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THE ORIGINALLY DEFINED GOAL OF THE PROJECT

The proposed project targeted on the comparative study of the most representative Upper Jurassic—
lowermost Cretaceous sections and fauna of the Bakony Mountains (Transdanubian Range, Hungary)
1.e. Lokut Hill, Paskom Hill, Szilas Ravine, Kozoskut Ravine and Eperkés Hill. The large fauna con-
tains mainly cephalopods, ammonites and also belemnites. In the fauna of the Paskom Hill, Szilas and
Kozoskut ravines and Eperkés Hill besides nektonic elements, benthic fossils, such as bivalves, bra-
chiopods, and corals are also frequent. On the basis of cephalopods, a precise biostratigraphic subdi-
vision of the sections was planned, while the study of the benthic fauna was projected in order towards
the better understanding of the paleoenvironment.

Besides palaeontological and biostratigraphical studies, stable isotope analysis of the carbonate
successions and the fossil shells were also projected within the frame of an international cooperation.

It was believed that as a result of our integrated stratigraphical approach, the studied sections would
serve as reference sections for the Jurassic/Cretaceous (J/K) boundary within the Tethyan Realm.

The planned final output of the project was a monograph in English, which sums up all the results
on stratigraphy, paleoenvironment, and Late Jurassic basin evolution of the Bakony Mountains, and
which contains the detailed palaeontological documentation of the complete fauna.

PROJECT RESULTS
Biostratigraphic results

During the project, the following 18 sections were analysed: Mogyorés Hill (Siimeg), Tobanypuszta
and Kisnyerges Ravine (Szentgal), Rend-ké, Edesviz Key Section, Edesvizmajor, Edesvizkit—1, HK-II,
HK-12 and HK-12/a (all around Harskuit), Szilas Ravine, and Paskom Hill (Borzavar), Som Hill
(Bakonybél), Borzavar Road Quarry and Marvany Quarry (Zirc), Lokit Hill (Lokat), Eperkés Hill
Long Trench and Stripe Pit (Olaszfalu). Section-by-section we considered the changes in lithology,
the fossil content and stratigraphy, and interpreted the paleoenvironment. As a result of our integrated



biostratigraphic approach, based on cephalopods (with ammonites on the first place), nannofossils and
microfacies analysis, a detailed account on stratigraphic position of the investigated sections was given.
The correlation of the highly condensed sequences with repeated non-deposition vs. relatively complete
and thicker sections is given on Figure 1.
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Figure 1 - The biostratigraphic position of the studied sections in the Bakony Mountains

The radiolarite is indicated by “R”. WW marks the global oceanic Weissert Event, which is linked to a
carbon cycle perturbation. Green signs mark the top of the sections, blue, stripped units suggest larger
gaps and question marks suggest uncertainty. Black waves indicate the beginning of covered continuation
of the sections (after F6zy et al. 2022)



Magnetostratigraphic results

Polish participants of the project (J. GRABOWSKI and D. LobowsKI) performed high-resolution mag-
netostratigraphic analysis in the Lokut and Hérskut sections. As a result, magnetochrons were calibrated
against biostratigraphy (Figure 2), hiati and condensation levels within the sections were documented
(Figure 3). Since magnetostratigraphy is treated as an important marker of the hitherto undefined J/K
boundary, the results of the Bakony studies (LoDOWSKI et al. 2022 and references therein) are of inter-
national interest.
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Figure 2 - Lithological logs, stratigraphy (dinocyst, calpionellid, nannofossil, magnetostratigraphy), microfacies succession and
sedimentation rates of the Harskut (left) and Lokt (right) successions

Abbreviations: VAL. -Valanginian, M. L. Fm. - Mogyorésdomb Limestone Fm.; dob. - dobeni; bon. - boneti; col - colomi; alp. - alpina;
fer. - ferasini; sim. - simplex; mur. - murgeanui. Explanations for magnetostratigraphy: in Lokut: M(1) - M19n1n; M(2) - M19n1r; M(3)
- M20nlr; in Harskut: M(4) - M22n1r; M(5) - M22n2n. Explanations (microfacies): S - Saccocoma-dominated microfacies; T -
transitional microfacies; C - calpionellid-dominated microfacies; B - bioclastic packstones. Dashed red lines indicate correlation levels.
(after Lobowski et al. 2022)
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Figure 3 - Bio- and magnetostratigraphy of the lower part of the Harskat, HK-12 section

Bed numbers refer to ammonite collecting, while sample numbers refer to the oriented
magnetostratigraphic samples in the section. A supposed condensation level within the
magnetozone M16n indicated by an arrow. The Berriasian/Valanginian boundary is located
between samples HK-17 and HK-18 on the basis of LoDowsKI et al. (2022). Dashed white
lines indicate correlation levels; black dots on the lithostratigraphic column indicate
magnetostratigraphic sample points. (after F6zy et al. 2022a)



Geochemical results

In accordance with what was planned in the project application, geochemical analysis was carried
out in some sections. Bulk carbonate and oxygen stable isotope measurements were performed in the
Lokiit and Harskiit sections and also in the Szilas Ravine and Harskit Edesviz Key Section (LODOWSKI
at al. 2022, PRICE in FOzy et al. 2022a). In the J/K sections we documented the uniformly decreasing
values of *C curve without any major events (Figure 4.).
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Figure 4 - Ammonite stratigraphy of the Upper Jurassic-Lower Cretaceous section of Szilas Ravine,
near Borzavar

Lithologic log, chronostratigraphy, carbon isotope stratigraphy and the recognised ammonite zones
of the section. Legend: a: radiolarite, b: red, nodular limestone, c: well-bedded, light rose-coloured
limestone, d: crinoidal limestone, T.L.Fm: Tata Limestone Formation. (after FOzy et al. 2022a)



In turn, during the early late Valanginian, the global oceanic Weissert event (WW on Figure 1) marks
a significant *C-enrichment in sedimentary carbonates. This event has already been documented from
the HK—12 succession, but now we observed it also in the Edesvizkiit Key Section (Figure 5) where the
presence of the Weissert event was predicted on the basis of the change of the brachiopod fauna, and its
exact stratigraphic position was inferred from the nannofossil assemblage (VOROS et al. 2020).
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Figure 5 - Integrated stratigraphy of the Edesviz Key Section

Simplified litho-and chronostratigraphy, lithologic log, ammonite and nannofossil biostratigraphy as well as carbon
isotope stratigraphy and recorded nannofossil events of the section. The inferred interval of the Weissert Event is
shaded. Legend: a: red or white, mostly nodular limestone, b: well-bedded siliceous and marly limestone, c: chert
nodules, d: marl. Abbreviations: P.+ Sz. L. F.: Palihalas + Szentivanhegy Limestone Formations, Mogy. L. F.:
Mogyorésdomb Limestone Formation, B.: Berriasian, NADP 1, 2, 3: Nannofossil abundance and diversity peak
intervals. (after FOzy et al. 2022a)




Geochemistry of elements (Al, authigenic U, P and Ba) were used as proxies for estimating clastic
input, paleoredox conditions and paleoproductivity, respectively. Such analysis was made in the
Harskut and Lokt J/K sections (SzIVES et al. 2022). Aluminum and authigenic uranium concentrations
at Harskut and Lokut are shown of Figure 6.
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Figure 6 - Aluminum and authigenic uranium concentrations in the Harskut and Lokt successions

Dashed red lines indicate correlation levels. Abbreviations: K. - Kimmeridgian; V. - Valanginian; L. - lower; U. - upper; Tith. - Tithonica; Chiti.
- Chitinoidella; Praetin. - Praetintinnopsella; Crassi. - Crassicollaria; Clpn. - Calpionellites; dob. - dobeni; bon. - boneti; rem. - remanei; inter.
- intermedia; col. - colomi; alp. - alpina; fer. - ferasini; ellip. - elliptica; cad. - cadischiana; dar - darderi. (after SzIvEs et al. 2022)

Conclusions on the J/K boundary

From the very beginning of the project, a special attention was dedicated to J/K boundary profiles,
i.e. Harskut 12/a, Lokt and Szilas Ravine sections. Ammonites provided a useful tool for subdivision
and correlation of the sections. Nevertheless, it seemed necessary to revise and partially modify the
previous zonation which were completed during the project by Szives & F6zy (2022). Belemnites had
a slower evolutionary rate than ammonites, but in spite of this, belemnite associations were recognized
around the J/K boundary (JANSSEN 2022 and references therein). Occasionally, cephalopod biostratig-
raphy was integrated with microfacies analysis and nannofossil investigations. From Stimeg, OZSVART
et al. (2022) recognized a rich radiolarian assemblage around the J/K boundary where 142 taxa were
ranged into 64 genera; however it was documented, that the J/K boundary cannot be drawn on the
basis of radiolarians.

Calibration of biostratigraphic results against magnetostratigraphic logs resulted an integrated strati-
graphical scheme for the Tithonian/Berriasian boundary shown on Figure 7. As the position of J/K
boundary is still pending, our results may contribute towards the selection of the last missing system
boundary in the global geochronological table.
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Documentation of new fossils findings and also the re-
vision of earlier results on corals, bivalves, gastropods,
belemnites, crinoids, fish were given by LOSER & FOzy
(2022), SzENTE (2022a, b), JANSSEN (2022), SALAMON (2022) and SzABO (2022), respectively. Contri-
bution on calpionellids, radiolarians and ostracods were published by Gorog (2022), OzSVART et al.
(2022) and TOTH (2022). Koc¢1 & F6zy (2022) illustrated calcareous tube dwelling polychaete worms,
hitherto unknown from the Bakony.

New types of epizoans, grazing traces of molluscs and echinoids were illustrated by F6zy (2019) and
Fo6zy & Szente (2022). These results give a new insight into complexity of the Late Jurassic—Early Cre-
taceous sea-life and the identification of trace makers shed light on the unknown aspects of the permanent
Mesozoic evolution. Also the bioerosional significance of certain animals was documented.

Some typical Upper Jurassic Lower Cretaceous fossils are shown in Plate 1 and 2.

Figure 7 - Integrated stratigraphical scheme of the
Tithonian/Berriasian interval (after Szives & FOzy 2022)

—Plate 1 - Iconography of Late Jurassic-Early Cretaceous fossils of the Bakony Mountains (The illustrated fossils are not to scale. )

A: Calpionellids from the Lower Cretaceous of Paskom Hill (after GOROG 2022), B: Upper Jurassic-Lower Cretaceous radiolarians from
Siimeg, from the Siit-17 borehole (after OzsVART et al. 2022), C-D: Accumulation of calcareous worm tubes from the Lower Cretaceous of
Paskom Hill (figure C is a thin section). (after Koc1 & FO6zy 2022), E-H: Traces and epizoans on Kimmeridgian ammonites from Paskom Hill
(after F6zy & SzeNTE 2022), I: Kimmeridgian ostracod from Paskom Hill (after ToTH 2022), J: Kimmeridgian colonial coral from Paskom
Hill (after LOSER & F6zy 2022), K: Upper Jurassic chondrichthyan fish remains from different localities (after SZABO 2022)

——>Plate 2 - Iconography of Late Jurassic-Early Cretaceous fossils of the Bakony Mountains (The illustrated fossils are not to scale. )

A: Kimmeridgian aspidoceratid ammonites from Paskom Hill (after F6zy et al. 2022b), B: Early Cretaceous belemnites from Harskut (after
JANSSEN 2022), C: Upper Jurassic gastropods from different localities (after SZENTE 2022b), D: Upper Jurassic and Lower Cretaceous
bivalves from different localities (after SZENTE 2022a), E: Late Berriasian to early Valanginian brachiopods from Harskut (after VOROS
2022b), F: Kimmeridgian crinoids from the Eperkés Hill (after SALAMON 2022)
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Creating a basin evolution model

All the studied sequences were deposited under pelagic circumstances but the dissected sea bottom
topography resulted ephemeral sedimentation and as a consequence, varied rock successions. Through
the correlation of the sections, and by revealing their tectonic connections, we were able to outline a
more accurate picture of the paleoenvironment for the studied area and period than ever before (FODOR
& FoOzy 2022). By using earlier models and putting field observations into a wider context, we illus-
trated basin evolution through time slices. As an example, a model for the Kimmeridgian—early Berri-
asian paleogeography is given on Figure §.

Kimmeridgian — early Berriasian paleogeography

17745 AN ol ﬁ; \~\'.._./ §11-5ms'"

550

no data

Sect - BottionTaf F ‘imgun#mn B

Studied sections: [ slightly thicker succession
" Hirskat 12 read average
% Topographic names: D mﬁﬂ

Kis-Biikk H & NsBH I R D
TEEL S0 e
o \ y“"m <o gravity slide direction

no datg <o > estimated extensional direction

w
= 17°,4845" 200| .__,—"__"' Jurassic normal fault (established/postulated)

no data

Figure 8 - Late Jurassic to Early Cretaceous (Kimmeridgian-early Berriasian) palacogeography and structures of the northern Bakony Mountains
Base map is from Fopor 2022a, and references therein. (from Fopor & Fézy 2022)



Paleoenvironmental implications of our results — based on stable isotope and elemental geochemical
study —, is given by LODOWSKI et al. (2022). A consistently decreasing lithogenic influx throughout
the Tithonian—lower Berriasian was correlated with a Tithonian trend of climate aridization, while el-
evated upper Berriasian influxes primarily correspond to a revitalized tectonic activity within the

Neotethyan Collision Belt.

Summary of results

FAUNA, BIOSTRATIGRAPHY, FACIES AND PALEOTECTONIC
EVOLUTION OF THE LATE JURASSIC-EARLY CRETACEOUS
FORMATIONS IN THE BAKONY MOUNTAINS
(TRANSDANUBIAN RANGE, HUNGARY)
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Figure 9 - The cover of the edited monograph

This volume summarizes our current knowledge on the richly fossiliferous
Upper Jurassic-Lower Cretaceous formations of the Bakony through the work
of 22 authors from seven countries. The first part of the volume is about the
geology and stratigraphy of the studied 18 sections, and the second part
comprises the palacontological descriptions of the main fossil groups studied

Our project resulted six published re-
search papers in peer reviewed Q1 and Q2
journals, two books and also an edited
monograph in English, which summa-
rizes our current knowledge on the richly
fossiliferous Upper Jurassic—Lower Cre-
taceous formations of the Bakony Moun-
tains.

Studies of the macro- and microfauna
and the nannofossil assemblage provided
a basis for revised, high-resolution bios-
tratigraphic framework. Biostratigraphic
data were integrated with outcrop-scale
structural geological observations, mag-
netostratigraphic results and geochemical
analysis, including stable isotope and ele-
mental geochemistry. These achievments
were leading towards a comprehensive
model of Late Jurassic to Early Creta-
ceous paleoenvironment and basin evolu-
tion of the region.

Since the base of the Cretaceous still
lacks the Golden Spike, i.e. the formal
designation of the Global Boundary Stra-
totype Section and Point (GSSP), our re-
sults contribute also towards the definition
of the last missing system boundary of the
global geochronological table.
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