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Foreword 

This workshop is narrowly focused on ichnotaxonomical principles. Ichnologists suggest 
new insights for the definition of ichnotaxobases and on theoretical implications for the 
nomenclature of trace fossils. The opinions of attendees have repeatedly gone on to make trace 
fossil science more precise and useful. Ichnotaxonomical principles delineate the realm of trace 
fossils and continue to open new questions on how and why is necessary to classify them. Precise 
trace fossil classification can be utilized in ecological and evolutionary solutions. Refining 
ichnological terms also strengthens the position of ichnology for fresh applications. The workshop 
offers ample opportunities for ichnotaxonomical discussion and future ichno-cooperation. 

The first ichnotaxonomical workshop was organized by Richard Bromley and Markus 
Bertling (1998, Bornholm). Following ichnotaxonomical meetings were organized by Alfred 
Uchman (2002, Kraków – Tymbark), Radek Mikuláš and Andrew Rindsberg (2006, Prague – 
Jevíčko) and Andrey Dronov (Moscow – Petersburg). The paper that was written by participants 
during first two workshops: Names for trace fossils: a uniform approach (Bertling et al. 2006) was 
the most important synoptic ichnotaxonomical publication of these workshops. 
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 Abstracts 

 

One hundred year mystery – solved? The "Pinsdorfer Versteinerung" 
dilemma of interpretation and taxonomy 

 
Alfred Uchman 1 & Peter Pervesler 2 

 
1) Institute of Geological Sciences, Jagiellonian University, ul. Oleandry 2a, Pl-30-063 Kraków, Poland 

2) Department of Palaeontology, University of Vienna, Althanstrasse 14, A-1090 Vienna, Austria 

 

The so-called “Pinsdorfer Versteinerung” is one of the most spectacular structures that 
occur on soles of turbiditic sandstones. It consists of a ventral cylinder and lateral lobes in alternate 
position. Originally several large slabs of this structure collected by a black smith family in the 
Upper Cretaceous of Pinsdorf near Gmunden in Austria, were presented to participants of the 
International Geological Congress in Vienna in 1901 as a large worm or an undetermined trace 
fossil (Abel 1920, 1921, 1935; Seilacher 1959). Seilacher (1977) consider it as a variant of the 
trace fossil. Hormosiroidea beskidensis (Plička 1974) but the latter seems to be different. Another 
occurrence of this structure comes from the Upper Cretaceous flysch of the Moravian Carpathians. 
This specimen was interpreted as a trace fossil or an imprint of vertebra and named Radhostium 
carpaticum Plička and Říha, 1989. In the same year, Vialov (1989) established Pinsdorfichnis 
abeli Vialov, 1989 on the basis of specimen illustrated by Abel (1935). Both names compete for 
priority, but a dilemma is created by the fact that only Plička and Říha (1989) provided exact date 
of publication. Therefore Uchman (2007) used Radhostium carpaticum Plička and Říha, 1989 as 
the more proper name in reference to another occurrence of this structure in the Upper Cretaceous 
flysch in Ligurian Apennines. Earlier, Uchman (1999) suggested that this structure resembles the 
trace fossil Protovirgularia (therefore cf. Protovirgularia) and can be interpreted as a locomotion 
trace of a huge bivalve having cleft foot.  

Interpretation of the “Pinsdorfer Versteinerung” as a trace fossil preserved in semi-relief 
produced by casting of a burrow system or a locomotion trace seems to be acceptable, including a 
possibility that this is a washed-out and casted Polykampton alpinum Ooster, 1869. However a 
new challenge comes from some similarity of its morphology to chains of snail egg cases, e.g. 
these of the genus Busycon. It is interesting that Fuchs (1895) interpreted some trace fossils in this 
way. Nevertheless, occurrence of such large snail egg cases in the Late Cretaceous and their 
taphonomy remains unsolved. 

 

References: 

Abel O. 1920: Lehrbuch der Paläozoologie. Gustav Fischer, Jena, 500 pp. 
Abel O. 1921: Allgemeine Paläontologie. Walter de Gruyter & Co, Berlin & Leipzig, 149 pp. 
Abel O. 1935: Vorzeitliche Lebensspuren. Gustav Fischer, Jena, 644 pp. 
Fuchs T. 1895: Studien über Fucoiden und Hieroglyphen. Denkschriften der k.k. Akademie der 

Wissenschaften in Wien, mathematisch-naturwissenschaftliche Classe 62, 369–448.  
Plička M. & Říha J. 1989: Radhostichnium carpathicum n. gen., n. sp., a problematical fossil 

from the Carpathian flysch (Upper Cretaceous) in Czechoslovakia. Acta Musei Moraviae, 
Scientiae Naturales 74, 81–86. 
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Seilacher A. 1959: Zur ökologischen Charakteristik von Flysch und Molasse. Eclogae Geologicae 
Helvetiae 51 (for 1958), 1062–1078. 

Seilacher A. 1977: Pattern analysis of Paleodictyon and related trace fossils. In: Crimes T.P. & 
Harper J.C. (Eds.), Trace Fossils 2. Geological Journal, Special Issue 9, 289–334. 

Uchman A. 1999: Ichnology of the Rhenodanubian flysch (Lower Cretaceous-Eocene) in Austria 
and Germany. Beringeria 25, 65–171. 

Uchman A. 2007: Deep-sea trace fossils from the mixed carbonate-siliciclastic flysch of the Monte 
Antola Formation (Late Campanian-Maastrichtian), North Apennines, Italy. Cretaceous 
Research 28, 980–1004.  

Vialov O.S. 1989: A":,@4N>@:@(4R,F84, ^H`*Z (Paleoichnologicheskie etiudi; 
Paleoichnological studies). Paleontologicheskiy Sbornik 26, 72–78. [In Russian]. 

 
 
 

Where is ichnotaxonomy going? 

 
Andrew K. Rindsberg 

 
Dept. of Biological & Environmental Sciences, University of West Alabama, 

Livingston, Alabama 35470, USA; email arindsberg@uwa.edu 

 

Trace fossils are fossils without DNA and with no imprint of the body that made them: 
How can they be classified other than arbitrarily? Arbitrary classifications have indeed been tried, 
e.g., by counting the numbers of repeating foot impressions and digits per foot in trackways, but 
often with misleading results. Biologically better informed classifications generate better 
predictions, e.g., that three-toed, bipedal trackways were made by giant “birds” (dinosaurs; 
Hitchcock 1858). During the twentieth century, ichnologists developed ethologically based but 
morphologic classifications that have great predictive power (Krejci-Graf 1932; Seilacher 1953). 
However, biologists uniformly prefer to identify modern traces in reference to living tracemakers 
(morphologic classification based on biological clues), and with impressive accuracy. Historically, 
vertebrate ichnologists have had some success in identifying ancient tracemakers.  

In invertebrate ichnotaxonomy, Seilacher’s ethologic method is used with much greater 
success than biologically based methods. Most invertebrate ichnologists formerly thought that the 
makers of most trace fossils could never be known, but the thought remained that if we knew 
enough about trace fossils, we could deduce their makers and classify them more rationally. 
Seilacher repeatedly attempted to relate ichnospecies of Cruziana to their makers (Seilacher, 
1970). The characters that allow these deductions can be called the tracemaker’s bioprint 
(Rindsberg & Kopaska-Merkel 2005).  

But the clash between ethologically based morphologic systems and biologically based 
morphologic systems may be more apparent than real. Most burrowing or boring invertebrates 
possess only a few standard behaviors. If higher ichnotaxa are based on the most important 
morphologic differences with regard to tracemaker biology and ethology, then they should be 
based on the bioprint of higher taxonomic and ethologic groupings, such as symmetry, general 
proportions, evidence of open versus filled traces, and so on. Such criteria were promoted by the 
report of the first two Workshops on Ichnotaxonomy (WIT; Bertling et al. 2005). Although 
bioprint was not emphasized in this report, it was the minority opinion of several attendees and has 
gained in usage. 
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Knaust (2012) took up the challenge of constructing a key based on WIT criteria. As a 
classification of invertebrate trace fossils based on a consensus of ichnotaxonomists, it should 
generate new patterns on which predictions of relationship may be based. Accordingly, it is being 
used with modifications as the classification for the trace-fossil volume of the Treatise on 
Invertebrate Paleontology. In effect, this is a massive test of the WIT hypotheses. 

 
References: 
Bertling M., Braddy S.J., Bromley R.G., Demathieu G.R., Genise J., Mikulaš R., Nielsen J.K., 

Nielsen S.K.K., Rindsberg A.K., Schlirf M. & Uchman A. 2006: Names for trace fossils: a 
uniform approach. Lethaia 39, 265–286. 

Hitchcock E. 1858: Ichnology of New England: A Report on the Sandstone of the Connecticut 
Valley, Especially its Fossil Footmarks, Made to the Government of the Commonwealth of 
Massachusetts. 220 pp., 60 pls., Boston (William White). 

Knaust D. 2012: Trace-fossil systematics. In: Knaust D. & Bromley R.G. (eds.): Trace Fossils as 
Indicators of Sedimentary Environments: Developments in Sedimentology 64, 79–101. 
Amsterdam (Elsevier). 

Krejci-Graf K. 1932: Definition der Begriffe Marken, Spuren, Fährten, Bauten, Hieroglyphen und 
Fucoiden. Senckenbergiana 14, 19–39. 

Rindsberg A.K. & Kopaska-Merkel D.C. 2005: Treptichnus and Arenicolites from the Steven C. 
Minkin Paleozoic Footprint Site (Langsettian, Alabama, USA). In: Buta R.D., Rindsberg 
A.K. & Kopaska-Merkel D.C. (eds.): Pennsylvanian Footprints in the Black Warrior Basin 
of Alabama: Alabama Paleontological Society Monograph 1, 121–141. 

Seilacher A. 1970: Cruziana stratigraphy of “non-fossiliferous” Palaeozoic sandstones. – In: 
Crimes T.P. & Harper J.C. (eds.): Trace Fossils: Geological Journal, Special Issue 3, 447–
476. 

 
 
 

Ichnotaxonomy of incomplete trace fossils  

 
Andrew K. Rindsberg1 

 

Dept. of Biological & Environmental Sciences, University of West Alabama, 

Livingston, Alabama 35470, USA; email arindsberg@uwa.edu 

 

To what degree should ichnologists name trace fossils for what they see, as opposed to 
what they interpret? That ichnotaxonomy is based on the morphology of traces, rather than on 
tracemakers, age, or other considerations, has been accepted for a generation. However, the choice 
of morphologic criteria remains that of the individual taxonomist. Incomplete trace fossils pose a 
particular challenge. 

In the 1970s and 80s, some influential ichnotaxonomists decided that simplification would 
make the study of trace fossils more attractive to sedimentologists. They aimed to achieve a 
classification that would enable a nonspecialist to identify even incomplete trace fossils. This 
explains, for instance, the preference for the classification of Ophiomorpha by Frey et al. (1978) 
over that of Fürsich (1973).  

The interpretation of hypichnia is a case in point. Hypichnia include complete semireliefs, 
lower parts of complete full-reliefs whose upper parts are still preserved, and lower parts of former 
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full-reliefs that are now incomplete due to erosion. Most agree that a complete full-relief burrow 
that resembles a complete semirelief trail, but represents different behavior (e.g., dwelling versus 
locomotion), should belong to a different ichnogenus. However, some ichnologists decline to 
distinguish incomplete full-reliefs from complete semireliefs. For example, Pickerill & Narbonne 
(1995) extended Cochlichnus Hitchcock, 1858, which was named for surficial trails, to include the 
full-relief burrow Cymataulus Rindsberg, 1994 “because with trace fossils preserved in semi-relief 
it is typically difficult or even impossible to demonstrate a burrow versus a trail origin.” However, 
Seilacher’s (1962) work on pre- and postdepositional traces makes it clear that they can and must 
be distinguished.  

Also damaging is a tendency to distinguish complete and incomplete full-relief burrows, 
so that, for instance, a scoured example of Bifungites is called Arthraria (Fillion & Pickerill, 
1984). An analogy with the paleontology of body fossils is illustrative: Would a trilobite specialist 
give a different name to a pygidium than to a whole specimen?  

Erosion frequently destroys crucial ichnotaxobases such as internal structure and external 
sculpture. For instance, the sculpted Palaeophycus alternatus may be eroded to smooth P. 
tubularis (Rindsberg 2012). Incomplete preservation of digit imprints may lead to the 
misinterpretation of a trackway as several ichnogenera, artificially raising the ichnodiversity of an 
assemblage. In such cases, the ichnologist must interpret the original form of the trace fossil based 
on evidence at hand. The degree of uncertainty should be expressed explicitly in the text by the use 
of open nomenclature or ichnofamilies.  

 
References: 
Fillion D. & Pickerill R.K. 1984: On Arthraria antiquata Billings, 1872 and its relationship to 

Diplocraterion Torell, 1870 and Bifungites Desio, 1940. Journal of Paleontology 58, 683–
696. 

Frey R.W., Howard J.D. & Pryor W.A. 1978: Ophiomorpha: its morphologic, taxonomic, and 
environmental significance. Palaeogeography, Palaeoclimatology, Palaeoecology 23, 
199–229. 

Fürsich F.T. 1973: A revision of the trace fossils Spongeliomorpha, Ophiomorpha and 
Thalassinoides. Neues Jahrbuch für Geologie und Paläontologie, Monatshefte 1973(12), 
719–735. 

Hitchcock E. 1858: Ichnology of New England: a report on the sandstone of the Connecticut 
Valley, especially its fossil footmarks. Boston, William White, 220 pp. 

Rindsberg  A.K. 1994: Ichnology of the Upper Mississippian Hartselle Sandstone of Alabama, 
with notes on other Carboniferous formations. Geological Survey of Alabama, Bulletin 
158, 1-107.   

Rindsberg  A.K. 2012: Ichnotaxonomy: finding patterns in a welter of information. In Knaust D., 
and Bromley R. G., eds., Trace Fossils as Indicators of Sedimentary Environments. 
Elsevier, Developments in Sedimentology 64, 43–78. 

Seilacher, A. 1962: Paleontological studies on turbidite sedimentation and erosion. Journal of 
Geology 70, 227–234. 
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First finding of Cruziana and Rusophycus in the uppermost Middle 
Ordovician of the Siberian Platform  

 
 Andrei Dronov1 & Veronica Kushlina2  

 
1) Geological Institute of Russian Academy of Sciences, Pyzhevsky per.7, 119017, Moscow, Russia 

2) Boryssiak Paleontological Institute of Russian Academy of Sciences, Profsouznaya ul. 123, 117997, 
Moscow, Russia 

 
In the year 2013 during a field studies in the Moyero River valley (Eastern Siberia) 

numerous well preserved Cruziana and Rusophycus trace fossils were collected for the first time in 
the Middle Ordovician sandstone of the Moyero Formation. Both Cruziana and Rusophycus traces 
were concentrated in the lower part of a thick (7 m) sandstone body at the top of the Moyero 
formation (Kirensk-Kudrino regional stage, uppermost Darriwilian) (Kanygin et al. 2007; Dronov 
et al. 2009). The rocks are represented by well washed fine grained quartz sandstone intercalating 
with siltstone. Sandstone layers are 2 to 15 cm thick with well developed ripple marks on the top 
surface. Collected material consists of 7 large sandstone plates (0.5x1.0 m) and 15 rock samples of 
a minor dimensions with numerous Cruziana and Rusophycus preserved as positive hyporelief on 
the basal surfaces of the sandstone beds. Rusophycus traces are represented by typical bilobate 
traces resembling coffee beans or horseshoes with lobes transversely wrinkled by anterolaterally 
directed coarse of fine striae. Based on their dimensions the traces could be subdivided into two 
groups: 1) relatively large (from 7x5 cm to 10x6 cm) – 32 traces; 2) relatively smaller (from 3x1.4 
cm to 2.5x45 cm) – 22 traces. Cruziana traces are represented by elongate straight or slightly 
curved band-like bilobate traces covered by herringbone-shaped of transverse ridges. Based on 
their width the Cruziana traces also could be subdivided into two groups: 1) wider traces (from 6 
cm to 10 cm) – 6 traces and 2) narrower traces (from 1.3 cm to 3.0 cm) – 27 traces. Length of the 
traces is usually from 15 cm to 41 cm. On best preserved Cruziana traces both endopodite claw 
scratches and exopodal brushings could be observed (Seilacher 2007). All the Cruziana traces 
from the Moyero River constitute two groups: 1) Cruziana A. Deep endopodite scratch marks on 
both sides of median groove. Scratch marks form a V-shaped pattern with the angle varying from 
110° to 170°. The endopodite “claw formula” includes 4 to 6 scratches.  No pleural lines found. 2) 
Cruziana B. Elongate bilobate traces with well preserved endopodie and exopodite scratches. The 
endopodite V-shaped scratch marks make the angle less than 90°. On the both lateral margins of 
the trace the endopodite scratch marks are overprinted by delicate exopodite brushings consisting 
of 8 – 12 thin ridges. Orientation of exapodite brushing is parallel to the trace margins. Both 
Cruziana A and Cruziana B have no direct analogues among the Ordovician Cruziana 
ichnospecies and probably represent endemics for the Siberian palaeocontinent. Appearance of 
Cruziana trace fossils in the Middle Ordovician of Siberia coincides with the beginning of cooling 
event and appearance of widespread quartz sandstones analogues to the “Nubian facies” of 
Gondwana (Dronov 2013).  
 
Acknowledgments: Financial support was provided from the Russian Foundation for Basic 
Research Grant № 13-05-00746.  
 
References: 
Dronov A.V., Kanygin A.V. Timokhin A.V., Tolmacheva T.Ju. & Gonta, T.V. 2009: Correlation 

of Eustatic and Biotic Events in the Ordovician Paleobasins of the Siberian and Russian 
Platforms. Paleontological Journal 43, 11, 1477–1497.  
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Dronov A.V. 2013. Late Ordovician cooling event: Evidence from the Siberian Craton. 
Palaeogeography, Palaeoclimatology, Palaeoecology 389, 1, 87–95. 

Kanygin A.V., Yadrenkina A.G., Timokhin A.V., Moskalenko T.A. & Sychev, O.V. 2007. 
Stratigraphy of the oil- and gas-bearing basins of Siberia. The Ordovician of the Siberian 
platform. GEO, Novosibirsk, 267 pp. (in Russian). 

Seilacher A. 2007. Trace fossil analysis. Springer, Berlin, Heidelberg, New York, 226 pp. 

 

 

Burrowing ghost shrimps of the Central Paratethys: distribution in 
space and time 

 
Matúš Hyžný1, 2 

 
1) Naturhistorisches Museum Wien, Burgring 7, 1010, Vienna, Austria 

2) Department of Geology and Paleontology, Comenius University, Mlynskádolina G1, 842 15, Bratislava, 
Slovakia 

 
Burrowing shrimps of the families Callianassidae and Ctenochelidae (Decapoda: Axiidea) 

represent major bioturbators of recent (not only) coastal environments (Dworschak 2000). Today, 
there are 10 species in 6 genera known from the Mediterranean (Ngoc-Ho 2003). In the geological 
past, however, the picture was significantly different. Central Paratethys was a part of a system of 
inland seas once covering large portion of the Central and Eastern Europe (Harzhauser & Piller 
2007). The revision of the fossil ghost shrimp taxa from the area once covered by Central 
Paratethys Sea has shown that during the Miocene the differential diversity was significantly 
higher, especially in the term of genera. Altogether 18 species in 13 genera have been described so 
far (updated from Hyžný 2012) and several new ones are currently under description by the author. 
The Miocene Climate Optimum surely promoted increased ghost shrimp diversity at that time. 
Today most ghost shrimp taxa inhabit tropics and subtropics (Dworschak 2000, 2005), and indeed 
during the Miocene the Central Paratethys was inhabited by genera  currently living mainly in 
tropics; e.g. Callichirus and Glypturus (Hyžný & Müller 2010, 2012, respectively). Some species 
are known both from the Miocene of Central Paratethys and the Proto-Mediterranean (e.g. Gatt & 
De Angeli 2010), thus, suggesting faunal interchange/migration between these regions. In the Late 
Miocene, the Central Paratethys Sea gradually changed into the Lake Pannon. Interestingly, the 
trace fossil record may confirm the presence of ghost shrimps also in the brackish environment of 
the Lake Pannon (unpublished). Later, the Messinian salinity crisis at the end of the Miocene 
drastically impoverished the Mediterranean faunas (e.g. Krijgsman et al. 1999), ghost shrimps 
were no doubt impacted as well. 
 
Acknowledgments:  
The research has been supported by Austrian Science Fund (FWF): Lise Meitner Program M 
1544-B25. 
 
References: 
Dworschak P.C. 2000: Global diversity in the Thalassinidea (Decapoda). Journal of Crustacean 

Biology 20 (special number 2), 238–245. 
Dworschak P.C. 2005: Global diversity in the Thalassinidea (Decapoda): an update (1998-2004). 

Nauplius 13, 57–63. 
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In situ decapod crustaceans within their burrows: implications for 
ichnotaxonomy 

 
Matúš Hyžný1, 2 

 
1) Naturhistorisches Museum Wien, Burgring 7, 1010, Vienna, Austria 

2) Department of Geology and Paleontology, Comenius University, Mlynská dolina G1, 842 15, Bratislava, 
Slovakia; hyzny.matus@gmail.com 

 
Although there are demonstratively several higher taxa of decapod crustaceans (Astacidea, 

Gebiidea, Axiidea, Brachyura) which independently evolved the construction of permanent 
burrows, identifying them as producers of fossil burrow systems represented by respective 
ichnogenera (e.g. Gyrolithes, Ophiomorpha, Psilonichnus, Spongeliomorpha, Thalassinoides) 
without direct evidence of in situ preservation is difficult. Usually burrow architecture of extant 
taxa is compared to their supposed fossil counterparts (e.g. Shinn 1968; Pervesler 2002; de Gibert 
et al. 2013). This may not be always accurate, and as Bromley (1990: p. 137) put it, asking for the 
producer of the trace is not the right way of addressing trace fossils. 

Nevertheless, there are reasons for being curious about the tracemaker identity. In only 
very few cases the producer was preserved in the burrow structure which can be identified as 
a particular ichnogenus; see reviews by Neto de Carvalho (2007) and Hyžný (2011). 

In general the ichnofossils usually do not contain any body fossils; in situ preservation is 
considered rare. More commonly the body fossils are associated with the burrows, i.e. callianassid 
claws in direct proximity of Ophiomorpha. Because of the high bioturbation of the surrounding 
sediment the body fossils are often fragmentary and they easily escape the attention during the 
survey in the field. 
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Sometimes body fossils of burrowing decapods are preserved within sedimentary 
structures that can be interpreted as remains of a burrow system (Hyžný 2011; Hyžný & 
Hudáčková 2012). Preservation of these structures often hinders their attribution to particular 
ichnogenus simply because the diagnostic ichnotaxobases are not present. This may be due to 
preservational bias but also because of the fact, that numerous in situ occurrences known to the 
author come from the museum collections, thus, the sedimentological context of the burrow 
structures and most importantly its geometry and orientation in the substrate remain unknown. 
Thus, more research in the field is needed to address this issue more accurately. One would 
assume that because of the effects of tiering on the taphonomy of trace fossils (Bromley & Ekdale 
1986), the in situ fossils are usually preserved within the deepest structures of the ichnofabric, 
otherwise the decapod bodies would be destroyed by tiering. This assumption waits to be further 
tested. 
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A large passively filled burrow cast, ~1 m long, with 30° ramp, low sinuosity index (1.07 

– 1.01), two distinct types of bioglyphs and a bilobate base, is formally assigned to the ichnotaxon 
Katikatiichnus lozengus. The burrows are preserved within fine-grained siltstones and mudstones 
that most likely represent floodplain or riverbank deposits based on past reconstructions of the 
palaeoenvironments of the Olenekian (249.5 – 245.9 Ma) Katberg Formation of the Karoo Basin. 

Nomenclature of large terrestrial burrows, from the Permo-Triassic of Gondwana, has 
been underutilised (see Voigt et al. 2011 and references therein). Some authors only describe 
similarities between trace fossil and existing ichnotaxa; others use placeholder assignments e.g., 
Type G and L of Miller et al. (2001); Ichnogenus A and B of Sidor et al. (2008). 

The burrow in this study is not Spongeliomorpha, because it is not branched (De Saporta, 
1887). Alezichnos chelecharatos and Alezichnos trogodont (Gobetz 2006; Gobetz and Martin 
2006) can be excluded too based on the absence of a burrow network. Polychoredrites 
tetrachelichnus (Hembree and Hasiotis 2008) share architectural and surficial morphological 
features with Katikatiichnus lozengus. However, the interconnected complex architecture and the 
lack of a bilobate base are significant differences that exclude it as an appropriate existing 
ichnotaxon. 

The Type G burrows (Miller et al. 2001) and Ichnogenus A (Sidor et al. 2008) are very 
similar to Katikatiichnus lozengus with differences in surficial and architectural morphology most 
likely related to variations in moisture content of the substrate and the sample size, respectively. 
More recently, Jun and Lu (2013) described a burrow that they considered similar to Ichnogenus 
A, and we consider very similar to Katikatiichnus lozengus. The aspect ratio of their burrow is 
closer to 2 as with Katikatiichnus lozengus and the Type G burrows (Miller et al. 2001). In 
addition, the burrow described by Jun and Lu (2013), the Type G burrows, Ichnogenus A and 
Katikatiichnus lozengus share a characteristic bilobate base. Based on the exceedingly similar 
morphologies, all four burrow types could be formally assigned to Katikatiichnus lozengus or at 
least be part of the same genus.  
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The Arauco Basin (36°46' to 38°30' S) is situated in the coastal forearc domain of the 

Andean active margin of the South American Plate, corresponding to a part of the raised platform. 
It presents an important sedimentary sequence from the Maastrichtian to the Holocene. The 
sedimentary evolution of the Paleogene successions in the Arauco Basin was characterized by a 
complex alternation of prograding and retrograding siliciclastic shoreline and deltaic 
parasequences set (Pineda 1982).  

The Paleogene marine succession of the Arauco Peninsula, south-central Chile, is 
commonly divided, from base to top, into the Curanilahue, Bocalebu, Trihueco, and Millongue 
formations (Garcia 1968).  
In this study, we present the first, preliminary, ichnological analysis in the context of the 
sedimentological research conducted of this succession, including the ichnotaxonomical 
description of 28 ichnogenera, grouped in the Glossifungites, Skolithos, Cruziana and Zoophycos 
Ichnofacies. 

The base of the Paleogene marine succession, which represent a K/T boundary, is 
characterized by a local presence of Gastrochaenolites isp., belonging to the Glossifungites 
Ichnofacies. In the rest of the sequences, between of parasequences set, the Glossifungites 
Ichnofacies is interpreted based on the common record of Thalassinoides. 

The ichnocoenoses, related to the gradual transition between the Bocalebu and Trihueco 
formations, associated with a regressive event, shows a vertical change from distal and proximal 
prodelta to distal and proximal delta front deposits, forming a progradational parasequence set and 
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having a diagnostic trace-fossil distribution. The ichnofauna is dominated by feeding traces, 
including Asterosoma, Dactyloidites ottoi, Macaronichnus segregatis and Rosselia, together with 
dwelling structures (Ophiomorpha). Macaronichnus present a differential distribution within the 
parasequences sets, showing a scarce frequency in the base of the parasequence, related to 
reworking Asterosoma and Dactyloidites, and in the top, display a high concentration 
(Macaronichnus beds), reflecting deltaic progradation and proximal settings. Uppermost part of 
the succession is either unbioturbated or contains a few ichnotaxa (Ophiomorpha and Skolithos).   

The base of the Millongue Formation indicates the beginning of the transgressive systems 
tract, characterized by a retrograding parasequence set. This is evidenced by a flooding surface, 
with abundant traces of Ophiomorpha nodosa. The middle part of the Millongue Formation shows 
typical signatures of storm-wave influence. Deposits of strongly storm-dominated settings show 
low ichnodiversity (Asterosoma, Cylindrichnus, Ophiomorpha nodosa, Thalassinoides, and 
Teichichnus). Under lower degrees of intensity and frequency of storms, a fair-weather suite is 
developed, illustrating the archetypal Cruziana Ichnofacies (Asterosoma, Chondrites, Planolites, 
Palaeophycus, Rhizocorallium, Rosselia, Thalassinoides, Teichichnus). Uppermost, the Millongue 
Formation presents shelf and turbiditic deposits, exhibiting a low to moderate ichnodiversity 
(Chondrites, Lophoctenium, Phycodes, Phycosiphon, Scolicia, Taenidium and Zoophycos) and 
illustrating the Zoophycos Ichnofacies.  
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Spherical structures were found in an Eocene siliciclastic basal succession of the Central 
Carpathians Paleogene Basin (Králiky Quarry, Western Carpathians, Slovakia). The succession 
with the Skolithos Ichnofacies is associated with Ophiomorpha, Thalassinoides, Skolithos and 
Piscichnus. Fine -grained carbonate sandstones interbedded with conglomerate layers can imply 
that these spherules may correspond to concretions, ooids or pisoids. However, they have four 
features that indicate that they correspond to feeding pellets:  

a) absence of nucleus in the centre of spherules; b) absence of internal concentric layers of 
calcite or aragonite around a nucleus; c) absence of any variation in shape and size (e.g., abiogenic 
concretions may vary markedly in size from a few mm to more than a meter and they occur in a 
wide variety of shapes, including spheres, ovoid, disks, tubes, or grape-like aggregates); d) sharp 
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boundary between host sediment and spherule.  
Similar sandstone spherules associated with Ophiomorpha from the southwestern Japan 

(Noda 1990) were interpreted as feeding pellets of crabs. Arguments that support interpretation of 
crab feeding pellets are: a) grains within spherules lack the smallest size class in comparison to 
size of grains in sediment; b) spherules occur shallow-water deposits (foreshore to upper 
shoreface) formed by well-sorted, fine-grained sandstones with low-angle wedge-shaped tabular 
type cross-bedded units, ripples, sand bars, and with intercalations of storm layers of coarser 
material, with trace fossils belonging to the archetypal Skolithos to Cruziana Ichnofacies; c) 
spherules have a bimodal size-frequency distribution. These observations can imply that the 
spherules were created by various types of producers (various species, various developmental 
stages of producers, size-related sexual dimorphism); d) spherules co-occur with other crustacean 
trace fossils (Ophiomorpha).  

The best proof for determination of crab pellets would be represented by typically of  
ordered feeding pellets (circles, rows, rosettes pattern) on bedding planes (Unno and Semeniuk 
2008), but these were not found here. 

Ichnotaxobases (Bertling et al. 2006) for fossil crab feeding pellets might be provisionally 
proposed. The most important observations distinguishing biogenic from abiogenic structures can 
be represented by: a) strictly spherical morphology; c) the most frequented size of spherules varies 
in relatively narrow range from 3 to 12 mm with the arithmetic mean of all measured spherules 5 
mm; b) grains within spherules lack the smallest size class in comparison to size of grains in 
sediment; c) an evidence of bimodal size-frequency distribution of the spherules.   
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The Late Eocene – Oligocene flysch sediments of Manipur, North East India is 

characterized by moderately rich occurrence of trace fossils that represent Skolithos-Cruziana 



WIT 2014 
 

 

17

mixed Ichnofacies, Cruziana Ichnofacies, Skolithos Ichnofacies, Nereites Ichnofacies and 
Zoophycos ichnospecies in a descending abundance. The predominance of Skolithos-Cruziana 
mixed ichnofacies and the associated current and wave generated sedimentary structures suggest a 
depositional basin of shallow marine particularly foreshore to lower offshore zone that signifies a 
low to high storm and moderately high oxygenated conditions. Moreover it is observed that the 
depositional basin, in which the more than 3000m thick flysch succession of the Barail Group have 
been deposited, must have experienced cyclic stretching and deepening thus providing the 
accommodation space to the thick piles of sediments where the basin depth was more or less 
consistently maintained around foreshore to lower offshore zone as evidenced from the 
ichnoassemblages and related sedimentary features. However, an ideal interpretation is not yet 
achieved because of the association of some interesting but enigmatic ichnospecies.   
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The Phanerozoic deposits of Devonian, Carboniferous, Permian and Triassic are 

developed in the east and southeast of Transbaikalia.These deposits are often represented by 
terrigenous or carbonate-terrigenous cyclic sections. Trace fossils of Phycosiphon,  Nereites and 
Planolites ichnogenus  were found  in siltstones from the upper parts of cyclic deposits (5 – 20 m). 
Trace fossils of  Phycosiphon - Phycosiphon insertum Fisher-Ooster  are widespread  in these 
layers. 

Lensoid accumulations of millimeter-sized looped traces - Phycosiphon insertum Fisher-
Оoster are confined to the surface of thin siltstones (1 – 2 cm) from the upper parts of cyclic 
deposits in the Devonian terrigenous layers (Bichektui locality) and in the Carboniferous 
carbonate-terrigenous  cyclic deposits (Malaya Kulinda locality) (Fig.1). traces have width about 1 
mm and the distance between limbs  is 1.5 mm at the first locality. They are restricted to the 
surfaces of the siltstones and have no verticals shafts. Trace fossils form nestlike burials.  

Ichnospecies Phycosiphon insertum Fisher-Оoster occurs in lensoid accumulations at 
different levels in sections in terrigenous portions of cyclic Carboniferous deposits.  These traces 
have width about 2 mm and the distance between limbs is 1.5 – 2 mm. They also demonstrate a 
horizontal disposition. 

The attributes of burial and distribution of trace fossils indicate low rate of sedimentation 
and erratic import of organic matter on the bottom at both localities. The presence of crinoids 
(Ungulicrinus, Pentaridica, Burovicrinus), brachiopods (Chonetes, Pseudosyrinx, Orulgania, 
Rotaia), and bryozoans (Sulcoretepora, Rhombopora, Megacantoporina, etc) implies that these 
deposits originated in a shallow-water zone. 
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Phycosiphon insertum Fisher-Оoster traces are typical of the Permian-Triassic deposits of the 
middle part of the Aksha-Ilia series (more than 4500 m) that corresponds to the cyclic 
Zutkuleiskaya suite (1800 m) (Vilmova 2013).  

Stratal rare lenslike burials of series of small and recurve burrows of Phycosiphon 
insertum, are filled by dark clay sediment and occur (localities Ongonson, Tokchin, Zutkylei, etc.) 
(see location figure) on the surfaces of dark-grey siltstone layers (in the upper part of the sand-
siltstones cycles). The burrow width is usually 1 – 2 mm and the distance between the limbs is 1 – 
2 mm. The inclined burrows are rare and the spreite between lobes are weekly expressed. 

Trace fossils were found on the surfaces of siltstones lacking pure skeletal remains such as 
tube-like calcareous forms Rozanites (Vilmova 2013). In general, more than ten levels with 
horizontal curved traces occur in interlayers of siltstones (5 – 30 m).  
Phycosiphon are the deep-water post-turbidite trace fossils, which belong to the Nereites 
Ichnofacies. They are considered to represent feeding burrows of sediment-eating polychaete 
worms. They characterize vital activity of mud-eating organisms which quickly colonize the 
substrate - the upper part of a turbidite - after deposition (Seilacher 2007). All these conclusions 
can be attributed to sedimentation conditions of the Permian-Triassic deposits. 

The appearance of these traces implies high oxygenation but also high abundance of 
organic matter in the seafloor sediments required for producers of Phycosiphon. The disappearance 
of Phycosiphon is explained by low oxygenation and reduced food content. The distribution of 
organic matter depends on the flow type on the continental slope. The organic matter within these 
post- turbiditic deposits simply represents benthic food source. Its distribution is documented by 
trace fossils of selectively feeding organisms. This property - feeding selectivity - is a major 
advantage of the Phycosiphon producers (Wetzel 2010).  

Such interpretation of paleoecological features of these trace fossils confirms the common 
conception of deep-water formation of the Phanerozoic cyclic sediments of Transbaikalia, 
especially of the Permian-Triassic age, and adds data about the nature of sedimentation on the 
continental slope. 
 
References: 
Seilacher A. 2007: Trace fossil analysis. Springer, Berlin, Heidelberg, New York. 204–207. 
Vilmova E.S. 2013: Triassic deposits and ichnofossils of Transbaicalia (Russia). Second Latin 

American Symposium on Ichnology (SLIC-13), Argentina. Abstracts and Intra-
Symposium Fieldtrip. 72.  

Wetzel A. 2010: Deep-sea ichnology: Observations in modern sediments to interpret fossil 
counterparts. Acta Geologica Polonica 60, 1, 125–138.  

 

 
 



WIT 2014 
 

 

19

Guide of Excursion 

 
Introduction  

This field trip is focused on sections with trace fossils from several tectonic domains and 
stratigraphic units of the West Carpathians in Slovakia, including the type locality of 
Lamellaeichnus imbricatus. Geological evolution of the West Carpathians captures a broad 
environmental and facies variation (terrestrial to deep-water environments) with diverse trace 
fossils ranging from the Upper Palaeozoic to the Upper Miocene on a relatively small area. Our 
trip is predominantly devoted to Mesozoic and Cenozoic localities with marine, shallow-water and 
deep-water facies.  

Upper Palaeozoic trace fossils from the West Carpathians belong mainly to the Scoyenia 
Ichnofacies (rivers and lakes mosaic), with ichnoassemblages that are similar to those of the Upper 
Palaeozoic coalfield basins of the Bohemian Massif and the Moravian Boskovice Furrow 
(Olšavský 2008). However, vertebrate tracks were not found in the Permian successions in the 
West Carpathians, in contrast to Bohemian and Moravian Permian sections. The Upper Palaeozoic 
trace fossils of the Scoyenia Ichnofacies pass gradually into the Lower Triassic Benkovo 
Formation with the Skolithos Ichnofacies (Olšavský 2008). Classification of trace fossils from the 
Upper Palaeozoic successions of the Malužiná Formation of the Western Carpathians has been 
performed by Olšavský (2008).   

The Lower Triassic clastic sedimentary rocks from most tectonic domains of the Central 
and Inner Western Carpathians (arranged from north to south along an onshore-offshore gradient) 
have relatively uniform ichnological character. The Lower Triassic successions transgressed the 
Permian sedimentary rocks and granitoid rocks. Upper parts of the fining-upward successions with 
sandstones, siltstones, and mudstones contain Arenicolites, Diplocraterion, Planolites and 
Skolithos. These trace fossils were also used in regional stratigraphic correlation (Olšavský et al. 
2010). Body fossils are rare and are completely missing in the northernmost, most landward 
successions (Tatric Domain). More distal Lower Triassic successions, belonging to the southern 
tectonic domain (Silicic Domain), contain Rhizocorallium and Thalassinoides in the uppermost 
parts. Temporal changes in composition of assemblages with trace fossils correspond to 
progressing transgression and to a global recovery of marine ecosystems after the end-Permian 
extinction. We will visit the Lower Triassic succession at Liptovská Lúžna (Fig. 1). 

The Mesozoic environments were differentiated into shallow carbonate platforms and 
relatively deep-water, condensed limestones in the southernmost parts during the Middle Triassic 
(Anisian). The Middle Triassic Gutenstein limestone is titled according to highly bioturbated beds 
as vermiculite limestone and It contains Planolites, Thalassinoides Rhizocorallium and other 
indistinct traces (Taenidium, Balanoglossites, Phycosiphon) (Jaglarz and Uchman 2010; Šimo 
2005). Thalassinoides-like trace fossils (Spongeliomorpha) also occur in shallow-water limestones 
of the Zámostie Limestone Formation from the Nízke Tatry Mountains (Kochanová and Michalík 
1986). The Norian part is terminated by reddish sandstones with rare bioturbation (our own 
observations, ravine of the Bystrička creek, the Malá Fatra Mts), shales and dolomites of the 
Carpathian Keuper Formation, corresponding to restricted lagoonal and peritidal deposits. 
Terrestrial deposits of Rhaetian age are preserved in the Tatric Unit at High Tatra Mts only 
(Tomanova Formation), with findings of terrestrial plants and dinosaur ichnites (Michalík et al. 
1976; Niedźwiedzki 2005). Marine deposits of the Rhaetian age, partly similar to the Kossen 
Formation in the Eastern Alps, contain Podichnus and one of the oldest finds of Gnatichnus. They 
were found in the Uppermost Triassic shallow-subtidal limestones of the Fatra Formation (Fatrix 
Unit) and in shallow- to deep-subtidal marly limestones and marls of the Hybe Formation at Hybe 
locality (Hronic Unit, Nizke Tatry Mountains) (Michalík 1977). Thalassinoides and 
Rhizocorallium also occur in the Fatra and Hybe formations. Parafavreina thoronetensis Caron 
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and Zaninetti 1972 has been also found from Norian-Rhaetian shallow marine carbonate rocks of 
Norovica Formation (Gaździcki et al. 2000).  

Trace fossils from other Triassic formations are poorly known. For example, we have 
observed trace fossils in the Lunz Formation (Podtureň locality) but these findings are not 
published.   

Highly bioturbated “spotted” marls, marlstones and marly limestones and marly-
limestones of the Janovky Formation (Gaździcki 1979; Sinemurian – Aalenian, see also Lefeld et 
al. 1985) can be assigned to “Fleckenkalk” and “Fleckenmergel” facies (or Allgäu Formation in 
the Eastern Alps). These sediments are mainly preserved in the Fatric Unit. Deep-water 
hemipelagical deposits originating below storm wave base were influenced by slope deposition 
and are horizontally replaced by crinoidal limestones, and nodular limestones of the Adnet 
Formation (Mišík and Rakús 1964; Jach 2002, 2005). Chondrites, Helminthoida, Phycosiphon, 
Planolites, Taenidium, Teichichnus, Thalassinoides, Trichichnus, Zoophycos occur in these 
deposits (Uchman and Myczyński 2006; Wieczorek 1995; Šimo and Tomašových 2013). 
Lamellaeichnus imbricatus Šimo and Tomašových 2013 is very frequent at Skladana skala Quarry 
(Mala Fatra Mountains). Lower Jurassic (Pliensbachian) limestones of the Tunežice Formation 
contain silicified Thalassinoides, and presents shallower marine facies. We will see them at 
Tunežice locality in the Strážovské Vrchy Mountains (Figs. 1, 2). 

The Lower Cretaceous Mráznica Formation of the Manin Unit (Hauterivian) originated 
under similar depositional conditions as the Lower Jurassic Janovky Formation. Zoophycos, 
Chondrites, Palaeophycus are frequent in the Mráznica Formation. The fodinichnion endemic to 
the West Carpathians - Zavitokichnus fussiformis Michalík and Šimo 2010 - was also documented 
from these limestones. (Zavitokichnus occurs also in the limestone of the Mráznica Formation at 
Butkov.) Diversification basins during Cretaceous were interrupted by a movement of nappes. 
Upper Cretaceous to Palaeogene successions presents flysch sediments.   

Ichnological domain of the Outer Carpathians (Flysch belt, situated northward of the 
Pieniny Klippen Belt) is intensively studied by Uchman and others authors. In the Czech and 
Slovak part of the West Carpathians, Cenozoic trace fossils from the flysch deposits were studied 
by Plička (e.g. Plička 1962, 1974, 1981, 1982, 1983, 1989; Plička and Němcová 1991; Plička and 
Thomka 1990). Plička`s works are focused and specialized on description and identification of 
trace fossils, Plička`s works are particularly re-evaluated (Uchman et al. 2011). At our field trip, 
flysch trace fossils from the Outer Carpathian are presented on the Veľké Rovné locality.  

Several ichnotaxa (Plička 1987) were described from Paleogene basins of the Central West 
Carpathians (situated southward of the Pieniny Klippen Belt, Fig. 2) composed of basal 
conglomerates, claystones and flysch sediments. Plička`s material was looked during the excursion 
of WIT III. 2006. (Central Carpathians Paleogene Basin represents localities in the basal parts of 
the Paleogene succession, the Liptovská Lúžna and the Králiky Quarry). 

Middle Miocene (Late Badenian) trace fossils from the Vienna Basin will be presented at 
Sandberg locality. Pek et al. (1997) described Upper Badenian borings on molluscan shells from 
the Rohožník locality (Vienna Basin). Poland, Czech and Hungarian localities (Radwański 1970, 
1977; Dávid 2001, 2006; Mikuláš 1996) reflect similar ichnoassemblages as Miocene localities in 
Slovakia in the Vienna Basin. Thalassinidean trace fossils have been examined in Miocene 
deposits of Pannonian age from brackish palaeoenvironments of the Panonian Lake (Šimo et al. 
2011).  
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Figure 1. Direction of the field trip: Sandberg, Tunežice, Butkov, Veľké Rovné, Skladaná skala, Závažná 
Poruba, Liptovská Lužná, Králiky. 

 
 
Localities  

The field trip contains 8 localities (Figs. 1, 2). These localities include the Middle Miocene 
(Late Badenian) sequence at Sandberg with shallow-water rocky beach (Gastrochaenolites) to 
Cruziana Ichnofacies (Scolicia, Ophiomorpha, Thalassinoides). The Lower Jurassic (Sinemurian) 
locality at Tunežice shows massive silicified burrows (Thalassinoides) within rich fossiliferous 
(brachiopods, belemnites, molluscs, ammonites) carbonate deposit. The Albian hardground 
exposed in Butkov Quarry shows borings of sponges and bivalves. The Outer Carpathian Middle 
Eocene flysch of the Veľké Rovné locality consists of turbidite deposits with Thalassinoides, 
Scolicia, Zoophycos, Halopoa and Ophiomorpha. The Pliensbachian – Toarcian bioturbated 
hemipelagic marly limestones at Skladaná skala Quarry represents a type locality of 
Lamellaeichnus imbrictaus. Závažná Poruba Quarry situated in basal succession of the Central 
Carpathian Paleogene Basin (CCPB) offers view on Nummipera eocenica. The Lower Triassic 
Liptovská Lúžna locality presents succession deposited in Skolithos Ichnofacies with 
Diplocraterion, Rhizocorallium, Skolithos and probably Diplichnites. The last locality is situated 
within untypical fine grained basal deposits of the CCPB with Ophiomorpha, Thalassinoides, 
Piscichnus, Skolithos.                 
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Figure 2. Structural scheme of the Western Carpathians with sketch of a road of the field trip. 1 – Sandberg, 
2 – Tunežice Quarry, 3 – Butkov Quarry, 4 – Veľké Rovné Quarry, 5 – Skladaná skala Quarry, 6 – Závažná 
Poruba Quarry, 7 – Liptovská Lužná, 8 – Králiky Quarry. Locality with Number 4 is situated in the External 
Western Carpathians. All others localities are situated in the Central Western Carpathians.   
 

 
Schedule of the field trip 
1. day: (1) Sandberg locality. 2. day: (2) Tunežice Quarry, (3) Butkov Quarry, (4) Veľké Rovné – 
Bieščari Quarry, (5) Skladaná skala Quarry. 3. day: (6) Závažná Poruba Quarry, (7) Liptovská 
Lúžna locality, (8) Králiky Quarry. 
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(1) Sandberg – Devínska Nová Ves 

 
Ichnological goals of visit: 
- occurrences of Gastrochaenolites, Macaronichnus, Ophiomorpha, Piscichnus, Rosselia, Scolicia, 
Teredolites, Thalassinoides and other forms of bioturbation 
 
Location: Locality is situated in the Devínska Nová Ves, on the north-western slope of the 
Devínska Kobyla Hill (Fig. 3).  
 
GPS: N48°12'2.35" E16°58'27.88"  

 
Figure 3. A location of the Sandberg. Geographical coordinates indicate the locality. Source: Googlemaps 

 
Geological position:  
 The locality is situated in the eastern marginal part of the Vienna Basin that belonged to an 
intramountain basin which was formed in the Central Paratethys during the Middle Miocene (Late 
Badenian and probably Early Sarmatian). The Upper Badenian Sandberg Member (Baráth et al. 
1994) of the Studienka Formation consists of clastic, breccia, sandstone, coralgal and bioclastic 
limestones. More than 300 fossil species were described here (Aubrecht 2012). These deposits 
overlie the Jurassic and Lower Cretaceous limestones with an unconformity. The Sandberg section 
represents a facies stratoptype of the Upper Badenian, Bulimina-Bolivina Zone (Švagrovský in 
Papp 1978). The maximum thickness of the Upper Miocene Sandberg Member is approximately 
100 m (Baráth et al. 1994).  
 
Sedimentological characterization: 

The Sandberg Member is a lithostratigraphic unit characterized as transgressive sediments 
that originated in a shallow-subtidal zone (Baráth et al. 1994). The Sandberg sequence corresponds 
to coastal onlap during the Badenian and Sarmatian. Central Paratethys during the Late Badenian 
(13.6–12.7 Ma) represents the last period of long-term marine connection between the Paratethys 
and the Mediterranean (Andrejeva-Grigorovich et al. 2001; Kováč et al. 2007). 
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The lowermost part of the Sandberg Member is characterized by clastic sediments. The 
underlying rocks (Lower Triassic quartzites, Jurassic to Lower Cretaceous limestones, and 
basement amphibolites, phyllites, pegmatites, granites, see Fig. 4) are bored with 
Gastrochaenolites of Lithophaga bivalves. Shore sea caves with Gastrochaenolites are located 
several tens of meters below the Sandberg and at nearby locality (Weit`s Quarry). In this small 
cave, a fossil seal Devinophoca claytoni was also found. The base of the Sandberg section consists 
from carbonate breccia with Thalassinoides (on the 2nd meter of sketched section Fig. 5). Upper 
parts of section consist of weakly lithified conglomerates and sandstones with cross-bedding and 
with fish teeth, large bones (probably whales), and molluscs (Cubitostrea digitalina, 
Flabellipecten solarium). The macrofauna consists mainly bivalves and gastropods, typically with 
Flabellipecten besseri, Oppenheimopecten aduncus, Aequipecten elegans, Cubitostrea digitalina, 
Lucinoma borealis, Megacardita jouanneti, Diloma orientalis, Turritella sp., and Conus sp. 
(Hyžný et al. 2012). Panopea (P.) menardi is located within lithified bed at 33 meters in Fig. 5. 
Uppermost part of the Sandberg section consist of bedded coralgal limestones with 
Thalassinoides.    

Scolicia, Ophiomorpha, Thalassinoides, Teredolites, Piscichnus, and escape structures are 
the most frequented trace fossils in this part of the section. 
 
Palaeoenvironment:  
 Intertidal beach rocks, Psilonichnus to Cruziana Ichnofacies.  
  
Trace fossils:  

The distribution of trace fossils at Sandberg has some relation to distribution of meter-
scale parasequences (Fig. 6.). Gastrochaenolites is located in caves close to Sandberg and at other 
Miocene localities in surrounding of the Devínska Kobyla Hill (the Weit`s Quarry, the Bonanza 
locality, the Stockerau Lime Factory). The largest, best preserved borings are situated on the 
second floor of the Weit`s Quarry. Gastrochaenolites is also located below the Sandberg section 
(Fig. 7). Teredolites occurs in nearly all coalified fragments (Fig. 7). Psilonichnus is rare and can 
indicate beach backshore and dunes (Fig.8).  

Scolicia is the most frequent trace fossil (Figs. 9, 10). Numerous cross-sections of Scolicia 
are oval with bilobate concave shapes, with a pale fill. Diameters of cross-sectioned Scolicia have 
10 to 22 mm. Homogenized parts of the sequence can be also attributed to this fodinichnion and 
Macaronichnus segregatis Clifton and Thomson 1978. 

Macaronichnus segregatis is located within sediment with dark grains (muscovite). Tiny 
winding burrows (with diameter from 2.5 to 3 mm) with a pale fill and a black wall occasionally 
co-occur with Scolicia (Fig. 10B).   

Beds with Scolicia contain also Thalassinoides and fugichnia (Figs. 8B, 9). Thalassinoides 
has a brownish biodetritic wall and Y-shaped branching. It is located in the lowermost lithified 
conglomerates, sandstones and conglomerates in the middle part of the Sandberg section and the 
uppermost occurrence of Thalassinoides is located in bioclastic and coralgal limestones. Diameters 
of the burrows attain 30 to 35 mm.  

Ophiomorpha is preserved with weakly lithified wall. Vertical to subvertical burrows are 8 
to 22 mm in diameter (Fig. 11). Ophiomorpha branching is rare. Nodes on the walls are not 
preserved very well.  

Rosselia isp. (Fig. 12A) occurs with fugichnion-like structures. Funnel-shaped escape 
structures may be attributed to Rosselia. Star-shaped traces (Fig. 12B) have diameters of 10 
centimetres. They could be interpreted as sessile structures that are vertically- or subvertically- 
anchored relative to substrate. Unbranched rays of the star-shaped traces are 3 mm in diameters. 
Similar structures with blade to tubular star-like bunches, Saronichnus abeli Pervesler and Zuschin 
2004, were described from the Miocene mollase deposits of Lower Austria. 
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Piscichnus weitemata Gregory (1991) is commonly situated within conglomerate beds 
(Fig. 13). Bowl-like structures within sandstones are filled by coarse-grained sediment. Widths of 
Piscichnus attain from 10 to 70 centimetres. Depths of Piscichnus attain 35 centimetres. Producer 
of Piscichnus is assigned to ray (elasmobranch) foraging pits (Gregory 1991).     

     

 
 

Figure 4. a – A rose-coloured, grey quartzite, quartzitic sandstones, arkoses, conglomerates, the 
Lúžna Formation, Tatricum Domain; b – Gutenstein Limestone, dolomite, Middle Triassic; c – 
Conglomerates, breccia, sandstones, the Studienka Formation, the Sandberg Member, Upper Miocene, 
Badenian; d – sandstones intercalated by layers of conglomerates, the Sandberg Member; e – bioclastic 
limestone, lithotamnia limestone, the Sandberg Member;   f – calcareous siltstones and sandstones, Sandberg 
Member; g – conglomerates, sandstones, breccias the Špačince Formation, Upper Miocene; h – deluvial 
loamy- rocky, boulder to debris sediments, Pleistocene – Holocene; i – deluvial sandy loams to loamy sands; 
j – antrhropogenous deposits; red arrow points on the Sandberg locality location Modified according to 
Polák et al. 2011. 
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Figure 5. The Sandberg section according to Marschalko, Michalík and Sýkora 1978. a – underlying 
unconformable Jurassic limestone; b – breccia and conglomerates with cross-bedding stratification; c – 
bioturbated sandstone (probably Scolicia); d – conglomerate; e – bioclastic limestone with molluscs and 
Panopea; f – cross-bedding stratification with escape structures and horizontal bioturbation (Scolicia); g – 
fine grained sandstone alternated with conglomerate layers; h – lithotamnia limestone 
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Figure 6. General view on trace fossils distribution with boundaries of parasequences on the Sandberg 
section. Gastrochaenolites and first Thalassinoides occur out of the picture. Parasequences have been 
marked by Ivan Baráth.  
 
 

 
Figure 7. Examples of borings. A – Gastrochaenolites isp. from underlying Jurassic limestone. B – 
Teredolites isp. 



WIT 2014 
 

 

28

 
Figure 8. A - Psilonichnus isp. rare trace from the Sandberg sequence. B – an escape structure (fugichnion).   
 
 

 
Figure 9. A – Scolicia, Thalassinoides and escape structures. Thalassinoides is filled by gravelly material 
(pointed by white arrows) from overlying layer. B – Thalassinoides and Scolicia. 
 
 

 
Figure 10. A – Scolicia and coalified wood with Teredolites. B – The thinner burrows belong to 
Macaronichnus. The wider burrows is Scolicia.   



WIT 2014 
 

 

29

 
Figure 11. A – Section through Ophiomorpha isp. B – Weathered surface with Ophiomorpha isp.  
 

 

 
Figure 12. A – Rossellia isp. B – Saronichnus abeli like trace fossil on upper bedding plane (Photographed 
by Alfred Uchman 2006). 
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Figure 13. Piscichnus waitemata occurs in homogenized sandstone. A – A view on the Sandberg wall with 
Piscichnus layer marked by dashed line. B – Detailed view on the layer marked by dashed line. C – 
Piscichnus waitemata. 
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(2) Tunežice Quarry  

 
Ichnological goals of visit: 
- occurrences of Lower Jurassic silicified Thalassinoides 
 
Paleontological goals of visit 
- oyster layers (Gryphea macculochi) 
- occurrence of bivalves, brachiopods and echioceratid ammonites 
 
Location: Locality is situated in a quarry near the Tunežice village, on the western edge of the 
Strážovské vrchy Mts (Figs. 14, 15).  
 
GPS: N49°1'16.66" E18°17'3.30" 

 
Figure 14: Situation map of the Tunežice Quarry. Geographical coordinates indicate the locality. Source: 
Google Earth. 

 
Geological position:  

The Jurassic succession of the Manín Unit crops out in core of the Butkov fold structure at 
Hradisko, Stredná Hora (Tunežice Quarry), Kališčo and Butkov hills. This carbonate-dominated 
succession consists of Lower Jurassic crinoidal limestones (Holiak, Trlenská and Tunežice 
formations), Middle Jurassic Brts and Niedzica formations (red nodular limestones), and Upper 
Jurassic Czajakowa (radiolarites) and Czorsztyn (red nodular limestones) formations (see the 
Geological position in next locality the Butkov Quarry). The upper part of the sequence was 
eroded, the Lower Cretaceous Ladce Formation follows after a gap. 
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Figure 15. The Tunežice Quarry. Dashed quadrangle marks area of Thalassinoides occurrence on the 
locality. Altitude of a level of the quarry with Thalassinoides is 374 m above sea level.   
 

Sedimentological characterization: 
Trlenská Formation: in the Tunežice Quarry reaches the thickness of about 64 m. The 

lower part of the sequence consists of well-bedded, brown-grey, grey to dark grey fine-grained 
limestones with numerous dark grey, black and brown spiculitic cherts, and with thin marly 
interbeds. The bivalves are represented by thick-shelled oysters Gryphea macculochi, sometimes 
forming accumulations and belonging the most dominant species in this part of the sequence. 
Oyster layers are formed by thin-bedded, dark grey marly micritic limestone with black diffuse 
cherts. Benthic faunal remnants are relatively abudant, often in life orientation. They consist 
mainly of thick-shelled oyster Gryphea macculochi, some other bivalves and brachiopods 
Liospiriferina alpina, belemnites and echioceratid ammonites Echioceras sp.  

The upper member, nearly 11 m thick, represents bedded (12–40 cm), dark-grey fine-
grained spiculitic limestones with abundant concentrations of pyrite and brown (higher up 
blackish) cherts. Crinoid columnalia and shell fragments are common. The Trlenská Formation is 
stratigraphically replaced by the Tunežice Formation (Fig. 16). 

Tunežice Formation (Fig. 17): The basal member is represented by thick-bedded (15–60 cm), 
greenish-grey to dark-gray, sandy crinoidal limestone with cherts. The shape and layout of cherts 
reveals that they mostly represent silicified fillings of crustacean burrows - Thallassinoides. The 
total thickness of the member is 18 m.  

Middle member: Thick bedded (40–200 cm) grey crinoidal limestones with abundant 
admixture of quartz sand and abundant dark grey to brown cherts. Several layers are graded: fining 
upwards, which reveals sedimentation from gradually weakening flow. Common burrows of 
Thalassinoides are silicified, chert bodies are sometimes stratified.  
Upper member: about 100 cm thick interval consisting of well-bedded pinkish crinoidal limestones 
with thin marlstone interbeds. Higher bed is represented by a condensed layer of greenish to 
reddish limestone, followed by a relatively thick marlstone interbed. Both are very rich in 
macrofauna, mainly in ammonites and belemnites (Činčurová 1991). 
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 Figure 16. Lithostratigraphic scheme of Lower Jurassic (Pliensbachian) formations in the Tunežice Quarry 
(adapted from Michalík et al. 2013) 

 
Paleoenvironment:  

The Tunežice and Trlenská formations were deposited in low-energy environments, 
probably under fairweather wave base. The sedimentation was influenced by storm events 
(concentrations of belemnites and other body fossils). Terrigenous input of quartz sandy and 
pebbles material was relatively common.   
   
Trace fossils:  

Thalassinoides isp. preserved in siliciferous burrows in hosted limestone. The preservation 
of Thalassinoides is strongly affected by the degree of silicification (Fig. 17). Some burrows 
crossed to amorphous shapes could be not unequivocally regarded as burrows. Burrow sections 
show that the silicification is differentiated into a grey, weakly silicified outer zone that envelops a 
dark, heavy silicified, inner core (Fig. 17). These dark silicified cores probably correspond to true 
sections of the burrows. Walls or linings are not preserved.   
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Figure 17. Thalassinoides isp. from Tunežice Quarry. A – silicified burrows on lower bedding plane. T- and 
Y- branching is visible there. B – Silicified burrows on the lower bedding plane. C – Lower bedding plane 
with strongly silicified burrows. D – Perpendicular section of bed with silicified burrows. Burrows are 
replaced by black chert that is surrounded by yellow poorly silicified area of marly limestone. 
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(3) Mt Butkov Quarry  

Ichnological goals of visit: 
- hardground surface (Albian) 
- Entobia isp. and Gastrochaenolites isp.  
 
Location: Locality is situated near the village Ladce, on the W edge of the Strážovské vrchy Mts 
(Fig. 18). Quarry levels are excavated in the N slopes of the Mt Butkov – Mt Tlstá Hora, NW of 
the Mt Butkov summit elevation point. 
 
GPS: N49°1'27.00" E18°19'2.00" 

 
 
Figure 18. Situation map of the Mt Butkov Quarry Geographical coordinates indicate the locality. Source: 
Google Earth. 
 

Geological position:  
The Butkov Quarry is part of the Manín Unit that belongs to the Central Carpathians. This 

unit became a part of accretionary prism in the front of the Central Carpathian block, and was 
incorporated into the Pieniny Klippen Belt. It was deformed during the younger phases of the 
Alpine Orogeny together with the Outer Carpathians (Fig. 19). A succession of the Lower 
Jurassic-Lower Cretaceous beds of the Manín Unit is exposed in the Butkov Quarry. The Manín 
Formation (Barremiam-Atian?) corresponds to the “Urgonian” carbonate complex of bioclastic 
limestones originating on shallow carbonate platform and platform slope (Michalík et al. 2012). 
This formation is terminated by a hardground surface, which is followed by deep-sea clay 
sediments of the Albian - Cenomanian Butkov Formation (Borza et al. 1987). In The 
sedimentation of carbonates terminated at the end of Lower Albian. The hardground originated on 
the whole surface of the carbonate platform. The numerous borings of benthic organisms and the 
presence of ferruginous and stromatolitic crust point to the biogenic erosion of already 
consolidated carbonatic sediments. The absence of autotrophic organisms on the hardground 
surface implies that this hardground was located below photic zone (Borza et al. 1987). 
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Figure 19. Geological setting of the Manín Unit (adapted from Michalík and Žítt 1988) 

 
Sedimentological characterization: 

The wall of the first level of the Butkov quarry exposes. pelagic limestones of the Kališčo 
and Lúčkovská formations, overlain by the “Urgonian“ complex consisting of thick bedded 
Podhorie Formation and massive Manín Formation (Fig. 20). The Podhorie Formation begins with 
graded limestone breccia with poorly preserved, corroded dinoflagellates (Michalík et al. 2005). 
Clasts consist of bioclastic as well as of Barremian to Lower Aptian micritic limestones, cherts, 
rarely of fragments of basic extrusives and tuffs. The formation reaches thickness of 65 – 75 m. 
The erosional boundary with the Lúčkovská Formation indicates progradation of slope sediments 
of the originating carbonate platform. Upwards, they pass into carbonate platform limestones of 
the Manín Formation. This formation is developed in complex of mainly grey to light-grey 
massive bioclastic limestones with Aptian to Albian foraminifers (Orbitolina), crinoids, echinoids, 
molluscs, ostracods, corals and calcareous algae. The total thickness of the formation is around 50 
m. Biogenic “Urgonian” limestones of the Manín Formation is terminated by the hardground 
surface (Fig. 21) and covered by marls of the Butkov Formation which consists of nearly massive 
to indistinctively bedded, dark-grey, blue-grey and green-grey, often bioturbated marls and 
marlstones (Fig. 22).  
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Figure 20. Geological section of the Mt Butkov (adapted from Michalík 1985 in Borza 1987). The Manín 
Hardground is located between the Butkov marls of Butkov Formation and Manín Formation which is 
located in the uppermost part of the Podhorie Formation on this picture. 
 

 

 
 
Figure 21. A view on the Manín Formation. The Manín Hardground pointed by arrow. 
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Figure 22. The lithostratigraphic section of the Butkov Quarry (adapted from Borza, 1987 and Michalík et 
al. 2005). 
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Paleoenvironment:  
The carbonate platform was drowned during the middle Albian. The Manín Formation is 

terminated by the hardground affected by submarine corrosion, which truncated deeper borings, 
preserved now as shallow pits. Endolithic organisms such as sponges do not tolerate even slow 
input of sediment (Bromley 1994). Borings penetrate not more than ten centimetres deep into 
substrate and occur also in carstic cavities reaching several meters deep below hard rock surface. 
Dominance of Entobia over a sole occurrence of small Gastrochaenolites indicates that the 
hardground surface could have been situated in a total darkness (Bromley and Asgaard 1993). 
Absence of any traces of epibionts on the rockground surface can be used as an argument in favour 
of a deep environment. The absence of larger deep burrows of Gastrochaenolites, Caulostrepsis 
and Meandropolydora, also belonging to Entobia ichnofacies (Bromley and Asgaard 1993), could 
indicate an environment inhabited by very limited group of organisms. On the other hand, the 
surface was exposed to biological, chemical and physical erosion for relatively long time prior its 
burial by marls of the Butkov Formation so that a majority of epibiont shells and shallow burrows 
could have been worn away. 
 
Trace fossils:  

The hardground on the top of the Manin Formation contains Gastrochaenolites isp. and 
Entobia isp. only. Diameters of borings attain 3 to 10 mm. Entobia has spherical shapes with 
radiating tiny shafts with diameters less than one millimetre (Fig. 23, 24). Linings and other fine 
structures (bioglyphes) were not found on the trace fossils. Entobia isp. markedly prevails over 
Gastrochaenolites isp. A fine-grained fill of the trace fossils is different from the host rock. Cross-
sections of the hardground show patchy depth and lateral distribution of these domichnia. Trace 
fossils probably reached at maximum to 13 centimetres below the hardground surface. Mutual 
connections between Entobia chambers via shafts were not found.    

Zavitokichnus fussiformis Michalík & Šimo 2010 was described from upper levels of the 
quarry (the Mráznica Formation). Other trace fossils (Thalassinoides, Palaeophycus, Rogerella, 
Zoophycos) occur in the underlying Lower Cretaceous formations of the Butkov Mt. Overlying 
marls of the Butkov Formation are fossil-poor and only contain trace fossils Scolicia isp.       

 
 
 

 
 
Figure 23. Vertical section of the Manín Hardground with Gastrochaenolites isp. and Entobia isp. A - 
Pouch-like boring is connected via short necks with bed surface. Sections through tiny shafts probably 
belong to Entobia isp. B - Gallery of Entobia. The hardground surface is distinctively eroded due to biogenic 
activity of infauna.    
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Figure 24. Views on the Manín Hardground. A - Shallow pits influenced by erosion could be attributed to 
Gastrochaenolites isp. B – Entobia isp. eroded chambers with irregularly radiated tiny shaft.   
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(4) Veľké Rovné - Bieščari 

Ichnological goals of visit: 
- Trace fossils typical of flysch depositional system: Halopoa, Nereites, Ophiomorpha, 

Scolicia, Thalassinoides, Zoophycos 
 
Location: Locality (quarry) is situated near the village Veľké Rovné (the north-west part of 
Slovakia) in the Javorníky Mountains of the Slovak-Moravian Carpathians (Fig. 25).  
 
GPS: N49°18'34.98" E18°34'19.40" 

 
Figure 25. A location of the Veľké Rovné - Bieščari Quarry. Geographical coordinates indicate the locality. 
Source: Googlemaps 

 
Figure 26. The total view on the Bieščari-Veľké Rovné Quarry. The thin-bedded turbidite sequences (visible 
in the bottom, middle and upper part of the section) alternate with the thick-bedded turbidite sequences. 
Numbers 21 and 59 coincide with numbers from sketch of the Bieščari section from Fig. 29. 
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Geological position: 
The wider surroundings of a Veľké Rovné Quarry belong to the Magura Nappe of the 

Flysch Belt. In the Magura Nappe from the north the Rača, Bystrica and Orava-Magura 
tectonofacial units are present (Mello et al. 2005). In the Rača Unit the sedimentation advanced 
from the Soláň Formation (Campanian – Early Paleocene), through the Beloveža Formation (Early 
Paleocene – Middle Eocene), Luhačovice Formation (Middle Eocene) to the Zlín Formation (Early 
to Late Eocene). Sandstones of the Kýčera Beds (Middle – Late Eocene) of the Zlín Formation of 
the Rača Unit occur in the Veľké Rovné Quarry (Figs. 26, 27). 

 

 
Figure 27. Geological setting of the outcrop area in the Veľké Rovné (after Mello et al. 2005).   
a – the Kýčera Member (Zlín Formation): fine to medium-grained lithic greywacke sandstones (sandy 
flysch) (Middle – Late Eocene), a – intercalations of glauconitic sandstones; b – the Bystrica Member (Zlín 
Formation): fine-grained laminated quartzitic glauconitic sandstones, Bystrica-type claystone (flysch) 
(Middle Eocene), a – Lacko Marls; c – Upper Luhačovice Member (Luhačovice Formation): quartzitic 
sandstones with glauconite and with Riečky-type sandstone (Lutetian); d – Lower Beloveža Member 
(Beloveža Formation): Riečky-type sandstone to fine-grained conglomerates (without glauconite) with thin-
bedded flysch intercalations (Paleocene – Middle Eocene), a – red and green claystones; e – Bystrica 
Member (Zlín Formation of the Bystrica Unit): Bystrica-type claystones, glauconitic sandstones (flysch) 
(Middle Eocene – Early Priabonian), a – quartzitic sandstones with glauconite and with Riečky-type 
sandstones; f – deluvial slope sediments, lithofacially undivided slope sediments and debris (Pleistocene – 
Holocene); g – fluvial loams, sandy loams with rocks clasts and gravely loamsof recent flood plains (2), 
proluvial loams and sandy loams with clasts of flood plains alluvial fans (3) (Holocene); h – a position of the 
outcrop. 
 
Sedimentological characterization: 

The quarry embraces a long lithological section with over 100 beds, with a total thickness 
about 80 m (Fig. 26). The alternation of the thick-bedded with thin-bedded sequentions is visible 
(Fig. 28). The dominant lithological components are fine- to medium grained sandstones. 
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Petrography of sandstones shows that they represent lithic greywackes and they often contain large 
amount of coalified plant detritus, micas and claystone intraclasts. The thickness of sandstones 
varies from a few cm to 2.5 m. Claystones are usually some cm to several dm thick. Sandstone 
structures are relatively abundant. In thicker sandstone beds (>10cm), massive bedding is the most 
common (S3 interval sensu Lowe 1982). These beds (or their parts) are formed by the interval with 
uniform size fraction, locally fining upwards, with relatively sharp transition to siltstone and 
claystone intervals. At the base of homogeneous sandy interval, thin gradation interval is 
developed locally (Ta – sensu Bouma 1962). It is usually formed by the poorly sorted fine-grained 
conglomerate to coarse-grained sandstone fraction, or some dispersed coarser clasts. Parallel 
lamination and cross-beddings are represented subordinately in thicker beds but are poorly 
developed. The lover sides of the beds are mostly plain, with common small-size erosional current 
marks. These sandstone beds reflect deposition from high-density turbidite currents. Thin 
sandstone beds (<10cm thick) are usually a component of thin-bedded sequentions with prevalence 
of claystones. Sandstones show frequent occurrence of Bouma intervals (Ta-e) (sensu Bouma, 
1962), typical for medium-grained turbidites, or T1-8 (sensu Stow and Shanmungam 1980) as well 
as E1-3 intervals (sensu Piper 1978), typical for fine-grained turbidites. 
 

 
 
Figure 28.  The lithological section of Kýčera Beds of the Bieščari-Veľké Rovné Quarry (Starek & Pivko 
2001).  
1 – pebbly sandstones; 2 – coarse- to medium-grained sandstones; 3 – fine-grained homogenous sandstones; 
4 – mudstones; 5 – slump beds; 6 – layers with mudstone intraclasts; 7 – cross-bedded sandstones; 8 – 
horizontally-bedded sandstones to siltstones; 9 – lenses of “pelosiderites” ; 10 –  lenses of vitrinite; 11 – 
approximate orientation, orientation and vector of paleocurrents. 
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Figure 29. The base of turbidite bed with groove casts and trace fossils (Thalassinoides).  

 
Palaeoenvironment:  

Deep water environment is presented by typical of flysch succession. Trace fossils on 
lower bedding plane present casts of burrows (Thalassinoides) and sea urchin furrows (Scolicia). 
Dynamic environment was influenced by rapid sedimentation and flow. A deformation of trace 
fossils coincide with erosional current marks (Fig. 29).  
 
Trace Fossils: 

Trace fossils (Halopoa, Scolicia, Thalassinoides) are preserved as hypichnia. Nereites 
Ophiomorpha, Zoophycos are preserved in full relief. First bed from described section contains 
Nereites and Zoophycos assemblage (Figs. 30, 31). Zoophycos, Scolicia and Thalassinoides are 
most frequented, Halopoa and Ophiomorpha occur sporadically (Figs. 32, 33). Succession of trace 
fossils colonization has been not ascertained. 
Scolicia strozii (Savi et Meneghini 1850) occurs as bilobate meandering ridges on lower bedding 
planes. The Scolicia is often affected by current deformation (Fig. 34A). Widths of Scolicia 
commonly fluctuate in the same specimen between 10 mm to 15 mm.      
Nereites isp. occurs closely to layer with Zoophycos. Irregular meandering might indicate 
ichnospecies Nereites irregularis (Schafhäutl 1851). Poor preservation of weathered Nereites not 
allowed better morphological description, because a core of trace fossil is completely destructed 
by weathering. Widths of irregular meandering of Nereites fluctuate between 4 to 7 mm. 
Morphological details of weathered mantle and backfill were not observed (Fig. 31B). Zoophycos 
Massalongo 1855 occurs on lowermost bedding plane from the quarry. Densely packed Zoophycos 
covers several square meters. Spreite lamellae of Zoophycos are in anticlockwise directions. 
Zoophycos apexes sharply protrude to upward. Diameters of Zoophycos vary from 18 to 43 cm. 
Marginal tubes (with diameters from 3 to 4 mm) are visible only on the fresh uncovered and non-
weathered specimens (Fig. 31A). Thin layer above the layer with Zoophycos contains Nereites 
only. Only one specimen of Halopoa annulata (Książkiewicz 1977) was found on the sole of 
turbiditic sandstone (hypichnion), however Halopoa is most frequented on bedding planes of 
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turbiditic sandstones (Uchman 1998). Tiny longitudinal striations of segmented and branched 
burrow are typical features of Halopoa (Uchman 1998). Diameter of burrow varies from 5 to 7 
mm. Ophiomorpha annulata (Książkiewicz 1977) is preserved as impressions of simple and subtle 
subvertical burrow in sandstone rock (impression of burrow has less than 10 mm in diameter). 
Tiny nodes on the Ophiomorpha wall are dark coloured. It is relatively rare on the Veľké Rovné - 
Bieščari Quarry but several horizontally oriented strongly weathered burrows could be attributed 
to this ichnospecies. Thalassinoides suevicus (Rieth 1932) is preserved in two forms: burrow casts 
on the sole of bedding planes (Fig. 29) and in forms of full relief with Y-shaped branching (Fig. 
34B). Diameter of Thalassinoides burrows vary between 4 to 10 mm. Thalassinoides is without 
wall and fill has same composition with surrounding rock.     
      

Figure 30. Zoophycos isp. A – picture of upper bedding plane with two specimens of Zoophycos isp. B – 
strongly weathered two specimens with cyanobacterial mat.    
 
 

 
Figure 31. Zoophycos isp. and Nereites isp. on upper bedding plane. A – Weathered Zoophycos with fresh 
unweathered places. Black arrow point out on marginal tube of Zoophycos. Red arrow shows on Nereites 
isp. B – Weathered upper bedding plane with Nereites isp.   
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Figure 32. Ophiomorpha annulata. A – Sole of bedding plane with weathered burrows. Horizontal burrows 
with characteristic nodose structure of walls are negatively weathered. B – One endichnial form of unnamed 
trace fossil with simple smooth burrow without wall on the left side of the picture. Weathered Ophiomorpha 
annulata on the right side of the picture.      

 

 
Figure 33. Trace fossils with sole marks on base of bedding planes. A – Deformed trace fossil which 
coincide with direction of a chevron mark. B – Halopoa annulata with scratch marks.   
 

Figure 34. Hypichnial (A) and endichnial forms in turbidite sandstone beds. A - The base of a bed with 
Scolicia and Halopoa. B – Upper bedding plane with Thalassinoides 
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(5) Skladaná skala Quarry 

 
Ichnological goals of visit: 

- bioturbated marly and silicified limestone 
- Chondrites, Lamellaeichnus, Palaeophycus, Planolites, Rhizocorallium, Teichichnus, 

Zoophycos  
- the quarry is a type locality of Lamellaeichnus imbricatus Šimo and Tomášových, 2013 

Paleontological goals of visit:  
- ammonites, belemnites, Bathysiphon sp.   

 
Location: Locality is situated between villages Hrboltová and Švošov (Fig. 35), in the 
northernmost part of the Veľká Fatra Mountains. 
  
GPS: N49° 7'15.00" E19°13'30.00" 

 
Figure 35. A location of the Skladaná skala Quarry. Geographical coordinates indicate the locality. Source: 
Googlemaps 

 
Geological position:  

Bioturbated marly limestone of the Janovky Formation is situated in the Mesozoic 
succession (Sinemurian to Cenomanian) of the Fatricum Domain. The Fatricum Domain is 
covered by a nappe of the Hronicum Domain (Fig. 36). The Janovky Formation (Gaździcki et al. 
1979) is lithostratigraphic unit that encompasses the Sinemurian-Aalenian spotted limestones and 
marls in the Western Carpathians. Underlying rock of this formation belong to carbonate 
siliciclastic Kopienec Formation which can laterally crosses to sandstone dominated Meďodoly 
Formation. Bioturbated limestones of the Janovky Formation are laterally turned to crinoidal 
limestones, spiculitic limestones and nodular limestones of the Adnet Formation (Mišík and Rakús 
1964; Jach 2002; 2005). Overlying rocks can be replaced by spiculitic limestones (Świńska Turnia 
Member of the Huciska Formation, Western Tatra Mountains), nodular limestones (Adnet 
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Formation, Veľká Fatra Mountains), crinoidal limestones (Lefeld et al. 1985), or by radiolarian 
limestones of the Sokolica or Ždiar Formations (Lefeld et al. 1985; Polák & Ondrejičková 1993; 
Polák et al. 1998). Similar stratigraphic replacements characterize the Allgäu Formation in the 
Eastern Alps (Böhm 2003). 
 

 
Figure 36. Geological setting of the Skladaná skala Quarry.  The succession of the Janovky Formation 
reaches from Sinemurian to Toarcian. (Modified after Gross et al. 1994).   

 
 
Sedimentological characterization: 

The section of The Janovky Formation can attains maximum 400 meters and it is consisted 
of bioturbated marly limestones that are replaced by thin layers of mudstone.  
The Skladaná skala Quarry attains approximately 200–250 meters (Fig. 37). Occasionally 
calcarenites, spongiolithic limestones and spiculites are occurred. The lower part of the succession 
(circa 70 meters) is presented by marly limestones with thin (0.5 to 2 centimetres) claystone layers 
with Echioceras raricostatum and Oxynoticeras oxynotum. The middle part (circa 225 meters) is 
consisted with the thinner beds of marly limestones that are alternated by claystone layers with 
spiculitic and sandy limestones with Pliensbachian ammonites (Amaltheus stokes, Pleuroceras 
spinatum). The uppermost part attain 100 meters (Lower to Middle Toarcian) is dominated by 
marls with ammonites Dactylioceras cf. semicelatum, D. atheticum, Harpoceras ex gr. falciferum 
and Hildoceras ex gr. bifrons. Rarely calcitic shells of bivalves and rhynchonelliforean 
brachiopods occur.    
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Palaeoenvironment:  
Rate of bioturbation suggests that environment of substrate persisted in oxygen-deficient 

conditions. Redox potential discontinuity was relatively shallow only few centimetres bellow 
bottom. High abundance of the hypoxia-tolerant agglutinated epi/semi-benthic foraminifer 
Bathysiphon coincides with character of bioturbation also. Rarity of carbonate-producing benthic 
macroinvertebrates in these Lower Jurassic bioturbated deposits can explain hypoxia reduced 
productivity of heterotrophic benthic macroinvertebrates (Šimo and Tomášových 2013). 

 
Trace fossils:  
 Bioturbated marlstone contains numerous sections through trace fossils, according this 
typical view are these rocks called as “spotted” limestone or “Fleckenkalk/Fleckenmergel”. Trace 
fossils can be observed on perpendicular sections through beds or on bedding planes. The best 
observation is possible on wet rock surfaces (Fig. 38).   

According to several tens polished slabs were determined two forms of Chondrites. 
Smaller one with burrow diameters to 0.5 mm can be assigned to C. intricatus and larger form to 
C. targionii attains burrow diameters from 1.5 to 3 mm. C. targionii is easily to find on sections 
parallel with bedding planes. These traces are relatively frequent unlike C. recurvus, which was 
found two samples only. Cross-sectioned burrows of Planolites can be mistake for C. targionii. 
Protrusive Teichichnus with diameters of basal burrows range from 2.5 to 5 mm. The width of the 
spreite chain slightly widens towards the top and attains diameters from 3.5 to 6 mm. The height of 
the spreite chain in vertical cross-sections varies between 5.5 to 19 mm. Palaeophycus with 
burrow diameters from 3.5 to 7.8 mm and light colour wall is relatively frequented. The largest 
sectioned burrows belong to Lamellaeichnus (Fig. 38) with diameter to 19 mm. Rare 
Rhizocorallium could be also assigned to lobes of Zoophycos both of them are infrequent. Plan-
parallel Rhizocorallium (with diameters to 53 mm in cross section) associated with 
Lamellaeichnus, Palaeophycus, Chondrites and Trichichnus was detected on polished slabs cut 
perpendicular on bedding planes. Tiny vertical oriented Trichichnus is possible to find on 
weathered slabs as rusted spots. Pyritic Trichichnus fill with diameters of sectioned burrows to 0.2 
mm was often detected by micro-computer tomography and in thin sections, so it could be 
regarded to worse identifiable but common trace fossil. Rare spreite structure of Zoophycos could 
be found there on bedding planes. The width of the spreite in cross-section attains 1.5 to 2.5 mm. 
Zoophycos was found in two beds from the Skladaná skala section. Thalassinoides and Taenidium 
like structures in views of horizontal oriented sections could be attributed to Lamellaeichnus. This 
argument was supported due to oriented sections of Lamellaeichnus (Šimo a Tomášových 2013). 

The shallowest tiers of substrate are presented by active substrate feeders as 
Lamellaeichnus, Palaeophycus, Thalassinoides-like traces. Semi/epifaunal Bathysiphon associated 
with these traces confirms these shallowest tiers. Palaeophycus and Lamellaeichnus evidently 
sectioned each other. Teichichnus and larger form of Chondrites presents deeper tiers and the 
deepest occupation of substrate belong to Trichichichnus which occurs together with Chondrites 
intricatus.    
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Figure 37. Succession of the Skladaná skala Quarry. Scale is in meters. White beds represents marly 
limestone, black layers represent claystone, grey beds represent cherty spiculites (Šimo and Tomášových 
2013).  
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Figure 38. Vertically sectioned beds of marly limestone from the Skladaná skala Quarry. A – Strongly 
bioturbated limestone with Lamellaeichnus and Palaeophycus. B – Limestone with dominated 
Lamellaeichnus. C – Teichichnus rectus and Chondrites intricatus assemblages. D – Lamellaeichnus, 
Teichichnus and larger form of Chondrites which belong to C. targionii. 
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(6) Závažná Poruba 

 
Ichnological goals of visit: 

- occurrence of Nummipera eocenica Hölder 1989  
 
Location: Locality is situated close to the village Závažná Poruba, 700 meters southwest from a 
cemetery of the village (Fig. 39).  
 
GPS: N49°2'50.00" E19°38'4.00" 

 
 
Figure 39. A location of the Závažná Poruba Quarry. Geographical coordinates indicate the 

locality. Source: Googlemaps 
 
Geological position:  

The deposits of described territory are a component of the Central Carpathian Paleogene 
Basin (CCPB). The CCPB lies within the Western Carpathian Mountain chain and it developed in 
the basinal system of the Peri- and Paratethys. The basin accommodated a forearc position on the 
destructive Alpine-Carpathian-Panonnian microplate margin and at the hinterland of the Outer 
Western Carpathian accretionary prism (e.g. Soták et al. 2001). The basin is mainly filled with 
flysch-like deposits with a thickness of up to a thousand meters and they overlap the Palaeoalpine, 
pre-Senonian nappe structure. The deposits are preserved in many structural sub-basins and the 
age of the sedimentary fill ranges from the Bartonian (e.g. Samuel and Fusán 1992; Gross et al. 
1993) to the latest Oligocene (cf. Soták et al., 2001; 2007; Soták, 1998, 2010; Olszewska and 
Wieczorek 1998). The Závažná Poruba Quarry is situated in the Borové Formation, the lowest part 
of whole succession of the CCPB.  
Dolomite (“Hauptdolomit”) is underlying rock of the Borové Formation on described outcrop. 
Underlying rocks of the Borové Formation laterally alternate with shales, sandy shales with 
sandstone layers (“Lunz” beds) (Fig. 40).  
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Figure 40. a – bedded “Ramsau” dolomite, Middle Triassic (Anisian - Ladinian); b – “Reifling” limestones, 
bedded limestones with cherts, Middle Triassic to Upper Triassic (Pelsonian – Kordevolian); c – fine 
grained sandstones, dark grey sandy clay “Lunz” beds, Upper Triassic (Kordevolian – Julian);  d – 
“Hauptdolomit”, thick bedded dolomites Upper Triassic (Karnian, Norian, Tuvalian) e – The Borové 
Formation, conglomerates, breccias, sandstones, siltstones, claystones, organodetritic limestones, Paleogene 
(?Paleocene – Oligocene); f – The Huty Formation, claystones prevail over sandstones and conglomerates, 
Paleogene (Oligocene - Priabonian); g – deluvial sediments and debris, Quaternary (Pleistocene to 
Holocene); h – the localization of the outcrop. Biely et al. (1992).  
 
 

 
 
Figure 41. Nummipera eocenica occurs in the well exposed beds in the quarry.  
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Sedimentological characterization: 
The Závažná Poruba section presents typical of basal part the CCPB (Fig. 41). Basal 

Paleogene of the Borové Formation presents carbonate conglomerates, organodetric limestone, 
sandstones and claystones (Figs. 42, 43). A relief of transgressive dolomitic surface under the 
Borové Formation was generally strongly rugged. Fossil macrofauna was referred by Gross et al. 
(1980): Ammusium solea, Amussium sp., Chlamys tchihatcheffi, C. subtripartia, C. subdiscors, C. 
biarritzensis, C. multistriata binicostata, C. multicarinata, Spondylus cf. paucispinatus, Anomia 
sp., Ostrea gigantica, Meretrix cf. incrassate, Teredo tournali. Several foraminifer species of 
Nummulites, Operculina, Operculinoides and Discocyclina were also detected from the Závažná 
Poruba Quarry Gross et al. (1980).    
 

 
Figure 42. The Závažná Poruba Quarry presented the Borové Formation, basal part of the Central Carpathian 
Paleogene Basin. Occurrences of Nummipera eocenica is marked by U-shaped structures in the section.  
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Figure 43. Schematized lithological section through the Liptovská kotlina Valey. a – granitoid rocks; b – 
Mesozoic sedimentary rocks; c – the Borové Formation, basal Paleogene (Lutetian – Priabonian); d – the 
Huty Formation clay to clayey sand deposits (Priabonian); e -  the Huty Formation, sandy to conglomerated 
deposits; f  - the Zuberec Formation, claystones, sandstones of flysch deposits; g – Quaternary deposits; h – 
faults (Gross et al. 1980).    
 

Palaeoenvironment:  
Marine shallow water, relatively, high energy environment in photic zone which was 

influenced by storm events. Discocyclina is considered as a good indicator of energy regime, light 
intensity and trophic conditions, it occurs in the deeper, distal middle ramp (Vennin et al. 2003).  
 
Trace fossils:  

Nummipera eocenica dominates in the section. Planolites-like trace fossils was rarely also 
found. Occurrences of N. eocenica in area of the Western Carpathians are located in the basal parts 
of the CCPB (e.g. Gross et al. 1980; Roniewicz 1970; Šurka et al. 2012; Uchman et al. 2012). 
Accumulations of Nummulites were not associated with fossil burrows (Fig. 44).  A determination 
of N. eocenica from the Závažná Poruba section to specific morphotype A, B, C sensu Uchman et 
al. 2011 was not provided. The most important morphological feature of Nummipera from the 
Závažná Poruba section is a branching or protrusions, which could be interpreted as a section 
through a chamber-like structure or an oblique section through side branching burrow or 
deformations of the walls (Fig 45). Cross-sectioned burrows are possible to find at this locality 
(Fig. 46). 

 
Figure 44. A sketch of Nummipera eocenica from the eastern part of the Liptovská kotlina Valey (Východná 
village locality, without scale). Gross et al. 1980, fig. 10, page 40. 
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Figure 45. Perpendicular sections on beds with Nummipera eocenica branching. Sections are oriented 
alongside of the burrows axes. A – a height of the trace fossil attains 18 cm. The widths attain 30 to 55 mm. 
B – subvertical oriented burrow is broadened in a lower part of the burrow. Red arrows show on places of 
branched/deformed burrows. 

 
 

 
Figure 46. Cross sections of Nummipera eocenica. A – three specimens of the N. eocenica are visible on 
weathered rock surface. B – the detail view on the sectioned burrow.       
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(7) Liptovská Lúžna  

 
Ichnological goals of visit: 
- occurrences of Arenicolites, Diplocraterion, Rhizocorallium, Skolithos  
- Skolithos ichnofacies, shallow subtidal to supratidal environment 
- sporadic occurences of subaerial mudcrack with unusual sandstone fill  
- undeterminable trace fossils (?Diplichnites)  
 
Location: Locality is situated in the village Liptovská Lúžna, on the northern slope of the Nízke 
Tatry Mts. close to the Monument of the Slovak National Uprising (Fig. 47).  
 
GPS: N48°55'47.45" E19°20'18.19" 

 
Figure 47. A location of the Liptovská Lúžna outcrop. Geographical coordinates indicate the locality. 
Source: Googlemaps 

 
Geological position:  

Lower Triassic clastic sequence of the Western Carpathians is regarded to the Lúžna 
Formation (Fejdiová 1977, 1980). From tectonic point of view it belongs to the Tatricum Unit with 
basement of the granitoid rock situated under the Lúžna Formation in the Liptovská Lúžna locality 
and surroundings (Fig. 48). The same position of granitoid rocks is at the Vysoké Tatry, the Malá 
Fatra, the Nízke Tatry, the Suchý Malá Magura, the Žiar Mountains. Permian sedimentary rocks, 
which generate irregular lateral occurrence, are underlying of the Lúžna Formation in areas of the 
Vysoké Tatry, the Branisko, the Malá Fatra, the Považský Inovec, the Nízke Tatry, the Malé 
Karpaty Mountains. Uppermost part of the Lúžna Formation crosses into to heavy bedded 
dolomites of Scythian age in the Nízke Tatry Mts. (Biely et al. 1997). These Lower Triassic 
dolomites were referred from only two localities from the Nízke Tatry Mts. (Bujnovský 1971) and 
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the Vysoké Tatry Mts. (Kotański 1956). Lower Scythian mollusc Myophoria costata from the 
Nízke Tatry Mts. was found by Bujnovský (1971) 8 km north-east from the Liptovská Lúžna in 
the Nízke Tatry Mts. Lower Triassic sequence from the bottom up crossed from fluvial to clastic 
shallow marine sedimentary conditions into platform carbonate sedimentation. Thickness of the 
Lúžna Formation attains 60 meters at the Liptovská Lúžna locality, whilst the maximum thickness 
from the Western Carpathians attains 170 meters (Olšavský and Havrila 2013; Polák et al. 1997).     
 

 
Figure 48. Geological setting of the outcrop area in the Liptovská Lúžna.   
a – granitoid rock, (Hercynian, Carboniferous); b – quartzite, quartzitic sandstone, lithic arkose, 
conglomerate. The Lúžna Formation (basal of lower Triassic sequence); c – fine grained violet colored 
sediments, “the Werfen Formation” (upper part of Lower Triassic sequence); d – dolomit (Upper Scythian); 
e – fluvial deposits, (Pleistocene, Mindel-Riss); f – stratigraphic undetermined Pleistocene fluvial fans; h – a 
position of the outcrop.  

 
Sedimentological characterization: 

The Lúžna Formation was divided into three members (Fejdiová 1980). The locality 
probably presents a sequence which belongs to the Second and the Third Member (Fig. 49).  

The First Member is composed from middle up to coarse-grained sediments with 
scattered pebbles up to 2 cm. The first Member contains cross bedding and lamination. Sandy 
conglomerates, coarse grained arcosic sandstone and quartzites, graywackes and lithic 
conglomerate/sandstone are light and pink colored. Composition of the microconglomerates 
reflects composition of underlying granitoid, but ryolitic pebbles are often present too. A 
bioturbation was not recorded here.  

The Second Member is consisted from medium-grained to fine-grained sediments also 
without bioturbation. Green claystones layers occur here, and it does not exceed thickness of 
sandstone layers. Upper parts of green claystones layers contain weathered pyrite grains and 
micas. Sedimentary structure is typical of gradational bedding, cross bedding and lamination. 
Erosional events are perceptible from occurrence of red claystones pebbles. The claystone pebbles, 
mud clasts occur in fine grained cross-bedded sandstone.  

The Third Member  is composed of fine grained violet coloured sediments. Claystone 
pebbles, mud drapes, mud intraclasts, erosive channels and trace fossils are typical of the Third 
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Member. Uppermost parts of sequence are presented by heterolithic siltstones alternated with fine-
grained arkoses and thin layers of mudstone. Thickness of beds is reduced upward. Bioturbations 
occur in this uppermost heterolithic parts of the Lúžna Formation only. Arkosic sandstones 
predominate over graywackes, lithic sandstones and arkoses. Absolute absence of body fossils 
within the Lúžna Formation limited stratigraphic determination. Stratigraphy of the formation is 
roughly estimated to Lower Triassic (Scythian age) according to a superposition and occurrence 
of Myophoria costata in overlying bedded dolomites (Bujnovský 1971).  
 
Palaeoenvironment:  

Basal part of the lower Triassic sequence of the Lúžna Formation was deposited during 
braided fluvial regime (Vozárová 2005). Cross sections of channels, cross-bedding stratification 
and other sedimentary structure show dynamic environmental conditions of fluvial regime. 
Skolithos ichnofacies is confirmed in the upper third of the sequence (the Third Member of the 
Lúžna Formation). An occurrence of trace fossils demonstrate onset of shallow marine condition. 
Shallow water environment is confirmed by lenticular and heterolithic bedding with ripple marks 
and the presence of Arenicolites, Diplocraterion, Rhizocorallium, Skolithos assemblage. Wrinkle 
structures and heavy determined body fossils also occasionally occur in the trace fossil bearing 
parts of the sequence. Uppermost parts of the Lúžna Formation (which belong to the Third 
Member) in the Liptovská Lúžna locality contains three types of shallow water environments: a – 
marine shallow water facies with mentioned trace fossils and sedimentary structures (ripple marks, 
mud drapes, cross-bedding stratification); b – homogenised successions of fine grained violet 
arkose sandstone, tempestite, with occurrence of trace fossils with rare occurrence of carbonised 
tree trunks; c – shallow water facies with rare trace fossils, subaerial mud crack structures and 
imprints of rain drops. Trace fossils from the Liptovská Lúžna are typical of Lower Triassic global 
recovery stage (e.g. Twitchett and Wignall 1996; Twitchett and Barras 2004). Planolites presents 
the first occurrence of trace fossils in the Lúžna succession. Arenicolites, Skolithos, Diplocraterion 
and Rhizocorallium occurrence in the upper part of the sequence coincides with the global 
recovery theory according to Twitchett et al. The last stage with Thalassinoides with increase of 
fauna diversity is not probably recorded in the Lúžna Formation. Another lower Triassic sequences 
(developments of the southern Units) from the Western Carpathians presents classic example of 
whole recovery stage in the aftermath of the end- Permian mass extinction (Šimo and Olšavský 
2007; Olšavský et al. 2010).  
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Figure 49. The Liptovská Lúžna section. The outcrop is situated under the Monument of the Slovak National 
Uprising. a – beds with pebbles; b – cross bedding stratification; c – lenticular and ripple bedding; d – 
heterolithic bedding; e – bedding planes with mud drapes; f – layers with mudstone intraclasts; g – 
bioturbation   

 
Trace fossils:  

The first occurrence of trace fossils within the Lúžna section presents bioturbated intervals 
which are situated in the Third Member of the Lúžna Formation. This lithotype of bioturbated 
sandstone has reddish-violet colour with burrows filled with light to yellowish sandstone. Simple 
horizontal and subhorizontal burrows without wall, circular to elliptical in cross sections could be 
attributed to Planolites (Fig. 50). More diversified assemblage of trace fossils from the Lúžna 
section is composed of vertical U-shaped trace fossils (Arenicolites, Diplocraterion). 
Diploraterion is possible to study on bedding planes in sectioned views only (Fig. 51). Vertical 
sections of Arenicolites, Diplocraterion, Skolithos are strongly fragmented due to thin layer 
heterolithic stratification. The uppermost parts of the Lúžna sequence rarely contain 
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Rhizocorallium (Fig. 52A) and undefined trace fossils which probably belong to repichnia of 
arthropods (Fig. 53). Bedding planes with wrinkle-like structures are affected by sparse vertical 
bioturbation (Fig. 52B). One sample of sandstone fill of mud cracks shows horizontally oriented 
burrow-like structures, which are similar to Teichichnus (Fig. 54). Estimated maximal depths of 
bioturbation are circa up to 10 centimetres. Diameters of sectioned burrows of Arenicolites, 
Diplocraterion, Rhizocorallium, Planolites and Skolithos attain 3 to 6 millimetres. Delicate 
structures, like scratch marks, were not preserved within these burrows. Bioturbation is often 
repeated in the sandstone layers which have upper bedding plane covered by mud drapes and 
millimetres layers (widths up to 2 mm) of claystone with content of mica or thin mudstone.  

 

 
Figure 50. Vertical sections of the lowermost bioturbated sandstone beds from the Lúžna Formation. A – 
The Liptovská Lúžna locality; B – The Veľká Oružiná locality situated 9 km northeast from the Liptovská 
Lúžna. In most cases burrows are filled by light sandstone, which contrasted with surrounding dark violet 
arkoses. Few examples show burrow fill with the same violet colour as a surrounding rock.   
 
 

 
Figure 51. Diplocraterion parallelum sections on bedding planes. A – An orientation of trace fossils 
(Diplocraterion) predominated on this bedding plane. B – A detail of sectioned Diplocraterion.  Reworked 
sediment between arms of U-shaped burrow (the spreite structure) has darker colour as surrounding rock. 
Burrow fill is light yellow coloured sandstone.      

 
Seilacher (2007, page 8.) explained genesis of burrow-like structures in mud crack fills by physical 
processes: “The strange morphology of the crack fills (with a median seam and bulging sides, like 
the burrows of some worms or echinoids) is clearly due to secondary deformation. As the mud 
layer was only a few centimeters thick, the cracks extended all through. Thus their sandy infill 
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could fuse along the “seam” with the underlying sand. Only when the mud became compacted, did 
the non-compactable sand-wedge squeeze out into a sausage.”  
 
 

 
Figure 52. Upper bedding planes with trace fossils. A – Rhizocorallium. B – Skolithos is pointed by arrows. 
This form of undulating bedding plane could be attributed to a wrinkle structure, which originated from 
microbial mats.  
 
 

 
Figure 53. Indeterminable trace fossils on upper bedding planes. A – probably repichnion, a double row of 
tiny traces from upper left corner to lower right corner of picture (?Diplichnites). B – probably scratch marks 
with same widths and lengths. The Liptovská Lúžna locality, under the Monument of the Slovak National 
Uprising.   
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Figure 54. The sandstone fill of a subaerial mud crack shaped in cylindrical forms. A – a planar view from 
above on the crack fill. a, b – three oval shapes in cross-sections of the fill are visible; c – one oval cross-
section of the fill. White and black arrows pointed on sectioned parts of the mud crack fill. B – a side view 
on the fill which is connected by two arrows with significant cross-sections. The Liptovská Lúžna locality. 
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(8) The Králiky Quarry 

Ichnological goals of visit: 
- Ophiomorpha, Thalassinoides, Skolithos, Piscichnus 
- Problematic sandstone spherules provisionally interpreted as feeding pellets of crabs 

 
Location: Locality is situated in a sandstone quarry near the village Králiky (central part of 
Slovakia) 2 km westward from the town of the Banská Bystrica (Figs. 55, 56). 
 
GPS: N48°44'23.91" E19°2'37.88" 

 
 
Figure 55. A location of the Králiky outcrop.  The quarry is situated 2 km westward from the village Tajov 
near to town Banská Bystrica. Geographical coordinates indicate the locality.  
 

 
 
Figure 56. The total view on sandstone deposits of the Králiky Quarry. The Králiky Quarry was probably 
opened at the beginning of 20th century and the sandstone was exported to Hungary, Austria, Switzerland 
and Bohemia. For example, it was used during construction of the Hungarian Parliament Building and 
reconstruction of several historical buildings in Slovakia.  
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Geological position: 
A succession from the Králiky Quarry belongs to the Central Carpathian Paleogene Basin 

(CCPB) (Fig. 57). Basic characterization of the CCPB is generalised in the described locality 
Závažná Poruba. The wider surroundings of a quarry consists of the Middle to Upper Eocene rocks 
including dolomite conglomerates, breccias and sandstones, fine calcareous sandstones, 
organodetritic sandy limestones and carbonate conglomerates (Polák et al. 2003) (Fig. 57B). These 
lithofacies are associated commonly with the Borové Formation (Gross et al. 1984) and they are 
partly successive but can also occur in lateral development (Polák et al. 2003) (Fig. 57A). They 
represent basal terrestrial deposits linked to alluvial fan and fluvial systems (e.g. Marshalko 1970; 
Baráth and Kováč 1995; Filo and Siráňová 1998) and shallow-marine transgressive deposits (e.g. 
Kulka 1985; Gross et al. 1993; Filo and Siráňová 1996; Bartholdy et al. 1999). The Borové 
Formation is overlain by the Huty Formation, which mainly embraces various mud-rich, deeper 
marine deposits (e.g. Janočko and Jacko 1999; Soták et al. 2001; Starek et al. 2004). 

 

 
 
Figure 57. A – Review of the litostratigraphic unit of the CCPB in described territory. 
B – Geological sketch of the wider surroundings of the locality. Key: 1 - Quaternary deposits (undivided); 2 
- subaqueous lava flows and extrusions of  pyroxenic andesites  (Early - Late Badenian); 3 - claystones with 
layers of siltstones and sandstones (Kiscelian); 4 - organodetrital sandy limestones, sandstones, 
conglomerates (Bartonian - Early Priabonian); 5 - fine-grained calcareous sandstones (Early Priabonian); 6 - 
dolomite conglomerates, breccias and sandstones (Middle Eocene - Early Priabonian); 7 - Mesozoic of the 
Central Western Carpathians - Veporicum Unit (undivided); 8 - Mesozoic of the Central Western 
Carpathians - Hronicum Unit (undivided); 9 - overthrust lines, faults; 10 - localization of evaluated section; 
11 - built-up area of willage. 

 
Sedimentological characterization: 

Predominantly fine-grained sandstone sedimentary facies are well documented from a 
more than 15 m thick sedimentary succession in sandstone quarry (Fig. 58). The bed thickness 
ranges from a few decimetres to more than 2 meters. However, because the homogenous and 
massive development of some parts of sandstone succession, the bed boundaries are locally 
indistinct and amalgamated and therefore hard to recognize. The sandstones are defined as 
sublithic arenites which contain up to 50–52 % of basal calcite cement, 30–33 % monocrystalline 
quartz, 5–12 % carbonates and micas (Siráňová 2001).  
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The lowermost part of the succession studied is formed by 15–50 cm thick, lenticular fine-
grained sandstone beds which thin out over a distance of a few meters. The bed boundaries are 
often highlighted by small-ripple bedding. Above the lenticular sandstone beds, the fine-grained 
massive sandstones, sporadically with disperse coarse granule to pebble-size clasts occur. The 
pebbles are in general well-rounded and they are composed mainly of quartz and dark carbonate 
rocks. The pebbles are occasionally concentrated to several centimetres thick conglomerate lenses 
or rarely to decimetres thick sharply bounded tabular beds. These conglomerates are variable clast- 
to sandy matrix – supported, and grain size contrast between conglomerates and sandstones allows 
recognize the bioturbation of Piscichnus and Skolithos. The conglomerates disappear toward the 
superincumbed beds that are formed by fine-grained massive sandstone. The first occurrence of 
sandstone spherules is documented in these massive sandstones. The sandstone spherules show up 
in large numbers and form sharp interface with the sandstone without spherules. The cross-bedded 
upper parts of the sedimentary succession is again formed by decimetres thick, lentiform-like 
sandstone bodies, thinning out over a distance of a few meters, and of which boundaries are 
highlighted by ripple bedding. For this part of the succession the presence of fine-grained 
conglomerate cross-bedded units is typical; unites are of the tabular type, generally wedge-shaped. 
The first occurrence of sandstone spherules within the massive sandstone is not accompanied by 
presence of any visible sedimentary structures while above in the succession the concentration of 
spherules is fairly variable in respect to sedimentary boundaries of the bed surfaces. Body fossils 
remains are generally rare, one shark vertebra (probably family Lamnidae) and several poorly 
preserved molluscs were found.  
 

 
 
 
 
 
 
 
 
Figure 58. A schematic log of sedimentary 
succession in the Králiky Quarry with distribution of 
trace fossils. Key: 1- wave ripple-bedding, 2 - 
conglomerate lenses, 3 – tabular, wedge–shaped 
conglomerate cross-bedding, 4 - cross-bedding. 

 
 
 
 
 
 
 
 

 
Palaeoenvironment 

Upper shoreface to foreshore environment could be interpreted according to 
sedimentological (ripple marks, lenticular fine-grained sandstone beds) and ichnological data 
(Thalassinoides, Ophiomorpha, Skolithos, Piscichnus). Moreover, intertidal environment could be 
supported by common occurrence of sandstone spherules which are interpreted as feeding pellets 
of crabs.   
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Trace Fossils 
Five ichnogenera were found: Ophiomorpha, Piscichnus, Planolites, Skolithos and 

Thalassinoides. One chamber structure, escape structures (fugichnia) and sandstone spherules are 
treated here together with trace fossils without ichnotaxonomic designation.  

Segments Ophiomorpha Lundgren, 1891 attain length up to 48 cm in outcrops however 
the estimated length of burrow could exceed markedly measured lengths (Fig. 59). The burrow 
diameter (including nodose wall) ranges from 9 to 48 mm. Colour of fill corresponds to the 
surrounding sediment. Separate horizontal tunnels and shafts possess the same nodose linings. 
Width of the nodose wall is obscure. Nodes integrated into wall of Ophiomorpha are darker 
brownish tones so they contrast with surrounding rock. The trace fossil Ophiomorpha indicates 
nearshore to offshore environment (e.g. Howard and Frey 1984). Modern forms of Ophiomorpha 
occur mostly within the sandy firm-ground environments in a range of nearshore environments 
including lagoon and estuary (Pollard et al. 1993). Ophiomorpha-like burrows are constructed by 
suspension- and deposit-feeding producers, e.g. Callichirus and Upogebia (Bromley 1996). Body 
fossils of Callichirus in situ have confirmed them as Ophiomorpha producers in shallow-marine 
intertidal to sublittoral palaeoenvironments in strata of middle Miocene age (Stilwell et al. 1997; 
Schweitzer and Feldmann 2000; Hyžný and Müller 2010). Ophiomorpha from proximal turbiditic 
deep-water environments is also widespread (Pollard et al. 1993 and citations therein; Uchman 
 1995, 1998, 1999; Cummings and Hodgson 2011). Some segments of horizontal burrows may 
lack pelletoidal structure and these segments are considered to represent compound trace fossils.  
Horizontal burrows without nodes walls are identified as Thalassinoides (Bertling et al. 2006). 
 

 
 
Figure 59. Ophiomorpha isp. with subtle nodes incorporated into a wall. The trace fossil is horizontal 
position. A sketch highlighted a range of this structure. A width of the wall is subtle. Yellow to brown 
colour of the wall with the darker nodes was caused by organic content probably.    

 
Piscichnus is a cylindrical or pouch-like structurethat is oriented more or less vertical to bedding. 
Piscichnus isp. attains a vertical extent of 40 – 130 mm and a width of 25 – 45 mm. The fill 
consists of grains from sand-sized to 6 mm (Fig. 60). Piscichnus brownii was described from  Plio-
Pleistocene lacustrine quiet-water sediments as shallow dish-shaped, concave-upward structures, 
and it is interpreted as a fish nest (Feibel 1987). Common stingrays (Myliobatoidei) prey on 
bottom-dwelling organisms like crustaceans and mollusk which are caught by water jetting 
strategy (Gregory et al. 1979; Wilga et al. 2012). Piscichnus waitemata can be attributed to the 
excavation made by rays-hole and atlantic sturgeon while feeding (Gregory et al. 1979; Pearson et 
al. 2007). P. waitemata (Gregory 1991) described as a steep-sided, pouch-like structure filled by 
coarse-grained sediment, is comparable with Piscichnus described here. Similar Piscichnus was 
also reported from shallow-water siliciclastic lower Miocene (Eggenburgian) sediments of the 
Alpine-Carpathian Foredeep associated with Skolithos, Arenicolites and Ophiomorpha (Pervesler 
et al. 2011: fig. 5J). This association is regarded as a typical example of the archetypal Skolithos 
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ichnofacies (MacEachern et al. 2007). Gregory (1991) also referred to Piscichnus from shallow-
water tidal strait environment in Miocene deposits of New Zealand. Morphologically simple 
burrows, such as Piscichnus isp., can be assigned to several different groups of trace makers, not 
only to rays or other fishes. For example, the morphology of the Piscichnus described here can be 
compared also with burrows of ghost crab Ocypode quadrata (MacEachern et al. 2007; fig. 4.3D) 
and dipnoan (Gregory 1991 and citations therein).  
 

 
 
Figure 60. Vertical section across Piscichnus isp. A – the conglomerate fill demarcate boundary of the 
structure. B – the picture presents the smaller one specimen. Identification of Piscichnus within sandstone 
depends on this coarse grained fill.    

 
Observed burrows of Skolithos isp. are vertical to subvertical with or without a gravelly 

wall. Skolithos was eailsy recognized especially in gravelly coarse sand. The burrows passive fill 
is fine-grained without any internal structures. Skolithos isp. lengths attain 250 mm and widths 4 – 
18 mm (Fig. 61B). Skolithos is typical of relatively high-energy settings with well-sorted shifting 
sediments (Bromley 1996) in shallow-water (Fillion and Pickerill 1990). Skolithos is a permanent 
dwelling burrow (domichnion). The systematic ichnology of Skolithos has been discussed by 
Alpert (1974) and Schlirf and Uchman (2005). 
 

 
 
Figure 61. Endichnial forms of horizontal and vertical trace fossils. A – fragments of simple horizontal 
oriented burrows, eliptical in cross section without wall with identical fill as surrounding rock (Planolites). 
B – inclined Skolithos, with sandstone fill, within sandstone intercalated by conglomerate layers.  
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Thalassinoides Ehrenberg, 1944 burrows are horizontal and lack nodose lining; however its overall 
form is similar to that of Ophiomorpha. Thalassinoides was also found in sporadic fragmentary 
material. Fragments of compacted tunnel diameters range from 10–30 mm and burrows attain 13 – 
30 cm in length. Colour of surrounding sediment is the same as that of tunnel fill (Fig. 62).  
Thalassinoides is typically a member of the shallow-marine Cruziana Facies, but it can occur in 
the upper tiers of deep-water facies (Uchman 1999 and references therein). Thalassinoides occurs 
mainly within middle-lower shoreface (Pervesler et al. 2011; Pervesler and Uchman 2004), usually 
in a moderately deeper environment than Ophiomorpha. Producers of Thalassinoides were 
decapods (Bromley 1996).   
Simple burrows without lining are in horizontally to moderately inclined orientations with 
diameters from 5 to 11 mm could be attributed to Planolites (Fig. 61A). Planolites infill is the 
same as that of the surrounding sandstone. The best preserved Planolites are situated on 
unweathered surfaces. Planolites is a eurybathic and typically facies-crossing form assigned to 
deposit-feeding worm-like producers (Fillion and Pickerill 1990).  
 

 
 
Figure 62. Endichnial forms of trace fossils on bedding planes. A – Ophiomorpha isp. (Op) with brownish 
coloured wall with nodes and Thalassinoides isp. (Th) without wall, the fill is identical with surrounding 
sandstone. B – a fragment of horizontally oriented burrow with swelling part and brownish coloured wall 
which can implied affiliation with Ophiomorpha isp.    

 
One specimen of chambered structure in situ was photographed, photographed. It was not 

possible to collect it from massive rock. The preserved chamber is parallel with bedding. 
Horizontal tunnels connected with the chamber structure (Fig. 63) have an uncertain affinity (on 
the base of nodose linning) with Ophiomorpha. The morphology of the complete burrow system is 
unknown. Branching was not observed. Two horizontal tunnels are situated parallel one to another 
and connected with a chamber. Nodose wall structure is delicate and distinguishable due to darker 
color of pellets in contrast with lighter surrounding rock. The width of the nodose wall is obscure, 
but is comparable with the wall of Ophiomorpha described herein. The chambered structure was 
probably originally discoid of shape, and then was moderately compressed; the sectioned tunnel 
chamber has ellipsoidal shape. The diameter of the asymmetrically rounded chamber is 74 – 77 
mm and the thickness of the chamber is estimated at 20 – 30 mm. The larger diameter of the 
compressed tunnels is ca. 15 mm and smaller diameter (in vertical direction) of tunnels is 
estimated at 5 – 10 mm. Comparable chambers were described from an Upper Cretaceous 
phosphorite bed within argillaceous chalk from Israel (Lewy and Goldring 2006). The function of 
this structure has been interpreted as breeding, storage or turning chamber (Lewy and Goldring 
2006 and citations therein). Similar chambers can be found in modern Decapoda burrows 
(Bromley 1996; Stamhuis et al. 1997). Stamhuis et al. (1996) described several forms of chambers 
within burrows of Callianassa subterranea (Decapoda) alone. This form can be compared with a 
pump chamber used for removing sediment to the surface (Stamhuis et al. 1996).  
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Figure 63. Horizontally oriented chambered structure with the nodose wall. The structure has discoidal 
shape, estimated height of the chamber is maximally 2 cm.  

 
Escape structures (fugichnia) were regarded between trace fossils with open nomenclature. 

Vertical structure in sandstone is intercalated with fine-grained conglomerate beds. Escape 
structures are visible due to grain contrast between conglomerate and light yellowish-brown 
sandstone. Height of the escape structure attains 20 cm (Fig. 64). Escape structures (fugichnia) are 
made as producers hurry upward throught rapidly deposited sediment. In contrast, similar 
structures can be also interpreted as the collapse structures of vertical, unlined burrows during a 
rising tide (cf. Bromley 1996: fig. 6.1).        
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Figure 64. Escape structures with vertical/subvertical trace fossils located within sandstone with several 
intercalated conglomerate layers. Sandstone bed is broken in the middle. Upper part of the bed contains the 
escape structures. The lower part contains vertically oriented trace fossils (Skolithos). 

 
Sandstone spherules  

Sandstone spherules were observed as positive weathered structures (Fig. 65).  
The character of sandstone spherules in relation to surrounding host sandstone can be summarized 
in several points: (i) grain size and lithology of surrounding sandstone particles is similar with 
spherical structures material (ii) the finest dark particles which are component of intergranular 
matrix of sandstone are missing in spherules; and (iii) intergranular space within the spherules is 
filled by cement whose partial recrystallization is visible via polarized light. 

Measurements of sectioned sandstone spherules range from 1 to 19.5 mm, and show modal 
and bimodal distribution in frequency histograms. The arithmetic mean of all measured spherules 
from all frequency histograms is 5 mm. The mode of measured spherule sections is 3 mm. Surface 
of sandstone spherules is without bioglyphs. The boundary between spherule and surrounding rock 
is sharp. Sandstone spherules contain no internal structures such concentric layers or preferred 
grain arrangement and orientation. Visualization by X-ray computer tomography was possible due 
the density contrast to a between the spherules and surrounding carbonate-cemented sandstone. 
The spherical structures have a higher density, which means that porosity of sandstone spherules is 
lower than that of the surrounding rock. The spherules can form densely packed cm- to dm- thick 
intervals, usually at the base of the beds.  
   

 
Figure 65. Sandstone spherules. A – vertical section trough sandstone spherules. Several sections of 
Ophiomorpha isp. are situated on the right side of the figure. B – weathered sandstone bed with densely 
packed sandstone spherules.  
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