Diplocraterion parallelum Torell, 1870, and other trace
fossils from the Lower Triassic succession of the
Drienok Nappe in the Western Carpathians, Slovakia

VLADIMIR SIMO & MARIO OLEAVSKY

Diplocraterion parallelum Torell, 1870, represents a significant element of the Lower Triassic ichnofossil associations
in the Western Carpathians from the viewpoint of ichnofacies and stratigraphy. These assemblages of trace fossils com-
monly include D. parallelum, Arenicolites, Skolithos and a few of other trace fossils that rarely occur in isolated beds.
Ichnological and sedimentological features (wavy and lenticular bedding, less frequently flaser bedding) correspond to
the shallow water Skolithos ichnofacies in a restricted bay area. * Key words: Diplocraterion parallelum, Skolithos
ichnofacies, wavy bedding, lenticular bedding, Lower Triassic, Western Carpathians, Slovakia.

SIMO, V. & OLSAVSKY, M. 2007. Diplocraterion parallelum Torell, 1870, and other trace fossils from the Lower Trias-
sic succession of the Drienok Nappe in the Western Carpathians, Slovakia. Bulletin of Geosciences 82(2), 165-173
(10 figures). Czech Geological Survey, Prague. ISSN 1214-1119. Manuscript received November 2, 2006; accepted in
revised form April 4, 2007; issued June 30, 2007. « DOI 10.3140/bull.geosci.2007.02.165

Viadimir Simo, Slovak Academy of Sciences, Geological Institute, Diibravskd cesta 9, P.O.Box 106, 840 05 Bratislava,
Slovakia; vladosimo @yahoo.com * Mdrio OlSavsky, State Geological Institute of Dionyz Stir (SGUDS), Kyncelovskd

10, 974 01 Banskd Bystrica, Slovakia; olsavsky @ gssrbb.sk

Diplocraterion, Skolithos and Arenicolites have not been
reported from the Lower Triassic formations of the Wes-
tern Carpathians until now. D. parallelum occurs in the Lo-
wer Triassic Vlkanova section (Fig. 1). The morphologi-
cally similar but ethologically different Rhizocorallium
Zenker, 1836, trace fossil was described from the “Werfen
Beds” near Silica (Roth 1939), from the “Campil” (Lower
Triassic) marlstone and limestone near Kobeliarovo on the
Silica Plateau (Suf 1960), and from the Szin Formation in
northern Hungary (Kovics et al. 1989).

The Lower Triassic sequences of the Western Car-
pathians are typified by clastic subarkoses, wackes and
shales with carbonate content increasing upwards. Trace
fossils mark boundaries of sequences in the Lower Triassic
succession of the Drienok Nappe. In the sequence strati-
graphy, assemblages of trace fossils (Diplocraterion,
Arenicolites, Skolithos) often indicate transgressive and re-
gressive surfaces (Dam 1990, Olériz & Rodriguez-Tovar
2000). On that count, the typical shallow-water trace fossil
assemblages of the upper part of the Lower Triassic depos-
its in the Drienok Nappe support the sedimentological and
palaeoenvironmental interpretation of a gradual transgres-
sion.

This paper presents the lithological and ichnological
aspects of the palacoenvironmental reconstruction of the
Lower Triassic succession in the Vlkanova section.

Geological setting

The studied section crops out in a creek 2 km east of Vlka-
nova village (Fig. 1). The Diplocraterion isp. occurs there
in a sequence, which is ca 40 m thick, comprising the equ-
ivalent of the upper part of the Bodvaszilas Formation and
of the lower part of the Szin Formation in the Vlkanova
locality (Lower Triassic; Scythian; Fig. 2). The lower part
of the section consists of arkose sandstones, and its mid-
dle and upper parts contain fine-grained sandstones to cla-
ystones with admixture of mica. In the uppermost part
there are two laminated arkose sandstone beds of about
70 cm thickness. These sandstones are overlain with
5-30 cm thick limestone beds. The sequence represents
the basal part of the Drienok Nappe, plausibly a relict of
the Silica Nappe sensu lato (Polédk et al. 2003, Olsavsky
2004).

The Lower Triassic quartzitic subarkoses and wackes
were typical and common facies in the Alpine-Carpathian
area at that time. It was thought that they derived from the
hypothetical “Vindelician Land” (Roniewicz 1966). The
directions of palaeotransportation (not correlated by
palacomagnetism measurements) are from the north and
north-west (Roniewicz 1966, Marschalko 1978). The Early
Mesozoic position of the Central Carpathian block should
be located to the southwest of the neighbouring Bohemian
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Figure 1. Location maps; the outcrop is situated in a creek 2 km east of Vlkanova village in the northern area of the Zvolen basin.

Massif (Michalik 1992). Terrigenous rocks deposited dur-
ing the humid Early Triassic climatic event (e.g., Scythian)
imply that individual palaeogeographic regions of the
Western Carpathians were connected (Michalik 1994). The
Lower Triassic facies of all the principal units (Tatricum,
Fatricum, Hronicum, Zemplinicum) in the Western
Carpathians have comparable sedimentological features.
The Szin and the Bodvaszilas formations of the Silica Unit
were defined by Kovécs et al. (1989) and the LiZna Forma-
tion (the Tatricum Unit; Fejdiova 1980) are coeval, simi-
larly to the Benkovsky potok Formation (the Hronicum
Unit; Biely in Andrusov & Samuel 1985) and to the
Brezinka Formation (the Zemplinicum Unit; Grecula &
Egyiid 1982).

Previous reports on ichnology

Fejdiova (1977, 1980) reported non-determined trace fos-
sils from the LuZzna Formation (Lower Triassic); Roth
(1939), Suf (1960) and Kovics et al. (1989) reported on
Rhizocorallium Zenker, 1836, from the Lower Triassic
formations of the Silica Unit; OlSavsky (2004, Fig. 7) des-
cribed the trace fossils of deposit feeders (?Planolites)
from the Szin Formation. Ol§avsky & Simo (in press) pre-
sents the occurrence of Diplocraterion from the Lower
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Triassic sequence of the Tatricum Unit in the Nizke Tatry
Mts and from the Lower Triassic (the Benkovsky potok
Formation) of the Hronicum Unit on Nizke Tatry and
Malé Karpaty Mts.

Methods

The morphology of some trace fossils was investigated in
samples on orient cut and polished surfaces.

The degree of bioturbation was evaluated by the
bioturbation index (BI — Taylor & Goldring 1993).
Using this method, the rate of bioturbation can easily be
determined in the field. The bioturbation index BI is de-
fined as follows: the 1-4% content of bioturbated rock
equals to BI-1, 5-30% to BI-2, 31-60% is BI-3, 61-90%
refers to BI-4, 91-99% to BI-5, and 100% is equal to
BI-6.

Diplocraterion commonly shows a prevailing orienta-
tion to the bedding surfaces according to the current regime
of the bottom (rheotactic orientation; Fillion & Pickerill
1990). A statistical test of rheotactic orientation requires a
considerable amount of field data. Theoretically, the sam-
ples desirable for statistical study of rheotactic orientation
must contain a generation of trace fossils originated during
one sedimentary event when ripple and current marks were
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formed. The available samples containing both trace fos-
sils and current marks, however, could not be used for esti-
mating relationships between the current regime and the
activity of tracemakers due to missing current indicators.
Therefore, the rheotactic orientation of Diplocraterion has
not been proved.

Systematic part
Arenicolites Salter, 1857

Diagnosis. — Vertical U-tubes without spreite (Fiirsich
1974b).

Arenicolites isp.
Figure 3

Material. — Several slabs with section fragments of tens of
specimens.

Description. — Only fragments of cross section specimens
were found. The limbs are parallel, the base of the Arenico-
lites was not found, the depths of U-tubes unpracticable to
observe. Arenicolites limbs are 2 to 6 mm in diameter, the
distance between the limbs is 2 to 30 mm. Filling of bur-
rows is arenaceous and easily distinguishable from sur-
rounding fine-grained sediment. Trace fossil Arenicolites
is without distinct wall.

Remarks. — Arenicolites is only associated with Diploc-
raterion. Systematic review of ichnogenus Arenicolites
Salter, 1857, was provided by Héntzschel (1962) and
by Fiirsich (1974b). Arenicolites is characterized as a
dwelling trace (Bromley 1996) and typically shallow
marine trace fossil with several deep water instances
(Bromley & Asgaard 1979). The presence of paired
apertures without spreite laminas could be related to
Arenicolites isp.

Diplocraterion Torell, 1870

Diplocraterion parallelum Torell, 1870
Figures 4, 5, 6, 7B

Diagnosis. — U-tubes having parallel burrow arms and a
unidirectional spreite (after Fiirsich 1974a).

Material. — Tens of slabs with several specimens and three
separate specimens are deposited in the Slovak National
Museum (specimens catalogue numbers Z 24685; Z 2486;
7 24690).
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Figure 2. Basal part of the Drienok Nappe succession (left column);
Vlkanova section (centre); detailed section with bioturbation indexes in
the right columns: BI-1 (I) — first highlight grey collumn; BI-2 (II) — sec-
ond white column; BI-3 (III) — third highlight grey column. The layer with
internal moulds of molluscs in the upper part.

Description. — Diplocraterion from the Vlkanova site is
usually seen in two dimensions on upper and lower bed-
ding planes as dumbbell-shaped structures containing two
circles as horizontal sections of the U-shaped limbs filled
with sandstone, which are connected by spreite (Figs 4, 5).
Diplocraterion also occurs as a part of full reliefs represen-
ting the basal part of the U-shaped limbs visible on the lo-
wer bedding plane as semicircular ridges plunging in the
bed (Fig. 7B). Analogous epichnial furrows are locally
seen when the U-shaped structure penetrates from the over-
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Figure 4. Idealized sketch of Diplocraterion, modified after Fiirsich
(1974a).

lying layer and the filling is removed. Spreite laminae in
the cross section view are wider in proximity of the limbs
(occasionally sediments of the laminae bordered the limb),
and their middle part seems the thinnest one. The limbs are
1.5-6 mm in diameter (i.e. their thickness) and 5-50 mm
apart (i.e. their width). The more complete vertical section
of Diplocraterion, with two parallel limbs, can be rarely
observed (Fig. 6). The depth of Diplocraterion is estimated
at 10-13 cm. Only protrusive spreiten structures have been
recognized.

Remarks. — Diplocraterion most commonly occurs in
red-coloured fine-grained sandstones with admixture of
mica or in mudrock layers with thin sandstone lenses. In
thicker layers (10 cm and more) of mudstones and sandsto-
nes, it is absent. Sandstone layers with ripple marks are
usually 2-3 cm thick and they contain sparse ichnofossils.
Diplocraterion scarcely occurs in reddish, monotonously
coloured claystones.
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Diplocraterion parallelum was erected by Torell, 1870,
from the Lower Cambrian of Sweden. Since then, several
other names were proposed for vertical spreite-bearing
U-tubes, e.g., Corophioides Smith, 1893, and Polyupsilon
Howell, 1957. Fiirsich (1974a) suggested these ichnogenera
as synonyms of Diplocraterion Torell, 1870. Summary of
Diplocraterion is provided by Fillion & Pickerill (1990).

Diplocraterion is classified as a domichnial permanent
dwelling structure (Bromley 1996) produced by suspen-
sion feeders or benthic predators (Fiirsich 1975). It is also
known as an “equilibrium structure” (e.g., D’ Alessandro &
Bromley 1986; Bromley 1996) responding to sedimenta-
tion and erosion (yoyo-like behaviour by Goldring 1964).
Limbs of Diplocraterion are perpendicular or subvertical
in relation to the bedding plane (Fig. 4). The interval be-
tween the limbs is filled with unidirectional spreite, i.e.
lamina of reworked sediment (Bromley 1996). Protrusive
and retrusive spreite can be created as a result of (1) de-
posit-feeding, (2) growth of its inhabitant, (3) the
impermeability of sediment and/or as a response to varying
sedimentation or erosion (Fiirsich 1974a). Bromley &
Hanken (1991) also have described Diplocraterion growth
and protrusive structures from the Lower Cambrian sedi-
ments.

?Skolithos Haldeman, 1840
Figure 5

Diagnosis. — Single, vertical, unbranched burrows, cylin-
drical or subcylindrical (rarely prismatic where burrows
are in contact), lined or unlined. Burrows perfectly straight
to curved, and may be inclined to the vertical. It is
1-15 mm in diameter; its length varies, slightly along bur-
rows, from a few centimetres up to one meter. Burrow wall
distinct or indistinct, smooth to rough, may be annulated
(after Alpert 1974).
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Figure 6. Diplocraterion in full relief. ¢ Abbreviations: a — claystone, b — sandstone, ¢ — spreite structure, d — burrow. Scale bars are 2 cm long.

Material. — Fragments of several specimens. A Skolithos
specimen is located within the slab with several Diplocra-
terion specimens (deposited in the Slovak National Mu-
seum; No. Z 24685).

Description. — Filling of the trace fossil burrow is more
coarse-grained then surrounding sediment, the trace fossil
has indistinct wall of indeterminable length and 2—5 mm in
diameter.

Remarks. — Skolithos proves to be rarer than Diplocrate-
rion. Many findings described as Skolithos might represent
only incomplete Arenicolites. Alpert (1974) published a
systematic review of several ichnogenera and ichnospe-
cies, and accepted five ichnospecies. However, in a year he
recognized six ichnospecies within the former Skolithos
(Alpert 1975). Fifteen years later, a systematics review was
summarized by Fillion & Pickerill 1990.

Skolithos scarcely occurs in the Diplocraterion and
Arenicolites association. It is not excluded that this rare
trace fossil represents the incomplete Arenicolites.

Form A
Figures 7A, 8

Material. — Cross section of two specimens (catalogue
number Z 24687) and a slab with several tens of specimens
deposited in the Slovak National Museum in Bratislava;
No. Z 24688.

Description. — Narrow hypichnial crest, slightly curved,
triangular in cross section, 5—-18 mm long, 1-6 mm wide
(at the widest crest point). In the cross section, a wide
U-shaped structure preserved in full relief is visible
(Fig. 8A). The U-shaped limbs are terminated by laminae.
Maximum density of its occurrence is 46 specimens per
169 cm?. Trace fossil configuration is evidently stochas-
tic — it can be considered as the basal part of Diplocrate-
rion parallelum (Fig. 8). The triangular cross section of
the limb, however, is untypical of Diplocraterion. The
same trace fossil occurs in the same stratigraphical posi-
tion of the Drienok Nappe at Chmelin (Olsavsky 2004,
Fig. 6). Its origin and ichnotaxonomy is obscure. It occurs
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Figure 8. Section of the hypichnial crest. * A — vertical section of a bed. Abbreviations: TF| — perpendicular section of crest, TF, — dark wall of an un-
identified trace fossil, S — internal moulds on condensation surfaces, H — bioturbated indication of U-structure. * B — lower bedding plane with the crest.
Scale bars are 2 cm long.

rather frequently in the upper part of the Vlkanova sec-
tion.

Form B
Figure 9

Material. — One specimen deposited in the Slovak National
Museum in Bratislava; No. Z 24689.

Description. — Cylindrical trace fossil without wall, obliqu-
ely oriented in relation to a bedding plane, 20 mm in diame-
ter. Its lateral side is penetrated with other shaft, which at-
tains 10 mm in diameter.

Discussion
Heterolithic sediments, typified mainly by wavy and lenti-

cular bedding, and less frequent flaser bedding (Fig. 10)
prevail in the whole section. The wavy bedding is characte-
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rized by thin ripple cross-laminated sandstones alternating
with mudrock in nearly equal proportions. Cross stratifica-
tion, horizontal lamination, or small-scale hummocky
cross stratification are present but rare. Formation of the
flaser and wavy bedding requires two different flow regi-
mes or fluctuating flows: the first one moves sand and crea-
tes ripples, the mud is deposited from suspension onto the
rippled sand under the second regime. Subsequent rapid
flow removes the mud from the ripples crests and the mud
is preserved in the troughs or mudstone intraclasts. Flaser
and wavy bedding are conventionally thought to be formed
in tidal flat environments (Reineck & Wunderlich 1968).
Repeated thin alternation between sand and mud deposi-
tion is common on tidal flats, shallow subtidal environ-
ments, and delta front settings (Boggs 1987). These facies
are interpreted as having a strong tidal signature characteri-
zed by fluctuating velocity and current reversals. Wavy
bedding is commonly formed in environments where the
energy alternates frequently from higher to lower values
(mixed flats); lenticular bedding is commonly formed in
relatively low energy environments (mud flats). Domi-
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Figure 9. Cylindrical burrow, 20 mm in diameter, slanted in relation to the bedding plane. Smaller circular opening 10 mm in diameter is located in the
burrow. Scale bar is 1 cm long.

nance of wave-generated ripple lamination is typical of
wave-dominated sand flats, estuarine shorefaces, spits, sili-
ciclastic ramps. Rhythmical alternation of muds and sands
is also controlled by climatic changes; sands were prefe-
rentially deposited during humid periods (cf. Michalik
1994).

From a large amount of bivalves collected in the stud-
ied locality, genera Myophoria and Anodontophora were
identified. Both of them occur unevenly, being usually
concentrated in thin layers of internal moulds. The shell
layers often indicate erosional sequence boundary
(Michalik et al. 1999; see Fig. 8). Preservation of shells
was heavily influenced by condensation and it cannot be
excluded that there were more taxa, which are missing due
to this effect. According to the sedimentological situation
(gradual fining upward trend) of the sequence, it is more
probable that condensation surfaces are evidences of trans-
gression.

The basal part of the Vlkanova section (Fig. 2) is charac-
terized by the bioturbation index BI-2. Maximum content of
reworked sedimentary rock was estimated as 11% in two de-
tailed logs in the lower part of the section (Fig. 2). The high-
est BI-3 (31-60% contribution of bioturbated sediment) was
observed only in some layers in the uppermost part of the
section. The bioturbation index is highest in rhythmically al-
ternating thin (2-25 mm) sandstone and claystone layers.
Ichnodiversity is low for the whole investigated section,
which was caused by shallow brackish water conditions.
Ichnofabric, i.e. all aspects of texture and internal structure
of the sediment that result from bioturbation (Ekdale &
Bromley 1983) is mostly monospecific in the Vlkanova suc-
cession and being mostly confined to the Diplocraterion
parallelum ichnofabric.

The occurrence of D. parallelum is most typical of the
Skolithos ichnofacies (Frey & Pemberton 1984). Eustatic
changes of sea level and tidal activity, shallow water envi-

ronment conditions, looseground to firmground substrate
are characteristic environmental conditions for producers
of Diplocraterion and other similar U-shaped and vertical
trace fossils.

A comparable lithology and trace fossil assemblage
(Diplocraterion, Arenicolites, Rhizocorallium) were de-
scribed from the Lower Triassic tidal deposits of Svalbard
(Gazdzicki & Trammer 1978). Diplocraterion ichnofab-
rics are typical of intertidal shallow water environments
(Fiirsich 1974a).

It can be summarized that a trace fossil assemblage
dominated by Diplocraterion parallelum and other verti-
cal trace fossils is typical of the whole studied Vlkanova
section. Size variability of trace fossils (Diplocraterion
limbs are 1.5-6 mm in diameter and 5-50 mm apart)
could have been influence by salinity (Gingras et al.
1999). The maximum depth of the ichnofossils in the sedi-
ment is difficult to estimate because they are probably
truncated during numerous episodes of non-sedimenta-
tion and erosion.

The studied trace fossils should be attributed to oppor-
tunistic trophic generalists (Vossler & Pemberton 1988).
The abundance of Diplocraterion fluctuates in the section
(Fig. 2). Ichnological and lithological features correspond
to the model of restricted-bay intertidal ichnofaunas
(Méngano & Buatois 2004).

Dam (1990) interpreted dense occurrences of D. para-
llelum as omission suites at transgressive surfaces. Oloriz
& Rodriguez-Tovar (2000) stated that D. parallelum might
be an indicator of transgressive and regressive pulses. Ob-
viously, the presence of D. parallelum was not influenced
only by the relative sea-level changes. Occurrences of
D. parallelum depended on numerous factors such as un-
consolidated substrate, preservational potential or different
energetic conditions (Fiirsich 1975, Gibert & Martinell
1998).
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Figure 10. Wavy and lenticular bedding; dark layers represent claystones, white layers are for sandstone.

Conclusions

1. Diplocraterion parallelum is preserved in three variants
in the studied section: (a) two-dimensional transversal
cross sections of the U-shaped structure with spreite seen
on the upper and lower bedding planes (most common);
(b) basal part of the U-shaped structure seen on the lower
bedding planes, and (c) in full relief seen in vertical section
of the beds.

2. Arenicolites isp. and Skolithos isp. have been occasio-
nally found in association with Diplocraterion. Diplocra-
terion ichnofabric was determined, which was probably
produced by opportunist infaunal communities.

3. Monotonous assemblages of Diplocraterion present in
beds with ripple cross bedding and other sedimentological
features are typical of the shallow water Skolithos ichnofa-
cies, and are similar to restricted bay intertidal ichnofau-
nas.

4. Vertical trace fossils assemblage, condensed shell beds
of internal moulds, fining upward sediment and heterolit-
hic sediments determine a transgressive character of the
succession, which conforms to the general development of
the Lower Triassic sedimentary basins in the Western Car-
pathians.
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