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Rendhagy6 koszonto Galacz Andras és Voros Attila barataim
80. sziiletésnapjara

Olyan volt, mintha évfolyamtarsak lettiink volna. Ok ugyan egy évvel folottem jartak, de mivel akkor az évfolyam-
1étszamok kicsik voltak (max. 15-20 f6), s az egyetemi busz (mert akkor még ilyen is 1étezett!) kihasznaltsdga akkor
teljesiilt, ha benne minden iilés foglalt volt; az évkozi tanulmanyi kirdnduldsokra (mert akkor még ez is szerves része volt a
képzésnek) tobbnyire egyiitt ment a két évfolyam. De el6fordult, hogy kotelezd tantermi foglalkozasokban is kdzosen
részesiiltiink, igy pl. a Miiszaki foldtan el6adasokat kozosen hallgattuk. Mindemellett volt a geoldgus hallgatéknak egy ked-
venc helye: az Optikai gyakorlo terem, ahol a kézetmikroszkopia, az ércmikroszkopia és esetenként az dsvanyhatarozas
gyakorlatok is zajlottak, s ahol szabad délutanjainkon (ha a terem nem volt épp foglalt) megengedett volt a gyakorlati
feladatok megolddsara val6 felkésziilés, a mikroszkopi vizsgalatok onkéntes gyakorldsa. A gyakorl6 ,,el6szobdjabol’” nyilt
az Asvanytani és Kézettani gy(Gjtemény amely ugyancsak taldlkozohelye/tanulGszobéja volt a mindenkori geolégus hall-
gatéknak I.-t6l akdr V. évesig. Ez a kozeg eredményezte azt, hogy a geolégushallgatok, kicsik/nagyok vegyesen olyasféle
kozosséget képeztek a TTK-n beliil, mint valami nagy csalad. Ismertiik egymads érdekl&dési korét; ha az 6rdkon elhangzot-
takkal kapcsolatban kérdések meriiltek fel, a kicsik segitséget kérhettek és kaptak a nagyoktol (ezt ma ,,mentoralasnak” hiv-
jak — 1am-14m, nincs dj a nap alatt). Eletiink e nagy kozosségben zajlott: lubickoltunk a szakméban, vartuk a jovét, amikor
majd diplomadval a kézben valodi geoldgusként kezdhetiink dolgozni.

Andrds és Attila mar akkor jobaratok voltak. Mint afféle a paleontoldgia irant érdekl6dds ,.fosszilia-vadaszok™, 6k tobb-
nyire az Oslénytani Tanszék kornyékén voltak fellelhetSk, s mér hallgatéként bekapcsolddtak a tanszéken foly6 tudoma-
nyos kutatdsokba. Mindkettdjiik mestere GECzy Barnabds volt, kovetkezésképp mindketten az 6 kedvenc témadjaban, a jura-
idészak 6smaradvanyainak korében kezdtek kutakodni: Andrds az ammoniteszek, Attila a brachiopoddk irdnt mutatott kii-
16n6s érdekldést. FS vadészteriiletiik a Bakony hegység volt. En—a , kicsi” — mindvégig dhitattal szemléltem munkalkod4-
sukat, hiszen 6k mar ,,nagyok” voltak. Igyekeztem a példat kovetni — mint 8k, igy én is — irdnyt vettem a Tudomanyos Didk-
kor felé (érdekl&dési teriiletemnek megfelelden az Asvanytan-Ercteleptan teriiletén). Azt akkor még nem sejtettem, hogy
,.feln6tt geologus”-ként tudomanyos érdeklddésiink egyszercsak konvergdlni kezd majd. Az 6 alapvetéen mezozoos sztrati-
gréfiai/szedimentoldgiai irdnyultsdgui kutatdsaik meg az én, ugyancsak mezozoos, de inkdbb dsvanytani/geokémiai/szedi-
mentoldgiai munkdssdgom 6ssze fog érni, s bardtsagunk, k6zos gondolkodasunk a tethysi régio legszebb, legizgalmasabb
szinterén, Dél-Itdlidban fog ,,szarba szokkenni” (koz0s publikaciét eredményezni).

Végzés utén a sors egy idSre szanaszét szort benniinket: Andrés és Attila az Oslénytani Tanszék, ill. a Természettudo-
mdnyi Mizeum kotelékében folytattdk klasszikus alapkutatdsnak mindsiil§ tevékenységiiket, engem azonban egy kis As-
vanytani tanszéki kitérot kovetden a gyakorlati ,,alkalmazott” kutatas vont blivkorébe: csaknem tiz hosszu évre ,,beszippan-
tott” az aluminiumipar s ezen beliil a bauxitkutatds. A szakmai/barati kapcsolat azonban ezalatt sem szakadt meg, s mikor
a’80-as évek elején visszakeriiltem Budapestre az egyetemre, konny{ volt visszailleszkedni a tudomanyos szférdba.

Ott akkor pezsg6 €let folyt. Megindult az addigra mar altalanosan elfogadott lemeztektonikai elmélet globalis kereteibe
illeszthet® regiondlis, s6t lokalis 6sfoldrajzi rekonstrukcidk kidolgozasa. Ebben ttt6ré szerepe volt Andras és Attila meste-
rének, GEczy Barnabdsnak aki paleobiogeografiai megfontoldsok alapjan jutott arra a kdvetkeztetésre, hogy a Dunantuli-
kozéphegységi és a Mecsek-Villanyi szerkezeti zondk a jura id6szakban a Tethys ellentétes oldalain kellett legyenek, s
jelenlegi helyzetiik nagyaranyu lemeztektonikai mozgasokat igazol (GEczy B. 1973, Acta Geol. Hung. 17/4,421-428). Ez
az akkor merésznek mondhato feltételezés nemzetkozi (f6ként olasz—magyar, de részben egyéb, a kdrnyezd orszdgok, igy
pl. Ausztria, Csehorszag részvételével folyd) osszefogdst eredményez6 kutatdssorozatot inditott el. E sorozat célja a mai
Pannon-medencét alkoto terrénumok mezozoikumtdl mdig tarto torténetének az 4j globdlis tektonika alapjan valo értelme-
z€se volt. A munka vezéregyéniségei akkor magyar részr6l STEGENA Lajos professzor ur és a geofizikus HORVATH Ferenc
voltak s ebbe tudtunk bekapcsolédni — mi is — ki-ki a maga témadjaval. Attila volt az elsd, aki hosszabb id6t eltoltvén Szi-
cilidban, voltaképp megalapozta azt a mdig tarté eleven szakmai kapcsolatot, amelynek részeként évekig, minden nyaron
lehet&ségiink nyilt megismerkedni a Kozépsd- és Déli-Appenninek mezozoos rétegsoraival (ami engemi illet: a rétegsorokat
megszakité unkonformitdsokkal). Es persze ezek az utak azért is nagyszeriiek voltak, mert mindekozben a geolégiai latni-
és megtapasztalnivalok (,, divertimenti geologici”) kornyezetében fellelhetd torténelmi s miivészettorténeti hagyomanyo-
kat is megcsodalhattuk (ez utébbiak tekintetében szakavatott ,,idegenvezetonk’mindig Andras volt).
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A financidlis hétteret itdliai geoldgiai kalandozasaink-
hoz az Magyar—Olasz TET (korménykozi tudomanyos és
technoldgiai egyiittmiikodési megallapodds), tovabba egyes
tudomanyos intézetek (igy pl. MTA-CNR) kozotti, ill. egye-
temkozi egyiittmikodési programok biztositottdk. Olasz
részrél a program vezetdje B. D’ ARGENIO (a Napolyi Egye-
tem professzora) és R.CATALANO (a Palerméi Egyetem pro-
fesszora) volt, akiket — mindkét egyetemen — kivalo, fiata-
labb kollégakbdl all6 csapat vett koriil. A veliik valé egytitt-
miikodés, a szebbnél-szebb itéliai feltirdsok meglatogatasa,
az értékes szakmai diskurzusok és az egészhez hattérként a
hamisitatlan mediterrdn kornyezet mindhdrmunk szdmara
egészen kiilonleges inspirdcidt jelentett. Nagyszert volt meg-
tapasztalni, hogy a paleontoldgia, paleodkolégia, biosztrat-
grafia mellett a szedimentolégia és az unkonformitasokhoz
kapcsolédé dsvanytani/geokémiai jelenségek (tenger alatt a
keményfelszinek; szarazfoldi kornyezetben a paleokarsz-
tosodds, bauxitos és nem bauxitos paleotalajok képz&dése)
is érdemben tudnak hozzdjarulni az egykori iiledékképzd-
dési folyamatok rekonstrukciéjdhoz, s hogy mindezek vég-
sofokon visszavezethet6k az egykori lemeztektonikai kor-
nyezetre.

Legizgalmasabb témdink k6zé tartozott a sziciliai Monte
Kumeta kiilonleges, manganoxiddal bekérgezett, kora jura
szubmarin unkonformitdsanak és a Kozépsé-Appenninek
(Mte Matse, Campo Sauro), valamint Puglia bauxitos pa-
leokarsztjdnak tanulméanyozéasa. Ezekkel kapcsolatos cik-
keink (pl. VOROS, A., GALACZ, A., CATALANO, R. 1987,
Rend. Soc. Geol. Tt. 9 (1986), 243-248; D1 STEFANO, P.
GALACZ, A., MALLARINO, G., MINDSZENTY, A., VOROS, A.
2002, Facies 46, 273-298; D’ ARGENIO, B. & MINDSZENTY, ~ Sorrento, 1988
A. 1995, Ecl. Geol. Helv. 88/3, 453-499; CsomA, A. E.,

GOLDSTEIN, R. H., MINDSZENTY, A., SIMONE, L. 2004, Journ. Sed. Res. 7416, 889-903) mdig a kedvenceink kozé tartoznak.

Szép lassan ugyan megoregedtiink, de lelkesedésiink, a geoldgia szépsége irdnti fogékonysdgunk mitsem valtozott.
Maig j6 visszagondolni itdliai kalandozdasainkra, az Italidban latott és Magyarorszagrdl ismert Tethys D-i peremi rétegsorok
hasonlésédgara, arra, hogy sok mindent, amit annak idején az egyetemen tanultunk, igazan mélyen ezeknek a kalandozdsok-
nak az eredményeként érthettiink meg.

Kedves Andrds és Attila! K6szondm, hogy magatok kozé fogadtatok, hogy egyiitt oriilhettiink annak, hogy geoldgus lett
beldliink! Erre a jeles jubileumra pedig szeretettel kivinom nektek, hogy még sokdig gyonyorkodhessetek mindabban, amit
a geoldgia kindl azoknak, akik ért6 szemekkel tekintenek redjuk.

MINDSZENTY Andrea
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Osszefoglalds

A Balaton-felvidéki kozépso tridsz platformok megfulladdsdnak és
medencefejlodésének rekonstrukcidja uj mikropaleontologiai adatok alapjdn

A Balaton-felvidék és a Veszprémi-fennsik teriiletén az anisusi emelet kozépsd részét egymassal heteropikus faciest
képz&dmények alkotjdk (/. és 2. dbra): a sekélytengeri, karbondtplatform-faciesti Tagyoni Formaci6 és a hemipeldgikus
medencefaciest Fels6orsi Mészkd. A két heteropikus facies elterjedése alapjan harom pelsoi szigetplatform rekonstrudl-
hatd: a Balaton-felvidék kozépso részén 1évs Tagyoni-platform, az attdl északra 1év6 Barnagi-platform és a Veszprémi-
fennsikon 1év6 Kédartai-platform (9. dbra, A). A kordbbi részletes ammoniteszvizsgdlatok szerint (VOROs 1998, 2018;
VOROS & BUDAI 1993a, b; VOROs et al. 1996, 2003a, b) a kozottiik 1év6 medence iiledékképzddése folyamatos volt, a Fel-
s60rsi Mészk6 és Vaszolyi Formdacio rétegsordban elkiilonithet az 6sszes ammoniteszzona a kozépsd anisusitdl (Balato-
nicus Z.) aladin elejéig (Curionii Z.). Ezzel szemben a pelsoi platformok teriiletén iiledékhézag és jelentSs faciesvaltozas
figyelhet meg a Tagyoni Formdci6 sekélytengeri, ciklusos rétegsora és a folotte éles hatdrral telepiild, fels6 anisusi me-
denceféciest karbondtokbol és vulkanitbdl all6 Vaszolyi F. k6zott (Bupal & HAAS 1997, VOROs et al. 1997, Bubpal et al.
1999b), ami a platformok megfulladdsaként értelmezhets (BubAl & VOROS 2006).

A platformok megfulladasat el6idéz6 folyamatok kordnak pontosabb meghatdrozasa céljabol mikropaleontoldgiai
vizsgalatot végeztiink mindhdrom platform egy-egy szelvényében. Az Akol-domb rétegsordban (4. dbra) a Tagyoni F.-ra
telepiil6 Vdszolyi F. krinoideds mészkdvének conodonta-egyiittese a Paragondolella bulgarica Zéndba tartozik, ami iga-
zolja a Barnagi-platform peremi részének késé pelsoi megfulladasat. A folotte teleptild ammoniteszes mészks (VOROS et
al. 2022) conodonta-egyiittese késd illyr kort, az ostracoda-egyiittes mély neritikus kornyezetre utal. A szentkirdlysza-
badjai kéfejtében (7. dbra) a Tagyoni F.-t metsz8 neptuni telér Paragondolella bulgarica, P. bifurcata és P. hanbulogi co-
nodonta-egyiittese a Balaton-felvidéki kora anisusi karbonatrdmpa feldaraboldddsat eredményezé, extenzids tektonikai
esemény pelsoi kordt igazolja. Itt a Tagyoni Mészkd folott éles hatdrral telepiild Vaszolyi F. bazisrétegeibdl P. bifurcata,
P. hanbulogi és Ne. cornuta conodonta-egyiittes kertilt el§, amely a Kédartai-platform peremi részének kora illyr megful-
laddsat timasztja ald (BupAl & HaAs 1997, VOROS 1998). A Dorgicse Drt—1 térképezé furds a Tagyoni-platform rétegso-
rat reprezentalja (8. dbra), amelyben a Tagyoni F.-ra telepiil6 krinoideds mészk$ conodonta-egyiittese a platform kora
illyr megfulladdséra utal.

A platformok megfulladdsanak drnyaltabb értelmezése céljdbdl az Gj adatokat egyiitt elemeztiik a korabban publikalt
Balaton-felvidéki és alpi—dindri kutatdsi eredményekkel. Megallapitottuk, hogy a hdrom Balaton-felvidéki platform —il-
letve azokon beliil egyes részteriiletek megfulladdsdnak id6pontja teriiletenként bizonyos fokdu eltérést mutat (9. dbra, A,
B), és ezt igyekeztiink 6sszefiiggésbe hozni a lehetséges kivalté okokkal. A legkorabbi megfulladasi esemény a pelsoi
idejére rogzithetd a Barnagi-platform peremén (/0. dbra, A). Ezzel egy idejti a Kadartai-platform peremi részén feltért
neptuni telér felnyildsa, tovdbbd megegyezik az Aggtelek—Rudabdnyai-egység (VELLEDITS et al. 2011, PERO et al. 2015),
az Eszaki-Mészk6alpok (VELLEDITS et al. 2017, GAWLICK et al. 2021), a Dolomitok (FARABEGOLI & GUASTI 1980) és a Di-
nariddk (SUDAR et al. 2013) legid8sebb kozépsé tridsz telérjeinek kordval. Ez az esemény tehdt egyértelmiien kapcsolatba
hozhat6 a Neotethys nyugati selfjének szdmos részén megfigyelt, extenzids blokktektonikaval (/1. dbra). A Tagyoni-
platform mindhdrom kordbban vizsgélt szelvényében (Szentantalfa, Dorgicse, Vaszoly) a pelsoi sekélytengeri karbondt
fedgjében telepiils, legid6sebb medenceiiledék kozEépsé illyr korud (Trinodosus kron, Camunum szubkron) az ammonite-
szek alapjan (VOROS & BUDAI 1993a, b; VOROS 1998). A Dorgicse Drt—1 esetében a conodonta-fauna ennél valamivel id6-
sebb, kora illyr kort jelez. Id6pontjat és jellegét tekintve ez a megfulladdsi esemény egyértelmi korreldciét mutat az Agg-
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telek—Rudabdnyai-egység Steinalmi-rampdjanak megfulladdsaval (Szar-hegy; VOROs 2010). A Kadartai-platform DNy-i
pereme (Szentkirdlyszabadja) ugyancsak a Camunum szubkron idején fulladt meg (Bubpal & HAAsS 1997), a platform bel-
s6bb részei felé azonban a folyamat kezdete fiatalodast mutat (9. dbra, A, B; 10. dbra, B). A kddartai k&fejtd szelvényében
a medencefaciest rétegsor legid6sebb conodonta-egyiittese az illyr végét jelzi (Paragondolella trammeri Z.; KARADI et
al. 2022). Ez 6sszhangban van a hajmaskér—sdlyi teriileten tapasztaltakkal, ahol a megfulladasi felszin folotti legalso ré-
tegek ammoniteszfaundja a Reitzi Z6na legfelss, Avisianum szubzénajdba tartozik (VOROs 1998, Bupat et al. 2001). Er-
telmezésiink szerint a megfulladdsi esemény id6beli eltoléddsa elsésorban a Kadartai-platform EK felé terjeszkedd tek-
tonikus feldaraboléddsaval magyardzhatd, de a megfulladést elGsegithette a tengerszint eusztatikus emelkedése és az
egyre intenzivebbé val6 vulkanizmus is a kés§ illyr sordn (/0. dbra, B). Az ostracoda-egyiittesek szerint mély, neritikus,
tenger alatti hatsagi kornyezet alakult ki a platformok illyr megfulladdsat kovetSen. A ladin sordn az iiledékgy(ijté tovabbi
mélyiilését igazolja a batidlis (Un. ,,psychroszferikus™) ostracoda-taxonok megjelenése és ardnydnak novekedése az
egyiittesekben.

Jelen publikécidt a szerz6k Voros Attila és Galdcz Andras paleontolégusok tiszteletére ajanljak, akik tttor6k voltak
a szinszediment tektonikai események felismerése és rekonstrukcidja terén a Dundntili-kozéphegység mezozoos fejls-
déstorténetében.

Kulcsszavak: extenzios tektonika, platformmegfulladds, medencefejlédés, conodonta, kagylosrdk

Abstract

Dedication

Three Middle Anisian carbonate platforms (Barnag, Tagyon and Kdddarta Platforms) surrounded by the hemipelagic
Fels6ors Basin have been reconstructed in the Balaton Highland. The truncated surface of all platforms is covered by basi-
nal carbonates and volcanic rocks of the Vaszoly Formation. Based on conodont investigations these platforms were sub-
jectto drowning at different times. The earliest drowning was recognized in the late Pelsonian on the southern edge of the
Barnag Platform (Paragondolella bulgarica Zone). This date correlates well with the opening of a neptunian dyke en-
countered near the southwestern margin of the Kadarta Platform and also with the age of the dykes cutting through Pel-
sonian platforms in the Northern Calcareous Alps, Aggtelek Hills, Dinarides and Dolomites. Drowning of the Tagyon
Platform and the marginal area of the Kadarta Platform occurred in the early Illyrian (Paragondolella bifurcata and Neo-
gondolella constricta Zones). However, the Kddérta Platform shows a trend of decreasing age for the timing of the drown-
ing from the edge towards the inner parts of the platform during the late Illyrian. This can be explained by tectonically
forced backstepping of the downfaulted marginal blocks and/or by eustatic sea-level rise accompanied by increasing vol-
canic activity that may have caused the decrease of transparency of the sea-water. Later on, as a result of intensifying sea
level rise bathyal environment formed during the Ladinian that can be confirmed by the appearance and increasing domi-
nance of deep-water ‘psychrosphaeric’ forms in the ostracod assemblage.

The authors dedicate the present publication in honor of paleontologists Attila Voros and Andrds Galacz, who were
pioneers in the recognition and reconstruction of synsedimentary tectonic events in the Mesozoic history of the Trans-
danubian Range.

Keywords: extensional tectonics, platform drowning, basin evolution, conodonts, ostracods

Introduction

During the last geological mapping project of the Bala-
ton Highland several sections were sampled for micropa-
leontological investigations but only a few of the results on
the conodont and ostracod studies were published (KovAcs
1993, 1994; KovAcs in VOROS 2003b; MONOSTORI 1995;
MONOSTORI & TOTH 2013; TOTH & MONOSTORI 2015; KARA-
DI et al. 2022). In the last years micropaleontological inves-
tigations continued to produce important stratigraphic and
paleoecologic data. The aim of this paper is to display these
results and based on these new inferences to provide a more
accurate reconstruction of the evolution of the Middle Trias-
sic carbonate platforms and basins than the previous ones
(BUDAI & VOROS 1992, VOROS et al. 1997, BUDAI & VOROS
2000).

Geological setting

The Balaton Highland is located on the southeastern
limb of the SW—NE oriented syncline of the Transdanubian
Range. It is made up of a very low to low grade metamorphic
Paleozoic suite that is unconformably overlain by Permian
and Triassic formations. This succession is cut through by
the SW-NE oriented Litér thrust; the main structural ele-
ment of the Balaton Highland. The Middle Anisian for-
mations occur on both the northwestern and southeastern
sides of this thrust (Fig. 1) showing significant lateral facies
change. In a predominant part of the northern thrust-sheet
the Middle Anisian is represented by hemipelagic cherty
limestones of the Fels6ors Fm. and by the shallow marine
platform carbonates of the Tagyon Fm. on the Veszprém
Plateau (it was referred to as Szentkirdlyszabadja Platform
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Figure 1. Geographic position of the Transdanubian Range Unit (A) and simplified Pre-Cenozoic geological map of the Balaton Highland (B)
showing the areal extension of the Middle Anisian platform carbonates (Tagyon Fm.) and the Middle Anisian-lowermost Carnian basinal for-
mations (Fels6ors, Vaszoly, Buchenstein and Fiired formations) (after Bunai et al. 1999a, 2000). Studied localities (yellow asterics): AH: Akol
Hill, Barnag; Drt-1: Dorgicse well; Szk: airport quarry, Szentkiralyszabadja. Referred localities (yellow dots): Af: Aszof6; CsH: Cser Hill,
Mencshely; Fo: Fels¢ors, Forras Hill; Kdt: Kddarta quarry; H-S: Hajmaskér-Soly; Sza: Szentantalfa; V: Vaszoly, Oreg Hill

1. d@bra. A Balaton-felvidék prekainozoos foldtani térképének helyzete a Dundantili-kozéphegységi-egység (TR) teriiletén (A). A kozépsd anisusi plat-
Jformkarbonatok (Tagyoni F.) és a kozépsd anisusi - also karni medenceficiesii képzédmények (Felsoorsi Mészko, Viszolyi F., Buchensteini F, Fiiredi
Meészko) elterjedése (B). A vizsgdlt (sarga csillag) és hivatkozott szelvények (sdrga potty) helyének feltiintetésével (Buba et al. 1999a, 2000 nyomdn)

by Bubal & VOROs 2006, Haas et al. 2014; and as Kadarta
Platform by KARADI et al. 2022). A very small part of anoth-
er platform was also encountered near Barnag (it was refer-
red to as Vorosté Platform by Bubal & VORrROs 2006; and as
Barnag Platform by VOROs et al. 2022). In the area of the
southern range the Middle Anisian is represented by plat-
form carbonates in the middle part of the Balaton Highland
(Tagyon Platform, Bubpal & VOROs 2006, Haas et al. 2014),
and partly by coeval hemipelagic carbonate deposits (lower
part of the Fels6ors Fm). Based on the increasing thickness
of the Fels66rs Fm. from the NE to the SW (Fig. 2) a tectoni-
cally controlled halfgraben basin was reconstructed for the
Pelsonian to early Illyrian (Bubpal & VOROS 1993, 2006; Bu-
DAI & HaAs 1997; Bubal et al. 1999b). The Pelsonian plat-
forms are covered by Middle—Late Illyrian pelagic carbon-
ates and volcanic tuffs of the Vaszoly Fm. Deep marine

nodular cherty limestones and radiolarite of the Buchen-
stein Fm. were formed both above the previous platform and
basin areas in the Ladinian (BubparI et al. 1999b, 2017).

Material and methods

For conodont biostratigraphic investigations three sam-
ples from the dolomite of the airport quarry at Szentkiraly-
szabadja (Szk in Figs I and 2) and four samples from the
lilac-red carbonate of the Akol Hill section were collected
(AH in Fig. 1). The samples weighed 3 kg each, and were
dissolved in hot acetic acid at 10% dilution in the Depart-
ment of Palacontology at the E6tvos Lorand University (Bu-
dapest). The washing residue was collected using a 125 um
mesh-size sieve. All seven samples contained conodont ele-
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lated with the ammonite zonation (Fig. 3) of
VOROS (1998, 2018) and VOROS et al. (2003).
Conodont zones and correlation is mainly
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notes that the differences between the two
subspecies are not easy to recognise. There-
fore, the suitability of P. trammeri praetram-
meri as an index fossil is debatable. There is

Figure 2. Simplified geological profile from the Veszprém Plateau (NE) to the middle part of the Ba-
laton Highland (SW), showing the lateral and vertical relationship of the Middle Anisian-Ladinian
formations (after Bunal & VOROs 2006, simplified). For abbreviations see Fig. 1. Bo Fm: Budaors

Dolomite Fm

2. dbra. Vizlatos foldtani szelvény a Veszprémi-fennsiktol a Balaton-felvidék kozépso részéig a kozépso
anisusi - ladin litosztratigrdfiai egységek feltiintetésével (BUDAI & VOROS 2006 nyomdn, egyszertisitve).

Roviditéseket ldsd az 1. abrdn. Bo Fm: Budadrsi Dolomit Formdcio

ments along with fish remains (teeth and placoid scales).
Ostracods were recovered from one conodont sample of
Szentkirdlyszabadja. For additional ostracod studies of Akol
Hill, the samples (200-300 g air-dried hard limestones) were
treated by acetolysis following a protocol originally devel-
oped by LETHIERS & CRASQUIN-SOLEAU (1988) with a slight
modification to extract the calcareous microfauna. Only one
sample provided suitable ostracod fauna along with few fo-
raminifers, gastropods, bivalves, echinoderm fragments and
fish teeth.

Scanning electron micrographs were taken of selected
specimens at the Szentdgothai Research Centre of the Uni-
versity of Pécs and at the Department of Petrology and Geo-
chemistry of the Eotvos Lordnd University. All recovered
specimens are stored at the Department of Palaeontology of
the Eotvos Lordnd University. The microfossils from the
Dorgicse Drt—1 core (Figs I and 2) were studied in the
Hungarian Natural History Museum where the material is
housed. Conodonts were present in 19 samples and ostra-
cods in 6 samples. Other faunal elements in the samples are
represented by foraminifers, holothuroid sclerites, echinoid
spines and warts, inarticulated brachiopods, fish teeth and
placoid scales. The palaecoecological interpretation of ostra-
cods is based mainly on the qualitative analyses and the
semi-quantitative (percentage distribution) analyses of the
specimens of the different taxa or groups.

Results

The studied sections yielded abundant and well pre-
served conodont faunas characterized by a CAI value of 1
that indicates negligible thermal alteration. Biostratigraphic
evaluation of the conodonts was based on the studies by Ko-
VACs et al. (1980), KovAcs (1993, 1994, 2011), Kozur (2003)

an option for distinguishing a Neogondolella
pseudolonga zone with a base correlatable
to the Avisianum Subzone of the Reitzi Zone
where the nominal taxon first appeares (Ko-
ZUR 2003: 61), but N. pseudolonga is stated
to be a rare species in the conodont assem-
blages (Kozur 2003) and thus it is not in-
cluded in the present zonal scheme. Neogondolella prae-
hungarica is often used as marker conodont species for the
base of the Ladinian, however, the FAD of this taxon is
recorded already in the upper Secedensis Zone (Kozur
2003: 59; BRACK et al. 2005).

The ostracod specimens are represented by articulated
carapaces suggesting ‘in situ’ preservation according to
BOOMER et al. (2003). In hard limestones, the preservation
potential of the carapaces strongly depends on the diagenet-
ic processes. The extracted ostracod carapaces from the
studied Triassic samples are moderately preserved, recrys-
tallized and sometimes broken.

Age Stage/
Ma Substage Ammonoid Zone / Subzone  Conodont Zone
240
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Figure 3. Middle Anisian-Lower Ladinian biostratigraphy of the Balaton High-
land after VOROS et al. (2003), VOrOs (2018) and KARADI et al. (2022)

3. dbra. A Balaton-felvidéki kozépsd anisusi - alsé ladin biosztratigrdfiai tagoldsa
Voros et al. (2003), VOrROS (2018) és KARADI et al. (2022) nyomdn
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Barnag, Akol Hill

The Akol Hill at Barnag (AH in Fig. 1; N46°59.419’;
E017°44.180’) is located north of the Litér thrust where the
Middle Anisian succession is unusually thin (Fig. 4). The
Lower Anisian bituminous dolomite of the Megyehegy Fm.
is overlain by a few-metres-thick shallow marine limestone
containing oncoids and dasycladalean algae (Physoporella
pauciforata, Oligoporella sp.) that can be assigned to the Ta-
gyon Fm. (VOROS et al. 2022). It is overlain by the beds of a
purple-grey crinoidal hard limestone with a few brachio-
pods, forming the basal part of the Vaszoly Fm. Above it fol-
lows a reddish, slightly clayey limestone that contains am-
monoids and nautiloids in a rock-forming quantity. In the Il-
lyrian ammonite assemblage (Camunum and Pseudohunga-
ricum Subzones) some species of the Pelsonian Balatonicus
Zone also occur in the lower layers. Detailed description of
the succession and the cephalopod fauna, together with
some vertebrate remains were recently published by VOROS
etal. (2022).

In the Akol Hill section the lowermost samples (Ad-7,
Ad-6) from the crinoidal limestone (lower part of the Va-
szoly Fm.) contained the conodonts Paragondolella bulga-
rica, P. bifurcata, P. hanbulogi, Nicoraella germanica and
Ni. kockeli. This assemblage (Fig. 5) is indicative of the late
Pelsonian. The species Neogondolella cornuta and P. excel-
sa from sample Ad-3 suggest Illyrian age. The fauna char-
acterized by Ne. cornuta, Ne. pseudolonga, Ne. mesotrias-
sica and P. liebermani from sample Ad—4 places this level in
the late Illyrian.

The sample Ad—4 yielded benthic ostracod assemblage
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in low abundance. Four taxa (Hungarella problematica,
Bairdia bicostata, B. cassiana and Bairdiacypris triassica)
were identified (Fig. 6). The presence of smooth healdoids
such as Hungarella in the fauna indicate water depth below
30-50 m (Kozur 1991). The composition of the ostracod as-
semblage (smooth healdoids and bairdioids), the absence of
shallow neritic forms (e.g., ornate bairdiids) and ‘paleopsy-
chrosphaeric’ ostracods suggest most probably open marine
deep neritic depositional environment below the storm wave
base (according to KARADI et al. 2022).

Szentkirdlyszabadja, airport quarry

North of the Litér thrust on the rim of the Veszprém Pla-
teau at Szentkirdlyszabadja a small abandoned quarry (Szk
in Fig. 1) exposes the shallow marine cyclic platform car-
bonate of the Tagyon Fm. (Bubpal et al. 1993, 1999b, 2001).
Subtidal beds, containing dasycladalean algae (Physoporel-
la div. sp., Anisoporella, Pontecella, Teutloporella), gastro-
pods and oncoids, alternate with peritidal stromatolites and
pisoidic intercalations. A lucky find of Balatonites balato-
nicus in a subtidal bed (Fig. 7, A) proves early Pelsonian age
(Balatonicus Zone) of the formation (BupAl & HAAS 1997,
VOROS et al. 2003).

The Tagyon Fm. is cut by a nearly vertical neptunian
dyke (Fig. 7, a, b) in the southern yard of the quarry
(N 47°04°22.36’, E 17°57°29.22"). 1t is filled by reddish
micritic crinoidal packstone (VOROS et al. 1997).

To determine the age of the opening of the dyke a sample
was taken for micropaleontological study from the dolomi-
tized crinoidal limestone of the neptunian dyke (Szk-3 in
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Figure 4. Stratigraphic column of the Akol Hill at Barnag (after VOROS et al. 2022) with the sites of micropaleontological samples (yellow asterisk). Grey shading

marks the exposed and studied part of the site

4. dbra. A barnagi Akol-domb rétegoszlopa (VOROS et al. 2022 nyomdn) a mikropaleontologiai mintdk feltiintetésével (sdrga csillagok). A rétegsor feltdrt, vizsgalt részét a

sziirke kiemelés mutatja
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Figure 6. Ostracods from the Akol Hill and the Szentkiralyszabadja airport quarry. A) Bairdia
cassiana, carapace in right view, Akol Hill, sample Ad-4; B) Hungarella problematica, carapace
in left view, Szentkiralyszabadja, sample Szk-2; C) Hungarella sp., carapace in right view, Szent-

kiralyszabadja, sample Szk-2

6. dbra. Kagylosrakok a barnagi Akol-domb szelvényébdl és a szentkirdlyszabadjai repiildtéri kdfej-
t6bdl. A) Bairdia cassiana, kettdsteknd jobb oldali nézetben, Akol-domb, Ad-4 minta; B) Hungarella
problematica, kettdsteknd bal oldali nézetben, Szentkirdlyszabadja, Szk-2 minta; C) Hungarella

sp., kettdsteknd jobb oldali nézetben, Szentkirdlyszabadja, Szk-2 minta

Fig. 7). The infilling of the dyke contained the conodont
species P. bulgarica, P. bifurcata and P. hanbulogi. This as-
semblage is Pelsonian in age.

In the northern yard of the quarry (N 47°04°25.03"’,
E 17°57°25.66°") the Tagyon Formation is overlain by a red-
dish-brown dolomite with a sharp boundary (basal beds of
Vaszoly Fm., Fig. 7, A), that contains a relatively poor am-
monite assemblage of the lower [llyrian Camunum Subzone
(VOROs 1998, 2018). We took samples (Szk—1, Szk—2) just
above the sequence boundary from the basinal dolomite to
specify the age of the drowning event. In sample Szk—1 P.
bifurcata, P. hanbulogi and Ne. cornuta were found. This as-
semblage is characteristic for the lowermost Illyrian. Neo-
gondolella cornuta and P. liebermani from sample Szk—2
are indicative of the Illyrian (but not lowermost Illyrian).
This latter sample also yielded ostracods (Fig. 6). Only a few
specimens of Hungarella were found in the sample from the
Vaszoly Fm. suggesting a depositional environment below
30-50 m water depth (Kozur 1991).

«—Figure 5. Conodonts from the Akol Hill section. 1) Neogondolella pseudolon-
ga, sample AD-4; 2) Paragondolella liebermani, sample AD-4; 3) Neogondolel-
la cornuta, sample AD-4; 4) Neogondolella mesotriassica, sample AD-4; 5)
Neogondolella cornuta, sample AD-3; 6) Paragondolella excelsa, sample AD-3;
7) Neogondolella cornuta, sample AD-3; 8) Paragondolella hanbulogi, sample
AD-6;9) Paragondolella bulgarica, sample AD-6; 10) Paragondolella bifurcata,
sample AD-6; 11) Nicoraella germanica, sample AD-6; 12) Nicoraella kockeli,
sample AD-6; 13) Paragondolella bulgarica, sample AD-7. a: upper view,
b: lateral view, c: lower view. Scale bar: 200 um

«35. dbra. Az Akol-domb szelvényének conodontdi. 1) Neogondolella pseudolon-
ga, AD-4 minta; 2) Paragondolella liebermani, AD-4 minta; 3) Neogondolella
cornuta, AD-4 minta; 4) Neogondolella mesotriassica, AD-4 minta; 5) Neogon-
dolella cornuta, AD-3 minta; 6) Paragondolella excelsa, AD-3 minta; 7) Neo-
gondolella cornuta, AD-3 minta; 8) Paragondolella hanbulogi, AD-6 minta;
9) Paragondolella bulgarica, AD-6 minta; 10) Paragondolella bifurcata, 4D-6
minta; 11) Nicoraella germanica, AD-6 minta; 12) Nicoraella kockeli, AD-6
minta; 13) Paragondolella bulgarica, AD-7 minta. a: feliilnézet, b: oldalnézet, c:
alulnézet. Skdla: 200 um

Dorgicse Drt—1 well

The Dorgicse Drt—1 well (N 46°55°31.68”,
E 17°43°45.93”) exposed the Middle Anisian to
lowermost Carnian succession of the middle
part of the Balaton Highland (Drtin Fig. /). The
cyclic platform carbonate of the Tagyon Fm. is
overlain with a sharp contact by a light brown-
ish crinoidal limestone of the Vaszoly Fm. (Fig.
8), which contains ammonites of the lower II-
Iyrian Camunum/Pseudohungaricum Subzone
(VOROS 1998, 2018). It is overlain by a colourful
(green reddish or lilac) tuffitic limestone and
volcanic tuff (“pietra verde”). The upper part of
the formation consists of bedded light grey
limestone (“Vaszoly Limestone Mb”, VOROS
et al. 1997). The overlying Buchenstein Fm. is
formed by a colourful (reddish, greenish or lilac)
succession of nodular limestone with chert nod-
ules and marl intercalations, alternating with
volcanic tuff layers. Radiolarians in the upper
part of the formation (Fig. 8) belong to the Up-
per Ladinian (Longobardian) Muelleritortis
cochleta Zone (DoszTALY 1993). The Fiired Limestone Fm.
is made up of light grey micritic limestone, with a 10-centi-
metres-thick marly interlayer in the lower part, containing
many thin-shelled bivalves (e.g. Halobia) on the bedding
surface.

The lowest samples (75.4-75.2 m, 74.6-74.4 m) from
the Vaszoly Fm. of the Drt-1 core (Fig. 8) yielded a con-
odont fauna characterized by P. bifurcata and P. hanbulogi.
This assemblage is either uppermost Pelsonian or lower-
most Illyrian. Somewhat higher, from the samples at 72.8—
72.6 m and 69.2-69.0 m a rather poor assemblage was re-
covered consisting of the species Ne. cornuta and Gladigon-
dolella tethydis, which indicates Illyrian substage. The fol-
lowing interval (from 68.8 to 61.8 m) can be assigned either
to the uppermost Illyrian or to the lowermost Fassanian
based on the conodonts Ne. prachungarica, Ne. cornuta, Ne.
mesotriassica, P. fueloepi, P. trammeri, P. alpina, P. excelsa
and GlI. tethydis. The lower part of the Fassanian is repre-
sented by Ne. cornuta, Ne. pseudolonga, the Ne. bakalovi-
group, Ne. praehungarica, Ne. transita, P. trammeri and GL.
tethydis from 61.8 m to 55.6 m. In the sample at 53.6-53.4 m
a conodont specimen assignable to the genus aff. Buduro-
vignathus sensu CHEN et al. (2016) was found. The sample at
47.7-47.4 m contained an assemblage consisting of P. tram-
meri, Budurovignathus mungoensis and GI. tethydis, which
suggests uppermost Fassanian or Longobardian substage.
The conodont Paragondolella cf. inclinata in sample at
23.7-23.5 mis indicative of the Longobardian or the Julian
(Lower Carnian). In the highest positive sample of the core
(22.4-22.1 m) only long-ranging Gl. tethydis and Gl. mala-
yensis were found.

The ostracod fauna found in the samples between 74.6 to
57.4 m from the nodular limestone of Vaszoly Fm. is very si-
milar to the assemblage of Akol Hill. Smooth healdoids
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Figure 7. Stratigraphic column (A) of the airport quarry at Szentkiralyszabadja (after BuDAI et al. 2001) indicating the sites of the samples for
micropaleontology (yellow asterisk). Ammonoid data after VOROS (1998, 2018) and VOROs et al. (2003). Photograph (B) shows the two jubi-
lant paleontologists in 2007 on a field-trip, studying the neptunian dyke (yellow arrow) that penetrates the Tagyon Fm. (photo: Zs. KERCSMAR)
7. dbra. A szentkirdlyszabadjai repiilotéri kofejtd rétegoszlopa (A) (Bubai et al. 2001 nyomdn), feltiintetve a mikropaleontologiai mintdk helyét (sarga
csillag). Ammoniteszadatok VOROS (1998, 2018) és VOROS et al. (2003) nyomdn. A fénykepen (B) a két iinnepelt paleontologus ldthato egy kirdndu-
ldson 2007-ben a Tagyoni Formdciot hardntolo neptiini telér (sdrga nyil) tanulmdnyozdsa kozben (foto: KERCSMAR Zs.)
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Figure 8. Stratigraphic column of Dorgicse Drt-1 drill core (after BupaI et al. 1993, 1999b) showing the stratigraphic position of the conodont and ostracod taxa.

Ammonoid data are based on VOROS (1998)
8. dbra. A Dorgicse Drt-1 fiirds rétegoszlopa (Bubal et al. 1993, 1999b nyomdn), feltiintetve a conodonta és ostracoda taxonok rétegtani elterjedését. Ammoniteszadatok

VOros (1998) nyoman
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(Hungarella problematica), smooth bairdiacypridiids (Bair-
diacypris anisica) and bairdiids (Bairdia cassiana) form the
ostracod assemblage. The fauna suggests open marine deep
neritic depositional environment below the storm wave base
like in the Akol Hill section. Unrepresented numbers of
Hungarella problematica and Bairdia sp. were recovered
from the samples (23.7-23.5 m and 22.4-22.1 m) of Fiired
Limestone.

Discussion

In the studied region, the Pelsonian platform carbonates
(Tagyon Fm.) are directly overlain by ammonite bearing cri-
noidal limestone/dolomite beds representing the basal part
of a deeper-water hemipelagic basin succession (Vaszoly
Fm.). Accordingly, examples for the platform drowning
could be encountered and studied here and the new micro-
paleontological investigations provided new data for the ex-

act dating and better understanding the process of this
drowning event.

The previously published biostratigraphic data (VOROS
etal. 1997, VOROS 1998, BupAI & VOROS 2006, VOROS 2018,
KARADI et al. 2022) and our new conodont stratigraphic re-
sults confirmed that ages of the base of the post-drowning
successions above the Pelsonian platforms are different
(Fig. 9, A).

Three Pelsonian platforms were recognised in our study
area (Barnag, Tagyon and Kdadarta Platforms; Fig. 9, B and
Fig. 10) although only a small part of the Barnag platform
was explored.

Extensional tectonics

To determine the timing of the extensional tectonic ac-
tivity we obtained data from the margin of the Kadarta Plat-
form. The conodont fauna of the neptunian dyke in the
Szentkirdlyszabadja quarry (Fig. 7) proves Pelsonian age.
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Figure 9. A) Simplified stratigraphic charts of the studied sections showing the gap between the Pelsonian platform carbonate (Tagyon Fm.) and the overlying old-
est basin sediments (VF - Vaszoly Fm.). AH: Akol Hill (VOROs et al. 2022); Sza: Szentantalfa (VOROS 2018); Drt-1: Dorgicse drill core (VOROS 2018; conodonts
this paper); V: Vaszoly (VOrOs 2018; conodonts KovAacs 1994); Szk: Szentkiralyszabadja (VORrOS 2018; conodonts this paper); Kdt: Kadarta (KARADI et al. 2022);
H-S: Hajmaskér-Soly (VOrOs 2018). B) Palacogeographic sketch of the Balaton Highland for the Pelsonian and for the early Illyrian showing the reconstructed
position of the three isolated carbonate platforms and the hemipelagic basin between them (after Bunal & VOrOS 2006; modified)

9. dbra. A) A vizsgdlt és hivatkozott szelvények egyszeriisitett rétegtani tabldzata, a pelsoi platformkarbondtok és a legiddsebb medencefdciesti fedd iiledékek (VF - Vaszolyi
E) kozotti iiledekhézag feltiintetésével. B) A Balaton-felvidék dsfoldrajzi vdzlata a pelsoi és a kora illir korszakban, a harom karbondtplatform és a kozattiik lévo,
hemipeldgikus medence rekonstrudlt helyzetével (Bubal & VOrROS 2006 nyomdn, médositva)
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10. dbra. Osfoldrajzi szelvény A) a Barnagi- és a Tagyoni-platform kizitt, a Felséorsi-medencén keresztiil: valamint B) a Felsdirsi-medence és a Kdddrtai-platform
érintkezésén keresztiil. A vizsgalt/hivatkozott szelvények nevet ldsd az 1. abran
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This date corresponds well with adjacent parts of the west-
ern Neotethys shelf (Fig. 11). In the Monte Rite area of the
Southern Alps (SA in Fig. 11) FARABEGOLI & GUASTI (1980)
reported three generations of neptunian dykes that penetrate
the Pelsonian Upper Serla Platform. In the Aggtelek—Ruda-
banya Unit (A-R in Fig. /1) the Middle Anisian Steinalm
Ramp is dissected by neptunian dykes, filled by red pelagic
limestone rich in fragments of thin-shelled bivalves (“fila-
ments”). Based on conodont assemblages, Late Pelsonian
and Early-Middle Illyrian dyke generations were identified
(VELLEDITS et al. 2011). Similar dual dyke generations were
observed in the Schreyeralm area of the Northern Calcare-
ous Alps (Austroalpine Units in Fig. //; VELLEDITS et al.
2017; GawLICK et al. 2021). In the Dinarides (OD in Fig. 11)
the neptunian dykes that penetrate the Pelsonian platform
carbonate (Ravni Fm.) started to form in the Late Pelsonian
(SuDAR et al. 2013). In the Late Illyrian the tectonic activity
intensified again and the dykes cross-cut not only the plat-
form carbonates but the older post-drowning basinal de-
posits (Bulog Limestone), as well (GAWLICK et al. 2023).

Platform drowning

In the Akol Hill section at Barnag (Fig. 4, AH in Fig. 9,
A, B) above the extremely thin Tagyon Limestone the con-
odont fauna constrains Pelsonian age for the basal crinoidal
limestone beds. This indicates a relatively early flooding
above the block-faulted margin of the Barnag Platform in the
Middle Anisian (Fig. 10, A). The Early Illyrian ammonite
fauna of the overlying condensed “ammonitico rosso” lime-
stone also contains Pelsonian forms (VOROS et al. 2022). The
dissolved specimens coated by Fe—Mn oxide crust suggest

very slow and episodic sedimentation in a current dominat-
ed environment.

In the area of the Tagyon Platform, on the basis of the
ammonite fauna, the basal beds can be assigned to the Early
Illyrian (Camunum Subchron, VOROS 1998; BUDAI & VOROS
2006; VOROs 2018) in both the Szentantalfa (Szain Fig. 9, A,
B) and in the core Dorgicse Drt—1 (Figs 8and 9, A, B). It has
to be mentioned that in the case of conodonts the Early Il-
lyrian age of the lowermost layers of the Vaszoly Fm. in Dor-
gicse Drt—1 core is only based on the lack of the Pelsonian P.
bulgarica. However, this can easily be a bias caused by the
very limited material available for conodont investigation.
Since P. bifurcata and P. hanbulogi are also present prior to
the Illyrian, a Late Pelsonian age of the basal beds cannot be
excluded. In the marginal Vaszoly section (V in Fig. 9, A, B)
the age of the oldest post-drowning sediment is Early Il-
lyrian (Camunum Subchrone) based on ammonoids (VOROS
1998, 2018) and conodonts (KovAcs 1994), as well.

In the Szentkiralyszabadja section (Fig. 7, Szk in Figs 9,
A, B and 10, B), which may have been located near the west-
ern margin of the Kadarta Platform, the basal post-drowning
hemipelagic carbonate beds (Fig. 12, A) can be assigned to
the Early Illyrian (Camunum Subchron). However, con-
odonts found in the dyke prove earlier, Late Pelsonian
drowning as a result of downfaulting of the platform margin.
In the section of the Kadarta quarry (Fig. 12, B), repre-
senting the internal part of this platform (Fig. 9, B), based on
conodont and zircon age data (Fig 9, A; KARADI et al. 2022)
latest Illyrian age (Secedensis Chron) of the volcaniclastic
beds of the Vaszoly Fm. was pointed out. In the internal plat-
form area at Hajmdskér—Sély, based on ammonoid data
(VORrOs 2018), somewhat older age (Reitzi Subchron) was

determined for the oldest post-

q> =
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drowning sediments.

We must note that the age
data for the base of the post-
drowning succession provide
information on the age of first
record of the post-drowning
deposition, which is not neces-
sarily identical to the timing of
the drowning event. In many
cases the drowning is followed
by a period of non-deposition
leading to a short- or long-
term stratigraphic gap (READ
1982, 1985; SCHLAGER 1989,
1991, 2005). The drowning is
commonly preceded by sub-
aerial exposure and erosion of

exposed land

ramp

carbonate platform

shelf basin

continental slope

ocean basin

mid-ocean ridge

volcanic centres

Figure 11. Palacogeographic setting of the Tagyon Platform (TP) and the Kadarta Platform (KP) within the Trans-
danubian Range Unit (TR) during the Middle Triassic in the western part of the Neotethys (Bupal et al. 2017, KARADI

etal. 2022)

A-R: Aggtelek-Rudabanya Unit; Bii: Biikk Unit; DR: Drau Range; Ju: Julian Alps; MT: Mid-Transdanubian Unit; OD: Outer Dinar-

ides; SA: South-Alpine Units; ST: Slovenian Trough

11. d@bra. A Tagyoni-platform (TP) és a Kdddrtai-platform (KP) kzépsé tridsz dsfoldrajzi helyzete a Dundntiili-kozéphegysé-
gi-egységen (TR) beliil a Neotethys nyugati selfjén (Bupai et al. 2017, KAr4DI et al. 2022)

the platform that resulted in
the apparent increase in the
duration of the gap. Various
factors (in many cases combi-
nation of several factors) may
lead to the drowning of car-
bonate platforms. In exten-
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Figure 12. Drowning unconformity on the top of the Pelsonian Tagyon Fm. (at the hammer), that is covered by A) dolomitized ammonitic Lower Illyrian limestone
(Camunum Subzone) in the quarry at Szentkiralyszabadja; and B) uppermost Illyrian volcaniclastic layers (Secedensis Zone) in the quarry at Kadarta

12. dbra. Megfulladasi diszkordancia felszin a pelsoi Tagyoni F. fels¢ hatdrdn (kalapdcs a képeken), amelyre A) ammoniteszes, dolomitosodott alsé illyr mészké
(Camunum Szubzona) telepiil a szentkirdlyszabadjai kifejtoben; és B) legfelsd illyr vulkanoklasztit rétegsor (Secedenis Zona) telepiil a kaddrtai kifejtoben

sional structural regimes the tectonically forced retrograding
of the margin may result in an exceptionally fast subsidence of
the downfaulted blocks and, accordingly, the end of the pro-
duction of the euphotic carbonate factory (Fig. 10, B). Coeval
acceleration of subsidence and an intense eustatic sea level
rise may also lead to drowning. Decreasing water transparen-
cy and, consequently, the shallowing of the light-saturated
zone may also be a dominant factor in the drowning or may
contribute to this phenomenon. Influx of large amount of sus-
pended terrigenous material (clay and/or fine organic mate-
rial) or extreme proliferation of planktonic organisms may be
responsible for the reduced transparency.

At the beginning of the Pelsonian, the Akol Hill section
was located in the external belt of the Barnag Platform (Fig.
9, B). Here, the Pelsonian drowning can be attributed to
downfaulting of the platform margin when a fault-controlled
and probably step-like slope may have come into being (Fig.
10, A). The drowning was likely followed by a period of non-
deposition due to high-energy currents. Resedimented frag-
ments of crinoids in the basal bed of the post-drowning suc-
cession may have been derived from higher terraces of the
slope (Fig. 10, A), similar to the sedimentation model pro-
posed by GALACZ & VOROs (1972) and GALAcz (1988) for
the Early Jurassic deposition of the Hierlatz-type lime-
stones. The overlying condensed bed-set with a rich but
partly reworked, mixed ammonite fauna reflects high-ener-

gy depositional conditions allowing only ephemeral sedi-
ment deposition and preservation.

In the area of the Tagyon Platform the drowning took
place prior to the Early Illyrian (Camunum Subchron) both
in near margin setting that is represented by the Vaszoly sec-
tions (V in Fig. 9, A, B), and also in the central part of the
isolated platform that is represented by the Szentantalfa sec-
tion (Sza in Fig. 9, A, B) and the Dorgicse Drt—1 drill core
(Fig. 9, A, B and Fig. 10, A). To determine the cause of the
drowning we must take into account the facies of the basal
beds of the post-drowning succession. They are made up of
carbonate layers rich in radiolarians, fragments of thin-
shelled bivalves, crinoids, ammonites and brachiopods and
volcanic tuff interlayers. This bed set is punctuated by phos-
phoritic horizons along the NE plaform margin represented
by the Vaszoly section (BupAI et al. 2017). These litho- and
biofacies characteristics suggest that along with the acceler-
ated subsidence of this block and the coeval eustatic sea-
level rise the reduced transparency as a result of enhanced
productivity and input of volcanic dust might have played a
critical role in the drowning. The radiolarians are indicators
of high productivity of the surface waters, which depends on
the fertility controlled by the availability of limiting nutri-
ents (e.g. P, Si) (DE WEVER & BAUDIN 1996, DE WEVER et al.
2014). Due to common abundance of radiolarians in pyro-
clast-bearing successions, the role of input of volcanic dust
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in the fertilization of sea-surface was also put forward (LIN
et al. 2011, ABDI et al. 2016). Considering the palacogeo-
graphic constrains, a monsoon-driven local upwelling and/or
the input of volcanic material seems to be the source of the
limiting nutrients along the margin of the Tagyon Platform
(Bubatr et al. 2017).

In the marginal area of the Kadarta Platform (Szentki-
ralyszabadja quarry, Szk in Fig. 9, A, Band 10, B) pedogenic
crusts or stromatolitic horizons (akin to those in the core
Drt—1) occur between the thick beds of the platform carbon-
ate containing a rich shallow marine fossil assemblage. Ac-
cordingly, this succession reflects periodically changing de-
positional conditions; shallow marine lagoon and peritidal
environments alternated as a consequence of the high fre-
quency sea-level oscillation (HaAs et al. 2014). In contrast,
in the inner part of the Kadarta Platform (Kadarta quarry,
Kdtin Fig. 9, A, B and 10, B) at least in the upper part of the
Tagyon Formation, the peritidal horizons are subordinate
suggesting permanency of the subtidal depositional setting
even during the periods of lowest sea level (HaAs et al.
2022). According to biostratigraphic constrains, the age of
the basal part of the post-drowning succession is Illyrian in
both sections (Fig. 9, A); however, it does not mean that the
drowning took place at the same time. It is more probable
that, due to downfaulting of the platform margin zone, the
drowning happened earlier in the Szentkirdlyszabadja area
(Figs 9, A and 10, B), although on the top of the downfaulted
block the intense current activity hindered sediment deposi-
tion for a while, which could only accumulate in the fis-
sures. Conversely, in the more internal part of the platform,
which is represented by the Kadarta quarry section, the shal-
low marine conditions may have been prolonged during the
Early Illyrian, although there are no exact biostratigraphic
data for this. Nevertheless, the latest Illyrian was already
characterized by deep-water sedimentation in this area as
well (Figs 9, A and 10, B; KARADI et al. 2022). The thick se-
dimentary breccia bed set, occurring above the post-drown-
ing pelagic tuffaceous dolomite layers, can be interpreted as
a platform foreslope deposit indicating the presence of the
coeval platform margin near this place (Fig. 9, C). Further
northeast in the Hajmaskér—Sdly sections (H-S in Figs 9, A,
B and 10, B) the oldest post-drowning layers are somewhat
older; based on ammonoid biostratigraphic data they belong
to the Reitzi Subzone of the Reitzi Zone (VOROs 2018). In
this area the intense volcanic activity, i.e. the related reduced
water transparency, may have been the major controlling
factor of the drowning since thick tuff layers were deposited
at that time in the Fels6ors basin (Bupar & VOROS 1993,
Bupat et al. 2001). However, the role of tectonic retrograd-
ing cannot be excluded either, which continued even during
the Ladinian as it was proven by a neptunian dyke in the
Litér quarry containing a Ladinain ammonite assemblage
(Bubar et al. 2001, BuDAT & VOROS 20006).

Drowning of the Middle Triassic platforms may have
taken place at different times also in other parts of the west-
ern Neotethys shelf (KARADI et al. 2022 and references
therein). For example, in the Aggtelek—Rudabanya Unit (AR

in Fig. 11) the Steinalm Limestone is overlain by the post-
drowning sequence of the Schreyeralm Limestone of Late
Pelsonian age in the Baradla Cave section (VELLEDITS et al.
2011, PERO et al. 2015), while the basal part of the red pelagic
ammonitic limestone belongs to the lower Illyrian Trinodo-
sus Zone in the Szar Hill section (VOROs 2010). On the
southern shelf of the rifting Neotethys (Fig. /1) the volcanic
activity was much more intense (VELLEDITS 2009) and, ac-
cordingly, it played a more decisive role in the basin evolu-
tion from the Pelsonian until the Ladinian (SMIRCIC et al.
2020, Kukoc et al. 2023).

The palaeoenvironmental reconstruction based on ostra-
cod palaeoecology reflects well the deepening of the Fels6-
ors Basin (Kozur 1970, MONOSTORI 1995) and the flooding
of the Middle Anisian isolated platforms during the Late
Anisian. Very similar ostracod faunas (dominance of smooth
bairdiids, bairdiacypridids and healdoids) were identified
above the platform carbonates in the Illyrian beds (Vaszoly
Fm.) of the studied sections in Szentkirdlyszabadja quarry,
Akol Hill and the Drt-1 core. The ostracod assemblages in-
dicate deep neritic open shelf environment with water depth
below 30-50 m (below the storm wave base) supporting the
deepening of the basin above the former Kadarta, Barnag and
Tagyon platforms during the Illyrian. The appearance of the
thin-shelled ‘palaeopsychrosphaeric elements’ with long
spines such as bairdiid Acratia, beecherellid Acanthoscapha,
tricorninid Nagyella and macrocypridid Praemacrocypris in
the Ladinian ostracod fauna of the Litér and Kadarta quarries
suggests the climax of the deepening of the basin with water
depth below 200 m (upper bathyal zone). This represents the
maximum flooding of the Kédarta Platform during the Lon-
gobardian (MONOSTORI & TOTH 2013, KARADI et al. 2022).

Conclusions

Drowning of the Middle Anisian platforms of the Balaton
Highland was mostly controlled by the onset of block-faulting
during the Pelsonian. Accordingly, the earliest drowning and
post-drowning deposition may have taken place in the Pelso-
nian at the edge of the Barnag Platform (Akol Hill).

On the Tagyon Platform (Szentantalfa, Dorgicse and Va-
szoly), where the first post-drowning basinal layers were de-
posited during the Late Pelsonian or Early Illyrian, the
drowning was probably governed by the accelerated relative
sea-level rise, although the reduced water transparency, trig-
gered by enhanced productivity in the upwelling zone and
input of volcanic dust, may also have played some role in it.

The marginal area of the Kadarta Platform (Szentkiraly-
szabadja) faulted down in the Pelsonian, however, the post-
drowning deposition occurred in the Early Illyrian. In the
inner parts of this platform (Kddarta and Hajmaskér—Soly
area) pelagic sediments deposited from the Late Illyrian in-
dicating a step-by-step faulting of the platform.

During the Ladinian bathyal environment was estab-
lished everywhere in the study area as a result of continuing
sea level rise.
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Diszparitds, diverzitds és méretvdltozds a toarci Spiriferiniddkndl (alsé jura, Brachiopoda)
a Tethys legnyugatabbi teriiletein

Osszefoglalds

Az Ibériai-masszivumot koriilvevs spanyol €s portugdl medencék Spiriferinida-szukcessziéja vildgviszonylatban is
a csoport egyik legteljesebb és legjobban ismert fosszilis rekordjét jelenti. Annak ellenére, hogy a csoporton beliili faji
diverzitds alacsony, az Ibériai-masszivumot koriilvevé medencékbdl a paleozoikum utdni fontosabb morfotipusok ismer-
tek. Ilyen médon ezek az alakok kozvetleniil a kora toarci tdmeges kihaldsi esemény el6tt ,,az elveszett Eden” utols6 kép-
viselSinek tekinthetSk. A brachiopoddk morfoldgiai és testméretvaltozdsait a tomeges kihalds idejének megfeleltethetd
késo pliensbachi — kora toarci sordn a Liospiriferina-nemzetség réteg szerint gy(jtott maradvanyain vizsgaltuk. A cél a
morfoldgiai véltozasok vizsgélata volt az adott idGszakra jellemz$ hipertermalis esemény tiikrében. A példanyok az
Ibériai-hegység két szelvényébdl szarmaznak. Az eredmények azt mutatjak, hogy a csoport diverzitasanak kezdeti ha-
nyatldsa és a korai méretcsokkenés a toarci elején bekovetkezett els6 komolyabb felmelegedési epizéddal allithatd parhu-
zamba. A nemzetség utolsé képviseldinél megjelend nagy méretti formdk pedig feltehetGen a tengerviz rovid ideig tarto,
de erds lehiilésével kapcsolatosak. Ez a lehiilés két jelentSs felmelegedési szakasz kozé ékelddott, és ez lehetett a Spiri-
ferinida-klad kihaldsdnak kivalt6 oka.

Tdargyszavak: brachiopoda, Spiriferinida, Liospiriferina, jura, toarci, Tethys, Ibériai-masszivum

Abstract

The fossil record of the Order Spiriferinida in the Toarcian basins surrounding the Iberian Massif (Spain and Portu-
gal) is exposed as one of the most well-known, complete, and continuous worldwide. Despite the low specific diversity
intrinsic to this group, the peri-Iberian basins include representatives of the main different morphological types recog-
nized throughout the post-Paleozoic history of the group, representing the ultimate “Lost Eden” for this clade before its
definitive demise in the Early Toarcian Mass Extinction Event (ETMEE). The changes in morphology and body size
observed during the latest Pliensbachian—earliest Toarcian, corresponding to the Extinction interval of the ETMEE, are
analyzed in specimens of the genus Liospiriferina carefully recorded bed by bed in two stratigraphical sections of the
Iberian Range, in order to stablish their detailed relationship with the evolution of the seawater temperature during this
hyperthermal event. This analysis has revealed an initial decrease in diversity and size coinciding with the first important
warming episode at the beginning of the Toarcian, while the big sizes observed in the last representatives of this genus
probably correspond with a short but intense event of seawater cooling, intercalated in the severe warming episode that
most probably was the main triggering factor of the spiriferinide clade extinction.

Keywords: Brachiopoda, Spiriferinida, Liospiriferina, Jurassic, Toarcian, Tethys, Iberian Massif
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Introduction

The Lower Jurassic spiriferinides (Order Spiriferinida
IVANOVA, 1972) together with the ultimate representatives of
the Order Athyridida Boucor et al., 1964, constituted the
only spire-bearing groups recorded in the Mesozoic in con-
trast with the extraordinary proliferation of these clades in
the Paleozoic times. These orders became extinct coinciding
with the last clade (or “fatal”) extinction (sensu VOROS et al.
2019) in the evolutionary history of brachiopods, occurred
in a timespan with critical perturbations in the environ-
mental conditions of marine ecosystems, culminating ca.
183 Ma in the so-called Early Toarcian Mass Extinction
Event (ETMEE). Remarkably, the extinction of the Paleo-
zoic spire-bearing brachiopods also coincided with preced-
ing events matching with the concept of “fatal extinctions”
introduced by VOROs et al. (2019) to denote those episodes
of synchronous extinction of high-grade taxa. It can there-
fore be stated that the last three fatal extinctions in the his-
tory of brachiopods especially affected the spire-bearing
groups (VOROS et al. 2016, 2019), i.e., the Devonian crisis
extinguishing Atrypida; the End-Permian extinction affect-
ing Spiriferida; and the ETMEE where Spiriferinides and
Athyridides became extinct (VOROS 2002; GARCIA JORAL et
al. 2011; BAEZA-CARRATALA et al. 2015, 2017; VOROS et al.
2016, 2019), excluding those from New Zealand attributed to
Spiriferina by MACFARLAN (2023), occurring in the Bifrons
Zone, c.a. 1 Ma post-ETMEE. No other order of brachio-
pods became extinct since this last event.

On the other hand, another of the many inspired ideas put
forward by Attila Voros throughout his prolific career was to
consider the Jurassic spiriferinides (along with the athyri-
dides) as a “Dead Clade Walking” (sensu JABLONSKI 2002),
alluding to their low diversity after surviving the severe end-
Triassic extinction event and remaining in decline in the
Early Jurassic (VOROs et al. 2016, 2019) up to their total
extinction in the critical perturbation of the ETMEE. Thus,
representatives of the Order Spiriferinida are profusely and
widely recorded throughout the Western Tethys in the Early
Jurassic but, despite their conspicuous occurrences, they
have been arranged only in a very few long-established gen-
era (e.g., ROUSSELLE 1977; MANCENIDO 1981, 2004; DULAI
2003; VOROS et al. 2003; CARTER & GOURVENNEC 2006;
CoMAS-RENGIFO et al. 2006; VOROs 2009; MANDL et al.
2010; HE et al. 2015; BAEZA-CARRATALA et al. 2016¢) denot-
ing a relatively low supraspecific taxonomic diversity in
contrast to their great abundance.

Likewise, another awe-inspiring concept put forward by
VOROS was to consider the Western Tethys Ocean as the
“Lost Eden” for brachiopods (VOROS 1993, 2005; VOROS et
al. 2016) representing the most important refuge for this
epibenthic biota during the different Mesozoic biotic crises,
including that of the ETMEE in which the spire-bearing
groups finally became extinct.

These three aforementioned concepts introduced and
developed by Attila VOROS over the last decades have be-
come a paradigm that supports outstanding interpretations

on the palebiogeographic distribution and on the different
adaptive strategies undertaken by different Jurassic brachio-
pod groups, especially around the ETMEE. In the frame-
work of these precepts, the present work analyzes the
changes and adaptations experienced by the last spiriferi-
nides in the westernmost part of the Tethys Ocean during the
Early Toarcian. The morphology and body size variations of
representatives of this clade over time around ETMEE are
quantified and their morphospaces are explored on the basis
of the dataset derived from the marginal peri-Iberian plat-
forms system, where spiriferinides have exposed the most
complete record preceding their definitive extinction, postu-
lating the sea-water temperature oscillations as a primary
factor of environmental control just prior to the hyperther-
mal maximum recorded in the basal part of the Serpentinum
Chronozone (GARCIA JORAL et al. 2011; GOMEzZ & Goy 2011;
CARUTHERS et al. 2013; DANISE et al. 2013; BAEZA-CARRA-
TALA et al. 2015, 2017; KRENCKER et al. 2020, RUEBSAM et al.
2020; FERNANDEZ et al. 2021; BUCUR & REOLID 2023), just
coinciding with the spiriferinides global demise.

Paleobiogeografic distribution of
Jurassic spiriferinides

Jurassic spiriferinides have a worldwide distribution from
the Hettangian to the early Toarcian, although most of their
known records are comprised in the Western Tethys. In the
Pliensbachian, a very high number of spiriferinide species
have been described in basins belonging to different bio-
provinces of this area (e.g., ALMERAS & FAURE 2000, Co-
MAS-RENGIFO et al. 2006, ELM1 et al. 2007, VOROS 2009,
BAEzZA-CARRATALA 2013, BENZAGGAGH 2023). However,
they disappeared in the Toarcian in many basins of the Medi-
terranean Province, which typically includes more epiocean-
ic areas than the Euro-Boreal one (cf. VOROS & ESCARGUEL
2019). The westernmost part of the Tethys Ocean and its
connection with the proto-Atlantic, together with the North-
Gondwanan Paleomargin, seems to have represented a last
refuge (the final relict of the “Lost Eden”) for spiriferinides
in the Early Toarcian (Fig. 1A).

As representatives of this ultimate refuge, the specimens
herein analyzed derive from the Lower Jurassic peri-Iberian
platforms system, constituted by different basins surround-
ing the Iberian Massif which, in paleogeographical and geo-
tectonic terms, was operating as an isolated microplate dur-
ing most of the Mesozoic times. The Jurassic peri-Iberian
platforms system constituted, together with the Southern
Betic unities (corresponding to the Albordn microplate
margins) and the North-African margins, the westernmost
marine environments and sub-environments of the Tethys
Ocean. In the late Early Jurassic, the proto-Atlantic seaway
connected this part of the Tethys with the Arctic and the
Panthalassa via the Viking and the Hispanic Corridors (e.g.,
PouLToN & CALLOMON 1977; SMITH 1983; MANCENIDO 1990,
2002; MANCENIDO & DaAGYs 1992; DAMBORENEA 2000;
BJERRUM et al. 2001; ABERHAN 2001; SHA 2002; GARCiA
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Figure 1. (A) Paleobiogeographic distribution of the Pliensbachian (greenish symbols) and Toarcian (reddish symbols) genera of spiriferinides. Data from the
Paleobiology Database, consulted in December 2023, supplemented with data after ALMERAS & FAURE (2000), ALMERAS et al. (2007), VOROS (2009), BAEZA-
CARRATALA (2008, 2013), and BENZAGGAGH (2023). Paleomap after SCOTESE (2013). (B) Toarcian spiriferinide genera recorded in selected localities from the peri-
Iberian basins. Data sources after COMAS-RENGIFO (1982), FERNANDEZ-LOPEZ et al. (1998), COMAS-RENGIFO et al. (1999, 2006, 2013, 2015, 2018a, 2018b), GARCiA
JOrAL & Goy (2009), GARCiA JORAL et al. (2011, 2022), BAEZA-CARRATALA et al. (2016a, 2016b, 2017, 2018). Symbols as in (A)

1L dbra. (A) A Spiriferinida-nemzetségek paleobiogeogrdfiai elterjedése. A pliensbachi eldforduldsok zold szinnel, a toarciak vordssel jelolve. Az adatokat a Paleobiology
Database-bil 2023 decemberében toltottiik le, és kiegészitettiik ALMERAS & FAURE (2000), ALMERAS et al. (2007), VOROS (2009), BAEZA-CARRATALA (2008, 2013) és
BENZAGGAH (2023) adataival. A paleogeogrdfiai térkép SCOTESE (2013) nyomdn késziilt. (B) Toarci Spiriferinida nemzetségek néhdny leléhelyen a Peri-Ibériai-medence-
ben. Az adatok ComaS-RENGIFO (1982), FERNANDEZ-LOPEZ és tdrsai (1988), Comas-RENGIFO és tdrsai (1999, 2006, 2013, 2015, 2018a, 2018b), GARCiA JORAL & Goy (2009),

GARCIA JORAL és tdrsai (2011, 2022), BAEZA-CARRATALA és tdrsai (2016a, 2016b, 2017, 2018) nyomdn. Jelkulcs, mint az (A) abrdn

JoraL et al. 2011). The most relevant localities containing
Early Toarcian spiriferinides in these basins have been indi-
cated in the figure IB.

Interestingly, the spiriferinide genera that settled in this
area show a morphological disparity in accordance with that
shown by the group throughout the Early Jurassic. In this
sense, VOROS et al. (2016), taking into account the outline and
global shape, differentiated three basic morphogroups among
the Lower Jurassic spiriferinides: biconvex, winged, and
cyrtiniform. On the other hand, COMAS-RENGIFO et al. (2006),
bearing in mind the ribbing pattern of the shell, considered a
different arrangement based on the record of this group de-
rived from the northern and eastern peri-Iberian basins,
discriminating the fully ribbed, smooth, and sparsely ribbed
(including capillate) morphogroups. Combining both criteria,
it can be deduced that all the four resulting morphogroups
recorded throughout the Early Jurassic are also systematical-
ly represented during the Early Toarcian in the peri-Iberian
basins (Fig. 2), i.e., Cisnerospira (smooth-cyrtiniform), Spi-
riferina (ribbed-winged), Liospiriferina (smooth-biconvex),
and Calyptoria (capillate or scarcely ribbed-biconvex). In
fact, this disparity is basically the same as that observed
among spiriferinides in the Triassic, when the group expand-
ed and filled the vacant eco- and morphospaces left after the
disappearance of their Paleozoic relatives Spiriferides after
the Permian—Triassic mass extinction (Guo et al. 2020).

Geological framework and chronostratigraphic
record of spiriferinides around
the Iberian paleomargins

In most of the peri-Iberian basins, the Lower Toarcian
deposits are arranged in expanded stratigraphic sequences
in which spiriferinides have been widely and profusely re-
ported since the 18th century (e.g., TORRUBIA 1754; DEs-
LONGCHAMPS 1863; JIMENEZ DE CISNEROS 1921, 1923; DUBAR
1931; DELANCE 1969; CoMAS-RENGIFO & Goy 1975; Rous-
SELLE 1977; CAaLzADA 1979; GOy et al. 1984; ARIAS et al.
1992; FERNANDEZ-LOPEZ et al. 1998; GARCIA JORAL & GOY
2000, 2009; GAHR 2002; CoMAS-RENGIFO et al. 2006, 2013,
2015; GARciA JORAL et al. 2011, 2022; BAEZA-CARRATALA
2011, 2013; BAEzZA-CARRATALA et al. 2016a, 2016b, 2017,
2018). For the sake of consistency, the well-stablished
record of spiriferinide taxa along the Tenuicostatum (Poly-
morphum)-Serpentinum chronozones in the peri-Iberian
basins have been summarized in four regions on the basis of
their paleobiogeographic situation and differences among
depositional environments: i.e., those forming part of the
East-Iberian Platforms System (EIPS: Iberian Range, Cata-
lonian Coastal Range and the Balearic Basin); the Northern-
Cantabrian paleomargin (Asturias and Basque-Cantabrian
Basins); the Atlantic paleomargin (Lusitanian Basin); and
the South-Iberian paleomargin (Subbetic-Alboran regions).
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Figure 2. Chronostratigraphic distribution of the spiriferinides in the peri-Iberian basins. Photographs refigured from CoMas-RENGIFO et al. (2006) except for
L. subquadrata (from COMAS-RENGIFO et al. 2013) and Cisnerospira spp. (from COMAS-RENGIFO et al. 2015)

2. dbra. A Spiriferiniddk idobeli elterjedése a peri-Ibériai-medencékben. Fotok: CoMAS-RENGIFO et al. (2006) nyomdn, kivéve L. subquadrata (CoM4S-RENGIFO et al. 2013)

és Cisnerospira spp. (Comas-RENGIFo e al. 2015)

The chronostratigraphical range of the main recorded taxa
in the four established regions is shown in Figure 2.

EIPS - Representatives of Spiriferinida in this region
are recorded in the Iberian Range within the Turmiel Fm., in
adepositional environment representing a shallow epiconti-
nental platform. These deposits consist of an alternation of
well-bedded grey/yellowish marl and micritic mudstone
beds arranged into deepening and shallowing-upwards se-
quences (GOMEZ & Goy 2000). These marly facies are de-
posited overlying the red bioclastic grainstone-packstone
beds of the Upper Pliensbachian-lowermost Toarcian Bara-
hona Fm. where spiriferinides are recorded as well. In the
Catalonian Coastal Range and Mallorca Island, spiriferi-
nides are recorded in a lithostratigraphical framework com-
parable to that of the Iberian Range, in the last levels of the
Barahona Fm. and the first levels of the El Caregol Mb. of
the Sant Blai Fm. (FERNANDEZ-LOPEZ et al. 1998), and in the

Es Cosconar Fm. and the lower part of Gorg Blau Fm.
(RosALEs etal. 2018, GARCIA JORAL et al. 2022) respectively.

South-Iberian Paleomargin — In the easternmost Betic
Range (East Spain) spiriferinides are recorded in the Pliens-
bachian—lowermost Toarcian sediments from the epiocean-
ic External Subbetic area (BAEZA-CARRATALA 2013), which
is characterized by pelagic seamount facies. Most of the taxa
are recorded in the upper part of the Gavilan Fm. (late
Pliensbachian), consisting of red crinoidal grainstone beds,
and the marly levels of the Zegri Fm. (uppermost Pliensba-
chian—lowermost Toarcian), consisting of marls and marly/
sandy marlstone deposits. In the innermost part of the Ex-
ternal Subbetic (La Cerradura, Jaen), the Zegri Fm. was de-
posited in a deeper subsiding trough area with an expanded
sedimentation and greater cumulative thickness (REOLID et
al. 2014, BAEZA-CARRATALA et al. 2017). Lower Toarcian
spiriferinides have been also recorded in the transitional
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areas of the Prebetic-Subbetic domains (La Mola, Alicante,
E-Spain; BAEZA-CARRATALA et al. 2016b).

Atlantic paleomargin — In the Lusitanian Basin, spiri-
ferinides are found mainly in Toarcian sediments from the
Rabagal-Condeixa and the Peniche regions. They are re-
corded in the Coimbra area (Ribeiro and Fonte Coberta
sections) in the Sdo Gido Fm. (CoMAS-RENGIFO et al. 2013)
as whitish gray marly beds. In Peniche, occurred in the lower
member of the Cabo Carvoeiro Fm. (ALMERAS et al. 1996,
CoMAs-RENGIFO et al. 2015). Both formations correspond to
low-energy, distal homoclinal ramps, deeper to the west/
northwest, typified by hemipelagic sequences and organic-
matter-rich facies, where an alternation of marlstone and
argillaceous limestone beds prevailed (DUARTE 2007).

Northern-Cantabrian paleomargin — Toarcian spirife-
rinides have not yet been recorded in the Basque-Cantabrian
Basin, and are scarce in Asturias, where they come from the
Santa Mera Member of the Rodiles Fm., composed of
rhythmic alternations of micritic and marly limestones with
an episode punctually enriched in organic matter (black
shales), interpreted as deposited on a hemipelagic carbonate
ramp (GARCIA JORAL & Goy 2009).

The lithostratigraphic differences and environmental sce-
narios among the different peri-Iberian basins influenced
the characteristics of the spiriferinide record (Fig. 2). In the
EIPS, which correspond to the best oxygenated areas, this
record is more diverse and abundant. In the less oxygenated
areas of the north and west of the Iberian Massif, the record
basically consists of small specimens of Liospiriferina, to-
gether with few specimens of Cisnerospira and Calyptoria
in the Lusitanian Basin. In the shallower epioceanic areas of
the South-Iberian margin, such as the Subbetic Domain and
the transitional zones to the more proximal areas, the record
is also diversified throughout the Early Jurassic, similarly to
that which took place in the EIPS, with standard-sized
Spiriferina, Callospiriferina, Dispiriferina, Liospiriferina,
and Cisnerospira as the main representative genera, but on-
ly Cisnerospira and Calyptoria persisted up to the upper-
most Early Toarcian record, while the more restricted Betic
troughs became deeper refuges, promoting the development
of small Liospiriferina species and specimens just like those
occurring in the Cantabrian and Lusitanian basins.

Evolutionary patterns of the last
peri-Iberian spiriferinides

As previously stated, peri-Iberian spiriferinides preserve
aremarkable morphological disparity in the Early Toarcian.
Therefore, diversity dynamics in this group seems to have
experienced significant changes, with a notable reduction if
compared to the Pliensbachian diversity maximum (COMAS-
RENGIFO et al. 2006).

The earliest important change took place concurring
with the initial episode of the biotic crisis, which was con-
sidered by several previous authors as a multi-phase event
(cf. LITTLE 1996; MAccHIONI & CEcca 2002; WIGNALL &

BonD 2008; DERA et al. 2010; CARUTHERS et al. 2013; ARIAS
2013; BAEZA-CARRATALA et al. 2015, 2017; RiTA et al. 2016;
ReoLID et al. 2021). This earlier episode occurred at the
beginning of the Tenuicostatum Chronozone, in a period of
changes in long-term environmental conditions prior to the
ETMEE boundary. In this first phase, while spiriferinides
virtually disappeared in a great number of basins of the
Mediterranean Bioprovince (VOROS 2005, BAEZA-CARRA-
TALA 2013), in some peri-Iberian areas, as the EIPS, Pyre-
nees, or in the Northwestern African basins, spiriferinides
still occurs, but their diversity decreased (cf. COMAS-RENGI-
FO et al. 2006). Simultaneously, in less oxygenated habitats,
such as the Cantabrian and the Lusitanian basins, only some
small-sized species thrived (ALMERAS et al. 1996; GARCIA
JoraL & Goy 2009; Comas-RENGIFO et al. 2013, 2015).

The second phase of the biotic crisis is recorded in the
last stratigraphic levels prior to the extinction boundary, in
the uppermost Semicelatum Subchronozone and the first
levels of the Elegantulum Subchronozone. The spiriferi-
nides recorded in this interval (Fig. 2) correspond only to the
biconvex Liospiriferina), considered as the most conserva-
tive and generalist morphotype (cf. VOROS et al. 2019), and
Calyptoria, an immigrant who arrived just at this time from
lower latitude areas (BAEZA-CARRATALA et al. 2018).

This decline in diversity follows the same global dynam-
ics documented for all brachiopod clades in the Toarcian. In
the Mediterranean Bioprovince, brachiopod diversity was
not recovered until the Aalenian—Bajocian times (VOROS
2005, VOrROs & Durar 2007, BAEzZA-CARRATALA 2013,
ANDRADE et al. 2016). In the extinction interval some typical
groups of this bioprovince show strategies to escape from
unfavorable environmental conditions established in their
homeland areas, moving towards deep refugia, such as the
southernmost subsiding troughs in deeper-water settings of
the Subbetic domain (BAEZA-CARRATALA et al. 2017), or
migrating from the most intra-Tethyan areas up to some
NW-European epicontinental seas (VOROS 2002, BAEZA-
CARRATALA et al. 2015), where they found a suitable habitat
to colonize. In other westernmost Tethys shallower regions
(EIPS, Pyrenees, or several basins in the southern and west-
ern France), taxa of the NW-European Province persisted,
although they underwent a remarkable renewal at species-
level, entailing in some cases a size reduction stage (GARCIA
JorAL et al. 2011, BAEZA-CARRATALA et al. 2015, P1azzA et
al. 2020a).

Several of these new species survived up to the last strati-
graphic levels prior to the extinction, when all the brachio-
pod species (and most of the genera) disappeared from the
peri-Iberian basins and many other Western Tethys areas.
Recovery and repopulation with new species, adapted to
much warmer conditions (ULMANN et al. 2020), begun in
several basins after a relatively short delay (cf. GARCIA
JoraL et al. 2011, ANDRADE et al. 2016).

Climate changes, and more specifically seawater tem-
perature variations, were likely the most important trigger-
ing factors for these evolutionary patterns. Seawater tem-
perature variations have been linked by Guo et al. (2020) to
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the diversity fluctuations among Triassic spiriferinides, so
that major cooling events of seawater temperatures in the
Anisian and Carnian seem to have facilitated the recovery of
the spiriferinides and their radiation in the Triassic, and their
noticeable diversification in the Late Pliensbachian coin-
cides with another major cooling (icehouse) interval as well
(PrICE 1999, GOMEZ et al. 2008, GomEz & Goy 2011, Ro-
SALES et al. 2018, RUEBSAM et al. 2020). The brachiopod
migration and dispersal movements observed at the Pliens-
bachian—Toarcian boundary can be correlated with the first
warming pulse of the Early Toarcian Biotic crisis (BAEZA-
CARRATALA et al. 2015, 2017), estimated to be approximate-
ly in 5 °C (RUEBSAM et al. 2020, FERNANDEZ et al. 2021) and
can be interpreted as the probable response of most species
to the geographic shift in their thermal optimum due to this
global warming episode.

After a relative sea-water temperature cooling in the
mid-Tenuicostatum Chronozone, a drastic rise of 10° C oc-
curred concomitantly with the onset of the Early Toarcian
Oceanic Anoxic Event near the Tenuicostatum—Serpentinum
chronozones boundary (RUEBsAM et al. 2020). The variation
in the oxygen-isotope ratios (A'®0) recorded in many basins
of the Western Tethys corresponding with this severe warm-
ing episode shows the most negative excursion values in
basins located at latitudes above 30°N, and the least negative
(or even positive) values in lower latitude basins, such as the
peri-Iberian and North African basins (FERNANDEZ et al.
2021, GAMBACORTA et al. 2024). These variations should
reflect not only temperature variations, but also a strong
North—South salinity gradient, possibly due to the south-
ward currents flow through the Viking Corridor of brackish
waters derived from the Arctic (BJERRUM et al. 2001) and the
progressive increase in runoff and fresh-water inputs to the
epicontinental basins and sub-basins of northern Europe in
correspondence with the general increase in temperature
(GAMBACORTA et al. 2024). Thus, either because the water
temperature was even higher in the areas located north of the
peri-Iberian basins, or because they had too low levels of
salinity or oxygen, the surviving spiriferinides (like the rest
of the brachiopod species in these basins) did not manage to
escape the hyperthermal event by moving to places further
north.

Morphology, size changes and seawater
temperature in the Toarcian Liospiriferina
from the Iberian Basin

Analyzing the body-size changes in the brachiopods
recognized in the Extinction interval prior to the ETMEE
from the peri-Iberian basins, GARCIA JORAL et al. (2018)
found two crossing trends involving not only latitudinal and
temporal gradients but also environmental factors. On one
hand, a diminishing tendency in the brachiopods body size
is noticed from shallower and well-oxygenated regions to
the muddy and oxygen-depleted bottoms, in line with what
was observed in the Western Tethys as a whole in the first

phase of the biotic crisis. On the other hand, an increasing-
size trend over time is revealed in some species in all the
peri-Iberian basins. The first tendency affected the tax-
onomic composition of the assemblages, so that the larger
species are recorded to the east of the Iberian Massif where-
as the smaller ones occurred in the northern and western
peri-Iberian platforms.

The increasing-size trend over time is related to within-
species changes affecting the intraspecific size of individu-
als throughout the extinction interval. This increase is re-
vealed in the most profusely recorded taxa and it is indepen-
dent of their standard size, affecting both the large spiriferi-
nides in the most favorable habitats prevailing in the Iberian
Basin and the small rhynchonellides and koninckinides in
more adverse conditions from the Cantabrian and Lusitani-
an basins (GARCIA JORAL et al. 2018).

Regarding this size increasing trend, experienced,
among others, by the last representatives of the genus Lio-
spiriferina in the Iberian Range, it seems to be inconsistent
with the customary global postulation expecting an inverse
relationship between size and temperature in numerous or-
ganism groups, the so-called “Bergmann’s Rule” or the
temperature-size rule (TSR). According to this “rule” ecto-
therm organisms acquire the mature ontogenetic conditions
at smaller adult body size in warmer conditions (ATKINSON
1994), although compliance with this rule is not so evident
in the case of brachiopods (cf. PECK & HARPER 2010).

In this way, P1azza et al. (2020a, 2020b) carried out a
comprehensive analysis on the bivalve and brachiopod body
size variation from a single lower Toarcian locality of the
Iberian Basin, concluding that a decreasing-size pattern of
benthic communities was linked to the increasing of the sea-
water temperatures during the extinction interval, admitting
a more manifest relationship when analyzed in bivalves and
less statistically evidenced in brachiopods. These authors
also remarked that the key factor of size reduction was a
decrease in the occurrence and abundance of larger species
rather than a within-species change in size. In the case of
brachiopods, this trend is supported by the presence of
Soaresirhynchia bouchardi, which is an opportunistic taxon
that colonized the basin from deeper and warmer waters
after the ETMEE (cf. BAEZA-CARRATALA et al. 2017, UL-
MANN et al. 2020). However, in other areas, such as the
Lusitanian Basin, S. bouchardi shows larger size than those
brachiopods occurring prior to the extinction boundary (cf.
CoMAs-RENGIFO et al. 2013, 2015; Piazza et al. 2019).
Excluding S. bouchardi, the coupling of brachiopod size
changes with the increasing of sea-water temperatures is not
statiscally significant along the Tenuicostatum Zone (PIAz-
zA et al. 2020a).

In order to better understand the effect of the sea-water
temperature in the brachiopod body sizes, a more detailed
comparative analysis has been now performed taking into
account not only the changes in body size, but also morpho-
logical patterns and morphospace occupation recorded in
the Iberian Basin among the spiriferinide representatives
assigned to the genus Liospiriferina, which represents the
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only of the four genera with a certified continuous record in
the peri-Iberian paleomargins during the uppermost Pliens-
bachian — lower Toarcian interval. Simultaneously, these
changes are interrelated with the paleotemperature pattern
derived from the sea-water temperature curves estimated by
the different authors for this basin.

A total number of 345 specimens of Liospiriferina
ROUSSELLE, 1977 were included in the analysis, all of them
collected and studied bed-by-bed in the Almonacid de la
Cuba (after CoMAS-RENGIFO et al. 2010) and the Arifio
localities (after Goy et al. 1998, GARcIA Joral et al. 2011),
spanning the uppermost Pliensbachian — lower Toarcian de-
posits throughout the Hawskerense, Mirabile, and Semi-
celatum subzones. The extensive record of spiriferinides in
the Semicelatum Subzone, that probably represents a longer
time interval that of the Mirabile subzone, have been divid-
ed in two parts (lower and upper part of the Subzone) for a
more detailed analysis. All specimens analyzed are deposit-
ed at the Department of Geodynamics, Stratigraphy and
Paleontology (Universidad Complutense de Madrid, Spain;
DPUCM). With the purpose of analyzing the morphologic
variability and the size changes over time, the main bio-
metric parameters suggested by MANCENIDO (1981) for the
characterization of the spiriferinides were directly measured
on the 252 complete available specimens (Fig. 3): total
length (L), width (W), thickness (T), dorsal valve length
(Ldv), distance from the apex to the maximum width of the
shell (Wm), height of the cardinal area (Ha), width of the
dorsal median fold (Wf), and maximum height of the fold in
the anterior commissure (Hf). Subsequently, Principal
Component Analysis (PCA) was conducted as exploratory
method for variable reduction (HAMMER & HARPER 2006)
using a correlation matrix instead of variance-covariance,
considering that there is a great difference in the width of the
range of values between some variables and others. The
correlation matrix is more appropriate when the ranges of
values are different because it standardizes the data so that
all variables contribute equally to the analysis These analy-
ses and successive statistical explorations were carried out
by means of the PAST 3.22 software package (HAMMER et
al. 2001). The labelling of the specimens studied at each

Figure 3. Main biometric parameters measured on Liospiriferina specimens from Almona-
cid de la Cuba and Arino localities: L: total length; W: width; T: thickness; Ldv: length of
the dorsal valve; Wm: length from the apex to the maximum width; Ha: Height of the
cardinal area; Hf: height of the dorsal anterior fold; Wf: width of the dorsal anterior fold
3. dbra. Az Almonacid de la Cuba és az Aririo lelohelyekril szdarmazo Liospiriferina-példd-
nyokon mért fontosabb méretek. L: teljes hosszuisag; W: szélesség; T: gsdg; Ldv: a dorzalis
teknd hossza; Wm: a csiicstol a legnagyobb szélességig mért tavolsag; Ha: a cardindlis teriilet
magassaga; Hf: a dorzdlis anterior kiemelkedés magassaga; W¥: a dorzdlis anterior kiemel-
kedés szélessége

stratigraphic level and their measurements are included as
supplementary material. Correlation of size, diversity, and
disparity changes with seawater paleotemperatures are based
on temperature curves published by different authors. The
ammonoid chronostratigraphic zonal scheme is based on
the standard zones proposed by ELMI et al. (1997), and PAGE
(2003) for the Tethys Realm.

By correlating all the main biometric parameters using a
correlation matrix (Table I), it can be deduced that all of
them are closely related (p < 0.05). The lowest correlation
values are observed for the height of the cardinal area (Ha)
and the height of the dorsal median fold (Hf), these revealed
as the most independent parameters, and consequently be-
ing responsible for the greatest shape variations non-aligned
with the body-size.

The PCA plot (Fig. 4) also reveals that morphospaces
occupation varied over time, mainly along the PC2 axis. The
specimens recorded in the uppermost Pliensbachian (Haw-
skerense Subzone of the Spinatum Zone) occupied a much
greater range along this axis than those recorded in the Te-
nuicostatum Zone (Mirabile and Semicelatum subzones)
from the lowermost Toarcian. This wide-range variability in
the PC2 scores corresponds to the great morphological vari-
ability observed among spiriferinides from the Late Pliens-
bachian of the Iberian Range, that have led to the taxonomic
determination of several species assigned to the genus Lio-
spiriferina, such as L. rostrata (SCHLOTHEIM), L. terebratu-
loides (SEGUENZA), L. hartmani (ZIETEN), L. falloti (COR-
ROY) and some other taxa (cf. COMAS-RENGIFO et al. 2006)
which have been grouped as Liospiriferina gr. rostrata in the
Figure 2.

However, the morphological variability of the Liospiri-
ferina specimens from the Mirabile and Semicelatum sub-
zones is considerably lower than in the Hawskerense Sub-
zone, as indicated by the reduction in the morphospaces
occupied in the PCA plot, so that, in our opinion, all these
specimens can be assigned to a single species, L. falloti,
which corresponds to a simplified morphology, less folded
and with the cardinal area less curved, among the L. rostrata
group. The decrease in variability is concurring in the Mira-
bile Subzone and in the lower part of the Semicelatum Sub-
zone with a significant reduction in size of the individuals,
indicated by the contraction of the PC1 scores. This minia-
turization has been related in the Iberian Basin to the first
episode of the ETMEE, that as previously explained, con-
sists of the replacement of some species of brachiopods by
other smaller ones within the same genus (e.g. Lobothyris,
Aulacothyris, Quadratirhynchia, Gibbirhynchia), also in-
volving the genus Liospiriferina (cf. GARCIA JORAL & GOy
2000, GARrcia JorAL et al. 2011). On the other hand, while
the variation in the morphological variability between the
specimens of the two Toarcian subzones can be interpreted
as scarce from the wide-ranging PC2 scores, the size of the
specimens (estimated, given the rounded style of the shells,
as the volume of an ellipsoid whose three axes correspond to
the main dimensions of the shell: length, width and thick-
ness, as proposed by Guo et al, 2022) changed noticeably,
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Table I.Below, colored: Linear correlation coefficient () between the measured dimensions. Above: p (uncorrected) values of normality. In red boxes r values lower
than 0.5; in orange boxes r values between 0.5 and 0.7. All p values are lower than 0.05. Biometric abbreviations as in Figure 3

L. tablazat. Alul, szinesben: a mért értétek kozotti linedris korreldcios egyiitthato (). Fent: p (nem korrigdlt) normalitds értékek. Piros dobozokban a 0,5-nél alacsonyabb

r értékek; narancssdarga dobozokban a 0,5 és 0,7 kizitti t értékek. Minden p-érték 0,05-nél alacsonyabb

W L T Ha Ldv Wm Hf Wi

4.62E-100  23213E-85  3,6902E-28  3,0854E-95  2,05E-63 5,7695E-25  4,1407E-67
L 091422 39224E-88  7.741E-25  1.5811E-127  22496E-78  5.5253E-21  7.2435E-76
T 088588 0.8919 9.7245E-17  2.5313E-81  2.1232E-65  1.7226E-30  7.9129E-49
Ha 62002 0.5881 _ 14863E-18  S5.651E-15  59645E-07  2.4674E-22
Ldv (90584 0.94919 0.87646 0.51608 1.1784E-69  9.2537E-17  1.2457E-65
Wm 0835 086905 0.83023 0.8442 52912E-12  2.2602E-47
Hf 058939 0.54603 0.64043 _ 3.0369E-20
WI 083601 0.86238 0.7607 0.56146 0.83103 0.75316 053722

decreasing in the Mirabile Subzone and in the lower part of
the Semicelatum Subzone and increasing in the upper part
of the Semicelatum Subzone (Fig. 5).

Thus, the restriction of the morphological variability de-
tected in the Liospiriferina individuals from the morpho-
space occupation resulting in the PCA analysis (Fig. 4), as
well as the size decreasing episode identified in the Mirabile
Subzone (Fig. 5), can be related to the first stages of the Ear-
ly Toarcian Biotic Crisis. However, size-changes pattern in
the rest of the Tenuicostatum Zone probably needs a further
interpretation.

Regarding the sea-water paleotemperatures, a number of

previous authors have profusely studied their oscillations in
this timespan through different methods and techniques, both
globally and regionally in the peri-Iberian platforms system
(BAILEY et al. 2003; RosALES et al. 2004, 2018; MCELWAIN et
al. 2005; GOMEzZ et al. 2008; CoMAS-RENGIFO et al. 2010;
GOMEz & Goy 2011; DANISE et al. 2019; P1azza et al. 2019,
2020a; RUEBSsAM et al. 2019, 2020; FERNANDEZ et al. 2021).
Most of these works were based on the changes in the
0'5/0'® isotopic ratio analyzed in belemnites rostra, and bi-
valves or brachiopods shells. Recently, the oscillation curve
presented by RUEBSAM et al. (2020), based on the TEX86
paleotemperature proxy (SCHOUTEN et al. 2004) provides a

Component 2

@® upper Semicelatum SbZ.
@ lower Semicelatum SbZ.

-2 i . D :
@ Mirabile SbZ. I I
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Component 1

Figure 4. Morphometric scatter diagram of the analyzed representatives of Liospiriferina from the Iberian Basin, showing the morphospaces defined by the first
two axes of the Principal Component Analysis (PCA). Clusters take into account the distribution over time. Dimensional vectors have been plotted to show the

main discriminating factors

4. dbra. Az Ibériai-medencébdl szarmazo Liospiriferina-példdnyok morfometriai szordsdiagramja; a morphospace-t a fokomponens-analizis elsé két tengelye hatdrozza
meg. A klaszterek az iddbeliséget érzékeltetik. A dimenzios vektorok a f6 megkiilonboztetd faktorokat mutatjak
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Figure 5. Spindle diagrams of the PCA2 scores (A) and size (B) (estimated volume in cm®) of the measured specimens of Liospiriferina in the studied time intervals.
Width of the spindles correspond to the proportion of individuals of each interval of values within the same temporal interval

5. dbra. Az adott idoszakban vizsgalt Liospiriferina-példanyok fokomponens-analizisének dobozdiagramja. A: méreteloszlds; B: becsiilt térfogat cm*-ben. A dobozok széles-

sége ardnyos az egyes értékintervallumokban szerepld egyedek szamdval

different perspective and seems to be useful to explain gen-
eralized climate change episodes at a regional scale.

To further refine the comparison between size and tem-
perature in the studied Liospiriferina, their changes in body
size have been confronted in the Figure 6 with the most
detailed temperature curves obtained in the Iberian Range
and the SST (Sea Surface Temperature) curve calculated by
RuUEBSAM et al. (2020), which is considered to reflect the
annual mean temperature in the upper mixed layer of the
ocean on a regional scale. Despite the differences in the tem-
perature data revealed in these studies, and although in the
case of the Almonacid de la Cuba stratigraphic section the
data do not reach the upper part of the Semicelatum Sub-
zone, a general paleotemperature pattern can be extracted
for the Iberian Basin. It seems that, after the important
warming episode occurred in the lowermost early Toarcian,
fluctuation of cooling and warming periods took place at the
time corresponding to the upper part of the Mirabile Sub-
zone and the lower part of the Semicelatum Subzone, fol-
lowed by a hyperwarming event in the uppermost part of this
last Subzone, which may have been of 10 to 15 °C until the
end of the Elegantulum Subzone (cf. GOMEzZ & Goy 2011).
In La Almunia section, where the more detailed curve was
obtained, this severe warming episode is disrupted by a
short cooling event coinciding with the Tenuicostatum—Ser-
pentinum zones boundary, which is also recorded in other
peri-Iberian and North-European basins (GOMEZ & GoOY
2011, fig. 11) and in the SST curve calculated by RUEBSAM et
al. (2020).

The significant seawater warming occurred at the begin-

ning of the Mirabile Subzone can be reasonably linked to the
decrease in size in the studied Liospiriferina representatives
(Fig. 6). The subsequent significant change in size is an in-
crease recorded in the upper part of the Semicelatum Sub-
zone, which is also observed in other brachiopod genera (cf.
BAEZA-CARRATALA et al. 2017, GARCIA JORAL et al. 2018).
This increase can be correlated with the cooling pulse that
has been inferred for this time in the sections of the Iberian
Basin shown in Figure 6. The SST curve of RUESBAM et al.
(2020) does not differentiate the two subzones of the Tenui-
costatum Zone, but it also indicates an important cooling
phase within this zone that possibly coincides in age with
that deduced for the Iberian Basin. After this relative cool-
ing, the second and most severe phase of the hyperthermal
event took place. The rapid initial warming is correlated in
the Arifio section with a notable decrease in size in the last
layer belonging to this subzone, immediately followed by an
even more notable increase in size in the overlying level al-
ready belonging to the Elegantulum Subzone of the Serpen-
tinum Zone, that coincides with the sudden cooling previ-
ously commented. These biggest Liospiriferina individuals,
together with the standard-sized Calyptoria recorded in the
same levels in Arifio and in some other localities of the peri-
Iberian basins, are the last known representatives of the
spiriferinides in the Western Tethys.

Therefore, the tendency to increase in size in certain
resilient species of brachiopods exposed in our previous
work (GARCIA JORAL et al. 2018), analyzed at Sub-chrono-
zone level, can now be qualified with the more detailed
analysis carried out in this work in light of the more accurate
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Figure 6. Temperature curves for the extinction interval of the Early Toarcian Biotic Crisis compared with the maximum sizes of the Liospiriferina specimens
measured in the studied sections. More explanations in the text. Ar: Arino section; Cu: Almonacid de La Cuba Section

6. d@bra. A kora toarci biotikus krizis idejére esé homérsékleti gorbék és a Liospiriferina-példdnyok maximdlis méreteinek dsszehasonlitdsa. Tovabbi magyardzatok a szo-

vegben. Ar: Aririo-szelvény; Cu: Almonacid de La Cuba-szelvény

temperature and body size data achieved from the Iberian
basin. The big size in the Liospiriferina specimens — as well
as in other representatives of several species —reached in the
upper Semicelatum Subzone, could correspond to the cool-
ing episode prior to the maximum hyperthermal event,
whereas the even larger size of the last spiriferinides could
represent the last heyday of the scarce survivors to the rapid
onset of the seawater warming, taking advantage of the short
cooling episode around the zonal boundary.

Finally, the severe warming that took place at the begin-
ning of the Serpentinum Chronozone, when the sea-water
temperature increased very noticeably (HU et al. 2020, Ru-
EBSAM et al. 2020) seems to have been unbearable for these
resilient species.

The Early Toarcian Hyperthermal Event has been re-
lated to the widespread occurrence of black shales in many
basins around the globe, evidencing a global anoxic event
(the so-called Early Toarcian Anoxic Event or “Jenkyns
Event”). Anoxia has been recurrently invoked to explain the
extinction of the last spire-bearer brachiopods in the Early
Toarcian (VOROS 2002). As exposed by AGER (1987) and
VOROS et al. (2016), the passive feeding mechanism of spire-
bearing brachiopods with fixed lophophores becomes less
effective under adverse conditions of oxygenation than the
ciliate active feeding of the more adaptable rhynchonellides
and terebratulides, and this could have been a factor influ-
encing the extinction of spiriferinids and the survival of the
other orders. However, there are no evidence of anoxic envi-
ronments in most of the peri-Iberian basins, precluding this
interpretation in this region (GOMEz et al. 2008, GARCIA
JorAL et al. 2011, GOMEzZ & Goy 2011, P1azza et al. 2020b).

The severe warming is the most feasible cause of the clade or
“fatal extinction” (sensu VOROS et al. 2019) that brachiopod
fauna experienced at this time, an extinction that is among
the most important in the post-Paleozoic history of this phy-
lum and represents, as previously mentioned, the disappear-
ance of the Order Spiriferinida (GARCIA JORAL et al. 2011;
VOROs et al. 2016, 2019). The survival, for a short time, of
spiriferinides in the cold seawater habitats of the high lati-
tudes from New Zealand is also consistent with this pos-
tulate. As can be seen in Figure 1A, the few Pliensbachian
spiriferinide records known outside the Western Tethys
region are mainly representatives of the “ribbed/winged”
morphotype, arranged into the genus Spiriferina, which
have been considered as the best adapted to the high latitude
environments (cf. Guo et al. 2020 and references therein).
This is the same morphotype of the last recorded spirife-
rinides in the New Zealand region (cf. MACFARLAN 2023).

Subordinately to the present analysis, it can be also cor-
roborated that brachiopods were unmistakably more sensi-
tive to the sea-water temperature increase (at least in the
post-Paleozoic times) than other groups of benthic epibiota,
such as bivalves; this is clearly manifested in the different
intensity of extinction if both groups are compared in the
Early Toarcian (P1azza et al. 2019, 2020a, 2020b).

Conclusions
The significant environmental changes that occurred in

the early Toarcian biotic crisis seriously affected the bra-
chiopod fauna, especially to the Order Spiriferinida, whose
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diversity was previously quite restricted to the point of
having been considered as a “Dead Clade Walking”. In the
lowermost Toarcian, the earlier phase of this crisis entailed a
first significant seawater warming episode, leading to the
greatly constricted paleobiogeographic distribution of this
clade, being limited to the westernmost corner of the Tethys
Ocean, in contact with the “Viking” and the “Hispanic”
corridors. In this area, the spiriferinides preserved a mor-
phological disparity like that revealed throughout the entire
Early Jurassic, although represented by very few species.
Furthermore, these species suffered a generalized reduction
in size, more noticeable in the more oxygen-starved areas. In
the second phase of this ecological crisis, occurred at the
basal Serpentinum Chronozone, a new and even more in-
tense warming episode could not be overcome by the few
spiriferinide species remaining in this region, thus repre-
senting the “fatal extinction” of the Order Spiriferinida.
The abundant and continuous record of spiriferinides in
the basins surrounding the Iberian Massif, in Spain and Por-
tugal, allows us to study in detail the changes experienced by
the group during this crisis. The analysis of morphology and
size changes in individuals of the best represented genus
(Liospiriferina) in the Iberian Basin, where their record is
the most abundant and continuous, reveals a drastic de-
crease in both features as a consequence of the first marine
warming phase, while the only resilient inhabitant species
of the genus (L. falloti), maintained or even increased their
size until the last moment. These size changes may be re-
lated to the more or less intense water temperature fluctua-

tions, so that the last big sizes observed are possibly an ul-
timate response to a short cooling event, intercalated within
the very intense warming that is very probably the main
cause responsible for the extinction of the spiriferinide
clade, together with paleogeographic conditions preventing
escape to colder waters environments.
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Kora jura Thecideida brachiopodcdk és veliik egyiitt el6fordulé egyéb dsmaradvdanyok
a Roma (Olaszorszdag) melletti Tivolibol

Osszefoglalds

A dolgozat elsSként ismerteti az Appenninek alsé toarci rétegeibdl a Moorellina parca (RAU), 1905, Davidsonella si-
nuata (DESLONGCHAMPS) €s a Suessia liasina (DESLONGCHAMPS) brachiopoda fajokat. A begyijtott 460, tobbségében to-
redékes ammonitesz segitségével a brachiopoddkban €s krinoidea-maradvanyokban gazdag réteget a toarci bazisat jelzo
Polymorphum Zoénaba sorolhatjuk. A Colle Vecchio toarci szelvényét — a lelShely egyedi és sajitos Gslénytani értékei
alapjan — javasoljuk felvenni a foldtani 6rokség regiondlis jegyzékébe.

Kulcsszavak: also jura, Kozépso-Appenninek, brachiopoda, ammonitesz, belemnitesz, Polymorphum Zona, foldtani orokség

Abstract

The aim of this paper is to point out the first reporting of Moorellina parca (RAU), Davidsonella sinuata (DESLONG-
cHAMPS) and Suessia liasiana (DESLONGCHAMPS) in the Apenninic Lower Toarcian beds. The sampling of 460 specimens
of ammonites (mainly fragmentary specimens) allowed us to correlate the fossiliferous level known in the literature for
the rich associations with brachiopods and crinoids in the basal Toarcian, Polymorphum Zone. Due to its uniqueness and
paleontological value, we propose the Toarcian fossil deposit of Colle Vecchio to be included in the regional list of
Geosites for the conservation of the geological heritage.

Keywords: Lower Jurassic, Central Apennines, Brachiopods, Ammonites, Belemnites, Polymorphum Zone, Geological heritage

Introduction

The brachiopod fauna of the Colle Vecchio outcrop was
studied by VOROs (2002); however, he did not report these
micromorphic species of encrusting. Their recognition in a
retrospect is due to the passion and patience of the second
author (G. A.) who, during the preparation of the dossier re-
lating to the formalization of the outcrop in the regional
catalog of Geosites (CRESTA et al. 2005), recognized the
species encrusted on other fossils and present in the mi-
crofauna associated with the level of Koninckella already
known in the literature.

The present volume dedicated to the scientific activity of
Attila VOROS provides an excellent opportunity to inform the
scientific community of this occurrence.

Geological and stratigraphic framework

As pointed out by MANNI & D1 NARDO (2021 and refer-
ences therein), the Colle Vecchio outcrop (Figure 1, A) is
part of the Apennine Jurassic pelagic succession included in
the “Monte Catillo” Regional Nature Reserve. Our atten-
tion, motivated by the opportunity to include the outcrop in
the Regional Catalogue of Geosites, was focused on the lay-
ers within which the fossil association known in the litera-
ture originates.

The sampled section (Figure 1, B) is 7 meters thick and
consists of white and light grey micritic limestones with
chert lenses and nodules from the topmost portion of the
Corniola Formation corresponding regionally to the basal
Toarcian. The authors have highlighted two different scenar-
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Figure 1. A) location of the Colle Vecchio outcrop (from MANNI & D1 NARDO 2021); B) stratigraphic succession of the topmost part of the Corniola Formation;
C) sampled stratigraphic interval: bed a - micritic limestones (20 ¢cm, macrofossils not found); bed b - micritic limestones (18 cm, macrofossils not found); bed ¢
- micritic limestones (18 cm) with an irregular surface on the top covered by a marly layer of variable thickness (1-2 cm) macrofossils not found; bed d - micritic
limestones (5 cm) with a firm ground on the top, macrofossils not found; bed e - micritic limestones (14 cm) with a hard-ground erosion surface on the top con-
taining indeterminate brachiopods; bed f - marly level of variable thickness (2-5 cm) with resedimented ammonites, belemnites and brachiopods; bed g - marl and
marly clays (25-30 cm), richly fossiliferous, from which the specimens described in the literature come (MANNI & Nicosia 1990, VOrOs 2002, MANNI & D1 NARDO
2021); bed h - slumping level (130 cm), followed by recent debris cover that hides the stratigraphic succession; D) detail of bed e top surface in which the depres-
sions filled by marls containing ammonites, brachiopods and resedimented belemnites can be seen

1. dbra. A) a Colle Vecchio lelohely (ManNI & D1 NARDO 2021 nyomdn); B) a Corniola Formdcio felsé részének rétegsora; C) a begyiijtitt szelvény: a réteg - finomszemcsés
mészkd (20 cm, makrofaundt nem szolgaltatott); b réteg - finomszemcsés mészkd (18 cm, makrofaundt nem szolgdltatott); ¢ réteg - finomszemcsés mészkd (18 cm,
egyenetlen felsé felszinén 1-2 cmvastag, makrofaunamentes mdrgareteggel); d réteg - finomszemcsés mészkd (5 cm) tetején keményfelszinnel, makrofaunamentes; e réteg
- finomszemesés mészkd (14 cm) tetején keményfelszinnel, meghatdrozhatatlan brachiopoda-maradvinyokkal; f réteg - vdltozo vastagsagii mdrgds réteg (2-5 cm)
dthalmozott ammoniteszekkel, belemniteszekkel és brachiopoddkkal; g réteg - mdrga és mdrgds agyag (25-30 cm), dsmaradvanyokban gazdag, (MANNI & Nicosi 1990;
Voros 2002; MANNI és DI NARDo 2021); h réteg - rogyott réteg (slump), (130 cm) felsd részén tormelékkel fedve; D) az e réteg felso részének részlete; a mélyedeseket
ammoniteszeket, belemniteszeket és athalmozott brachiopoddkat tartalmazoé mdrga tolti ki

ios of lithostratigraphic evolution between this Formation stones and marls of the Umbrian Marche Ammonitico Ros-

and the above. so Formation; in the most depressed basin areas there is a
In the Pelagic Carbonate Platform areas (SANTANTONIO transition between the micritic sediments of the Corniola

1994; GALLUZZO & SANTANTONIO 2002; BALDANZA et al. Formation to the predominantly marly-clayey sediments of

2022 and references therein) a hard-ground formed prior to  the Marne di Monte Serrone Formation.

the resumption of sedimentation with the nodular lime- In addition to these two main typologies, there are cases,
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like the one described here, in which tectonic and/or palaeo-
geographic evidence points to local variations. The pecu-
liarity of this outcrop is the presence of a slumped level in
contact with a surface with elements that suggest a slowing/
stopping of sedimentation and the formation of a hard-
ground whose clastic components (fragments of ammonites
belonging to the Polymorphum Zone) are also found in the
marl portion above, squeezed by gravitational sliding.

In detail, we found that in the upper part (beds a, b, c, d,
e) the limestone layers are interspersed with thin marly and
calcareous-marly layers of cm-thickness (Figure I, C). The
bank below the fossiliferous level (beds d-e) is divided by a
“sharp surface” and has a hard-ground on the roof whose
trace is represented by morphological depressions that form
niches (Figure 1, D).

These depressions are filled by fossiliferous marls (Fig-
ure 1, C, bed f) in which the specimens of ammonites and
belemnites displayed in Plate Il have been found (Figure I,
D): some specimens show signs of resedimentation. Above,
squeezed into calcareous and calcareous-marly levels bent
by sliding, a chaotic level (bed g, 20-35cm) emerges con-
sisting of fragments of micritic limestone in a richly fossilif-
erous marly-clayey matrix from which most of the known
fossils come (MANNI & NicosiA 1990, MARIOTTI 1994, VO-
ROS 2002, VENTURI 2006, MANNI & D1 NARDO 2021).

Paleontological framework

Although the fossil association of this outcrop is known
in the literature, in order to construct a dossier necessary for
the proposal of a Paleontological Geosite we considered it
necessary to resample the succession to constitute a refer-
ence collection, still under study, which is temporarily host-
ed by the second author (G. A.).

Fifty kg of fossiliferous marl from bed g was sieved and
the subsequent count of the specimens found (1176) gave the
following result: 460 ammonites (mostly in a fragmented
state); 25 belemnites; 4 gastropods; 25 regular echinoids
spines plus 3 specimens less than 1 cm in size (Figure 2);
200 crinoid cups (of genera already known in literature);
450 brachiopods, of which 200 belong to the groups Tereb-
ratulidae and Rhynchonellidae and 250 to Koninckinidae, in
addition to the Thecideidae covered by this report encrusted
on 30 organic bases (belemnites, crinoids, brachiopods).
Specimens belonging to the genera Suessia and David-
sonella have also been found (Plate II); 50 fragments of
problematic attribution (sponge spicules, corals?) and ap-
proximately one thousand of columnaria crinoids articles
(with minimum size 2 mm).

Some ammonites and belemnites figured in Plate 11
came from the marly layer covering the eroded depres-

Figure 2. Regular echinoid remains from bed g. The figured specimens will be housed in the Piobbico Geo-Paleontological Museum collections

2. dbra. A g rétegbdl szdrmazo echinoidea-maradvinyok. A példanyok a piobbicdi foldtani és dslénytani gyiijteményben lesznek elhelyezve
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sions on the top of the last bed of the Corniola Formation
(bed f).

Since the purpose of this report is to integrate our finds
with an already extensive and well-determined paleontolog-
ical dossier (MANNI & NicosiA 1990, MARIOTTI 1994, VO-
ROS 2002, VENTURI 2006, MANNI & D1 NArRDO 2021), we
provide a limited illustration of the specimens and a brief
descriptions in the captions of the same to promote the
knowledge of the association.

Conclusions

The ammonite faunas found both at the top of the Cornio-
la Formation (bed f) and in the sieved fossiliferous level (bed

f) allow the attribution of the fossiliferous assemblages known
in the literature to the basal Toarcian, Polymorphum Zone
(FAarAONI et al. 1994, CRESTA et al. 1995, Parisi et al. 1998).

The discovery of numerous Thecideidae referred to the
species Moorellina parca (RAU) and Davidsonella sinuata
(DESLONGCHAMPS) encrusted on belemnites, brachiopods
and crinoids cup allows the extension of the palaecobiogeo-
graphical distribution area of this group to the central Apen-
nines. A similar update can be made for Suessia liasiana
(DESLONGCHAMPS).

The occurrence of this highly diversified fossiliferous
concentration is a perfect motivation to propose the inclu-
sion of the Colle Vecchio Toarcian outcrop in the geosites
catalogue for the conservation of the Latio region geological
heritage.
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Plate I —I. tabla

Fig. 1. Davidsonella sinuata (DESLONGCHAMPS) (CP020): a) cemented on a crinoid cup; b) ¢) d) a loose ventral valve in three different
views: anterior, posterior and lateral.

Fig. 2. a) Moorellina sp. (C021) cemented on a Linguithyris aspasia (ZITTEL): b—c) enlarged views of the ventral valve.

Fig. 3. Moorellina parca (RAav) (CP022) (a) cemented on a Koninckella gibbosula (GEMMELLARO): b) enlarged view of the ventral valve.

Fig. 4. Moorellina parca (Rau) (CP023) two cemented remain valves (perimeter walls) on a columnaria: b) enlarged, c) interior view of
one of the pedicle valve highlighted with red circle.

Fig. 5. Suessia liasiana (DESLONGCHAMPS ) (CP024): a) dorsal view, b) brachial view; c—d) same specimen, photos taken with back light
to show the internal preservation of the brachidium; e) oblique view of hinge margin with foramen f) commissure view.

Fig. 6. Ismenia suessia (DESLONGCHAMPS) (CP025).

The figured specimens will be housed in the Piobbico Geo-Paleontological Museum collections. All specimens come from bed g.

1. dbra. Davidsonella sinuata (DESLONGCHAMPS) (CP020): a) a példdny egy krinoidea-kehelyhez tapadva; b), c), d), a ventrdlis teknd eliil-
s, hdtulso és oldalso nézetben.

2. dbra. a) Moorellina sp. (C021) Linguithyris aspasia (ZITTEL) példdnydra tapadva: b), c) a ventrdlis teknd nagyitva.

3. dbra. Moorellina parca (Rav) (CP022): a) Koninckella gibbosula (GEMMELLARO) példdnydra cementdlva, b) a ventrdlis teknd nagyitva.

4. dbra. Moorellina parca (RAU) (CP023) két cementdlt példdny krinoidea-nyélen: b) nagyitva, c) a pediculdris teknd belsd nézete.

5. dbra. Suessia liasiana (DESLONGCHAMPS) (CP024): a) dorsdlis nézet, b) brachidlis nézet; (c-d) ugyanaz a példdny hdtulrol megvildgit-
va, hogy a kartdmaszto vdz ldthato legyen, e) a zdrosperem nézete a foramennel; f) a comissura feldli nézet.

6. dbra. Ismenia suessia (DESLONGCHAMPS) (CP025).

Valamennyi maradvdny a g rétegbdl szdarmazik. A példdnyok a piobbicdi foldtani és dslénytani gyidjteményben lesznek elhelyezve.
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Plate I - 1. tabla

2 mm

2 mm
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Plate II - I1. tabla

Fig. 1. Dactylioceras (Eodactylites) pseudocommune (FUCINI) (bed f, CP003); the asterisk indicates the beginning of the body chamber.

Fig. 2. Atractites sp. (bed g, CP00S).

Fig. 3. Canavaria retroplicata GEMMELLARO (bed f, CP002): (a) ventral view, (b) lateral view.

Fig. 4. Harpophylloceras (Juraphyllites) eximium (HAUER) (bed g, CP013); (a) ventral view, (b) lateral view.

Fig. 5. Acroelites sp. Lissajous (bed f, CP012).

Fig. 6. Protogrammoceras bassanii (Fucini) (bed g, CP009): (a) ventral view, (b) lateral view.

Fig. 7. Emaciaticeras sp. (bed g, CP004): (a) ventral view, (b) lateral view.

Fig. 8. Lioceratoides sp. (bed g, CP014).

Fig. 9. Dactylioceras (Eodactylites) pseudocommune (Fucini) (bed g, CP007), inner whorls.

Fig. 10. Calaiceras calais (MENEGHINI) (bed g, CP008), inner whorls.

Fig. 11. Fontanelliceras fontanellense (GEMMELLARO) (bed g, CP009).

Fig. 12. Simpsonibelus expansus (SIMPSON) (bed f, CPO11): (a) lateral profile, (b) ventral profile.

Fig. 13. Acroelites sp. Lissajous (bed f, CP010): (a) lateral profile, (b) ventral profile.

Fig. 14. Canavaria retroplicata GEMMELLARO (bed f, CP0OO1): (a) ventral view, (b) lateral view; the asterisk indicates the beginning of the
body chamber.

All specimens are figured in original size and will be housed in the Piobbico Geo-Paleontological Museum collections.

1. dbra. Dactylioceras (Eodactylites) pseudocommune (FuCINI) (f réteg, CP003); a csillag a lakokamra kezdetét jeloli.

2. dbra. Atractites sp. (g réteg, CP00S).

3. dbra. Canavaria retroplicata GEMMELLARO (f réteg, CP002): (a) ventrdlis nézet, (b) laterdlis nézet.

4. abra. Harpophylloceras (Juraphyllites) eximium (HAUER) (g réteg, CP0013) (a) ventrdlis nézet, (b) laterdlis nézet.

5. dbra. Acroelites sp. Lissajous (f réteg, CP012).

6. dbra. Protogrammoceras bassanii (FUCINI) (g réteg, CP009) (a) ventrdlis nézet, (b) laterdlis nézet.

7. dbra. Emaciaticeras sp. (g réteg, CP004) (a) ventrdlis nézet, (b) laterdlis nézet.

8. dbra. Lioceratoides sp. (g réteg, CP0I4).

9. dbra. Dactylioceras (Eodactylites) pseudocommune (FUCINI) (g réteg, CP0O07) belsd kanyarulatok.

10. dbra. Calaiceras calais (MENEGHINI) (g réteg, CP007) belsd kanyarulatok.

11. dbra. Fontanelliceras fontanellense (GEMMELLARO) (g réteg, CP009).

12. dbra. Simpsonibelus expansus (SiMPSON) (f réteg, CPO11) (a) ventrdlis nézet, (b) laterdlis nézet.

13. dbra. Acroelites sp. (fréteg, CP010) (a) laterdlis nézet, (b) ventrdlis nézet.

14. dbra. Canavaria retroplicata GEMMELLARO (f réteg, CP0O0I ) (a) ventrdlis nézet, (b) laterdlis nézet, a csillag a lakokamra kezdetét jeloli.
Minden példdny eredeti nagysdagban. A maradvdnyok a piobbicoi foldtani és dslénytani gyiijteményben lesznek elhelyezve.
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Plate I1 - I1. tabla
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Bajoci stephanoceratid ammoniteszek és rétegtanuk Dorsetbol (Egyesiilt Kirdlysdg)
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sz oz

Az angliai Dorset teriiletén felszinen 1év6 Inferior Oolite formécidba tartoz6 alsé bajoci rétegekben rendszerint gya-
koriak a stephanoceratid ammoniteszek, amelyek 6sszehasonlithatok a Dundntili-kozéphegységbdl szarmaz6 ammoni-
teszegylittesekkel. Utdbbiakat — koztiik a Lokuticerasokat — GALACZ Andréds tanulmanyozta. Dorsetben a ,,Lokuticeras
morfol6gidji” példanyok a Sauzei €s a Humphriesianum z6ndk szamos rétegében elfordulnak, és meghatarozhat6 volt az
ezen ammoniteszeket tartalmazé biohorizontok faji dsszetétele. Dorsetben a Lokuticerasok a Humphriesianum zéna
Blagdeni szubzéndjaban és a Humphriesianum szubzoéna legtetején voltak a leggyakoribbak. A magyarorszagi maradva-
nyokkal val6 6sszehasonlitas érdekében harom dorseti lelShelyrdl dbrazoltunk példanyokat. A Lokuticeras rossbrunnen-
se tipusfaj példanyai gyakoriak a Humphriesianum és Blagdeni szubz6ndk hatdrdn. Az eurdpai teriiletekkel valé parhu-
zamositast segitendd, a Blagdeni szubzoéna legalsé biohorizontjaként bevezettiik a Lokuticeras rossbrunnense biohori-
zontot. A kordbbi publikélt példanyok kritikai értékelését is elvégeztiik.

Kulcsszavak: bajoci, biosztratigrdfia, Inferior Oolite, Lokuticeras, Stephanoceras

Abstract

The Inferior Oolite Formation of Dorset includes Lower Bajocian strata often rich in stephanoceratid ammonites
comparable with assemblages from the rocks of the Transdanubian Central Range (W Hungary) that are the subject of
research by Andrds GALACz, specifically Lokuticeras. In Dorset the stratigraphical occurrence of the ‘Lokuticeras mor-
phology’ can be traced over a range of strata from the Sauzei and Humphriesianum zones and the assemblage composi-
tion of the biohorizons in which they occur identified. Lokuticeras is most abundant in Dorset in the uppermost Humphri-
esianum and Blagdeni subzones of the Humphriesianum Zone. Specimens from three Dorset locations are figured facili-
tating comparison with the Hungarian specimens. Type species Lokuticeras rossbrunnense is common at the Humphri-
esianum-Blagdeni subzonal transition. A new biohorizon is erected Lokuticeras rossbrunnense nov. as the lowest bio-
horizon of the Blagdeni Subzone facilitating correlating some areas of Europe. A critical review is made of previously
published specimens and their affinities.

Keywords: Bajocian, biostratigraphy, Inferior Oolite, Lokuticeras, Stephanoceras

Introduction morphism of this ammonite family in the Lower Bajocian.

Ammonites from three Dorset localities are described.

Observations are presented regarding previously pub-
lished data on some stephanoceratid ammonites from Hun-
gary and England; the purpose is to present information from
detailed field work in Dorset over the past thirty years that
improves and clarifies the situation regarding the nomencla-
ture, distribution in time, intraspecific variability and di-

The Sherborne area of England (Fig. I) lies in aregion of
highly fossiliferous deposits of the Inferior Oolite Forma-
tion of the Aalenian to lowest Bathonian. Many abandoned
quarries are present locally in a more or less east-west tract.
The region is the source of numerous type species and gen-
era, mostly ammonites described by S. S. BUCKMAN during
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Figure 1. A. Sketch map of Britain (excluding Ireland) showing the outcrop of the Aalenian-lowest Bathonian of England. The solid black
area is that shown in B. B. Outcrop of the Inferior Oolite Formation (solid) in southwest England. Diagonal shading to the west: pre-
Jurassic rocks; diagonal shading to the east: post-Jurassic rocks. C. Outcrop of the Inferior Oolite Formation (dotted) in the Sherborne
region. Localities are marked by a dot and code: Sh-SL Sherborne, Sandford Lane; Sh-RL Sherborne, Redhole Lane; Ob-FQ Oborne,
Frogden Quarry; MW-MH Miller’s Hill SSSI and MW-LB Little Bradley, Milborne Wick

1. dbra. A: Az aaleni - also bathi rétegek eldforduldsa Nagy-Britannidaban. A feketével jelzett teriilet a B dbran lathato. B: Az Inferior Oolite
Jformadcio kibukkandsa (fekete) Délnyugat-Anglidban. Az dtlos drnyékolds nyugat felé a jurdndl fiatalabb kozeteket jeloli. Az dtlos drnyékolds
kelet felé a jurdndl fiatalabb kézeteket mutatja. C: Az Inferior Qolite Formdcid (pontozott teriilet) a Sherborne régioban. A lelGhelyeket pontok és
kodok jelolik: Sh-SL Sherborne, Sandford Lane; Sh-RL Sherborne, Redhole Lane; Ob-FQ Oborne, Frogden Quarry; MW-MH Miller’s Hill SSST

and MW-LB Little Bradley, Milborne Wick

his life (1860-1929). A zonal and biohorizon scheme is
given here as Fig. 2 for part of the Lower Bajocian.

The most westerly exposure included is at Sherborne,
Redhole Lane, Clatcombe (ST 635 185) (Sh-RL) (Fig. 3)
described by HUXTABLE (1999) and CHANDLER (2019) about
which nearby locations were described by BUCKMAN (1893).
Oborne, Frogden Quarry (ST 648 183) (Ob-FQ) (Fig. 4) is
renowned from the researches of HUDLESTON & WOODWARD
(1885); HUDLESTON (1887-1896) and BUCKMAN (1893, 1909—
1930). The original quarry face is preserved as a Site of Spe-
cial Scientific Interest (SSSI) (CHANDLER et al. 2013, 2014,
2017; LARWOOD & CHANDLER 2016). Milborne Wick, Mil-
ler’s Hill MW-MH) (ST 653 205) (Fig. 5), also an SSSI is
along a heavily overgrown lane known as Miller’s Hill Lane.
Described here are specimens from Little Bradley (MW-LB)
(ST 663 207) close to Miller’s Hill (HUXTABLE 2005, CHAND-
LER 2019). The Frogden and Milborne Wick locations are

included in the Geological Conservation Review (GCR)
(Cox & SUMBLER 2002).

Ammonites of the family Stephanoceratidae have been
carefully recorded from the Lower Bajocian of Dorset and
the Transdanubian Central Range (W Hungary). This ac-
count concerns only those from the Sauzei and Humphri-
esianum zones of Dorset. GALACZ (1976, 1991, 1994)
published on the occurrence and temporal distribution of
lower Middle Jurassic ammonites, mainly stephanocera-
tids, and in particular the introduction of the genus Loku-
ticeras GALACZ, 1994, which is the primary subject of this
paper. Lokuticeras from the Lower Bajocian, Humphrie-
sianum Zone, Humphriesianum Subzone to the Niortense
Zone, Banksii Subzone of the Upper Bajocian were de-
scribed. The occurrence of morphologically identical ex-
amples from the Lower Bajocian of Dorset is reported here
over part of that range.
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Stage/Substage Zone Subzone biohorizon
Teloceras coronatum
Blagdeni Teloceras blagdeni
Lokuticeras rossbrunnense biohorizon nov.
Stephanoceras blagdeniforme
Humphriesianum Stephanoceras gibbosum
= Humphriesianum - —_
& Stephanoceras humphriesianum
= D
= % Pseudoteloceras labrum
o
m =
% e Chondroceras wrighti
[aa) 9; Romani - -
5 Chondroceras delphinum
]
Nannina evoluta
Hebridica Stephanoceras rhytum
Sauzei Pseudoteloceras dighyi
Stephanoceras kalum
Kumaterus
Kumatostephanus kumaterus

Figure 2. The stage, substage, zones and subzones of the Inferior Oolite Formation (pars). Ammonite biohorizons of the Lower Bajocian
Sauzei—-Humphriesianum zones of Dorset and Somerset, UK. Biohorizons are labelled by a characteristic guide fossil; the scheme is
based on CALLOMON & CHANDLER (1990) amended here and introduces the rossbrunnense biohorizon nov

2. dbra. Az Inferior Oolite Formdcio egy részének emelet, zona és szubzona szintii tagoldsa a Dorset és Somerset teriiletén haszndlatos am-
monitesz-biohorizontokkal. A biohorizontokat a jellegzetes vezéralakok neve jeloli. A jelen munkdban a rossbrunnense tj biohorizonttal
kiegészitett tabldzatot eredetileg CALLOMON & CHANDLER (1990) publikdlta

The distribution of Aalenian — lowest Lower Bathonian
ammonites in Dorset and Somerset has achieved significant
progress since the introduction of the scheme of faunal
horizons (biohorizons) by CALLOMON & CHANDLER (1990),
with extension of the scheme to cover the Upper Bajocian
and Lower Bathonian by CALLOMON & COPE (1995). The
methodology of erection of the biohorizon scheme has been
repeatedly described (CALLOMON & CHANDLER 1990; CAL-
LOMON 1994, 1995; CALLOMON & COPE 1995).

The stratigraphical succession of the Inferior Oolite For-
mation in Dorset is that of richly fossiliferous, thin beds with
omissions of strata on a very localized scale. These strata are
heterogeneously condensed units, assumed, based on the
close reproducibility of their assemblages at distant loca-
tions to be, in most cases, biohorizons isolated within the
beds that are close to isochronous and contain contemporary
assemblages of fossils (e.g., CHANDLER & CALLOMON 2009;
CHANDLER et al. 2017, 2023). Excluding obviously reworked
elements, these rock units represent biohorizons containing
what is likely the closest to a palaeobiospecies, a segment of
the evolving lineage in question.

The Hungarian succession such as at the Bakony Moun-
tains is reported by GECzy (1967) and GALACZ (1991, 1994)
and consists of red nodular limestones in thin beds separated
by gaps of unknown duration.

Specimens depicted in the figures herein are morpho-
species; they are members of segments of evolving lineages
labelled with suitable names rather than any attempt to re-
classify them.

Abbreviations

[M], [m] Macroconch, microconch respectively. Speci-
men prefixed ‘J’ is stored at the Sedgwick Museum, Cam-
bridge, UK; * type species, HT holotype, PT paratype; SSSI
Site of Special Scientific Interest.

Locality codes and UK map references: Sherborne,
Redhole Lane, Clatcombe (ST 635 185) (Sh-RL); Oborne,
Frogden Quarry (ST 648 183) (Ob-FQ); Milborne Wick,
Miller’s Hill MW-MH) (ST 653 205); Milborne Wick,
Little Bradley (MW-LB) (ST 663 207). Map references are
UK Ordnance Survey National Grid Reference System. ST
refers to an area within which the locations are positioned.
The six figure numerical reference locates a position to
within 100 m.

Palaeontology

Suborder Ammonitina FISCHER, 1882
Superfamily Stephanoceratoidea NEUMAYR, 1875
Family Stephanoceratidae NEUMAYR, 1875
Genus Stephanoceras WAAGEN, 1869

*Ammonites humphriesianus
J. de C. SOWERBY, 1825 [M]

It is not the aim here to offer any revision of the numer-
ous generic and specific names introduced mostly by Buck-
MAN (1909-1930) or to recommend how such taxa could be



180

CHANDLER, R. B.: Bajocian stephanoceratid ammonites and their stratigraphy from Dorset, UK

SHERBORNE, REDHOLE LANE (Sh-RL)

m
3 / o
10 )
— -~ ~ - - —
b~ AT ’—G\’_ _L‘:;":
- —*OLH‘. e
- \JA - .. PN N . Py A‘\_\,/
2 o 9 rv'.ﬁ-’_\. '”.O;‘--—-L“:‘l‘ . .
L e T T Upper Bajocian
- '_ o n P _—

S.S. Buckman,
1893

e T Gy
7y

Clatcombe Farm

‘“/!h i

.
: °
—_

e o0 K i o0 @ banksii

é IR - .
<o -
B .

R

T

X1V
\\T - a blagdeni
S Sy e @ rossbrunnense nov.
%4‘7 AT - < D N e @ gibbosum
! 1 — 5 _d_/.: ::'2 é;fi—:j ‘i:‘j :.fj—, B @ humphriesianum
:b\.?_ -~ 9:.’\ . ?tf'.'“:@::: p "{‘::-'~_‘: < C@) wrighti
delphinum
2 evoluta
B rhytum
3 digbyi
4 B kalum
5 trigonalis
T nodatipinguis
6 -
7 | . . T ) ) K
0 - 4 ! ’ . ’ ’ , T
J P—— RBC 0.3.24 . .

Figure 3. Diagrammatic representation through the Inferior Oolite at Lower Clatcombe, Redhole Lane. (Sh-RL). Horizons in italics and given by

species name. BUCKMAN’s (1893) section is shown on the left

3. dbra. Az Inferior Oolite a Lower Clatcombe, Redhole Lane (Sh-RL) szelvényben. A horizontokat a délttel szedett fajnevek jelolik. BUCKMAN (1893) szelve-

nye a bal oldalon

treated in a modern classification; however, it is now pos-
sible to state with certainty what occurs in each level rep-
resenting the evolving family and what division, if any, is
evident in the assemblages. Fig. 6 gives names of stephano-
ceratid, macroconch morphospecies found to date in the
Dorset locations over part of the Sauzei to Humphriesianum
zones. The difficulty in naming members of chronoclines

that have taxa with long-established morphogeneric names
included in their assemblages has recently been discussed
for the Graphoceratidae (CHANDLER et al. 2023). The listing
of numerous synonyms is avoided as homoeomorphy is pre-
venient in stephanoceratids at different stratigraphical levels
and would only serve to distort the direct field evidence
other than for precisely stratigraphically located specimens.
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Figure 4. Diagrammatic representation through the Inferior Oolite at Frogden Quarry (Ob-FQ) after CHANDLER et al. (2014). Biohorizons in italics and given by
guide species name. Sherborne Castle Estate quarry numbers on left

4. dbra. Az Inferior Oolite a Frogden Quarry (Ob-FQ) szelvényben CHANDLER et al. (2014) nyoman. A biohorizontokat a délttel szedett fajnevek jelolik. A Sherborne Castle
Estate kdfejtd szamai a bal oldalon
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MILBORNE WICK
LITTLE BRADLEY (MW-LB)
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Figure 5. Diagrammatic representation through the Inferior Oolite at Little Bradley, Milborne Wick (MW-LB). The section is similar, but
not identical to that at Miller’s Hill (MW-MH) of Cox & SUuMBLER (2002). Biohorizons in italics and given by guide species name

5. dbra. Az Inferior Qolite a Little Bradley, Milborne Wick (MW-LB) szelvényben. A szelvény hasonld, de nem azonos a Miller’s Hill (MW-MH)
Cox & SUMBLER (2002) féle szelvénnyel. A biohorizontokat a délttel szedett fajnevek jelolik
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ZONE

SUBZONE

Macroconchs

Blagdeni

Lokuticeras fredericiromani (ROCHE) (R), Stephanoceras (Stephanoceras) aff.
sturanii Pavia (O), Teloceras blagdeni (SOWERBY) (C)

Lokuticeras rossbrunnense GALACz (O), L. fredericiromani (R), S. sturanii (O),
Stephanoceras leoniae SCHMIDTILL & KRUMBEK (O), Stephanoceras
tenuicostatum (HOCHSTETTER) (O), T. blagdeni (C)

Stephanoceras blagdeniforme (RocHe) (C), L. rossbrunnense & aff. (C), L.
fredericiromani (R), S. leoniae (C), Stephanoceras scalare WEISERT (O),
Stephanoceras (Skirroceras) englandi CHANDLER (O), Stephanoceras zieteni
(QuENSTEDT) (O), Stephanoceras gibbosum (BuckmaN) (C), Stephanoceras
humpbhriesianum (J. DE C. SOoweRBY) (C), S. aff. sturanii (O), Stephanoceras
triplex WEISERT (O), Kumatostephanus gibbosus (BUCKMAN) (C)

L. aff. rossbrunnense (O), S. zieteni (C), St. (Sk.) aff. englandi (O), S. scalare
(C), S. humphriesianum (C),

Humphriesianum
Humphriesianum

S. aff. sturanii (O), Stephanoceras plicatissimum (QUENSTEDT) (O),
Stephanoceras pyritosum (QUENSTEDT) (C), S. tenuicostatum (O),
Stephanoceras hoffmanni SCHMIDTILL & KRUMBEK (O), Teloceras labrum
Buckman (O), Stephanoceras umbilicum (QUENSTEDT) (C), Stephanoceras
mutabile (QUENSTEDT) (C), Stephanoceras plagium BUckmaN (O)

Romani

S umbilicum (QUENSTEDT) (O), S. mutabile (O), S. aff. humphriesianum (O), S.
scalare (O), S. aff. sturanii (R), S. zieteni (O), T. aff. labrum (O)

?Stephanoceras frechi (RENz), S. aff. humphriesianum (R)
S. aff. sturanii (R), Stephanoceras rochei (MAUBEUGE) (O)
S. tenuicostatum (R), S. aff. scalare (O), Teloceras ellipticum (MASCKE) (R)

aff. scalare (R)

Sauzei
Hebridica

S. aff. macrum (QUENSTEDT) (R), S. rhytum (BuckmaN) (C) Stephanoceras
plicatum (QUENSTEDT) (O), Stephanoceras aff. pyritosum (QUENSTEDT) (O), S.

Pseudoteloceras digbyi CHANDLER et al. (O)

Figure 6. The distribution of some stephanoceratid morphospecies from Redhole Lane, Frogden Quarry and Milborne
Wick. Each Subzone is shown as an upper grey shaded part and a lower part without shading. The macroconch stephano-
ceratid morphospecies found from the three Dorset locations are shown by their occurrence in each part of the figure.
The full name with author is given on first use only. Estimated abundance is indicated by (C) common, (O) occurs and
(R) rare. It is to be stressed that the diagram only acts as a guide to what has been found based on comparison with
published specimens. It is not a comprehensive list as much remains to be prepared and evaluated

6. dbra. Néhdny stephanoceratid morphospecies a Redhole Lane, Frogden Quarry és Milborne Wick lelohelyekril. A szubzondk felsé
része sziirkevel jelolve. A fajleiré nevét csak az elsé emlitéskor kozoljiik. Gyakorisagi viszonyok: C: gyakori, O: eldfordul, R: ritka

Genus Lokuticeras GALACZ, 1994

Lokuticeras *rossbrunnense GALACZ, 1994

The type species is figured by GALACz (1994, pl. 1, fig.
1), a specimen from Lokit, Bakony Mountains, from the
Humphriesianum Zone, Blagdeni Subzone; it is identical to
specimens from the Sherborne area of Dorset from the Ste-
phanoceras humphriesianum and Stephanoceras gibbosum
biohorizons (e.g., PL III, 4a-b; PL. V, 3a—b). Common ex-
amples occur in the base of the Blagdeni Subzone at Red-
hole Lane, where to date, the group is best represented in
Dorset. Close matches for the paratypes of GALACZ (1994,
PT 1,pl. 1, fig. 2; PT 3, pl. 1. fig. 4; PT 2, pl. 2, fig. 1; PT 4,
pl. 3, fig. 1) also occur and are depicted in Pls. II-V. The 4™
paratype (J51767) is a Dorset specimen from Miller’s Quar-
ry Sherborne and is the most coarsely ribbed of the type
series. The location of Miller’s Quarry appears lost, but by
matrix, it can only have come from a geographically re-
stricted, narrow belt of strata, of the Oborne Ironshot Mem-
ber, Frogden Ironshot Beds (CHANDLER et al 2014), Bed 4¢
belonging to the Humphriesianum Subzone, humphriesia-
num or gibbosum biohorizon from between Sherborne and
Oborne. That specimen figured by GALACZ (1994, pl. 3, fig.

1) as paratype 4 is refigured here from new photographs as
PI. VI, 1a—b. Similar additional specimens from Dorset are
demonstrated to range as low as the Sauzei Zone and up to
the Banksii Subzone. Only examples from part of that range
are included here as some specimens await preparation.

Included in Lokuticeras GALACZ, 1994 are macroconch
species Stephanoceras (Stephanoceras) sturanii PAvVIA, 1983
of the Humphriesianum/Niortense boundary and Lokuti-
ceras fredericiromani (ROCHE, 1939) of the Blagdeni Sub-
zone. The holotype of St. sturanii PAVIA is figured in PAvIA
(1983 pl. 13, fig. 6; listed incorrectly in GALACZ 1994 as pl.
14). Pavia figures additional specimens from Bayeux (pl.
13, fig. 2) and another from Chaudon (pl. 13, fig. 4). The
Dorset specimens figured herein (PL. 1V, 3a-b; PI. V, 2a-b
are slightly different; therefore these have been listed as aff.
or as a transitional form.

The profile of the mouth-border of many of these am-
monites is similar to that depicted by J. BuckMAN (1881, p.
64, text fig. 6). The microconch partners of Lokuticeras are
placed in Masckeites BUCKMAN, 1920 and include Mascke-
ites *densus BUCKMAN, 1920 of the Humphriesianum Zone
and Masckeites psilacanthoides (SANDOVAL, 1983), Niortense
Zone.
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It should be clarified that the above are morphospecies
that can be located to a specific range of biohorizons in Dor-
set at a number of locations. In all cases the observations of
GALACZ (1994) can be confirmed with the qualifications
made below.

Discussion

This account is based on a large number of specimens
collected in situ; however not all have yet been prepared in
time for this work. Records of the stratigraphical distribu-
tion of ‘Lokuticeras’ morphology in Dorset appears to begin
lower in the succession than in Hungary, first occurring in
the Sauzei Zone or below. This may be due to earlier exam-
ples not so far being identified in Hungary, stratigraphic
omission or an ecological factor. It may also be the case that
if this ammonite group arrived via the ‘Hispanic Corridor’
(SADKI & MOUTERDE 1994) morphs leading to Lokuticeras
may have inhabited western Europe slightly earlier. Exam-
ples of what GALACZ considers included in Lokuticeras are
quite widely reported across Europe (e.g., PAvia 1983 for
France, FERNANDEZ-LOPEZ 1985 for Spain, CRESTA & GA-
LACz 1990 for Hungary and Italy). A specimen figured by
DieTZE (2010, pl. 4, figs. 3—4) from southern Germany has
similar ribbing on the inner whorls to (pl. 3, fig. 1) of GaA-
LACZ (1994) paratype 4 but has a broader whorl section and
is less serepnticonic. All the macroconchs figured by Ga-
LACZ (1994) lack a ventral view image therefore the inter-
pretations here must take that into account.

In Dorset the first specimens collected to date that match
the morphology of Lokuticeras [M & m] occur in the as-
semblage of the rhyrum biohorizon of the upper part of the
Sauzei Zone. They occur in the Romani Subzone and be-
come relatively abundant in the lower Humphriesianum Sub-
zone. They are most common (as observed by GALACZ) in
the uppermost Humphriesianum Subzone and persist at
least to the polygyralis biohorizon of the Niortense Zone.

All the specimens have fine close ribbing, coronate inner-
most whorls, short primary ribbing and lack pronounced
tubercles, some have tiny sharp spines. The most notable
feature is the abundance of small macroconchs (e.g., Pl I,
Figs. 1-4; PL. 1V, Figs. 2a-b, 3a-b; Fig. 5. 2a-b, 3a-b) that
show the features of adults with well-developed mouth-bor-
ders and lacking lappets. Such specimens are what CHANDLER
(2019) referred to as mesoconchs. Taking only the range of
morphological variability of Lokuticeras as described by Ga-
LACZ in isolation, it is reasonable to consider, as GALACZ
concluded, that Lokuticeras forms a separate evolutionary
lineage within the Stephanoceratidae; however this interpreta-
tion must be judged, based on the information presented here.

The Dorset specimens from the upper Sauzei Zone con-
stitute a continuum, a plexus of morphology and size vari-
ability centred on Stephanoceras rhytum, the type of which
has fine close ribbing of the inner whorls and similarity to
Lokuticeras. Stephanoceras (St.) aff. scalare (Pl. 1V, 3a-b)
has morphology intermediate to S. aff. sturanii, It is ar-

guable (as discussed by CHANDLER 2019) that the generic
names Skirroceras or Stephanoceras can both be applied to
the ammonites at this level as the plexus of variability ranges
from stephanoceratids with depressed oval whorls sections
approaching Stephanoceras humphriesianum to slender rather
quadrate, very evolute Skirroceras. The line leading to Ste-
phanoceras sensu stricto (*Ammonites humphriesianus J. de
C. SOWERBY, 1825 [M]), is present in the rhyfum assem-
blage, as part of a continuum that can be traced back to the
Aalenian from Riccardiceras. Furthermore, some of the
more coarsely ribbed morphospecies (e.g., Kumatostepha-
nus) likely originate from a different ancestor.

The size variability of complete adult macroconchs in
the rhytum biohorizon and above is staggering, with small
macroconchs of around 80 mm existing alongside shells of
350 mm, all displaying features of adulthood. A mesoconch
specimen with Lokuticeras morphology identified as
Stephanoceras aff. pyritosum (QUENSTEDT) from the Sauzei
Zoneis givenin Pl. V, la—b. A further observation is that the
larger examples develop coarser, more distant ribbing on the
later whorls and sometimes spines or tubercles on the body-
chamber. In all cases the ribbing persists to a short distance
before the aperture. The mouth-border is flared with a con-
striction preceding the peristome.

Collections from Dorset from the Sauzei Zone to Blag-
deni Subzone includes the Lokuticeras morphs within the
intraspecific variability of the assemblage. The Lokuticeras
morphology attains maximum abundance in the lowest
Blagdeni Subzone and is the dominant stephanoceratid (ex-
cluding teloceratids). In the blagdeniforme and blagdeni
biohorizons Lokuticeras persists as the only serpenticonic/
subserpenticonic stephanoceratid alongside abundant ‘7elo-
ceras-like’ forms. Further insight into the evolution of the
morphogenus can be evaluated from specimens collected
from three key Dorset locations

Redhole Lane is the most westerly exposure of strata of
Humphriesianum Zone age relevant here. Further west, in a
short distance at Sandford Lane (ST 628 178) the entire
succession of the Humphriesianum Zone and almost all of
the Niortense Zone is cut out beneath the Upper Bajocian.
The outcrop at Redhole Lane is in an agricultural field and
has been studied in temporary excavations (HUXTABLE 1999,
CHANDLER 2019). Records from historical exposures nearby
are by BUCKMAN (1893). Above the Sauzei Zone (Fig. 4)isa
series of thin ironshot, oolitic limestones (Bed 5 & 6) repre-
senting the upper part of the Romani Subzone to the Hum-
phriesianum Subzone; these are labelled Sa—g. Bed 6 is
Blagdeni Subzone and contains common Lokuticeras in the
lowest part. The beds are discontinuous across the area and
are sometimes, locally, individually absent. New informa-
tion regarding Beds 5 and 6 is now available shedding fur-
ther clarity on the biostratigraphical division of this bed at
Redhole Lane and Frogden Quarry. CHANDLER (2019, fig
13e) introduced the species Stephanoceras (Skirroceras)
englandi HT, from Frogden Quarry, Bed 4c—5a transition
(Fig. 4). The inner whorls of members of the type series
closely resemble Lokuticeras; they are also close to GALACZ
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(1991, pl. 1, fig. 3) referred to as Stephanoceras sp. A
number of examples of S. englandi have now been collected
in situ from Redhole Lane and Frogden Quarry and their
levels of occurrence can now be separated. The lower level
at which the stouter ‘Skirroceras’ morphology of S. englan-
di is found is in the humphriesianum biohorizon (in the
middle part of Bed 4c at Frogden) and includes large (300
mm +) S. humphriesianum and smaller Lokuticeras; this is
the level of PT 4 of L. *rossbrunnense GALACZ, 1994 with
relatively common chorotypes of PT 4. The large S. aff.
englandi are intermediate between S. humphriesianum and
Skirroceras (PL. I, 1a—b). Directly above at both Redhole
Lane and Frogden Quarry is a bed of rotted limestone with
specimens including some of the type series of S. englandi.
These specimens are smaller than those below (c 150-250
mm or less) (PI. I, 2a-b) and have rope-like narrow coiling
and less pronounced close ribbing. They are accompanied
by common Lokuticeras [M] at Redhole Lane (PL. I1I, 14,
PL 1V, la-b, 2a-b; Pl. V, 3a-b) and lesser numbers at
Frogden (PL II, 1a—b, 2a—b, 3a—b). They include diminutive
examples (all c110 mm) of L. rossbrunnense, that them-
selves resemble small morphs of S. englandi. The same oc-
currence is seen at Frogden Quarry, but there L. rossbrun-
nense is less frequent and both Kumatostephanus gibbosum
and Teloceras occur at the same level.

The microconch association remains more obscure. The
specimen of Masckeites densus [m] (PL I, 3a-b) is a fairly
common form throughout the upper Humphriesianum and
Blagdeni subzones and Gerzenites rugosus WESTERMANN
[m] (PL. V, Figs. 4a—b) occurs in the Humphriesianum Sub-
zone. Finely ribbed examples such as Germanites bicostatus
(WESTERMANN) [m] (PL 1V, Fig. 4) occur in the Sauzei Zone.

The occurrence of ‘Skirroceras-like Lokuticeras’ in the
Sauzei Zone in the plexus of forms in the Stephanoceras
rhytumbiohorizon (PL. V, la—b) and in the Romani Subzone,
delphinium biohorizon of Milborne Wick (PL 1V, 3a-b; PL
V, 2a-b) points to the origins of at least some Lokuticeras
species in the Sauzei Zone from miniature members of the
assemblage. Small macroconch ammonites (mesoconchs)
are constituent members of stephanoceratid assemblages
throughout the Bajocian and can also be identified in other
families (e.g. sphaeroceratids, otoitids, perisphinctids). The
smallest collected so far is Pl II, 3a—b at 50 mm, smaller
than some contemporary microconchs. They are paedomor-
phic members of the palacobiospecies at the levels sampled,
each being a miniature version of the normal size popula-
tion. At some levels (e.g., humphriesianum biohorizon)
there is indication of a trimodal size distribution (macro-
conchs, mesoconchs and microconchs). Testing this reliab-
ly, statistically, is challenging without knowing how many
generations of ammonites are present in the time duration of
a biohorizon. It is also likely that these ammonites could
represent the extreme end of a highly variable palaeobio-
species with respect to size. FERNANDEZ-LOPEZ & PAviAa
(2016) have presented biological mechanisms to explain
such size discrepancies. The upper levels of the occurrence
of Lokuticeras are still in the early stage of study in Dorset;

L. rossbrunnense and spp. aff. rather than splitting-off to-
wards the top of the Humphriesianum Zone evolve as sur-
viving stephanoceratids with morphological changes in-
cluding both an increase in size of the larger end members
and evolution of others to Cadomites (see GALACZz 1991, fig.
1). L. rossbrunnense occupies a stratigraphical position in
Dorset where it is a common, characteristic, guide fossil in
the uppermost Humphriesianum Subzone and lower Blag-
deni Subzone. This range of occurrence is similar in
Hungary and close matches to specimens that can be at-
tributed to Lokuticeras can now be confirmed from collec-
tions made in Hungary (GALACz 1991, 1994), Hungary and
Italy (CRESTA & GALACZ 1990), Spain (FERNANDEZ-LOPEZ
1985), Germany (DIETZE 2010), SE France (PAviA 1983) and
recently western France at La Grande Palisse, Nanteuil
(Deux-Sevres) in Bed 19b of the Blagdeni Subzone (LA-
CROIX pers. comm.). Typical specimens centre on L. ross-
brunnense which here is erected as the lowest biohorizon of
the Blagdeni Subzone of the Humphriesianum Zone and
included in the table of biohorizons (Fig. 2).

Conclusion

In Dorset the morphology of Lokuticeras can be traced
back to the Sauzei Zone and possibly earlier. The mor-
phology of the genus in Dorset constitutes part of the total
stephanoceratid assemblage of biohorizons of the Humphri-
esianum Zone and in minor numbers in the Sauzei Zone. It
becomes the dominant ammonite in the upper Humphriesia-
num Subzone/lowest Blagdeni Subzone for which a L. ross-
brunnense biohorizon is erected herein. Specimens includ-
ed in Lokuticeras have been widely reported across parts of
Europe. Its persistence into higher strata gives rise to Cado-
mites. Much still needs to be clarified regarding the relation-
ship of diminutive, but mature, small macroconchs of a
number of taxa.
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Plate I — 1. tabla

Fig. 1a-b. Stephanoceras (Skirroceras) aff. englandi CHANDLER [M] CT, WC6067, Bed 4c middle part, humphriesianum biohorizon.
Fig. 2a-b. St. (Sk.) englandi [M] CT, WC6066, Bed 4d, gibbosum biohorizon.

Fig. 3a-b. Stephanoceras (Masckeites) aff. densus (BUCKMAN) [m], WC0934, Bed 4c lower or middle part, labrum or humphriesianum biohorizon. Humphriesianum
Zone, Oborne Ironshot Member, Frogden Ironshot Beds, Frogden Quarry, Oborne, Dorset.

Scale bar Figs. 1-2 is 120 mm and Fig. 3 is 40 mm. A black star marks the last preserved suture.

Fig. 1a-b. Stephanoceras (Skirroceras) aff. englandi CHANDLER [M] CT, WC6067, 4c réteg, humphriesianum biohorizont kizépsd része.
Fig. 2a-b. St. (Sk.) englandi /M] CT, WC6066, 4d réteg, gibbosum biohorizont.

Fig. 3a-b. Stephanoceras (Masckeites) aff. densus (BUCKMAN) [m], WC0934, 4c réteg, also vagy kizépso része a labrum vagy humphriesianum biohorizontnak.
Humphriesianum zona, Oborne Ironshot Member, Frogden Ironshot Beds, Frogden Quarry, Oborne, Dorset.

Meéretardny: Figs. 1-2: 120 mm és Fig. 3: 40 mm. A csillag az utolsé megdrzddott szutiirdt jelzi.

Plate II - 2. tabla

Figs. 1-4. Stephanoceras scalare WEISERT [M]. 1a-b. WCO0311, Bed 4c middle part, Humphriesianum Subzone, humphriesianum biohorizon. 2a-b. WC0032 & 3a-
b. WC2397, Bed 4b, Romani Subzone, wrighti biohorizon. WC2397 is the smallest [M] specimen found to date. Humphriesianum Zone, Oborne Ironshot Member,
Frogden Ironshot Beds, Frogden Quarry, Oborne, Dorset. 4a-b. WC6072 St. (L.) scalare.

Fig. 5a-b. WC6071 Stephanoceras zieteni (QUENSTEDT), both Bed Sa, delphinum biohorizon, Milborne Wick, Little Bradly, Humphriesianum Zone, Romani
Subzone.

Scale bar is 40 mm. A black star marks the last preserved suture.

Figs. 1-4. Stephanoceras scalare WEISERT[M]. la-b. WC0311, 4c réteg, Humphriesianum szubzona kozépsé része, humphriesianum biohorizont. 2a-b. WC0032 és 3a-
b. WC2397, 4b réteg, Romani Szubzéna, wrighti biohorizont. WC2397 a legkisebb valaha taldlt [M] példdny. Humphriesianum zéna, Oborne Ironshot Member, Frogden
Ironshot Beds, Frogden Quarry, Oborne, Dorset. 4a-b. WC6072 St. (L.) scalare.

Fig. 5a-b. WC6071 Stephanoceras zieteni (QUENSTEDT), mindkettd az Sa rétegbdl, delphinum biohorizont, Milborne Wick, Little Bradly, Humphriesianum zona, Romani
szubzona.

Méretardny: 40 mm. A csillag az utolsé megdrzddott szutiirdt jelzi.
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Plate III — 3. tabla

Figs. 1-3. Stephanoceras scalare WEISERT & aff. [M]. la-b. WC0320 St. aff. scalare, Bed 5d, 2a-b. WC2396 Bed 5d, 3a-b. WC0033 Bed 5d, humphriesianum
biohorizon.

Fig. 4a-b. Lokuticeras rossbrunnense GALACZ, Bed 5f, gibbosum biohorizon.
All Humphriesianum Zone, Humphriesianum Subzone, Sherborne, Clatcombe, Redhole Lane.
Scale bar is 40 mm. A black star marks the last preserved suture.

Figs. 1-3. Stephanoceras scalare WEISERT & aff. [M]. 1a-b. WC0320 St. aff. scalare, 5d réteg, 2a-b. WC2396 5d réteg, 3a-b. WC0033 5 réteg, humphriesianum
biohorizont.

Fig. 4a-b. Lokuticeras rossbrunnense G4ALACZ, 5f réteg, gibbosum biohorizont.
Minden példany Humphriesianum zona, Humphriesianum szubzona, Sherborne, Clatcombe, Redhole Lane.
Méretarany: 40 mm. A csillag az utolsé megdrzodott szutiirdt jelzi.

Plate IV — 4. tabla

Fig. 1a-b. Lokuticeras aff. rossbrunnense GALACz [M] WC6070 Bed Se, gibbosum biohorizon.
Fig. 2a-b. L. rossbrunnense [M] WC0598 Bed 5d, humphriesianum biohorizon. Both Humphriesianum Subzone, Sherborne, Clatcombe, Redhole Lane.
Fig. 3a-b. Stephanoceras (St.) scalare trans. sturanii PAvia [M] WC2428 Bed 5a, delphinum biohorizon. Romani Subzone, Milborne Wick, Little Bradley.

Fig. 4a-b. Germanites bicostatus (WESTERMANN) [m] WC2223, Bed 4b, Sauzei Zone, Hebridica Subzone, riytum biohorizon. Clatcombe, Redhole Lane. The
specimen is attached to a specimen of Dorsetensia.

Scale bar is 40 mm. A black star marks the last preserved suture.

Fig. la-b. Lokuticeras aff. rossbrunnense GALACZ [M] WC6070 Se réteg, gibbosum biohorizont.
Fig. 2a-b. L. rossbrunnense /M] WC0598 5d réteg, humphriesianum biohorizont. Mindketté Humphriesianum szubzona, Sherborne, Clatcombe, Redhole Lane.
fig. 3a-b. Stephanoceras (St.) scalare trans. sturanii Pavia [M] WC2428 Sa réteg, delphinum biohorizont. Romani szubzona, Milborne Wick, Little Bradley.

Fig. 4a-b. Germanites bicostatus (WESTERMANN) [m] WC2223, 4b réteg, Sauzei zona, Hebridica szubzéna, thytum biohorizont. Clatcombe, Redhole Lane. A példany egy
Dorsetensia példdanydval van dsszendve.

Méretardny: 40 mm. A csillag az utolsé megdrzodott szutiirdt jelzi.

Plate V — 5. tabla

Fig. 1a-b. Stephanoceras aff. pyritosum (QUENSTEDT) [M] WC2670 Bed 4 Sauzei Zone, Hebridica Subzone, riytum biohorizon.
Fig. 2a-b. Stephanoceras (St.) aff. sturanii PAvia [M] WC2427 Bed 5a, delphinum biohorizon. Romani Subzone 1-2 Milborne Wick, Little Bradley.

Fig. 3a-b. Lokuticeras rossbrunnense GALACZ [M] WC2407 Bed Sg or 6a, gibbosum or rossbrunnense biohorizon, Sherborne, Clatcombe, Redhole Lane. A
specimen of Sphaeroceras is adhering to the body-chamber.

Fig. 4a-b. Gerzenites rugosus WESTERMANN [m] WCO0723 humphriesianum biohorizon, Oborne Wood adjacent to Frogden Quarry. 3-4: both Humphriesianum
Zone and Subzone.

Scale bar is 40 mm.

Fig. la-b. Stephanoceras aff. pyritosum (QUENSTEDT) [M] WC2670 4. réteg, Sauzei zona, Hebridica szubzéna, thytum biohorizont.
Fig. 2a-b. Stephanoceras (St.) aff. sturanii Pavia [M] WC2427 5a réteg, delphinum biohorizont. Romani szubzéna I-2 Milborne Wick, Little Bradley.

Fig. 3a-b. Lokuticeras rossbrunnense GarAcz [M] WC2407 5g vagy 6a réteg, gibbosum vagy rossbrunnense biohorizont, Sherborne, Clatcombe, Redhole Lane. A
példdny egy Sphaeroceras lakokamrdjdval van dsszendve.

Fig. 4a-b. Gerzenites rugosus WESTERMANN [m] WC0723 humphriesianum biohorizont, Oborne Wood a Frogden Quarry szomszédsagdban. 3-4: Humphriesianum zona
és szubzona. A csillag az utolsé megdrzodott szutiirdt jelzi.

Meéretardny 40 mm.

Plate VI — 6. tabla

Fig. la-b. Lokuticeras rossbrunnense GALACZ [M] Sedgwick Museum, Cambridge J51767. 4th paratype of GALACZ, 1994. Monk Collection. Miller’s quarry,
Sherborne. See text for details.

Scale bar is 50 mm. A black star marks the approximate position of the last preserved suture.

Fig. la-b. Lokuticeras rossbrunnense GaLAcz [M] Sedgwick Museum, Cambridge J51767. 4th paratype of GaLAcZ (1994). Monk-gyiijtemény. Miller’s quarry, Sherborne.
Részletek a szovegben.

Meéretarany: 50 mm. A csillag az utolso megérzodott szutiira hozzdvetdleges helyét jelzi.
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Plate I — 1. tabla
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Plate IT — 2. tabla
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Plate ITI — 3. tabla
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Plate IV — 4. tabla
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Plate V — 5. tabla
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Plate VI — 6. tabla
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Osszefoglalds

Két, a Dundntili-kozéphegység felsd jurdjabol eddig nem dokumentdlt kagylofaj

A Dunéntuli-ko6zéphegység fels6 jurdjabol a 2010-es évek elejéig elSkeriilt kagyldkat az utébbi évtizedben megjelent
két tanulmdny ismerteti. A publikdciok megjelenését kovetSen a teriiletrdl kordbban nem ismert két faj egy-egy példanya
keriilt el6. Az antimargindlis irdnyd redSkkel diszitett tekn&jti osztrigafélék kozé tartozé Actinostreon aff. gregareum (J.
SOWERBY, 1815) teknGjét a tatai Kdlvaria-dombon feltart voros, Saccocoma-maradvanyokban gazdag kimmeridgei mész-
k& egy 2015-ben, tormelékben taldlt darabja tartalmazza, mig a tdgabb értelemben vett Pholadomya-téléket képviseld
Procardia aff. acuminata (HARTMANN, 1830) példanya a harskuti K6zoskati-arok voros, gumds, ammoniteszes, tithon
mészkovébsl 2022-ben keriilt el6. Mindkét el6fordulds a Pélihdlasi Mészkd formaciot képviseli.

A jelen dolgozatban dokumentdlt formdk kevés példdnnyal képviselt, kis diverzitdsi kagyléfaundk elemei. Feltéte-
lezhet8, hogy az A. aff. gregareum teknGje sekélyebb vizii régiobol, athalmozddas ttjan keriilt a bedgyazddasi helyére. A
leletek egyben a két genus els6 ismert elSforduldsat jelentik a Dundntili-k6zéphegység jurdjaban. Mind az Actinostreon,
mind a Procardia kifejezetten ritka a Foldkozi-tengert ovezd térség mélyebb vizi, peldgikus felsd jurdjaban.

Tdrgyszavak: Mediterrdn jura, kimmeridgei, tithon, Bakony, Tata, Ostreoidea, Pholadomyoidea

Abstract

Upper Jurassic bivalves yielded by the Transdanubian Range until the early 2010s were documented in two papers
published in the last decade. Following the publication of them, two specimens representing species previously unknown
from the area have been found. The Kimmeridgian limestone of Kélvaria Hill, located in the town of Tata has yielded the
lophate oyster Actinostreon aff. gregareum (J. SOWERBY, 1815), while a specimen of the pholadomyoidean Procardia aff.
acuminata (HARTMANN, 1830) was collected from the Tithonian limestone exposed in the Ko6zoskiit Ravine, located near
the village of Harskut (Bakony Mts). The new finds represent the first known occurrence of the genera Actinostreon and
Procardia in the Jurassic of the Transdanubian Range. Both genera are particularly uncommon in the deeper water pelag-
ic Upper Jurassic of the peri-Mediterranean region.

Keywords: Mediterranean Jurassic, Kimmeridgian, Tithonian, Bakony, Tata, Ostreoidea, Pholadomyoidea

Introduction genera, has recently been documented from the Gerecse

Mts. and its surroundings including the Kélvaria Hill of Ta-

Bivalve fossils are remarkably rare in deeper water pelag-
ic facies of the Mediterranean Late Jurassic (ZIEGLER 1971)
and this statement applies to the Transdanubian Range as
well. Based on a study of approx. 250 specimens accumulat-
ed in Hungary in public collections since the second half of
the 19" century, however, a relatively diverse assemblage,
altogether composed of around 30 species assigned to 17

ta, as well as from the Bakony Mts., by SZENTE (2013) and
SZENTE (2022), respectively.

Since the publication of the afore-mentioned papers, two
specimens representing two further species (as well as gen-
era) have been found. In 2015, during the large-scale recon-
struction of the ELTE Geological Garden located at the Kal-
véria Hill, a loose slab of the red Kimmeridgian limestone
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assigned to the Pélihalds Limestone Formation, a unit dis-
playing variable lithology and usually rich in Saccocoma-
remains, ammonites as well as manganese-oxide nodules,
was found to contain a lophate oyster identified as Actino-
streon aff. gregareum (J. SOWERBY, 1815). In October of
2022, when participating in a field exercise for the course
“Fossil collecting and preparation”, Andras SZABO, a geolo-
gy student at the E6tvos University collected a specimen of
the pholadomyoidean Procardia aff. acuminata (HARTMANN,
1830), yielded by red, nodular, ammonite-rich Tithonian
limestone (Pélihalas Limestone Formation) of the HK-12
section, located in the Kozoskut Ravine. Details on the lo-
cality, including data on fossil assemblages, can be found in
FULOP (1976) and in FOzy et al. (2022). Since both genera
are new for the Jurassic of the Transdanubian Range, these
unique finds are worth documenting here.

Remarks on the new finds

Actinostreon aff. gregareum (J. SOWERBY, 1815)
(Figure 1, A)

The specimen is a slightly worn right valve exposed on
the surface of a slab of dark red limestone. It bears around 35
plicae oriented in antimarginal direction. Their crest is com-
posed of alternative swellings and depressions, presumably
indicating the presence of empty shell chambers. On the
basis of the afore-mentioned features, the specimen corre-
sponds to the description of Actinostreon gregareum given
recently by KopPKA (2015). The only argument against this
interpretation is the large number of plicae compared to the
small size of the specimen (height =14 mm, width = § mm).
The number of plicae increases either by bifurcation or in-
tercalation during ontogeny in A. gregareum and reaches a
maximum of 35 in specimens considerably larger than the

one at Tata (up to 70 mm in height, Koppka 2015, see also
MACHALSKI 1998). The specimen documented here is either
a dwarf representative of A. gregareum or belongs to a new
species.

As reviewed by Koppka (2015), A. gregareum was an
ecologically tolerant and widely distributed form adapted to
various marine environments ranging from reefs including
the Tithonian Stramberk Limestone of Moravia (BOEHM
1883, REMES 1903) to “relatively calm subtidal environ-
ments.” It forms shell beds, e.g., in the Kimmeridgian Co-
quina Formation of the Mesozoic Border of the Holy Cross
Mountains of Poland, a unit deposited in “a relatively shal-
low-water setting” (MACHALSKI 1998, ZATON & MACHALSKI
2013). There, two morphotypes reflecting different life po-
sitions (“mud-sticker”” and “recliner” sensu SEILACHER 1984)
occur. As indicated by its straight and elongated outline, the
Tata specimen seems to represent the former mode of life.

In contrast to coeval shallow-marine rocks of Europe,
however, this species — and, actually, lophate oysters in gen-
eral —are extremely rare in deeper water Late Jurassic facies
of the peri-Mediterranean region. Apparently, the only previ-
ously documented occurrence is the specimen identified as
Lopha (Lopha) solitaria (J. DE C. SOWERBY, 1832) by Mo-
NARI (1995) from the Kimmeridgian “Calcari Diasprigni” of
the Terminilletto outcrop (Umbria-Marche Apennines, Ita-
ly), a section rich in re-deposited clasts of shallower-water
origin (BARTOLINI et al. 1996). According to KoppPKA (2015)
“L. solitaria” is a name applied by several authors to A. gre-
gareum. Actinostreon was a cementing form attached to sol-
id substrate by its left valve. The substrate is, however, un-
known in both cases. Thus, it cannot be excluded that the
specimens in question are allochtonous elements, re-de-
posited from areas covered by shallower-water. The Tata
specimen forms part of a sparse and low-diversity bivalve
fauna dominated by the byssally attached epifaunal Campto-
nectes? sp. (SZENTE 2013).

Figure 1. Upper Jurassic bivalves from the Transdanubian Range. A) Actinostreon aff. gregareum (J. SOWERBY, 1815) from the
Kimmeridgian of the Kalvaria Hill (Tata); B, C) Procardia aff. acuminata (HARTMANN, 1830) from the Tithonian of the Kozoskut
Ravine (Harskut, Bakony Mts), B: lateral view, C: dorsal view. B and C covered with ammonium-chloride. Scale bar represents
7 mm for (A) and 10 mm for (B) and (C). The specimens are housed in the collection of the ELTE Tata Geological Garden

1L dbra. Felsé jura kagylok a Dundntilli-kdzéphegységhdl. A) Actinostreon aff. gregareum (J. SOweRBY, 1815) a Tatai Kdlvdria-domb
kimmeridgei mészkovébdl; B, C) Procardia aff. acuminata (HARTMANN, 1830) a hdrskiiti (Bakony) Kozoskiiti-arok tithon mészkiovebdl.
B:oldalnézet, C: hdti nézet. B és C ammonium-kloriddal van bevonva. A mérce 7mm (A); 10 mm (B, C). A példdnyok az ELTE Tatai Geo-

logus Kert gyiijteményében talalhatok
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Procardia aff. acuminata (HARTMANN, 1830)
(Figure 1, B, C)

The specimen is a small-sized (length =22 mm, height =
19 mm) composite internal mould of rounded sub-triangular
outline, bearing around 12 radial ribs. These features corre-
spond to the description of “Pholadomya (Pholadomya) acu-
minata”, as given by DELVENE (2001). Ventral margin of the
Harskut specimen is, however, convex while that of P. acu-
minata figured in the literature is nearly straight.

Assignment of this relatively well-characterized species
to Procardia MEEK, 1871 is, however, much more justified
(e.g., SZTAINER 2020). Procardia was treated either as a sub-
genus of Pholadomya (e.g., SZENTE 2003, SZTAINER 2020),
or as a separate genus (RUNEGGAR 1974, AMANO 2019, SZEN-
TE 2022), and the latter view is shared here. Its systematic
status is discussed in detail in AMANO (2019). According to
BEU & RAINE (2009) Procardia belongs to the family Parili-
myidae MORTON, 1981 and, consequently, to the order Poro-
myida RIDEwoOD, 1903, instead of the order Pholadomyida
NEWELL, 1965. AMANO (2019), however, assigned Parilimyi-
dae to the superfamily Pholadomyoidea KING, 1844, and this
taxonomic opinion is shared here.

Pholadomyoidean bivalves sensu stricto (family Phola-
domyidae GRAY, 1847) are widely distributed in the Euro-
pean epicontinental Upper Jurassic (e.g., MOESCH 1874) and
occasionally considered emblematic fossils of lithostrati-
graphic units, such as the “Pholadomyen” of the Oxfordian
of the Jura Mts. (e.g., ETALLON 1863). On the other hand,
Pholadomyoidean bivalves as a whole are uncommon ele-
ments in fossil assemblages of the deeper water pelagic fa-
cies of the peri-Mediterranean region and seem to be confin-
ed to rare finds of Procardia. A single specimen of P. acumi-
nata, along with a diverse ammonite fauna, was documented
by NicoLis & PARONA (1886) from the Upper Tithonian of
near Verona (Southern Alps) and another one has been fi-
gured by REMES (1903) from the Stramberk Limestone of
Moravia. The faunal association of the latter is unknown.

P. acuminata was a deep-burrower, low level suspen-
sion-feeder form (DELVENE 2001, SZTAINER 2020). Thus, it
is considered an autochtonous element of the low-diversity
Upper Jurassic bivalve fauna of the HK—12 section, consist-

ing nearly exclusively of species of the epibenthic Rhyncho-
mytilus ROLLIER, 1914. It is worth mentioning that in the
Lower Cretaceous of the Transdanubian Range another Pro-
cardia species identified as P. malbosi (PICTET, 1863) is
widely distributed and represented by at least a dozen speci-
mens in public collections (SZENTE 2003, 2022). The latter
bears a close resemblance to P. acuminata and is probably
identical with it. Further studies are, however, needed to an-
swer this question.

Conclusion

Since the publication of comprehensive papers on Upper
Jurassic bivalves of the Transdanubian Range, two hitherto
undocumented species represented by single specimens
have been found and identified. These finds prove that ex-
tensively studied fossil localities occasionally yield unex-
pected, rare forms. Probably due to the relatively wide range
of environments reflected by the lithological variety of the
sections, as well as to the intensive collecting work carried
out in the last one and a half century, the Transdanubian
Range has yielded the most diverse bivalve assemblage of
the deeper water pelagic Upper Jurassic of the peri-Mediter-
ranean region.
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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 késd 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 képviseldinek eltérs rétegtani elterjedésének a demonstraldsa. Az altalunk létre-
hozott rétegoszlop korabbi szerzok rétegszamait korreldlja egymassal, 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 pontossiga
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 eltér§ 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 vizsgdlt két lelShely faundjanak eltérését részben a rétegsorok eltérd 8sfoldrajzi helyzetével és ebbdl kovetkezben
eltérs paleoceanografiai paramétereivel magyardzzuk, vagyis a kiilonboz6 6sfoldrajzi helyzetti 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-
dulds kapcsan a kiilonboz6 belemniteszcesoportokon korabban mért stabil szénizotop gorbe hirtelen +1%o kilengése a M.
moutonianum Z6néban a Kozépsd Barremi Eseményt (KBE) jelzi. A gyors kdrnyezetvaltozassal 6sszefiiggé melegedés-
re utal a stabil oxigén izotdp -1,5%o feletti valtozasa is. Ekkor a szdrazulatok feldl a gerecsei iiledékgydjtdbe juté megno-
vekedett szerves anyag mennyisége, és az ezt valoszintileg 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 zondban é16 ammoniteszek jol tolerdlhattak, mig bizonyos csoportok hidnyoznak ebbdl a
rétegosszletbsl.

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 & FO6zy 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).

— 1. 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 utan modositva).

A szdmok a kivetkezé foldrajzi elterjedéseket jeldlik: (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; Aveam 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 (Torokorszag) (YiLmaz et al. 2012); 15, Olaszorszdg (Coccioni et al. 2003;
SPROVIERI et al. 2006; HUCK et al. 2013); 16, Eszakkelet-Tunézia (TaLsl et al. 2021); (B) 17, Kuba (Myczynski & TRIFF 1986; Myczynski 1977;
VaSICEK & WIEDMANN 1994); 18, Kolumbia (RoYo Yy GOMEZ 1945; ETAYO-SERNA 1968; VASICEK & WIEDMANN 1994; KAKABADZE & HOEDEMAEKER
1997; VasicEk & HOEDEMAEKER 2003b); 19, Trinidad (IMLAY 1954; VASICEK & WIEDMANN 1994); 20, Zild-foki Koztdrsasdg (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 & RAwWSON 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 Stit-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 Siimeg 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 SMEF 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, SzTtaNO 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
(SztAaNO 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, Szics
(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)

't
=il

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
oldalaban 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



204

GoGos, G. & Szves, O.: First report of the Mid Barremian Event from the Transdanubian Range (Hungary)

Material

Stimeg 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-

SMAZ kg

g,

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.

L

Toxancyloceras
vandenheckii

u.
Barrem

Moutoniceras
moutemnianum

Kevetishvilia
compressissima

Labatlan Sandstone Fm

|. Barremian

Nicklesia puichella
Kotetishvilla nickiesi]

Taveraidiscus
hugii
P ohmi / B. baloaris]
z 7
yneila
saym

u. Haut,

Lyticoceras
nodasoplicatum /|
Crioceratites
toryi

Bersek Marl Fm

L. Hauterivian

Acanthodiscus
radiatus

5 C. furcillata
E N, peregrinus

% limestone
-

el

Section ,,.C”
200-258 beds

Section ,,.D”
301-411 beds

Section ,.E”
300/1-44 beds

"_"

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



Foldtani Kozlony 154/2 (2024)

205

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 sze-
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, ?Monsalveiceras, 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 (ComPANY 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 la, 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 & FoGARrAsI 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 (1995a, 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 (FoGARrasi 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. d@bra. 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 81*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 T 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. CoOMPANY 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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7. dbra. A Bersek-hegy integrdlt biosztratigrafidja, litoldgidaja, szelvényvek és rétegszamok elhelvezkedése, valamint a Karsteniceras (K.) spp. ér Leptoceratoides (L.) spp.
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mezavel jeliilve), ahol a kék vonal a Duvalia/Pseudobelus taxonokat, mig a virds vonal jelili @ Vaunagites pistilliformis/“Belemnites™ pistilliformis/Hibolithes
taxonokat (PricE et al. 2011 )

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
(FopoR 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 Siit-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. I —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. dbra. Karsteniceras sp. 2 — INV.2023.26. Bersek-hegy; E szelvény; 300/15. réteg; Vandenheckii zona.
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Plate I —1I. 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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Tribute to Andrds Galdcz and Attila Voros in taxonomy

Abstract
In this short paper [ list the species names that were named in honour of Andrds GALACZ and Attila VOROS, Hungarian
geologists and paleontologists by their colleagues, friends and students. In addition to the sources of taxa, a few type
specimens are re-illustrated. .
I thank Alfréd DuLAL, Vasily MITTA, Attila Osl, Jdnos SZABO and Istvan SZENTE for their professional help.
Osszefoglalds

Jelen kozlemény célja, hogy kozreadja azoknak a fajneveknek a listdjat, melyekkel 6slénytani tanulmanyok szerz8i —
kollégak, barétok, tanitvanyok, tisztel6k — elismerésiiket fejezték ki a két idén jubildlé geoldgus és paleontolgus,
GALACZ Andréds és VOROS Attila tudomanyos munkdssdga irdnt. A taxonok forrdsai mellett néhdny tipuspélddny is djra-

kozlésre keriil.

Az adatgytijtéshez és az illusztracidkhoz nytjtott segitségért a kovetkezd kutatdkat illeti koszonet: DuLAal Alfréd,
Vaszilij MITTA, OsI Attila, SZABO Janos, SZENTE Istvén.

Galacz Andrasrol elnevezett fosszilis fajok

Eucycloidea galaczi SzaBO, 1983
bajoci (kozépsd jura) csiga (Magyarorszag) (SzaBo 1983)

Limea (Pseudolimea) galaczi SZENTE, 1995 (1. tabla, 2. dbra)
bath (k6zépsd jura) kagyl6 (Magyarorszag) (SZENTE 1995)

Metophioceras galaczi GECZY & MEISTER, 2007
sinemuri (kora jura) ammonitesz (Magyarorszdg) (GECZYy &
MEISTER 2007)

Villania galaczi GECzy, 1998
pliensbachi (kora jura) ammonitesz (Magyarorszag) (GE-
czy 1998)

Geczyceras galaczi KovAcs, 2009 (1. tdbla, 5-6. dbra)
toarci (kora jura) ammonitesz (Magyarorszag) (KovAcs 2009)

Cadomites galaczi PAviA, 2002

késd bajoci — kora bath (k6zépsd jura) ammonitesz (Olasz-
orszag) (Pavia 2002)

Sokurella galaczi MITTA, 2004 (1. tdbla, 3—4. dbra)

bath (k6z€ps6 jura) ammonitesz (Oroszorszag) (MiTTA 2004)
Dichotomosella galaczi VOROS, 1995

bath (ko6zépsd jura) brachiopoda (Magyarorszag) (VOROS
1995)

Bakonydraco galaczi Os1, WEISHAMPEL & JIANU, 2005
santoni (kés6 kréta) azhdarchid repiilé hiill6 (Magyaror-
szag) (Osr et al. 2005)

Megjegyzés: GEczy Barnabds és Christian MEISTER ba-
konyi sinemuri—pliensbachi ammoniteszmonografidjdban
(GEczy & MEISTER 2007) a 9-10. dbran szerepel egy ,,Catri-
ceras galaczi” fajnév (Horizon a Catriceras galaczi) — ez
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azonban elirds. A név az ugyanebben a tanulmanyban beve-
zetett, kora pliensbachi Catriceras pannonicum nov. sp. MEIS-
TER & GECzyY faj- és horizontnév helyett all tévesen (lasd

Pyrgotrochus vorosi SzaBO, CONTI, MONARI & WENDT, 2019
(I tdbla, 1. dbra)

z .z

oxfordi (késé jura) csiga (Olaszorszag) (SzABO et al. 2019)

GECzy & MEISTER 2007: 195, 214, figs 27-29; MEISTER 2010).
Alebusirhynchia vorosi BAEZA-CARRATALA, DULAI & SAN-
DOVAL, 2018 (1. tdbla, 7. dbra)
sinemuri (kora jura) brachiopoda (Spanyolorszdg) (BAEZA-

Voros Attilarél elnevezett fosszilis fajok CARRATALA et al. 2018)

Mochlodon vorosi Osi, PRONDVAL, BUTLER & WEISHAMPEL,
Tetracapnuchosphaera ? voeroesi Kozur, Moix & Ozs- 2012 (I. tdbla, 8. dbra)
VART, 2009 santoni (késd kréta) rhabdodontida dinoszaurusz (Magyar-
karni (kés6 tridsz) radiolaria (Torokorszag) (Kozur etal. 2009)  orszag) (Ostet al. 2012)
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Fig. 1. Pyrgotrochus vorosi SzaBO, CONTI, MONARI & WENDT, 2019. Holotype/holotipus, length/hossz: 24,2 mm (2x). SzaBO et al. (2019, fig. 9/H)

Fig. 2. Limea (Pseudolimea) galaczi SZENTE, 1995. Holotype/holotipus, length/hossz: 20,5 mm (2x). SZENTE (1995, pl. 3, fig. 8).

Figs 3-4. Sokurella galaczi MitTA, 2004. Holotype/holotipus, D 72 mm (1x). MitTA (2004, pl. 3, fig. 1)

Figs 5-6. Geczyceras galaczi KovAcs, 2009. Holotype/holotipus, D 194 mm (0,5x). KovAcs (2009, fig. 8)

Fig. 7. Alebusirhynchia vorosi BAEZA-CARRATALA, DULAI & SANDOVAL, 2018. Length of specimens/példanyok hossza: 7-9 mm (1,6x). KorsOs & BARINA (2018, fig. 20)
Fig. 8. Mochlodon vorosi Os1, PRONDVAL, BUTLER & WEISHAMPEL, 2012. Holotype/holotipus. Os (2012, fig. 61)



260 KovAcs Z.: GALAcz Andrds és VOROS Attila tisztelete a rendszertanban

1. tabla — Plate I




Ad arhoni Foldtani Térs“/a[

Foldtani K&zldny

( Hirek, ismertetések

i gara Geological 500"
] 154/2,261-262., Budapest, 2024

Osszedllitotta: PIros Olga

Események, rendezvények

Beszamolé a 27. Magyar Oslénytani Vandorgyiilésrél

A Magyarhoni Foldtani Tarsulat Oslénytani és Rétegtani Szak-
osztilyanak legfontosabb éves rendezvénye a Magyar Oslénytani
Véndorgy(ilés, melyet idén 2024. majus 31. és junius 1. kozott, im-
mar 27. alkalommal rendeztiink meg. A terepbejdrdssal egybeko-
tott konferencidnak ezittal az Eger hatdrdban 4ll6 Matyus Udvar-
héz adott otthont.

Az idei taldlkozénkra 60 f6 regisztralt, a bejelentett és megtar-
tott eldadasok szdma 29, a bemutatott poszterek szama négy volt.
A jelenlévok kozott koszonthettiik az idén 80. sziiletésnapjukat tin-
neplé GALACz Andrés és VOROS Attila professzor urakat, sokunk
kedves kollégdit, s6t mestereit.

Szamos kordbbi alkalomhoz hasonléan most is volt vendég-
el6adonk Peter ALSEN, a Ddniai és Gronlandi Geoldgiai Szolgalat
munkatarsa személyében. Vendégiink The limestones in the Creta-
ceous of Greenland — and their associated fossils cimmel tartott el6-
addst, és egyuttal a gronlandi terepi tapasztalatairdl is beszamolt.

A csiitortoki és a szombat délel6tti szekcidkban elhangzott
eldadasok — a szokdsoknak megfelelen —a legkiilonbdz&bb korok
és 6smaradvanycsoportok kapcsan sziiletett legtijabb tudomanyos
eredményekrdl szamoltak be. Az olykor nagyon specidlis témakkal
foglalkoz6 eladasok kozott volt két dltalanos érdeklédésre is sza-
mot tartd, a szokdsos 15 percnél hosszabb prezentacid is: MAGYAR
Imre Szdzéves a Paratethys, Europa neogén beltengere cimmel,
mig GALACz Andrds Mi (vagy ki) a Homo sapiens tipusa? cimmel
tartott el6adast.

A program feszitett volt, a j6 hangulati, demokratikus 1égkor-
ben egymast kovették az el6adasok. Az eldaddk kozott professzo-
rok és hallgatok egyarant voltak.

A szakosztaly vezetGsége az idén is dijazta a fiatal kollégdk 4l-
tal bemutatott legjobb el6addsokat és posztereket. Az immadr ha-
gyomadnyos versenyben az aldbbi kollégdk kaptak a Foldtani Tarsu-
lat és a Magyar Dinoszaurusz Alapitvany altal felajanlott konyv-
dijakat:

G0OGOs Gergd (hallgatéi kategodria), SEGESDI Martin (PhD ka-
tegdria), Koczo Levente (poszter kategoria).

A véandorgy(ilés mdsodik napja ez alkalommal is egy terepbe-
jéards volt, melynek sordn a szervezdk jelent6s mértékben tdmasz-
kodtak DAvID Arpad kollégank helyismeretére. A bérelt autébusz-
szal megtett it megalldi a kovetkezSk voltak: Nagyvisnyd, Lukécs-
hegy (alsé miocén); Nagyvisnyo, . sz. vastiti bevagas (fels6 kar-
bon); Nagyvisny6, Mihalovits-kéfejtd (felsé perm); Eger-Felné-
met, mészkSbanya (kozépso tridsz). Az utdbbi helyen szakmai vita
alakult ki, mert az Gjonnan elSkeriilt, nagy méretli megalodontid
kagyldk alapjan a kézet kordt tobben késd tridsznak vélték. Az
utolsénak tervezett megdllét — az egri volt Wind-féle téglagyar
agyaggodrének megldtogatdsat — elmosta a kozelgé zivatar. A ki-
randulds résztvevoi a heves es6t a Szépasszony-volgyében, SIKE
Tamds pincészetében vészelték 4t a szakavatott bordsz és kitling
borai tdrsasdgdban; senki nem 4zott el.

Idén, a tarsulat valamennyi szakosztdlyanak vezet6ségéhez ha-
sonléan, az Oslénytani és Foldtani Szakosztaly vezetGsége is meg-

djult. A jelenlévdk titkos szavazds ttjan a kovetkezé harom évre
megvalasztottdk elnoknek Piros Olgat, titkdrnak MOHR Em&két,
vezetdségi tagoknak FOzy Istvant, BOSNAKOFF Mariannt, BOTFAL-
val Gabort, Os1 Attildt és Szives Ottiliat, péttagnak pedig KARADI-
KAPILLER Viktort és GALACZ Andrdst.

A rendezvény programjat, az el6addsok kivonatat és a kirdndu-
lasvezet6t tartalmazo tarsulati kiadvanyunk az idén is megjelent,
miként az elmilt 26 évben minden alkalommal. Az ISBN szammal
ellatott, 2024-es ,,sdrga fiizet” 56 oldal terjedelm.

Fozy Istvdan

Geoprogram Kkisiskolasoknak
(Balatonfiired, 2024. jinius 19.)

A Magyarhoni Foldtani Térsulat Eszak- és Kozép-dunantili
Teriileti Szervezete balatonfiiredi dltalanos iskoldsoknak nyujtott
ismeretterjesztd programot a varos kiilteriiletén taldlhaté Szaka-
hegyi Geol6giai Bemutatéhelyen. Az egykori kéfejtében feltdrul a
kozépst tridsz Fiiredi Mészkd Formacid koriilbeliil 237 millié éve,
sekélytengeri laginakornyezetben lerakédott, 1atvanyos rétegsora.
A Bupal Tamds exelnok dltal szerkesztett ismertetd tablakkal és a
térség taldn legszebb térdrancképzddményével rendelkez6 bemu-
tat6 Gsvényen a Radnéti Miklds Altalanos Iskola négy osztilya —
mintegy 120 harmadikos és negyedikes tanul6 — interaktiv geosé-
tén és foglalkozdson ismerkedett testkdzelbdl a foldtani alapfogal-
makkal.

A program napjdn 36 fokos h6ség tombolt, ami nem idedlis egy
ilyen rendezvényhez, am ezzel a helyzettel is megbirkéztunk. Bar
szakmai korokben nem kedvelik a feltdrdsban terpeszkedd bokro-
kat — mi ez esetben nagyon megbecsiiltiik Sket. A kéfejtd rovid be-
jarasat kovetben a ,,deleld bokrok™ tenyérnyi drnyékdba letiltetett
gyereksereg meghallgatott egy kifejezetten erre a térségre adaptdlt
.geomesét”, amely egy kis gyik és Kamon, a mesél6 k6 bardtsaga-
ol szol. A kisdidkoknak mesébe dgyazott, de valddi helyszineken
(Loczy-barlang és kornyéke) jatszodo, az 6 szintjiikon megfogal-
mazott foldtani folyamatokat (pl. diogenezis, karsztosodas, borsé-
k& képzbdése stb.) kellett felismerniiik. Ezt kovet&en kis csopor-
tokban a geosétdhoz és a meséhez kapcsolédé geototdt toltottek ki
a gyerekek. Mind a szervez8knek, mind a tandroknak és a didkok-
nak k6zos sikerélmény volt, hogy szinte az 6sszes csoport maxima-
lis pontszamot ért el!
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(Fot6: Cserny Tibor)

A rendezvény kivdlo6 lehet&séget teremtett a szakmai és foldta-
ni értékekre nyitott jov6 generdcié nevelésére, amit tdrsulatunk a
szinvonalas tudomdnyos kutatéomunka mellett szintén kiildetésé-
nek tekint.

CSERNY Tibor, SARDY Julianna

Koényvismertetés

Voros Attila: The Middle Jurassic brachiopods of the
Transdanubian Range, Hungary. — Geologica
Hungarica, series Palaeontologica 61, 1-116.

VOROs Attila akadémikus a hazai 6slénytan kiemelkedd sze-
mélyisége és a mezozoos (elsdsorban jura) brachiopoddk nemzet-
kozileg elismert kutatéja. Munkdja sordn mar eddig is szdmos mo-
nografidval orvendeztette meg az Gslénytan irdnt érdekl6ddket,
részben a tridsz ammoniteszek, részben a jura brachiopoddk fel-
dolgozdsanak eredményeképpen. Ez utébbi teriileten a hazai jura
fauna 4ltaldnos éttekintése (1997), a pliensbachi fauna részletes
feldolgozasa (2009), majd a Pygopidae-monogrifia (2022) utdn

most a Dundntili-k6zéphegység kozEépso jura faundja kertilt sorra.
Bér ez az anyag mind példdnyszamban, mind fajszdmban jelents-
sen elmarad a lidsz faundktdl (1282 példany, 16 nemzetség, 28 faj),
a maga nemében igy is kiemelkedd, hiszen ez a Mediterran térség
leggazdagabb ismert kozépsd jura egyiittese. A vizsgdlt anyag
nagy része a Foldtani Intézet rendszeres és részletes foldtani térké-
pezései sordn keriilt el6 a Bakonyban az 1960-as és 1970-es évek-
ben. Az ezekhez kapcsolddo drkoldsok és részletes, réteg szerinti
gy(jtések nagy mennyiségli brachiopoda-példanyt tartak fel. Nosz-
KY Jend, VIGH Gusztdv és a szerz0 kiegészits gydjtései is jelents-
sen hozzdjarultak a vizsgalt fauna megismeréséhez.

Koréabban csak el6zetes faunalistdk és dokumentacidk jelentek
meg a hazai k6zépsd jura brachiopoda-faunarél (VOROS 1993, 1997,
2001; VORrOS & DuLAl 2007), a részletes rendszertani feldolgozast
a most publikdlt Geologica Hungarica-kotet tartalmazza. A mo-
nografia bevezetS része a Dundntili-kozéphegység kozépso jura
rétegtandt, majd a brachiopoddkat tartalmazé szelvényeket és a
gy(jtési pontokat mutatja be az egyes fajok el¢forduldsi adataival.
A fauna éaltalanos ismertetését, id6- és térbeli valtozasat, a vazlatos
Oskornyezeti €s részletes Gsdllatfoldrajzi elemzéseket szamos in-
formativ dbraillusztrdlja. A monografia legnagyobb terjedelmiré-
sze a brachiopoda-fauna részletes rendszertani leirdsat adja, a be-
mutatott fajok koziil egy, a nemzetségek koziil négy taxon dj a tu-
domadnyra nézve. A leirasokat 57 dbra kiséri, amelyek f6leg a bra-
chiopoddk belsé morfoldgiajat abrazoljdk a sorozatcsiszolatos vizs-
gélatok alapjan. A kotet végén o6t fotStabla mutatja be a leirt bra-
chiopoda-fajok kiils¢ morfoldgidjat.

Az angol nyelvli monografia szakmailag magas szinvonald,
nagyon sok lényeges 1j eredményt tartalmaz, igy a kotet szakmai
lektoraként jo szivvel ajanlom az &slénytan €s a jura idGszak irant
érdekl6dé szakemberek, egyetemi hallgaték és Gsmaradvanygytj-
t6k szdmdra.

A kotet kereskedelmi forgalomba nem kertil. Aki szeretne hoz-
z4jutni, forduljon PALOTAS Kldrdhoz (klara.palotas @sztfh.hu).

DuLar Alfréd
Magyar Természettudomdnyi Miizeum
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