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Peculiar tube-like bivalve with densely packed concave tabulae
(Stramberk Limestone, Tithonian-Berriasian)
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Abstract: The fossils described here are from the Tithonian-lower Berriasian Stramberk Limestone of
the Czech Republic. The specimens consist of densely packed, straight to slightly curved short tubes.
Each tube is composed of a single valve rather than two valves. Some tubes show constrictions in the
wall, generally on just one side. The lumen is almost completely filled with numerous densely packed
slightly to strongly concave tabulae. In some tubes, the tabulae form complete internal floors while in
others they connect to the wall with another tabula or seal the concavity in the underlying tabula. The
tubes somewhat resemble tubeworms, rudists, vermetids and calcareous algae. However, based on
morphological similarities such as the tube-like morphology in longitudinal section and the shapes of
the lamellae and tabulae, these tubes resemble oysters described from the Albian of Brazil. According-
ly, we infer that the Stramberk tubes represent oysters or oyster-related bivalves.
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Résumé : Sur un bivalve tubulaire particulier a tabulae concaves densément empilées (Cal-
caires de Stramberk, Tithonien-Berriasien).- Les fossiles décrits proviennent des Calcaires de
Stramberk d'age Tithonien-Berriasien inférieur de République tchéque. Ces spécimens sont constitués
de tubes courts, droits a faiblement incurvés et densément empilés. Chaque tube est composé d'une
seule valve, plutét que de deux valves, vraisemblablement cimentée au substrat ; I'autre valve est
manquante. Certains comportent des constrictions au niveau de la paroi, habituellement sur seulement
un c6té du tube. Le lumen de ces tubes est presque enti€rement rempli de nombreuses tabulae, faible-
ment a fortement concaves, densément empilées. Elles peuvent former des planchers complets a I'in-
térieur de certains tubes ; dans d'autres, elles joignent simplement la paroi du tube a une autre tabula
ou scellent la concavité dans la tabula inférieure. Les tubes décrits ressemblent quelque peu a des an-
nélides, des rudistes, des vermetidés, voire a des algues calcaires. Toutefois, sur la base de similitudes
morphologiques telles que la morphologie tubulaire en section longitudinale et la forme des lamelles et
des tabulae, ces tubes ressemblent également aux huitres décrites dans I'Albien du Brésil. En conclu-
sion, nous en déduisons que les tubes de Stramberk représentent des huitres ou des bivalves apparen-
tés aux huitres.

Carnets Geol. 23 (2)

1 Institute of Ecology and Earth Sciences, University of Tartu, Ravila 14A, 50411, Tartu (Estonia)
olev.vinn@ut.ee

2 Institute of Geological Sciences, Jagiellonian University, ul. Gronostajowa 3a, 30-387 Krakdéw (Poland)
boguslaw.kolodziej@uj.edu.pl

3 Faculty of Science, Charles University in Prague, Albertov 6, 128 43 Praha 2 (Czech Republic)
zuzana.kozlova@natur.cuni.cz

[oocle

Published online in final form (pdf) on February 15, 2023
[Editor: Bruno R.C. GRANIER; language editor: Stephen CAREY]

DOI 10.2110/carnets.2023.2302

43
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e affinités biologiques ;

¢ Jurassique

1. Introduction

The Paleozoic is well known for its problematic
tubular fossils and, similarly, the biological affini-
ties of Mesozoic tubular fossils can be sometimes
difficult to ascertain. Tubular skeletons occur in
many Mesozoic marine invertebrate groups such
as serpulids, sabellids, vermetids and rudists, to
name a few. In addition, fossils of other groups
such as calcareous algae could resemble tubes.
The external morphology of tubular fossils usually
does not provide enough morphological details to
identify the organisms with confidence. The in-
ternal structure of tubular organisms is more
often of value in revealing clues to their system-
atic affinities. The identified biological affinities of
fossils help us to better understand the paleoe-
cology of these organisms and reconstruct paleo-
ecosystems.

The Late Jurassic was a time of widespread de-
velopment of carbonate platforms and reefs. Most
European studies are concerned with the upper
Oxfordian-lower Kimmeridgian of the northern Te-
thys shelf. Less is known about the carbonate
platforms of the Tethys domain and of Tithonian
age, exemplified by the Stramberk Carbonate
Platform. The sample of previously unknown tu-
bular fossils (henceforth called the Stramberk
tubes) studied here was collected from the Titho-
nian-lower Berriasian Stramberk Limestone (Car-
pathians, Czech Republic). These limestones were
deposited on the intra-Tethys carbonate platform
and contain numerous fossils (VASICEK & SKUPIEN,
2004, 2005). Many fossils were described in the
nineteenth century, and were summarized by
BLASCHKE (1911). The Stramberk Limestone is fa-
mous for its reef faunas that dwelled on the
northern margin of the Tethys. We interpret these
tubular fossils to be bivalves. BoeHm (1883) de-
scribed 90 bivalve species (including species in
open nomenclature) from the Stramberk Lime-
stone and Stramberk-type limestones from Cie-
szyn Silesia (Poland), but none of them resembles
the tubes addressed here.

The aim of the present paper is to: 1) describe
tubular fossils from the Stramberk Limestone;
and 2) discuss their biological affinities.

2. Geological background and material

Megablocks of the Stramberk Limestone in Mo-
ravia (Czech Republic) are fragments of the car-
bonate platform embedded in the deep-water sili-
ciclastic flysch of the Silesian Nappe of the West-
ern Carpathians (PicHA et al., 2006). Until the
1980s the Stramberk Limestone was considered

to be of Tithonian age, but both calpionellid (Hou-
SA, 1990) and ammonite data (e.g., VASiCEk &
SKUPIEN, 2013, 2014, 2016) indicate a Tithonian-
early Berriasian age (latest Jurassic-earliest Cre-
taceous). The Stramberk Limestone is exposed in
several quarries in the immediate vicinity of the
city of Stramberk near Ostrava. The largest one is
the active Kotou¢ Quarry where the sample stud-
ied was collected. Limestones, creamy beige in
colour, occur in the form of carbonate mega-
blocks, breccias and conglomerates. The geology
of the Stramberk area and the nature of the meg-
ablocks are controversial. The carbonate megab-
locks have been interpreted as a tectonic klippe
(Housa, 1990) or as carbonate bodies embedded
in base-of-slope conglomerates and slump bodies
formed between the Tithonian and the Turonian
(e.g., ELIAS & ELIASOVA, 1986; SvoBODOVA et al.,
2011; VASICEK & SkupiEN, 2014). A combination of
mass movement (gravitational slides and turbidity
currents) and tectonic activity was inferred by Pi-
CHA et al. (2006).

Traditionally, the Stramberk Limestone is con-
sidered as a reefal limestone, but it consists of di-
verse facies of the carbonate platform and its
slope. Most common are detrital limestones (ELIAS
& ELIASOVA, 1984, 1986; HorFFMANN et al., 2017;
VANKOVA et al., 2019). The spatial and temporal
relations of particular limestone olistoliths and
smaller blocks are usually unknown. Similar to
the Stramberk Limestone, in terms of lithology
and age, are the Stramberk-type limestones oc-
curring within the uppermost Jurassic-Oligocene
flysch as pebbles and small blocks (so-called ex-
otics; sporadically small klippen) in the Polish
Outer Carpathians (HoFrFMANN et al., 2021). The
Stramberk Limestone and the Stramberk-type
limestones were developed on narrow platforms
attached to intra-basinal highs (e.g., Baska Ridge,
Silesian Ridge) in the Carpathian Basin of the
Neotethys realm. These platforms are collectively
termed the Stramberk Carbonate Platform (ELIAS
& ELIASOVA, 1984, 1986; HorFMANN et al., 2021).
The Stramberk Limestone contains numerous fos-
sils (about 1,000 species), studied since the mid-
dle of the 19th century (see BLAscHKE, 1911; VASi-
CEK & SKUPIEN, 2004, 2005). Especially common
and diversified in the Stramberk Limestone and in
the Stramberk-type limestones are corals (ca.
120 species belonging to 50 genera). They are
the world's most diverse reef assemblages from
the Jurassic-Cretaceous transition (see VASICEk &
SKUPIEN, 2004, 2005; ELIAS & ELIASOVA, 1984, 1986;
ELIASOVA, 2008; Kotropzies, 2015; KozLovA, 2022).

44



DE PL

Praha
(o]

CZ

AT

|
%

I

{

T
\

| —— | Subsilesian Unit

M Silesian and Zdanice units
Magura Group of
Nappes

western boundary of
Carpathian Foredeep

l.._\_ borders of the Czech

Republic

Figure 1: Location of the study area on the tectonic map of the Outer Carpathians (based on VASiCEK and SKUPIEN,

2013, simplified).

The sample examined was collected in the
active Kotou¢ Quarry from level 7 (see VASIiCEK &
SKUPIEN, 2013, Fig. 2) (Fig. 1). Five thin sections
of standard size (40 x 27 mm) and four larger
thin sections (60 x 50 mm), as well as six pol-
ished slabs, were prepared. The specimen and
thin sections are housed at the Institute of Geo-
logical Sciences, Jagiellonian University in Kra-
kéw.

3. Description of fossils

The specimen with densely packed tubes
measures 140 mm x 80 mm in transverse section
and ca. 60 mm in length. Straight to slightly
curved tubular shells are of diameter ranging
from 3 to 8 mm (Fig. 2.A-D) and are 15 to 25 mm
long. The larger tubes (probably representing the
left valve) are more typically bivalve-like in ap-
pearance than the smaller tubes (it is not clear
whether the latter represent the left or right
valve). The preservation of larger and smaller
tubes also differs somewhat as the calcite of large
tubes is dark and that of small tubes are lighter
(Fig. 2.A).

45



Most of the tube lumen is filled with numerous
densely packed, slightly to strongly concave tabu-
lae (Figs. 3-4). There are eight to 13 tabulae per
5 mm (Fig. 4.A-D). The tabulae can form com-
plete floors inside the tube, or connect another
tabula to the tube wall, or seal the concavity in
the tabula below (Fig. 4.A-D). The tabulae do not
have any perforations (Fig. 4.A-D). The space be-
tween tabulae is filled with light sparitic cement
(Figs. 3-4).

The large tubes are filled with sediment (Fig.
2.A). Some specimens show constrictions in the
tube wall which usually affect just one side of the
tube (Fig. 4.A-B). The tube wall is composed of
loosely packed lamellae that decline from the
tube axis at 40-70° (Fig. 4.A-D). Some lamellae
are straight but most are slightly curved in longi-
tudinal section with their convex side oriented
towards the tube aperture. The ends of single
growth lamellae or groups of lamellae are sepa-

d Figure 2: Densely packed
tubes from the Stramberk
Limestone; Kotou¢ Quarry.
A. Polished surface of tubes
in transverse section. B.
Polished surfaces of tubes in
longitudinal section. Scale
bar 1 cm.

rated from each other and project away from the
tube wall. All tubes are cylindrical or slightly wider
proximally. Tube bases are flat to slightly undula-
ting in longitudinal section (Fig. 4.A-D).

Between tubes a shallow-water bioclastic grain-
stone occurs. However, because of the small size
of the limestone sample it is not possible to deter-
mine whether the sample is from a reefal or other
shallow-water facies.

4. Discussion
Bivalves

Among the shells of molluscs, only rudists,
vermetids and some oysters show any similarity
to the tubes from Stramberk. The straight to
slightly curved lamellae in the tube wall are con-
sistent with the shape of lamellae in most mol-
luscs. The earliest rudists (diceratids) are known
from the Upper Jurassic (KAUFFMAN & JOHNSON,
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Figure 3: A-D. Transverse sections of the tubes showing lamellar tube wall and numerous tabulae in the interior of

tubes. Stramberk Limestone; Kotou¢ Quarry. Scale bar 5 mm.

1988), including the Stramberk Limestone. Some-
what similar shells occur in small rudists such as
Mathesia darderi (diameter: 0.6 to 2.4 cm) from
the Barremian (Early Cretaceous) of Bulgaria (Fe-
NERCI-MASSE et al., 2011). Rudist shells are often
tubular (KaurFrmAN & JoHNSON 1988) and could re-
semble tubeworms, but they usually are of much
smaller diameter than that observed in the tubes.
Rudist shells are attached to the substrate with
one of their two valves (VKAUFFMAN & JOHNSON,
1988). It is likely that the Stramberk tubes were
also cemented to a hard substrate as suggested
by the flattened or undulating relief of the base of
the tubes. Tabulae (i.e., more or less horizontal
floors) may exist in the interior of the attached
valve as also occurs in the Stramberk tubes (Fe-
NERCI-MASSE et al., 2011). The shells of rudists are
usually composed of two layers, one aragonitic
and the other calcitic (KAUFFMAN & JOHNSON, 1988).
However, the tubes from Stramberk have only
one shell layer, of calcite, making rudistan affinity
for the Stramberk tubes unlikely. The major diag-
nostic characters of rudists are sockets and teeth
that served to connect the two valves (KAUFFMAN &
JOHNSON, 1988; SKELTON & SMITH, 2000). In the
Stramberk tubes, there is no evidence of sockets
or teeth and thus rudist affinities can be ruled out
with confidence.

The inner layer of the oyster shell often con-
tains chambers and vesicles and sometimes
chalky deposits; they can also have extraordinari-
ly thick shells of large size (VERMEL, 2014). Typi-
cally oysters do not have tubular shells but their

shell morphology is very variable. Oysters with a
chambered inner shell layer are known from the
Lower Jurassic of northern Chile (MALCHUS & ABER-
HAN, 1998). The shape of the lamellae and tabulae
in the Stramberk tubes are similar particularly to
those of oysters described from the lower-middle
Albian of Brazil (Fig. 5). The Brazilian oysters like-
wise show a tube-like morphology in longitudinal
section (GRANIER & Dias-Brito, 2015, p. 126, Fig.
3A; here Fig. 5). Based on these similarities it is
likely that the Stramberk tubes belong to oysters
or oyster-related bivalves (Fig. 5). The problem
for the assignment of the Stramberk tubes to
ostreids is the absence of a former, inner arago-
nitic shell layer. A possibility is that the tabulae
may represent the remains of formerly aragonitic
layer in question, which enclosed the soft body.
This hypothesis is here illustrated by a close-up
photograph showing the connection between the
calcitic outer shell layer and several adjacent ta-
bulae, verifying that the soft body was not in di-
rect contact with the calcitic shell layer (Fig. 6).

Vermetids

Vermetid gastropods have tubular shells that
lack coiling in their adult part. Vermetids ap-
peared in the Late Cretaceous (BANDEL & KOWALKE,
1997) and their oldest representatives are much
younger than the Stramberk tubes. Vermetid
shells have a spirally coiled protoconch, imperfo-
rate tabulae and a wall structure with one or
more superimposed layers, which are character-
istic of all mollusks (SANfiLIPPO et al., 2021). The
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wall structure of vermetids and the presence of
imperforate tabulae resemble features of the
Stramberk tubes. However, there is no sign of a
spirally coiled protoconch in our material, though
this could have been missed in the thin sections
studied. Moreover, the tabulae of vermetids are
always complete anteriorly concave floors inside
the tube lumen (SANFiLIPPO et al., 2021), while in
our material tabulae can be incomplete and clos-
ing just the concavity in another tabula or a sec-
tion between the tabula and the tube wall. The
vermetid tubes do not exhibit any constriction
and are not wider in their proximal parts. All
these features suggest that the Stramberk tubes
are not related to vermetid gastropods.

Polychaetes

The straight to slightly curved lamellae in the
longitudinal section of the tube wall in the Stram-
berk tubes are not consistent with the chevron-
shaped lamellae of serpulids and therefore serpu-
lid affinities can be excluded with confidence. The
occurrence of numerous densely packed tabulae
in the tube lumen is also unknown in serpulids.
The shape of rare perforate tabulae in serpulids
differs from that of the imperforate tabulae in the
Stramberk tubes. However, straight lamellae that
are slightly tilted from the direction of the tube
longitudinal axis occur in calcareous sabellids of
the genus Glomerula (VINN et al., 2008). On the
other hand, calcareous sabellids do not have ta-
bulae in their tubes. Moreover, sabellid tubes lack

Figure 4: Biochronstatigraphc interpretations for DSDP-364, base on
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different fossil groups, alongside results for

constrictions; they are narrower in their proximal
part and wider in their distal part. The shape of
sabellid tubes is different from that of the Stram-
berk tubes, such that they are usually irregularly
curved and attached to the substrate along their
entire length; alternatively they may form knots
of various sizes (JAGER, 1983, 2004). Thus, sabel-
lid affinity of the Stramberk tubes can be ruled
out. The tabulae of cirratulid tubes somewhat re-
semble those of the Stramberk tubes but the
former always form complete floors inside the
tube lumen (FisHER et al., 2000; VINN, 2009). Cal-
careous cirratulid tubes have lamellar tube walls
but their tube lamellae do not have loose ends
projecting away from the tube external surface.
The microstructure of cirratulid tubes is charac-
terized by peloidal lamellae forming a stromatolit-
ic fabric and intercalated lenses of fibrous arago-
nite that differs from that of the Stramberk tubes
(FISHER et al.,v 2000; VINN et al., 2009). Almost
certainly the Stramberk tubes do not belong to
cirratulids.

Barbafera is a probable polychaete fossil genus
known from Triassic reefs (SENOWBARI-DARYAN,
1997). The tubes of Barbafera resemble those
from Stramberk in containing multiple chambers.
However, in Barbafera, the chambers do not fill
the tube lumen but surround it and are located in-
side the tube wall (SENOwBARI-DARYAN, 1997). The
loose ends of lamellae on the exterior surface of
the tube somewhat resemble those of the Stram-
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berk tubes. However, given the regular shape of
the chambers and the fact that these chambers
are not inside the tube lumen, it is unlikely that
the Stramberk tubes are closely related to the ge-
nus Barbafera.

Is it possible that Stramberk tubes were origi-
nally organic tubes, like those of chaetopterids
(K1EL & DANDO, 2009) or siboglinids (GEORGIEVA et
al., 2019)? Organic tubes could mineralize during
the fossilization process. However, chaetopterids
and siboglinids do not have numerous tabulae in
their tubes (GEORGIEVA et al., 2019). The other
major difference is in the morphology of the ex-
ternal tube wall. The external tube wall of chae-
topterids or siboglinids is not covered by the free
ends of the growth lamellae. Thus, even if the
tubes were originally not biomineralized they are
not comparable to the organic tubes of the poly-
chaetes.

Calcareous algae

. One should explore the possibility that the
Stramberk tubes may not be invertebrate fossils
but calcareous algae. The calcareous algae in thin
sections may be superficially similar to the Stram-
berk tubes (ScHoLLE & ULMER-ScHOLLE, 2005).
However, sections of algae do not display free
margins of the growth lamellae on their external

« Figure 6: Detail showing
the connection between the
calcitic outer shell layer and
several adjacent tabulae.
Scale bar 2 mm.
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surfaces. Thus, most likely the Stramberk tubes
do not belong to calcareous algae but are inverte-
brate skeletons.

5. Conclusions

The tube lumen is almost completely filled with
numerous densely packed, slightly to strongly
concave tabulae. The Stramberk tubes exhibit
some similarity to calcareous algae, tubular mol-
lusk shells and calcareous tubeworms. The sec-
tions of algae do not show loose ends of growth
lamellae on their external surfaces, making algal
affinities for the Stramberk tubes unlikely. The
tubes of the possible polychaete Barbafera resem-
ble those of Stramberk in containing multiple
chambers but, in Barbafera, the chambers sur-
round the tube lumen rather than filling it and are
located inside the tube wall. The Stramberk tubes
also differ from those of any other tubeworm;
therefore they are unlikely to be closely related to
any of them. In the Stramberk tubes, there is no
evidence of sockets or teeth; therefore rudist af-
finities can be ruled out with certainty. It is most
likely that the Stramberk tubes are not closely re-
lated to vermetid gastropods since their tabulae
differ. Based on morphological similarities such as
the tube-like morphology of the longitudinal sec-
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tion of the shell, the shape of the lamellae, and
the shape and number of tabulae, the Stramberk
tubes resemble oysters discussed in GRANIER and
Dias-BriTo (2015) and therefore the Stramberk
tubes may belong to oysters or other oyster-re-
lated bivalves.
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