
25

 
 
UPPER JURASSIC AND LOWER CRETACEOUS 
FORMATIONS OF THE BAKONY MOUNTAINS 
(TRANSDANUBIAN RANGE, HUNGARY)

Balázs Szinger1 & István Főzy2

1 Exploration Laboratories, MOL Hungarian Oil and Gas Company, 

 45 Batthyány Street, H-1039 Budapest, Hungary.

 e-mail: szinger.balazs@gmail.com
2 Department of Palaeontology and Geology, Hungarian Natural History Museum, 

 1431 Budapest, Pf. 137, Hungary.

 e-mail: semiformiceras@gmail.com

1. Introduction

The Upper Jurassic and Lower Cretaceous of 
the Bakony Mountains can be characterised by 
a pelagic sequence which comprises the fol-
lowing formations: Lókút Radiolarite, Pálihálás 
Limestone, Szentivánhegy Limestone, 
Szélhegy Limestone, Mogyorósdomb 
Limestone, Borzavár Limestone and Sümeg 
Marl formations. Close up photographs of 
the typical rocks types of these formations 
are shown on Plate 1. A very brief bilingual 
description of the formations of Hungary – 
including the formations in focus –, is given 
by Császár (1997). A detailed review of these 
lithostratigraphical units, in Hungarian, was 
published by Császár (1996) and Főzy (2012), 
for the Cretaceous and Jurassic formations, 
respectively. Pioneering thin-section inves-
tigations of some Upper Jurassic rocks of the 
Bakony Mountains were carried out by Géczy 
(1961) and Szabó-Drubina (1962) and funda-
mental sedimentological and microfacies stud-
ies of Upper Jurassic and Lower Cretaceous 
formations were conducted by János Haas 

(e. g. Haas 1985a, b, Grabowski et al. 2010, 
2017) and Géza Császár (e.g. Császár 1996, 
Császár et al. 2008), among others. An impor-
tant component of the micropalaeonotological 
investigations of the formations is the study 
of calpionellids by Nagy (1986), Knauer (1963) 
and Tardi-Filácz (1986).

The present paper brings into focus the 
microfacies aspects of these rocks, based on 
observations made in the recently studied 
Bakony sections (Főzy et al. 2022, this volume). 
Our aim was to provide a comprehensive eval-
uation of the Upper Jurassic–Lower Cretaceous 
formations of the Bakony Mountains with a 
special focus on their microfacies. Our results 
are comparable with those obtained by the 
study of the Gerecse sections of the same age 
(Szinger in Főzy et al. 2013).

Most of the studied thin sections were pro-
vided by the Mining and Geological Survey 
of Hungary. In addition, further thin sections 
from recently sampled sections (Rend-kő and 
Eperkés Hill) were also analysed. 

Cite this paper as: Szinger, B. & Főzy, I. (2022): Upper Jurassic and Lower Cretaceous formations of the Bakony Mountains (Transdanubian 
Range, Hungary). In: Főzy, I. (ed.): Fauna, biostratigraphy, facies and paleotectonic evolution of the Late Jurassic–Early Cretaceous 
formations in the Bakony Mountains (Transdanubian Range, Hungary). Institute of Geosciences, University of Szeged, GeoLitera 
Publishing House, 25–43.

“… rocks remember.”  

Neil Armstrong (1930–2012)
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2. Lókút Radiolarite Formation

2.1. Main characteristics
It is a well-bedded, occasionally laminated, 
red or brown-coloured radiolarite, radiolar-
ite chert and siliceous limestone with chert 
nodules (Plate 1/1). Macrofossils are absent. 
Occasionally at the base or on the top of the 
formation a thin clay layer can be observed. 
Its upper boundary towards the Pálihálás 
Limestone can be either sharp, or gradual. 
The formation largely represents the majority 
of the Bathonian–Oxfordian time span and 
partly the Kimmeridgian, however, both the 
lower and upper boundary of the radiolarite 
are heterochronous (Dosztály 1998).

It is generally thin, 1–3 meters in the Bakony 
Mountains (Főzy et al. 2022, this volume), but 
may reach larger thickness. At Sümeg e.g. its 
estimated thickness is about 150–160 meters 
(Haas 1985a) while at Lókút it is about 50 
meters thick (Knauer 1989). In case of the ex-

tremely incomplete sequences, such as the Som 
Hill section, the Lókút Radiolarite is missing.

According to the traditional model (Géczy 
1961) the formation represents the deepest 
period of the Jurassic pelagic basin, where it 
was formed. However, it was proved that the 
formation of sediments rich in radiolarians or 
calpionellids was controlled basically by the 
evolutionary boom of the two microfossils 
groups and by the rhythmic environmental 
(climatic) changes (Haas et al. 1994). 

It rarely forms good outcrops, but the re-
sistant cherty debris of the formation can be 
easily recognised in the field. The formation 
is present in the following investigated sec-
tions: Sümeg, Lókút, Hárskút HK-II, Szilas 
Ravine, Édesvíz Key Section, Eperkés Hill 
Long Trench. 

2.2. Microfacies
The formation can be characterised by layered 
rock types with slightly varied microfacies. It 
can be clearly identified both on macro- and 
microscopic level due to its major lithology, 
i.e. the siliceous limestone. The microfauna is 
predominated by the denominating radiolar-
ians. Characteristic microfacies images of the 
formation are given in Plate 2.

The supposed formation under the carbon-
ate compensation depth (CCD) is indicated 
by the decrease in the proportion of limestone 
lithology and the dominance of radiolarite, 
radiolaritic chert and siliceous limestone with 
chert nodules. The microfacies pattern var-
ies between the radiolarite containing abun-
dant radiolarians and the less-crystallized ra-
diolarian limestone, and it is determined by 
the chemical dissolution and the diagenetic 
processes.

In the Szilas Ravine section, the basal beds 
no. 124 and 123 explore a strongly recrys-
tallized microfacies. On microscopic scale, 
the texture is composed of recrystallized 
microsparry carbonate and nodular to lay-
ered chert. The microfauna is represented 

by calcareous (sometimes siliceous) spheres 
which are remnants of the totally recrystal-
lized radiolarians (Plate 2/1–4). In a subordi-
nate proportion of the specimens the original 
skeletal morphology has been preserved. The 
amount of radiolarians is abundant or scat-
tered. Other microfaunal elements are rare 
and represented by redeposited bivalves fila-
ments, crinoids and siliceous sponge spicules. 
The monotonous microfacies is diversified 
with rare clay laminae, calcareous patches or 
clay-marl intercalations (Plate 2/5–6).

Banded fabric of the rock can be observed 
on microscale in samples from Hárskút, 
Gyenespuszta. Globular radiolarian skele tons 
sometimes can be recognized in the recrystal-
lized siliceous matrix (Plate 2/7–8). 

The microfacies of the Lókút Radiolarite is 
determined by the siliceous sedimentation 
under the CCD, the mass of radiolarians as 
well as the diagenetic dissolution-crystalli-
zation. Small-scale textural heterogeneities 
can be the result of the local changes of these 
factors.

Plate 1 – Close up photographs of the described Upper Jurassic–Lower Cretaceous rocks types of the Bakony Mountains

1. Bedded chert (Lókút Radiolarite Fm.) from the vicinity of Hárskút.
2. Nodular limestone (Pálihálás Limestone Fm.) from the Rend-kő in the vicinity of Hárskút.
3. Compact, bedded, light-coloured limestone (Szentivánhegy Limestone Fm.) from the Szilas Ravine section, near Borzavár.
4. Light-coloured, “Hierlatz-type” crinoidal limestone with ammonites (Szélhegy Limestone Fm.) from the Long Trench of the Eperkés Hill, near Olaszfalu.
5. Thinly bedded, white biancone-type limestone (Mogyorósdomb Limestone Fm.) from the Lókút Hill section.
6. Light-coloured encrinite (Borzavár Limestone Fm.) with abundant crinoid macrofossils from the Borzavár Road Quarry, near Borzavár. 
7. Internal moulds of ammonites from the grey marl (Sümeg Marl Fm.) from the Rend-kő section in the vicinity of Hárskút.
8. Pieces of the grey crinoidal limestone with brachiopods (Tata Limestone Fm.) from the Szilas Ravine section near Borzavár.
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3. Pálihálás Limestone Formation

3.1. Main characteristics
It is a red, nodular, “ammonitico rosso” 
type argillaceous limestone with frequent 
Saccocoma (=”Lombardia “) remains (Plate 1/2). 
Bedding is variable, cherty nodules may occur. 
Cephalopods (especially ammonites, but also 
belemnites) can be frequent. Benthic elements 
are generally rare, but brachiopods (especially 
pygopids) may occur in abundance. 

The lower, clayey, marly part of the Páli-
hálás Limestone Formation is generally 
Kimmeridgian in age, while the compact, more 
or less nodular upper part of the formation 
is Tithonian in most cases. The underlying 
formation is usually the Lókút Radiolarite, 
and the cover is the gradually developing 
Szentivánhegy Limestone.

Pálihálás Limestone occurs in the entire 
Transdanubian Range, occasionally forming 
small cliffs. Its thickness is up to 20 meters. It 
was formed in the pelagic realm. The typical 
nodular facies is characteristic for the deeper 
basins, while condensed and more compact 
lithofacies have developed supposedly on el-
evated highs. The formation is present in the 
following investigated sections: Sümeg, all 
sections around Hárskút, Kisnyerges Ravine, 
Rend-kő (Törkü-kő), Páskom Hill, Szilas 
Ravine and Eperkés Hill, both Long Trench 
and Stripe Pit.

3.2. Microfacies
The Pálihálás Limestone Formation can be 
characterized with a variable but distinct mi-
crofacies. It is a biomicritic wacke- to pack-
stone textured often laminated limestone, 
argillaceous limestone. The main distinctive 
bioclasts are the abundant remains of the 
planktonic microcrinoid Saccocoma. Occurrence 
of Saccocoma clearly indicates the lower bound-
ary of Pálihálás Limestone which overlays the 
Lókút Radiolarite or older Jurassic rocks in 
case of the lacunose sequences. Characteristic 
microfacies images of the formation are given 
in Plates 3 and 4.

The texture is predominated by micrite, bi-
omicrite which is rarely recrystallized and ce-
mented. The microfauna assemblage is varied 
both in quality and quantity, with extremities 
among rock-forming Saccocoma and diverse 
fauna. The packstone textured limestone can 
contain peloids and micritic nodules. The pe-
lagic assemblage – beside Saccocoma – is rep-
resented by radiolarians, planktonic forams, 
globochaetes, calpionellids. In addition, sev-
eral benthic forms (bivalves, ostracods, benthic 
forams, crinoids) can be found. 

Sections of the Pálihálás Limestone are very 
similar to each other in the Bakony Mountains. 
The differences can be traced in the qualitative 
and quantitative changes of the above-men-
tioned biogenic components. The microfacies 
is described on the base of Szilas Ravine and 
Rend-kő sections.

The stratotype section at Szilas Ravine con-
tains Pálihálás Limestone in beds from no. 122 
to no. 46. At the base, the siliceous limestone 

of Lókút Radiolarite turns into a pure lime-
stone. Upwards, the following microfacies 
types can be observed. Beds no. 122–98 are 
biomicritic wacke- to packstone with frequent 
and abundant Saccocoma (Saccocoma  facies). 
The texture is composed of micritic and mi-
crosparry matrix with patches or laminae of 
completely recrystallized, dissolved and ce-
mented spath. These sparry regions contain 
subordinate peloids, micritic nodules and 
abundant but deformed Saccocoma forming 
laminae. In these laminae, Saccocoma cannot 
be determined due to the deformation. The 
common micritic, microsparry matrix contains 
– beside the predominant Saccocoma – radiolar-
ians, benthic crinoid fragments, several benthic 
forams (Spirillina sp., Lenticulina sp.) and ostra-
cods. This section of the Pálihálás Limestone 
is characterized with fragmented, poorly pre-
served bioclasts (Plate 3/1–4). Beds no. 98–51 
are biomicritic wacke- and packstone textured 
limestone with microsparry patches and less 
traces of recrystallization. The less abundant 
recrystallized sparry regions are grainstone 
with peloids and micritic nodules. The abun-
dance of radiolarians decreases, the frequent 
Saccocoma is accompanied by globochaetes 
(Saccocoma-Globochaete facies), bivalve filaments, 
calcareous dinoflagellate cysts (Colomisphaera 
sp.), benthic crinoids and benthic forams (tex-
tulariids). Better preservation of the fossils is 
due to the lower grade of recrystallization. 
The amount of Saccocoma shows an upward 
decrease (Plate 3/5–7). Beds no. 50–46 are typi-
cal biomicritic packstone textured limestone 

Plate 2 – Characteristic thin section photomicrographs of the Lókút Radiolarite Formation

PPL: plane-polarized light, XPL: crossed-polarized light

1, 2: Siliceous limestone, strongly recrystallized microfacies with radiolarians. Szilas Ravine, bed no. 123; 1: PPL, 2: XPL.
3, 4: Radiolarians in siliceous limestone. Szilas Ravine, bed no. 123; 3: PPL, 4: XPL.
5, 6: Siliceous limestone and chert nodules with clay marl intercalations. Szilas Ravine, bed no. 123; 5: PPL, 6: XPL. 
7, 8: Well-bedded radiolarite. Siliceous limestone laminae alternating with clay laminae. Hárskút, Gyenespuszta; 7: PPL, 8: XPL.
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with emerging other microfauna elements 
besides Saccocoma. This uppermost facies of 
the formation is marked with the appearance 
of calpionellids (Saccocoma –Calpionella facies), 
represented by the Crassicollaria (lower part of 
the Upper Tithonian). Other microfaunal ele-
ments are well-preserved globochaetes, signifi-
cant benthic forms like forams (Spirillina sp., 
Lenticulina sp., textulariids), benthic crinoids, 
ostracods, bivalves, gastropods and several 
undetermined benthic fragments (Plate 3/8).

Compared to the stratotype, the section at 
Rend-kő shows slight differences in the micro-
facies pattern. The basal beds exposed there are 
strongly recrystallized limestone with limited 
information on the depositional environment 
(micritic patches, bivalves and ostracods skel-
etal fragments).It can be supposed that the 
original micrite matrix was recrystallized to 
microspar in patches. The stylolithic surfaces 
with clay films indicate significant compaction. 
Classification of these beds into a formation 
is difficult due to the strong recrystallization. 
The lower third (about 6 meters) of the suc-
cession has facies typical for the Pálihálás 
Limestone. The almost 30 beds can be clas-
sified into the Saccocoma facies (Plate 4/1–5). 
Those are bio-pelmicritic packstone-wacke-
stone textured limestone with Saccocoma and 
peloids. Subordinate ostracods, globochaetes, 
radiolarians, bivalve filaments, benthic forams 
(Lenticulina sp., Nodosaria sp. Dentalina sp.), 

crinoids and aptychi are also present. The only 
differences from the microfacies described in 
the stratotype are the range of recrystalliza-
tion and the amount of Saccocoma fragments. 
Biomicritic packstone textured limestone beds 
alternate with laminae or patches concentrat-
ing abundant and completely recrystallized 
Saccocoma. The middle third (5–6 meters) of 
the succession are similar representatives of 
the Saccocoma facies with local enrichment of 
calcareous dinoflagellate cysts (Plate 4/6–7). In 
addition, the amount of Saccocoma decreases 
while micritic nodules become common. The 
texture turns into recrystallized grainstone bio-
pelsparry. The upper third (7–7.5 meters) of 
the succession presents the typical decrease of 
Saccocoma parallel with the raise of calpionel-
lids (Plate 4/8). There is a continuous transi-
tion to the Szentivánhegy Limestone in the 
uppermost 1.5 meters of the section.

The major distinctive feature of the Pálihálás 
Limestone Formation is the abundant occur-
rence of Saccocoma and the upward decrease 
of their amount. Both the microfacies and the 
microfauna content determine open marine 
sedimentation environment. Indicators of shal-
low marine influence are the frequent benthic 
elements, the resedimentation and the intra-
clasts. Those are due to smaller-scale changes 
in the environment (e.g. resedimentation from 
a nearby submarine horsts).

4. Szentivánhegy Limestone Formation

4.1. Main characteristics
It is a thin-bedded, mostly white, or light 
coloured, pink or red, Calpionella limestone 
occasionally rich in poorly preserved cephalo-
pod remains with ammonites on the first place 
(Plate 1/3). 

The Szentivánhegy Limestone, developing 
continuously from the Pálihálás Formation, 
represents bathyal Late Tithonian and/or 

Berriasian. The covering beds generally belong 
to the Mogyorósdomb Limestone. The thick-
ness of the formation is up to 10–15 meters.

The formation is present in the following 
investigated sections: Lókút, Hárskút (HK-II, 
HK-12, HK-12/a), Rend-kő (Törkű-kő), Édesvíz 
Key Section, Szilas Ravine, Zirc Márvány 
Quarry, Eperkés Hill Stripe Pit.

4.2. Microfacies
The lower boundary of the formation which 
should clearly differentiate it from the 
Pálihálás Limestone is not strict or exact by 
the microfacies. The most relevant changes 
are the gradual decrease of abundance of 
Saccocoma as well as the also gradual increase 

of the frequency of calpionellids. As an exam-
ple, the best examined and documented sec-
tion at Szilas Ravine can be mentioned where 
Szentivánhegy Limestone is represented by 
beds no. 1–48 (50).Characteristic microfacies 
images of the formation are given in Plate 5.

Plate 3 – Characteristic thin section photomicrographs of the Pálihálás Limestone Formation in Szilas Ravine

1: Saccocoma sp. in biomicritic packstone limestone (Saccocoma facies). Szilas Ravine, bed no. 119; XPL.
2: Abundant Saccocoma sp. in biomicritic packstone limestone (Saccocoma facies). Szilas Ravine, bed no. 115; PPL.
3, 4: Abundant Saccocoma sp. in biomicritic packstone limestone (Saccocoma facies). Szilas Ravine, bed no. 114; 3: PPL, 4: XPL.
5, 6: Globochaetes, calcified radiolarians, bivalve filaments and benthic fragments in biomicritic packstone limestone (Saccocoma-Globochaete 
facies). Szilas Ravine, bed no. 85; 5: PPL, 6: XPL.
7: Saccocoma sp. in biomicritic packstone limestone (Saccocoma facies). Szilas Ravine, bed no. 77; PPL.
8: Biomicritic packestone (Saccocoma-Calpionella facies) limestone with globochaetes, and diverse benthic fragments (foraminifers, crinoids, 
ostracods, bivalves, gastropods).Szilas Ravine, bed no. 50; PPL.
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The formation is a biomicritic, dominantly 
packstone, rarely wackestone textured limestone 
with varied amounts of planktonic and diverse 
benthic forms. Planktonic assemblage contains 
variably preserved calpionellids, radiolarians, 
calcareous dinoflagellate cysts, foraminifers, 
juvenile ammonites, and aptychi. Remains of 
benthic organisms also appear in different pres-
ervation states and in different accumulation 
forms, resedimented in layers or pockets. The 
most abundant benthic elements are echino-
derms, bivalves, foraminifers, brachiopods.

The transition from the Pálihálás Limestone 
to the Szentivánhegy Limestone can be 
characterized as follows. In beds no. 50–48 
(Saccocoma-Radiolaria-Calpionella facies), abun-
dant Saccocoma is accompanied by abundant 
calcified radiolarians and bad-preserved 
Crassicollaria, an early calpionellid form typical 
for the formation (Plate 5/1). Upward (beds no. 
48–35), these calpionellid forms become more 
relevant and better preserved (Crassicollaria 
facies) with species Crassicollaria massutiniana 
(Colom, 1948), Crassicollaria intermedia Durand-
Delga, 1957, Crassicollaria brevis Remane, 1962, 
Calpionella grandalpina Nagy, 1986, Calpionella 
elliptalpina Nagy, 1986 (Plate 5/2–5). In addi-
tion, globochaetes, calcareous dinoflagellate 
cysts and fragmented benthic elements (echi-
nodermata, bivalves, gastropoda, foraminifera) 
are present in varied amounts. The formation is 
dominated by bioclastic packstone facies with 
patches of recrystallized micrite (microspar) 
and micritic nodules (peloids). Characteristic 
forms of Calpionella alpina Lorenz, 1902 appear 

in beds no. 35–31, while spherical forms of C. 
alpine Lorenz, 1902 become abundant in beds 
no. 31–29 (Calpionella alpina facies) indicating 
the Tithonian/Berriasian boundary (Plate 5/6). 
Earlier shapes are larger-sized and elongated, 
while the later ones (in beds no. 30–21) are 
smaller-sized (spherical) (Plate 5/7–8). There 
is no change in the facies, it is a monotonous 
wackestone/packstone textured limestone 
with varying recrystallization states and 
quantitative changes of peloids and benthic 
elements. In the upper part of the section, the 
formation is characterized with decreasing 
amounts of calpionellids (subordinate C. alpina 
Lorenz, 1902, and dominant elongated shapes 
of Calpionella elliptica Cadisch, 1932) and in-
tensively dissolved and cemented matrix. In 
addition, echinodermata skeletal fragments 
and peloids also indicate the facial changes. 
Calpionellids determine lower (?middle) 
Berriasian age of the uppermost beds.

Szilas Ravine section is characterized by a bio-
genic, dominantly packstone textured limestone 
with varieties and transitions of pelagic elements 
(Saccocoma-Radiolaria-Colomisphaera-Globochaete-
Calpionella facies). It represents an open marine 
pelagic depositional environment. The abundant 
resedimented fragmented benthic forms and 
intraclasts indicate close, shallow horsts and vari-
able basement morphology. However, it is not 
as clearly proved like in the Gerecse Mountains. 
Based on the Calpionella assemblage the Szilas 
Ravine section of the formation can be dated 
from the late Tithonian to the early (?middle) 
Berriasian.

5. Szélhegy Limestone Formation 

5.1. Main characteristics
It is a light coloured, massive crinoideal lime-
stone with abundant macrofossils, including 
ammonites and brachiopods on the first place 
(Plate 1/4). It is only a few meters in thickness. 

Like in the north-eastern part of the Trans-
danubian Range (i.e. the Gerecse Moun ta-
ins) the Szélhegy Limestone in the Bakony 
Mountains appears as a peculiar Hierlatz-type 
rock but since it has a very local geographi-

cal distribution its formation-rank is highly 
questionable. It represents a narrow time span 
within the early Tithonian (Semiforme and/
or Fallauxi Zone) and can be regarded as a 
slope facies.

Among the sections investigated during the 
present study, the formation was recognised 
only in the Eperkés Hill Long Trench situated 
in the vicinity of Olaszfalu.

Plate 4 – Characteristic thin section photomicrographs of the Pálihálás Limestone Formation in Rend-kő (Törkü-kő)

1: Strongly recrystallized limestone with micritic patches, peloids. Rend-kő (Törkü-kő), bed no. 3; PPL.
2: Bio-pelmicritic wackestone textured limestone (Saccocoma facies) with Saccocoma sp. and globochaetes. Rend-kő (Törkü-kő), bed no. 4, XPL.
3: Saccocoma sp. in biomicritic, in patches recrystallized limestone (Saccocoma facies) Rend-kő (Törkü-kő), bed no. 30; XPL.
4: Saccocoma sp. in micritic, microsparry textured limestone (Saccocoma facies) Rend-kő (Törkü-kő), bed no. 23; XPL.
5: Bio-pelmicritic wackestone textured limestone (Saccocoma facies) with crinoids, radiolarians, bivalve filaments. Rend-kő (Törkü-kő), bed no. 22; PPL.
6: Bio-pelmicritic packstone textured limestone with abundant globochaetes, calcified radiolarians, bivalve filaments and benthic fragments.
(Saccocoma-Globochaete facies). Rend-kő (Törkü-kő), bed no. 19; PPL.
7: Local enrichment of calcareous dinoflagellate cysts (Colomisphaera sp.) in Saccocoma facies. Rend-kő (Törkü-kő), bed no. 17; PPL.
8: Biomicritic wackestone textured limestone with Saccocoma sp., radiolarians and poorly preserved calpionellids (Crassicollaria sp.), (Saccocoma-
Calpionella facies). Rend-kő (Törkü-kő), bed no. 9; PPL.
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5.2. Microfacies
The following description is based on the mi-
crofacies investigation of the Tithonian cri-
noidal, ammonitic limestone from the Long 
Trench of Eperkés Hill. Characteristic micro-
facies images of this rock type are given in 
Plate 6.

It is a biomicritic packstone textured lime-
stone with abundant fragmented macro scale 
bioclasts. The most typical bioclasts in the 
micritic matrix are the large-sized crinoid 
skeletal fragments (Crinoidea facies), but frag-
ments of ammonites, including juvenile speci-
mens, aptychi, and pieces of large bivalves 
are also present (Plate 6/1–2). Small-sized but 
abundant faunal elements are the bivalve fila-
ments, Saccocoma fragments, bryozoans, few 

benthic forams. In addition, intraclasts and 
peloids can be also found. The fossils are not 
connected to sedimentary structures but are 
positioned without orientation due to the re-
deposition. Based on the preservation state, 
the faunal elements were resedimented. The 
depositional environment can be interpreted 
as an open marine basin where fauna frag-
ments from a close shallow marine region are 
redeposited. Absence of calpionellids, as well 
as the presence of Saccocoma indicate Early 
Tithonian age. Compared to the previous 
research describing the Szélhegy Limestone 
Formation (Császár et al. 2008), neither cal-
careous dinoflagellate cysts nor Chitinoidella 
were found in our sample.

6. Mogyorósdomb Limestone Formation

6.1. Main characteristics
It is a white, generally thin bedded, lami-
nar argillaceous limestone or calcareous 
marl with frequent chert lenses (Plate 1/5). 
Macrofossils are generally rare, but in some 
places ammonites occur. It is often referred 
to in the Hungarian as well as in foreign 
geological literature as Calpionella lime-
stone, or maiolica, or biancone. It is a typi-
cal pelagic facies which may reach ?200–300 
meters in thickness in boreholes around 
Sümeg, but reduced in surface outcrops to 

20–30 meters in the Bakony sections located 
around Hárskút. 

The biancone-type Mogyorósdomb Limestone 
Formation, which is of late Tithoni an–
Valanginian age in the type section at Sümeg, is 
Valanginian at Hárskút (HK-12 section), on the 
basis of the rich cephalopod assemblage. Apart 
from the mentioned Sümeg and Hárskút (HK-
12) sequences the formation was also recorded 
at the Lókút Hill and Rend-kő sections, as well 
as at Hárskút, Édesvíz Key Section. 

6.2 Microfacies
The microfacies description of Mogyorósdomb 
Limestone Formation is based on the samples 
from the Hárskút Édesvíz Key Section. There, 
the formation overlies the Szentivánhegy 
Limestone, while it has a continuous transi-
tion on its uppermost part to the Sümeg Marl 
Formation. The relatively monotonous lime-
stone and calcareous marl beds have domi-
nantly micritic texture with pelagic fossils 
(radiolaria, calpionella, planktonic forams) 
and silicified patches. It shows typical charac-
teristics of the biancone, maiolica facies. Both 
the faunal assemblage and the monotonous 
lithology indicate low-energy sedimentary en-
vironment. Characteristic microfacies images 

of the formation are given in Plate 7.
The base of the section (bed no. 62) is a bi-

omicritic wackestone textured limestone with 
dominant planktonic forms (radiolarians, 
calpionellids) and subordinate benthic forms 
(Radiolaria-Calpionella facies).The fauna is homog-
enously distributed in the pure micritic matrix 
(Plate 7/1–2).The predominant calcified radiolar-
ians are accompanied by planktonic foraminifers 
and well-preserved calpionellids (Tintinnopsella, 
Calpionellites).The benthic fauna elements are 
represented by few bivalves, ostracoda, echino-
dermata and foraminifera fragments.

Upwards in the section, the amount of 
calpionellids continuously decreases. In ad-

Plate 5  – Characteristic thin section photomicrographs of the Szentivánhegy Limestone Formation in Szilas Ravine

1: Biomicrite packstone textured limestone with calcified radiolarians, Saccocoma sp., calpionellids (Crassicollaria sp.), echinodermata, benthic 
foraminifera fragments (Saccocoma-Radiolaria-Calpionella facies). Szilas Ravine, bed no. 48; PPL.
2: Biomicrite packstone textured limestone with calcified radiolarians, Saccocoma sp., calpionellids (Crassicollaria sp.), echinodermata, benthic 
foraminifera fragments (Saccocoma-Radiolaria-Calpionella facies). Szilas Ravine, bed no. 46; PPL.
3: Biomicrite packstone textured limestone with Crassicollaria massutiniana (Colom, 1948), Calpionella elliptalpina Nagy, 1986 and Crassicollaria sp. 
(Crassicollaria facies). Szilas Ravine, bed no. 42; PPL.
4: Calpionella alpina Lorenz, 1902 in micritic limestone (Crassicollaria facies). Szilas Ravine,bed no. 37; PPL.
5: Crassicollaria brevis Remane, 1962 in micritic limestone (Crassicollaria facies). Szilas Ravine, bed no. 35; PPL.
6: Calpionella alpina Lorenz, 1902 in micritic limestone. Szilas Ravine,bed no. 31, PPL.
7: Abundant smaller-sized (spherical) Calpionella alpina Lorenz, 1902 in micritic limestone. Szilas Ravine, bed no. 29; PPL.
8: Abundant smaller-sized (spherical) Calpionella alpina Lorenz, 1902 in micritic limestone. Szilas Ravine, bed no. 27; PPL.



36

dition, the radiolarians become predominant 
(Radiolaria facies), and their preservation state 
can rhythmically turn from the calcified one 
to the silicified state (e.g. in bed no. 59) (Plate 
7/3–4). From bed no. 58 on the calcified ver-
sion returns but with moderate faunal and 
with scattered benthic bioclast content in the 
homogeneous micritic matrix, which results in 
sometimes wackestone, but rather mudstone 
texture. Simultaneously with this change, the 
clay content increases and the facies turns from 

limestone to a clayey calcareous marl. Bed no. 
55 is composed of abundant silicified radiolar-
ians and subordinate silicified sponge spicules 
(Plate 7/5–6).

The faunal content and the sedimentary fea-
tures indicate low-energy pelagic depositional 
environment. Rhythmicity of the formation is 
expressed by the quantity and preservation 
state (calcified or silicified) of radiolarians, 
which was due to the changes in the chemical 
activity in the basinal environment.

7. Borzavár Limestone Formation

7.1. Main characteristics
Light coloured, reddish, or greyish yellow, 
poorly sorted, coarse grained crinoidal and 
brachiopodal limestone with chert lenses 
(Plate 1/6). Echinoid remains are frequent 
and noteworthy is the diverse crinoid fauna. 
Cephalopods and the stratigraphic position 
of the formation suggest late Valanginian–
Hauterivian age.

The maximum few ten metres thick Borzavár 
Limestone rests on the underlying Szent-
ivánhegy Formation. The formation occurs 
only in the Bakony Mountains along the 
eastern side of the road between Zirc and 
Borzavár. Its best outcrop is the so called 
Borzavár Road Quarry where the massive 
crinoidal limestone occurs below the also cri-
noidal, but much younger and cross-bedded 
Tata Limestone.

In another nearby quarry (i.e. Márvány 
Quarry in the close vicinity of Zirc) a roughly 50 

centimetre thick, condensed, nodular limestone 
layer, which contained a rich cephalopod fauna, 
was cropping out. From stratigraphical point of 
view this may represent the direct cover of the 
Borzavár Limestone known from the Borzavár 
Road Quarry (Főzy & Janssen 2006). Based on 
formal categorisation, this layer was also placed 
into the Borzavár Formation. It is worth men-
tioning, that due to the intensive fossils collect-
ing this layer has been largely removed by now.

Both the encrinite in the Borzavár Quarry and 
the fossil-rich condensed limestone layer in the 
Márvány Quarry represent unique rock types, but 
bear similarity to the Szélhegy Limestone. They 
have a very limited geographical distribution there-
fore the formation rank of the Borzavár Formation 
is disputable. The massive encrinite was deposited 
in the surrounding of a submarine elevated high, 
while the condensed limestone layers were formed 
on the top of the high. 

7.2. Microfacies
The microfacies description of the Borzavár 
Limestone Formation is based on samples from 
the Borzavár Road Quarry (borehole Bv-3) and 
from the Márvány Quarry. Characteristic microfa-
cies images of the rock are given in Plate 8.

Basal layers of borehole Bv-3 is typical crinoi-

dal limestone (Borzavár Limestone Formation). 
It showed continuous transition from the mic-
ritic Calpionella-rich Szentivánhegy Limestone. 
The boundary at ~14–15 meters was deter-
mined by the increased abundance of echino-
dermata remains.

Plate 6 – Characteristic thin section photo-
micrographs of the Szélhegy Limestone Forma-
tion in Eperkés Hill Long Trench

1: Biomicrite packstone textured crinoidal limestone 
(Crinoidea facies). Eperkés Hill Long Trench; PPL.
2: Biomicrite packstone textured crinoidal limestone 
(Crinoidea facies) with Saccocoma sp. Eperkés Hill Long 
Trench; PPL.



37

The biomicritic packstone textured limestone 
contains large well-preserved crinoids skeletons 
(columnals, calyxes) and echinoidea fragments. 
In addition, variously preserved and fragment-
ed benthic fossils (foraminifers, ostracods, echi-
noderms, bivalves, gastropods) are abundant 
(Plate 8/1–4). The formation is homogenous, the 
sole variable is the amount of the bioclasts. In 
the lower part (10–14 m) of the succession the 
predominant large echinodermata fragments 
are accompanied by subordinate small bioclasts. 
Pelagic forms (planktonic foraminifers, radio-
larians) are rare and concentrated in the basal, 

transitional layers of the formation. Upwards, 
the quantity and size of echinoderms increase 
and those are typically redeposited.

The fossiliferous and condensed layer in the 
Márvány Quarry – which is treated here as an 
atypical Borzavár Limestone bed – is a nodular 
rock. This feature – which is accompanied by 
rare limonitic or siliceous infiltrations –, can 
be observed even on microscopic scale. Due to 
the well-known condensed nature of this rock, 
it is rich in fossils. Planktonic faunal elements 
include foraminifers, radiolarians and calcare-
ous dinoflagellate cysts. Benthic forms are di-

Plate 7 – Characteristic thin section pho-
tomicrographs of the Mogyorósdomb Limestone 
Formation in Hárskút Édesvíz Key Section

1, 2: Biomicrite wackestone textured limestone with 
calcified radiolarians, planktonic forams and calpi-
onellids in Radiolaria-Calpionella facies. Hárskút Édes-
víz Key Section, bed no. 62; PPL.
3, 4: Silicified radiolarians in wackestone textured 
limestone. Hárskút Édesvíz Key Section, bed no. 59; 
3: PPL, 4: XPL.
5, 6: Silicified radiolarians in wackestone textured 
limestone. Hárskút Édesvíz Key Section, bed no. 55; 
5: XPL, 6: PPL.
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8. Sümeg Marl Formation

8.1. Main characteristics
Sümeg Marl is a light coloured, grey, occasion-
ally greenish, or brownish silty marl, siltstone 
and calcareous marl. Macrofossils (especially 
ammonites) can be frequent in some places 
and in certain levels (Plate 1/7). 

The underlying formation is the Mogyorós-
domb Limestone. Maximum thickness of the for-
mation is 270 metres in boreholes around Sümeg 
and a few tens of metres in the excavated trench-
es around Rend-kő and Hárskút. Cephalopods 
suggest largely Hauterivian–early Barremian 

age, however, in some places including the stra-
totype (i.e. borehole Süt-17) the Aptian age was 
also confirmed. 

The formation is known from the Bakony 
Mountains where it can be studied mostly 
in shallow artificial trenches, and from bore-
holes around Sümeg and in the Zala Basin. It is 
present in the following investigated sections: 
Sümeg, Rend-kő, Hárskút HK-12, Édesvíz Key 
Section and the section nearby. 

8.2. Microfacies
The microfacies description of Sümeg Marl 
Formation is based on the samples from the 
Hárskút Édesvíz Key Section. The lower 
boundary of the formation is a continuous 
transition from the Mogyorósdomb Limestone, 
i.e. a limestone with continuously increas-
ing clay content till it reaches the marl state. 
Characteristic microfacies images of the forma-
tion are given in Plate 9.

The rock is a biomicritic wackestone-mud-
stone textured calcareous marl, silty marl 
with abundant small-sized radio lari ans and 
planktonic foraminifers (Radio laria- Planktonic 
foraminifera facies). The foraminifera assemblage 
and especially the planktonic forms are differ-
ent from that of the Mogyorósdomb Limestone. 
In addition, calcified radiolarians, bivalve fila-
ments, planktonic and subordinately benthic 
foraminifers and crinoidea fragments are pre-
sent (Plate 9/1).

Upwards in the section, there are beds (e.g. 
bed no. 38) with a minimal fauna (Mudstone 
facies) and mudstone/wackestone texture. In 
addition, small-sized detrital minerals (mica, 
quartz) were redeposited from a far erosional 
area. On the contrary, there are beds (beds 
no. 29–26) with enriched fauna (Planktonic 
foraminifera-Radiolaria facies) similar to the ini-
tial microfacies of the formation (Plate 9/2–3). 
The rhythmically changing features indicate 
significant environmental changes during the 
sedimentation.

The next sedimentary cycle of the formation 
(bed no.18) is characterized with the same 
faunal content and composition, but the pres-
ervation state is weaker and the amount of de-
trital minerals (e.g. mica) and siliciclasts sig-
nificantly increases. The detrital component 
becomes permanent and primary (Siliciclast 
facies) in the upper beds (bed no.13) (Plate 

verse (foraminifers, ostracods, echinoderms, 
bivalves, gastropods). In spite of the condensed 
nature and limited amount of material (only 4 
beds were distinguished), the diversity of the 
microfacies is clear. The lowermost layer is a 
biomicritic packstone textured limestone with 
diverse benthic and planktonic forams, radio-
larians and sponge spicules, and with the pre-
dominance of benthic forms above planktonic 
ones. Upwards the planktonic faunal elements 
become dominant; planktonic foraminifers, 
radiolarians, Stomiosphera sp. and fragmented 
benthic forms are typical in the biomicritic 
packstone textured limestone. The uppermost 

layer has a microfacies with the returning abun-
dance of benthic elements like frequent benthic 
forams (Lenticulina sp., Spirillina sp., Patellina 
sp., Paalzowella sp., Eoguttulina sp., Nodosaria 
sp., Dentalina sp.), subordinate ostracods, radio-
larians, Stomiosphera sp. and a few planktonic 
forams (Plate 8/5–8).

Based on the fossils, and especially the 
planktonic foraminifers, the age of the forma-
tion is Hauterivian. The significant planktonic 
assemblage indicates open marine sedimenta-
tion environment, while the condensed nature 
of the rock proves a relatively “shallow”, sub-
marine horst position of the depositional area.

Plate 8 – Characteristic thin section photomicrographs of the Borzavár Limestone Formation in borehole Bv-3 and Márvány Quarry

1: Biomicrite packstone textured limestone with echinodermata fragments, scattered plankton forams and calcified radiolarians. Borehole Bv-3, 
11.9–14.6 m; PPL.
2: Biomicrite packstone textured limestone with echinodermata fragments. Borehole Bv-3, 5.8–7.4 m; PPL.
3: Crinoideal biomicrite packstone textured limestone with crinoid calyx. Borehole Bv-3, 2.7–3 m; PPL.
4: Crinoideal biomicrite packstone textured limestone with crinoid calyx. Borehole Bv-3, 2.4–2.7 m, PPL.
5, 6: Biomicrite packstone textured limestone with planktonic foraminifera, radiolarians and several benthic fragments. Márvány Quarry, bed no. 3; PPL.
7: Fragmented benthic forams, echinodermata, bivalvia, planktonic forams and ammonites in biomicritic packstone textured limestone. Márvány 
Quarry, bed no. 1, PPL.
8: Benthic forams (Lenticulina sp., Spirillina sp.) echinodermata, bivalvia and planktonic forams in biomicritic packstone textured limestone. Márvány 
Quarry, bed no. 1; PPL.
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9/4–5). The uppermost part of the formation 
(beds no.7–1) is dominated by this facies 
(Plate 9/6).The only diff erence is observable 
in the quantity and preservation state of the 
faunal elements. The typical microfossils are 
the planktonic foraminifers, radiolarians and 
bivalve fi laments.

The faunal content and the sedimentary fea-
tures determine pelagic open marine depo-
sitional environment. This sedimentation is 
fi rstly cyclically, then permanently interrupted 
by detrital input (quartz , mica) from an ero-
sional background.

Plate 9 – Characteristic thin section photomicrographs of the Sümeg Marl Formation in Hárskút Édesvíz Key Section

1: Biomicritic wackestone textured limestone, with abundant radiolarians and planktonic foraminifers (Radiolaria-planktonic foraminifera facies). Hárskút Édesvíz Key Section, bed no. 42; PPL.
2, 3: Biomicritic wackestone textured limestone, calcareous marl with abundant radiolarians and planktonic foraminifers (Radiolaria-planktonic foraminifera facies). Hárskút Édesvíz Key Section, bed no. 29; PPL.
4, 5: Calcareous marl, silty marl radiolarians and planktonic foraminifers (Siliciclast facies). Hárskút Édesvíz Key Section, bed no. 13; PPL.
6: Calcareous marl, silty marl radiolarians and planktonic foraminifers. Hárskút Édesvíz Key Section, bed no. 7; PPL.
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Figure 1 – Lithostratigraphical scheme 
showing temporal and spatial relationship among 
the studied formations of the Bakony Mountains

Modified after Főzy (ed.) (2012) and Császár (ed.) 
(1997). Abbreviations. E: Eplény Limestone; Sz. L.: 
Szélhegy Limestone; T. L.: Tata Limestone



42

***
The Upper Jurassic–Lower Cretaceous sedi-

ments of the Bakony Mountains were depos-
ited above an uneven sea-bottom, which can 
be characterised by tilted blocks and deeper 
basins between them (Fodor & Főzy 2022, this 
volume, and references therein). A simplified 
interpretation of temporal and spatial connec-
tion of the above discussed lithostratigraphical 
units is illustrated in Figure 1.

In most of the studied Bakony sections (in-
cluding Lókút, Rend-kő, Hárskút HK-12, Zirc 
Borzavár Road Quarry and Márvány Quarry, 
Páskom Hill and Eperkés Hill), the sequences 
are capped by the Tata Formation, which is 
a light grey, occasionally red crinoidal lime-
stone (Plate 1/8). This limestone is by far the 
most widespread Cretaceous formation of the 
Transdanubian Range and known to crop out 

from the town Sümeg on the SW to the town 
Tata on the NE, exceeding 200 in thickness 
at some places. Therefore it suits the defini-
tion of regional encrinites as given by Ausich 
(1997). Typical Tata Limestone is extremely 
poor in identifiable macrofossils and no age-
diagnostic fossils were collected from most of 
its outcrops. However it may contain frequent 
ammonites and brachiopods, or other mac-
rofossils at its base. At three places scattered 
along the Transdanubian range, its basal, fine-
grained beds have yielded diverse ammonite 
assemblages indicating Aptian–early Albian 
time interval (Szives 1999, 2007).

 The Tata Limestone covers different lithofa-
cies of different ages, and largely represents a 
new a new sedimentary cycle; therefore it was 
not in the focus of our present study. 
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