissible source settings that
can be considered and discriminated based on additional constraining information originating from
other geophysical or geoscientific disciplines in the context of the geologic and tectonic situation.
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