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Abstract

Two stratigraphically well constrained (by ammonites and conodonts) coleoid remains have been recorded

from the Triassic (Anisian) dark-grey organodetritic limestones (Raztoka Limestone) of Western Carpathians (Hronic
Nappe). The limestones deposited at the periphery of a former carbonate platform. It yields a highly diverse cepha-
lopod fauna including nautiloids (2 taxa), ammonoids (7 taxa) and indetermined aulacoceratids. Two unusual
coleoid specimens are referred to genus Mojsisovicsteuthis (M. boeckhi) and probably to a new taxon (described

as Breviconoteuthis aff. breviconus herein) possessing similar morphological features of genus Breviconoteuthis (Phrag-
moteuthida) and/or Zugmontites. Based on index ammonites and conodonts, both records are of the uppermost
Trinodosus through the lowermost Reitzi zones (Anisian—Ilower lllyrian). While the genus Mojsisovicsteuthis has been
widely dispersed (however its records are rare), the occurrence of Breviconoteuthis and Zugmontites is strictly limited
to the Alpine-Carpathian region. Comparing with the holotype and additional specimens stored in the Hungarian
Natural History Museum, the overal shell of Mojsisovicsteuthis and its size has been reconstructed. Its relationship

to aulacoceratids and phragmoteuthids is briefly discussed. Geochemical record (n-alkanes from the bulk rock) pro-
vided a relevant signal of the existence of algal meadows.
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Introduction

Triassic coleoids are rare compared to the uncountable
records from the Jurassic and Cretaceous (Fuchs, 2012;
Schweigert & Fuchs, 2012). Aulacoceratid rostra (Aula-
coceratida Stolley, 1919) are more abundant, but mostly
without further information on their phragmocone and
soft tissue morphology. Records of gladius-bearing cole-
oids are very rare and not beyond any doubts (Fuchs,
2020; Lukeneder & Lukeneder, 2022; Reitner, 1978).
Belemnitid belemnoids probably arose during the Trias-
sic, but so far only a handful of rostra are described (Iba
etal,, 2012).

The order Phragmoteuthida Mojsisovics, 1882, a Tri-
assic—Jurassic group that links aulacoceratids with a
long tubular body chamber and Mesozoic belemnitids
with a slender spatulate proostracum are comparatively
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well known (Doguzhaeva et al., 2007; Fuchs & Donovan,
2018; Lukeneder & Lukeneder, 2022). Earliest records of
phragmoteuthids are known with question marks from
the Upper Permian, but phragmocones with their charac-
teristic broad three-lobed proostracum certainly appear
in the Middle Triassic (Anisian). Upper Anisian Brevi-
conoteuthis Rieber, 1973 represents the first unambigu-
ous record of a phragmoteuthid and its diagnosis builds
the morphological framework of the order- together
with the genus Phragmoteuthis Mojsisovics, 1882 (lower
Carnian—upper Sinemurian). The type species Brevi-
conoteuthis breviconus comes from Grenzbitumenzone
of Monte San Giorgio (Switzerland—Italian boundary),
Polymorphus Zone (Rieber, 1973). Additional records of
genus Breviconoteuthis are known from Wettersteinkalk
of Zugspitzmassivs (Austria; Rieber, 1973) and from Bala-
ton area (Azso6fé village, Hungary; Voros, 1987). One
goal of this contribution is to introduce a new specimen
very similar to Breviconoteuthis breviconus, coming from
Western Carpathians (locality Podhradie, Slovakia). The
second coleoid record, which resembles a poorly defined
species complex is united within the genus Mojsisovics-
teuthis (Anisian—Hettangian). Our second goal is to bet-
ter define this aberrant genus, which is currently used as
a waste bin for phragmocones that are untypical for both
aulacoceratid and phragmoteuthid coleoids.

Comparisons with equivalent coleoid cephalopods
from Hungary, Austria and Switzerland provide new
insights into their morphology, systematics and habitat.
Stratigraphical age of specimens is based on ammonoids
and conodonts and microfacies (based on thin sections)
and geochemical analysis (#-alkanes from the bulk rock)
enabled reconstruction of habitat. We highlight an unu-
sual diversity and disparity of cephalopods in time and
space within Réztoka Limestone of Western Carpathians
(Hronic Nappe).

Geology and geography

Studied macro and microfossil fauna was collected from
two localities (Fig. 1). First one, Podhradie, is situated
in the eastern part of the Povazsky Inovec Mts, SSW
of the cemetery in the village Podhradie (GPS 48° 39’
27.2” N 18° 03" 11.2” E). It is represented by approx.
3 m thick outcrop in the road cut, made of variously
bedded (2-30 cm of individual bed thickness) dark-grey
to black limestones, some beds show indistinctly nodu-
lar pattern, belonging to Réztoka Limestone Member
(Kochanova & Michalik, 1986). Total thickness of this
member here is around 5 m. The lower part of the unit
is composed of dark-grey organodetritic limestones
rich in thin-shelled bivalves and crinoids. From the
microfacies point of view, these are biomicrites to bio-
sparites with filament to filament-crinoidal microfacies,
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containing also benthic foraminifers, ostracods, juvenile
gastropods, echinoid spines, fragments of thick-shelled
bivalves and globochaetes. In the upper part, this facies
makes only “nodules” in crinoid rich grey to pinkish
more clayey matrix. This part also contains thin-bedded
(7-9 cm) grey microcrystalline slightly clayey limestones
with accumulations of bioclasts on the bases of the beds
and with parallel lamination in their upper part (Havrila
in Ivanicka & Kohut et al., 2011). Apart from ceratitic
ammonoids and rare nautiloids, coleoid cephalopod
remains were collected from Bed 3 (Fig. 1). The second
locality, Harmanecka Cave—Kozelnik, is situated on the
boundary between Starohorské vrchy Mts and Velkd
Fatra Mts, above the Harmaneckd Cave (GPS 48°48,582’
N 19°02,265” E). The natural rocky wall outcrop is built
(in stratigraphical order) of 3.3 m thick Jasenie Limestone
Member (Kochanové & Michalik, 1986), 1.7 m thick Raz-
toka Limestone Member and more than 5 m (only the
basal part of the formation is exposed) of Reifling For-
mation (Havrila et al., 2016). It is noteworthy, another
0.4 m thick body of the Réztoka Limestone Member was
documented about 3.5 m above the base of the Reifling
Fm. In this locality, the Raztoka Limestone is bedded,
grey to dark-grey, or brown-grey limestone with bed
thickness between 5 and 30 cm, with slightly undulated
bedding planes (Havrila et al., 2016). It contains various
amounth of fine to coarse biodetritus, mainly crinoids.
Limestones are intrabiopelmicrosparites to intrabi-
opelmicrites, wackestones to packstones with filament,
filament-crinoidal, crinoid-bivalve-gastropod to crinoidal
microfacies, other allochems are represented by echinoid
spines, benthic foraminifers, ostracods, globochaetes and
reefal and shallow-water bioclasts such as incertae sedis
Plexoramea and Tubiphytes and algae Thaumatoporella
(Havrila et al., 2016). Cephalopod fauna comes from the
uppermost part of the 1.7 m thick biodetritic limestone.
Apart of cephalopods, numerous brachiopods were col-
lected as well.

From the tectonic point of view both localities belong
to the Hronic Nappe (Kova¢ & Havrila, 1998). Paleoge-
ographically, they were situated on subsiding blocks at
the periphery of Mojtin-Harmanec Carbonate Platform.
This platform was bordered by Dobrd Voda Basin on the
west and Biely Véh Basin on the east. For these subsiding
blocks, the names Mojtin Block (or Basin) for the west-
ern part, and the Harmanec Block (or Basin) for the east-
ern part, are commonly used (e.g. Havrila, 2011; Havrila
et al,, 2016). Middle Triassic deposition in these subsiding
areas were typical of biodetritic Rdztoka Limestone, rich
in macro and microfauna. Both localities show similar
lithostratigraphic successions. Raztoka Limestone Mem-
ber (Illyrian) together with Jasenie Limestone Member
(Upper Pelsonian) are lithostratigraphic members of the
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Fig. 1 Geographical position of the areas of interest (A, B) and close-up views of the satellite photo with precise localization of the studied
outcrops in the village Podhradie (C), and near Dolny Harmanec (D). E Outcrop in the roadcut in the village Podhradie. The fossiliferous Bed 3
is outlined. Orange circles with acronyms TO represent the sampling points for the organic geochemistry

Zamostie Limestone Formation (Kochanova & Michalik,
1986), which deposited above shallow-water limestones
of the Steinalm Formation (Pelsonian). Jasenie Limestone
Member directly underlies the Réztoka Limestone Mem-
ber in Harmaneckd Cave section. Rdztoka Limestone
is partly composed of the resedimented shallow-water
detritus from the bordering platfom. It is overlain by bed-
ded to nodular pelagic cherty limestones of the Reifling
Formation.

Material and methods

The new cephalopods from Slovakia (collected by MH,
JH, MK and JS) are stored in the collections of the
Department of Geology and Palaeontology, Faculty of
Natural Sciences, Comenius University in Bratislava,

Slovakia (KGP-KO signatures). Besides this new mate-
rial, we reinvestigated the holotype of Mojsisovicsteuthis
boeckhi (Stiirzenbaum, 1875) from the Anisian of Hun-
gary, which is registered as specimen T.829 in the col-
lections of Mining and Geological Survey of Hungary in
Budapest. In the same collection (material with signature
T), we found additional specimens from the type locality
labelled as Mojsisovicsteuthis boeckhi. Other holotypes
of the Mojsisovicsteuthis species complex were unfor-
tunately not available for comparative examinations.
In these cases, we had to rely on their original descrip-
tions. For specific delimitations, we also consulted type
specimens of Breviconoteuthis breviconus (Reis, 1907
(stored in the Paldontologisches Institut und Museum
der Universitiat Zirich, Switzerland) and Zugmontites
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mojsisovicsi Reis, 1907 (stored in the Bayerische Staatssa-
mmlung fiir Paldontologie und Historische Geologie
Miinchen, Germany).

Microstructural analyses follows classifications of Folk
(1962), Dunham (1962) and Embry and Klovan (1971).
Microfacies were correlated with the standard microfa-
cies types for the rimmed tropical carbonate platform of
Wilson (1975), emended by Fliigel and Munnecke (2010).

For the conodont microfauna, an analyses of the fos-
siliferous Bed 3 (Fig. 1) from Podhradie locality was car-
ried out. The rock samples were collected by one of us
(MH), laboratory processing was done in the Geological
Survey of Slovenia with a standard preparation technique
and application of acetic acid. The microfossil material is
currently housed in the micropaleontologic collection of
the Geological Survey of Slovenia and is labeled SL 264
A/80. The illustrated conodont elements presented in
this paper were photographed by the JEOL JSM 6490LV
Scanning Electron Microscope at the Geological Survey
of Slovenia.

Micro-computed tomography (u-CT) imaging was per-
formed with phoenix v|tome|x L 240 device, developed
by GE Sensing & Inspection Technologies at the Earth
Science Institute of the Slovak Academy of Sciences in
Banska Bystrica. Investigated samples were analyzed by
using 240 kV/320W microfocus tube. Scanning param-
eters were set as follows: voltage 200 kV, current 150 pA,
projections 1600, fastscan mode, timing 750 ms, voxel
size 42.5 pm, detector sensitivity 1, and 0.1Cu filter.

Organic geochemistry: Samples were crushed to a grain
size of <0.2 mm and extracted using an Accelerated Sol-
vent Extractor (ASE-150, Dionex) at 100 °C with dichlo-
romethane: MeOH (93:7, v/v). All extracts were analysed
using a GC/MS system a Trace 1310 GC with ISQ sin-
gle quadrupole (ThermoScientific) equipped with a CP5
capillary column (30 m x0.25 mm X 25 pm). After a split-
less injection, a temperature program was started from
40 to 300 °C, with helium as a carrier gas. Mass spectra
were recorded in the electron impact mode (70 eV) in
the 45-650 m/z range. The identification of compounds
was based on a comparison of the spectra with the NIST
mass spectral library.

Systematics, morphology, terminology, measurements,
and size categories follow Fuchs and Donovan (2018),
Fuchs (2020) and Mariotti et al. (2021).

Results

Ammonoid biostratigraphy

The ammonoid fauna (Figs. 2, 3) collected from the
Podhradie section is rather common but poorly pre-
served. The identifiable part of the material consists of
19 specimens—7 taxa as listed below (specimen num-
bers in parentheses): Lardaroceras ? sp. (5 specimens,
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Fig. 2F-Q), Ronconites ? sp. (2), Paraceratites trinodosus
(Mojsisovics, 1882) (7, Fig. 2A-D), Paraceratites cf. rothi
(Mojsisovics, 1882) (1), Semiornites ? sp. (2), Kellnerites
cf. bispinosus (Hauer, 1896) (1, Fig. 2H-I), Ptychites cf.
oppeli Mojsisovics, 1882 (1, Fig. 2E). In addition, single
specimens of Pleuronautilus ? sp. and Nautilida indet.
were also recognized.

The ammonoid fauna collected from the Harmaneckd
Cave—Kozelnik locality contains rather large specimens
of a relatively good manner of preservation. One large
specimen portrays suture lines. The identifiable part of
the ammonoid material consists of 11 specimens—4
taxa, as listed below (number of specimens in parenthe-
ses): Lardaroceras sp. aff. krystyni Balini, 1992a (3 speci-
mens, Fig. 3A—C), Lardaroceras sp. indet. (5), Kellnerites
sp. indet. (1), Flexoptychites ? sp. indet. (2). In addition, a
single specimen of Nautilida indet was also recognized.

The specimens of Lardaroceras sp. aft. krystyni mor-
phologically stand between Lardaroceras krystyni and
Lardaroceras pseudohungaricum Balini, 1992a. Their
rather coarse ribbing reminds the latter species, but the
almost total absence of strong lateral nodes brings them
closer to L. krystyni. The subammonitic suture line,
recorded in one of the specimens from Harmanecka
Cave—Kozelnik, is a shared feature of the Lardaroceras
species.

The stratigraphical evaluation of the identified ammo-
noid taxa is based on the data in Balini (1992a, 1992b)
and Voros (2018). All ammonoid taxa, collected from
the “lower part” of Bed 3 at Podhradie section, were
recorded by the mentioned authors from the Illyrian
Trinodosus Zone. The genus Lardaroceras characterizes
the uppermost part of the Trinodosus Zone, namely the
Pseudohungaricum Subzone. Kellnerites cf. bispinosus,
indicating the lowermost part of the Reitzi Zone, came
from the “upper part” of Bed 3. This may suggest some
degree of condensation in Bed 3; alternatively, the base of
the Reitzi Zone lies somewhere within this layer.

Similarly in Harmanecka Cave—Kozelnik locality,
all species of the genus Lardaroceras characterize the
uppermost part of the Trinodosus Zone, namely the
Pseudohungaricum Subzone. Kellnerites sp. may indicate
a somewhat higher horizon, the lowermost part of the
Reitzi Zone (Felsoeoersensis Subzone?).

Conodonts biostratigraphy

The recovered microfauna (Fig. 4) comes from a sin-
gle sample collected from the 15 cm thick Bed 3 of
the Podhradie section. The ammonoid fauna reveals
a condensation within this bed 3, indicating the Illyr-
ian Trinodosus Zone in its lower part (Pseudohunga-
ricum Subzone) and the Reitzi Zone in its upper part.
The studied microfauna is relatively well preserved and
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Fig. 2 Associated ammonoid fauna recorded at the locality Podhradie. A Paraceratites trinodosus (Mojsisovics, 1882), Bed 3, lower part. B
Paraceratites trinodosus (Mojsisovics, 1882), Bed 3, lower part. C Paraceratites trinodosus (Mojsisovics, 1882), Bed 3. D Paraceratites trinodosus
(Mojsisovics, 1882), Bed 3, lower part. E Ptychites cf. oppeli Mojsisovics, 1882, Bed 3. F, G Lardaroceras ? sp., Bed 3, lower part. H, | Kellnerites cf.
bispinosus (Hauer, 1896), Bed 3, upper part

the conodont elements are very pale gray and dark gray
(Epstein et al., 1977). In addition, ostracods, foramini-
fers, echinoid and crinoid ossicles and fish remains e.g.,
various dermal scales Nurrella sp. and teeth Acodina
sp. have been recorded. The determined conodont taxa
are: Neogondolella constricta (Mosher & Clark, 1965),
Neogondolella ex gr. constricta (Mosher & Clark, 1965),
Neogondolella sp., Paragondolella cf. alpina (Kozur &
Mostler, 1982), Paragondolella bifurcata Budurov & Ste-
fanov, 1972, Paragondolella praeszaboi (Kovécs et al.,
1996), Paragondolella cf. praeszaboi (Kovécs et al., 1996),
Paragondolella slugovensis (Ramovs, 1996), Paragon-
dolella trammeri (Kozur, 1972), Paragondolella ex gr.
trammeri (Kozur, 1972).

Among these species, P. bifurcata and P. praeszaboi are
typical only for the Anisian. The first species is a marker

of the Bifurcata Zone that is present also in the follow-
ing Constricta Zone and the species entire stratigraphic
range is from the upper Pelsonian to the middle Illyrian
(Kolar-Jurkovs$ek & Jurkovsek, 2019). Species P. bifurcata
has been reported from different parts of the Dinarides
(Kolar-Jurkovsek, 1983, 1991; Smirci¢ et al., 2018). In the
Internal Dinarides, P bifurcata has been documented
in the Zvornik Limestone of the Drinjaca section and
in the Bulog Limestone of the Sarajevo area (localities:
Studenkovié¢i, Blizanac, Han Bulog, Prodvorica), in the
Uvac Canyon, as well as in the surroundings of Gra-
dac at Plevlja (Sudar, 1986). This species is represented
in the upper Pelsonian and lower Illyrian faunas of the
Zlatibor Mountain, Serbia in the Bulog Formation that is
interpreted to be deposited in a more offshore position,
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Fig. 3 Associated ammonoid fauna recorded at the locality Harmanecka Cave—Kozelnik. A-C Lardaroceras sp. aff. krystyni Balini, 1992a

further to the east and nearer to the Neotethys Ocean
(Sudar et al., 2013).

P praeszaboi is characterized by the elements with
very high carina composed of numerous and closely
spaced denticles and a narrow platform. It was originally
described as two subspecies. Stratigraphic range of P
praeszaboi is upper Pelsonian and Illyrian, i.e. uppermost
Bulgarica, Bifurcata and lowermost Constricta Zones
(Kovidcs et al., 1996).

Other four recognized taxa, N. constricta, P. cf. alpina,
P slugovensis and P. trammeri are Anisian-Ladinian taxa
and all of them appear already in the Illyrian, except P
slugovensis that has been hitherto known to occur only
from the Fassanian. N. constricta was first described from
the upper Anisian of Nevada in North America (Mosher
& Clark, 1965) but is well represented in many Illyrian
and lower Fassanian faunas in the Tethys; in the standard
conodont zonation it designates the Illyrian Constricta
Zone (Kozur, 2003). In the studied material, the elements
of N. constricta are found in different growth stages. P
slugovensis is marked by asymmetric posterior part as
well as prolongation of the keel and has been so far docu-
mented only from the type locality in Slovenia (Ramovs,
1996). In the Global boundary Stratotype Section and
Point (GSSP) of the Ladinian Stage at Bagolino section,
P alpina first appears in the Reitzi Zone, whereas P
trammeri in the following Secedensis Zone (Brack et al.,
2005). According to Chen et al. (2015), P. alpina ranges

up to the lower Fassanian, whereas P. trammeri up to the
middle Longobardian.

The conodont fauna of the Bed 3 confirms a presence
of mixed association, the uppermost Pelsonian to middle
Ilyrian fauna is marked with P bifurcata and P. praesz-
aboi, whereas the upper Illyrian-lower Fassanian fauna is
characterized by N. constricta, P. cf. alpina, P. slugoven-
sis and P. trammeri. Recovery of a small but diagnostic
well preserved conodont fauna is excellent starting point
for further and more precise sampling across the Ani-
sian-Fassanian sequence that will enable (at least partly)
to solve a stratigraphic issue in terms of the degree of
condensation.

Systematics

Subclass Coleoidea Bather, 1888
stem Neocoleoidea Haas, 1997
coleoids)

Order and family uncertain

(proostracum-less

Genus Moyjsisovicsteuthis Jeletzky, 1966
Type species: Orthoceras convergens von Hauer, 1847; p.
259, Tab. 7, figs. 1-2.

Diagnosis: Phragmocone longi- to orthoconic, medium-
sized (up to 40 cm), laterally compressed, apical angle
10-20°, chamber length-to-diameter ratio 0.16-0.30,
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Fig. 4 Associated conodont fauna recorded at the locality Podhradie. All specimens come from the Bed 3. A Paragondolella trammeri (Kozur, 1972).
B Paragondolella cf. alpina (Kozur & Mostler, 1982). C Paragondolella slugovensis (Ramovs, 1996). D Paragondolella ex gr. praeszaboi (Kovacs et al,,
1996). E, F Neogondolella constricta (Mosher & Clark, 1965). G Paragondolella praeszaboi (Kovacset al., 1996). H Paragondolella cf. praeszaboi (Kovacs
etal, 1996). I-K Paragondolella bifurcata Budurov & Stefanov, 1972. Scale bar 200 um (A) and 200 um (B-K)
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final chamber tubular (=proostracum absent), its rela-
tive length uncertain; sutures simple or with lateral lobes,
septal necks short, prochoanitic?, connecting rings swol-
len; siphuncle at the ventral narrow side; sheath invest-
ment-like, smooth, rostrum solidum apparently absent.

Remarks: Despite an unusual set of characters, Jeletzky
(1966) originally (and later authors such as Rieber,
1973 as well) placed the genus Mojsisovicsteuthis along
with aulacoceratid belemnoids (see also Rieber, 1973).
Prochoanitic septal neck as well as “conothecal growth
lines” led them to this conclusion. Doyle (1990) placed
Mojsisovicsteuthis to the family Xiphoteuthididae (Naef,
1922) within Aulacoceratida Stolley, 1919. By contrast,
Mariotti and Pignatti (1992) and Mariotti et al. (2021)
excluded Mojsisovicsteuthis from the Aulacoceratida
mainly owing to the absence of a rostrum proper and
untypically dense (short) chambers. Pohle & Klug (2024)
recently revisited the affinities of Mojsisovicsteuthis and
concluded that the systematic affiliation are still puz-
zling. We follow this open nomenclature, because a tubu-
lar (ventrally closed) final chamber excludes this taxon
from the Phragmoteuthida, whose members are typified
by a ventrally opened final chamber. The overall mantle
length in aulacoceratids and Mojsisovicsteuthis is difficult
to estimate for the following reasons: (1) we do not know
the proostracum in both taxa (if it was originally present)
or its length. (2) large aulacoceratids s.l. are more than
50 cm long (Mariotti & Pignatti, 1992)—but this length
represents mainly the phragmocone. The largest size of
the phragmocone within Mojsisovicsteuthis is estimated
to be about 35 cm (see below).

Other species previously assumed to be close to Mojsis-
ovicsteuthis convergens (von Hauer, 1847) are M. elliptica
(Mojsisovics, 1871), M. meneghinii (Salomon, 1895), M.
subrotundus (Salomon, 1895), M. boeckhi (Stiirzenbaum,
1875) and Mojsisovicsteuthis? n. sp. (Jeletzky, 1966, PL 5,
Fig. 1).

Stratigraphic and geographic occurrences: So far
known from the Anisian (Middle Triassic) through the
Hettangian (Lower Jurassic).

According to previous workers and their ambiguous
samples, representatives of this rare genus are known
from the Middle Triassic (Anisian to Ladinian) through
the Lower Jurassic (Hettangian) of the Alpine region,
Hungary, Indo-Pacific Region (Timor), with question
mark also from British Columbia (Jeletzky, 1966) and
also other regions (see below—AM. boeckhi). In Slovakia
(this report), it comes from dark-grey to black biode-
tritic limestones of the Raztoka Limestone Member of
Zamostie Limestone Formation, dated to lower Illyrian
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(upper Anisian), uppermost part of the Trinodosus Zone
(Pseudohungaricum Subzone)—probably lowermost part
of the Reitzi Zone (Felsoeoersensis Subzone?).

Mojsisovicsteuthis boeckhi (Stirzenbaum, 1875)
(Fig. 5, A-Q; 6; 7 A-D)
Synonymy:

*1875 Atractites béockhi Stirzenbaum, p. 254, Tab. V,
fig. 1.

1882 Atractites boeckhi (Stirzenbaum). Mojsisovics, p.
302, pl. XCIIL, figs. 12—13.

? 1914 Atractites béckhi Stirzenbaum. Smith, p. 138, pl.
XCILV, figs. 20-21.

1915 Atractites Boeckhi Stirzenbaum, Diener, p. 18 (with
additional/full synonymy).

1920 Atractites Boeckhi Stiirzenbaum; Bullow-Trummer,
p. 65 (with additional synonymy).

1973 Mojsisovicsteuthis cf. M. ? boeckhi (Stiirzenbaum,
1875); Rieber, p. 73-74, fig. 20, a-g.

? 1973 Mojsisovicsteuthis meneghinii (Salomon, 1895);
Rieber, p. 74, fig. 20, n—o.

? 1975 Ausseites bilhynicus Arthaber, 1915; Ozdemir, p
137, pl. 4, figs. 1-4-.

2024 Mojsisovicsteuthis boeckhi. Pohle & Klug, XXXX

Studied material: A single specimen (Fig. 5A-D)
from Harmaneckd Cave—Kozelnik (GPS 48°48,582’
N 19°02,265" E, Slovakia, No. KGP-KO-001; stored at
Comenius University in Bratislava). Five specimens from
the type locality (Additional file 1: Table S1) stored in the
Mining and Geological Survey of Hungary in Budapest:
including the holotype No. T.829 (Fig. 5]-P); specimens
Nos T.3593, T.3206, T.3137 and two fragments referred
to the taxon (T.81, and T.371).

Description: The steinkern of the phragmocone frag-
ment is 42 mm long and includes 7-8 chambers. Api-
cal and apertural chambers are missing. The width
(dimension of the flattened phragmocone) of the largest
chambers measures 19 mm. The straight phragmocone
appears longi- to orthoconic (apical angle 11-12°, Fig. 6).
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Thanks to a circular structure in the periphery of the
smallest chamber determinable as the former position of
the siphuncle, one can define the anatomical orientation.
The phragmocone diameter is accordingly laterally com-
pressed. Poorly defined remains of sutures, which are vis-
ible only on one side of the steinkern, are c. 4 mm apart
implicating a ratio chamber length to chamber diameter
of about 0.19. This suggests comparatively low chambers.
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Lateral lobes are perceptible. There is no evidence of pre-
served shell material. As mentioned above, the siphuncle
is only slightly indicated in Slovakian specimen.

The material stored in the collections of Mining and
Geological Survey of Hungary in Budapest provided
unambiguous evidence of the siphuncle position (Fig. 5G,
H) which lies in the narrow ventral side. The diameter of

Fig. 5 Mojsisovicsteuthis boeckhi (Stirzenbaum, 1875). A-D Specimen No. KGP-KO-001, upper Anisian, lower lllyrian, Harmanecka Cave—Kozelnik,
Slovakia. A Dorso-ventral view; B lateral view; C cross-section; D position of the siphuncle (s). E-H Specimen No. T.3593. E Dorso-ventral view;

F lateral view; G, H Cross-section with position of the siphuncle (H. enlarged); I Cross-section of the apical part. J-P. Holotype No. T.829. Bakony
(Hungary), Anisian, Reitzi Zone. J Original figure of Stlirzenbaum (1875), lateral view; K lateral view; L dorso-ventral view; M cross-section; N
original figure of Stirzenbaum (1875) with missinterpreted position of the siphuncle; O, P longitudinal section of the phragmocone with septa
arrangement (partly seen). Q The largest specimen No. T.3137 in the lateral view. Scale bar equals T cm
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the siphuncle is ~ 1.3 mm (specimen No. T.3593, Fig. 5G,
H).

In specimens Nos T.3206 (Fig. 7A) and T.81 (Fig. 7B),
the tubular final chamber is partly preserved. The pre-
served length measures 25 and 30 mm (Additional file 1:
Table S1). In these specimens, a marked constriction of
the last septum prior the final chamber is seen.

Comparing the specimen No. KGP-PO-0001 with
the Hungarian material including the holotype, we
observed stability in the phragmocone angle reaching
11-12°.

With the phragmocone diameter and the apical
angle of 12°, one can calculate the maximum phragmo-
cone length by the help of trigonometric laws [diam-
eter/2Xxsin (84)/sin (12/2)]. Accordingly, specimen
T.3206 with a maximum phragmocone diameter of
37 mm had a phragmocone length of approx 180 mm
(length of the final chamber is not known). Assuming
a final chamber that reaches a similar length (in spec-
imens with this part preserved, Fig. 6), the total shell
length of this specimen was about 350 mm, which clas-
sifies it as a medium-sized coleoid.

250 mm

M. Kostak et al.

Comparison: We exclude affinities to the order Phrag-
moteuthida, owing to the absence of a three-lobed
proostracum and the presence of a longiconic (rather
than brevi—or cyrtoconic) phragmocone. Despite our
observation of an aulacoceratid-like final chamber, the
overall phragmocone characteristics (dense chambers,
apical angle, lateral lobus) also prevent a placement
within the order Aulacoceratida.

Regarding chamber distance, the specimen from Slo-
vakia resembles the holotype of M. convergens, the type
species of Mojsisovicsteuthis. However, in M. convergens,
the cross section is more circular or even almost circular,
as figured in von Hauer (1847, pl. VII, fig. 2), later cor-
rected by Mojsisovics (1902, Pl. XVI, fig. 1). The apical
angle of the phragmocone in the dorso-ventral view is
moreover significantly higher in M. convergens (20°).

The Slovakian specimen and the holotypes of M.
boeckhi (Stirzenbaum, 1875) and M. meneghinii (Salo-
mon, 1895, p. 195) share a laterally compressed phrag-
mocone, but M. meneghinii differs from our specimen
in a higher apical angle (16-19° according to Salomon,
1895) and more densely spaced chambers (0.13-0.17).

In terms of apical angle, our specimen is almost iden-
tical with the holotype of M. boeckhi (Fig. 6). In addi-
tion, the Slovakian and the Hungarian specimens share a

specimen No. T. 3206
with long final chamber

specimen No. T. 3593

specimen No. KGP-KO-001

300 mm

37mm

largest specimen (No. T. 3137)

holotype T.829 i

( dr

Fig. 6 Mojsisovicsteuthis boeckhi (Stirzenbaum, 1875)—the size reconstruction based on the phragmocone angle and size extrapolation. The
largest specimen does not possess a “body chamber”, therefore, the approximated size may exceed 35 cm
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Fig. 7 A-D, Mojsisovicsteuthis boeckhi (Stirzenbaum, 1875), Bakony (Hungary), Anisian, Reitzi Zone. A Specimen No. T.3206 with preserved final
chamber in lateral view. B Specimen No. T.81 with preserved final chamber in lateral view. The constriction of the last septum prior the final
chamber is well seen in both specimens. C-D Specimen No. T.255. C lateral view; D detail of the septum attachment to the phragmocone wall. E-L
Breviconoteuthis aff. breviconus, upper Anisian, lower lllyrian, Podhradie, Slovakia. E Ventral view; F, G lateral views demonstrating backwards inclined
septa; H dorsal view; 1, J cross section at the apical part; J position of the siphuncle; K, L micro-CT imaginations; K longitudinal section in lateral
view; L longitudinal section in dorso-ventral view. Specimen No. KGP-PO-001. M Breviconoteuthis breviconus (Reis, 1907), original of Rieber (1974:
Fig. 3), upper Anisian, Besano Formation, Monte San Giorgio, Switzerland. N, O. Zugmontites mojsisovicsi Reis, 1907, holotype, No. 1901-I1-508, upper
Anisian, Wettersteinkalk, Austria. N Lateral view; O dorso-ventral view. Scale bar equals 1 cm
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compressed phragmocone, a well developed lateral lobus,
and a chamber distance ranging from 4 to 12 mm. The
chamber distances just prior the final chanber are signifi-
cantly constricted (in specimen T.81 ~3 mm).

Recently, Voros et al. (2022) published record of cepha-
lopod fauna from the Middle Anisian locality Akol Hill
at Barnag (Hungary) including specimen described as
Mosjsisovicsteuthis sp. The specimen clearly differs from
our material by having significantly more densely spaced
septa.

Specimens similar to Slovakian specimen and referred
to genus Ausseites (Flower, 1944; rejected as nomen
dubius by Mariotti et al., 2021) were figured by Ozdemir
(1975) from Ladinian/Carnian transition of Koaceli
(Turkey). A. bilhynicus (Arthaber, 1915) resembles our
specimen in shape, but the apical angle is higher in A. bil-
hynicus (~20-21°).

Remarks: The relatively large size (up to 30 cm) of the
phragmocone (Fig. 6) is comparable to larger specimens
of aulacoceratids. The reconstruction of the length is
based on the stability in the phragmocone angle in all
ontogenetical stages studied.

Stratigraphy and palaeogeography: M. boeckhi is
known from the Anisian—Ladinian strata of the Alpine-
Carpathian-Dinaridic  region  (Trinodosus—Lomelli
zones; Alma, 1926). Apart of the here described material,
it is reported from Wettersteinkalk in Germany (Reis,
1901), Austria (Alma, 1926—Schreyeralmkalke, Mar-
molatkalke; Schnetzer, 1934—Muschelkalk), Italy (Mar-
molada—Salomon, 1895; Monte Clapsavon—Canavari,
1890), Montenegro (Martelli, 1904), ?Romania (Brasov,
Ladinian, see on-line report: https://formatiunigeolo
gice.igr.ro/formatiune/42), Hungary (Stiirzenbaum, 1875;
Voros, 1987, 2018), Bosnia and Herzegovina (Kraus,
1916; von Hauer, 1888), Greece (Renz, 1909), Bulgarian/
Romanian borders (Dobrudzha; Biillow-Trummer, 1920)
and ?Turkey (Koaceli—Ladinian/Carnian transition;
Ozdemir, 1975). Smith (1914) reported M. boeckhi from
the Trinodosus Zone of North America. However, these
old records (predominantly attributed to “Atractites
boeckhi” or ?Ausseites in the latter case) were not stud-
ied/verified by the authors of this article.

Crown Neocoleoidea Haas, 1997 (proostracum-bearing
coleoids)

Order Phragmoteuthida Mojsisovics, 1882

Genus Breviconoteuthis Rieber, 1973

M. Kostak et al.

Type species: Atractites breviconus Reis, 1907; p. 148, pl.
3. fig. 3 by monotypy.

Diagnosis (after Fuchs & Donovan, 2018): Phragmo-
cone very small to small, brevi- to slightly cyrtoconic,
circular in cross section, apical angle 38°-40°; ratio of
chamber length to diameter about 0.15; pro-ostracum
three-lobed, longer than phragmocone, anterior median
field rounded; siphuncle marginal; rostrum unknown.

Diagnosis (emended): Phragmocone very small to small
sized, brevi- to slightly cyrtoconic, circular in cross
section, apical angle 30-40° ratio of chamber length
to diameter between 0.15-0.25; pro-ostracum three-
lobed, longer than phragmocone, anterior median field
rounded; siphuncle marginal; rostrum unknown.

Stratigraphic and geographic occurrences: So far
known only from the upper Anisian (Wettersteinkalk)
of Austria (Tyrol), Switzerland (Fuchs & Donovan, 2018)
and Slovakia (Anisian—lower Illyrian; this paper).

Remarks: Breviconoteuthis and the slightly younger
genus Phragmoteuthis Mojsisovics, 1882 (Carnian), the
eponym of the order Phragmoteuthida, share a three-
lobed proostracum morphology. Therefore, both genera
can presently be distinguished only by phragmocone
characters. The phragmocone of Breviconoteuthis dis-
plays a ventral curvature that is so far unknown in
Phragmoteuthis.

The genus Zugmontites Reis, 1907 (upper Anisian) is
based on a single specimen whose phragmocone param-
eters are close to those of Breviconoteuthis. Fuchs and
Donovan (2018) interpreted Zugmontites as a putative
phragmoteuthid owing to the absence of a proostracum.
Due to the lack of available specimens, it can be presently
not excluded that Zugmontites mojsisovicsi Reis, 1907,
the type spieces of Zugmontites, is identical to Brevicono-
teuthis breviconus. One feature delimiting the two type
species might be the ventral curvature that seems to be
more distinct in Breviconoteuthis than in Zugmontites.

Breviconoteuthis aff. breviconus (Reis, 1907)

(Fig. 7E-L).

Studied material: A single specimen from the local-
ity Podhradie (Slovakia, No. KGP-PO-001; stored at
Comenius University in Bratislava). The specimen
was compared to the type material—e.g. B. breviconus
(No. PIMUZ M12; Fig. 7M) stored in the Paldontolo-
gisches Institut und Museum der Universitdt Ziirich,
Switzerland; and Zugmontites mojsisovicsi Reis, 1907
(No. 1901-1I-508; Fig. 7N-O) stored in the Bayerische
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Staatssammlung fiir Paldontologie und Historische Geol-
ogie Miinchen, Germany.

Locality: Podhradie (GPS 48°39" 27.2” N 18° 03" 11.2”
E), eastern part of the Povazsky Inovec Mts.

Description: The specimen represents a steinkern of a
brevi- to slightly endogastric cyrtoconic phragmocone.
Its apical angle measures 34° in dorsoventral and 32° in
lateral views. Neither mineralized (e.g., conotheca, septa,
sheath) nor nonmineralized shell material (e.g., proostra-
cum) is preserved. Also, the ontogenetically oldest cham-
bers are missing. The preserved part is up to 65 mm long
and 45 mm wide and includes 11 chambers. Therefore,
the phragmocones diameter seems to be dorsoventrally
flattened; at least in the ontogentically youngest cham-
bers. Annular constrictions on the outer surface, which
correspond to former mural ridges, suggest a septal dis-
tance that gradually increases from 4 mm (apical part) to
8 mm at the anterior part. The ratio chamber length to
chamber diameter varies from 0.19 to 0.23 (average 0.22).
The sutures are unusually inclined towards the venter
(backwards inclined). They appear to be simple without
lobes or saddles. In ventral view, one can recognize a lon-
gitudinal depression that likely correlates with the former
position of the siphuncle. This observation implicates
that the septal necks were in contact with the inner sur-
face of the conotheca, which in turn suggests a marginal
rather than a submarginal siphuncle. There is no evidence
of a longitudinal keel along the dorsum.

Comparisons: In having a brevi- to slightly cyrtoconic
phragmocone (Fig. 7M herein), the here reported Brevi-
conoteuthis aff. breviconus is similar especially to the
holotype of Breviconoteuthis breviconus Rieber, 1973.
Taking into consideration that our specimen might
have suffered a faint compaction, their apical angles do
not differ significantly. Major differences between our
Breviconoteuthis aff. breviconus and Breviconoteuthis
breviconus concern the chamber distance (longer in our
specimen ~4-8 mm vs. 2-3 mm in the holotype) and
in the siphuncle characteristics (its wider cross-section
in our specimen). The inclination of the septa, which is
backward in our specimen, might represent the main dif-
ference, but this character is unfortunately poorly known
in the type specimens.

Mojsisovics (1871, tab 2, fig. 9) described a simi-
lar taxon Aulacoceras ellipticum. The figured speci-
men resembles Breviconoteuthis aff. breviconus in the
septal and cameral arrangement (cf. Fig. 7E, F). How-
ever, the chamber distances are visibly larger in B.
aff. breviconus. Furthermore, A. ellipticum is laterally
compressed (in this respect, it more resembles genus
Mosisovicsteuthis, see above), whereas B. aff. breviconus
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is dorsolaterally flattened. Regarding this aspect, A.
ellipticum may represent another and younger Brevi-
conoteuthis species (Austriacum Zone, Carnian; Moj-
sisovics, 1871), although the lateral compression also
links this specimen to Zugmontites (Fig. 7N, O, herein).

The slight phragmocone compaction may have
resulted in different compressions of phragmocones in
several phragmoteuthid taxa. We assume our specimen
might be slightly dorso-ventrally flattened, therefore,
the original cross-section should actually be more cir-
cular. However, the compression is very slight as it is
seen in septal shapes, showing no significant deforma-
tion (Fig. 7 K, L).

Stratigraphy and palaeogeography: The species is
known from the Middle Triassic (upper Anisian) of Swit-
zerland, Austria (Fuchs & Donovan, 2018) and Slovakia
(this report). Here, it comes from dark-grey to black bio-
detritic limestones of the Rédztoka Limestone Member of
Zamostie Limestone Formation, dated to lower Illyrian
(upper Anisian), uppermost part of the Trinodosus Zone
(Pseudohungaricum Subzone)—lowermost part of the
Reitzi Zone.

Palaeobiogeographic distribution of recorded coleoids
is shown on the Fig. 8.

Overall cephalopod diversity

Cephalopod diversity at locality Podhradie consists of:
Coleoids—aulacoceratids (probably 1 taxon—too frag-
mentarily preserved), Breviconoteuthis aft. breviconus, 2
nautiloid species (indetermined), and 7 ammonoid spe-
cies (see above). Taxonomically (at species levels), cole-
oids represent 18% of the cephalopod fauna.

Cephalopod diversity at locality Harmaneckd Cave—
Kozelnik (same lithostratigraphical unit): Coleoids—
Mojsisovicsteuthis boeckhi, 1 indetermined aulacoceratid
specimen, 1 nautiloid species (indetermined), 4 ammo-
noid species (see above). Coleoids taxonomically (at spe-
cies levels) represent 29% of the cephalopod fauna.

Rather scarce fossil record of coleoids, however, sup-
ports overall high Anisian cephalopod diversity including
ammonoids, nautiloids and coleoids at equal time and
space.

Palaeoenvironment

The limestones of the Réztoka Limestone Member are
represented by filament, filament-crinoidal, crinoid-
bivalve-gastropod to crinoidal microfacies. Part of the
bioclasts was produced on a shallow-water carbonate
platform, from where it was redeposited to the sedimen-
tation area of these limestones at the platform periphery,
probably situated on subsiding tectonic blocks (Havrila
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Fig. 8 Palaeobiogeographic distribution of genera Mojsisovicsteuthis and Breviconoteuthis (Anisian-Carnian). While Mojsisovicsteuthis (larger
straight phragmocone) shows large geographic distribution, the genus Breviconoteuthis (smaller phragmocone) is known only from few sites

in the Alpine-Carpathian system

et al.,, 2016). Relatively shallow-water neritic environment
probably at the margin of neritic carbonate platform for
the Réztoka Limestone was also proposed in the type
area of this member in Nizke Tatry Mts by Kochanova
and Michalik (1986), however here the limestones bear
a frequent distinct lamination possibly revealing cross
and ripple mark (?)-bedding, the features unknown in the
studied localities.

The geochemical record unambigenously provided
organic mater linked to a rich algae cover. The samples
contained about 0.005% of extractable matter that cor-
responded with the low total organic carbon contents
(Additional file 1: Table S2). In the extracts, n-alkanes
ranging from n-C,, to n-C,y, isoprenoid coumpounds
including pristane (Pr) and phytane (Ph), fatty acids and
their esters were identified. n-Alkanes in sediments can
generally come from multiple sources and are consid-
ered important biomarkers for terrestrial higher plants,
algae and bacteria (Peters & Moldowan, 1993). For short-
chain n-alkanes in the C,;—C,, range, that were identi-
fied, aquatic algae and/or bacteria can be considered as
primary input sources. However, they generally produce
n-alkanes with an odd number of carbons, such as n-C;,
n-C,,, and n-C,, (Cranwell et al., 1987), and such obvious
odd-even carbon predominance was not observed in the
studied sediments. A likely explanation for this anoma-
lous distribution could be diagenetic reduction of n-fatty
acids under reducing conditions (Simoneit, 1977) or a
highly saline carbonate environment (Pearson & Obaje,
1999).
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Fig. 9 Plot of Pr/n-C,; versus Ph/n-C, cross plot showing the source
and depositional environments of the natural samples (from Beds 3, 6
and 7, locality Podhradie)

Next to the #-alkanes, also the saturated (14:0, 16:0, and
18:0), monounsaturated (16:1 and 18:1), and the polyun-
saturated (18:2) fatty acids were identified. The shorter-
chain fatty acids are produced by all plants, but they are
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Fig. 10 A Reconstruction of cephalopod habitat within Western Carpathian Raztoka Limestone, lllyrian Trinodosus—Reitzi Zones. Reconstruction:
Petr Modlitba, with courtesy of author. B 1. Nautiloids. 2. Diverse ammonoids. 3. Aulacoceratids. 4. Mojsisovicsteuthis. 5. Breviconoteuthis. The benthic
fauna is composed by abundant crinoids, echinoids, bivalves and brachiopods. Algae meadows are supposed based on geochemical data. C
Fragment of partly tectonically deformed phragmocone of undetermined aulacoceratid; scale bar equals 1 cm

the dominant lipid components of algae and bacteria
(Ervin, 1973; Simoneit et al., 1979; Wang & Liu, 2012).
These isoprenoids are used to estimate redox condi-
tions (Didyk et al., 1978), since pristane is believed to
be generated by an oxidative pathway, while phytane
is generated by reductive pathways. The graph of the
dependence of Ph/n-C,; on Pr/n-C,, is used to provide
information on the depositional environment, relative
maturity and possible diagenetic processes. For the stud-
ied samples, the graph shows that the starting material

was seaweed, which was preserved in a reducing environ-
ment (Fig. 9).

The whole combination in the samples of identified
compounds: n-alkanes, isoprenoids and fatty acids, along
with their specific distribution, is indicative of organic
matter coming from an algal source. No traces of any
other source of organic material were found.

Based on palaeontological, sedimentological and
geochemical records, we have reconstructed deposi-
tional environment and cephalopod diversity during
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Fig. 11 Detailed reconstruction of the sea-bottom rich in algae, sponges and crinoid meadows, showing also the common presence of conodonts
and a representative of coleoid cephalopod. Petr Modlitba, with courtesy of author

the sedimentation of dark-grey organodetritic crinoidal
limestones (Figs. 10, 11). Additional geochemical records
showed the presence of organic matter linked to abun-
dant algae. We suppose the algal cover played an impor-
tant role on the former shallow carbonate platform and
its subdiding peripheries, where the studied localities

were situated in that time. Observed redeposits from the
adjacent shallow-water carbonate platform document a
continuous connection of the sedimentation area of Réz-
toka Limestone with this high productivity environment.
The algae vegetation in the Anisian may, with question
mark, resemble significantly shallower-water sea-grasses
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which occurred at the end of Cretaceous Period (Forsey,
2019; van der Ham et al., 2007). These conditions were
probably suitable spots of cephalopod diversity and dis-
parity, as we can see in Carpathian localities.

Conclusions

We report the first records of Triassic (non-aulacocer-
atid) coleoid cephalopods in the Western Carpathians,
which are precisely biostratigraphically calibrated. Based
on ammonites and conodonts, we confirmed the Mid-
dle Triassic—upper Anisian (Illyrian age): lower Illyrian
(upper Anisian), uppermost part of the Trinodosus Zone
(Pseudohungaricum Subzone)—lowermost part of the
Reitzi Zone (Felsoeoersensis Subzone?).

Breviconoteuthis shows endemic character linked
exclusivelly to the Alpine region and is firstly described
from Carpathian system. The rare and enigmatic genus
Mosjsisovicsteuthis has been recorded in the same strata
and environment, its anatomy has been specified based
on comparable material from Hungary (the type material,
including the holotype) and the overal size of species M.
boeckhi was reconstructed.

We concluded that Mojsisovicsteuthis resembles aula-
coceratids in some aspects (size, “body chamber), how-
ever, differences are also obvious (see above). The similar
size of the phragmocone within two distinct taxa living in
the same time and occupying same habitat suggests par-
allel and/or convergent evolution.

The occurrence of Breviconoteuthis, Mojsisovicsteuthis
and aulacoceratids in the same strata and environment is
typical for the Middle Triassic of the Alpine region (Rie-
ber, 1973; Pohle & Klug, 2024) and demonstrates the co-
existence of (at that time) highly, moderately, and merely
advanced coleoids. Especially the intermediate morphol-
ogy of Mojsisovicsteuthis is of particular interest. This
taxon may represent an evolutionary experiment (?or
a transitional stage) in the Middle Triassic and may be
rised to higher systematic rank in the future).

Breviconoteuthis aff. breviconus probably represents a
new species of genus Breviconoteuthis. We here refrain
from erecting a new taxon until new and better preserved
specimens are available.

The field research revealed diverse cephalopod fauna
including ammonoids, nautiloids and coleoids. This
quite unusual diversity seems to be linked to the suit-
able habitats including crinoid/algae meadows rich in
benthic fauna. The source apportionment on the basis
of n-alkanes, isoprenoids and fatty acids suggests that
the soluble organic matter was originated from a source
rich in marine algae. The sea-bottom palaeoenviron-
ment is interpreted herein like a tectonically induced
subsiding periphery of a shallow-water carbonate plat-
form with rich algae vegetation probably resembling
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later sea-grasses, however, formed by different plants at
shallower depth. In this point we assume that at least
some coleoids were linked to this type of environment
already in the Triassic. However, this assumption needs
to be tested in the future.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513358-024-00316-7.

Additional file 1. Table S1: Specimens of M. boeckhi with measured
parameters. L — length of preserved part of the phragmocone; HF (A) -
height of the phragmocone at the apical part of preserved phragmocone;
HF (LPCh) - height of the phragmocone at the last preserved chamber.

W — maximum width of the phragmocone; NPCh — number of preserved
chambers; HCh (A-LPCh) — height of chambers, from apical part to the
last preserved chamber. All measured data are in (mm), angle in degrees.
*estimated; ** height of the preserved "body chamber”. Table S2: SOM

= soluble organic matter; TOC = total organic carbon. Additional file
Fig/movie 1A: Micro-CT visualisation (movie) of longitudinal sections of
specimen Breviconoteuthis aff. breviconus documenting character of the
septa and their attachment to the wall of the phragmocone. Additional
file Fig/movie 1B: The 3D micro-CT visualisation (movie) of the specimen
Breviconoteuthis aff. breviconus from locality Podhradie. Fig $2: Total ion
chromatograms. All peaks represent an organic compound and the peak
area corresponds to the concentration of the compound. As it is well seen,
all three chromatograms from three Beds (1-3, samples TO 7-9) are almost
identical indicating a very similar content of organic matter produced by
algae.
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