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Osszefoglalds

A K67épsd Barremi Esemény felismerése a Dundntili-kozéphegységben és
az azzal egykortu Leptoceratoididae ammoniteszek revizidja

Jelen munkankban a Leptoceratoididae-csaldd kora és késé barremiben élt képviselSinek magyarorszagi elterjedését
vizsgaltuk, valamint azokat a kornyezeti tényezdket igyekeztiink megkeresni, amelyek hatdst gyakorolhattak a csoport
gyakorisdgdra, diverzitdsara és paleodkoldgidjara. Ezen ammoniteszcsaldd példanyai két hazai lel6helyrdl keriiltek eld:
a Bersek-hegy (Gerecse hegység) két szelvényébdl és a Stimeg Siit-17 firasbol (DéEli-Bakony).

Legfontosabb rétegtani eredményiink a Bersek-hegy barremi rétegeirdl késziilt korabbi rétegoszlopok adatainak in-
tegraldsa és a Leptoceratoididae csalad képviselGinek eltérs rétegtani elterjedésének a demonstraldsa. Az altalunk létre-
hozott rétegoszlop korabbi szerzok rétegszamait korreldlja egymadssal, valamint sajat geokémiai és nannofosszilia minta-
inkkal. Ez a kompozit rétegsor nagy pontossdggal haszndlhat6 a Toxancyloceras vandenheckii Z6ndban, valamint meg-
bizhat6é a Moutoniceras moutonianum Zénaban, viszont a Kotetishvilia compressissima Z6na alsé részében pontossidga
fenntartdsokkal kezelendd. Taxonémiai vizsgalatunk eredményeképp megéallapitottuk, hogy a Karsteniceras- és a Lepto-
ceratoides nemzetségek nem egymads szinonimdi. A Bersek-hegy szelvényeiben a Leptoceratoididae csalddot harom faj
képviseli részben eltérd rétegtani elterjedéssel: a Leptoceratoides balernaensis a M. moutonianum Zbénaban, a
Leptoceratoides pumilus t6ként a T. vandenheckii Zénaban fordul el6. Rétegtani elterjedésiik a M. moutonianum Zéna
fels6 részén fed csak at. A Karsteniceras ibericum aleggyakrabban el6fordulé faj, a K. compressissima Zéna alsé részétdl
a T. vandenheckii Z6na aljdig terjedd rétegtani elterjedéssel. A Stimeg Siit-17 furdsban a L. pumilus kizar6lagos tomeges
el6forduldsa mutathato ki. Azonban ez utébbi rétegsorban a M. moutonianum Zo6na rétegtani helyzete csak indirekt mé-
don éllapithaté meg.

A vizsgalt két lelShely faundjanak eltérését részben a rétegsorok eltérd 8sfoldrajzi helyzetével és ebbdl kovetkezben
eltér6 paleoceanografiai paramétereivel magyardzzuk, vagyis a kiilonboz6 6sfoldrajzi helyzett egykori medencék am-
moniteszei eltérd mdédon reagdlhattak a kornyezetvaltozdsra, illetve eltér§ kornyezeti igényeik lehettek. FeltételezhetGen
ezek az apré ammoniteszek is kiillonbozd okoldgiai igényekkel rendelkeztek, vagyis nem alkottak homogén csoportot.
Taxondmiai eredményeinket Gskornyezeti keretbe helyezve arra a kovetkeztetésre jutottunk, hogy a Bersek-hegyi el6for-
dulés kapcsan a kiilonbozE belemniteszcesoportokon korabban mért stabil szénizotop gorbe hirtelen +1%o kilengése a M.
moutonianum Z6néban a Kozépsé Barremi Eseményt (KBE) jelzi. A gyors kdrnyezetvaltozassal 6sszefiiggé melegedés-
re utal a stabil oxigén izotdp -1,5%o feletti valtozdsa is. Ekkor a szdrazulatok feldl a gerecsei iiledékgydjtdbe juté megno-
vekedett szerves anyag mennyisége, és az ezt valdszintileg kovetd primer produktivitds novekedése dyzoxikus kornyeze-
tet idézhetett el6 a medence aljzatdn. A megndvekedett szerves anyag mennyiségét a Leptoceratoididae csalad képvise-
161, valamint mds epipeldgikus zonaban é16 ammoniteszek jol tolerdlhattak, mig bizonyos csoportok hidnyoznak ebbdl a
rétegosszletbdl.

Tdargyszavak: Leptoceratoididae; Kozépsd Barremi Esemény, Dundntili-kozéphegység, Magyarorszdg

Abstract

Here the distribution of criocone members of the family Leptoceratoididae that proliferated during the early and late
Barremian are investigated. We attempted to identify environmental factors that may have influenced the abundance,
diversity and palaeoecology of the group. Specimens of this ammonite family were found at two Hungarian localities: the
Bersek Hill (Gerecse Mountains) and the Stimeg Siit-17 drill core (Southern Bakony).

Our most important stratigraphic result is the integration of stratigraphic frameworks of different autors from the
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Bersek Hill section which enabled us to precisely evaluate the stratigraphic distribution of this ammonite family. This
integrated stratigraphy can be used with high accuracy for the Toxancyloceras vandenheckii Zone and is reliable for the
Moutoniceras moutonianum Zone, but its accuracy for the lower part of the Kotetishvilia compressissima Zone is less
stable. Our taxonomic analysis confirmed that Karsteniceras and Leptoceratoides should be kept as separate genera. In
the Bersek Hill sections, family Leptoceratoididae is represented by Karsteniceras ibericum as the most common species
found in basal K. compressissima to basal T. vandenheckii Zones. Leptoceratoides balernaensis occurs in the M.
moutonianum and Leptoceratoides pumilus occurs mainly in the 7. vandenheckii Zone. Their stratigraphic occurrence
displays that only a few beds overlap at the top M. moutonianum Zone. In the Siit-17 borehole, the family is monospecific
with L. pumilus occurrences. Unfortunately, the stratigraphic position of the Moutoniceras moutonianum Zone in Siit-17
borehole could only be inferred indirectly. Local response of Leptoceratoididae to the Mid Barremian Event shows spatial
distribution patterns and resulted in different assemblage composition between the two localities. Discussion on lifestyle
and paleoecology of criocone Leptoceratoididae ammonites is presented. Comparing our paleontologic findings to previ-
ously measured stable isotope data on belemnite rostra from Bersek Hill, we suggest that within the Moutoniceras
moutonianum Zone, a sudden +1%o shift in the stable carbon isotope excursion indicates the Mid Barremian Event
(MBE). The -1.5%o shift in the stable oxygen isotope excursion also indicates warming associated with rapid environ-
mental change. During this time interval, increased organic matter might have entered into the Gerecse basin that could
have induced increased primary productivity, hence dysoxic environment on the ocean floor. The increasing organic
matter content was probably well tolerated by members of the family Leptoceratoididae and by other ammonite taxons

that might have lived in the epipelagic zone, while certain groups of ammonites are missing from these strata.

Keywords: Leptoceratoididae; Mid Barremian Event, Transdanubian Range, Hungary

Introduction

In the past few decades, several new achievements were
accomplished on the investigation of Lower Cretaceous de-
posits and their fauna of the Transdanubian Range including
the Bersek Hill quarry (F6zy & FoGarasi 2002; FOzy et al.
2002; JANSSEN & F6zy 2003, 2004, 2005; F6zYy & JANSSEN
2009; Fozy 2017, 2024; BAINAI et al. 2017; LODOWSKI et al.
2022). These authors provided new additions to the classical
geological compilations (FULOP 1958, HaAs et al. 1985).
Related to the Bersek Hill quarry, detailed faunal lists of the
sequence were given, which defined its Valanginian—Bar-
remian age. Paleontologic, geochemical and stratigraphic
data were combined into multiproxy analysis, and the Va-
langinian Weissert Event was reported (Bajnai et al. 2017).
Moreover, a detailed integrated bio- and chemostratigraphy
was carried out on the Barremian strata, where stable '*O and

BC isotopes were measured from different belemnite taxa
together with Mg/Ca ratios (PRICE et al. 2011).

Although the macrofauna of this locality is well docu-
mented (see references above), there are still faunal ele-
ments — including tiny heteromorph Leptoceratoididae —
which are less investigated. During our previous work on
Cretaceous deposits of Hungary (Szives et al. 2007) one of
us encountered two sequences in the Transdanubian Range
where enrichments of tiny heteromorphs of Barremian age
were detected. Appearance of this group is linked to certain
paleoenvironmental perturbations (LUKENEDER & TANABE
2002); however, their ecology and periodic mass occur-
rences in the paleontologic record is still obscure.

Scientific interest on global scale is focussed on the en-
vironmental and climatic changes of the Earth, and some of
them can be traced in the deep past as well with the tools of
geochemistry and paleontology. One of the less known en-
vironmental changes is called ,,Mid Barremian Event (MBE)”
by Cocciont et al. (2003), who documented a thin black
shale level from the Umbria—Marche Basin (UMB, Italy)

and associated a 0.5 per mil positive shift in the carbon
isotope values in addition to certain biotic turnovers. This
observed event occured in the Moutoniceras moutonianum
standard Mediterranean ammonite Zone (SZIVES et al. 2023).
Within this ammonite zone, a significant enrichment of tiny
heteromorph ammonites (Karsteniceras ternbergense LuU-
KENEDER & TANABE 2002) from family Leptoceratoididae of
Barremian age was also observed first by LUKENEDER &
TANABE (2002); however, reports on this family are very
sporadic worldwide (Fig. 1). These enrichment levels are

— Figure 1. Occurrences of family Leptoceratoididae (rectangle)
and records of the MBE (circle) from the Tethyan and Boreal regions
(A), and other paleogeographic realms (B) (Barremian paleomaps are
modified after SCOTESE, 2014).

Numbers refer the following locatilies: (A) 1, England (Speeton) (MUTTER-
LOSE et al. 2009); 2, North Germany (Letter, Gott, A39, Roklum) (MUTTERLOSE
et al. 2009; MALKOC & MUTTERLOSE 2010); 3, Silesia (Czech Republik) (UHLIG
1883; VASICEK 1972, 1979, 1999; VASICEK & WIEDMANN 1994; VASICEK & KLAJ-
MON 1998); 4, Veveyse (Switzerland) (OOSTER 1860; SARASIN & SCHONDEL-
MAYER 1902; VASICEK & WIEDMANN 1994; BUSNARDO et al. 2003; VASICEK &
HOEDEMAEKER 2003a); 5, Inner Carpathians (Slovakia) (VASICEK & WIEDMANN
1994); 6, Southern- and Eastern Carpathians (Romania) (AvRaM & Kusko
1984; VASICEK & WIEDMANN 1994; AvrRaM 1999); 7, SE France (Angles, Cluses)
(VASICEK & WIEDMANN 1994; KAKABADZE & HOEDEMAEKER 1997; VERMEULEN
1998; WissLER et al. 2002; BUSNARDO et al. 2003; GODET et al. 2006; BoDIN et al.
2009; Huck et al. 2013; MARTINEZ et al. 2023); 8, Kraptshene (Prebalkan Mts.,
Bulgaria) (MANOLOV 1962; DIMITROVA 1967; VASICEK & WIEDMANN 1994); 9,
Swiss Alps and Southern Alps (RIEBER 1977; LUKENEDER & GRUNERT 2013); 10,
Austria (WIEDMANN 1978; VASICEK & WIEDMANN 1994; LUKENEDER & TANABE
2002; LUKENEDER 2003, 2005, 2007); 11, SE Spain (FALLOT & TERMIER 1923;
VASICEK & WIEDMANN 1994; VASICEK & HOEDEMAEKER 2003a; COMPANY et al.
2005; AGUADO et al. 2014, 2022; MATAMALES-ANDREU et al. 2019; MARTINEZ et
al. 2020, 2023); 12, Stimeg Siit-17 drill core (Hungary) (Haas et al. 1985); 13,
Bersek Hill (Hungary) (FULOP 1958; NAGY 1967; JANSSEN & F6zy 2005; Fozy &
JANSSEN 2009); 14, Vezirhan (Turkey) (YILMAZ et al. 2012); 15, Italy (CocCIONI
et al. 2003; SPROVIERI et al. 2006; Huck et al. 2013); 16, NE Tunisia (TALBI et al.
2021); (B) 17, Cuba (MyczyNsKI & TRIFF 1986; MYCZYNSKI 1977; VASICEK &
WIEDMANN 1994); 18, Colombia (RoYo Y GOMEZ 1945; ETAYO-SERNA 1968;
VASICEK & WIEDMANN 1994; KAKABADZE & HOEDEMAEKER 1997; VASICEK &
HOEDEMAEKER 2003b); 19, Trinidad (IMLAY 1954; VASICEK & WIEDMANN 1994);
20, Cape Verde (Maio) (STAHLECKER 1935; VASICEK & WIEDMANN 1994; Cas-
SON et al. 2020); 21, Japan (YABE et al. 1927; MATSUKAWA 1987, 1988, 2019,
2022; VASICEK & WIEDMANN 1994; OBATA & MATSUKAWA 2007); 22, Argentina
(Neuquén Basin) (AGUIRRE-URRETA & RAWSON 2012).

— [. dbra. Leptoceratoididae-csaldd elterjedése (rombusszal jelolve)
és a Kozépso Barremi Esemény (korrel jelolve) megjelenése a tethysi és a
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boredlis teriileteken (A), valamint a Leptoceratoididae csalad Europdn kiviili elterjedése (B) (barremi paleotérkép SCOTESE
2014 utdan modositva).

A szdmok a kivetkezé foldrajzi elterjedéseket jelilik: (A) 1, Anglia (Speeton) (MUTTERLOSE et al. 2009); 2, Eszak Németorszdg (Letter,
Gott, A39, Roklum) (MUTTERLOSE et al. 2009; MALKOC & MUTTERLOSE 2010); 3, Szilézia (Csehorszdg) (UHLIG 1883; VASICEK 1972, 1979, 1999;
VASICEK & WIEDMANN 1994; VASICEK & KLAIMON 1998); 4, Veveyse (Svdjc) (OOSTER 1860; SARASIN & SCHONDELMAYER 1902; VASICEK & WIED-
MANN 1994; BUSNARDO et al. 2003; VASICEK & HOEDEMAEKER 20034); 5, Belsé-Kdrpdtok (Szlovdkia) (VASICEK & WIEDMANN 1994); 6, Déli- és
Keleti-Kdrpdtok (Romdnia) (AvRam & Kusko 1984; VASICEK & WIEDMANN 1994; Avekam 1999); 7, Délkelet-Franciaorszdg (Angles, Cluses)
(VASICEK & WIEDMANN 1994; KAkABADZE & HOEDEMAEKER 1997; VERMEULEN 1998; WISSLER et al. 2002; BUSNARDO et al. 2003; GODET et al.
2006; BobiN et al. 2009; HUck et al. 2013; MARTINEZ et al. 2023); 8, Kraptshene (Balkdn-hegység elotere, Bulgdria) (MANOLOV 196 2; DIMITROVA
1967; VASICEK & WIEDMANN 1994); 9, Svdjci-Alpok és Déli-Alpok (RIEBER 1977; LUKENEDER & GRUNERT 2013); 10, Ausztria (WIEDMANN 1978;
VaSICEK & WIEDMANN 1994; LUKENEDER & TANABE 2002; LUKENEDER 2003, 2005, 2007); 11, Délkelet-Spanyolorszdg (FALLOT & TERMIER 1923;
VASICEK & WIEDMANN 1994; VASICEK & HOEDEMAEKER 2003a; CoMPANY et al. 2005; AGUADO et al. 2014, 2022; MATAMALES-ANDREU et al. 2019;
MARTINEZ et al. 2020, 2023); 12, Siimeg Siit-17 fiirds (Magyarorszdg) (Ha4s et al. 1985); 13, Bersek-hegy (Magyarorszdg) (FULOP 1958; NAGY
1967; JANSSEN & Fozy 2005; Fozy & JANSSEN 2009); 14, Vezirhan (Torokorszdag) (YiLmAz et al. 2012); 15, Olaszorszdg (Coccion et al. 2003;
SPROVIERI et al. 2006; HUCK et al. 2013); 16, Eszakkelet-Tunézia (TaLsI et al. 2021); (B) 17, Kuba (Myczynski & TRIFF 1986; Myczynski 1977;
VASICEK & WIEDMANN 1994); 18, Kolumbia (RoYo Yy GOMEZ 1945; ET4Y0-SERNA 1968; VASICEK & WIEDMANN 1994; KAKABADZE & HOEDEMAEKER
1997; VaSicEK & HOEDEMAEKER 2003b); 19, Trinidad (IMLAY 1954; VASICEK & WIEDMANN 1994); 20, Zild-foki Koztdrsasdag (Maio) (STAHLECKER
1935; VASICEK & WIEDMANN 1994; Casson et al. 2020); 21, Japdn (YABE et al. 1927; MaTsukawa 1987, 1988, 2019, 2022; VASICEK & WIEDMANN
1994; OBaTA & Marsukawa 2007 ); 22, Argentina (Neuquén-medence) (AGUIRRE-URRETA & RawSON 2012).
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named as “Karsteniceras Level” by LUKENEDER (2003, 2005)
and are possibly linked to an environmental perturbation,
which resulted in dysaerobic conditions. This is inferred
from their age, which may fit the stratigraphic extent of the
MBE (LUKENEDER & TANABE 2002; LUKENEDER 2007)
within the M. moutonianum Zone. Organic-rich levels did
not always form during the MBE, but they were recently
interpreted as episodes of regional expansion of the oxygen
minimum zone (MARTINEZ et al. 2020, FOLLMI 2012).

The ecologic affinities of the family Leptoceratoididae
of mainly Barremian age are not straightforward and their
possible connection with the Mid Barremian Event is still
unlcear; however, their mass occurrence was observed to be
in the middle Barremian (LUKENEDER 2003, 2005, 2007).
RIEBER (1977) considered Leptoceratoididae to be a nekton,
VASICEK & WIEDMANN (1994) considered them to be a group
living and grazing within the algal mats, while WESTER-
MANN (1996), due to the shape of the fragile small shell,
suggested a pseudoplanktonic or planktonic lifestyle in con-
trast to feeding on the shallow neritic waters.

Based on these previous observations, we present the
first complete account of Hungarian representatives of the
family with a precise stratigraphy, together with giving a
taxonomic revision of the fauna. Furthermore, we attempt to
link Leptoceratoididae occurrences to the MBE on the basis
of the stable isotope curve measured from belemnites of the
Bersek Hill (PrICE et al. 2011). Moreover, we also outline
and discuss the spatial and temporal abundance and diver-
sity changes of this family with regards to paleoecologic and
paleoenvironmental factors.

Geological background

Levels with members of family Leptoceratoididae were
found within Barremian sediments of the Bersek Hill and
the Siimeg Siit-17 drill core, situated in the Transdanubian
Range, Gerecse and Bakony mountains, respectively (Fig.
2A). Related to their previous paleogeographic position (Fig.
2B), both sections are within the ALCAPA (acronym from
Alps, Carpathians and Pannonian Basin) terrain (CSONTOS
& VOROS 2004); however, these sections belonged to dif-
ferent segments of a foreland basin system (FODOR et al.
2013; Fopor & Fozy 2013, 2022; F6zy 2024).

Stimeg Siit-17 (Siit-17) drill core

To better understand the Southern Bakony basin, the
Hungarian Geological Survey drilled several boreholes in
the area including the Stimeg Siit-17 core in 1983, which is
situated within the town of Stimeg (Fig. 2A, B).

The extensively investigated core (HAAS et al. 1985)
starts with a Jurassic pelagic limestone which grades into a
Lower Cretaceous siliciclastic deposit called Stimeg Marl
Formation (SMF). The depositional environment was inter-
preted (HAAS et al. 1985) as a calm deep neritic zone below
the wave base. Upward increasing amount of terrigenious

material may be related to the southwestward movement of
the forebulge towards the Southern Bakony basin of the Sii-
meg area (FODOR et al. 2013; Fopor & Fozy 2013, 2022;
Fo6zy 2024). The SMF is rich in macro— and microfauna,
which also point to an open neritic environment (HAAS et al.
1985, BENCE et al. 1990, KNAUER 1996). According to the
most recent summary (CSASZAR & Haas 2023), this sedi-
mentary unit was deposited in a shallow bathyal depth.
Planispiral ammonites do not appear within the same
interval together with Leptoceratoididae, but otherwise are
relatively abundant in the Siit-17 core. Nevertheless, these
are beyond the scope of this work.

Bersek Hill guarry

Another sedimentary unit where Barremian tiny hetero-
morphs were found is situated in the Gerecse Mountains,
south from the small town of Léabatlan (Fig. 2A, B).

During the late Berriasian, in the Gerecse Basin a tur-
bidite system connected to a foredeep basin was established,
which caused the termination of carbonate sedimentation
much earlier than in the Bakony Mountains. This resulted in
the onset of a mixed siliciclastic—carbonate sedimentation in
the late Berriasian (SASVARI 2009, CSASZAR et al. 2012, Fo-
DOR et al. 2013, FODOR & F6zy 2013, SzTaNO et al. 2018, FO-
7Y 2024). The Lower Cretaceous “flysch” succession (KAz-
MER 1987, FOGARASI 19954, b) crops out in the northern wall
of a huge open pit quarry at Bersek Hill (Fig. 3).

The so-called Bersek Marl Formation (BMF, FOLOP 1958),
which represents the lower part of the clastic succession
(Fig. 3), crops outin the lowest level of the quarry. Its age is
early Valanginian to late Hauterivian based on its abundant
ammonite findings (F6zy 2017, 2024 and references within)
and rich in aptychi. During the Barremian, input of coarse
clastic material increased, and the marlstone deposition was
replaced by the deposition of the Labatlan Sandstone For-
mation (LSF, FULOP 1958). Ammonites are less frequently
found within this grey sandstone; however, its age was first
established on the basis of ammonites (F6zy 2017) as late
Hauterivian/early Barremian to earliest Aptian (Lb-36 drill
core, Fézy et al. 2002).

The boundary between the Bersek and Labatlan Forma-
tions (Fig. 3) is a greenish grey slump—fold unit (FOGARASI
1995a), which is a very important marker level observed
continuously (F6zy 1995, SzTaNO et al. 2018). This greenish
unit contains chaotically folded sandstone and marl layers,
deformed in the frontal part of an extensive slump (FOGA-
RASI 1995a, SZTANO et al. 2018).

The Léabatlan Sandstone Formation in the Bersek Hill is
comprised of rhytmic alternation of sandy beds and marly
intercalations (Fig. 3) interpreted as the margin of a tur-
bidite system (FOGARASAI 1995b, CsAszAR et al. 2012, SzTA-
NO et al 2018). The upward coarsening and thickening sand-
stone series with thick, massive, amalgamated sandstones
deposited on the progradational lobes and lobe complexes
(SztaNO 1990, FoDpOR et al. 2013). The deposition of LSF
was mostly controlled by gravity mass movements, mainly
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Figure 2. Geographic position of the investigated sections. (A): present day (green circles mark the localities), (B): during the early Aptian after CSONTOS & VOROS
(2004). Red star marks the Transdanubian Range, blue areas are deep oceanic basins, brown areas are shallower neritic water masses. Thrust fronts marked with

triangles, thrust zones with arrows. Continental areas are not coloured

2. dbra. Avizsgalt teriiletek foldrajzi elhelyezkedése. (A): napjainkban (zold korokkel jelélve), (B): valamint a kora apti sordn CSONTOS & VOROS (2004) utdn. A voros csillag
a Dundntiili-kozéphegységet, a kek teriiletek az oceani medencéket, a barna teriiletek a sekélytengeri ovezeteket jelolik. A takardfrontok haromszigekkel, mig a takaro

zondk nyillal vannak jelolve. A kontinentdlis teriiletek fehérek

turbidity currents and rarely debris flows, where the two dif-
ferent paleocurrent directions were from east to west and
northeast to southwest (in present direction) (FOGARASI
1995a, FODOR et al. 2013).

The depth of the basin is still debated, but on the basis of
nannofossil studies and sedimentry features, FOGARASI
(1995b) placed it between the aragonite (ACD) and calcite
compensation (CCD) depths. Based on foraminifers, Sz0cs
(2004) concluded that estimates of sea depth between ACD
and CCD came from a probable misinterpretation and the

lack of aragonite ammonite shells is not a depositional fea-
ture but is due to diagenetic processes. The Barremian pa-
leoposition of the Gerecse in a foredeep setting is in contrast
to that of the Bakony Mts, since the Bakony Mts was
probably located in the backbulge of the foreland basin
system (TARI 1994, FoDOR & FOzy 2022).

The upper part of the Lower Cretaceous sedimentary
cycle is missing from the early Aptian and upwards due to
the tectonism related to the Alpine orogeny (TARI 1994,
SASVARI 2009, FODOR & F6zy 2013, SZIVES et al. 2018)

Figure 3. The north wall of
the Bersek Hill quarry with
the sequence of the Labatlan
Sandstone Formation (LSF)
and the underlying Bersek
Marl Formation (BMF). The
boundary between the two
sedimentary units (greenish
grey slump-fold unit [base of
LSF] and BMF) is marked
with yellow line

3. dbra. A Bersek-hegy északi
oldaldban taldlhato szelvény
feltdrja a Labatlani Homokkd
Formdciot (LSF), valamint a
Jekii Berseki Mdrga Formdci-
ot (BMF). A két képzédmeny
hatdra (zoldessziirke, defor-
mdlt homokkd réteg [LSF ba-
zisa] és BMF kozott) sdarga vo-
nallal jelolve
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Material

Siimeg Siit-17 drill core

The Leptoceratoididae from Siimeg Siit-17 borehole have
been already depicted in the literature (HAAS et al. 1985). All
of the relatively abundant ammonites revealed in the Siit-17
core are shelled, among them 28 specimens were deter-
mined to belong to Leptoceratoididae, which were investi-
gated and photographed for taxonomic purposes. Our inves-
tigated heteromorph material is from between 257.5-297.4
meters, but in one level (263.6 m; core sample is archived as
K.12649), mass occurrence of specimens is observed. Speci-
mens were labelled with the exact depth of occurrence and a
repository number with “K.” prefix. To our knowledge,
futher collecting work is not possible as no surface outcrop
is present that reveals the Barremian part of the SLF.

Specimens are archived in the Cretaceous Collection of
the Geological Survey Collection Department belongs to
the Supervisory Authority of Regulatory Affairs (SARA)
governmental institution.

Bersek Hill quarry

A huge collection of more than 11,000 ammonite inter-
nal moulds were collected by the FULOP team and is infor-
mally called the “Fiilop Collection”, which contains hetero-

morph ammonites in great numbers (F6zy 2017), from
which more than two dozens belong to the family Lepto-
ceratoididae. These ammonites were collected in the early
1960’s from the A, B and E sections (Fig. 4). Accordingly,
specimens from the Bersek Hill are labelled with a letter (A,
B, E) and a number, where the letters refer to the exact
section and the numbers mean bed numbers.

All specimens are internal moulds, no shelled specimens
are found. The specimens are listed bed-by-bed in Appendix
1. During recent field work, five additional Leptoceratoidi-
dae remains (M. moutonianum Zone, T. vandenheckii Zone)
and 78 rock samples were collected (A, B, E sections) in
order to perform geochemical and microfossil investiga-
tions. Ammonites are housed in the Department of Paleon-
tology and Geology of the Hungarian Natural History Mu-
seum and catalogued with “INV” prefix.

Methods

The investigated specimens underwent cleaning, prepara-
tion and photographing. Collected specimens were cleaned
with soap water and prepared with Dremel vibrotool, all of
them were measured with electronic scale, examinded with
lupe of 3x magnification. Ammonites were covered with
NH,C1 vapor and photographed using NIKON camera and
Xiaomi 12X cellphone with a Sony IMX766 camera.
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Figure 4. Positions of different collecting sections of FULOP named by FO6zy (2017 and references therein) as Sections A, B, C, D, E and this work (modified after
Fo6zy 2017) on the Bersek Hill succession. Abbreviations: Val.: Valanginian, 1.: lower, u.: upper, Haut.: Hauterivian, SMAZ: Standard Mediterranean Ammonite
Zonation is after SZIVES et al. (2023)

4. dbra. A FULOP dltal létrehozott kiilonbozo szelvények elhelyezkedése a Bersek-hegyen. Ezeket Fozy (2017) A, B, C, D, E szelvényeknek nevezte el (modositva Fozy 2017
utdn). Roviditések: Val.: valangini, L.: also, u.: felsé, Haut.: hauterivi, SMAZ: tethysi ammoniteszzondk SzIves et al. (2023) utdn
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For purposes of stratigraphy, we used the latest Tethyan
Standard Mediterranean Ammonite Zonation (SMAZ) re-
cently updated by Szives et al. (2023). For measuring the
small heteromorph specimens, we established metric para-
meters (Fig. 5).

Figure 5. Measurements of a leptoceratoid
conch: D: diameter; Wh: whorl height; Ul:
height of the umbilical opening; U2: width of
the umbilical opening

5. dbra. A vizsgalt vazparameterek egy leptocera-
toid-maradvdanyon: D: dtmérc; Wh: kanyarulat
magassag; Ul: koldok magassdg; U2: koldok szé-
lesség

Ammonite taxonomy

Our most important paleontologic result is the taxonom-
ic revision of the Barremian small heteromorph fauna col-
lected from Hungarian sections. During this work we con-
firmed that genera Karsteniceras and Leptoceratoides are
different and should not be used as synonym:s.

Taxonomic interpretation of the fauna is documented
below; higher taxonomic ranks follow recent updates by
HorrFMmANN et al. (2022).

Phylum Mollusca LINNAEUS, 1758

Class Cephalopoda CUVIER, 1797

Order Ammonitida HAECKEL, 1866
Superfamily Ancyloceratoidea GiLL, 1871
Family Leptoceratoididae THIEULOY, 1966

Within the Leptoceratoididae, 12 genera (Eoheteroceras,
Hamulinites, Josticeras, Karsteniceras, Leptoceratoides,
Manoloviceras, 2Monsalveiceras, Orbignyceras, Sabaudi-
ella, Vasicekites, Veveysiceras, ?Veveysiella) are separated
(KLEIN et al. 2007). Separation of genera and species is very
difficult because they share a similar biostratigraphic oc-
currence mostly in the Barremian.

The earliest known stratigraphic distribution of the fa-
mily reported by MATAMALES-ANDREU et al. (2019) is in the
upper Hauterivian Balearites krenkeli Subzone of the Ba-
learites balearis Zone where the genus Hamulinites ap-
pears. The appearance of several other genera is linked to the
Faraoni Event during the late Hauterivian (Pseudothurman-
nia ohmi and Pseudothurmannia mortilleti subzonal bound-

ary), where Karsteniceras (K. cf. beyrichoide), Sabaudiella
(8. simplex BUSNARDO, 2003) and Leptoceratoides (THIEU-
LOY, 1966) are first observed. Moreover, first reports of Ha-
mulinites munieri (NICKLES, 1894) and Hamulinites nicklesi
(AVrAM, 1999) were documented (ComMPANY et al. 2005, Lu-
KENEDER 2012, LUKENEDER & GRUNERT 2013, MATAMALES-
ANDREU et al. 2019). Furthermore, VASICEK & WIEDMANN
(1994) and MATAMALES-ANDREU et al. (2019) reported the
first representatives of the genus Veveysiceras from the up-
per Hauterivian/lower Barremian Pseudothurmannia picte-
ti Subzone.

The dispersal of Leptoceratoididae was rather rapid as
the first Sabaudiella are also reported (AGUIRRE-URRETA &
RAWSON 2012) from the uppermost Hauterivian Sabaudiella
riverorum Zone (= upper part of the Pseudothurmannia pic-
teti Subzone in the Mediterranean Province following Szi-
VES et al. 2023) of Neuquén Basin. In the lower Barremian
deposits, various representatives of Leptoceratoididae are
documented worldwide from the Central Atlantic (STAH-
LECKER 1935, Royo Y GOMEZ 1945, IMLAY 1954, ETAYO-
SERNA 1968, MYCZYNSKI 1977, MYCZYNSKI & TRIFF 1986,
VASICEK & WIEDMANN 1994, KAKABADZE & HOEDEMAEKER
1997, VASICEK & HOEDEMAEKER 2003b, CASSON et al. 2020)
and Japan (YABE et al. 1927; MATSUKAWA 1987, 1988, 2019,
2022; VASICEK & WIEDMANN 1994; OBATA & MATSUKAWA
2007).

Based on our material at disposal, we do not agree with
VASICEK & WIEDMANN (1994) who used Leptoceratoides
and Karsteniceras as synonyms. In our opinion, they show
strong morphological differences that do not fall within
intraspecific variation detailed below.

Genus Leptoceratoides THIEULOY, 1966

Type species: Crioceras (Leptoceras) pumilum UHLIG,
1883

Genus Leptoceratoides is generally characterized by tiny,
few centimetres in diameter criocone morphology (VASICEK
& WIEDMANN 1994, WRIGHT et al. 1996), apart from ?Lepto-
ceratoides heeri (OOSTER, 1860), which is much bigger with
different (criocone, ?baculicone, ?hamulicone) type of coil-
ing. In our opinion, this species does not belong to Leptoce-
ratoides, probably not even into the family Leptoceratoidi-
dae.

Ribbing pattern is simple; however, the direction of ribs
may vary between species (VASICEK & WIEDMANN 1994,
WRIGHT et al. 1996). Moreover, in certain species [L. baler-
naensis (RIEBER, 1977)] rib direction, density and thickness
may change during the ontogeny [L. subtilis (UHLIG, 1883),
L. pumilus (UHLIG, 1883)] resulting in simple, but somewhat
irregular ribbing pattern. The most important generic
feature is that no ventrolateral tuberculation or spines are
present, which clearly mark the difference from Karste-
niceras. Likewise, the ribbing and suture are also simple
with wide saddles and trifid lobes (SARASIN & SCHON-
DELMAYER 1902, VASICEK & WIEDMANN 1994, WRIGHT et al.
1996).
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Leptoceratoides balernaensis (RIEBER, 1977)
Plate I, Figures 1-4

71967 Leptoceras subtile — DIMITROVA, p. 39, pl. 12, fig. 7

*1977 Karsteniceras balernaense — RIEBER, p. 779, pl. 1, figs 1-7,
text-fig. 3.

1994 Karsteniceras balernaense — VASICEK & WIEDMANN, p. 218,
pl. 3, fig. 4.

Material — Three internal moulds in various state of
preservation. The phragmocone of specimen from B/108
(INV.2023.12.) is a spire with several rounds. We collected a
specimen from layer 300/40 of section E (INV.2023.32.)
which has a similar character, while the remains from layer
16 of section A (INV.2023.21.) consist of a single phragmo-
cone fragment.

Measurements
Bed numbers Number Wh (em) | D (cm) | Us (em) | Uz (cm)
Bersek Hill, section B, bed 108 INV.2023.12. | 0.415 1.98 1.08 -
Bersek Hill, section A, bed 16 INV.2023.21. - 1.335 | 0.705 -
Bersek Hill, section E, bed 300/40 | INV.2023.382. | 0.455 1.365 | 0.685 -

Description — Criocone internal moulds with basically
rectiradiate ribs (mainly on the body chamber), then towards
the spire some ribs become rursiradiate. The ribs are simple,
dense, high and there are no nodules on the ventrolateral
side. No depression is visible on the ventral side. No lobe-
line is observed.

Discussion — The absence of nodules on the ventrolater-
al side rules out the possibility that the specimens belong to
the genus Karsteniceras. Species of L. brunneriformis (Av-
RAM, 1999) or L. svinitensis (AVRAM, 1999) resemble the
specimens, but the ribs are not as prominent as in these two
species. The ribs of these two species are rectiradiate,
whereas some reported transitional forms are characterised
mainly by rectiradiate, and in some cases prorsiradiate ribs.
The specimen depicted by DIMITROVA (1967) differs quite a
bit from the holotype of the species as its ribbing is more
rigid and the coiling is much more open.

Stratigraphic and geographic occurrence — The species
occurs in the lower Barremian strata of the Bersek Hill sec-
tion of the LSF Formation (B section 108, E section 300/40
and A section 16). The species is known from the Southern
Alps (Breggia Gorge, Switzerland) and the Pre-Balkan
(Krapchene, Bulgaria). The age of the remains is restricted
to the Barremian (Switzerland), Bulgarian specimens are
from lower Barremian strata. The specimens from Bersek
Hill (Hungary) confirm the early Barremian age.

Leptoceratoides pumilus (UHLIG, 1883)
Plate II, Figures 1-5; Plate III, Figures 1-5; Plate IV,
Figures 1-3; Plate V, Figures 1, 2; Plate X1, Figure 4

1860 Ancyloceras Escheri— OOSTER, pl. 37, figs 3, 4.

*1883 Crioceras (Leptoceras) pumilum — UHLIG, p. 270, pl. 29,
figs 4, 5, 6a, 6b.

1927 Leptoceras cfr. pumilum—YABEetal., p. 73(41), pl. 15(4), fig. 30.

1938 Leptoceras parvulum — ROMAN, pl. 35, figs 335-336 (= Un-
LIG 1883, pl. 29, figs 4, 5).

21958 Leptoceras parvulum — FOLOP, pl. 7, fig. 3.

1962 Leptoceras pumilum — MANOLOV, p. 532.

1966 Leptoceratoides pumilus — THIEULOY, p. 289.

1969 Leptoceras pumilum—WIEDMANN, pl. 2, fig. 3 (= UHLIG 1883,
pl. 29, fig. 6a).

1972 Leptoceratoides pumilus — VASICEK, p. 54, pl. 4, fig. 5.

1984 Leptoceras pumilum — AvRaM & KUSKo, p. 14, pl. 2, fig. 8.

1985 Leptoceras parvulum — HaAs et al., p. 89, pl. 24, fig. 3.

1987 Leptoceratoides pumilus — MATSUKAWA, p. 349.

1994 Karsteniceras pumilum— VASICEK & WIEDMANN, p. 213, pl. 1,
fig. 9 (=UHLIG, 1883, pl. 29, fig. 4). pl. 2, figs 3 (= UHLIG, 1883,
pl. 29, fig. 6a), 4.

2023 Leptoceratoides pumilus — VASICEK, p. 113.

Material — Several specimens in variable state of preser-
vation. Most of them are fragments that accumulated in a
single piece of rock, so the identification number does not
indicate the specimen itself, but the hosting piece of rock.
Among the Bersek sections, there are two specimens from
layer 300/8 of section E (INV.2023.2.), seven remains from
layer 300/11 (INV.2023.3., INV.2023.4., INV.2023.383.,
INV.2023.384., INV.2023.385.), and one fragment of a
spire is from layer 16 of section A (INV.2023.30.). The
specimens from Bersek Hill are internal moulds, while
shelly specimens appear in the drill core of Stit-17.

Measurements

Bed / Depth (m) Jele Wh{cm) | D{cm) | U;(cm) U; (cm)
Bersek Hill, section E, bed — 0.75 0.37 -
300/8 INV.2023.2. - 0.61 0.32 -
Bersek Hill, section E, bed — = — —
300/11 INV.2023.3. 3.7 1.05 3.7 -

0.59 1.275 - -
Bersek Hill, section E, bed
300111 INV.2023.4. 0.535 1.37 0.575 -
?grsek Hil, section A, bed | |\ 2023.30. 0.355 | 0.975 | 0.385 -
Bersek Hill, section E, bed
300/11 INV.2023.383. - - - -
Bersek Hill, section E, bed
300/11 INV.2023.384. - 1.01 - -
Bersek Hill, section E, bed
300/11 INV.2023.385. 041 - - -
Bersek Hill, section E, bed 049 1.38 0.575 -
300/11 INV.2023.401. - - — =
Sit-17,257.5m K.12639 0.265 1.145 0.785 -
Sut-17, 262.7m K.12646 0.44 1.26 0.545 0.52
Sit-17, 264.0 m K.12647 0.34 1.19 0.54 0.47
0.44 1.49 0.82 -
0.475 1.56 0.83 0.655
- 0.725 0.465 0.385
0.245 0.92 0.54 0.365
0.145 0.55 0.415 -
0.29 0.99 0.57 0.47
0.15 0.62 0.465 -
0.165 | 0.795 | 0.525 -
0.21 - 0.5 0.415
0.365 1.22 0.69 -
. 0.26 - - -
Sit-17,263.6 m K.12649 0.235 086 048 0.395
0.155 0.69 0.4 -
0.26 0.85 0.52 0.475
0.25 0.805 0.55 0.39
0.23 0.62 0.39 0.35
0.44 144 0.766 -
0.28 1.065 0.61 -
0.235 1.015 0.615 0.435
0.145 0.67 0.425 -
0.26 1.23 0.925 -
0.24 0.96 0.595 -
0.565 - 1.085 -
Sit-17,270.1 m K.12655 0.415 - - -
0,555 - - -
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Description — Finely ornamented criocone internal
moulds are assigned to this species. The ribs are sharp, some
on the body chamber becoming biconcave (INV.2023.3.,
INV.2023.4.) and rarely bifurcated (INV.2023.4., K.12649).
Later they become rectiradiate as the ribs progress towards
the spire. In some specimens, rursiradiate ribs are also ob-
served in the body chamber (INV.2023.4.), and ribs may
also be thickened on the phragmocone (INV.2023.2.). No
ventral furrow is observed, no lobeline is visible.

Discussion — No nodules are visible on the ventrolateral
part of the criocone phragmocone, so the remains belong to
genus Leptoceratoides. Based on the irregular rib pattern
(thickened ribs), L. pumilus and L. subtilis (UHLIG, 1883) are
the most likely species that are similar to our fragments.
Among them, only L. pumilus has biconcave, bifurcated
ribs. A further difference is that the fragments do not show a
thickening of the ribs in the ventrolateral part, nor a weaken-
ing of the ornamentation in the ventral part, which is charac-
teristic of L. subtilis. Most of the specimens from Siit-17 do
not show the biconcave ribs typical of the lectotype, except
for a few specimens from samples K.12646 and K.12649 (pl.
4,fig 1a, 1b, lc, 1d). Furthermore, the specimens show simi-
larities with specimens illustrated by UHLIG (1883, pl. 29,
fig. 6a) and VASICEK & WIEDMANN (1994, pl. 2, fig. 3),
which also show rectiradiate ribs. Specimens with a similar
appearance to the fauna of Stimeg (INV.2023.401.,
INV.2023.30.) are also known from Bersek Hill. The pres-
ence of morphological separation/variation within the
species can be interpreted as intraspecific variation.

The difference between the genera L. balernaensis and
L. pumilus is mainly reflected in the rib pattern. L. baler-
naensis has a smaller number of ribs, the distance between
them does not vary, and the shape of the shell shows more
variability compared to L. pumilus. This latter is more
densely ornamented and the distance between the ribs and
their thickness may vary. Furthermore, L. pumilus is charac-
terized by lower ribs, which are often biconcave.

Stratigraphic and geographic occurrence — The species
is present between 254.3 to 270.1 m of the Siit-17 borehole,
as well as in the lower Barremian M. moutonianum Zone of
the Bersek Hill quarry Labatlan Sandstone (A section, bed
16) and in the upper Barremian T vandenheckii Zone (E sec-
tion, beds 300/11 and 300/8).

The species occurs at several localities in the Carpathi-
ans: Czechia (Tichd) and in the Silesian—Beskydy Moun-
tains (Straconka and Goérki Wielkie) in Poland, as well as in
the Romanian Carpathians. The species has also been do-
cumented from the Swiss Alps (Veveyse). Its presence in
Japan (Shinano Province) is questionable. The species is
typical of the Barremian period; specimens from Silesia
(Ticha) are early Barremian. The Hungarian specimens are
both early and late Barremian in age.

?Leptoceratoides sp.
Plate V, Figure 3

Material — A single specimen in poor state of preserva-
tion from the Stit-17 drill core.

207
Measurements
Bed / Depth (m) Jele Wh (cm) | D{cm) | U (cm) U, (cm)
Sit-17,297.4 m K.12661 0.57 3.905 - -

Description — Hamulicone phragmocone with prorsi-
radiate ribs on the body chamber, which towards the spire,
become rectiradiate. The ventral part and the lobe line are
not visible on the specimen.

Discussion — Due to the poor preservation of the speci-
men, the classification is questionable. The few morpho-
logical characters suggest the species may belong to ?Lepto-
ceratoides heeri. We exclude this specimen from further in-
terpretations, because this specimen is fundamentally dif-
ferent from leptoceratoid ammonites and probably belong to
a different family.

Stratigraphic and geographic occurrence — The speci-
men is from Siit-17 297.4 m depth, its age is likely late
Hauterivian—early Barremian inferred indirectly after HAAS
etal. (1985).

Genus Karsteniceras Royo Y GOMEZ, 1945
Type species: Ancyloceras beyrichii KARSTEN, 1858

Genus Karsteniceras is generally characterized by tiny,
few centimetres in diameter criocone morphology (VASICEK
& WIEDMANN 1994, WRIGHT et al. 1996), apart from K.
aequicostatum VASICEK & HOEDEMAEKER 2003b and ?K.
filicostatum (STAHLECKER, 1935) ,which are bigger. The rib-
bing pattern is similar to Leptoceratoides; the major dif-
ference is the presence of ventrolateral tuberculation, which
is the generic feature of Karsteniceras. The suture is simple,
very similar to Leptoceratoides (VASICEK & WIEDMANN
1994, WRIGHT et al. 1996).

Karsteniceras ibericum VASICEK & WIEDMANN, 1994
Plate VI, Figures 1-3; Plate VII, Figures 1-3; Plate VIII,
Figures 1-3; Plate IX, Figures 1-4; Plate X, Figures 1-5;

Plate XI, Figures 1-3

1945 Karsteniceras beyrichii — Royo Y GOMEZ, p. 461, pl. 71, fig.
la, 1b, lc.

1968 Karsteniceras beyrichii — ETAYO-SERNA, p. 54, pl. 1, figs 1-3,
text-fig. 4: 8-9.

1978 Karsteniceras beyrichii — WIEDMANN, pl. 4, fig. 2a, 2b.

*1994 Karsteniceras ibericum — VASICEK & WIEDMANN, p. 212, pl,
1, figs 4, 5.

Material — 19 fragments of specimens, which are mostly
spire fragments, all are from the Bersek Hill.

Measurements

Bed Rep. nr. Wh (cm) | D{cm) | Us (cm) | U, (cm)
Bersek Hill, section A, bed 8 INV.2023.5. 0.66 - - -
Bersek Hill, section A, bed 8 INV.2023.6. — — — —
Bersek Hill, section A, bed 8 INV.2023.7. 0.51 1.82 0.93 0.655
Bersek Hill, section E, bed 300/35 | INV.2023.8. 0.6 2.1 1.1 —
Bersek Hill, section A, bed 16 INV.2023.9. - - - —
Bersek Hill, section B, bed 108 INV.2023.11 - 1.97 0.97 -
Bersek Hill, section B, bed 114 INV.2023.13. 0.51 - - —
Bersek Hill, section B, bed 126 INV.2023.14. - 1.72 0.835 -
Bersek Hill, section B, bed 116 INV.2023.15. 0.225 - - -
Bersek Hill, section A, bed 25 INV.2023.17. 0.29 - - -
Bersek Hill, section A , bed 25 INV.2023.18. - - - -
Bersek Hill, section A, bed 17 INV.2023.20. 0.35 1.4 0.72 -
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Bersek Hill, section E, bed 300/40 | INV.2023.22. 0.34 - - -
Bersek Hill, section A, bed 12 INV.2023.23. — — — —
Bersek Hill, section A, bed 7 INV.2023.24. 0.455 2.08 1.015 -
Bersek Hill, section E, bed 300/15 | INV.2023.25. 0.26 - 0.615 -
Bersek Hill, section E, bed 300/15 | INV.2023.28. 0.53 1.59 | 0.615 -
Bersek Hill, section B, bed 111 INV.2023.29. - 1.2 0.44 —
Bersek Hill, section E, bed 300/11 | INV.2023.381. - - - -
Bersek Hill, section E, bed 300/11 | INV.2023.400. - - - -

Description — Criocone fragments of internal moulds,
where dense rectiradiate ribs are present on the body cham-
ber. In addition, few rursiradiate ribs also appear, which are
not only present on the body chamber but also on the spire,
and then, towards the spire, prorsiradiate ribs (INV.2023.6.)
also appear. The spire itself is missing from the internal
moulds. In the ventrolateral part, most of the ribs display
small tuberculation, and a ventral furrow is visible. In some
fragments, some ribs show thickening and a change in rib
density (INV.2023.5.). In some specimens (INV.2023.20,
INV.2023.25), the ribs pass the ventral part interrupting the
course of the ventral depression. On two specimens
(INV.2023.17, INV.2023.5), the ventral depression is not
visible. In other specimens (INV.2023.25, INV.2023.381),
the ventral depression is only visible on the ribs. No lobeline
is visible on any specimens.

Discussion — Based on the generic features — criocone
phragmocone and small tubercles on the ventrolateral part
— the specimens are assigned to genus Karsteniceras. On
the basis of its irregular rib pattern, the specimens re-
semble K. beyrichii, but there is no ventral depression
displayed at any Karsteniceras species but K. ibericum. A
further difference is that K. beyrichii has been described
only from the Central Atlanticum, in contrast to K. iberi-
cum, which has been detected from the Alpine Tethys and
Neotethys basins.

Stratigraphic and geographic occurrence — The species
has been described from the Western Tethyan region, mainly
from the Iberian Peninsula (Sierra Mediana, Spain) and the
Alps (Ranzenberg, Vorarlberg, Austria; WIEDMANN 1978).
In the Central Atlantic it occurs in Colombia, where it was
reported from Barremian strata, in Austria it was discovered
around the lower/upper Barremian boundary, while in Spain
it occurs only in the upper Barremian strata. The Hungarian
findings confirm the early Barremian occurrence of the
species.

Karsteniceras sp. 1
Plate XII, Figures 1-3

Material — Four badly preserved internal moulds from
the Bersek Hill.

Measurements
Bed Rep. nr. Wh{cm) | D (cm) | Uy (cm) | Uz {cm)
Bersek Hill, section A, bed 16 INV.2023.10. | 0.47 - - -
Bersek Hill, section A, bed 35 INV.2023.16. | — - - -
Bersek Hill, section E, bed 300/15 | INV.2023.27. — — — —

Description — The specimens have simple rectiradiate
ribs. The width of the ribs is greater than the distance be-
tween them and there is no abrupt change in the spacing

(density) of the ribs. Nodules are visible in the ventrolateral
part. In the ventral part, no depression and no lobeline are
visible.

Discussion — Species level identification is not possible
on the basis of the morphological features observed on the
internal moulds, most likely due to the poor preservation.

Differences between Karsteniceras sp. 1 and K. iberi-
cum are manifested in the ornamentation. In Karsteniceras
sp. 1, rectiradiate ribs are observed, equally spaced apart,
whereas in K. ibericum specimens, the ribbing pattern is
rather irregular as rectiradiate and prorsiradiate ribs both ap-
pear, as well as rursiradiate ones. In addition, on K. iberi-
cum, a thickening of the ribs and a change in the density of
the ornamentation are also observed. Furthermore, no ven-
tral depression is visible on the specimens, which is present
on the majority of K. ibericum specimens.

Stratigraphic and geographic occurrence — The speci-
mens occur in different strata of the LSF of the Bersek Hill.
The lowest occurrence is in the M. moutonianum Zone (in
beds 16 and 35 of section A), followed by the 7. vanden-
heckii Zone (in bed 300/15 of section E).

Karsteniceras sp. 2
Plate XII, Figure 4

Material — A single internal mould of a specimen from
the Bersek Hill.

Measurements
Bed Rep. nr. Wh {cm) | D (cm) | Us{cm) | U, (cm)
Bersek Hill, section E, bed 300/15 | INV.2023.26. 0.26 112 | 0.615 —

Description — Criocone phragmocone with rectiradiate
ribs on the body chamber. Towards the spire, rursiradiate ribs
also appear on the remains. There is no visible thickening
between the ribs and no abrupt change in rib spacing (den-
sity). Tuberculation is visible on the ventrolateral part. No
ventral depression and lobe are visible.

Discussion — The morphological features of the phrag-
mocone and the poor preservation do not allow species level
specification. Both rectiradiate and rursiradiate ribs appear
on Karsteniceras sp. 2, which shows similarity with K.
ibericum, but no variation in the density of ornamentation
and thickness of ribs is observed. Furthermore, the ventral
depression, which is characteristic of K. ibericum, is not
visible on the specimen.

Stratigraphic and geographic occurrence — The internal
moulds are from the 7. vandenheckii Zone of Bersek Hill (E
section, bed 300/15).

Stratigraphy

Bersek Hill quarry

Compilation of an integrated section log is the main stra-
tigraphic achievement of this work, which allows compar-
ing different bed numberings of FULOP, FOzY and FOGARASI
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available in the literature (FULOP 1958; F6zy 1995, 2017,
FoGARASI 1995a, b, 2001; F6zY & FoGARASI 2002; Fézy &
JANSSEN 2009; PRICE et al. 2011).

Originally, all the specimens collected by the FULOP
team were assigned a letter (A, B, C, D, E) and a number.
Some of them were published by FULOP (1958). After FU-
LOP passed away, for many years it was not clear what these
letters meant. This problem was solved in the late 1990’s
by Istvan FOzy with the help of the late Tibor STEINER, the
last living member of the original collecting team by then,
who showed the positions of collected sections, which
likely corresponded to the letters (A, B, C, D, E). Their
approximte position on the quarry wall was also shown by
Tibor STEINER, depicted on Fig. 4. However, the lack of the
original field notes was still a problem that inhibited the
precise identification of ammonite bearing beds in the
field (F6zy 1995, 2017). FoGARASI (19954, b, 2001), who
worked on the nannofossils and sedimentary features of
Bersek Hill, gave his own, new bed numberings and docu-
mented an extremely detailed sedimentologic log based on
his field observations. His results were documented in his
PhD (FoGArasi 2001) and later published (F6zy & Fo-
GARAS12002). In 2015, F6zY & SZENTE also prepared a new
section log with new bed numbers based on their field
observations. This log is not published but was used on the
field during our sampling.

Our objective was to reconcile the various bed number-
ing systems. We examined the bed thicknesses in the field
and the fauna given by the various authors. Based on these
observations, we created a synthesis of bed numbers (Ap-
pendix 2) and made a composite section.

The integrated stratigraphic column (Appendix 2) in-
cludes the bed numbers of

(i) FuLop’s sections (A, B, C, D, E) and bed numbers dis-
played on the ammonites. FGzy published his works with
these numberings;

(i1) FoGARrast (2001) (115 beds) based on his very pre-
cisely measured lithology;

(iii) this work, where we collected 78 samples to nanno-
fossil and geochemical analysis.

As a first step, on the basis of lithology observed in the
field, we identified marker beds and used i—iii numberings.
Two beds fit the requirement: the greenish grey slump bed at
the base of LSF (Fig. 3) with an approximate 3-metres-
thickness, which decreases with distance, and a massive
sand bed of uniform, 20 cm thickness numbered as “Bed
20”. After fixing these two marker levels as i—iii number-
ings, we correlated the pack of 113 beds of FOGARASI and the
43 beds with our numbers based on observations of bed
thicknesses and lithology. Matching of these i—iii beds is
completed. The greatest inconsistence was around the top
1-8 beds of ours because were measured these thicker than
the top few beds of FOGARASI.

The next step was the most problematic: to fit the origi-
nal bed and section (A, B, E) numbers of FULOP displayed on
the ammonites to the integrated stratigraphic column. In
order to proceed with this, ammonite biozones given by

F6zy (2017) were fit to the integrated stratigraphy on the
basis of lithology, number of collected specimens and even
based on the non—ammonitiferous beds. We double-checked
our correlations in the field by short collecting campaigns.
These resulted in several new specimens with only five of
them suitable for specific identification. Our correlation
was the least precisc for section B where only the biozones
and the base of the LSF were possible to be determined, and
not the exact beds.

Siimeg Siit-17 drill core

The ammonite fauna of Siit-17 drill core was published
by HaAas et al. (1985) focussing on biostratigraphical
points. The tiny heteromorph mass occurrence was also
displayed on a plate. However, the lack of modern bio-
stratigraphic framework of microfossil groups, age indica-
tive ammonites and chemostratigraphy makes it difficult
to assign a precise stratigraphic position of Leptocera-
toididae occurrences within the M. moutonianum Zone
approximate; the comparisons to Bersek Hill section are
somewhat hypotethical.

Occurrences of Leptoceratoididae

Bersek Hill quarry

Leptoceratoididae from the Bersek Hill are diverse (Plates
I-1V, VI-XII) with co-occurrences of Leptoceratoides and
Karsteniceras species. Specimens from this locality are
internal moulds with variable but mostly medium to poor
state of preservation. Their abundance is given bed-by-bed
(Fig6).

Stimeg Siit-17 drill core

Our findings related to Leptoceratoididae are the fol-
lowing:

(i) five accumulation levels (270.1 m; 264.0 m; 263.6 m;
262.7 m; 257.5 m) of Leptoceratoididae were observed;

(i1) from 297.4 m depth, a ?Leptoceratoides sp. was
found, which is excluded from this investigation due to its
uncertain taxonomic position discussed above;

(iii) all are shelled specimens;

(iv) 28 specimens were eligible for species level deter-
mination, among them 27 is L. pumilus;

(v) amass occurrence level (263.6 m) is found with more
than 20 specimens in a 10 cm of diameter drill core — and
100% of them is L. pumilus;

(vi) no planispiral ammonites or accompanying macro-
fauna is present between 264.0 m and 262.7 meters, also at
257.5 m;

(vii) Leptoceratoididae in Siit-17 (Plates II, IV, V) are
less diverse compared to the Bersek Hill fauna.
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Figure 6. Specimen numbers of Karsteniceras spp. and Leptoceratoides spp. at
the Bersek Hill. Grey band represents the inferred MBE interval (detailed
below). Data is visualized from the Appendix I. data matrix

6. dbra. Karsteniceras spp. és Leptoceratoides spp. példdnyszamai a Bersek-he-
gven. Sziirke sav jeloli a Kozépso Barremi Eseményt (részletesen lejjebb). Adatok
megjelenitése az 1. szamu melléklet mdtrixabol szarmazik

Discussion

Paleoenvironmental perturbations during the Mid
Barremian Event

During the mid Barremian time interval, an environm-
ental change took place and caused a positive 0.5%o shift of
the 8"*C thatis documented by SPROVIERI et al. (2006) and
named as Mid Barremian Event, along with the radiation of
planctonic foraminifers and the sudden change of the radio-
larian faunas (Coccioni et al. 2003). MAHANIPOUR & EFTEK-
HARI (2017) observed an increasing trend in the number of
warm water taxa in NC5D [nannozone] that they linked to a
warming event that occured during the mid Barremian. More-
over, reported from southern Spain (AGUADO et al. 2014), an
increasing trend in the number of eutrophic nannofossil taxa
is also recorded from the middle part of NC5D nannozone
which may indicate intermittent episodes of relative eutro-
phication of surface waters throughout the latest Hauteri-
vian to earliest late Barremian interval. This also suggests
warm and humid climatic conditions in the adjacent hinter-
lands with increased freshwater, nutrient rich runoff into the
basin. Under these climatic conditions, the less saline sur-

face waters facilitated the stratification of the water column
including the development of dysoxic/anoxic bottom envi-
ronments. In summary, both authors link bottom anoxia to
increased pelagic primary production. Fertile pelagic water-
masses might be unfavorable for most of the ammonites but
provided an interval of opportunity for tiny Leptoceratoi-
didae. The very recent summary of MARTINEZ et al. (2023)
based on cyclostratigraphic observations, is that 1% PDB
increase of bulk carbonate 5"*C values and a reduced pelagic
sedimentation rate is observed during the MBE, which, in
their interpretation could be a consequence of basin starva-
tion at a time of fastest rise in sea level.

Characterization of
the Mid Barremian Event in Hungary

Bersek Hill quarry

The precise stratigraphic position of the M. moutonia-
num Zone can be depicted on the basis of previously pub-
lished data (FOzy & JANSSEN 2009; PRICE et al. 2011). The
separate 5-point running mean stable §'*0 and §'*C isotope
excursions measured from different belemnite taxa were
previously published by PrICE et al. (2011) where mean
values are plotted against the lithologic log and stratigraphic
and percentile Leptoceratoididae occurrences (Figure 7).

The latter displays the characteristics of the Mid Bar-
remian Event as a slight positive +0.5%o shift in §'*C values.
Moreover, a slow but continuous increase the 580 values
from the early Hauterivian towards the mid Barremian is
observed which was interpreted by PRrICE et al. (2011) as a
gradual warming. They concluded that the Mg/Ca data run
parallel the 880 data suggest that the overriding control on
the oxygen isotope trends is indeed temperature and not eva-
poration or/and freshwater input. This fits to the concept of
MBE by AGUADO et al. (2014) and MARTINEZ et al. (2023)
who both assume a warm and humid pulse during the MBE.

Moreover, stratigraphic occurrences of the documented
Leptoceratoididae specimens can be separated as L. baler-
naensis occurs in the M. moutonianum, while L. pumilus
mainly in the 7. vandenheckii Zone. Their stratigraphic oc-
currence displays only few beds that overlap at the top M.
moutonianum Zone. K. ibericum is the most common
species found from basal K. compressissima to basal T. van-
denheckii Zones. Leptoceratoididae diversity peak ob-
served in section A, bed 16 and a mass occurrence level at
section E, bed 300/11 are both within the M. moutonianum
Zone and, based on the above mentioned observations,
might have been deposited during the MBE.

Siimeg Siit-17 drill core

Biodiversity loss of the macrofauna is observed between
264.0 and 262.7 meters (HAAS et al. 1985, table 4) where the
otherwise abundant planispiral ammonites and associated
macrofauna is absent, only monospecific Leptoceratoididae
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were found and named here as the “Leptoceratoididae inter-
val”. Compiling published data (HAAS et al. 1985) with our
findings, we assume this 1.3-meter-thick “Leptoceratoidi-
dae interval” might have been deposited during the Mid
Barremian Event, but the exact stratigraphic position of M.
moutonianum Zone (including the MBE) needs further con-
firmation. Taking the lithology in consideration, between
270-273 metres a double terrigenious input peak was ob-
served on the CaCO,curve by HaAs et al. (1985, fig. 27a-b).
In our opinion this reflects two sudden increases in terrige-
nious material. These might be linked to two rapid pulses of
a warmer and more humid climatic conditions and/or inten-
sification of orogenic (uplift) movements. However, biostra-
tigraphic uncertanties and the lack of chemostratigraphy
make these assumptions and possible comparisons to the
Bersek Hill section hypotethical to a degree.

Paleoecology and lifestyle of
Leptoceratoididae

Paleoecology and lifestyle of heteromorph ammonites,
including tiny Leptoceratoididae are still poorly understood
(LUKENEDER 2003, 2005). However, all authors agree in the
specialized nature of heteromorphs. Here we summarize the
limited information available in the literature on this family.

RIEBER (1977) was the first who suspected a nectic mode
of life for Leptoceratoides balernaensis (RIEBER, 1977) graz-
ing above the anoxic seafloor. VASICEK & WIEDMANN (1994)
connected the presence of small Leptoceratoididae with
dark grey or black, organic matter rich pyritic muddy lami-
nated sediments which are indicative of anoxia. They con-
cluded that their habitat might be related to seafloor algal
mats where they were grazing similar to those of Middle Ju-
rassic heteromorphs (DIETL 1978). Due to the excellent state
of preservation, all mentioned authors believe that these tiny
forms did not suffer post-mortem transportation. Later,
WESTERMANN (1996) interpreted a stable vertical position in
the water column for criocones (= gyrocones see LUKENE-
DER 2015) based on the strong resistance of the forms against
water currents thus indicating a pseudoplanktonic lifestyle
within the epipelagic zone. LUKENEDER (2015) also shared
this opinion.

Some authors (RIEBER 1977; VASICEK & WIEDMANN
1994; LUKENEDER & TANABE 2002; LUKENEDER 2003, 2005,
2007) have documented mass occurrence of Leptoceratoidi-
dae. The abundance of Karsteniceras ternbergense is above
90% in low oxygenated facies as LUKENEDER & TANABE
(2002) and LUKENEDER (2003, 2005, 2007) reported. These
authors interpreted its mass occurrence to indicate r—life-
style (opportunistic) strategy. They assumed these forms
were adapted to low oxygen levels that likely dominated the
dysoxic sea bottom. They placed this environment to the epi-
pelagic zone with approximate water depth of 70-80 m (Lu-
KENEDER 2003), where the lack of bottom currents likely
allowed the in-situ fossilization of finely detailed shells to-
gether with their aptichi (LUKENEDER & TANABE 2002).

Nutricline depths were measured in the eastern Pacific
where the number and diversity of planktonic organisms is
concentrated in the 35-80 m depth zone (LONGHURST 1985).
When comparing this observation with those of LUKENEDER
& TANABE (2002), it becomes apparent that these tiny forms
were possibly quasi-planktonic and preferred the most nutri-
ent rich interval of the epipelagic zone which could have
easily been dysoxic.

CoMmPANY et al. (2005) and LUKENEDER & GRUNERT (2013)
believe that small Leptoceratoididae as Karsteniceras, Sa-
baudiella and Hamulinites might have lived planktonic
“drifter” lifestyle. COMPANY et al. (2005) inferred that they
might have lived in the epipelagic area and, therefore, anoxic
events did not affect their population negatively. Neverthe-
less, nutrient increase during dysoxic/anoxic periods is di-
rectly linked to their increase in diversity according to these
authors. Based on data reported by WESTERMANN (1996),
LUKENEDER & TANABE (2002), CoMPANY et al. (2005) and
LUKENEDER & GRUNERT (2013), it can be assumed that the
planktonic, plankton-feeding criocone shell Leptoceratoidi-
dae lived in the most nutrient-rich (nutricline) depth range
of the epipelagic zone. Their fragile shell (with high inter-
facial resistance) might have made it difficult for Leptocera-
toididae — which might have been passive drifters — to move
out of this zone, thus their chances of survival would have
significantly declined due to the reduced nutrient supply
within this zone.

The main food source of Cretaceous heteromorphs was
likely zooplankton, as confirmed by the morphology of the
jaws and radula and the remains of prey animals (gastro-
poda, crustacea, crinoidea) (WIPPICH & LEHMANN 2004,
KRuTA et al. 2011, HOFFMANN et al. 2021).

Tiny heteromorphs were more diverse in the proximal
Gerecse basin, while L. pumilus was exclusively present in
the distal Bakony basin (if we accept that the two Leptocera-
toididae findings are the same age). This may give the idea
that they might have lived in the epipelagic area but even tiny
heteromorph ammonites could have had different ecologi-
cal preferences and might have tolerated certain stress fac-
tors like lack of food, water clarity or dysoxia differently. We
do not believe that with such a fragile shell these tiny forms
were grazing among the sea grass and risk injuries. Combin-
ing our results with WESTERMANN (1996), it seems logical
that these tiny criocone Leptoceratoididae were attracted to
certain vertical levels (close to, or even within the nutricline)
and movement out vertically from this level was at the mini-
num challenging — or almost impossible — due to the shape
of the conch.

Local response of Leptoceratoididae to
the Mid Barremian Event

Appearance of family Leptoceratoididae is linked to the
upper Hauterivian (COMPANY et al. 2005, LUKENEDER 2012,
LUKENEDER & GRUNERT 2013, MATAMALES-ANDREU et al.
2019) where their first representatives are observed in sedi-
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Rividitések: Fm.: Formdcio, NZ.: mészviazi nannofosszilia zandk, RA: Relativ abundancia (%)

Figure 7. Biostratigraphy, lithology, sections, bed numbers and stratigraphic occurrences of identified Karsteniceras (K. ) spp. and Leptoceratoides (L. ) spp. of Bersek
Hill quarry. Relative abundances (RA%) of these two genera (on the right) are plotted against the lithologic log. Inferred stratigraphic position of the Mid Bar-
remian Event (MBE) is shaded grey. Chemostratigraphy data lines are simplified, measured from Duvalia/Pseudobelus is coloured blue, Vaunagites pistilliformis/
“Belemnites” pistifliformis/Hibolithes is coloured with red line (after PrRICE et al. 2011)

Abbreviations: Fm.: Formation, NZ.: Calcareous nannofossil zonation
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mentary sequences. Their dispersal was rather rapid towards
the Central Atlantic and Japan during the early Barremian,
but the members of this family were only present as sup-
pressed elements in ammonite assemblages. In contrast,
their mass occurrences are observed in middle Barremian
deposits.

If we accept the hypothesis that the “Leptoceratoididae
interval” of Stit-17 and the Leptoceratoididae from the Ber-
sek Hill are coeval, the diversity of the family shows spatial
and temporal changes. The greatest diversity of tiny hetero-
morphs is within M. moutonianum Zone of Bersek Hill
(Fig. 6), with co-occurrence of Karsteniceras ibericum,
Leptoceratoides balernaensis and L. pumilus (Fig. 7). In
contrast, a monospecific mass occurrence of L. pumilus is
visible (263.6 m) at Siit-17.

In our opinion, diversity differences may be related to
the different paleogeographic positions and likely reflect
different paleoceanographic features of the two basins: sedi-
ments of Stit-17 were deposited in a shallow bathyal depth of
a back-bulge of the fordeep (Bakony Basin) (TARI 1994, Fo-
DOR & FOzy 2022) where increasing terrigenus input up-
ward in the section reflects a regression according to HAAS
et al. (1985); while the Bersek Hill succession (Gerecse
basin) was deposited in a forebulge side of a fordeep basin
(FoDoR et al. 2013). If we assume the Leptoceratoidiae oc-
currences of Bersek Hill and Siit-17 are coeval, there could
be a starvation of detrital (but not carbonate) sediments in
the distal Bakony basin because siliciclastic sediments are
trapped on the platform at times of rapid rise in sea level.
Meantime, there would be a greater influx of nutrients on
the continental shelves (or in basins closer to them, like in
the Gerecse basin), so primary productivity would be higher
there compared to pelagic settings. This is in apparent con-
trast with HAAS et al. (1985), which warrants further investi-
gations.

This observed temporal and spatial shift in diversity is
linked to phenomena which might be closely related to the
environmental perturbations during the Mid Barremian
Event, in particular, conincident with the orogenic move-
ments of the Alpine system:

(i) Expanding dysoxia: the vertical expansion of the oxy-
gen minimum zone forced the less tolerable forms to leave
and provided and opportunity to various tiny heteromorphs
to take over the more nutrient rich, proximal (however deep-
er) basin of the Gerecse (Bersek Hill). In the meantime,
within the more distal Bakony basin (Siit-17) only one
species, L. pumilus was able to handle the expanding dys-
oxic environment, which is supported by the complete lack
of the accompanying fauna. Although many ammonites
with different conch types could migrate vertically to high-
er, therefore, more oxygenated parts of the water column,
criocone shell type allow only limited vertical migration
(WESTERMANN 1996, LUKENEDER 2015). Vertical (and hori-
zontal) migration necessarily occurs if the food sources
leave the area or die due to expanding dysoxic conditions of
the water column or the seafloor. Moreover, dwelling in the
bottom might be important for hatching and was impos-

sible for those groups that did not tolerate dysoxic con-
ditions;

(ii) Different food supply: tiny heteromorphs moved to
the proximal (but deeper) Gerecse basin, but not due to the
expanding anoxia but in search of more easily available
nutrients. The Gerecse basin was closer to the thrust front;
therefore, higher detrital input and nutrients supported
greater diversity of planctic and nektic groups than in the
more distal Bakony basin;

(iii) Increased riverine input of fresh water can intensify
during humid periods — like the Mid Barremian Event — or
during periods of more intese uplift of the hinterland. Fresh-
water input may also play an important role as it facilitats
both the stratification of the water column and changes in
diversity of fitoplankton living on the sea surface. Runoff is
more expressed in the proximal Gerecse basin; therefore, the
greater diversity is directly related to the increased nutrient
supply there. We do not agree with PRICE et al. (2011) who
linked the lower oxygen isotope values from the Barremian
part of the Bersek Hill section to episodes of increased
freshwater input due to arid climatic conditions. In contrast,
we believe their data are consistent with the scenario of
AGUADO et al. (2014) and MARTINEZ et al. (2023) who inter-
preted the onset of more humid and warm climatic condi-
tions that characterize the MBE.

Conclusions

1) A precise integration of independent stratigraphic
columns of different authors is presented here on the Bar-
remian strata of the Labatlan Sandstone Formation of the
Bersek Hill from the K. compressissima, M. moutonianum
and T. vandenheckii Zones. Reliability of the integrated
column is the lowest in the lower K. compressissima Zone.

2) Tiny heteromorph ammonites can be observed in cer-
tain levels in both the Bersek Hill quarry and Siit-17 drill
core, also mass occurrence levels of them are reported. These
are taxonomically revised to belong to family Leptoceratoi-
didae apart from one specimen from Siit-17 (297.4 m).

3) Our taxonomic analysis confirmed that the genera
Karsteniceras and Leptoceratoides should be kept as differ-
ent genera and not be used as synonyms.

4) There is a stratigraphic shift between species that can
be observed at the Bersek Hill: L. balernaensis occurs in the
M. moutonianum, while L. pumilus mainly in the 7. vanden-
heckii Zone. Their stratigraphic occurrence displays only a
few beds that overlap at the top M. moutonianum Zone. K.
ibericum is the most common species found from basal K.
compressissima to basal T. vandenheckii Zones.

5) There are major differences in the assemblage compo-
sition of Leptoceratoididae between the two sections: as-
semblage of Siit-17 dominated by L. pumilus, while assem-
blage of Bersek Hill is comprised by K. ibericum, L. baler-
naensis and L. pumilus. The synchroneity of Leptoceratoi-
didae occurrences from Siit-17 drill core and Bersek Hill is
not fully established and thus remain hypothetic.
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6) Discussion on the lifestyle and paleoecology of crio-
cone Leptoceratoididae ammonites is presented.

7) Based on already published stable isotope and bio-
stratigraphic data, we suggest the presence of the Mid Bar-
remian Event within the M. moutonianum Zone of the Ber-
sek Hill at sections E and A. Position of the MBE in Siit-17
core can only be inferred indirectly.
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Plate I - 1. tabla

Figure 1. Leptoceratoides balernaensis (RIEBER, 1977) —INV.2023.12. BHQ; section B; bed 108; Compressissima Zone.
Figure 2. Leptoceratoides balernaensis (RIEBER, 1977) —INV.2023.382. BHQ; section E; bed 300/40; Moutonianum Zone.
Figure 3. Leptoceratoides balernaensis (RIEBER, 1977) Holotype (RIEBER 1977, P1. 1, Fig. 1)

Figure 4. Leptoceratoides balernaensis (RIEBER, 1977) —INV.2023.21. BHQ; section A; bed 21; Moutonianum Zone.

1. dbra. Leptoceratoides balernaensis (RIEBER, 1977) — INV.2023.12. Bersek-hegy; B szelvény; 108. réteg; Compressissima zona.

2. dbra. Leptoceratoides balernaensis (RIEBER, 1977) — INV.2023.382. Bersek-hegy; E szelvény; 300/40. réteg; Moutonianum zona.
3. dbra. Leptoceratoides balernaensis (RIEBER, 1977) Holotipus (RIEBER 1977, pl. 1, fig. 1)

4. dbra. Leptoceratoides balernaensis (RIEBER, 1977)— INV.2023.21. Bersek-hegy; A szelvény; 21. réteg; Moutonianum zona.

Plate II - I1. tabla

Figure 1. Leptoceratoides pumilus (UHLIG, 1883) — INV.2023.384. BHQ); section E; bed 300/11; Vandenheckii Zone.
Figure 2. Leptoceratoides pumilus (UHLIG, 1883) —INV.2023.385. BHQ; section E; bed 300/11; Vandenheckii Zone.
Figure 3. Leptoceratoides pumilus (UHLIG, 1883) Lectotype (VASICEK & WIEDMANN 1994, pl. 1, fig. 9)

Figure 4. Leptoceratoides pumilus (UHLIG, 1883) — K.12647. Stimeg Siit-17; 264.0 m; Barremian?

Figure 5. Leptoceratoides pumilus (UHLIG, 1883) — K.12646. Siimeg Stit-17; 262.7 m; Barremian?
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1. dbra. Leptoceratoides pumilus (UHLIG, 1883) — INV.2023.384. Bersek-hegy; E szelvény; 300/11. réteg; Vandenheckii zona.
2. dbra. Leptoceratoides pumilus (UHLIG, 1883) — INV.2023.385. Bersek-hegy; E szelvény; 300/11. réteg; Vandenheckii zona.
3. dbra. Leptoceratoides pumilus (UHLIG, 1883) Lektotipus (VASICEk & WIEDMANN 1994, pl. 1, fig. 9)

4. abra. Leptoceratoides pumilus (UHLIG, 1883) — K.12647. Siimeg Siit-17; 264,0 m; Barremi?

5. dbra. Leptoceratoides pumilus (UHLIG, 1883) — K.12646. Siimeg Siit-17; 262,7 m; Barremi?

Plate III - III. tabla

Figure 1. Leptoceratoides pumilus (UHLIG, 1883) —INV.2023.2. BHQ; section E; bed 300/8; Vandenheckii Zone.
Figure 2. Leptoceratoides pumilus (UHLIG, 1883) —INV.2023.3. BHQ; section E; bed 300/11; Vandenheckii Zone.
Figure 3. Leptoceratoides pumilus (UHLIG, 1883) — INV.2023.4. BHQ; section E; bed 300/11; Vandenheckii Zone.
Figure 4. Leptoceratoides pumilus (UHLIG, 1883) —INV.2023.383. BHQ; section E; bed 300/11; Vandenheckii Zone.
Figure 5. Leptoceratoides pumilus (UHLIG, 1883) — INV.2023.30. BHQ; section A; bed 16; Moutonianum Zone.

1. dbra. Leptoceratoides pumilus (UHLIG, 1883) — INV.2023.2. Bersek-hegy; E szelvény; 300/8. réteg; Vandenheckii zona.

2. dbra. Leptoceratoides pumilus (UHLIG, 1883) — INV.2023.3. Bersek-hegy; E szelvény; 300/11. réteg; Vandenheckii zona.
3. dbra. Leptoceratoides pumilus (UHLIG, 1883) — INV.2023.4. Bersek-hegy; E szelvény; 300/11. réteg; Vandenheckii zona.
4. dbra. Leptoceratoides pumilus (UHLIG, 1883) — INV.2023.383. Bersek-hegy; E szelvény; 300/11. réteg; Vandenheckii zona.
5. dbra. Leptoceratoides pumilus (UHLIG, 1883) — INV.2023.30. Bersek-hegy; A szelvény; 16. réteg; Moutonianum zona.

Plate IV — IV. tabla

Figure 1. Mass-occurrence of Leptoceratoides pumilus (UHLIG, 1883) from drilling core (Siit-17) — K.12649. 263.6 m; Barremian?
Figure 2. Leptoceratoides pumilus (UHLIG, 1883) —INV.2023.401. BHQ); section E; bed 300/11; Vandenheckii Zone.
Figure 3. Leptoceratoides pumilus (UHLIG, 1883) — K.12649. Stimeg Stit-17; 263.6 m; Barremian?

1. dbra. Leptoceratoides pumilus (UHLIG, 1883) tomeges megjelenése a Siit-17 fiirdsban — K.12649. 263,6 m; Barremi?
2. dbra. Leptoceratoides pumilus (UHLIG, 1883) — INV.2023.401. Bersek-hegy; E szelvény; 300/11. réteg; Vandenheckii zona.
3. dbra. Leptoceratoides pumilus (UHLIG, 1883) — K.12649. Siimeg Siit-17; 263,6 m; Barremi?

Plate V — V. tabla

Figure 1. Leptoceratoides pumilus (UHLIG, 1883) — K.12655. Siimeg Siit-17; 263.6 m; Barremian?
Figure 2. Leptoceratoides pumilus (UHLIG, 1883) — K.12639. Siimeg Stit-17; 257.5 m; Barremian?
Figure 3. Leptoceratoides? sp. — K.12661. Stimeg Siit-17; 297.4 m; Barremian?

1. dbra. Leptoceratoides pumilus (UHLIG, 1883) — K.12655. Siimeg Siit-17; 263,6 m; Barremi?
2. dbra. Leptoceratoides pumilus (UHLIG, 1883) — K.12639. Siimeg Siit-17; 257,5 m; Barremi?
3. dbra. Leptoceratoides? sp. — K.12661. Siimeg Siit-17; 297,4 m; Barremi?

Plate VI - VL. tabla

Figure 1. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.22. BHQ; section E; bed 300/40; Moutonianum Zone.
Figure 2. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 (ETAYO-SERNA 1968, pl. 1, figs 1, 2, 3)
Figure 3. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.6. BHQ); section A; bed 8; Vandenheckii Zone.

1. dbra. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.22. Bersek-hegy; E szelvény; 300/40. réteg; Moutonianum zona.
2. dbra. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 (ETAYO-SERNA 1968, pl. 1, figs 1, 2, 3)
3. dbra. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.6. Bersek-hegy; A szelvény, 8. réteg; Vandenheckii zona.

Plate VII — VII. tabla

Figure 1. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 —INV.2023.7. BHQ; section A; bed 8; Vandenheckii Zone.
Figure 2. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.24. BHQ; section A; bed 7; Vandenheckii Zone.
Figure 3. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 —INV.2023.28. BHQ; section E; bed 300/15; Vandenheckii Zone.

1. dbra. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.7. Bersek-hegy; A szelvény; 8. réteg; Vandenheckii zona.
2. dbra. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.24. Bersek-hegy; A szelvény; 7. réteg; Vandenheckii zéna.
3. dbra. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.28. Bersek-hegy; E szelvény; 300/15. réteg; Vandenheckii zona.
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Plate VIII — VIII. tabla

Figure 1. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 —INV.2023.5. BHQ; section A; bed 8; Vandenheckii Zone.
Figure 2. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.17. BHQ; section A; bed 25; Moutonianum Zone.
Figure 3. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.25. BHQ; section E; bed 300/15; Vandenheckii Zone.

1. dbra. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.5. Bersek-hegy; A szelvény; 8. réteg; Vandenheckii zona.
2. dbra. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.17. Bersek-hegy; A szelvény; 25. réteg; Moutonianum zona.
3. dbra. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.25. Bersek-hegy; E szelvény, 300/15. réteg; Vandenheckii zona.

Plate IX — IX. tabla

Figure 1. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.8. BHQ); section E; bed 300/35; Moutonianum Zone.
Figure 2. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.9. BHQ; section A; bed 16; Moutonianum Zone.

Figure 3. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.11. BHQ; section B; bed 108; Compressissima Zone.
Figure 4. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.13. BHQ); section B; bed 114; Compressissima Zone.

1. dbra. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.8. Bersek-hegy; E szelvény; 300/35. réteg; Moutonianum zona.
2. dbra. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.9. Bersek-hegy; A szelvény; 16. réteg; Moutonianum zona.

3. dbra. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.11. Bersek-hegy; B szelvény; 108. réteg; Compressissima zona.
4. dbra. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.13. Bersek-hegy; B szelvény; 114. réteg; Compressissima zona.

Plate X — X. tabla

Figure 1. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.14. BHQ; section B; bed 126; Compressissima Zone.
Figure 2. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.15. BHQ; section B; bed 116; Vandenheckii Zone.
Figure 3. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.20. BHQ; section A; bed 17; Moutonianum Zone.
Figure 4. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.18. BHQ; section A; bed 25; Moutonianum Zone.
Figure 5. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 —INV.2023.400. BHQ; section A; bed 16; Moutonianum Zone.

1. dbra. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.14. Bersek-hegy; B szelvény; 126. réteg; Compressissima zona.
2. dbra. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.15. Bersek-hegy; B szelvény; 116. réteg; Vandenheckii zona.

3. dbra. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.20. Bersek-hegy; A szelvény; 17. réteg; Moutonianum zona.

4. dbra. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.18. Bersek-hegy; A szelvény; 25. réteg; Moutonianum zona.

5. dbra. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.400. Bersek-hegy; A szelvény; 16. réteg; Moutonianum zona.

Plate XI — XI. tabla

Figure 1. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.29. BHQ); section B; bed 111; Compressissima Zone.
Figure 2. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.381. BHQ; section E; bed 300/11; Vandenheckii Zone.
Figure 3. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.23. BHQ; section A; bed 12; Moutonianum Zone.
Figure 4. Leptoceratoides pumilus (UHLIG, 1883) — INV.2023.401. BHQ; section E; bed 300/11; Vandenheckii Zone.

1. dbra. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.29. Bersek-hegy; B szelvény; 111. réteg; Compressissima zona.
2. dbra. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.381. Bersek-hegy; E szelvény; 300/11. réteg; Vandenheckii zona.
3. dbra. Karsteniceras ibericum VASICEK & WIEDMANN, 1994 — INV.2023.23. Bersek-hegy; A szelvény; 12. réteg; Moutonianum zona.

4. dabra. Leptoceratoides pumilus (UHLIG, 1883) — INV.2023.401. Bersek-hegy; E szelvény; 300/11. réteg; Vandenheckii zona.

Plate XII — XII. tabla

Figure 1. Karsteniceras sp. 1 —INV.2023.10. BHQ; section A; bed 16; Moutonianum Zone.
Figure 2. Karsteniceras sp. 1 —INV.2023.16. BHQ; section A; bed 35; Moutonianum Zone.
Figure 3. Karsteniceras sp. 1 —INV.2023.27. BHQ; section E; bed 300/15; Vandenheckii Zone.
Figure 4. Karsteniceras sp. 2 —INV.2023.26. BHQ); section E; bed 300/15; Vandenheckii Zone.

1. dbra. Karsteniceras sp. I —INV.2023.10. Bersek-hegy;, A szelvény; 16. réteg; Moutonianum zona.
2. dbra. Karsteniceras sp. 1 —INV.2023.16. Bersek-hegy; A szelvény; 35. réteg; Moutonianum zona.
3. dbra. Karsteniceras sp. I —INV.2023.27. Bersek-hegy; E szelvény; 300/15. réteg; Vandenheckii zona.
4. abra. Karsteniceras sp. 2 — INV.2023.26. Bersek-hegy; E szelvény; 300/15. réteg; Vandenheckii zona.
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Plate II - II. tabla
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Plate III — III. tabla
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Plate V — V. tabla
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Plate VI - VI. tabla
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Plate VII — VII. tabla
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Plate VIII — VIII. tabla
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Plate IX — IX. tabla
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Plate X — X. tabla
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Plate XI - XI. tabla
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Plate XII — XII. tabla
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