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Introduction to the Eocene of Hungary

T. Kecskemeti & Gy. Less

Two types of Eocene can be found in Hungary: an
epicontinental and a flyschoid one. The second (as a
part of the so-called Magura Flysch) is known only from
boreholes below the Great Hungarian Plain, beginning
from NW Romania (the Maramures district) and
stretching to the SW until Szolnok at the river of Tisza.
More details on this so-called Szolnok-Maramures
flysch trough can be found in Nagymarosy & BaldiBeke (1993).
The epicontinental Eocene is far better known because it is well outcropped, contains and/or overlies
important mineral deposits (bauxite, brown coal, manganese ore), represents the whole Middle and Upper
Eocene (an about 15 million years time span) mainly in
carbonate facies and because its larger foraminiferal
fauna is a classical Tethyan one. It is described in detail by Hantken (1875a, b), Rozlozsnik (1929), Kecskemeti (1959, 1973), Kecskemeti & Vanova (1972),
Jambor-Kness (1981, 1988) and Less (1987, 1999). The
smaller benthic foraminiferal fauna is also well-known
from the works of Hantken (1875a) and HorvathKollanyi (1988). Recently, planktonic foraminifera
(Horvath-Kollanyi, 1983) and calcareous nannoplankton (Baldi-Beke, 1984) are also well studied.
The spatial distribution of the Hungarian
epicontinental Eocene is shown in Fig. 1. Eight more
or less different depositional areas can be differed
whose sequences are shown in Fig. 2. All these sequences (their thicknesses vary between 300 and 700
m) lie with angular disconformity on Mesozoic rocks.
The upper part is truncated in Areas I-VI whereas in
Areas VII-VIII the Eocene-Oligocene transition is continuous. Different Eocene sequences are correlated on
the basis of nummulitids, planktonic foraminifera and
calcareous nannoplankton (Fig. 3). Magnetostratigraphic investigation of some boreholes is also taken
into consideration (Baldi-Beke & Baldi, 1991).
The zonations by planktonic foraminifera and calcareous nannoplankton correspond to the world-wide
standard, however the nummulitid subdivision used in
Hungary has some specific features different from that
of Schaub (1981) and of the shallow benthic zonation
(SBZ) by Serra-Kiel et al. (1998). The main difference

between them is in the interpretation of the
stratigraphic range of two important nummulitid taxa,
namely Nummulites per/oratus and N. millecaput. In the
Hungarian sections the first is always below the second
that strongly contradicts to what can be seen in SW
Aquitaine (see in detail in Kecskemeti, 1971). Therefore, it is necessary here to characterize schematically
the Hungarian nummulitid zones (the right side of the
nummulitid zonation in Fig. 3, whereas in the left the
Western European zones can be found):
Nummulites laevigatus Assemblage Zone: The lowest marine zone in the S Bakony, characterized by the
rock-forming quantity of the nominal taxon that is a
zonal marker for the whole Tethys. N. gallensis, N.
lehneri, N. sismondai and N. deshayesi are constant
members while N. praelorioli, N. apertus and some
other persistent taxa are accessorial. Lower Lutetian.
Nummulites obesus-baconicus Assemblage Zone:
Corresponds to the lower part of the "Assilina spira"
beds of the S Bakony in the previous literature (e.g.
Kopek et al., 1971). The two nominal taxa give about
80% of the whole fauna. N. praelorioli, N. apertus, N.
praeaturicus, N. majzoni, N. iohannis and N. zircensis are
transitional and appearing forms. Lower-Middle
Lutetian.
Nummulites lorioli Assemblage Zone: Corresponds
to the upper part of the "Asszlina spira" beds of the S
Bakony. N. lorioli with narrow stratigraphic range, N.
uranensis and N. praeaturicus are the most characteristic forms. Besides, other taxa coming from the previous zone(s) or appearing here and persisting to the next
zone(s) complete the fauna. Middle Lutetian.
Nummulites per/oratus Assemblage Zone: Characterized by the mostly rock-forming quantity of the
nominal taxon. It can be found in the whole
Tran~danubian Mid-Mountains. Be~ides, a very diverse
nummulitic fauna can be found with N. brongniarti, N.
aturicus, N. puschi, N. sordensis, N. discorbinus and N.
crassus. By the senior author of this chapter N.
per/oratus is an excellent zonal marker for the Upper
Lutetian and Lower Bartonian, thus this zone is isochronic in the Transdanubian Mid-Mountains that is
confirmed by its almost uniform taxonomical compo-
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sition. On the other hand, Tari et al. (1993) and the junior author of this chapter, too, think that this zone is
heterochronic with a general younging trend from SW
to NE, thus it represents the upper part of the Middle
Lutetian in the S Bakony, the Upper Lutetian in the N
Bakony and the Lower Bartonian in the Dorog Basin.
In this sense the N. per/oratus zone follows the transgression from SW to NE by marking the actual high
water-energy conditions of the inner platform. Further
arguments see at the next zone.
Nummulites millecaput Assemblage Zone: Characterized by the mostly rock-forming quantity of the
nominal taxon. It can be found .in the whole
Transdanubian Mid-Mountains. Besides, some relatives
of N. millecaput, like N. maximus and N. du/renoyi and
also N. striatus and N. ptukhiani are the most important taxa. Some other species coming from the previous zone (N. brongniarti, N. discorbinus) and also some
persistant taxa complete the fauna. By the senior author
of this chapter N. millecaput is a regional zonal marker
for the upper two-third of the Bartonian, thus this zone
is isochronic in the Transdanubian Mid-Mountains that
is confirmed by its mostly uniform taxonomical composition. On the other hand, Tari et al. (1993) and also
the junior author of this chapter think that this zone is
also heterochronic (like the N. per/oratus zone): Middle-Upper Lutetian in the S Bakony, Upper Lutetian Lower Bartonian in the N Bakony and Upper
Bartonian in the Dorog Basin and in Urhida. In this
sense the N. millecaput zone also follows the transgres- .
sion from SW to NE by marking the actual low water-

Fig. 1: Occurrence of the
epicontinental
Eocene in Hungary. Roman numbers mark different
depositional areas
indicated in Fig. 2.

energy conditions of the outer platform. Upsection,
succeeding the sinking of the substrate, a characteristic horizon of "Discocyclina" beds then pelagic marls
with rich planktonic foraminifera and calcareous
nannoplankton (Padrag Marl) follow. Both they are
heterochronic. The "Discocyclina" beds have been investigated by Less (1987, 1998a, 1999 and this volume):.
They are Upper Lutetian (0.11 orthophragminid and
SBZ 16 shallow benthic zone) in the S Bakony (the vicinity of Ajka); Lower Bartonian (0.12 and SBZ 17) in
the N Bakony (the vicinity of Dudar); Upper
Bartonian - Lower Priabonian (0.14 and SBZ 18-19) in
the western part of the Dorog Basin (Baj6t) and in
Urhida; Lower-Middle Priabonian (0.15 and SBZ 19)
in the Buda Hills and finally Upper Priabonian (0.16
and SBZ 20) in the Biikk Mts. The overlying bathyal
Padrag and Buda Marls follow perfectly this trend
(Horvath-Kollanyi, 1983; Baldi-Beke, 1984; Baldi-Beke
& Baldi, 1991; Tari et al., 1993).
Nummulites /abianii Assemblage Zone: It is widespread in the Buda Hills and Biikk Mts. (where the
Eocene-Oligocene transition is continuous), while elsewhere it can be found only in patches not truncated by
the infra-Oligocene denudation. About 80% of the
whole assemblage is formed by the nominal taxon while
the other 20% is composed by some accessorial taxa
like N. incrassatus, N. chavannesi, N. pulchellus and N.
stellatus. Its Priabonian age is unambiguous.
The specific features of different depositional areas
can be read from Fig. 2 and also from their detailed
description in this guide-book. Based on them, the
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Fig. 2: Formations of the
epicontinental
Eocene in different
depositional areas
of Hungary shown
in Fig. 1.
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depositional history of the Hungarian epicontinental
Eocene can be summarized as follows.
Following the Cretaceous, in the Paleocene and
Early Eocene, the NW part of Hungary (roughly the
territory NW of the line between the HungarianSlovenian-Croatian and Hungarian-Slovakian-Ukrainian triple borders) was a terrestrial, in part highly
karstificated area. Therefore, the Eocene transgressions
reached sharply articulated (both structurally and morphologically) areas. Accordingly, the shoreline of the
Eocene sea must have been articulated by gulfs and
peninsulas. Deltas with mangroves, lagoons of different salinity and reef chains are also constituents of this
region that can hardly be reconstructed in every
paleogeographic details.
The Hungarian Eocene sequences can be described
as a result and interplay of at least four major transgressions having arrived generally from W-SW. The first of
them started in the Lower Lutetian [in our opinion no
older data, however Jambor-Kness (1981,1988) puts it
into the Lower Cuisian] and preceded by the continental accumulation of bauxite, bauxitic clay and/or variegated clay, then by fresh- to brackish-water sedimentation (freshwater limestone and non-industrial coal
measures), all belonging to the Gant and Darvast6 Formations. This, however, was soon followed by shallow
marine sedimentation resulting in a significantly thick,
biogenic, rich in larger foraminifera formation (Szoc
Limestone, formerly Hauptnummulitenkalk) that is
characteristic for the S Bakony (Area I in Fig. 1). The
shallow marine sedimentation continued in the whole
Lutetian only in the western and central parts of this
area. Meanwhile in the eastern part (the vicinity of Zirc)
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Fig. 3: Correlation of the zontions by Nummulites, planktonic
Foraminifera and calcareous nannoplankton by Kecskemeti
(1998).

an archipelagic environment developed, in which, by
the end of the Lutetian, oscillatory sedimentation can
also be observed. At the NE part of the Bakony Mts.
there was a minor elevation causing the slight, so-called
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intra-Lutetian denudation. The sea had not yet reached
the NE part of the Transdanubian Mid-Mountains.
At the Lutetian-Bartonian boundary (or a little bit
earlier) a significant change took place. The basement
started to subside suddenly and significantly. The resulted Upper Lutetian transgression was large-scale and
influenced the whole Transdanubian Mid-Mountains.
Its beginning is characterized byfreshwater and brackish-water sedimentation. In the swamps paralic coal
measures of industrial quality and thickness were deposited (Dorog Formation). Due to the further subsidence the first marine sediments, rich in larger
foraminifera, especially in Nummulites per/oratus,
started to deposit. During the accelerating subsidence
deeper marine (bathyal) sediments were also formed
(however, Area V remained shallow marine throughout
the whole Bartonian). The sedimentation is characterized by the production of pelitic rocks such as clay,
claymarl and marl, started in this period, resulting in
the Bakony Mts. (Areas I-ll) the deeper bathyal Padrag
Marl, and in the NE (Areas Ill-IV) in the shallower
Csolnok Claymarl. Their thickness is 400-600 m and
100-200 m, respectively.
The subsidence continued in Areas I-II during the
whole Bartonian, meanwhile in Areas III-V a regression
(represented by the Tokod Formation) took place at
about the middle of the Bartonian forming new coal
measures at the end of this period in areas IV-V.
This regression in the middle of the Bartonian was
soon changed by a new transgression in the Late
Bartonian that reached Area VI for the first time and
influenced considerably the development of Areas III-
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Fig. 4: The track of the
field-trip in Hungary with stops and
overnights.

V, too. Here, glauconitic limestone and marl rich in
Nummulz'tes millecaput and orthophragminids mark the
new transgression. Meanwhile, in Areas I-II the deep
water sedimentation (Padrag Marl) continued.
Due to the tectonic m'ovements at the Bartonianl
Priabonian boundary an important change took place.
It is manifested first of all in having formed Area VII,
a volcanic chain stretching from Slovenia to Recsk in
NE Hungary. In this area a thick andesitic, volcanodetritic sequence were formed with subordinate carbonate sedimentation. Tuffs related to this volcanic
event can be found in all the other areas, too. However,
these tectonic movements caused regression in Areas I
and II (maybe also in Areas Ill, V and VI), meanwhile
in Area IV the subsidence continued with the sedimentation of the true bathyal Padrag (formerly Piszke)
Marl. Finally, Area VIII (recently subdivided into the
Buda Hills and Biikk Mts. by later tectonic movements)
was occupied by the first marine transgression resulted
in the formation of the shallow marine Szepvolgy Limestone with abundant Priabonian larger foraminifera.
Beginning from the end of the Priabonian Areas IVI were elevated and a significant denudation (called
infra-Oligocene) took place. It influenced first of all the
Upper Eocene formations but at certain places it intruded even into the Middle Eocene. Meanwhile in
Areas VII-VIII an opposite trend can be observed.
Here the platform of the Szepvolgy Limestone got
drowned or in the upper part of the Priabonian (Buda
Hills) either at the Eocene/Oligocene boundary (Biikk
Mts.) and the intensive subsidence led to the formation
of the bathyal Buda Marl. However, soon, almost from
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the beginning of the Oligocene this territory, as part of
the newly formed, coolish and partly euxinic Paratethys
was isolated from the Tethys. This is already a new story
outside the scope of the activity of IGCP 393.
The track of the field-trip in Hungary with stops and
overnights is shown in Fig. 4. Larger foraminifera are
determined mostly by Gy. Less with the exception of
genus Nummulites and Alveolina from the S Bakony,
Urhida, Buda Hills and the Domonkos Creek section
of the western part of the Dorog Basin that are elaborated by T. Kecskemeti. Smaller foraminifera are studied by K. KolL'inyi from the Dorog Basin and by P.
Ozsvart from the Buda Hills. Calcareous nan-
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noplankton from the Eocene is determined by M.
Baldi-Beke while from the Oligocene of the Cs6kas
trench (Stop 7) by her and A. Nagymarosy.
At listing some larger foraminiferal taxa, the following abbreviations are used (see also Less, 1999):
d: outer cross diameter of the deuteroconch at orthophragminids, in ).lffi.
C: inner cross diameter of the proloculus at nummulitids, in ).lffi.
X: number of non-subdivided, operculinid chambers
(beginning from the proloculus) at heterosteginid
forms.
S.e.: standard error.
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Southern Bakony Mountains
Gy. Less, T. Kecskemeti & M. Baldi-Beke
The Southern Bakony Mts. lie about 150 km to the

w-sw of Budapest, to the N of Lake Balaton. Its out-

crops can be found from Sumeg in the SW to the
Bakonyjak6-Csehbanya line in the NE.

STRATIGRAPHY
Gy. Less & M. Baldi-Beke
The stratigraphy of the southern part of the Bakony
Mts. is well known since Hantken (1875b) and no
substantional changes were made in it by the succeeding authors like Szots (1956), Kopek et al. (1971),
Kecskemeti & Voros (1975), Baldi-Beke (1984) and
Baldi-Beke & Baldi (1991), who however enriched our
knowledge on the sequence significantly. The section (of
overall 400 m thickness) forms a single sedimentary cycle (however the regressive part is eroded) and can be
subdivided into three formations (from top to bottom):
3) Grey and bluish grey claymarl with tuffitic and
sandstone intercalations (Padrag Mad). It contains rich
smaller benthic and planktonic foraminifera (the planktonlbenthos ratio shows an increasing depth from 100150 m to about 1000 m) as well as calcareous nannoplankton. The lower part is rich in glauconite, upwards
the tuffitic component increases considerably. The well
graded sandy intercalations (interpreted by Baldi-Beke
& Baldi, 1991 as fluxoturbidites) are most frequent in
the upper part of the mad, their occasional larger
foraminiferal fauna is resedimented. Generally it starts

in the middle of the NP 16 zone (occasionally the top
of both the NP 15 and 16 zones are also observed),
while the youngest age falls into the NP 19 zone. Thus
the age of the mad is Uppermost Lutetian to at least
Middle Priabonian but its upper part is surely truncated
because the regressive part of the sedimentary cycle is
completely missing (up to 200 m);
2) The Szoc Limestone (formerly Hauptnummulitenkalk) is an almost pure larger foraminiferallimestone, very frequently nodular, with clayey intercalations. Upwards the limestone passes into mad with an
ever increasing glauconitic content. The formation can
be subdivided macroscopically into six parts by the
dominance of different larger foraminifera (from top to
bottom): "Discocyclina" beds; "millecaput" beds;
"per/oratus" beds; " Assilina spira" beds; "laevigatus"
beds; and the basal "Alveolina" beds (its best outcrop
is the famous Darvast6 section - Kecskemeti & Voros,
1975; Jambor-Kness, 1981). The lower four members
show inner platform conditions while the upper two
detect a sinking outer platform. As it was discussed in
detail in the Introduction, the age of the Szoc Limestone in the S Bakony spans from the Lower to the
Upper Lutetian (100-200 m);
1) The Darvast6 Formation lying discordantly on
different Mesozoic rocks (very frequently on bauxites)
is a rather varied, mostly clastic sequence with variegated and grey clay and marl, thin coal seams, sand,
pebble and conglomerate and also with some brackish
water limestone and mad lenses containing molluscs
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and miliolids. The Darvast6 Formation can be found
in lenses mostly infilling local depressions before the
first real marine sedimentation. Its upper part consists
of calcareous nannoplankton indicating the NP 14
zone, thus this formation still belongs to the Lower
Lutetian (0-25 m).
Three outcrops are visited in order to present the
stratigraphic sequence of the Eocene in the Southern
Bakony Mountains. All they can be found in the
KOleskepe-arok, S of Ajka (Fig. 5).

AJKA

o

STOP 1: Outcrops in the Koleskepe-arok, S of Ajka
Stop lA: Csekut quarry, "N. laevigatus" and
"A. spira" beds (SBZ 13-14)
T. Kecskemeti
Location: A rather large abandoned quarry at the entrance of the Koleskepe-arok, on its western side, just after its junction with the Csinger valley. Recently the quarry
is subdivided into two by a new, rather steep road.
Lithostratigraphy and lithology: The lower part of the
Szoc Limestone, represented by the "laevigatus" and
"spira" beds. The total thickness of the Eocene beds lying with angular disconformity on Upper Cretaceous
limestones (recently covered by thick deluvial deposits) - is 10-12 m in the outcrop. In its lowest part yellowish marly (sometimes sandy) limestone can be found
in 9 m thickness. After a 1.5 m thick yellowish white,
pure limestone, the upper part of the section is represented by a 1 m thick marly limestone in which 10-20
cm thick yellowish brown clayey layers containing rich
fauna can be found.
Fossil content: In the lower part of the section
Nummulites laevigatus (Brug.) A+B, whereas in the
upper part Assilina spira (de Roissy) A+B can be found
in rock-forming quantity. Nummulites lehneri Schaub
A+B and N. gallensis Heim A+B are frequent throughout the section while N. praelorioli Schaub, N. apertus
Golev & Sovchik, Alveolina stipes Hott., A.
/rumenti/ormis Schwager and small evolute Assilina
(formerly Operculina) are accessorial. Molluscs and
echinoids are also quite common.
Age: Lower Lutetian, Nummulites laevigatus zone (SBZ
13-14).
Facies: Shallow, high water-energy inner platform,
oligotrophic conditions.

Stop lE: J6kai.akna,
"N. perforatus" beds (SBZ 15-16)
T. Kecskemeti & Gy. Less
Location: In the middle part of the Koleskepe-arok,
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Fig. 5: Locality-map at the vicinity of Ajka.

small outcrop on the southern edge of the ]6kai coalmine, close to the road.
Lithostratigraphy and lithology: The outcrop represents the middle part of the Szoc Limestone, the
"per/oratus" beds. Ochreous, well bedded, slightly
glauconitic limestones are exposed in a total thickness
of 3 -4 m. Limy layers are subdivided by few cm thick
ochreous, glauconitic clays.
Fossil content: Nummulites per/oratus (Mont£.) A+B
can be found in rock-forming quantity. N. baconicus
Hantken A+B, N. obesus d'Arch. & Haime A+B, N.
discorbinus (Schloth.) A+B, N. variolarius (Lam.) A+B
and Assilina spira (de Roissy) are also frequent.
Accessorily some molluscs and echinoids can also be
found.
Orthophragminids are relatively frequent, however
represented by one single taxon: Discocyclina spliti spliti
Butt. & Chor. [d (mean±s.e.)=1028±28 IJffi (22 specimens)], showing a considerably lower stratigraphic
level of these beds as compared to the "millecaput" and
"Discocyclina" beds of the Ajka region where already
the descendant form, D. spliti aJkaensis Less occurs (see
also Tab. 1).
Age: Probably the lower part of the Nummulites
per/oratus zone in the sense as it is used in Hungary
(Fig. 3). By taking into account the age of the overlying beds (Stop 1C), the present outcrop corresponds
most likely to the SBZ 15-16 zone. Additional comments on the correlation of the Hungarian nummulitid
zonation can be found in the Introduction.
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Csekut ravine
Taxon

Table 1: Orthophragminid taxa in the
Csekut
ravine
and their statistical data for the
whole vicinity of
Ajka. #: number
of specimens.

Diseocvelina discus adamsi Sam. & Lah.
D. spliti aikaensis Less
D. dispansa hun£ariea Kecsk.
D. pratti pratti (Mich.)
D. radians radians (d'Arch.)
D. pulera balatoniea Less
D. trabavensis eoneentriea Kecsk.
Nemkovella strophiolata strophiolata (GumbeD
N. katoae Less
Orbitoclvpeus varians roberti (Douv.)
O. (ureatus rovasendai (Prever)
O. douvillei pannonieus Less
0. da£uini (Neum.)
Asterocvclina stellata stetlata (d'Arch.)
A. altieostata cuvillieri (Neum.)
A. keeskemetii Less

Fades: High water-energy inner platform, oligotrophic
conditions.
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Outer cross diameter of the
deuteroconch (d) in urn
#
mean
s:e.
14
1479
78
8
1447
89
17
254
15
3
487
27
24
337
10
30
1455
50
4
119
7
172
6
10
427
9
12
46
290
4
14
293
8
444
10
21
2
72
5
17
162
4
10
308
11
4
250
16

SE

Stop 1C: Csekut ravine, "N. millecapuf' and
"Discocyclina" beds (SBZ 16)
G. Less & T. Kecskemeti
Location: In the upper end of a ravine on the SW side
of the Koleskepe-arok. Its lower end is covered by
spoil-banks above the factory buildings of the J6kai
coal-mine. In order to reach the outcrop, it is necessary
to go around the spoil-bank from N and then W. The
mouth of the ravine is about 50 m above the valley.
Lithostratigraphy and lithology: The Cseklit ravine
(Csekliti-arok in Less, 1987) exposes the uppermost, 24
m thick part of the Szoc Limestone (formerly
Hauptnummulitenkalk) in the Ajka region and also the
lowermost 2 m of the covering, pelagic Padrag Mad.
Less (1987) subdivided the section of the ravine into
four parts (from top to bottom, see also Fig. 6):
4) White, pelagic calcareous mad (Padrag Mad)
without larger Foraminifera (2 m);
3) Whitish, slightly glauconitic, marly limestone,
with abundant Orthophragminae among which
Asterocyclina is dominating. Nummulites ex gr.
mzllecaput can be very rarely found (upper part of the
"Discocyclina" beds) (samples J7, J8 and CS in Less,
1987) (4 m);
2) Greenish-yellow, strongly glauconitic calcareous
mad with abundant Orthophragminae and with less
Nummulites ex gr. millecaput (lower-middle part of the
"Discocyclina" beds) (samples J3 to 6 in Less, 1987 and
also "Cseklit" in Kecskemeti, 1959) (15 m);
1) Yellow, marly limestone with abundant
Nummulites ex gr. mzllecaput and with less Orthophragminae (uppermost part of the "millecaput" beds)
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Fig. 6: Schematic geological section of the Csekut ravine after Less
(1987). JI-J8 and CS: samples. 1. Pebble (Upper Miocene),
2. Unit 4, 3. Unit 3,4. Unit 2, 5. Unit 1.

(samplesJ1 andJ2 in Less, 1987) (5 m).
Fossil content: In the "Discocyclina" beds of the vicinity of Ajka probably the richest Mediterranean
Orthophragmina-fauna can be found that is reasonably
well preserved. Less (1987) distinguished the representatives of 16 different orthophragminid lineages
from different localities, all of them representing however similar stratigraphic position. The members of
twelve of the overall 16 lineages can be found in the
Cseklit ravine, too. This locality is the locus typicus for
Discocyclina dispansa hungarica Kecsk. (sample
"Cseklit") and Asterocyclina kecskemetzi Less (sample
CS). Orthophragminid taxa from the three lower horizon of the ravine as well as summarized statistical data
of the outer deuteroconch diameter (d) of all the taxa
from the vicinity of Ajka are displayed in Tab. 1.
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Nummulitids are as follows (determined by T.
Kecskemeti; from Less, 1987, tab. 7): Nummulz'tes
millecaput (Boub.) A+B, N. variolarius (Lam.) A+B, N.
prae/abianii Menner & Varentsov A, N. striatus (Brug.)
A+B, N. discorbinus (Schloth.) A+B, N. anomalus de la
Harpe A, N. per/oratus (Mont£.) A, N. meneghinii
d'Arch. & Haime A, Assilz'na exponens (Sow.) A+B.
Age: The extremely rich orthophragminid fauna of the
"Discocyclina" beds of the vicinity of Ajka represents
the 0.11 orthophragminid zone. Earlier it was correlated by Less (1987) with the Early Bartonian, however,
later (Less & O. Kovacs, 1996; Less, 1998a) the Late
Lutetian (= SBZ 16) has become preferred. This latter
option is supported by the nannoplankton-age of the
overlying Padrag Marl (NP 16; Baldi-Beke, 1984) and
also by the more advanced (= younger) ortho-

phragminid assemblages of the SBZ 17 zone (Lower
Bartonian) of San Pancrazio (N Italy, Schweighauser,
1953; revised by G. Less in Less & O. Kovacs, 1996 and
in Less, 1998a), Biarritz, Peyreblanque (France;
Schaub, 1981; Less & O.Kovacs, 1996; Less, 1998a)
and Dudar (Hungary, Less, 1987, 1998a; Less &
O.Kovacs, 1996). In Serra-Kiel et a1. (1998) the locality of Ajka, Csekut ravine serves as reference section for
SBZ 16 zone.
Fades: The Csekut ravine represents a subsiding outer
shelf as it is well documented by the "millecaput" orthophragminids - "no larger foraminifera" succession. Among the orthophragminids the ornamented
(ribbed = "Aktinocyclina" and asteroidal = Asterocyclina) forms are the last survivals.

Eastern end of the Balaton Highland
Gy. Less & T. Kecskemeti

A more than 400 km long chain of Eocene rocks can
be followed in Hlingary from Slovenia in the SW to NE
until Recsk (eastern end of the Marra Mts. in NE Hungary). This chain spreads about 30-70 km to the S of
the" classical" Hungarian Eocene (Bakony Mts., Dorog
Basin, Buda Mts.) and differs from it first of all in the
vast development of island-arc type andesitic rocks
interfingered and/or covered by shallow marine carbonate rocks. The chain is mostly covered by Neogene
and Quaternary rocks and, therefore known only from
a few surface outcrops. The best (and almost the only)
exposures of the shallow marine deposits can be found
in Urhida, on the half way between the Balaton and
Velence Lakes.

STRATIGRAPHY
Gy. Less
A borehole (Urhida 1.), bored in 1952, gives us the
best information on the Eocene sequence of Urhida.
Unfortunately, its exact co-ordinates are unknown but
- according to an old peasant in the village - it can approximately be located about 500 m to the S of Stop
2A (Fig. 7). According to Szots (1956) the sequence is
as follows (from top to bottom):
5) Whitish-greyish marl, marly limestone and limestone with abundant bryozoans, rare molluscs and
echinoids. These beds can be found also in the aban-

doned quarry. Some layers (only in the borehole) contain Nummulites/abianii (Prever) - Priabonian (200 m);
4) The same as Unit 5 but with frequent layers of
andesitic tuffs, sometimes with bombs. These beds do
not crop out in the surface - Priabonian (80 m);
3) Greyish-yellowish limestone, marl and sandstone
with frequent (especially in the upper part) Nummulz'tes
ex gr. millecaput, small radiate Nummulites and
orthophragminids. Stops 2A and 2B and also a very
small exposure at the entrance of Kossuth street 50
(shown in Fig. 7) represents these layers - Bartonian/
Priabonian boundary zone (see in detail at the stops)
(30 m);

2) Basal conglomerates containing the pebbles of
the underlying Paleozoic. No surface outcrops Bartonian (25 m);
1) Quartzite and phyllite (Balatonfc5kajar Quartzphyllite Formation). Its debris crops out at the northern edge of the village - ?Lower Ordovician (10 m).
A large fault must be supposed that subdivides the
NW and SE part of the village if we take into account
the great thickness of the Eocene in the borehole and
also the surface outcrop of Unit 5 in the abandoned
quarry on the one hand (SE flank) and the outcrops of
Unit 3 at our stops and also of Unit 1 at the northern
edge of the village on the other hand (NW flank). The
existence of such a fault (very likely combined with lateral movements) is well in accord with the map of
Fiilop (1990) where an at least 40 km long fault
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Fig. 7: Lpcality-map
Urhida.

in

[Balatonf6 (= Balaton Head) line] stretching in SW-NE
direction is shown. This line most probably is the part
of a larger system of lines with the same direction (MidHungarian line and Balaton line) that are recently interpreted as Oligocene-Early Miocene strike-slips subdividing the ALCAPA (Alps, Western Carpathians and
Northern Pannonia) and Tisia (the SE half of Hungary
and Transsylvania) terranes (Kuzmer & Kovacs, 1985).
In terms of lithostratigraphic formations used in
Hungary, the "N. millecaput" mad and limestone belong to the Szoc Formation whereas the carbonates
without large Nummulites are put into the Szepvolgy
Limestone.

STOP 2: Outcrops in Urhida

Gy. Less & T. Kecskemeti
Three small outcrops were studied by us in April
2000, all of them within the village (Fig. 7). Two of
them represents the "millecaput" mad and limestone
(Szoc Limestone). Unfortunately, one of them (Kossuth
street 50) cannot be collected in great quantities because it forms the entrance of the house. In the third
outcrop (Stop 2B) large Nummulites are missing. Based
on the very rare occurrence of Spiroclypeus it is thought
to be ofPriabonian age, thus it belongs to the Szepvolgy
Limestone.
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Stop 2A: Petofi street 42,
"N. miUecaput" beds (SBZ 18)
Location: Urhida, small outcrop between the houses of
PetMi street 42 and 44.
Lithostratigraphy and lithology: Szoc Limestone,
"millecaput" beds. Yellowish-greenish, glauconitic
marly limestone with abundant Nummulz'tes millecaput
and orthophragminids.
Fossil content: The peculiarity of the" millecaput" beds
in Drhida is the joint occurrence of the last large
Nummulites with the first representatives of involute
Heterostegina
(former
Grzybowskia).
Other
Nummulites are relatively rare as well as Assilina
schwageri and Operculina roselli. Orthophragminids are
frequent and diverse. Well-preserved fauna.
Among the Nummulz'tes, N. millecaput, represented
by both A- and B-forms is the dominant element, it can
be found in rock-forming quantity. Small radiate forms
like N. discorbinus (Schloth.) A and N. variolarius
(Lam.) A are subordinate.
Operculinid forms: Assilina schwageri (Silv.) is more
common in the outcrop of Kossuth street 50, in Stop
2A it is very rare. Summarized data from the two outcrops: C (mean±s.e.)= 122±5 /l11l (15 specimens).
Operculina roselli Hott. can be found in both localities
but very rarely [C (mean±s.e.)= 95±10 /l11l (4 specimens
froni the two localities)]. Heterostegina reticulata Riitim.
is also found in both localities, however they are con-
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siderably different. Specimens coming from the outcrop of Kossuth street 50 seem to be more primitive:
their spire is looser (exactly the same as that of
Operculina roselli from the same outcrop) and more
importantly they bear more operculinid chambers before the first heterosteginid one. Statistical data: C
(mean±s.e.)= 96±3 j..Im (7 specimens); X (mean±s.e.)=
15.5±1.85 (6 specimens). Accordingly, specimens from
the outcrop of Stop 2A are slightly more advanced with
tighter spire and with less operculinid chambers. Statistical data: C (mean±s.e.)= 102±9 j..Im (5 specimens);
X (mean±s.e.)= 9.0±1.17 (5 specimens).
Orthophragminids: They are more frequent and diverse in the outcrop of Stop 2A than in that of the
Kossuth street 50. Discocyclina pratti, D. radians and
Asterocyclina alticostata can be found only in the first
one whereas the other five taxa occur in both localities.
Their summarized statistical data can be found in Tab.
2. According to them the faunal list is as follows:
Discocyclina augustae ex. interc. olianae Almela & Rios
- augustae van del' Weijden, D. dispansa ex. interc.
dispansa (Sow.) - umbilicata (Deprat), D. pratti pratti
(Mich.) with multi- and centridiscodine embryon, D.
radians (d'Arch.) indet. ssp., Nemkovella strophiolata
ex. interc. n. ssp. Padragkut in Less (1998a) - tenella
(Gumbel), Orbitoclypeus varians varians (Kaufm.),
Asterocyclina stellata stellaris (Brunner in Rutim.), A.
alticostata danubica Less.
Age: This fauna marks very precisely the top of the
Bartonian, the upper part of SBZ 18 first of all by the
joint occurrence of large Nummulites millecaput and
Heterostegina reticulata. Almost all the elements are
well in accord with each other. The biometrical data of
H. reticulata and Assilina schwageri show the same evolutionary stage for the Urhida populations as for the
Italian samples Mossano 8-11, Monte Cavro 2
(Papazzoni, 1998) and Puig Aguilera, Spain (Romero
et al., 1999), all marking the SBZ 18 zone. The
biometrical data of orthophragminids show their 0.14
zone, only Discocyclina pratti pratti indicates a slightly
lower level (but only by its deuteroconchal size because
the embryonal eccentricity is much more similar to that
of D. pratti minor, the subspecies starting in the 0.14
zone). This zone is correlated by Less (1998a) with the
Lower Priabonian, however this locality represents that
it starts already in the SBZ 18 zone and passes through
the BartonianlPriabonian boundary (see also later).
Facies: Subsiding outer shelf. If the principle of
nepionic acceleration is true for Heterostegina reticulata, the outcrop of Stop 2A represents a younger age
than that of the Kossuth street 50. At the same time the
increasing quantity and diversity of orthophragminids
from Kossuth street 50 to Stop 2A show the increasing
depth of the habitat without a considerable change of
lithofacies.

Stop 2B: J6kai street 7,
"Discocyclina" beds (SBZ 19)
Location: A very small outcrop at the road-bend
around J6kai street 7.
Lithostratigraphy and lithology: Szepvalgy Limestone,
"Discocyclina" beds. Whitish marly limestone with
abundant orthophragminids. This outcrop is
stratigraphically 30-50 m higher than that of the Stop
2A judging from the dipping (110/1 0-lY) of the latter
(if there are no faults between them that is rather
unprobable).
Fossil content: The peculiarity of this outcrop is the
lack of large Nummulites with the presence of very rare
Spiroclypeus and abundant orthophragminids. The
fauna is well-preserved. Relatively rare nummulitids are
present only by small radiate forms like Nummulites
incrassatus de la Harpe A+B and N. chavannesi de la
Harpe A.
The operculinid and heterosteginid forms are almost absent. Only two specimens of Spiroclypeus have
been found, both of them not properly preserved, however, their generic identification is unambiguous based
on the presence of the lateral layers and also on their
tight spire.
Orthophragminae are dominating in the fauna.
Among them Discocyclina is the most frequent genus,
however Asterocyclina is also represented by 4 different evolutionary lineages. Statistical parameters can be
found in Tab. 2. According them the faunallist is as
follows: Discocyclina pratti minor Meff. mostly with
multi- and centridiscodine embryon, D. dispansa
dz'spansa (Sow.), D. augustae augustae van del' Weijden,
D. radians radians (d'Arch.), Orbitoclypeus varians
varians (Kaufm.), Asterocyclina alticostata danubica
Less, A. kecskemetii Less, A. stellata stellarz's (Brunner
in Rutim.), A. stella ex. interc. stella (Gumbel) praestellaris Brann.
Age: Based on the lack oflarge Nummulites and on the
presence of genus Spiroclypeus (even if it is very rare)
this fauna marks the lowermost Priabonian, the lower
part of SBZ 19 zone. The presence of Nummulites
incrassatus and N. chavannesi does not contradict to the
above statement. The orthophragminid fauna represents its 0.14 zone. Only Discocyclina radians shows
underadvanced character but the evolutionary track of
this lineage is rather fluctuating and unreliable as it is
shown by Less & O. Kovacs (1996). Comparing the
orthophragminid fauna of the SBZ 18 (Stop 2A) and
19 (Stop 2B) zones in Urhida no major breaks can be
found between them. On the other hand, their
nummulitid faunas are completely different.
Facies: Lower photic zone of the outer shelf marked by
the dominance of orthophragminids.

MIDDLE-UPPER EOCENE SHALLOW WATER BENTHOS IN HUNGARY

Taxon

Table 2: Orthophragminid lineages
from Urhida and their statistical data. #: number of specimens.

Discocyclina dispansa (Sow.)
D. aUf!,Ustae van der Weijden
D. pratti (Mich.)
D. radians (d'Arch.)
Nemkovella strophiolata (Glimbel)
Orbitoclypeus varians (Kaufrn.)
Asterocyclina stellata (d'Arch.)
A. stella (Glimbe1)
A. alticostata (Nutt.)
A. kecskemetii Less
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Outer cross-diameter of the deuteroconch
(d) in /lm
"millecaput" beds "Discocyclina" beds
#
mean s.e.
mean s.e. #
7
514
493
18 14
22
6
259
6
222
7
20
25 22
729
7
614
32
1
505
7
325
18
4
231
9
17
483
29
4
436
38
8
216
205
11
3
6
4
208
18
4
11
6
468
494
14
375
2
42

Western part of the Dorog Basin
Gy. Less, M. Baldi-Beke, T. Kecskemeti, K. Kollanyi, B. Kertesz & 1. Varga

The Dorog Basin lies in the NE part of the
Transdanubian Mid-Mountains of Hungary and is surrounded by the Gerecse Mts. from the W, the Vertes
and Buda Mts. from the SW and SE and finally by the
Pilis Mts. from the E. It can be followed also in
Slovakian territory over the Danube (Sturovo Basin) but
not too far because the Di6sjeno-Hurbanovo fault (very
likely a strike-slip) cuts it from the N. This line is
stretching about 10 km to the N of the Danube.

STRATIGRAPHY
Gy. Less
It was the Dorog Basin where the nummulitid
stratigraphy in Hungary was born. Maximilian von
Hantken worked here as a mining engineer at the coal
mines having directed the drilling works. The coal is
covered by a relatively thick Eocene sequence that was
subdividable mainly with the help of nummulitids that
led to the first larger foraminiferal stratigraphy in Hungary (Hantken, 1872, 1875a). Later, an other outstanding nummulitic specialist, Pal Rozlozsnik worked also
here, studying first of all the structure of the Dorog and
Tatabanya coal-fields (Rozlozsnik et al., 1922, Rozlozsnik, 1934). On the basis of their work the Eocene sequence of the Dorog Basin is well known long since.
The work in the Dorog Basin continued very intensively from 1958 until the early 70-s. In this time a
lot of new boreholes were drilled. This research was

directed by Lasz16 Gidai who published his results in
several papers and summarized them in Gidai (1972).
He was supported by Maria Jambor-Kness who provided him the stratigraphy of larger foraminifera
(Jambor-Kness, 1973, 1988). However, her results came
soon into contradiction with those of Kecskemeti (in
Kecskemeti & Vanova, 1972) based on Nummulites,
Baldi-Beke (1984) on calcareous nannoplankton and
Horvath-Kollanyi (1983) on planktonic foraminifera.
The substance of this contradiction is that Gidai and
J ambor-Kness stretched the Eocene sequence from the
Sparnacien (Upper Paleocene) to the Priabonian (following in this· the Hantken and Rozlozsnik tradition
having had rather a mining-technical than chronostratigraphical base) while Kecskemeti, Baldi-Beke and
Horvath-Kollanyi compressed it to the Upper LutetianLower Priabonian interval. Now this latter option is
widely accepted because it is based on multidisciplinary
studies. Unfortunately, it means also that all the Lower
Eocene larger foraminifera described and figured by
Jambor-Kness (1988) from here are considered to be
misdetermined and in fact belong to the area of
intraspecific variation of Nummulites subplanulatus, N.
kovacsiensis, N. subtilis, N. variolarius, N. discorbinus,
Assilina exponens and A. schwageri. Also therefore, the
first two of these species are no longer index fossils for
the Lower Eocene but they mark the" dirty water" conditions of the Upper Lutetian-Lower Bartonian of the
Dorog Basin.
In the stratigraphical review of the western part of
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the Dorog Basin we follow the lithostratigraphy given
by Gidai (1972), however we combine it with the
chronostratigraphic data of Kecskemeti & Vanova
(1972), Kecskemeti (1989), Baldi-Beke (1984),
Horvath-Kollanyi (1983), Less (1987) and our new data
from 2000.
The Eocene sequence of the western part of the
Dorog Basin contains two major cycles (a lower, Upper Lutetian-Lower Bartonian and an upper, Upper
Bartonian-Priabonian). The regressive part of the upper cycle has been eroded. The overall thickness is
about 300 m that can be subdivided into the following
units (from top to bottom):
Upper cycle, transgressive part:
8) Grey pelagic marl (formerly Piszke Marl, recently
Padrag Marl) with olistoliths of Unit 7 at its base, containing calcareous nannoplankton of the NP 18 and 1920 zones (Baldi-Beke, 1984; Baldi-Beke & Baldi, 1991).
In Stop 3E as well as in the abandoned quarry of the
Raibl-patak (described in Less, 1987, p. 99, population
LA) this basal olistostrome crops out. Lower-?Upper
Priabonian (20-100 m thick but mostly eroded);
7) Glauconitic limestone and marl, sometimes sandstone and biotitic tuffs lying transgressively on the
eroded surface of Unit 6 (Gidai, 1972). It contains
abundant Orthophragminae. In its lower part
Nummulites ex gr. millecaput is dominant (the lower
part of Stop 3D) while in its upper part Operculina
roselli/gomezi is frequent (Stop 3C and the upper part
of Stop 3D). The lower part can be put into the Szoc
Limestone while the upper part into the Szepvolgy Limestone (thinking that it belongs already to the Priabonian).
Upper Bartonian - Lower Priabonian (50-70 m).
Lower cycle, regressive part:
6) Greyish-brownish clay and clayey marl with
Nummulites striatus and abundant molluscs (upper part
of the Tokod Formation - Stop 3B). Its upper part is
eroded. In the eastern part of the Dorog Basin where
the erosion was not so deep, this unit is continuing in
fluvial sandstone (former "Tokod Sandstone") and coal
measures (Lencsehegy Formation). Upper part of the
Lower Bartonian (20-50 m in the western part of the
basin, more than 100 m in its eastern part);
5) Greyish-brownish clay and claymarl with
Nummulites per/oratus (lower part of the Tokod Formation - Stop 3A). Middle part of the Lower Bartonian
(10-20 m);
Lower cycle, transgressive part:
4) Bluish grey claymarl with abundant small
Nummulites and "Operculina" (=Assilina). Recently it
is called Csolnok Claymarl, its historical names are:
"subplanulatus" clay, "Operculina" clay. Its nannoplankton belongs to the NP 16 zone (Baldi-Beke, 1984).
Upper Lutetian - Lower Bartonian (50-70 m);
3) Grey marl, siltstone and sandstone with abundant

molluscs and sometimes with solitary corals (Csernye
Formation). Upper Lutetian-?Lower Bartonian (10-20
m);

2) Coal measures origin with grey and variegated day
(Dorog Formation). Upper Lutetian (10-40 m);
1) Basal conglomerate, variegated clay and freshwater limestone. ?Upper Lutetian (0-50 m).
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STOP 3: Outcrops near Bajot
Five outcrops are visited at the vicinity of Baj6t (Fig.
8) representing the regressive system of the lower cycle (Stop 3A: "per/oratus" beds of Unit 5, 3B: "striatus"
beds of Unit 6) and the transgressive system of the upper cycle (Stops 3C and 3D: Unit 7; Stop 3E: the lower
part of Unit 8) of the western part of the Dorog Basin.

Stop 3A: Szabadsiig street 2/55: "N. perforatus"
beds (SBZ 17)
Gy. Less, B. Kertesz & 1. Varga
Location: Opposite to the house of Szabadsag street 2/
55 (recently, in 2000, it bears two different numbers)
in Baj6t.
Lithostratigraphy and lithology: Lower part of the
Tokod Formation, "per/oratus" beds. Greyish-brownish soft claymarl and hard marly siltstone with abundant Nummulites per/oratus A- and B-forms.
Fossil content: In the outcrop a monospecific bank of
Nummulites per/oratus (Mont£.) is exposed. Both the A
and B forms are abundant. Statistical data of the A
forms: C (mean±s.e.)= 982±22)..lffi (31 specimens).
Age: Lower Bartonian, SBZ 17 zone. Comparing the
diameter of the protoconch with those measured in the
Schaub-collection and published by Less (1998b) and
also with those published by Serra-Kiel (1984), analogous Nummulites per/oratus can be found in the first
Bartonian cycle (Serra-Kiel et al., 1997) of the Igualada
Basin (Santa Maria Miralles, Carme, Santa Margarita de
Mombuy) near Barcelona. Those localities represent
unambiguously the SBZ 17 zone. Surprisingly enough,
Jambor-Kness (1988) locates these monospecific
"per/oratus" beds into the Lower Lutetian (SBZ 13-14)
because they are developing continuously from her
Lower Eocene "Operculina" beds (Csolnok Claymarl
Formation).
Facies: Shallow water nummulitic bank on a siliciclastic
platform. Mostly eutrophic conditions, "dirty" water.
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Stop 3B: Pet6fi street 3B: "N. striatus"
beds (SBZ 17-18)
Gy. Less
Location: Opposite to the house of Petofi street 3B in
Baj6t.
Lithostratigraphy and lithology: Middle-upper part of
the Tokod formation, "striatus" beds with rich mollusc
fauna of "Iv6kuti arok" type. Greyish-brownish clayey
marl.
Fossil content: Larger foraminifera are represented
exclusively by Nummulites striatus (Brug.). B-forms are
relatively rare. Molluscs are very frequent and diverse,
however dominated by Turritella-type gastropods. They
are described by Szots (1939) from the Iv6kuti-arok in
the SW part of Baj6t. Unfortunately, that outcrop has
been recently lost.
Age: SBZ 17-18, "middle" Bartonian, determined by its
intermediate stratigraphic position between the
"perforatus" beds (SBZ 17) and the glauconitic limestone and mad with Nummulites ex gr. millecaput
(lower part of Unit 7, SBZ 18). The stratigraphic range
of N. striatus is certainly wider than it is shown by SerraKiel et al. (1998, SBZ 18-19) because in the Dorog Basin it starts already in the Csolnok Claymad
("Operculina" clay, Unit 4) that represents SBZ 17 or
even SBZ 16.
Facies: Inner shelf of a siliciclastic platform. Mostly
eutrophic conditions, "dirty" water. Some of the molluscs of the Iv6kuti-arok type fauna (e.g. the genus of
Cerithium) indicates reduced salinity (Szots, 1956;
Kecskemeti-Kormendy in Gidai, 1972). The monospecific nummulitid fauna also shows these unfavourable (for larger foraminifera) conditions.

Stop 3C: Abandoned quarry W of Bajot,
"Discocyclina and Operculina"
beds with oncoids (SBZ 19)
Gy. Less
Location: Small abandoned quarry above Baj6t, W of
the village, well visible from towards the church. It can
be reached on foot by a 8-10 minutes walk or by car
starting from the spring in the centre of the village (in
Fig. 6 it is the field-road starting from SW). In Less
(1987, p. 99) sample BN is coming from this locality.
Lithostratigraphy and lithology: The uppermost part of
Unit 7, belonging already to the Szepvolgy Limestone
Formation. In the lower part of the outcrop there is a
2-2.5 m thick greyish-yellowish nodular mad and marly
limestone with abundant Operculina roselli/gomezi,
Orthophragminae, red algae and also oncoids. Above
it, after a 4-5 m thick gap there follows a hard, light yellowish-grey limestone with the same fossils as in the
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Fig. 8: Locality-map at the vicinity of Baj6t.

underlying marl.
Fossil content: After a rapid revision of the locality and
its fauna there is a very important change as compared
to Less (1987), namely the complete lack of large
Nummulites ex gr. millecaput. The genus is represented
only by small radiate forms yet to elaborate. The representatives of the Operculina roselli-gomezi lineage are
abundant but they are not yet elaborated biometrically.
Orthophragminae: In this outcrop Orbitoclypeus
furcatus furcatus (Riitim.) is the dominant form. Beside
it Discocyclina augustae augustae van der Weijden, D.
euaensis Whipple, D. radians labatlanensis Less, D.
nandori Less, Orbitoclypeus varians varians (Kaufm.)
and Asterocyclina alticostata danubica Less are also
present. This fauna but with some additional taxa can
also be found in resedimented blocks (olistoliths)
mixed with the pelagic Padrag (Piszke) Marl in an other
abandoned quarry (in the Raibl-patal<:, mentioned at the
description of Unit 8: samples Rl-3, RA, RB, RC, RD,
RP and RK in Less, 1987, p. 99),1.5 km to the N-NE
of our quarry, too. In that quarry resedimented oncoids
of 5-10 cm diameter can also be seen. The most remarkable difference between the assemblages of the two
quarries is that in the Raibl-patak Nummulites ex gr.
millecaput is also present (however, the B-forms are al-
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Taxon
Discocyclina pratti minor Meff.
D. samantai Less
D. dispansa umbilicata (Deprat)
D. radians labatlanensis Less
D. euaensis Whipple
D. auzustae auzustae van der Weiiden
D. nandori Less
Nemkovella strovhiolata tenella (Gtimbel)
Orbitoclypeus varians varians (Kaufrn.)
O. furcatusfurcatus (Riitim.)
Asterocyclina stella praestellaris Bronn.
A. stellata stellaris (Briinner in Riitim.)
A. priabonensis Giimbel
A. alticostata danubica Less

Outer cross-diameter of the
deuteroconch (d) in /.lm
#
mean
S.e.
16
50
915
5
36
875
3
19
653
28
9
565
19
438
8
4
238
16
5
320
9
3
255
13
12
469
19
8
22
398
1
235
10
214
8
3
245
8
12
22
507

ways broken). The olistostrome of the Raibl-patak
quarry can be interpreted as a result of gravitational
mass flow (very likely from the S-SE) into which different horizons of Unit 7 (both the Sz6c and Szepv61gy
Limestone) and also the lower part of Unit 8 were involved. However, the statistical data of orthophragminids coming from the two localities do not differ significantly from each other, therefore in Tab. 3
their summarized data are tabulated (without the illpreserved Discocyclina discus adamsi presented by one
single specimen that is clearly resedimented from the
top of the Middle Eocene).
In the outcrop the abundance of encrusting algae
and oncoids is remarkable. They are not yet elaborated.
Age: SBZ 19 zone, Lower Priabonian, supported by the
presence of orthophragminid species that have never
been found in the Middle Eocene, such as Discocyclina
euaensis, D. nandori, D. samantai and Asterocyclina
priabonensis. On the other hand they are known from
Priabona, Mossano (Priabonian part) and Granella (see
Less, 1998a). Those lineages that pass the Middle-Upper Eocene boundary (such as Discocyclina pratti, D.
dispansa, D. radians, Nemkovella strophiolata,
Orbitoclypeus varians, O. lurcatus, Asterocyclina stellata
and A. alticostata) are also represented by their very
advanced evolutionary stages. Comparing the statistical data (Tab. 3) with those of the Lower Priabonian
of Mossano (samples MOSSA and MOS44 in Less,
1998a), Priabona (PR049 and PR055), Urhida,
"Discocyclina" beds (Stop 2B, this guide-book) and of
the upper beds of Baj6t, Domonkos Creek (Stop 3D,
this guide-book) the orthophragminid fauna of this locality and that of the Raibl-patak indicate a slightly
higher stratigraphic position. In Less (1998a) this fauna

Table 3: Orthophragminid taxa from
the localities of Baj6t Wand
Raibl-patak and their statistical
data. #: number of specimens.

represents the 0.15 orthophragminid zone, the higher
part of the SBZ 19 zone.
Facies: Lower photic zone of the outer platform proved
by the abundance of Operculina roselli/gomezi and
orthophragminids.

Stop 3D: Domonkos Creek: "N. millecapuf' beds
(SBZ 18) and "Orthophragmina and Operculina"
beds (SBZ 19)
Gy. Less, M. Baldi-Beke, K. Kollanyi,
T. Kecskemeti, I. Varga & B. Kertesz
Location: 2-2.5 km to the S of Baj6t, 200 m to the E of
the road leading to Bajna. A 21-22 m thick profile above
the Domonkos Creek, on its eastern bank.
Lithostratigl'aphy and lithology: Unit 7 of the Eocene
sequence of the western part of the Dorog Basin. The
lower 17 m of the section (with Nummulites ex gr.
millecaput) belongs to the Szoc Limestone (samples BD
1-15) whereas its upper 4.5 m (without large
Nummulites) already to the Szepv61gy Limestone (samples BD 16-19). The lower part is a strongly glauconitic,
greenish-yellowish marl and marly limestone while the
upper part is whitish, less glauconitic and contains less
marl (Fig. 9).
Fossil content: The peculiarity of the section is that the
in situ extinction of Nummulites ex gr. millecaput can
well be traced in it with no major facial break. In its
lower 17 m this Nummulites is abundant, however it is
represented almost exclusively by the A-forms. So far
altogether three B-forms have been found. Simultaneously, Operculina roselli becomes very frequent in the
upper 12.5 m of the section (samples BD 10-19).
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Table 4: Orthophragminid lineages from
the section of
Baj6t, Domonkos
Creek and their
statistical data. #:
number of speci·
mens.

Discocyclina discus (Rlitim.)
D. dispansa (Sow.)
D. auzustae van der Weiiden
D. pratti (Mich.)
D. radians (d'Arch.)
D. trabayensis Neum.
D. rUJJlJi Less
Nemkovella strophiolata (Gilmbe1)
Orbitoclypeusfurcatus (Riltim.)
Asterocyclina stellata (d'Arch.)
A. stella (Gi.imbel)
A. kecskemetii Less
A. alticostata (Nutt.)

Orthophragminids are abundant throughout the profile, their composition is almost steady. The study of the
section is not fully finished yet (not all the samples are
elaborated), therefore the results presented here can be
completed later.
Nummulites: Beside the disappearing Nummulites
ex gr. millecaput (the inner cross-diameter of the Aforms varies around 900 !J..tn), N. variolarius (Lam.)
A+B, N. anomalus de la Harpe A+B and other small
radiate forms can be found throughout the section.
Operculinid forms: Operculina roselli Hott. is
present in the whole section, however it becomes frequent only upwards from sample BD 10. Statistical
data: samples BD 11-15 (still containing Nummulites ex
gr. millecaput): C (mean±s.e.)= 87±4 !J..tn (la specimens); samples BD 17-19 (without large Nummulites):
C (mean±s.e.)= 91±4 !J..tn (13 specimens). Only one single specimen of Assilina schwageri/alpina has been
found in sample BD 17 (C= 115 !J..tn). Unfortunately,
neither Heterostegina, nor Spiroclypeus are present in
the section.
Orthophragminae (Tab. 4): Like in the abandoned
quarry W of Baj6t (Stop 3C), Orbitoclypeus /urcatus
/urcatus (Riitim.) is the dominant component.
Discocyclina discus (Riitim.) is rare but present constantly. Its embryon is of the centridiscodine type,
therefore it will be described as a new subspecies (n.
ssp. Bajot). D. augustae van der Weijden, D. dispansa
(Sow.) and Asterocyclina stellata (d'Arch.) are also rare
but constant elements. Discocyclina pratti (Mich.), D.
radians (d'Arch.), Asterocyclina alticostata (Nutt.) and
A. kecskemetii Less are frequent in one or two samples
but missing in the other ones. All the other forms are
very rare and can only be found occasionally. Of these
the recently discovered Discocyclina ruppi Less is the
most interesting because it was thought to be endemic

#
8
10
3

1
18
1
1
1

Outer cross-diameter of the deuteroconch
BD 1-8
BD 11-15
mean s.e.
#
mean s.e.
#
1524 57
6
1583 153
7
548
34
442
18
5
2
302
6
257
42
743
28
7
480
6
1
1
135
1
160
255
1
402
393
15
1
13
17
185
4
205
4
8
1
190
230
12
1
432
11
405
8

165
(d) in /lm
BD 17-19
mean s.e.
1649 68
present
205
18
present
438
22
160
present
480
186
220
299
present
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Fig. 9: Schematic geological section of the Baj6t, Domonkos Creek
section.

in the Priabonian of the Upper Austrian molasse
(Rasser et al., 1999). According to Tab. 4, the complete
list of orthophragminids is as follows: Discocyclina discus n. ssp. Bajot, D. dispansa dispansa (Sow.) - in the
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Samples (Bai6t, Domonkos Creek)
7 8 9 10 \I 12 13 14 15 16 17 18 19

Taxon

I
Cibicides sublobatulus (Gtimbel)
C. sp.
Lenticulina arcuatostriata (Hantken)
L. depauperata (Reuss)
L. sp.
Spiroplectammina carinata (d'Orb.)
Dorothia textilaroides (Hantken)
Globulina gibba (d'Orb.)
Planulina sp.
Quinqueloculina sp.
Dentalina sp.
Globigerinatheka sp.

2

4 5 6

3

+
+ + + + + + + + + + + + + + + + + + +
+ +
+
+
+
+ +
+
+
+
+
+
+
+
+
+
+ +
+
+ + +
+
+ +
+
+
+

Samples (Bai6t, Domonkos Creek)

Taxon
1

Discolithina so.
Zywhablithus bijuRatus (Deft.)
Lanternithus minutus Stradner
Coccolithus r;elaRicus (Wallich)
Cyclococcolithus formosus Kamptner
Cribrocentrum reticulatum Wartner & Smith)
Cyclicarzolithus floridanus (Roth & Hay)
Chiasmolithus aff. Rrandis (Bram!. & Riedel)
C. so.
Reticulofenestra bisecta (Hay et al.)
R. r;lacomorr;ha (Kamptner)
R. callida <Perch-Nielsen)
Discoaster sair;anensis Bram!. & Riedel
D. barbadiensis Tan
D. cf. tani Bram!. & Riedel
D. sp.
Braarudosr;haera bizelowi (Gran & Braarud)
Pemma rotundum Klumoo
Micrantholithus r;rocerus Bukrv & Bram!.
Sphenolithus moriformis (Bronn. & Stradner)
S. spiniRer Bukry
S. radians Deft.
S. sp.
Resedimented Crataceous form

Table 5: The distribution
of smaller foraminifera in the
Bajot, Domonkos
Creek section.
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lower part of the section, D. dispansa umbilicata
(Deprat) - in the middle part, D. augustae olianae
Almela & Rios - in the upper part, D. augustae augustae
van der Weijden - in the lower and middle part, D.
pratti minor Meffert, D. radians labatlanensis Less, D.
trabayensis Neum. indet. ssp., D. ruppi Less, N.
strophiolata (Giirnbel) indet. ssp., Orbitoclypeus/urcatus
/urcatus (Rutim.), Asterocyclina stellata ex. interc.
stellata (d'Arch.)-stellarzs (Brunner in Rutim.), A. stella
(Gumbel) indet. ssp., A. kecskemetii Less, A. alticostata
alticostata (Nuttall).
Smaller foraminifera: Only a few recrystallized
smaller foraminifera can be found in the section. Their
distribution is shown in Tab. 5. Planktonic foraminifera
are even rarer, their preservation does not allow any
precise age-determination.
Calcareous nannoplankton: The distribution of the

x
x

x

Table 6: The distribution
of
calcareous
nannoplankton
in the Bajot, Domonkos Creek
section. #: many,
": few, +: very
few, 0: 1-2 specimens.

poor and medium to ill-preserved flora is shown in Tab.
6. Taxa such as placolith-type Coccolithus, Cyclococcolithus, Cyclicargolithus and Reticulo/enestra (with the
always rare 5phenolithus and Dzscoaster) resistant to the
dissolution of carbonates are in great majority. Of the
taxa sensitive to the dissolution some specimens of
Dzscolithina and heterococcoliths can be found only in
the lowermost part of the section whereas rhabdoliths
and Helicosphaera are completely missing.
Generally, the flora becomes poorer especially in the
number of specimens towards the top of the section.
Special, maybe extreme paleoecological conditions can
be supposed in sample BD 4 by the relatively frequent
occurrence of Braarudosphaera bigelowi (often indicating reduced salinity) and especially in samples BD 911, where Cyclicargolithus floridanus (with unknown
ecological needs) is almost monospecific.
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Only the lower part of the section (samples BD 14) can be assigned with certainty to the NP 16-17 zones
by the presence of Pemma rotundum and Micrantholithus procerus (both occurring only in the Middle
Eocene). Rare Chiasmolithus bear rather a Middle than
an Upper Eocene image, too. The flora from the more
upper parts of the section does not allow any zonal determination, since all the stratigraphically valuable taxa
are missing.
Age: The lower 17 m of the section (samples BD 1-15)
belongs undoubtedly to the SBZ 18 zone by the presence of Nummulites ex gr. millecaput and also of the
calcareous nannoplankton from the base of the profile.
The age of the upper 4.5 m is much more problematic:
except the complete lack of large Nummulites there are
not any signals that could decide whether these beds
are still Bartonian or already Priabonian. The picture
given by orthophragminids does not help too much,
either, no real change can be observed between the
bottom and the top of the section. This fauna is a little
bit less advanced than that of the quarries W of Baj6t
and Raibl-patak (compare statistical data on Tables 3
and 4) but still bears rather an Upper than a Middle
Eocene image. In terms of orthophragminid zonation
(Less, 1998a) it belongs to the 0.14 zone in general
(with some deviations like the presence of Discocyclina
dispansa umbilicata that indicates rather a higher level
on the one hand, meanwhile D. augustae olianae and
Asterocyclina alticostata alticostata show a lower niveau,
on the other). At the same time we have already found
in Urhida that the boundary between SBZ 18 and 19
zones is within the 0.14 orthophragminid zone. Therefore, using the only signal in the Domonkos Creek section, the extinction of Nummulites ex gr. millecaput, we
put the upper 4.5 m already into the SBZ 19 zone, thus
into the Priabonian. The basal olistostrome of Stop 3E
(belonging to the lower partof the P 15 planktonic foraminiferal and to the transition of the NP 18/19-20 calcareous nannoplankton zone) is stratigraphically only
about 5 m higher than the top of the Domonkos Creek
section that strengthens the above statement.
Fades: Lower-Iowermost part of the photic zone of the
outer shelf proved by the abundance of orthophragminids, the great frequency of Operculina roselli
and the very low diversity of nummulitids.

Stop 3E: Abandoned quarry on the eastern side
of the Domonkos Creek: Basal olistostrome
of the pelagic Padrag Mad
Gy. Less, K. Kollanyi & M. Buldi-Beke
Location: Small abandoned quarry on the eastern side
of the Domonkos Creek, about 30 m above it. 200 m
to the N-NW of the top of the Domonkos Creek sec-
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tion but stratigraphically only about 5 m higher it.
Lithostratigraphy and lithology: Basal olistostrome of
the Padrag (formerly Piszke) Marl, lowermost part of
Unit 8. Its thickness is no more than 5 m in the outcrop.
The matrix is bluish grey marl in which 20-50 cm thick
limestone bodies with abundant Orthophragmina,
Operculina and red algae can be found. Some of them
seem to be real beds but the others are clearly
resedimented oval blocks with a transport direction
from W to E. Isolated larger foraminifera and red algae can also be found in the marl but they are also
resedimented.
Fossil content: The detailed analysis of larger
foraminifera from the olistoliths is not yet done. By
studying them rapidly, Orthophragmina (among which
Asterocyclina and ribbed Discocyclina, the former
"Aktinocyclina" are very frequent), Operculina roselli/
gomezi, small radiate Nummulites and red algae are the
dominant elements, Nummulites ex gr. millecaput is
completely missing, thus this limestone is practically the
same as that of Stop 3C and of the upper part of Stop
3D.
Smaller foraminifera, both planktonic and
benthonic forms can be found in great quantity. Planktonic forms: Globorotalia cerroazulensis cerroazulensis
(Cole), G. cerroazulensis pomeroli Tourn. & Bolli, G.
medizzai Tourn. & Bolli, Globigerina eocaena Gumbel,
Globigerinatheka index tropicalis (Blow & Banner), G.
mexicana barri (Brann.), G. semiinvoluta (Keijzer).
Benthonic forms: Spiroplectammina carinata (d'Orb.),
Textularia sp., Dorothia sp., Semivulvulina sp.,
Nodosaria latejugata GUrnbel, Dentalina elegans d'Orb.,
Lenticulina arcuatostriata Hantken, 1. depauperata
(Reuss), Saracenaria hantkeni (Cushm.), Asterigerian
rotula (Kaufm.), Marginulina behmi (Reuss), M. gladius
(Phil.), Globulina gibba (d'Orb.), Bulimina sp.,
Discorbis rotata (Terq.), Cibicides carinatus, C.
sublobatulus (Gumb.), Gyroidina soldanii (d'Orb.),
Anomalina granosa (Hantk.), Heterolepa dutemplei
(d'Orb.).
The flora of calcareous nannoplankton is very rich
and quite well preserved. The most characteristic forms
are as follows: Isthmolithus recurvus Defl. (missing in
the basal 0,5 m), Chiasmolithus oamaruensis (Defl.),
Orthozygus aureus (Stradner), Discoaster barbadiensis
Tan, D. saipanensis Braml. & Riedel, D. tani Braml. &
Riedel, D. nodi/er (Braml. & Riedel) , Coccolithus
pelagicus (Wallich), Cyclococcolithus /ormosus
Kamptner, Cyclicargolithus /loridanus (Roth & Hay),
Pemma basquense (Martini), P. papillatum Martini.
Age: The planktonic foraminiferal assemblage shows
the lower part of the P 15 zone based on the joint occurrence of Globigerinatheka semiinvoluta, G. mexicana
barri, Globocotalia nedizzaz; and the absence of more
advanced subspecies of Globorotalia cerroazulensis (G.
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cerroazulensis cocoaensis). The calcareous nannoplancton indicates the transition of the NP 18/19-20
zones. In the basal 0,5 m of the marls Chiasmolithus
oamaruensis is already rather frequent, however,
Isthmolithus recurvus is still missing. Thus this basal
part still belongs to the NP 18 zone. However, I.
recurvus occurs in the more upper part, marking already
the NP 19-20 zone for it.
Facies: The matrix with its rich planktonic assemblage
indicates a pelagic basin into which the olistoliths were
slided from the slopes. The very frequent existence of
isolated, resedimented larger foraminifera in the matrix
show that the olistoliths were not fully diagenetized not
only here but also in the Raibl-patak quarry (see at Stop
3C) and in the famous outcrop of Nyergesujfalu, Sanchegy (Sztano & Fodor, 1998).
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Fig. 10: Tectono-sedimentary model of the Buda Hills. Middle
Eocene in the Nagykovacsi depression and Upper Eocene
in the rest of Buda Hills (Fodor et aI., 1992). Most of the
marine sediments were deposited on the southeastern slope
of the NE trendingJanoshegy anticline. Matyas-hegy quarry
is within the circle.

Buda Hills
p. Ozsvart, M. Kazmer, 1. Fodor, T. Kecskemeti, & Gy. Less

Buda Hills is the easternmost outcrop of the Bakony
tectonic unit, the earliest recognized of the escaping
wedges in the Alpine-Carpathian region. During
Eocene time the Bakony unit occupied a position immediately to the north of the Southern Alps. Their 500
km separation observed today is the result of mostly
Oligo-Miocene dextral displacement along the
Periadriatic-Balaton fault system (Kazmer & Kovacs,
1985). The displacement was initiated not later than late
Eocene time: results of synsedimentary deformation
within the escaping wedge are spectacularly displayed
in the Buda Hills.

STRATIGRAPHY
P. Ozsvart, M. Kazmer & Gy. Less
Eocene clastic and carbonate sediments of the Buda
Hills were deposited on the so-called Buda slope, the
southeastward dipping flank of a complex Upper
Eocene anticline system, trending obliquely to the
southern border fault of the escaping wedge (Fig. 10)
(Fodor et aI., 1992, 1994). Sedimentary environments
on the slope ranged from subaerial to shallow bathyaI.
There are frequent redeposition features: practically
any sediment in a higher position on the slope could be
redeposited by sliding, slumping, grain flow or turbidity currents onto a sediment in a lower position
(Kazmer et aI., 1993; Fodor et aI., 1992, 1994). Fortu-
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Lithological column ofMatyas-hegy section
Stratigraphic column ofthe Buda Mountains
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Near-shore Harshegy Sandston~Anoxic Tard Clay
,
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t

Bryozoan marl

J]~tlll.-~hflllQY{mllfiIJ~))j§f.9_CX~ljllP'NU11l111ulites limestone
Szepv6lgy Fm,
. "
. Variegated clay, Assilina claymarl.
Fanglomerate, bauxite, parahc coal-.

~~

Platfonn and basin limestone

Fig. 11: Stratigraphy of Buda Hills (after Wein, 1977 and Fodor et al., 1992) and
lithology of the Matyas-hegy profile (Magyari et al., 1995).

nately, the depositional succession at Matyas-hegy was
preserved intact. In the southern and eastern parts of
the Buda Hills the Eocene transgression starts only at
the beginning of the Late Eocene. The ideal Upper
Eocene section is displayed in Fig. 11. It is very similar
to that of the Bill Mts. (see there), however the change
from neritic to pelagic facies (the transition from
Szepvolgy Limestone to the Bryozoan/Buda Marl) is
slightly older in the Buda Hills (NP 20 calcareous
nannoplankton zone) than in the Bukk Mts. (NP 2-1).
The Oligocene Tard and Kiscell Clays are also common
in the two regions.

STOP 4: Matyas-hegy, western quarry:
"Discocyclina" beds (SBZ 19) and Bryozoa beds
P. Ozsvart, M. Kiizmer, Gy. Less,
1. Fodor & T. Kecskemeti
The Miityas-hegy, western quarry has been a classical section of Upper Eocene carbonate and marl succession studies for more than a century. Maximilian von
Hantken, founder of the Department of Palaeontology
at Budapest University (today Eotvos University) investigated the sequence and the fauna the first time in the
1870s (Hantken, 1873). Based on the analysis of carbonate microfacies (Kazmer, 1985), calcareous
nannoplankton (Baldi-Beke, 1972), larger foraminifera
(Kecskemeti, 1989, this work), echinoids (Bartha,

1992), bivalves (Bodo, 1992), bryozoans (Zagorsek,
1993; Ziigorsek & Kiizmer, 2000), benthonic
foraminifera (Sztrakos, 1987; Ozsvart 2000), and planktonic foraminifera (Sztrakos, 1987), the initiation and
process of subsidence of the area occurred in
Priabonian time (Kazmer et al., 1993).
Location: The section is situated in Budapest, district
3, at the fork of the Virag Benedek and Matyashegyi
streets (Fig. 12), opposite the entrance of Palvolgy
Cave. The quarry is part of the Buda Natural Protection Area. It hides several entrances to the Matyas-hegy
Cave, member of a more than 10 km long cave system
lying within a 1 km-radius circle.
Lithostratigraphy, lithology and fossil content: A nearly
complete continuous Priabonian sequence (Fig. 13) is
exposed in this quarry: palaeoenvironments range from
transgressive conglomerate (Kosd Formation) through
neritic limestone (Szepvolgy Limestone) and bryozoan
marl to shallow bathyal globigerina marl (Buda Marl).
The oldest formation of the section is Norian
marlstone beds and cherty dolomite exposed at the
western end of the quarry. Mottled clay, dolomite conglomerate and chert breccia are considered as basal
transgressive beds of the Upper Eocene limestone (Fig.
15).
The sequence is subdivided into three units (from
bottom upwards):
1) "Discocyclina" limestone: hard compact limestone
(0-10 m) containing great quantity of ortho-
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Fig. 12: Location of Matyas-hegy, western quarry.

phragminids, in the lower 5 m in rock-forming quantity. Besides orthophragminids, there are rare
Nummulites} Assilina} Operculina} Spiroclypeus and
Heterostegina (Tab.
Asterigerina and Miliolina as
well as other benthonic smaller foraminifers. Their
most common elements are Cibicides) Cibicidoides}
Eponides and Lenticulina with an increasing frequency
in the section from the bottom upwards (Tab. 8). Other
accessory elements are bryozoan and echinoid fragments. There are corallinacean algae in considerable
quantity. Chlamys and Cardita are frequent in this part
of the section. The most frequent echinoids are the
Echinolampas and Schizaster (l0 m);
2) Marly limestone-"Discocyclina" calcareous marl
(10-13 m). The fauna is basically identical with that of
the underlying formations, differing only in the ratio of
the elements. Apart from the orthophragminids, the
bryozoans are accumulated in rock-forming quantity,
and the number of echinoid fragments is significantly
increased as well. A few Sphaerogypsina, agglutinated
foraminifers and Ditrupa sections represent new elements in the fauna. The corallinaceans are accessory
elements of the assemblage (3 m);
3) Marl-Bryozoa marl and Buda marl- increasingly

n

less compact upwards (13-30 m). In the section above
15 m there are angular extraclasts. These are micrite
clasts without orthophragminids and other bioclasts,
and fine grained clasts with some Orthophragminae. At
20 m there is a 10-20 cm thick, white rhyolite tuff layer.
The rock-forming fossils are bryozoans (Zagorsek,
1993). These are represented almost exclusively by
branching and encrusting species. There are subordinate orthophragminids, Heterostegina} Miliolina} and
echinoids. In the argillaceous facies - mainly in the uppermost part of the section - there are benthonic and
planktonic foraminifers (Tab. 8), as well as sponge
spicules (17 m).
Boundaries drawn upon carbonate microfacies studies (Kazmer, 1985), however, display a minor shift compared to the lithological boundaries. There are three
microfacies types (Fig. 14), from bottom upwards:
1) "Orthophragmina" rudstone in an "Orthophragmina" packstone matrix (0-6 m; samples 1-10);
2) "Orthophragmina" floatstone in an algal-"Orthophragmina" -bryozoan-echinoid packstone matrix (616 m; samples 10-31);
3) Bryozoa floatstone in bryozoa-wacke/packstone
matrix (16- 21 m; samples 32-41).
Age: Among the rich microfauna, larger foraminifera
have considerable stratigraphical value. Tab. 7 shows
that it is a characteristic Priabonian assemblage. It can
be put more precisely into the SBZ 19 zone based on
two arguments. On the one hand, two important taxa,
characteristic for the SBZ 20 zone and also quite frequent there (see the Kisgy6r outcrops, Stop 6, Biikk
Mts.), namely Nummulites retiatus and Discocyclina
trabayensis vicenzensis are missing. On the other hand
the overlying Buda Marl belongs still to the NP 20 calcareous nannoplankton zone showing that the transition from neritic to pelagic conditions could happen
well before the Eocene/Oligocene boundary (unlike in
the Biikk Mts. - see there).
Fades: Synsedimentary tectonic movements just at the
beginning of the Late Eocene sedimentation can be observed at the western end of the quarry where a small,

s

Fig. 13: Sketch of the
southern face in
Maryas-hegy
quarry (Monostori,
1982).
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Larger foraminifera of the Nummulites-Discocyclilla limestone 1~__-=-_-:-_-:M:..::.idTd...;l~e_-;::_ _:-_ _-t__-;:;-7U~p;-,p_e~r:-_ _;

Lu/e/iall

Bartolliall

Priabollian

Discocyclina pratti millor MefIert
Discocyclina nalldori Less
Discocyclina dispallsa umbilicata (Deprat)
Discocyclilla radialis labatlallellsis Less

Q!~~qEX.t;.{~!!~.!?!!.&!!~!~::.!?!!g!!:~!!!.::..y'~!! ..<}.?~..Y.{'<:.il~~!!
Q!:~!.~!?~!y.p..::!!~.y.~r.!.q!.!~.y.~r.!.q!.!~ ..QS.1!;':'.D.~~~!!.I.~L

11.~!~!.·.t?~X.~{!!!.~.~!!:!.{~!~.~.~::{!~!.!.~.Q?~.~!!!!.t?~.!!~.~~~.i.~!!!?y.~.~L

. ...............................................................................................................................
.

.. ..........................................

.

NUllllllulitesjilbiallii (Prever)
Numlllulites illcrassatus de la Harpe
Numlllulites pulchellus de la Harpe

ij,!!!?!.~!!!!.~!~~.!:t!~Y.~!!!.~:::l:I:..~~.!~.~~~P.t?
1.~~!!.~!!~..~!1!.~!!~ p.!?!;1.Y.!!!~
Q1?~!.!:!!.{~!!.~~,g,t?!!!~~£..g!?J.?!!!..?~.?~~!?:-.L
$p..~:?£lyl!.':.!!:I:.S!.:q,!!!.I.{q~!!~ .. P.9.~~?~.'!.~
!t.~!.~r.q~!.':g~!!.lf. ..':.':.~~!:':!!.q,!~ (~~.~\!!!.~YSO
Pellatispira madaraszi Hantken

. ..............................................................................................................................
. ...............................................................................................................................

.. ..............................................................................................................................
. ..............................................................................................................................
.

Table 7: Larger foraminiferal fauna of the Matyas-hegy (partly after Kecskemeti, 1989, with additional new data of Gy. Less).
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Table 8: Benthic foraminiferal fauna of the Matyas-hegy (Ozsvart, 2000).
•

semicircular conglomerate talus cone is bounded by a
fault (Fig. 15). The conglomerate body bears no internal structure but contains thin sand/silt intercalation
capping the cone. These acted as sliding planes as
shown by slumped bodies overlying the sandstone.
Bioclastic limestone displaying conspicuous downslope

shear overlies both the cone and Triassic basement,
thus dating the tectonic displacement (Fodor et al.
1992, 1994).
The following subsidence history is documented by
the "Nummulites" limestone and "Discocyclina" limestone, both deposited in the euphotic zone, in probably
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Fig. 14: Microfacies plot of Matyas-hegy quarry (Kazmer, 1985).

not more than 100 m depth (middle sublittoral zone).
Although authors mostly agree that Buda Mad was deposited in bathyal depth, exact values vary: Baldi (1986,
p. 10) suggests 200 to 1000 m depth based on
Propeamussium bivalves. Zagorsek (1993) suggested
400 m for the bottom beds of bryozoan mad and 1200
m for the topmost bed, comparing the ratio of erect and
encrusting bryozoan species with those in modern
oceans. Due to a bias caused by fragmentation and disappearance of encrusting species on a muddy bottom,

the latter calculation certainly offers a maximum depth
only. However, smaller benthic foraminifera show a
maximal depth of 150-250 m (lower sublittoral-shallow
bathyal zone). Anyhow, the bryozoan mad preserved
a record of rapid subsidence of the Buda slope in
Priabonian time. Compared to the moderate thickness,
it represents a major subsidence. We suggest that in a
sequence stratigraphic framework it should be considered a maximum flooding surface (MFS).
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foraminiferallimestone

erosional surface

iiledekrogyas

slump

Fig. 15: The synsedimentary
talus
cone
at
Matyas-hegy
quarry, northern
face (Fodor et al.,
1992).

Biikk Mountains
Gy. Less & M. Baldi-Beke

The Bukk Mountains (Fig. 16) lie in NE Hungary,
approx. 150 km E-NE of Budapest. Their main body
consists of metamorphic and strongly tectonized Carboniferous to Jurassic rocks, covered by a non-metamorphosed Upper Eocene to Upper Miocene sequence. The Paleogene forms a single sedimentary cycle (Baldi, 1986) and contains two horizons very rich
in excellently preserved larger foraminifera. In Stops 5
and 6 the lower (Upper Eocene) horizon is visited
whereas Stop 7 represents the upper, Upper Chattian
horizon.

STRATIGRAPHY
Gy. Less
A simplified stratigraphic column of the Paleogene
deposits of the Bukk Mts. is shown in Fig. 17. The
Upper Eocene sequence of the Bukk Mts. that is very
similar to that of the Buda Hills starts with a 0-100 m
thick terrestrial complex (mainly red clays with some
debris of Palea-Mesazoic rocks) called Kosd Formation
terminating in some brackish layers containing non-in-

dustrial coal-seams. The next complex, called
Szepvolgy Limestone (60-80 m thick) lies on these
brackish beds but very often it transgresses directly
onto the Paleo-Mesozoic basement. In its lower part red
algae dominate with Nummulites /abianii and with
some other subordinate larger foraminifera altogether
representing the SBZ 19 zone. Isolated specimens are
very rare, however in Stop 5 (Noszvaj, Attila-kut) they
are quite frequent. In its upper, 20-30 m thick part the
larger foraminiferal composition becomes much richer,
different radiate Nummulites, Assilina alpina,
Spiroclypeus and different orthophragminids appear.
Nummulites /abianii is changed by N. retiatus. A few
marly intercalations with isolated larger foraminifera
representing already the SBZ 20 zone have been found
in this horizon in the last years (Less, 1999) that are
presented in Stop 6 (Kisgy6r, Remete-k6.t). Calcareous
nannoplankton represents already the NP 21 zone here.
Upsection, the Lower Oligocene pelagic Buda Marl
(NP 21-22 zones) follows. This means that the carbonate platform of the Bukk Mts. got drowned later than
in the Buda Hills.
From the beginning of the Oligocene the territory
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of Hungary, as part of the newly formed, coolish and
partly euxinic Paratethys was isolated from the Tethys,
and, therefore, larger foraminifera cannot be found in
most of the Oligocene. The Tard and Kiscell Clays (belonging to the Kiscellian stage of the regional Central
Paratethyan subdivision) represent this time-span.
However, new marine connections were opened to-

Fig. 16: Stops in the Biikk
Mountains.

wards the end of this period, as indicated by the sudden appearance of larger foraminifera. Less (1991,
1999) described this fauna from two localities of the
Biikk. Mts. (Novaj-Eger Formation- the lower boundary stratotype of the Egerian stage in the Central
Paratethyan subdivision and Cs6kas, Cs6kas Formation). This last one is presented in Stop 7.
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Their larger foraminiferal fauna is one of the richest in the European Upper Chattian, and closely corresponds to that of Escornebeou from SW France, thus
clearly marks the SBZ 23 biozone. The nannoflora is
listed in Baldi-Beke & Baldi (1974) for Novaj and in
Less (1991) for Cs6kas. It marks about the boundary
of the NP 24/25 zones that is somewhat older than suggested by Cahuzac & Poignant (1997) for the SBZ 23
zone. After the regression at the end of the Oligocene
no more larger foraminifera can be found in the
Miocene sequence of the Btikk Mts.

STOP 5: Noszvaj, Attila-kut: "N.fabianii"
beds (SBZ 19)
Gy. Less
Location: 1 km to the NW of the recreational centre
called SlkfCikut at the northern end of Noszvaj. From
the hotel at the small lake (Hotel Slkf6kut) a touristic
route marked by green rectangle must be followed until the well-built spring called Attila-kut. No core outcrop, however a lot of isolated specimens of larger
foraminifera (mainly A- and B-forms of Nummulites
/abianii) can be found about 50-100 m back from the
spring on the NE side of the valley, 10-20 m above the
road at the large trees.
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Lithostratigraphy and lithology: The lower-middle part
of the SzepvOlgy Limestone. Yellowish-white organic
limestone, however, isolated specimens are coming very
probably from some mady intercalations.
Fossil content: The peculiarity of this locality is the
abundance of Nummulites /abianii (Prever) represented
not only by the A-forms [C (mean±s.e.)= 233±8 !Jl11 (20
specimens)] but also by the very frequent B-forms.
Other Nummulites are very rare, however one or two
specimens of N. incrassatus ramondi/ormis (de la
Harpe), N. pulchellus Hantken in de la Harpe and N.
garnieri de la Harpe in Boussac have also been found.
Beside N. /abianii, Assilina alpina (Douv.) [C (mean±s.e.)= 160±6 !Jl11 (12 specimens)] and Heterostegina
reticulata Rutim. [C (mean±s.e.)= 162±5 !Jl11 (15 specimens); X (mean±s.e.)= 3.21±0.04 (14 specimens)] are
relatively frequent. Sphaerogypsina globula (Reuss) can
also be collected. Orthophragminids are completely
missing from the assemblage.
Age: SBZ 19 zone determined by the presence of typical Nummulites /abianii. Biometrical data of Assilina
alpina and Heterostegina reticulata indicate the top of
the zone. Comparing the X values of the last species
from here and from Urhida and observing the great difference between them we can conclude that H.
reticulata may well be subdivided into several (4-5) segments by using its rapid nepionic acceleration. In doing so, this species has a great chronostratigraphic potential, especially in determining the Bartonianl
Priabonian boundary (see also Papazzoni & Sirotti,
1993; Less & Papazzoni, 2000).
Facies: Very shallow high water-energy conditions at
the edge of the inner and outer platforms as it can be
concluded from the model of Papazzoni (1994), indicated by the abundance of Nummulites /abianii, the frequent occurrence of Heterostegina reticulata and
Assilina alpina and by the lack of orthophragminids.
However, this fades does not fit completely with either
of Papazzoni's paleoenvironments.

ing the same age) close to the spring called Remete-kut
(marked as Remete 1, 2, 3 and 4). However, the fossil
composition of the four outcrops indicates four different paleoenvironments according to Papazzoni (1994).
The geographical distribution of particular localities is
displayed on Fig. 18. Stratigraphically about 15 m
above locality Remete 2 Lower Oligocene sandy mads
(Buda Mad) lacking larger foraminifera and belonging
to the NP22 calcareous nannoplankton zone were
found (det.: A. Nagymarosy). The larger foraminiferal
content of the mady intercalations is listed in Tab. 9.
They are described in more detail by Less (1999). Surprisingly, only very few microspheric forms could be
found among over 500 split specimens.
Age: The orthophragminid fauna is the youngest among
the known assemblages (see also Less & O. Kovacs, 1996
and Less, 1998a, 1999). It defines the 0.16
orthophragminid biozone of Less (1987, 1998a) by the
presence of Discocyclina trabayensis vicenzensis Less,
Asterocyclina stellata buekkensis Less and D. dispansa
umbilicata (Deprat) mostly with umbilicodiscodine
embryon. This fauna, together with Nummulites retiatus
Roveda and with the highly advanced Assilina alpina
(Douv.) (Tab. 9) defines the SBZ 20 biozone.
The calcareous nannoplankton from samples
Remete 2 and 4 (these numbers are given in square
brackets below) indicates the NP21 biozone (mostly by
the lack of both the discoasters and holococcoliths) in
agreement with the age given by larger foraminifera.
The floral assemblage is as follows: Isthmolithus
recurvus Defl. [2, 4], Discolithina multipora (Kampt.)
[2, 4], Transversopontis pulcher (Defl.) [2, 4],
Helicosphaera bramlettei (Miiller) [4], Blackites sp. [2,
4], Coccolithus pelagicus (Wall.) [2,4], C. eopelagicus
(Bramlette & Riedel) [2, 4], Cyclococcolithus /ormosus
Kampt. [4], Cyclicargolithus /loridanus (Roth & Hay)
[2, 4], ?Chiasmolithus oamaruensis (Defl.) [2],
Reticulo/enestra placomorpha (Kampt.) [2,4], R. aff.
lockeri Muller [4], Sphenolithus cf. mort/ormis (Brann.
& Strad.) [2,4].

STOP 6: Outcrops W of Kisgyor (SBZ 20)
Gy. Less & M. Baldi-Beke

Stop 6A: Outcrop Remete 1
(low water-energy inner platform)

General information, lithostratigraphy: During geological mapping made by Less in 1990, a few mady
intercalations have been found in the upper part of the
overall 60-80 m thick Szepvalgy Limestone of the Bukk
Mts. near the village of Kisgyar, 20 km S of Miskolc
(Fig. 16). Free specimens of larger foraminifera could
be washed out from four small, isolated mady outcrops
(representing nearly the same stratigraphic level, thus
belonging to the same lithostratigraphic unit and bear-

Location: 1.5 km to the W of Kisgyar, a very small outcrop exposed by a forestry road-cut on the SW side of
the valley of Csincse Creek, 230 m to the NW of the
well called Kis-kut. The outcrop is accessible from
Kisgyar through forestry paths (about 1.5 km walking
to the W) and also on the forestry road starting about
600 m to the SE of Bekeny-puszta (hunter's and forestry
houses), by walking 2-2.5 km towards E-NE.
Lithology: A purplish brown marly intercalation in the
limestone.
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Fig. 18: Locality map at the vicinity of Kisgyor.

Table 9: The distribution
of larger foraminiferal taxa in the
vicinity of Kisgyor and their
statistical data in
Jlill. #: number of
specimens.

Taxon
(with the actual parameter)
Nummulites retiatus Rov. (C)
N. incrassatus ramondi(ormis (de la Harpe) (C)
N. chavannesi de la Haroe (C)
N. vulchellus Hantken in de la Harpe (C)
N. stellatus Roveda (C)
N. variolorills (Lam.) (C)
N. budensis Hantken (C)
Assilino alpino Douv. (C)
Operculina fIomezi Colom & Bauza (C)
Spiroclvpeus fIronulosus Boussac (C)
Discocvclina disvonsa ulllhilicata (Deomt) (d)
D. aUfIustae aU5!.ustae van der Wciiden (d)
D. trabayensis vicenzensis Less (d)
D. radians labatlonensis Less (d)
Orbitoclvpeus varians varians (Kaufm.) (d)
IAsterocyclina stellata bllekkensis Less (d)
Svhaerof!\lvsina fIlobula (Reuss)

Fossil content: See Tab. 9.
Fades: Inner platform, low water-energy according to
the model of Papazzoni (1994), proved by the lack of
orthophragminids, Nummulites stellatus and Assilina
alpina.

Remete 1
Remete 2
Remete 3
# mean s.e. # mean s.e. # mean s.e.
9 20 275
8 1
210
14 259
7 21 144
152
21
169
5 8
8
40 155
4 48 160
4 16 164
6
13
125
5
15
2
92
3 20 100
4
226 11
46
57
I
I7 160
8 13 186
8
I
155
23
145
4
28 618 18
14 301 12 7
339 59
17 198
6 16 211
6
12 392 23
1

260

9

249
present

#

Remete4
mean s.e.

14
4

174
170

1

75

14

181

7

7
22
4
24
3 23

293
223
451
444
255

10
4
15
13
4

6
13

Stop 6B: Outcrop Remete 2
(high water-energy inner platform)
Location: 50 m to the SE of Stop 6A. Small outcrop cut
by the same forestry road.
Lithology: White marly limestone intercalation.
Fossil content: See Tab. 9. Big oysters can also be
found.
Fades: Inner platform, high water-energy according to
the model of Papazzoni (1994), proved by the joint oc-
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currence of Nummulites retiatus and relatively rare
orthophragminids.

Stop 6C: Outcrop Remete 3
(higher part of the outer platform)
Location: 2 km to the W of Kisgyor, 600 m to the W
of Stop 6A. Small outcrop on the northern side of a
forestry road starting 250 m to the NW of Bekenypuszta. The outcrop is accessible by walking about 1.2lA km towards E along this road. There is a foot-path
between Stops 6B and 6C, too, but in rather bad condition.
Lithology: White marly limestone intercalation.
Fossil content: See Tab. 9. For Spiroclypeus granulosus
X (mean±s.e.)= 3A7±0.13 (23 specimens).
Facies: Higher part of the outer platform according to
the model of Papazzoni (1994) proved by the abundance of cosmopolitan radiate Nummulites (N.
incrassatus, N. chavannesi), N. stellatus, Assilina alpina,
Spiroclypeus and different orthophragminids and also
by the extreme rarity of Nummulites retiatus.

Stop 6D: Outcrop Remete 4
(lower part of the outer platform)
Location: Small outcrop cut by the forestry road described at Stop 6C, above the spring called Remete-kut.
600 m walking to the W from Stop 6C, 700 m walking
to the E from the ramification at Bekeny-puszta.
Lithology: White marly limestone intercalation.
Fossil content: See Tab. 9. Big oysters can also be
found.
Facies: Lower part of the outer platform according to
the model of Papazzoni (1994) proved by the dominance of orthophragminids and Assilina alpina and also
by the lack of Nummulites retiatus.

STOP 7: Miskolc, Cs6kas trench:
Lepidocyclina beds (basal SBZ 23)
Gy. Less & M. Biildi-Beke

Location: 15 km to the W of the centre of Miskolc, 4
km to the NW of the resort Lillafured (also part of
Miskolc), an artificial trench (of NE-SW direction) on
the northern side of the road leading to the ski-resort
Biinkut. The trench is already on the karstic plateau
called Kisfennsik, 300 m to the W of the road-junction
whose eastern elevation leads to the meadow called

Cs6kas and then to the village of Varb6 (see also fig. 4
in Less, 1991).
Lithostratigraphy and lithology: Cs6kas Formation,
outcropped by a 74 m long artificial trench (renewed
last time in 1987) in altogether 24 m thickness. The lithology in detail can be read from Fig. 19.
Fossil content: In the lower 5 m of the section, below
the first appearance of larger foraminifera abundant red
algae can be found. They are not yet elaborated.
Larger foraminifera (dominantly Eulepidina) can be
found in the whole upper 19 m of the section. Two
samples, marked C3 and C4 (shown in Fig. 19) are
studied in detail (Less, 1991). They contain the same
assemblage as it follows: Eulepidina dilatata (Mich.),
Nephrolepidina morganiLem. & R. Douv., Nummulites
kecskemetii Less, Operculina complanata (Defr.), O.
heterostegina (Silv.) and Heterostegina assilinoides
Blanck. emend. Henson (very rare in sample C3).
Biometrical-statistical details can be found in Less
(1991). Miogypsinids are missing. The same assemblage
can be found in Novaj, Nyiirjas-teto (8 km to the E of
Eger) but with Miogypsina (M.) septentrionalis Drooger
(see also Less, 1991).
Calcareous nannoplankton (from sample C3):
Reticulo/enestra bisecta (Hay et al.), R. clathrata Miiller,
R. hesslandi (Haq), R. lockeri Miiller, R. ornata Muller,
Cyclicargolithus abisectus (Miiller), C./loridanus (Roth
& Hay), Helicopontosphaera euphratis Haq, Pontosphaera multipora (Kampt.), Zygrhablithus bijugatus
(Defl.), Coccolithus pelagicus (Wall.).
Age: The calcareous nannoplankton shows the NP 2425 zones, Upper Oligocene in general. A more precise
age can be given based on larger foraminifera by the
lack of the survivor Nummulites from the Eocene (N.
/ichteli, N. vascus) and of the appearing miogypsinids.
These latter can be found in Novaj, Nyiirjas-teto, thus
that locality surely represents the SBZ 23 zone of
Cahuzac & Poignant (1997). Despite the same faunal
composition of the two samples from Cs6kas and of the
Novaj locality, their detailed biometrical study (Less,
1991) shows a slight younging trend from sample C3
through C4 to Novaj (see also Biildi et al., 1999). This
trend is based on the reduction in number of
operculinid chambers (= nepionic acceleration) and the
decreasing embryonic eccentricity of Operculina
heterostegina (see tab. 4 in Less, 1991), on the increasing size and decreasing eccentricity of the embryon of
Eulepidina dilatata (tab. 5 in Less, 1991) and on the
decreasing embryonic eccentricity of Operculina
complanata (tab. 4 in Less, 1991). However,
Nephrolepidina morgani shows some "more primitive"
characters for the Novaj population (see parameters P,
D and C in tab. 5 in Less, 1991). It can be explained
by the controversial behaviour of this taxon causing its
abnormally long range (Drooger, 1993), therefore the
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Fig. 19: Geological section of the Csokas Oligocene trench after Less (1991). 1. Limestone, 2. Lithothamnium mad, 3. tuffaceous mad with
Lithothamnium, 4. Lepidocyclina mad, 5. sandy limestone with Lepidocyclina, 6. mad, 7. mad with pebbles, 8. limestone conglomerate, 9. mad with limestone conglomerates and pebbles, 10. gravelly sand.

trend given by the other three taxa is thought to be
much more relevant. This means that the Cs6lds locality is only slightly older than the Novaj one and can still
be put to the base of zone SBZ 23 of Cahuzac & Poignant (1997).
Recently, mainly on the basis of larger foraminifera,
the lower boundary of the Egerian has been correlated
(Baldi et al., 1999) with the base of zone SBZ 23, thus
it does not correspond to the Rupelian/Chattian
boundary as it was defined originally (Baldi & Senes,
1975) but must be put higher up, to about the Lower/
Upper Chattian boundary.
Facies: The larger foraminiferal fauna itself indicates
moderately shallow water (30-50 m) and oligotrophic
conditions. However, taking into account the
abrasional character of the base of the section and also
the increasing quantity, size and complexity of
Mesozoic limestone pebbles with the traces of corrosive sponges, a very complex local relief with steep seashore nearby must be supposed. An ingressively
flooded local depression of a cone karst formed on
Triassic limestones can satisfy the above conditions.
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