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Abstract

This paper gives a comprehensive review of the nannoplankton stratigraphy in the 
Paleogene formations of Hungary. Each formation is shortly characterized, followed by the 
description of the nannofloras. Other important fossils and the basic biozones are mentioned, 
too. A list of references makes the descriptions complete.

The Paleogene formations of Hungary reach from the Middle Eocene until the top of 
the Oligocene. The earliest nannoplankton datum published so far is NP 14, Lutetian while 
the youngest one is NP 26, Egerian (Chattian).

Introduction

The publishing of this paper is motivated by the ascending curve of 
the development of nannoplankton stratigraphy in the last 30 years. The 
determination of the geological age using calcareous nannoplankton be­
came one of the most widespread methods of paleontology. At the same 
way, this is probably the cheapest way too, demanding very few material 
and technical apparatus to the examinations. This method can be used first 
of all in the Cenozoic sediments of the oceanic and epicontinental realm. 
Its remarkable accuracy in the correlation with the radiometrical and mag- 
netostratigraphical scales gives a prominent importance to the nannoplank­
ton investigations not only among the experts of stratigraphy. The method 
is often used by other experts — sedimentologists, geophysicists, experts of 
tectonics — too.

The development mentioned above influenced also the research in 
Hungary, thus the bulk of the Tertiary formations has been dated with the 
help of the Standard Nannoplankton Zonation by the eighties of this cen­
tury. This work has been more or less finished for the Paleogene formations, 
while a great part of the Neogene formations can be regarded as “terra in­
cognita” from the point of view of nannoplankton. Of course the nanno­
plankton stratigraphy has yet a lot of to do in the field of refined and detai­
led stratigraphy, in Hungary.

We applied uniformly the Standard Nannoplankton Zonation of 
Martini (1971) to date the formations. This system was elaborated mainly 
for the epicontinental seas (this is fitting better to the paleogeography 
of the Pannonian realm, but we took into consideration the zone-defining-
1*
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Fig. 1. Standard Nannoplankton Zonations for Paleogene (after Haq, 1983).

events from the zonation of Okada and Bukry (1980) too, which was based 
first of all on the evolution of the nannoplankton in the oceans. The cor­
relation of the two zonations is given in the figures 1 and 2. The stratigra­
phical position of the formations in the Standard Nannoplankton Zonations 
is shown in figure 3, together with the position of the stratotypes of some 
important Paleogene stages.
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At the review of the formations we give a short description of their 
petrographical character and their areal occurence. After this, the most 
important nannoplankton species are listed and so the other important and 
characteristic fossils. Under the title “Biozonation” not only the determi­
ned nannoplankton zones will be reviewed, but also the biozones based on 
other fossil-groups. At the end of the description of the formation we give 
the references for the titles of the Lexique Stratigraphique International 
(L. S. I.), which contains the detailed description of the respective forma­
tions and also a detailed reference list. Discussing the Oligocene formations,
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Fig. 3. The stratigraphic iposition of some formations of Hungary and 
some Paleogene stratotypes in the Standard Nannoplankton Zonation.

references are given to the modern, comprehensive monography of Báldi 
published in Hungarian (lp83) and English (1986). The distribution of the 
Paleogene formations of Hungary in time and space is shown in the figures 
4 and 5, which were compiled by the consideration of the report of the 
Hungarian National Committee of Stratigraphy, in 1985.

Eocene Formations
1. Darvastó Formation

The oldest, transgressional clastic sedimentary series in Transdanubia 
is the Darvastó Formation) It occurs only in the Southwestern Bakony, in 
a thickness of 25 meters (Dudich 1977, Dudich and Gidai 1980, Kecske­
méti and Vörös 1975, Rákosi and Tóth 1980).

Nannoplankton: generally poor, the autochton forms are mixed with 
reworked Cretaceous forms. Discoaster lodoensis was identified in the Dar­
vastó type section by Báldi —Веке (1971). In borehole sections Brokés 
(1978) found Discoaster sublodoensis and Rhabdosphaera inflata, too. Con­
trolling the three zone markers in a number of sections, they occur in some 
boreholes together, while iii others one or two of them are missing (Báldi — 
Веке 1983, 1984). The formation was placed within the zone NP 14, based 
on the overlapping ranges of the above mentioned three species.

Other fossils: palynomorphs (Rákosi and Tóth 1980), larger forami- 
nifera: Kopek, Kecskeméti and Dudich (1965). Jámbor—Kness 
(1981) placed the formatidn within the Cuisian by Alveolina oblonga and 
A. rütimeyeri. Kecskeméti and Vörös (1975) by a new revision found 
Alveolina stipes and Nummidites laevigatus together, and this proves the 
Lutetian age of the formation. For brackish and marine molluscs see (Szőts 
1956. p. 24.).
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Biozonation: NP 14 (Báldi—Веке 1984, Báldi—Веке and Kecske­
méti 1983), Nummulites laevigaius assemblage zone (Kecskeméti 1983).

References to L. S. I.:
Couches a Alveolina oblonga p. 52.
Couches ä Cerithium baconicum p. 136.
Calcaire Alveolines et Miliolidés p. 53.
Marne a Miliolidés de Urkut p. 524. (partly)

2. Szőc Limestone Formation
Sublittoral limestone with abundant larger foraminifera (“Haupt- 

nummulitenkalk”). Its greatast thickness is 200 meters (Dudich 1977, 
Dudich and Gidai 1980).

Nannoplankton: It is extremely rare because of the unfavorable facies, 
occurs only in the marly beds. In the lower portions of the formation oc­
curs Rhabdosphaera inflata (NP 14) together with Nummulites laevigatus, 
in higher portions Reticulofenestra placomorpha ( —R. umbilica) and Ретта 
papillatum (NP 16). Zone markers for NP 15 are missing, but the continuous 
sedimentation and the evolutionary trends having been observed in some 
placoliths (Reticulofenestra placomorpha, R. bisecta) marks the presence 
of this zone (Báldi —Веке 1983, 1984).

Other fossils: Mainly larger foraminifera, Nummulites laevigatus, Assili- 
na spira, Nummulites perforatus and N. millecaput (from the base to top) 
occur as dominant forms ("Kopek, Kecskeméti and Dudich 1965). Kecs­
keméti (1983 and in Báldi —Веке and Kecskeméti 1983) placed the 
Szőc Formation within his new Nummulites assamblage-zones (from the 
base): N. laevigatus zone (upper part), N. obesus and N. baconicus zone, 
N. lorioli zone, N. perforatus zone and N. millecaput zone (lower part).

Fig. 4. Paleocene — Eocene formations of Hungary.
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Biozonation: NP 14 — 15 — 16 (lower part) and the above mentioned 
Nummulites zones (Kecskeméti 1983).

References to L. S. IJ:
‘Hauptnummulitenkalk” p. 241.
Couches ä Assilina spira p. 69.
Calcaire á Alvéolines et Miliolidés p. 53. (partly)
Couches ä Nummulites laeyigatus p. 368.
Couches á Nummulites millecaput p. 370.
Couches á Nummulites perforatus p. 371.

3. Ralimba Marl formation*

* The term “Halimba Formation” is required for the bauxites of the Bakony Mts. 
In consequence of this, the name is to be changed into “Padrag Formation (resolution of the 
Hungarian National Comittee of Stratigraphy).

A) Ralimba Formation in| the SW part of the Bakony Mts
A marly series of pelagic origin in the southwestern Bakony. Its maxi­

mal thickness is 250 meters. It is glauconitic in its lower portion, (this 
was separated earlier as Csabrendek Formation), in the higher portions 
the tuffaceus intercalations are more frequent (Dudich 1977, Dudich 
and Gidai 1980).

Nannoplankton: abundant, mainly placoliths, also Discoasters and 
Sphenoliths are rather common. Pentaliths, discoliths are extremly rare: 
this assamblage is an “oceanic type” (Báldi —Веке 1984). In the Upper­
most Middle Eocene the coccoliths are overcalcified (“robust Zygolithus 
dubius horizon’ Báldi—Веке 1971, Brokés 1978).

Zone markers for NP 16 to NP 19. Reticulofenestra placomorpha, 
Ретта papillatum, Lantemithus minutus from the base of the formation, 
NP 16. The NP 16/17 boundary is marked by the last occurence of Chias- 
molithus solitus and Sphenolithusfurcatolithoides, and by the first occurence 
of Sphenolithus predistentus. In the Upper Eocene portion Chiasmolithus 
oamaruensis (NP 18) and Isthmolithus recurvus (NP 19) make their first 
occurence (Báldi—Веке 1971, 1983, 1984, Brokés 1978).

Other fossils: Larger foraminifera are poor, Nummulites millecaput 
(in the lower portion of the formation), Discocyclina and Nummulites fa- 
bianii (in the upper portion) (Kecskeméti 1980, 1983).

The Upper Eocene larger foraminifera were transported from the littoral 
region to the deeper part of the basin by turbiditic currents in the upper­
most part of the formation (Bernhardt et al. 1985). Planktonic foramini­
fera are common: Globorotalia lehneri, Truncorotaloides rohri, Globigerapsis 
mexicana (Toumarkine 1971).

Biozonation: NP 16 to 19, Globorotalia lehneri to Globigerinatheca se- 
miinvoluta zones of Bolli (Toumarkine 1971, and K. Horváth—Kol- 
lányi in Bernhardt et al. 1985. and personal communication), Num­
mulites millecaput to Nummulites fabianii zones (Kecskeméti 1983).
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References to L. S. I.:
Marne glauconieuse et tufacée de Bakony p. 77.

B) Halimba Formation in the northeastern part of the Bakony Mts 
( = earlier named as Mór Formation).
Silts and marls with calcareous sandstone and limestone-intercalations 

in the Northeastern Bakony (see Dudich and Gidai 1980, with the earlier 
used other names for the Formation: marl with foraminifera and molluscs, 
Porva marl, marl with Hantkenina, marl with Vasconella, Mór Formation).

Nannoplankton: common placoliths, holococcoliths, pentaliths, eco­
logically near-shore-type assemblage, but less typical than that of the 
Dorog Formation in the lower position. The facies upwards became more 
pelagic and the nannoplankton assemblage is without the typical near­
shore forms (Báldi —Веке 1984). Zone markers for NP 16 to NP 19 as 
listed from the Halimba Formation (Báldi —Веке 1971, 1983, 1984, 
Brokés 1978). In the lowermost portion of the formation some specimens 
of Reticulofenestra tokodensis appear marking the presence of the same hori­
zon in the same position, above the coal seams, as in the Dorog Formation 
(Báldi —Веке 1982, 1983, 1984). In the latest Lutetian the coccoliths are 
commonly represented by overcalcified forms: robust Zygolithus dubius 
and Discoaster horizon by Báldi —Веке 1971.

Other fossils: smaller foraminifera: common planktonic and bentho­
nic forms, zone markers for Globorotalia lehneri, Orbulinoides beckmanni, 
Truncorotaloides rohri and Globigerinatheca semiinvoluta zones of Bolli 
(Soldaini 1970, Samuel 1972, Horváth—Kollányi 1983). Hantken 
1875: lower portion of the Clavulina szabói beds — partly. Larger forami­
nifera: Nummulites perforatus, N. striatus, N. millecaput, N. fabianii 
(Kecskeméti 1980, 1983, Báldi —Веке and Kecskeméti 1983), “Biar- 
ritzian” Alveolina species: A. elongata, A. fusiformis, A. fragilis (Jámbor- 
Kness 1981). Rich mollusc assemblages (Szőts 1956, Kecskeméti—Kör- 
mendy 1980, Kecskeméti—Kő rmend Y and M. Mészáros 1980), for the 
less typical shallow marine facies, see Szőts 1953 and Strausz 1963.

Biozonation: NP 16 to NP 19 nannoplankton-zones, Globorotalia 
lehneri to Globigerinatheca semiinvoluta planktonic foraminifera zones 
(Soldaini 1970, Samuel 1972, Horváth—Kollányi 1983), Nummulites 
perforatus, N. millecaput and N. fabianii zones (Kecskeméti 1983).

References to L. S. I.:
Marne de Porva p. 419.

4. Dorog Formation ( = earlier named as Tatabánya Formation)
Transgressive series with variegated clay in its lower portion, clays, 

marls and freshwater limestones with productive coal seams in the upper 
portion. Dudich (1977) and Dudich and Gidai (1980) separated previously 
the Kisgyón Formation for the NE Bakony (Dudar, Balinka) and the Tata­
bánya Formation for the NE Transdanubia (Tatabánya, Pusztavám, Do- 
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rog). The name “Dorog formation” was used by Hantken (1871, 1878) 
for the series with Eocéné coal seams.

Nannoplankton: occurs only scattered. The zone markers for NP 16 
were found even in the 1 variegated clays: Reticulofenestra placomorpha, 
Reticulofenestra bisecta in their typical forms, from boreholes of both subare­
as (Báldi —Веке 1983, 1984), and Reticulofenestra placomorpha, Ретта 
papillatum, Lanternithus minutus from the marly intercalations between 
the coal seams (Báldi—Веке 1971, 1983, 1984).

The Dorog Formation is overlain by marine marls (Halimba and Csol- 
nok Formations). Near to this boundary, mainly above the coal seams, 
occurs the Reticulofenestra tokodensis-horizon with the endemic, brackish 
nannoplankton species R. tokodensis (Báldi—Веке 1982), and zone mar­
kers for NP 16 (Báldi —Веке 1982, 1983, 1984).

Other fossils: palynoinorphs (Rákosi 1973), freshwater and brackish 
water molluscs (Szőts 1956, Kecskeméti — Kökmendy 1972).

Biozonation: NP 16 based on nannoplankton, local palynological 
zonation (Rákosi 1972, 1979), Globorotalia lehneri zone for the upper por­
tion (Horváth—Kollányi 1983).

References to L. S. I.:
Formation lignitifere de Dorog p. 185.
Formation lignitifere de Dudar — Balinka p. 188. for the so-called Kisgyón 

Formation
Argile bigarrée, calcaire d’eau douce Transdanubia NE p. 508.

5. Csolnok Formation ( = earlier named as Dorog Formation)
Silty, clayey marls with rich sublittoral faunal assemblages of molluscs 

and foraminifera. Its thickness is 20 — 80 meters (Dudich and Gidai 1980, 
Gidai 1972). It occurs in the northeastern part of Transdanubia.

Nannoplankton: rich nannoplankton assemblages in nearshore facies 
with common placoliths, pentaliths, discoliths, rhabdoliths, holococcoliths 
and Neococcolithes dubius, rare Discoasters and Sphenoliths (Báldi —Веке 
1984). All the zone markers for NP 16 are present: common Reticulofenestra 
placomorpha and R. bisecta, Lanternithus minutus, Ретта papillatum, 
Chiasmolithus solitus, Sphenolithus furcatolithoides (Báldi —Веке 1983, 
1984). Mostly the lowermdst portion of the formation represents the Reti­
culofenestra tokodensis-horizon with the common occurence of R. tokodensis 
and zone markers for NP 16 (see in the Tatabánya and Mór Formations 
too, Báldi —Веке 1982, 1983, 1984).

Other fossils: larger foraminifera: Operculina div. sp. and Nummulites 
subplanulatus, N. globulus, N. anomalus, N. subramondi (Jámbor—Kness 
1972), N. subplanulatus, N. perforatus (Kecskeméti and Vanová 1972). 
Smaller foraminifera (Horváth—Kollányi 1983), sporomorphs (Rákosi 
1973), molluscs (Szőts 19^6, Kecskeméti —Kő rmend y 1972, Strausz 
1974).
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Biozonation: NP 16, Oloborotalia lehneri zone in its lower portion, 
Truncorotaloides rohri — Orbulinoides beckmanni zone in its upper portion 
(Horváth —Kollányi 1983), Nummulites subplanulatus zone for the Cui- 
sian by Jámbor—Kness (1972), Nummulites perforatus assemblage zone 
for the Upper Lutetian (Kecskeméti and Vanová 1972).

References to L. S. I.:
Marne argileuse a Operculines p. 384.
Couches ä Nummulites subplanulatus p. 374. with earlier synonimes:

Hantken 1871: Étage des Mollusques inférieur,
Rozlozsnik, Schréter and Telegdi— Roth 1922: Marne a Oper­

culines,
Szőts 1956: Marne argileuse a Foraminiféres et Mollusques,
Kopek, Kecskeméti and Dudich 1965: Horizon No. VIII. a N. sub­

planulatus

6. Tokod Formation
Highly variable lithofacies, mostly sands, calcareous sandstones, li­

mestones. Its lower portion is more calcareous, this regressive series is clo­
sed with coal seams (“Forna seams”) the upper portion is more sandy and 
the fauna marks increasing salinity in the “striatus beds” (Muntyán 1984 
manuscript, Dudich and Gidai 1980).

Nannoplankton: occurs only in some lithologically and ecologically 
favourable beds, poor assemblages of NP 16 were found in the lowermost 
portion of the formation and NP 17 forms in its upper portion (Báldi — 
Веке 1983, 1984).

Other fossils: larger foraminifera, Nummulites perforatus, common N. 
striatus; molluscs: Szőts 1956, Kecskeméti—Körmendy 1972.

Biozonation: NP 16 (partly) and NP 17. Nummulites perforatus, 
N. millecaput zones, the lowermost part of the N. fabianii zone is uncertain 
(Muntyán 1984). Truncorotaloides rohri and Orbulinoides beckmanni plank­
tonic foraminifera zones (Horváth—Kollányi 1983).

References to L. S. I.:
Gres de Tokod p. 501.
Couches á Nummulites striatus de Bakony p. 373.
Couches á Mollusques et ä Nummulites striatus de Dorog p. 186.
Couches de Forna p. 211.
Gisement de lignite de Forna p. 212.
Calcaire et marne a Miliolidés de Gánt p. 217.

7. Szépvölgy Limestone Formation (= earlier named as Nagysáp Forma­
tion)

Sublittoral limestones with marly and sandy intercalations (Dudich 
and Gidai 1980). It is underlain by the beds of the Tokod Formation or it 
lies unconformly on older rocks. It occurs not only in Transdanubia but in 
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Northeastern Hungary too. A more marly series with coal seams on its 
base is known near to Kósd (Gidai 1978).

Nannoplankton: because of the unfavourable facies is extremely poor, 
however in some marly beds mainly placoliths and Isthmolithus recurvus 
occur (in Gidai 1978, Báldi-Beke 1984).

Other fossils: abund,ant larger foraminifera (Hantken 1871, Vitá­
lis— Zilahy 1967, Jámbor —Kness 1972): Nummulites fabianii and 
Discocyclinidae, abundant^ calcareous algae (Lithothamnium), few molluscs 
(Kecskeméti —KöRMENpY 1972), smaller foraminifera.

Biozonation: NP 18 and NP 19. The formation belongs to the Lower 
Priabonian (based on the larger foraminifera fauna), and perhaps to the 
uppermost Middle Eocene in some places (Urhida). The Globigerinatheca 
semiinvoluta zone (Horváth—Kollányi 1983) has been proved.

References ti L. S. I.:
Calcaire á Nummulites — \Orthophragmines p. 365.
Couches ä Nummulites fabianii p. 367.
Calcaire marneux ä Nummulites böckhi p. 367.

8. Piszke Marl Formation!
Pelagic marly series, which is known from a small area near Lábatlan 

(Northern Gerecse Mountains near to the Danube, Hantken 1871, Vogl 
1910, Gidai 1968, Báldi-Beke 1984). It is underlain by Middle Eocene 
marly beds with Nummulites striatus as it has been proved in borehole pro­
files (Gidai 1968).

Nannoplankton: The zone markers for NP 18 and 19 are common; 
Chiasmolithus oamaruensi's, Isthmolithus recurvus and Orthozygus aureus 
occur together with Discoaster barbadiensis and I). saipanensis (Báldi- 
Beke 1984 and in Gidai 1968).

Other fossils: smaller foraminifera (Hantken 1871), Bryozoa, molluscs 
(Vogl 1910, Szőts 1956).

Biozonation: NP 18 and 19, Globorotalia cerroazulensis zone (Hor­
váth—Kollányi 1983).

References to L. S. I.:
Marne de Piszke p. 412.
Aleurite calcaire á Foraminiferes de Nyergesujfalu p. 376.

9. Iharkút Formation
Conglomerates, sands, with few marly beds (Dudich 1977, Dudich 

and Gidai 1980, Mészáros 1980).
Nannoplankton: It occurs only in the marly beds, species from the NP 

18 and 19 zones together with reworked Cretaceous forms (Báldi-Beke 
1983, 1984).

Other fossils: Nummulites is common in the conglomerate beds, 
Nummulites perforatum ocóurs in the pebbles from the underlying Szőc 
Limestone Formation. Few molluscs were found in marly clay, not studied 
yet.
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Biozonation: Highly uncertain. The locally rich Late Eocene 
nannoplankton assemblage may be most probably reworked. The age of the 
formation may be Oligocene, because of the lithostratigraphical position. 
Among the several underlying formations the youngest one is the Szőc 
Limestone (Middle Eocene). The Iharkút Eormation is overlain mainly 
by the Late Oligocene Csatka Eormation.
No references in the L. S. I.

Oligocene Formations

1. Buda Marl Formation
The formation extends from the Buda and Pilis Mountains up to the 

Biikk-region, toward a northeastern direction. The characteristic rock-types 
are marl and calcareous marl. Its upper portion contains an increased amo­
unt of terrigenous material. This upper portion consists usually of clayey 
marl with allodapic limestone interbeddings. The formation represents a 
transgression from the deep — sublittoral until the bathyal environ­
ments.

Nannoplankton: The nannoplankton-content of the lower, more cal­
careous member is usually poorer, while that of the upper, more clayey 
member is more rich. The cosmopolitan placoliths are rather common 
(Reticulofenestra bisecta, Reticulofenestra callida), the pentaliths, discoas- 
terids, sphenoliths appear only rarely. The holococcoliths show usually a 
great abundance, mainly the species Lanternithus minutus, Zygrhablithus 
bijugatus and Isthmolithus recurvus. The ratio of the tropical elements in 
the nannofloras is less, comparing to the Middle-Eocene nannofloras 
(Báldi —Веке 1972, 1977, 1984, Nagymarost in Báldi et al., 1984).

Other fossils: planktonic foraminifera (see Sztrákos 1974, 1978, 
Horváth in Báldi et al., 1984); ostracoda (Monostori 1985a, 1985b, 
1986a, 1986b); the benthic foraminiferas were described by Hantken 
(1866, 1873); Báldi (1983) dealt with the Propeamussium mollusc genus.

Biozonation: The age of the nannoplankton was determined by Bál­
di—Веке and Nagymarost: zone NP 19 — 20 (see the titles above). 
These two zones are not to be easily separated, because the biostratigraphic 
event — first appearance of the species Sphenolithus pseudoradians — de­
fining the base of the zone NP 20 is a rather heterochronous level. The base 
of NP 19 is well defined by the first appearance of the Isthmolithus recurvus, 
which is rather common in this formation. The boundary between the zones 
NP 20 and 21, i. e. the Eocene-Oligocene boundary, can be fixed near to 
the uppermost calcareous marl-intercalations of the Buda Marl. This im­
portant horizon is hardly recognizable, because the tropical index species 
Discoaster saipanensis and Discoaster barbadiensis occur only rarely and spo­
radically in this formation. Also the permanent reworking of the Middle 
Eocene nannofossils makes the determination of this horizon difficult 
(Nagtmarost et al., 1986). Kecskeméti et al., 1985. put the Buda Marl 
into the Nummulites fabianii larger-foraminifera zone, whose upper boun-
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dary can be located in the upper portion of the formation. Horváth (1983, 
in Báldi et al., 1984) described planktonic foraminiferas from the marl 
belonging to the P 17 zone of Blow, while Sztrákos (1974, 1978) described 
the Carpathian-Pannonian regional Globigerina officinalis zone.

V г1л/в1вГСПС08.

Marne á Bryozoaires L. S. I. p. 113
Marne de Buda L. S. I. p. 116
Budai Márga, Báldi 1983. p. 19
Buda Marl, Báldi 1986. p. 9

2. Tárd Clay Por mation
This formation — whose typical outcrops have a characteristic “black- 

shale-like” appearance — consists of different rock-types, i.e. microlamina­
ted clays, silts, non-microlamihated clayey marls and sandstones. It lays 
conformly on the Buda Marl, The boundary of these two formations can 
be drawn either at the uppermost calcareous bed or at the lowermost anoxic 
laminite-bed. The areal occurerice of the Tard Clay is similar to that of the 
Buda Marl.

Nannoplankton: The lower member of the formation contains low- 
diversity, high-aboundance nannoplankton assemblages. Reticulofenestra 
bisecta, Reticulofenestra callida and Reticulofenestra hesslandii are common, 
while the Gyclococcolithus formösue and Reticulofenestra placomorpha in­
dex-species are rare. (A deal of these two latter fossils may be reworked from 
the Middle-Eocene rocks.) The acme of Ericsonia subdisticha — characte­
ristic for the zone NP 21 — is well recognizable. The cold-water holococco­
liths Zygrhablithus bijugatus, Ldnternithus minutus, Isthmolithus recurvus 
are especially very abundant.
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In the interval of the boundary between the lower and upper members 
of the Tard Clay the appearance of mono- and duospecific nannofloras was 
observed due to the slight decrease in the salinity of the surface-water. These 
mono- or duospecific assemblages consist of big masses of one or two spe­
cies, while the other species with a less tolerancy appear only sporadically. 
The characteristic forms of these assemblages are the Orthozygus aureus, 
Discolithina latoculata, Transversopontis obliquipons, Reticulofenestra or- 
nata, Reticulafenestra lockeri, etc. (see Nagymarosy 1983a). The upper 
member of the formation is usually free of fossils, except some short blooms 
of the above mentioned high-tolerancy forms.

Other fossils: Benthic foraminiferas (their detailed investigation has 
not be completed yet); planktonic foraminiferas (Sztrákos 1974, 1978, 
Horváth 1983 and in Báldi et al,, 1984); ostracods (Monostori 1985a, 
1985b, 1986a, 1986b); the rare and badly preserved endemic brackish water 
Cardium Upoldi mollusc-fauna of the Tard Clay was described by Báldi 
(1983, 1986).

Biozonation: The lower member of the Tard Clay corresponds to the 
zones NP 21 —22, while its upper member to NP 23 (Báldi—Веке 1977, 
1984, Nagymarosy 1983b and in Báldi et al., 1984). The NP 21/22 zone — 
boundary cannot be easily drawn because of the reworking of the index­
fossils from the older Paleogene beds. The base of the zone NP 23 is in­
dicated by the sudden impoverishing or full extinction of Reticulofenestra 
placomorpha and by the sudden increase in the abundancy of Reticulo­
fenestra lockeri. The zone-boundary defining species Sphenolithus distentus 
is extremely rare. In the upper part of the NP 23 zone few specimens of 
“early” Helicopontosphaera recta have been observed.

The endemic “Paratethys-dweller” nannoplankton species occur in 
the same level as the endemic mollusc fauna does (see Báldi 1983). These 
are: Reticulofenestra ornata Mülleb, and Transversopontis fibula Gheta 
(—Transversopontis pax Stradner = Zygodiscus vialovi Andreyeva — 
Grigorovich), whose occurence can be traced from the Bavarian molasse 
up to Usbekistan. This horizon can be put onto the lower boundary of the 
zone NP 23. Sztrákos (1974) correlated the lower member of the Tard 
Clay with the Globigerina postcretacea — zone of Samuel and Salaj (1968). 
Horváth (see the references above) described planktonic foraminifera 
assemblages corresponding to Blow’s P 18 and P 19/20 zones.

References
Couches de Tard L. S. I. p. 486 
Tardi Agyag, Báldi 1983 p. 22 
Tard Clay, Báldi 1986 p. 11

3. Hárshegy Sandstone Formation
The Hárshegy Sandstone is the basal formation for the transgressional 

cycle of the Kiscell Clay. It has been formed in the zone extending west to 
the Buda-line, between the Cserhát and the Buda Mountains.
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The different rock-types ofthe Hárshegy Sandstone, — conglomerates, 
coarse and fine grained sandstones — have formed in the wave-activity 
belt of the ancient sea. The other rock-variations, as silt, clayey sand, fire­
clay beds were deposited ih nearshore lagoons. The huge body of the Hárs­
hegy Sandstone underwent a strong silification after the sedimentation 
along the Buda-line, and the silicifying solutions destroyed the greatest 
part of its fossil-content, i

Nannoplankton: The depositional and diagenetic environments of the 
Hárshegy Sandstone did pot favour to the fossilization of nannofossils. 
Among the few data we have to mention the impoverished placolith assemb­
lages with Gyclicargolithus abisectus described by Báldi—Веке (in Báldi 
et al., 1976). Similar nannoplankton assemblages were found by Nagyma- 
ROSY in the Cserhát Mountains (Romhány-block): low-diversity placoliths 
with Coccolithus rupeliensis Müller and rare Helicopontosphaera recta 
Haq.

Other fossils: The rare foraminifera faunas were described by Gellai 
(1966, 1973) and Horváth (in Báldi et al., 1976). Kecskeméti dealt with 
the larger foraminiferas, i. e. with Lepidocyclinas and Nummulites (in 
Báldi et al. 1976). The mollusc faunas were determined by Báldi (in Bál­
di et al. 1976, Báldi 1983).

Biozonation: The nannpplankton of the Hárshegy Sandstone may not 
be older than the upper part of NP 23. The presence of Gyclicargolithus 
abisectus and Helicopontosphaera recta suggest an age of NP 24. The larger 
foraminiferas and molluscs prove a Late Kiscellian age too, in concordance 
with the nannoplankton.

References:
Gres de Hárshegy L. S. I. p. 235
Hárshegyi Homokkő, Báldi 1983 p. 33
Hárshegy Sandstone, Báldi 1986 p. 32
Complexe lignitifere d’Esztergom L. S. I. p. 200
Gisement lignitifere de Szápár L. S. I. p. 472

4. Kiscell Clay
A rather uniform formation consisting of calcareous clay and clayey 

marl. In its lower member there is a typical alternation of clay- and sand­
stone-beds. The depositional depth of the Kiscell Clay was presumably 
400 — 500 m. The formation extends from the southern foredeep of the Vér­
tes and Gerecse Mountains through South Slovakia up to the Northern 
Bükk Mountains. West to the Buda-line it is overlying the transgressive 
Hárshegy Sandstone with a thickness of some dozen meters. East to the 
Buda-line it is overlying the epxinic Tard Clay. The thickness of the Kis­
cell Clay may be as much as 800 or even 1000 meters in this area.

Nannoplankton: The Kiscell Clay contains a rich, hemipelagic nanno- 
flora. Its dominating forms are the placoliths (Reticulofenestra lockeri, 
Reticulofenestra hesslandii, Coccolithus pelagicus, Gyclicargolithus abisectus,
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Cyclicargolithus floridanus), but together with them also hehcosphaerids 
Helicopmtosphaera bramlettei, Helicopontosphaera euphratis), discoliths 
( Discolithina multipora, Transversopontis pygmaea) and Zygrhablithus bi- 
jugatus occur. Some tropical nannoflora elements, as discoasterids are 
totally lacking, but the sphenoliths are more common. Báldi—Веке 
(1977) described a rather fixed horizon from the lower part of the forma­
tion with common Sphenolithus distentus, Sphenolithus ciperoensis and 
Sphenolithus predistentus. In the thick-bedded, hardly stratified clay also 
microlaminated, anoxic intercalations occur, which contain rich marine 
nannofloras — in contrary of the Tard Clay —. However, also these diverse 
nannofloras may be mixed with the blooms of one-one species (Nagy- 
marosy 1983).

Other fossils: Almost 500 foraminifera species were described from 
this formation in the last hundred years (Hantken 1975, Majzon 1966, 
Sztrákos 1978, Horváth 1983). The ostracods were investigated by Mo­
nostori (1982, 1985a, 1985b, 1986a, 1986b). Detailed evaluation of the 
mollusc fauna was made by Báldi (1986).

Biozonation: The depositional interval of the Kiscell Clay corresponds 
to the lower part of the NP 24 zone. Horváth (1983) put the formation in 
the Globorotalia opima opima zone on the basis of planktonic foraminiferas. 
According to Sztrákos (1978) it belongs to to the Globorotalia munda 
endemic taxon-interval zone. Majzon (1942, 1961) divided the Kiscell 
Clay in North Hungary into four foraminifera-ecozones, but Horváth 
and Sztrákos found only one stratigraphically fixed level among them. A 
radiometric measurement on the glauconite of the Kiscell Clay resulted in an 
age of 33,5 million years (Báldi et al. 1975).

References:
Argile de Kiscell L. S. I. p. 271
Kiscelli Agyag, Báldi 1983. p. 51
Kiscell Clay, Báldi 1986. p. 16

5. Csatka Formation
It consists of alternating fresh-water coarse-grained clastics and varie­

gated clays. Its type occurence is in the Bakony and Vértes Mountains 
(see Korpás 1981).

Nannoplankton: Though this formation might not contain any autoch­
tonous nannoplankton due to its depositional environment, Bro kés (1978) 
described impoverished assemblages from grey, fluviatile clays. These 
assemblages may contain rare specimens of Sphenolithus distentus, Spheno­
lithus ciperoensis and Cyclicargolithus abisectus too.

Other fossils: The fresh-water mollusc fauna was investigated by 
Báldi (1973).

Biozonation: Concerning the above mentioned index-species, the Csat­
ka Formation may belong to the Egerian stage, to the nannoplankton zo­
nes NP 24 — 25.
2 ANNALES — Sectio Geologica — Tomus XXVIII
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References:
Csatkai ( —Móri) Formáció, Báldi 1983. p. 92
Csatka (=Mór) Gravels, Báldi 1986. p. 39.

6. Mány Formation
Alternation of brackiish-water and fresh-water clastics with that of 

marine origin. Occurence : in the triangle among the Vértes-Gerecse and 
Buda Mountains.

Nannoplankton: The marine intercalations contain persistent, cos­
mopolitan forms: Coccolithus pelagicus, Gyclicargolithus floridanus, Heli- 
copontosphaera euphratis, Heticulofenestra bisecta, etc. The index fossils are 
very rare. The locally veify abundant Discolithina latelliptica is a typical 
element of these nannoflöras. The greatest deal of the nannoplankton as­
semblages consists of specimens, which have been reworked from the older 
Paleogene and Cretaceous beds (see Brokés 1978, Báldi—Веке 1977, 
1984).

Other fossils: For the typical brackish-water mollusc fauna see Báldi 
1973.

Biozonation: The age; of the formation is NP 24 — 25. The two zones 
can not be separated from each other because of the lacking of the index 
species. Concerning the nannoplankton assemblages of this formation one 
can determine an age not younger than Early Egerian, so the formation 
does not overlap the Paleogene/Neogene boundary.

References:
Couches á Gyrenes L. S. I.'p. 168
Mányi Formáció, Báldi 1983. p. 92
Mány Sands, Báldi 1986. p. 39

7. Kovácov Formation
Alternating beds of marine and brackish-water sands and sandy 

silts (Báldi 1973). The forihation occurs around Esztergom and at the wes­
tern margin of the Cserhát Mountains. Hámor (1985) described its upper, 
regressive portion as Becske Formation.

Nannoplankton: Poorly studied. The few data show a concordance 
with the nannoplankton of the Mány Formation (Báldi—Веке 1977, 
1984).

Other fossils: foraminiferas (Horváth 1980); molluscs (Báldi 1973).
Biozonation: It belongs to the NP 24 — 25 nannoplankton zones wit­

hout any more detailed division.

References:
Argile á Helix de Mohora Ll. S. I. p. 339
Kovacovi Formáció, Báldi 1983. p. 93
Kovacov Sands, Báldi 1986. p. 39
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8. Törökbálint Sandstone
Nearshore and littoral sands and sandstones extending from the Buda 

Mountains through the Pilis up to the Cserhát. West to the Buda-line its 
upper portion contains some brackish-water interbeddings and it is cut by 
an erosional unconformity. East to the Buda-line it is conformly overlain 
by the Budafok Sand of Early Miocene age.

Nannoplankton: The cosmopolitan (Goccoliihus pelagicus, Reticulo- 
fenestra bisecta, Cyclicargolithus floridanus) and the nearshore species 
(Discolithina enormis, Discolithina latelliptica, Braarudosphaera bigelowi) 
are common. In the uppermost part of the formation also Helicopontospha- 
era carteri appears.

Other fossils: foraminifera (Horváth 1980); molluscs (Báldi 1973).
Biozonation: The formation can be placed into the NP 24 — 25 nan­

noplankton zone. The Törökbálint Sandstone may overlap the Oligocene/ 
Miocene boundary and extends into the NN 1 zone according to Báldi — 
Веке (see Budafok —2 borehole in Báldi et al. 1973).

References:
Sable ä Pectoncles L. S. I. p. 403
Törökbálinti Formáció, Báldi 1983 p. 93
Törökbálint Sands, Báldi 1986.

9. Eger Formation
It lays conformly on the Kiscell Clay at the southern and eastern mar­

gin of the Bükk Mountains. Its typical rock-variant is the deep-sublittoral 
clayey marl, whose upward transition contains several silty and sandy in­
tercalations. The stratigraphical column terminates in a brackish-water 
series. A characteristic variation of the Eger Formation is the Novaj Mem­
ber consisting of clay, marl, limestone and glauconitic sandstone beds with 
larger foraminiferas.

Nannoplankton: The rich marine nannoplankton of the Eger Forma­
tion was described by Báldi —Веке (1975, Báldi —Beke et Báldi 1974, 
and in: Báldi et al. 1975). In addition to the abundant placoliths some 
sphenoliths ( Sphenolithus ciperoensis) and helicosphaerids (Helicopontos- 
phaera carteri) occur too. Typical elements of the nannofloras are the 
reworked specimens from Cretaceous and older Paleogene beds. The upper, 
brackishwater portion of the formation contains no nannofossils.

Other fossils: foraminiferas (Horváth 1980); larger foraminiferas 
(Báldi et al. 1961); molluscs (Báldi 1966, 1973, Báldi —Beke et Báldi 
1974.

Biozonation: The Eger Molluscan Clay, the brackish-water overlying 
strata and the Novaj Member all belong uniformly to the upper part of 
zone NP 24 and to the lower part of zone NP 25. The formation does not 
overlap the Oligocene/Miocene boundary. Horváth (1980) determined it 
as belonging to the Globorotalia opima opima zone. Drooger (in Báldi 
2*
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et al. 1961) described the larger foraminifera species Miogypsina septentrio- 
nalis from the Novaj Member.

References:
Couches de Demjén^epid icyclina and Helerostegina bearing

beds = Novaj Member)L. S. I. p. 176
Egri Formáció, Báldi 1983. p. 94
Eger Formation, Báldi 1986. p. 49

10. Szécsény Schlier
This 400 — 800 m thick neritic formation is located at the northern 

margin of the Cserhát, Mátra and Bükk Mountains. Its most typical rock­
variation is the sandy-clayey silt. It lays conformly on the Kiscell Clay, and 
it is covered by Lower Miocene sandstones.

The Szécsény Schlier is very similar to the Putnok Schlier formation, 
also their depositional times show an overlap. However is has not been 
proved, that there would be any connection between the two rock bodies.

Nannoplankton: In contrary to its hemipelagic, pelitic character, the 
Szécsény Schlier is relatively poor in nannofossils. Its typical placoliths 
are Coccolithus pelagicus, C^clicargolithus floridanus, Beticulofenestra bisecta 
(only in the deeper portion of the formation), Cyclococcolith/us leptoporus^in 
the higher portion of the formation). Common elements of the nannofloras 
are Helicopontosphaera carteri, Discolithina latelliptica, Sphenoliihus mori- 
formis. The discoasteroids are rare, for example Discoaster trinidadensis, 
Discoaster lidzii, Discoaster druggii (see Horváth et Nagymarost 1979).

Other fossils: The foraminifera faunas consist mainly of agglutinated 
forms (see Horváth 1972); the typical mollusc fauna of the schlier is 
comprehensively described by Báldi (1973).

Biozonation: The lower member of the formation belongs probably 
to the NP 24 — 25 zones, but this has been proved only in some isolated, 
point-like outcrops. Nagymarost (in Horváth andNAGTMAROST 1979) 
described NN 1 and 2 nannofloras from the upper member of the formation. 
The uppermost strata of the Szécsény Schlier underlying the Ipolytarnóc 
Footprinted Sandstone contain the species Sphenoliihus belemnos in a rela­
tively great abundance, thus their age must be NN 3.

References:
Schlier á Bathysiphon L. S. I. p. 89
Parádi Slir, Báldi 1983. p. 98
Szécsényi Slir, Báldi 1986. p. 98
Szécsény Schlier, Báldi 1986. p. 43

11. Nádudvar Group
The flysch-belt extending at the northern margin of the Great Hun­

garian Plain is not well-studied from the point of view of nannoplankton 
stratigraphy. Some investigations were carried out from isolated drilling 
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core-materials and a few assemblages have been described from the zones 
NP 18 to NP 25 (Báldi —Beke et al. 1980). The sampling technique and 
the tectonized borehole profiles did not enable the continuous sampling and 
studying of the stratigraphic column.

References:
Formations ,,flyschoides” de Hajdúszoboszló —Tóalmás — Alesi L. S. I. 

p. 232

12. Paleogene beds in Buzsák and Táska
NP 22, 24 and 25 zone assemblages were found in the rocks from some 

boreholes of Buzsák and Táska, south to the lake Balaton. (Baldi—Веке 
1984). The paleogeographical and tectonical interpretation of these beds is 
very uncertain so far.

*

This paper does not deal with those geological formations of North- 
Hungary, whose age is not fixed by the geological literature uniformly in 
the Paleogene. Some authors give for them an age of Late Oligocene, others 
prefer the Early Miocene age. This paper supports the opinion, that all the 
following formations have a Neogene age. According to our investigations, 
the age of the overlying strata of the Bretka Limestone is NN 1. 
Pétervására Sandstone is NN 1—2, 
of the Budafok Sand is NN2, 
of the Putnok Schlier is NN 1—3.

No nannoplankton investigation was carried out on the Felsőnyárád 
Formation.

The exact position of these formations in the chronostratigraphic scale 
and in the Standard Nannoplankton zonation must be determined by a 
comprehensive research program in the future.
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Abstract

On the basis of our palynological results a complex reworking during the sedimentation 
process of the Yemen volcanics near Sana’a was established. As regards the geological age, 
the sporomorphs may be grouped as follows: 1. Upper Cretaceous types, 2. Forms, which may 
occur in the Upper Cretaceous, but are mostly characteristic for the Lower Tertiary layers, 
3. Tertiary, mostly Neogene sporomorphs, 4. Pliocene or Plio-Pleistocene forms. In this way 
the age of the continental intercalated sediments are Upper Neogene, probably Plio-Pleisto­
cene. From palaeophytogeographical point of view some so-called European Upper Senonian 
and Tertiary taxa (Normapolles, saccate gymnosperm pollen grains) are worth of mention­
ing.

Introduction

The palynological investigation was carried out on seven surface 
samples collected from the continental sediments intercalated in the Yemen 
volcanics. The studied section is located about 4 km of Sana’a, along the 
Sana’a-Wadi Zahr asphaltic road (Fig. 1).

Stratigraphically, at the end of the Paleocene Epoch, series of volcanic 
tuffs and lavas of different composition have been formed covering the 
whole of the intensive eroded surface of the Medj-Zir Formation. These 
volcanic rocks, covering about a quarter of the whole Yemen, are known 
as Yemen volcanics (Grolier and Overstreet, 1976). The Yemen volca­
nics are considered the most characteristic of the country. Indeed, almost 
the whole of the central and southern plateau of Yemen consist mainly of 
rocks related to these volcanics.

The Yemen volcanics are made up mainly of lava flows alternated with 
basalt, andesite, trachyte and varicoloured tuffs, with maximum thickness 
reaching about 1200 m (Geukens, 1966).

During the period in which these Yemen volcanics formed there were 
intervals during which series of continental sediments have been formed. 
These sediments, attaining a thickness of a few meters, consist mainly of 
fresh water shales and clays, fossiliferous in parts and sometimes contain 
bitumenous beds and plant remains. In some places these sediments are 
formed of paleosol, generally lateritic. These intercalated sediments are
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Fig. 1. Geological map of the area NW of Sana’a showing the location of the studied section

fossiliferous with fresh water gastropods, pelecypods and ostracods sug­
gesting Oligocene-Miocene age (Morris, of the Arabian American Oil Co., 
Geukens, 1966). The Yemen volcanics probably started toward the end 
of the Cretaceous but become more intense and extensive during the Terti­
ary (Geukens, 1966).

The present work is devoted to determining, as far as possible, the 
exact stratigraphic position 6f these volcanics on the basis of the microflo­
ral contents encountered in the intercalated sediments.

Material and Methods

The section under study, measures 2.25 m and consists mainly of red­
dish, yellowish and greyish scales, mudstones and massive kaolinitic clay­
stone, fossiliferous with fresh water lamellibranchs, gastropods and plant 
remains (Fig. 2.). The preparation of the samples followed the method pub-
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Basalt, porphyry

Mudstone, compact, dark grey

Claystone, kaolinitic

Shale, reddish brown, fossiliferous

Mudstone, reddish brown

Shale, variegated, with white streaks

Basalt, weathered

Basalt porphyry

base unexposed

Fig. 2. Columnar section of the intercalated series

lished by Kedves (1986). In this way the material was soaked in water 
for 24 hours. The treatment is made with HC1, when the piece of sediment 
becomes completely homogeneous it was washed with water. The material 
was centrifuged, then the organic material separated by ZnCl2 solution of 
1.89 to 2 specific weight. The ZnCl2 solution comprising the organic matter 
is thoroughly washed after being strongly diluted. Finally the material is 
treated with HF, after washing the organic material was mounted in gly­
cerine jelly hydrated in 39.6%. The slides are deposited in the collection 
of the Department of Botany, J. A. University, Szeged, Hungary.
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PLATE 1.

Fig. 1. Botryococcus braunii Kütz. slide: J —2 —5; cross-table number: 8.4/106.3.
Fig. 2. Botryococcus braunii Kutz., slide: J—3 — 3; cross-table number: 5.3/108.7.
Fig. 3. Conidiophora and conidia, slide: J —5—14; cross-table number: 16.3/110.4.
Figs. 4, 5. Favoisporis concavus E. Nagy 1963, slide: J —4— 7; cross-table number: 5.0/104.1.
Fig. 6. Branderíburgisporis tenera W. Kb. 1962, slide: J —2 —5; cross-table number: 15.0/ 

112.7.
Figs. 7, 8. Pityosporites labdacus (R. Pot. 1931b) Th. et Pf. 1953 subfsp. labdacus, Abieta- 

ceae, Pinus, slide: J — 2— 14; cross-table-number: 15.0/112.7.
Figs. 9, 10. Pityosporites longus (E. Nagy 1985) n. comb., slide: J —3—1; cross-table num­

ber: 8.6/112.6.
Fig. 11. Piceapollenites tobolicus (Panova 1966) E. Nagy 1985, slide: J —2 —20; cross-table 

number: 19.4/101.3.
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PLATE 2.

Fig. 1. Piceapollenites tobolicus (Panova 1966) E. Nagy 1985, slide: J—2 —20; cross-table 
number: 19.4/101.3.

Figs. 2, 3. Cupressacites hiatipites (Woduh. 1933) W. Kb. 1971, Taxodiaceae v. Cupressaceae, 
slide: J —2—19; cross-table number: 12.7/107.8.

Figs. 4, 5. Cycadopites cycadioides (Zakl. 1957) Kds. 1968, Cycadaceae, slide: J—3—14; 
cross-table number: 13.1/109.9.

Figs. 6, 7. Cupuliferoidaepollenites liblarensis (Thoms., in Pot., Thoms, et Thierg. 1950) 
R. Pot. 1960, Fagaceae v. Leguminosae, slide: J —2 —13; cross-table number: 3.5/115.4.
Figs. 8, 9. Cupuliferoidaepollenites liblarensis (Thoms., in Pot., Thoms, et Thiebg. 1950) 
R. Pot. 1960, Fagaceae v. Leguminosae, slide: J —2 —13; cross-table number: 3.5/115.4.
Figs. 10, 11. Scdbratricolpites hungaricus Kds. 1978, slide: J —2 —12; cross-table number: 

7.5/102.6.
Figs. 12, 13. Scabratricolpites hungaricus Kds. 1978, slide: J —2—14; cross-table number: 

12.3/119.0.
Figs. 14, 15. Cupuliferoipollenites pusillus (R. Pot. 1934) R. Pot. 1960, Fagaceae, slide: 

J —2—17; cross-table number: 20.2/116.6.
Figs. 16, 17. Cupuliferoipollenites pusillus (R. Pot. 1934) R. Pot. 1960, Fagaceae, slide: 

J—3 — 14; cross-table number: 17.1/107.4.
Figs. 18, 19. Fususpollenites fusus (R. Pot. 1934) Kds. 1978, slide: J—2—16; cross-table 

number: 16.8/108.2.
Figs. 20, 21. Striatricolporites sóié de portai (Kds. 1965) Kds. 1978, Fabaceae, slide: J — 3 —10; 

cross-table number: 15.4/115.4.
Figs. 22, 23. Semioculopollis croxtonae Kds. 1979, slide: J—2 —21; cross-table number : 

20.7/103.7.
Figs. 24, 25. Engelhardtioidites microcoryphaeus (R. Pot. 1931a) R. Pot. slide: J —3 — 16; 

cross-table number: 15.3/101.7.
Figs. 26, 27. Cf. Normapolles gen. et sp. indet., slide: J — 4 — 3; cross-table number: 

2.9/117.3.
Figs. 28, 29. Labraferoidaepollenites neerlandicus (Kds. et Herngb. 1980) n. comb., slide: 

J —4—6; cross-table number: 15.5/106.7.
Figs. 30, 31. Labraferoidaepollenites neerlandicus (Kds. et Herngb. 1980) n. comb., slide: 

J—4 —18; cross-table number: 10.9/107.4.
Figs. 32, 33. Graminidites neogenicus W. Kb. 1970, Gramineae, slide: J —2 —13, cross-table 

number: 9.5/112.3.

3 ANNALES — Sectio Geologica — Tomas XXVIII.
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PLATE 3.

Figs. 1, 2. Plantaginacearumpollis miocaenicus E. Nagy 1963, Plantaginaceae, slide: J —2 — 
21; cross-table number: 8.9/106.5.

Figs. 3, 4. Intratriporopottenites insculptus Mai 1961, Tiliaceae, slide: J —3—15; cross-table 
number: 5.9/117.8.

Figs. 5, 6. Trivestibulopollenites betuloides Pp. 1953, Betulaceae, Betula, slide: J —3 — 1; 
cross-table number: 16.8/107.7.

Figs. 7, 8. Chenopodiipollis krutzschii Kds. 1981, Chenopodiaceae, slide: J —2 —8; cross­
table number: 6.1/116.6.

Figs. 9, 10. Caryophyllidites barakatii Kds. 1981. 1981, Caryophyllaceae, slide: J—2 —5; 
cross-table number: 21.2/103.3.

Figs. 11, 12. Tubulifloridites macroechinatus (Tbev. 1967) E. Nagy 1985, Compositae, slide: 
J —3 — 17; cross-table number: 7.9/102.6.

Fig. 13. Gymnosperm secondary wood remnant, slide: J—3 — 13; cross-table number: 
9.9/103.7.

Fig. 14. Burnt epidermis, with Gramineae-type stoma, slide: J —5 — 13; cross-table number: 
15.0/102.7.

Fig. 15. Burnt epidermis, with Gramineae-type stoma, slide: J —5— 14; cross-table number: 
19.8/115.4.

Fig. 16. Chitinous Foraminiferae shell, slide: J —2—13; cross-table number: 15.7/108.7.

3*
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Results

In general, the samples are not rich in sporomorphs. The qualitative 
the following groups:data may be summarized ip

1. From ecological point of view the following is important: 
Botryococcus braunii Kütz (Plate 1. figs. 1,2)
Conidiophora and conidia resembling to those of recent Botrytis

cinerea (Plate 1, fig. 3) 
Chitinous Foramini

The importance of the
ferae shells (Plate 3, fig. 16)
Botryococcus, which is a peculiar algue type was 

emphasized in several publications. The oil shale was formed from the rem-
nants of the colonies of this algue. Its ecologic claim is well know, may cor­
respond to the water of the vulcanic crater lakes. It must be emphasized
that these microfossils may also be reworked. Worth of mentioning are the
ТЕМ results of the Upper Tertiary colonies, and the experimental studies of 
the molecular structure of the wall (Kedves, 1983, and in print). The mor- 
photype of conidiophora with conidia, which occurred in our material. 
(Plate 1, fig. 3) was observed during our researches (Kedves and KÖR- 
möczi, 1985) on the microfossil and some selected inorganic element con­
tent of the Holocene mud of the Lake Vadkert (Hungary). We have estab­
lished that when these fungous remnants occur in a huge mass, the spore­
pollen and the other kind qf plant microfossils are in general strongly des­
troyed. Later, these forms iwere observed in several pre-Quaternary spore­
pollen assemblages, e. g. in the Maestrichtian of Northern Spain; De 
Porta, Kedves, Sole de Porta and Cívis (1985), and in the Paleozoic 
sediments of Ófalu, Hungary; Szederkényi and Kedves (unpublished). 
The chitinous shells of Foraminiferae (Plate 3, fig. 16) refer to salt water 
condition.

2. Upper Cretaceous angiosperm pollen types
Semioculopollis croMonae Kds. 1979 (Plate 2, figs. 22,23) 
Cf. Normapolles gen. et sp. indet. (Plate 2, figs. 26,27) 
Labraferoidaepollenites neerlandicus (Kds. et Herngr. 1980) n. 

comb. (Plate 2, figs. 28—31)
Basionym: 1980, Kedves and Herngreen, Triatriopoltenites neerlandicus 

n. fsp., p. 533, plate XIV, figs. 25, 26.
These, few early angiosperm pollen types were described and found in the 
European Maestrichtian (Netherlands) and Lower Danian, Fish Clay For­
mation (Denmark) layers.

3. Mostly Lower Tettiary sporomorphs, which may occur in the 
Upper Cretaceous sediments too

Cycadopites cycadioides (Zakl. 1957) Kds. 1968, Cycadaceae 
(Plate 2, figs, 4, 5)

Gupuliferoidaepollenites liblarensis (Thoms, in Pot., Thoms, et 
Thierg. 1950) R. Pot. 1960, Fagaceae v. Leguminosae (Plate 2, figs. 6 — 9)
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Scabratricolpites hungaricus Kds. 1978 (Plate 2, figs. 10 — 13)
Cupuliferoidaepollenites pusillus (R. Pot. 1934) R. Pot. 1960, 

Fagaceae (Plate 2, figs. 14 — 17)
Fususpollenites fusus (R. Pot. 1934) Kds. 1978 (Plate 2, figs, 

18,19)
Striatricolporites sóié de portai (Kds. 1965) Kds. 1978, Fabaceae 

(Plate 2, figs, 20, 21)

4. Tertiary, mostly Neogene sporomorphs
Favoisporis concavus E. Nagy 1963a (Plate 1, figs. 4, 5)
Brandenburgisporis tenera W. Kb. 1962 (Plate 1, fig. 6)
Cupressacites hiatipites (Wodeh. 1933) W. Ke. 1971, Taxodiaceae 

v. Cupressaceae (Plate 2, figs, 2, 3)
Pityosporites labdacus (R. Pot. 1931b) Th. et Pf. 1953 subfsp. 

labdacus, Abietaceae, Pinus (Plate 1, figs. 7, 8)
Pityosporites longus (E. Nagy 1985) n. comb. (Plate 1. figs, 9, 10) 

Basionym: 1985, E. Nagy, Pinuspollenites longus n. sp., p. 129/130, plate
LVIII. figs. 2-6.
Piceapollenites tobolicus (Panova 1966) E. Nagy 1985 (Plate 1, fig. 

11, plate 2, fig. 1)
Engelhardtioidites microcoryphaeus (R. Pot. 1931a) R. Pot. 1960 

(Plate 2, figs. 24, 25)
Plantaginacearumpollis miocaenicus E. Nagy 1963b, Plantagina- 

ceae, Plantago (Plate 3, figs. 1, 2)
Intratriporollenites insculptus Mai 1961, Tiliaceae (Plate 3, figs. 

3,4)
Trivestibulopollenites betuloides Pf. 1953, Betulaceae, Betula (Plate 

3, figs. 5, 6)
Graminidites neogenicus W. Ke. 1970, Gramineae (Plate 2, figs. 

32, 33)

5. Pliocene or Plio-Pleistocene forms
Chenopodiipollis krutzschii Kds. 1981, Chenopodiaceae (Plate 3, 

figs. 7, 8)
Caryophyllidites barakatii Kds. 1981 (Plate 3, figs. 9, 10)
Tubulifloridites macroechinatus (Teev. 1967) E. Nagy 1985 (Plate 

3, figs. 11, 12)

6. Plant tissue remnants
Gymnosperm secondary wood remnant, tracheids with developed 

type pits (Plate 3, fig. 13)
Burnt epidermis, with Gramineae-type stoma (Plate 3, figs. 14, 15) 

On the basis of the quantitative data we can establish the following: 
It is well shown in fig. 3 that the lower part of the sediments studied 

is relatively rich in sporomorphs. In samples № 7 and 5, there are Norma-
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ш -Botryococcus braunii

I -conidia I

-Foraminiferae

-Semioculopoll. croxtonae

-Cf. Normapolles

-Labraferoidaepoll. neerlandicus

-Cycadopites cycadioides 

-Cupuliferoidaepoll. liblarensis 

-Scabratricolpites hungaricus 

-Cupuliferoipoll. pusillus 

-Fususpoll. fusus

-Striatricolporites sole de portai

-Favoisporis concavus 

-Brandenburgisporis tenera 

- Cupressacites hiatipites 

-Pityosporites labdacus 

-Pityosporites longus 

-Piceapoll. tobolicus
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-Intratriporopoll. insculptus 

-Trivestibulopoll. betuloides 

-Graminidites neogenicus 

-Chenopodiipoll. krutzschii 

-Caryophyllidites barakatii 

-Tubuliforidites macroechinatus

м -burnt wood remnants

-Gymnosperm wood remnants

-Gramineae - type epidermis

abc

Fig. 3. Diagram of the plant microfossils, a = rare, b = common, c = dominant 
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polles taxa, referring without doubt to an Upper Cretaceous reworking. 
In the lowest sample (No 7) occur only chitinous Foraminiferae shells too, 
indicating that one part of the rebedded sediments was of marine origin. 
The so-called old Tertiary pollen grains with relative abundance of Lon- 
gaxones indicate a semiterrestrial swamp ecology. For the Neogene mate­
rial we can suppose a Cupressaceae-Pteridophyta swamp ecology, with 
Gramineae, and on the highland Gymnosperm wood with Pinus and Picea. 
The few, young Tertiary or Pliocene-Pleistocene angiosperm pollen grains, 
of the Chenopodiaceae, Caryophyllaceae and Compositae, refer firstly to an 
ingression of the coastal swamp. It seems that the tissue remnants, in 
particular the epidermis of Gramineae-type stoma, and the secondary wood 
remnants with modern pitting are important in the determination of the 
age of the intercalated sediments. The microfossil content of sample No 6 
is essentially the same, only the lack of the Normapolles is worthy of men­
tion. In sample No 4 there are very few plant microfossils, the conidia are 
dominant, the Gramineae-type epidermis refer only to an Upper Tertiary 
age. The samples of the upper part of the series of the sediments studied 
contain in a huge mass conidia, Botryococcus algue and very few pollen 
grains.

Discussion and conclusions

1. The plant microfossil assemblages of the studied samples of the 
Yemen volcanics intercalated series near Sana’a refer to an Upper Terti­
ary age, with reworking of different ages (Upper Cretaceous, Paleogene, 
Lower Neogene). From ecological point of view important microfossils e. g. 
the Botryococcus algue, and the chitinous shells of Foraminiferae may also 
be reworked. In connection with this we cite the pubheation of Wilson 
(1964), p. 432: “In the clays of the Mississippi River it is not uncommon to 
find marine microfossils along with spores and pollen of Pennsylvanian, 
Cretaceous, Tertiary and Recent plants.” It was pointed out in several 
publications, that the colour, and the preservation of the reworked forms 
are different, we have observed this phenomenon during our investigations, 
too.

2. The conidia and conidiophora which we have observed in general 
in a mass in our samples may be the remnants of Fungi, which degrade the 
organic remains.

3. The Normapolles and the greatest part of the Postnormapolles is 
characteristic for the European Senonian and Lower Tertiary layers. We 
must emphasize that our data are not enough for a final palaeophytogeog- 
raphical conclusion, but we can take into consideration the following; 
Kedves (1985), p. 124: “1. From a palaeophytogeographical point of view, 
in Senonian time, Madagascar is most important, because it is situated near 
three provinces (Aquilapollenites, Nothofagidites and Monocolpates). The­
refore, a peculiar mixed pollen flora may be presumed here. 2. Further inte­
resting areas, for palynological investigations: 2.1. Southern part of Ara­
bia ; question: is the genus Aquilapollenites present here together with the
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so-called Gondwana elements?” It seems, that the results of further in­
vestigations on the Cretaceous and Tertiary sediments of Yemen may be 
very interesting and important in palaeophytogeographical respect too.
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TITHONIAN AMMONITES (OPPELIIDAE, HAPLOCERATIDAE AND 
SIMOCERATIDAE) FROM THE TRANSDANUBIAN CENTRAL

RANGE, HUNGARY
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Abstract

Rich Upper Jurassic ammonite faunas have been collected recently from several pro­
files in the Transdanubian Central Range. The present paper gives the first results of the 
taxonomic work on these faunas from the Bakony Mts, the western part of this range. 
The Tithonian representatives of three families: Oppeliidae, Haploceratidae and Simocerati- 
dae are described as a first step in the systematic treatment of the ammonite faunas. Genera 
Semiformiceras (with 5 forms), N eochetoceras, Haploceras (9 species, inch one new: H. cassi­
ferum nov. sp.), Pseudolissoceras (with a single, new species: P. olorizi nov. sp.), Simoceras 
(with two species), Volanoceras (with 6 forms and a new, unnamed subgenus), Simolytoceras 
(with 3 forms, inch one new species: S. vighi nov. sp.) and Lytogyroceras (with two species) 
are described and figured. The morphological descriptions are completed with discussions on 
dimorphism, stratigraphic and paleogeographic distribution.

Introduction

The Upper Jurassic of the Transdanubian Central Range is very rich 
in fossils, especially in ammonites. The here studied and described material 
contains 2 specimens from the Kálvária Hill of Tata and from the Margit 
Hill of the Gerecse Mts., but the main sources of ammonites are Bakony 
Mountains localities: Rendkő, Eperkés Hill, Sümeg, Lókút Hill, Hárskút 
and Szilasárok. The latter four localities, which yielded the majority of the 
studied specimens, were described by Vigh (1984) and Főzy (1987, 
1988).

The collected huge material (several thousands of specimens) serves as 
basis for future monographic treatment. The aim of the studies is to reduce 
the difference now exists between the faunistic knowledge of the Lower, 
Middle and Upper Jurassic.

Working out the whole Upper Jurassic ammonite fauna of the Trans­
danubian Central Range, one may expect not only a precise biostrati- 
graphic subdivision of á wide temporal interval, but a paleobiogeographi- 
cally based paleoenvironmental reconstruction and an evolutionary evalu­
ation also.
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Systematic descriptions

The suprageneric categories are used in the system suggested by Do­
novan et al. (1981). The description of the majority of the taxa was or­
dered as follows:

Material. All mention ad or figured specimens are deposited in the col-
lections of the Hungarian Geological Survey (Budapest), inventory num­
bers refer to this collection.

Measurements. The majority of the material consits of poorly-preser- 
ved, fragmentary spécimé 
certain (marked with

ns, thus the measurements are occasionally un- 
) or incomplete in several cases. The numbers

refer to the following dimensions: diameter; whorl-height; whorl-width
and umbilical width; the 
Whorl-height means the

i last three in the percentage of the diameter, 
value of the vertical projection of the height.

Height and width in the ribbed Simoceratids refer to parameters measured 
between the ribs. All measurements (or the first ones in the cases of more 
than one measurements or the same specimens) refer to dimensions measu­
red at the maximal diameter of the specimen.

Description. Here the given taxon or occasionally a single specimen is 
described.

Remarks. Here comparison to related taxa or specimens are given.
Distribution. This paragraph gives both the stratigraphic and the geo­

graphic distributions of the taxon.
Dimorphism. Because of the incompleteness of the material and of 

some other factors, the identification of dimorphic pairs on the specific level 
would meet some difficulties. Thus the present work follows the solution 
suggested by Callomon (1969, p. 116) distinguishing micro- and macro­
conch forms on subgeneric level, where it is possible.

Order Ammonoidea Zittel, 1884
Subroder Ammonitina Hyatt, 1889
Superfamily Haplocerataceae Zittel, 1884
Family Oppeliidae Douvillé, 1890
Subfamily Streblitinae Spath, 1925

Genus Semiformiceras Spath, 1925
Type species. Ammonites Fallauxi Oppel, 1865, p. 547 by original de­

signation of Spath (1925, p. 115).
Diagnosis. Small size, more or less excentrically-coiled body chamber 

with deep ventral furrow, ventrolateral tubercules, from where ribs arise 
occasionally. All these features are strongly variable.

Observations. This genus unites forms which have been described un­
der the following names: S. darwini (Nehm.), S. semiforme (Opp.), S. gem- 
mellaroi (Zitt.), £. domoplfcata (Zitt.). Nevertheless, on the basis of Enay’s 
work (1983) on the infrasbecific variability of the Semiformiceras species, 
it seems sufficient to keep only three names, beacause the two forms des­
cribed by Zittel seem as Varieties of 5. fallauxi.
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Enay and Geyssant (1975), realising the stratigraphic significance 
of the Semiformiceras species, introduced a new zonation for the Mediter­
ranean Tithonian. As zonal indices, they suggested 8. darwini (then inclu­
ded into the genus Neochetoceras), S. semiforme and S. fallauxi.

The first to draw attention to the infraspecific variability of Semifor­
miceras was Olóriz (1978). Based on studies on the rich material from the 
Betic Cordilleras, he introduced three new subspecies.

Enay (1983) reviewed and treated the previously described species 
and subspecies within a comprehensive phylogenetic framework. He enlar­
ged the sphere of the related zonal indices, with ranging Neumayb’s 
“darwini” into the genus. As a result, Semiformiceras attained a distin- 
gished role in the biostratigraphy of the Tithonian.

Semiformiceras is an important element in the Hungarian faunas, 
too: Vigh (1984) recorded 8. fallauxi and S. semiforme from the Bakony 
Mts.

One should bear in mind, that this genus, despite its relatively rich 
documentation, poses also numerous unanswered questions. Especially in 
the light of Enay’s work (1983) it is curious, that the small S. gemmellaroi 
(a close ally of S. fallauxi) occurs in the base of the Semiforme Zone of 
the Rogoznik Beds (Ketek and Wierzbowski 1979, p. 201). Cecca et al. 
(1985) recorded a specimen very similar to 8. gemmellaroi from similar ho­
rizon in the Apennines. These latter authors regarded this “fallauxi- 
related” S. gemmellaroi, and the stratigraphic ally older form similar to 
the zonal index as two independent species. It is noteworthy, that a small­
sized, S. fallauxi — like ammo nite was found in a similar stratigraphic po­
sition in the Hárskút II. profile, Bed 62.

Occurrence. The genus is a characteristic element in the Mediterranean 
Lower and Middle Tithonian. S. darwini, S. semiforme and 8. fallauxi are 
consecutive indices of the respective zones.

Dimorphism. Semiformiceras comprises of microconch forms of a pro­
bably dimorphic group. This is suggested by the small size and the anomally 
coiled body chamber of the species. The macroconchs were supposedly 
found within the genus Neochetoceras by Enay (1983). It is noteworthy, that 
the Semiformiceras-be&ring beds of the Bakony profiles commonly yield 
Neochetoceras specimens, though unfortunately in bad preservation, so 
undeterminable.

Semiformiceras sp.
Text-figure 1.

Material. A single specimen (J —10867) from Bed 94 of the Szilasárok 
profile.

Description. The whorl-section, the rapidly flattened ribs arising at the 
umbilical seam, and the fine ventral crenulation of this fragmentary inter­
nal mould shows close similarity to the forms described by Donze and 
Enay (1961) as S. aff. semiforme. The Szilasárok ammonite shows addi­
tionally the very delicate ribbing confining to the outer lateral edge and the 
venter.
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Figwe 1. Semiformiceras sp. (J — 10807). 
Szilasárok, Bed 94. Semiforme Zone.

Semiformiceras semiforme (Oppel, 1865)
Plate I, figs. 1, 2, 3.

1865 Ammonites semiformis Opp. — Oppel, p. 547.
1870 Oppelia semifoimis Opp. — Zittel, p. 59, pl. 28, figs. 7, 8.

semiforme (Opp.) — Arkell, pl. 43, fig. 1.
aff. semiforme (Opp.) — Donze and Enay, p.

1956 Semiformiceras , 
non 1961 Semiformiceras ;

60, figs. 11-13.
1978 Semiformiceras'

Riz, pp. 68 — 74
1983 Semiformiceras
1984 Semiformiceras
1986 Semiformiceras
1987 Semiformiceras 
Material. Six interna 

Bakony profiles.

semiforme semiforme (Opp.) and subspp. — Oló- 
pl. 3, figs. 1—7.

semiforme (Opp.) — Enay, p. 120, figs. 3/5 — 14.
semiforme (Opp.) — Vigh, p. 143, pl. 1, fig. 6.
semiforme (Opp.) — Sarti, p. 494, pl. 1, fig. 7. 
semiforme (Opp.) — Eőzy, pl. 1, fig. 2 — 3.

[ casts (J-10867-J-10873; J-10171) from the

Measurements.
J —10871 ?61 ?31 (50.8) 10 (16.3)
J —10872 64 31 (48.4) 8 (12.5)
J-10869 73 35 (47.9) 10 (13.6)

Description. The specimens from Bed 59 of the Hárskút, Közöskút ra­
vine, profile II (J —1086S, J — 10870: Pl. I, fig. 1), with the conspicuously 
excentric coiling and tubercules on the body chamber resemble most clo­
sely the subspecies S. semiforme tuberosum Olóriz. One specimen shows a 
part of the crenulation on the venter of the phragmocone, which is so clearly
visible on the lectotype. Tt is conspicuous, that in the Hárskút specimens
the ventral furrow becomes unusually wide, and this resembles rather the 

ayr) than the narrow ventral groove of Zittel’sspecies S. darwini (Neum. 
species.

The here figured specimen (Pl. I, fig. 1), on the basis of its compara­
tively big size, more excei|itric coiling, may come from the lower or middle 
part of the biozone.
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The specimen from Bed 53 of the Szilasárok profile (Pl. I, fig. 2) is of 
medium-size and moderately excentric in coiling. The phragmocone is 
largely gone by dissolution. At the beginning of the body chamber, near 
to the ventrolateral margin, well-visible are the strong tubercules, the cha­
racteristic feature of the species. The ventral furrow is narrow. The flank of 
the body chamber is smooth, without tubercules or stronger ribs. The few 
tuberculelike swellings can be probably due to preservational causes. All 
these features indicate the upper part of the biozone.

The Sümeg profile also yielded several specimens of this species. 
However, the majority of the material is fragmentary. These S. semiforme 
specimens were metioned in the faunal lists of Vigh (1984), and he figured 
one example. This specimen (J —10171) is refigured here (Pl. I, fig. 3). 
This is a medium-sized form with moderately excentric coiling. Its features: 
sculpture, strong grooves on the flank of the body chamber are typical to 
S. semiforme (at least to the lectotype), thus indicate the middle part of the 
biozone.

Another Sümeg specimen (Pl. I, fig. 4) is closer to the subspecies tu­
berosum of Olóbiz.

Remarks. The specimens from the Bakony, similarly as those from the 
Subbetics, show great variability in coiling, sculpture and size.

Distribution. This species is the index form of the Semiforme Zone in 
the Mediterranean Tithonian.

Dimorphism. This species comprises of probable microconchiate 
forms.

Semiformiceras fallauxi (Oppel, 1865)
Plate, I, figs. 5 and 6

1865 Ammonites Fallauxi Opp. — Oppel, p. 547.
1870 Oppelia Fallauxi Opp. — Zittel, p. 179. pl. 28, figs. 4, 5 and 6.
1870 Oppelia Gemmellaroi Zitt. — Zittel, p. 180, pl. 28, figs. 10 and 11. 
1870 Oppelia domiplicata Zitt. — Zittel, p. 181, pl. 28, figs. 13 and 14. 
1890 Ammonites (Oppelia) Fallauxi Opp. — Toucas, p. 578, pl. 13, fig. 8. 
1928 Oppelia Gemmellaroi Zítt. — Blanchet, p. 270, pl. 1, fig. 3.
1976 Semiformiceras sp. ex gr. 5. fallauxi (Opp.) — Patbulius and Av- 

BAM, p. 18, pl. 9, fig. 5.
1978 Semiformiceras fallauxi (Opp.) — Olóbiz, p. 74, pl. 13, fig. 8.
1978 Semiformiceras gemmellaroi (Zitt.) — Olóbiz, p. 76, pl. 3, fig. 9. 
1983 Semiformiceras fallauxi (Opp.) — Enay, p. 120, figs. 3/14 — 20.

Material. A single, partly fragmentary specimen (J —10874) from the 
Sümeg profile.

Measurements.
J-10874 ?32 11 (34.3) 8 (25) 12 (37.5)
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Description. Vigh (1984) mentions several specimens of S. fallauxi in 
his faunal list from Sümeg. The here figured well-preserved but fragmentary 
specimen came also from his material. The swellings at the umbilical mar- 
gin and the arising ribs, as 
marginal tubercules are we

well as the external furrow and the elongated, 
1 visible.

Remarks. The specimen has a somewhat broader umbilicus as compa­
red to that on the forms figured by Zittel, and its size and sculpture re­
sembles the specimen of Tope as.

Distribution. The species is the index form of the Fallauxi Zone of the
Mediterranean Tithonian.

Dimorphism. This spéciies apparently unites microconchiate forms.

Semiformice.ras ci. fallauxi (Oppel, 1865)
Material. A single fragmentary specimen (J —10875) from Bed 54 of the 

Hárskút, Közöskút ravine profile II.
Remarks. The relatively big size, broad umbilicus and the lateral 

swellings of the specimen sr ggest the form described by Olóriz as subspe­
cies S. semiforme rotundus. 'The ventral part cannot be studied. The speci- 
men probably indicates the lowermost part of the biozone.

Genus Neochetoceras Spath, 1925
Type species. Ammonites steraspis Oppel, 1863, by original designation of 
Spath 1925, p. 115.

Neochetoceras div. sp.
Text-figs. 2, 3, 4 and 5.

Material. 12 badly-preserved, fragmentary specimens (J —10876 — 
J —10887) from the Bakony profiles.

Measurements.
J —10876 116 63 (54.3) - ?16 (?13.7)
J —10882 49 25 (51.0) - ? 8 (?16.3)

Remarks. The exceptionally fragile, thin shell of Neochetoceras may 
have been less resistant to mechanical effects, thus all collected specimens 
are very badly preserved, subsolved, fragmented. All are insufficient for 
closer determination. Nevertheless, these strongly oxycone shells are so 
characteristic elements in the Tithonian faunas, that their short descrip­
tion seems to be justified.

The single feature shown in numerous fragments is the whorl-section 
around the venter. Most common are forms with broadly flattened venter, 
with partial traces of the conella (Text-figs. 2 and 3). In some specimens the 
convergent, flat flanks meet in well-defined, marked keel (Text-fig. 4).
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Figure 2. N eochetoceras sp. (J —10876).
Cross-section. Lókút Hill, Bed 48. Middle 

Tithonian, (?) Fallauxi Zone.

1cm
I-------- 1

Figure 4. Neochetoceras sp. (J—10881).
Cross-section. Szilasárok, Bed 95.

Semiforme Zone.

Figure 3. Neochetoceras sp. (J—10878). 
Cross-section. Lókút Hill, Bed 26.

Microcanthum Zone.

Figure 5. Neochetoceras sp. (J — 10882). 
Cross-section, Szilasárok, Bed 99.

Semiforme Zone.

4 ANNALES — Sectio Geologica — Tomas XXVIII.
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In one small, but probably adult specimen the venter of the body 
chamber shows characteristic tricarination (Text-fig. 5). This is similar 
to that on N. steraspis forma mucronata of BercKhemer and Holder 
(1959, p. 106).

Distribution. Neochetoceras species are characteristic elements in 
the Mediterranean Tithonian (mainly in the lower and middle parts).

Dimorphism. Zeiss (1968) suggested infrageneric dimorphism in 
Neochetoceras. Enay (1983) assumed, that the macroconchiate Neocheto- 
ceras species are the pairs of microconchs ranged into the genus Semifor- 
miceras.

Family Haploceratidae Zittel, 1884
Genus Haploceras Zittel, 1868

Type species. Ammonites elimatus Oppel, 1865, by subsequent desig­
nation of Spath 1923, p.14.

Observations. Identifications of the related species is greatly hampered 
by wide variability, especially in faunas of great specimen number, where 
transitory forms with transitional size, whorl-section and coiling appear 
between species weith statistically well-established features. Additional 
problem is that the diffeilent Haploceras species of relatively simple mor­
phology show great similarity in their inner whorls, thus fragmentary speci­
mens are especially difficillt or impossible to identify specifically.

Because of its common occurrence, this group needs special attention. 
The Szilasárok ammonite (fauna of 3,500 specimens has 24%, while in the 
Hárskút, Közöskút ravine profile II the nearly 3,000 specimens has 30% 
representation of Haploceras. It is worth mentioning, that commonly only 
a single species, H. (H.) eiimatum shows extremely high dominance.

Occurrence. Haploceras and very close allies occur in the Mediterranean 
areas and in Mexico, Cuba, and in India.

The earliest Haploceras is probably H. toulai from the Lower Kimmer- 
idgian of Bulagria (Sapunov 1979, p. 44). The genus is known mainly 
from the Tithonian. Its Lower Tithonian representation is subordinate, but 
great quantities appear from the Semiforme Zone onwards. Haploceras 
evolved with moderate rate, with substage ranges of most species, however 
within the Tithonian somé forms are useful as stratigraphic tools.

Dimorphism. Several attempts have been made to demonstrate di­
morphism or establish dimorphic pairs in the species groups of Haploceras. 
Barthel (1962) suggested sexual dimorphism surprisingly between the 
species H. eiimatum and I/. staszycii. Patrulius and Avram (1976) in­
dicated that the microconchiate Neoglochiceras is the dimorphic pair of 
the genera Haploceras and Neolissoceras macroconchs. However, the name 
Neoglochiceras is an objective synonym, as pointed out by Enay and 
Cecca (1986, p. 49), and cannot be used in the interpretation of Patrulius 
and Avram.
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Enay and Cecca (1986) interpreted the 9 classic species and the here 
described H. (H.) cassiferum nov. sp. as macroconch and microconch forms 
of two species altogether. They applied (M) and (m) for dimorphs and they 
defined morphologically well-distinguished foms (earlierly species) with 
the word “morphe”.

In this present work the microconch Haploceras forms are treated — 
according to the rule of priority — under subgenus name Hypolissoceras 
Breistroffer, 1947, while the macroconchs are discussed in the nominate 
subgenus.

Subgenus Haploceras (Haploceras) Zittel, 1868

Remarks. This subgenus comprises the big, microconchiate species of 
Haploceras.

Haploceras (Haploceras) elimatum (Oppel, 1865)
Plate II, figs. 1 and 2, 3.; Text-fig. 6

1865 Ammonites elimatus Opp. — Oppel, p. 549.
1868 Ammonites elimatus Opp. — Zittel, p. 79, pl. 13, figs. 1 — 7.
1870 Haploceras elimatum Opp. — Zittel, p. 169, pl. 27, fig. 7.
1890 Haploceras elimatum Opp. — Toucas, p. 576, pl. 13, fig. 4.
1925 Haploceras elimatum Opp. — Spath, p. 153, pl. 1, fig. 1.
1960 Haploceras elimatum Opp. — Collignon, pl. 142, figs. 536 and 537.
1962 Haploceras elimatum Opp. — Barthel, p. 11, pl. 1, figs. 12 — 17.
1966 Haploceras elimatum Opp. — Pejo, p. 97, text-fig. 4.
1976 Haploceras elimatum Opp. — Vigh in Fülöp, p. 72, pl. 25, fig. 4.
1978 Haploceras elimatum Opp. — Olóriz, p. 12, pl. 1, figs. 2 and 3.
1979 Haploceras elimatum Opp. — Sapunov, p. 42, pl. 7, figs. 1 and 2.
1984 Haploceras elimatum Opp. — Rossi, p. 88, pl. 31, figs. 11 and 12.
1986 Haploceras (Haploceras) charactheis (M) (Z.) morphe elimatum — 

Enay and Cecca, pl. 4, figs. 1 — 5.
Material. 7 numbered (J—10888—J—10894) and several hundred 

unnumbered, mainly badly-preserved, thus uncertainly identified speci­
mens from the Bakony profiles.

Measurements.
J—10888 «117 «58 («49.5) — «23 («19.6)
J-10889 «134 «60 («44.7) 38 («28.3) «36 («26.8)
J-10893 73 34 (46.5) 22 (30.1) 14 (19.1)

Description. Large Haploceras with moderately narrow and not too 
deep umbilicus. The umbilical wall is low and steep, the ventrolateral edge 
is rounded and the venter is slightly arched. The whorls are compressed 
with oval whorl-section, the maximal thickness lies near the umbilical mar­
gin. The aperture is evenly arched, sinuous.

4*



Figure 6. Haploceras (Haploceras) elimatum (Oppel) (J —10889). 
Cross-section. Rendkő, a specimen collected from the loose material.

The shell is unsculptured, but some rare specimens show very weak, 
slightly curved rib-like elements on the upper part of the flanks of the body 
chamber. Fine growth-linqs are shown on the shell of some fairly preserved 
portions.

The suture-line is well-divided with developed, high first lateral saddle.
Remarks. The closest ally of H. (H.) elimatum is H. (H.) staszycii. 

On the basis of the who "1-section, however, the two species are usually 
easily distinguishable: the compressed whorls of H. (H.) elimatum are oval 
in section, while the other species has less-compressed, subquadrangulate 
whorls.

H. (H.) elimatum is distinguished from H. (H.) wohleri with its nar­
rower and smooth venter, while from H. (H.) cassiferum with the lack of the 
characteristic protrusion.

Distribution. This Oppel’s species is a very common form in the Medi­
terranean Tithonian. Accordingly, this is a very frequent element all in 
the Bakony profiles.

Dimorphism. The forms ranged into this species are macroconchs.
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Haploceras (Haploceras) staszycii (Zeuschner, 1846)
Text-fig. 7

1846 Ammonites Staszycii Z. — Zeüschner, pl. 4, fig. 3.
1868 Haploceras Staszycii Z. — Gemmellaro, p. 34, pl. 7, figs. 1—3.
1870 Haploceras Staszycii Z. — Zittel, p. 168, pl. 27, figs. 2 — 6.
1879 Haploceras Staszycii Z. — Fontannes, p. 11, pl. 2, fig. 4.
1960 Haploceras staszycii Z. — Collignon, pl. 142, fig. 539.
1976 Haploceras staszycii (Z.) — Himshiashvili, p. 67, pl. 2, fig. 2.
1978 Haploceras staszycii (Z.) — Olóriz, p. 15, pl. 1, fig. 1.
1979 Haploceras staszycii (Z.) — Sapitnov, p. 43, pl. 7, fig. 3.
1984 Haploceras staszycii (Z.) — Rossi, p. 89. pl. 31, fig. 8.
1986 Haploceras (Haploceras) carachtheis (M.) (Z.) morphe staszycii —

Enay and Cecca, pl. 4, fig. 2.
Material. A single numbered specimen (J —10895) from Bed 50 of
Hárskút, Közöskút ravine profile II, and some other fragments of 

unceratin identification.
Measurements.

J-10895 103 50 (48.5) 44 (42.7) 20 (19.4)
Description. Medium-sized forms with relatively narrow umbilicus 

and quadrangulate whorl-section.
Remarks. The “typical”, morphologically well-restricted H. (H.) 

staszycii is a rare ammonite. As is was suggested by previous authors, this 
species of Zeitschner shows transitions toward other, big Haploceras 
species. Most of the specimens figured in the literature are fragmentary or 
immature. Thus the specific interpretation is uncertainly based.

For distinguishing H. (H.) staszycii from H. elimatum, H. tithonium 
and H. cassiferum, see the remarks of these species, respectively.

Distribution. This species, usually together with H. elimatum, is men­
tioned by several authors from the Mediterranean Tithonian.

Dimorphism. The species unites macroconch forms.

Haploceras (Haploceras) tithonium (Oppel, 1965)
Text-fig. 8

1865 Ammonites tithonius Opp. — Oppel, p. 549.
1868 Ammonites tithonius Opp. — Zittel, p. 82, pl. 14, figs. 1—3.
1976 Neolissoceras (?) tithonius (Opp.) — Vigh in Fülöp, p. 72, pl. 25, 

fig. 5.
1976 Haploceras tithonius Opp. — Himshiashvili, p. 67, pl. 2, fig. 1.
1978 Haploceras tithonium (Opp.) — Olóriz, p. 20, pl. 1, figs. 4 and 5.
1984 Haploceras tithonium perumbilicatum nov. ssp. — Vigh, p. 69, pl. 1, 

fig. 1.
Material. A single, badly preserved specimen (J —10896) from Bed 

42 of the Szilasárok profile.
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1 cm 
t--------- 1

Figure 7. Haploceras (Haploceras) staszycii (Zevsohneb) (J—10895).
Cross-section, Hárskút, Közöskút ravine, profile II, Bed 50. Fallauxi Zone.

Measurements.
J-10896 60 30 (50.0) 20 (33.3) ?7 (?11.6)

Description. The figured specimen is a wholly septate, slightly corro­
ded fragmentary internal mould. The umbilicus is narrow and shallow. 
The umbilical wall is low, without definite umbilical edge. The ventrola­
teral margin is rounded, the flanks are flattened. The whorl-section is 
compressed, nearly angular.

Remarks. H. tithonium is close to H. staszycii in its size and whorl­
section. This similarity wa| recognized also by Olóriz (1978) and Vigh 
(1984). Forms with whorl-söction and umbilical width transitional between 
the two species were described by Olóriz as Haploceras staszycii (Z.)
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1 cm 
I--------- 1

Figure 8. Haploceras (Haploceras) tithonium (Oppel) (J—10896). 
Cross-section. Szilasárok, Bed 42. Upper Tithonian.

transiens tithonium (Opp.), and by Vigh as Haploceras tithonium perum- 
bilicatum nov. ssp.

On the other hand, H. tithonium is close to forms ranged into the genus 
Neolissoceras Spath, 1923. This is why Kilian (1869, p. 644) mentioned an 
ammonite as Haploceras Grasi D’Orb. sp. tithonium Opp. sp. Blanchet 
(1928, p. 292), similarly, cited the species tithonium as a variety of the spe­
cies of D’Orbigny.

Distribution. This species is characteristic, but not too common in 
Mediterranean Tithonian faunas. The here figured specimen came from 
the Upper Tithonian of the Szilasárok profile.

Dimorphism. The species unites macroconch forms.

Haploceras (Haploceras) wohleri (Oppel, 1865)
Plate III, figs. 1 and 2; text-fig. 9

1865 Ammonites Wohleri Opp. — Oppel, p. 549.
1868 Ammonites Wöhleri Opp. — Zittel, p. 84, pl. 14, fig. 4.

Material. 4 specimens (J—10897—J—10899, J—10149) from the 
Hárskút 12, Eperkéshegy and Sümeg profiles.
Measurements.
J-10897
J-10898

105
130 64 (49.2)

36 (34.2) 
?54 (?41.5) ?26 (?20.0)

J-10899 146 70 (47.9) ?62 (?42.4) ?35 (?23.9)
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Figure 9. Haploceras (Haploceras) wohleri (Ofpbl) (J — 10899). 
Eperkéshegy, Bed 6. Lower Tithonian.

Description. This is the biggest Haploceras species. The umbilicus is 
narrow, moderately deep, the umbilical and ventrolateral margins are 
rounded. The lateral sides are slightly convex, the venter is arched. The 
whorl-section is compressed oval. The body chamber occupies more than 
the half of the last whorl. The venter of the last half whorl of the adult 
specimens is sculptured by characteristic ribs.

Remarks. This rare species has been not figured since Zittel (1868) 
and even its citations are scarce in the literature.

The Hárskút specimen (Pl. II, figs. 1 — 2), with its ribs on the external 
side of the body chamber and the outline of the aperture matches well the 
specimen from Stramberg. Whether the strong ribs are continuous down on 
the flanks (as on Zittel’s ammonite) cannot be decided because of the 
corrosion of the Hárskút specimen. On the other hand, the outline of the 
upper part of the aperture is clearly visible, with the elongated ventral and 
the deeply sinuous lateral part. The strong lappet shown on Zittel’s figure 
is only guessed. There are some conspicuous differences, too: the specimen 
from Stramberg is bigger, accordingly its body chamber is wider and its 
ventral ribbing is stronger.

The “typical appearance” (i. e. bigger size, wide venter) is better app­
roached by the specimen from the Eperkéshegy profile. However, these 
specimens, probably due to the lack of the shell and to subsolution, do not 
show the characteristic ventral ribs.
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Distribution. This species has been cited by Tone as (1890) from 
Ardéche, with Upper Tithonian — Lower Cretaceous ammonites. Olóriz 
(1978) described two specimens from the lower part of the Richteri Zone of 
the Sierra Gorda. Vigh (1984) mentioned numerous specimens from the 
Middle Tithonian of the Sümeg profile. The Hárskút specimen came from 
an Upper Tithonian assemblage, while the Eperkéshegy specimen was 
yielded by a bed ranged into the Lower Tithonian.

Dimorphism. The species comprises of macroconch forms.

Haploceras (Haploceras) cassiferum nov. sp.
Plate IV, figs. 1 and 2, Plate V, figs. 2 and 3, 

text-fig. 10

1978 Haploceras sp. 1. — Olóriz, p. 30, pl. 1, figs. 9 and 10.
1986 Haploceras (Volanites) verruciferum (Zittel) (M) — Enay and 

Cecca, p. 48, pl. 1, figs. 1 and 9.
Derivatio nominis: cassis (Lat.) = helmet; fero (Lat.) = to bear. The 

name refers to the protrusion appearing on the ventral termination of the 
adult body chamber.

Locus typicus: Lókút Hill, Transdanubian Central Range.
Stratum typicum: Bed 56 of Lower Tithonian age.
Diganosis: Relatively big and moderately evolute Haploceras with 

compressed, quadrangular whorls. Behind the adult aperture there is a 
strong ventral flare resembling that on H. (Hy.) verruciferum.

Material. Besides the holotype (J — 9672) there are two good and three 
poorly-preserved sapecimens from the Bakony profiles and from the Kál­
vária Hill of Tata (J —10900 —J—10903, J —8048).

Measurements.
J —9672 (Holotype) 102 ?45 (?44.1) ?36 (?35.2) ?23 (?22.5)
J-8048 105 45 (42.8) 32 (30.4) 26 (27.4)

83 38 (45.7) — 20 (24.0)
J-10900 100 42 (42.0) — 28 (28.0)
J-10901 102 43 (42.1) ?43 (?33.3) ?28 (?27.4)

Description. Big Haploceras with ca. 10 cm adult diameter. A modera­
tely evolute form, with excentrically coiled body chamber. The umbilicus 
is shallow, the umbilical wall is steep, leaning back inside, both on speci­
mens with shell and on the casts. The umbilical margin is rounded, the 
flanks are slightly convex, nearly flat, and meet the arched venter with 
rounded ventrolateral edge. The whorls are compressed, their section is 
quadrangular or trapezoidal.

The body chamber occupies about the half of the last whorl. At its 
termination, behind the aperture, there is a very characteristic ventral 
flare. This is clearly shown on the shelly specimen (see that from Tata, 
Pl. V, fig. 3) and on the internal cast as well. Following the flare, there is a
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Figure 10. Haploceras (Haploceras) cassiferum nov. sp. (J—10902). 
Cross-section. Hárskút, közöskút ravine, profile II, Bed 63. Darwini Zone.

moderately protruded extension with rounded margin. The lip-like rostrum 
— as far as it shown on the partly broken specimen — continues laterally 
in a slightly undulating apertural margin.

The internal moulds are completely smooth. The shelly specimen from 
Tata shows faint growth-lines.

The suture-line is strongly divided, as it is general in Haploceras. The 
first lateral saddle is highly elevated.

Remarks. This new species is similar to H. (Hy.) verruciferum: both 
have the terminal flare on the body chamber. However, H. (H.) cassiferum 
can be easily distinguished from Zittel’s species by the smaller size of this 
latter. The adult specimen^ with preapertural flare have ca. 60 mm maxi­
mal diameter in H. (Hy.)\ verruciferum, while this adult feature appears 
at ca. 100 mm diameter in H. (H.) cassiferum. The shape of the pre­
apertural flare is also different, and the whorl-section of the two species are 
also dissimilar. In this latter feature H. (H.) cassiferum is close to H. (H.) 
staszycii (Zebschner). Nevertheless, previously published data suggest, 
that Zeuschner’s species is more involute. The pre-apertural flare, as dis­
tinguishing feature needs further considerations. The original of Zeusch- 
ner is a relatively young specimen, so lacks the flare, an adult character. 
Zeitschner did not mention its presence in the description. This is the 
same with most of the subsequent authors (Kilian 1889, Del Campana

kelius 1916, Ramaccioni 1939, Donze and1905, Blaschke 1911, Je
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Enay 1961). Most figured specimens are young or incomplete — thus 
without flare. Only Zittel (1870) and Olóriz (1978) mentions, that 
Zeuschner’s species shows a weak protrusion behind the aperture. 
Olóriz (loc. cit., p. 33) even gave a drawing of this feature. However, it is 
probable, that the specimen figured as H. staszycii, similarly as that des­
cribed as H. sp. 1. by Olóriz, can be ranged into H. (H.) cassiferum.

The form described here as new species, was regarded by Enay and 
Cecoa (1986) as conspecific and macroconch of the verruciferum of Zittel. 
According to their studies, this “species” was separated even in the top­
most Darwini Zone. Those forms with pre-apertural flare are ranged by 
these authors into their subgenus Haploceras (Volanites).

Distribution. The holotype came from the Lower Tithonian of the Ló­
kút profile, other specimens were yielded by the Hárskút, Közöskút ra­
vine profile II, Beds 63 and 64, Darwini Zone.

The Haploceras sp. 1. specimens of Olóriz from the Subbetics came 
from the Lower Tithonian (upper Hybonotum Zone — basal Verruciferum 
Zone). According to the studies of Enay and Cecoa, who interpreted the 
species in wide sense, gave a distribution from the top of the Darwini 
Zone to the base of the Eallauxi Zone.

Dimorphism. H. (H.) cassiferum includes probably macroconch forms 
It is possible, that this new species is the dimorph pair of the microconchia- 
te H. (Hy.) verruciferum.

Subgenus Haploceras (Hypolissoceras) Breistroffer, 1947
Type species. Ammonites carachtheis Zeuschner, 1847, by original 

designation of Breistroffer.
Observations. This subgenus includes the microconch pairs of th 

macroconchiate Haploceras.

Haploceras (Hypolissoceras) carachtheis (Zeuschner, 1846)
Plate III, figs. 3 and 4

1846 Ammonites carachtheis Z. — Zeuschner, pl. 4, fig. 1.
1868 Ammonites carachtheis Z. — Zittel: p. 84, pl. 15, figs. 1 — 3.

? 1970 Ammonites carachtheis Z. var. subtilior Z. — Zittel, p. 172, pl. 
27, fig. 11.

1877 Ammonites (Haploceras) carachtheis Z. — Eavre, p. 24, pl. 3, 
fig. 5.

1879 Haploceras carachtheis Z. — Fontannes, p. 10, pl. 2, fig. 3.
1880 Ammonites (Haploceras) carachtheis Z. — Favre, p. 29, pl. 2, 

fig. 10.
? 1890 Haploceras carachtheis Z. — Toucas, p. 577, pl. 13, fig. 5, pl. 15, 

figs. 7 and 8.
? 1893 Haploceras carachtheis Z. — Retowski, p. 242, pl. 9, figs. 10 

and 11.
1939 Lissoceras carachtheis (Z.) — Ramaccioni, p. 196, pl. 13, fig. 13.
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1962

non 1970

1976

1978

1979

1983
non 1984

1984

Glochiceras carachththeis (Z.) — Barthel, p. 17, pl. 2, fig. 1—4, 
pl. 3, figs. 1 — 7.
Haploceras (Haploceras) carachtheis (Z.) — Bernoulli and 
Renz, p. 597, pl. 5, fig. 2.
Haploceras ( N eo^lochiceras ) carachtheis (Z.) — Patrulius and 
Avram, p. 168, pl. 3, fig. 8.
Glochiceras (Lin)ulaticeras ) carachtheis (Z.) — Olóriz, p. 124, 
pl. 10, figs. 6 — 8
Glochiceras (Glochiceras) carachthais (Z.) — Sapunov, p. 64, 
pl. 14, fig. 2.
“Haploceras” carachtheis (Z.) — Cecca et al., p. 114, pl. 1, fig. 3.
“Haploceras” carachtheis (Z. Z, — Rossi, p. 91, pl. 31, fig. 3.
Haploceras (Neoglochiceras ) carachtheis (Z.) — Vigh, pp. 145 
and 146.

1986 Haploceras (Haploceras) carachtheis (m) (Z) morphe carach­
theis — Enay and Cecca, p. 49, pl. 2, figs. 3 and 4, pl. 3, figs. 1, 
2, 10—14 (only)

Material. 6 numbered specimens (J —10904 —J —10909) and numerous 
fragments from the Bakony profiles.

Measurements.
J-10909 45 17 (37.4)

35 11 (31.4)
12 (26.6) 13 (28.8)

?10 (?28.5) 8 (22.8)

Description. Small to medium-sized species with 60 to 65 mm maximal 
diameter. The umbilicus is moderately wide and shallow. The umbilical 
wall is rather low and steep, with rounded umbilical margin towards the 
hardly convex, almost flat [flanks. The ventrolateral edge is rounded, the 
venter is slightly convex. Accordingly, the whorl-section is nearly rectan­
gular. More than half of tile last whorl is occupied by the body chamber. 
On the ventral side of the body chamber numerous folds appear, which 
are conspicuous on subsolved specimens only behind the aperture. In ex­
ceptional cases even the internal moulds show the aperture, which is very 
similar to that of the specimens figured by Zittel and Barthel. The ter­
minal ventral protrusion can be seen in several specimens, and occasio­
nally the lateral lappets are also indicated.

This is a rather variable species. Coiling, form of the umbilical margin 
and depression of the vender show some differences, which were noticed 
previously by Olóriz. However, those narrowly-umbilicated froms which 
were figured by Bernoull[ and Renz (1970) and Rossi (1984) are probab­
ly not conspecific.

Remarks. Except the [verruciferum group, all classic Haploceras spe­
cies have been regarded by Enay and Cecca (1986) as the macro- and 
microconchs and their infraspecific forms of a single species. Accordingly, 
the name of this so widely) interpreted species is H. carachtheis (Zeusch- 
ner), by priority.
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H. (Ну.) carachtheis is most closely allied to H. (Hy.) leiosoma. The 
adults of Zeuschner’s species, however, are well distinguished by their 
smaller size, narrower umbilicus and more oblique umbilical wall. Further 
difference is that H. (Hy.) carachtheis has more ventral folds.

Distribution. H. (Hy.) carachtheis is a characteristic element in Medi­
terranean Tithonian faunas. Accordingly, it occurs in all Bakony profiles.

Dimorphism. The group of Zeesohner’s species unites microconchiate 
forms, a fact suggested previously by other authors, too.

Haploceras (Hypolissoceras) leiosoma (Oppel, 1865)
Plate III, figs. 5, 6, 7, text-fig. 11

1865 Ammonites leiosoma Opp. — Oppel, p. 550.
1870 Ammonites leiosoma Opp. — Zittel, p. 86, pl. 14, figs. 5 and 6.
1890 Haploceras leiosoma Opp. — Toecas, p. 594, pl. 15, figs. 9 and 10.
1960 Haploceras leiosoma (Opp.) — Raileane et al., p. 17, pl. 6, fig. 16.
1978 “Haploceras” leiosoma (Opp.) — Olóriz, p. 29, text-fig. p. 33.
1986 Haploceras (Haploceras) carachtheis (m) (Z.) morphe leiosoma — 

Enay and Cecoa, pl. 2, fig. 9, pl. 3, figs. 3 — 5.
1986 Haploceras (Haploceras) carachtheis (m) (Z.) — Enay and Cecca, 

pl. 2, figs. 1, 8, pl. 3, fig. 6.
Material. Six numbered internal mould (one with partially preserved 

shell) (J —10910 —J—10915), and numerous uncertainly determined frag­
ments from the Bakony profiles.

Measurements.
J-10191 39 19 (48.7) 14 (35.8) 7 (17.9)

?32 17 (?53.1) 12 (?37.5) 6 (?18.7)
Description. Small form with 40 mm maximal diameter. The umbili­

cus is narrow, the umbilical wall is slightly oblique and rounds evenly into

1 cm
1-------- 1

Figure 11. Haploceras (Hypolissoceras) leiosoma (Oppel) (J—10910).
Cross-section. Hárskút, Közöskút ravine, profile II, Beds 45. Fallauxi Zone. 
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the completely flat latéra' side. The ventrolateral margin is rounded, the 
venter is almost flat. The whorls are higher then wide, their section is 
quadrangular. The extern anterior part of the body chamber in adult spe­
cimens bears some (10 to 12) fine ventral grooves, which are deepest in the 
middle of the venter. The folds between the grooves are hardly elevated 
above the periphery. One shelly specimen shows, that these folds are con­
tinued as slightly curved a ad weakening riblets onto the ventrolateral mar­
gin and somewhat beyond, The body chamber occupies about the terminal 
half of the last whorl.

Remarks. The closest ally of H. (Hy.) leiosoma is H. (Hy.) carachtheis. 
The differences are discussed above, in the description of this latter spe­
cies.

Distribution. H. (Hy.) leiosoma is a characteristic element in the Medi­
terranean Middle and Upper Tithonian. The Bakony specimens came from 
beds of Semiforme, Fallauxi, Ponti and Microcanthum Zone ages.

Dimorphism. This species includes microconch forms.

Haploceras (Hypolissoceras) rhinotomum Zittel, 1870 
Plate HI, figs 8 and 9, text-fig. 12.

1870 Haploceras rhinotomum Zitt. — Zittel, p. 171, pl. 28, fig. 1.
1928 Lissoceras rhinotomum Zitt. — Blanchet, p. 270, pl. 1, fig. 1.
1978 Haploceras rhinotomu m Zitt. — Olóbiz, p. 22, pl. 1, fig. 12.
1986 Haploceras (Haploce. 

Enay and Cecca, p.
■as) carachtheis (m) (Z.) morphe rhinotomum — 
51, pl. 2, fig. 6.

Material. Three fragmentary internal moulds (J—10916 —J—10919 
from the Hárskút, Közösk it ravine profile II.

Description. Each specimen is fragmentary body chamber of adult 
individuals, thus the periui 
flat, the ventral part is ro

mbilical parts cannot be studied. The flanks are 
unded. The whorls are compressed. On the ter­

minal part of the body chamber 5 to 6 strong, rectiradiate ventral folds 
appear. These folds are hardly elevated from the venter, and are separated

1 cm
I--------- (

Figure 12. Haploceras (Hypolissoceras) rhinotomum Zittel (J— 10918). 
Ventral folds appearing on the adult body chamber. Hárskút, Közöskút 

ravine, profile II, Bed 45. Fallauxi Zone.
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by deep grooves. Deepest grooves and strongest folds appear anteriorly, the 
folds gradually merge into the venter posteriorly.

Remarks. The ventral folds of the adults are so characteristic, that 
this is a solid base in distinguishing this species from the other congeneric 
forms.

Distribution. This species is a characteristic, but not too common ele­
ment in the Mediterranean province. Zittel (1870) and Blanchet (1928) 
and Toucas (1890) mentions this species from the Upper Tithonian, while 
Olóriz ranged his material into the “Admirandum — Biruncinatum Zo­
ne”. The Bakony specimens came from Beds 45 and 47, i. e. from the Fal- 
lauxi Zone of the Hárskút profile.

Dimorphism. The forms ranged into this species are microconchs.

Haploceras (Hypolissoceras ) verruciferum (Zittel, 1869)
Plate IV, figs. 3 and 4, Plate V, fig. 1, Pl. VI, figs. 3 to 6, 

text-figs. 13 and 14.
1869 Ammonites verruciferus Meneghini — Zittel, p. 145.
1870 Haploceras verruciferum Mgh. — Zittel, p. 52, pl. 27, figs. 

8-10.
1890 Haploceras verruciferum Mgh. — Toucas, p. 577, pl. 13, fig. 7.
1905 Haploceras verruciferum Mgh. — Del Campana, p. 46, pl. 1, 

figs. 10 and 11.
1939 Lissoceras verruciferum Mgh. — Ramaccioni, p. 197, pl. 13, 

fig- 14-
1978 Haploceras verruciferum Mgh. — Olóriz, p. 23, pl. 1, figs. 6 — 8.
1983 Haploceras verruciferum (Mgh.) in Zittel — Cecca et al., 

p. 116, pl. 1, fig. 4.
1984 Hapliceras verruciferum Mgh. — Rossi, p. 90, pl. 31, fig. 7. 

pars 1986 Haploceras (Volanites) verruciferum (Zittel) (m) — Enay 
and Cecca, p. 48, pl. 1, figs. 2 — 8, pl. 2, figs. 11 —15. (only)

1986 Haploceras verruciferum (Zitt.) — Sarti, p. 490, pl. 1, fig. 6.
1987 Haploceras verruciferum (Zitt.) — Fözy, pl. 2, fig. 4.

Observations. The first reference to this species is that of Zittel (in 
Benecke 1869, p. 145). His short description mentions, that one specimen 
of this characteristic species, kept in that time in the collections in Pisa, 
had been labelled as “Ammonites verruciferus” by Meneghini. On the 
label there was written — with the very apt name — some remarks only. 
The first published description and figures, maintaining the name given 
orginally by Meneghini, are those of Zittel. Consequently, he should be 
regarded as the author of the species.

Material. 23 numbered specimens (J—10919—J—10940, J —10210) 
and some further, fragmentary specimens from the Bakony profiles.
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Measurements
J-10210 43 13 (
J —10919 61 21 (

46 21 (
J-10920 64

51 20 (
J-10927 41 12 (
J-10933 62
J-10934 45 15 (
J-10935 68 22 (

54 21 (
J-10938 53 20 (

Description. Medium 
is 41 to 68 mm. The umbi 
is rounded. The whorls ar 
section. The usually some 
about 2/3 of the last wh 
matches well that on th'

30.2) ?12 (?27.9) ?16 (?37.2)
34.4) ?18 (?29.5) 20 (32.7)
45.6) ?16 (?34.7) 15 (32.6)

18 (28.1) 21 (32.8)
39.2) 16 (31.3) 17 (33.3)
^9.2) 12 (29.2) 13 (31.7)

22 (35.4) 22 (35.4)
33.3) ?12 (?26.6) 15 (33.3)
32.3) 18 (26.4) 21 (30.8)
38.8) ?16 (?29.6) 16 (29.6)
37.7) 16 (31.0) 22 (41.5)
-sized, rather evolute form. The adult diameter 
licus is broad and shallow, the umbilical margin 
з slightly higher than wide, with nearly angular 
vhat excentrically coiled body chamber occupies 
>rl. The aperture, seen rarely in internal casts, 
) specimens of Zittel. The very characteristic

Figure 13. Haploceras (Hypolissoceras) 
verrwiferum (Zittel) (J -L10920). 
Cross-section. Lókút Hill, Bed 53.

Semiforme Zone.

Figure 14. Haploceras (Hypolissoceras) 
verruciferum (Zittel) (J — 10933). 
Cross-section. Szilasárok, Bed 94.

Semiforme Zone.
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wart, or verruca on the external side of the end of the body chamber is 
shown by several specimens clearly. This small, 3 to 5 mm flare is protruded 
above the venter, it is slightly curved backward, then abruptly cut or gra­
dually slopes into the venter.

The suture-line is strongly divided, but cannot be traced exactly on 
the corroded internal casts.

Remarks. This species is easy to recognize but rather difficult to dis­
tinguish. The original figures of Zittel show two adult specimens of rather 
different size: the bigger is 65 mm, the smaller is 43 mm. The large mate­
rial of Olóriz, just as the Bakony specimens, shows variation within dis­
tant extremes, thus the species is rather variable.

Closest form to H. (Hy.) verruciferum is that described here as H. (H.) 
cassiferum nov. sp. However, Zittel’s species differs in smaller size and 
in the outline of the characteristic terminal flare on the body chamber.

Distribution. H. (Hy.) verruciferum is a characteristic element in 
Mediterranean Lower Tithonian faunas. The species is recorded from the 
whole Alp-Carpathian area. Being an easily recognizable and common form, 
which occurs in a well-defined horizon in the Lower Tithonian, Olóbiz 
(1978) choosed it as a zonal index. However, the Verruciferum Zone cor­
responds more or less to the previously introduced Semiforme Zone of 
Enay and Geyssant (1975). The priority of this latter name is not influ­
enced by the fact, that H. (H.) verruciferum is usually more common than 

semi for me in the fauna.
Dimorphism. Enay and Cecca (1986) described the forms of the H. 

verruciferum group as microconchs. According to these authors, the mac­
roconch pair is the form what described here as H. (H.) cassiferum nov. 
sp. The dimorphic relation of the two forms is quite reasonable.

Genus Pseudolissoceras Spath, 1925
Type species. Neumayria zitteli Burckhardt, 1903, by original de­

signation of Spath (1925, p. 113).
Occurrence. The genus is recorded outside the Mediterranean region, 

too. It is also known from Argentina, Cuba and Kurdistan.
Dimorphism. No dimorphism is proved within this genus.

Pseudolissoceras olorizi nov. sp.
Plate IV, figs. 1 and 2, text-fig. 15

Derivatio nominis: Referring to Dr. Eederico Olóriz, Spanish pale­
ontologist.

Locus typicus: Hárskút, Közöskút ravine, profile II, Bakony Moun­
tains, Transdanubian Central Range.

Stratum typicum: Bed 66, i. e. Middle Tithonian, Pálihálás Limestone 
Formation.
5 ANNALES — Sectio Geologica — Tomus XXVIII.
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Diagnosis: Medium-sized, rather evolute form. Ventral part in middle 
whorls is characteristically fastigate. Suture-line is Pseudolissoceras-type, 
but conspicuously reduced.

Material. The holotype (J—10941) and three additional fragmentary
0943, J-9769).specimens (J —10942, J — 1

Measurements.
J—10941 (Holotype) 89

61
J-10942 57

29 (32.5)
28 (45.9)
19 (33.3)

?32 (?35.9)
?22 (?36.0)

13 (22.8)

32 (35.9)
16 (26.2)
20 (35.0)

Description. A medium-sized form with relatively broad and shallow
wall is steep, but not too high. The umbilical 
ightly convex flanks. Maximal width is situated

umbilicus. The umbilical 
margin rounds into the sli
around the middle of the compressed whorls. The whorl-section is characte­
ristic: the venter is fastigate in the middle, and rounded on the outer 
whorls. The internal moulds do not show sculpture or growth-lines. The 
aperture is unknown. The holotype shows crowded last sutures. The slightly 
excentric body chamber occupies nearly the half of the last whorl. All these 
indicate adult, nearly complete specimen. On the middle whorl the first 
lateral lobe is clearly visible: it has characteristic, simply-serrated side. 
The periumbilical elements of the suture-lines are hardly discernible, be­
cause of subsolution.

Remarks. This new species is clearly distinguished from the P. rasile 
group [F. rasile (Oppel, 1865), P. planisulcum (Zittel, 1870), P. pseudo- 
olithicum (Haupt, 1907)]. These show subcircular whorl-section or rounded 
venter, while P. olorizi has relatively high, compressed, slightly convex 
whorls.

Figure 15. Pseudolissoceras olorizi nov. sp. (Holotype, J- 10904). Suture-line. Hárskút,
Közöskút ravine, profile II Bed 60. Lower Tithonian, (?) Hybonotum Zone.
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The species of the P. zitteli group [F. zitteli (Bubckhabdt, 1903), 
P. concorsi Donze et Enay, 1961, P. advena Spath, 1950, P. bavaricum 
Baethel, 1962] are similar in many characters. The relatively high whorl­
section is a common feature. However, P. olorizi is distinguished by its 
wider umbilicus and conspicuously fastigate middle whorls.

The suture-line of this new species is similar to that of P. bavaricum. 
This latter, however, has different, narrower whorl-section. The Bakony 
specimens ranged into the new species are very near to Pseudolissoceras sp. 
2. of Olóeiz (1978, pl. 2, fig. 4).

Distribution. The holotype came from Bed 66 (probably Hybonotum 
Zone) of the Hárskút, Közöskút ravine, profile II. Other specimens were 
yielded by Beds 106 and 93 (Hybonotum and Semiforme Zones) of the 
Szilasárok profile and Bed 54 of the Lókút Hill profile. Pseudolissoceras 
sp. 2 of Olóbiz came from the Verruciferum Zone.

Dimorphism. To trace the possible dimorphic nature of this form needs 
further studies.

Superfamily Perisphinctaceae Steinmann, 1890
Family Simoceratidae Spath, 1924

Observations. The name Simoceras was originally introduced by Zittel 
in 1870 for some Tithonian ammonites. Subsequently certain Kimmerid- 
gian forms from the several dozens of species ranged into this genus have 
been grouped into numerous newly designated genera. The same tendency 
can be followed in the case of the Tithonian forms. Thus the current Titho- 
cian genera of the family are as follows:
— Simoceras Zittel, 1870. Medium-sized, shallowly-umbilicated forms 
with oval whorl-section. The nucleus is ribbed, the middle and outer whorls 
have an umbilical and a ventrolateral tubercule-row, with denser tuber­
cules in the latter.
— Virgatosimoceras Spath, 1925. Medium-sized forms with subrectan- 
gular whorl-section. Ribbing is formed mainly by bifurcating ribs with 
intercalated simple or rarely trifurcating ones.
— Lytogyroceras Spath, 1925. Medium- and small-sized, extremely evolute 
forms with oval whorl-section. The inner whorls bear fine ribs fading out 
on the middle whorls.
— Simolytoceras Olóbiz, 1978. Medium-sized forms with oval whorl-sec­
tion, dense ribbing on the inner whorls, ribs and tubercules on the middle 
whorls and with smooth outer whorl.
— Baeticoceras Geyssant, Enay et Bhsnaeho, 1979. Medium- and 
big-sized, extremely evolute forms with quadrangular-trapezoidal whorl­
section. The shell is ribbed throughout, characteristic is the appearance of 
split, doubled ribs. The middle and outer whorls bear an umbilical tuber- 
cule row and an outer row of well-developed, clavus-like tubercules.
5*



68 I. FÖZY

— Volanoceras Geyssant, 1985. Middle- to big-sized forms with oval- 
quadrangular whorl-sectidn. The entirely ribbed shell shows an umbilical 
and a better developed ventrolateral tubercule-row throughout, from early 
ontogenetic stages.

Recently several works have been pulished on the stratigraphic and 
geographic distribution of Simoceras. The new results suggest, that the de­
tailed outlining of phylogenetic connections may help to arrange the seve-
ral arbitrary genera into a refined system of fewer categories.

Occurrence. The available data indicate, that the group forms a cha­
racteristic element in Mediterranean and Submediterranean faunas. Earliest 
Simoceratids appear in the Lower Tithonian (Darwini Zone, Santan- 
tonio 1985), and the last representatives are Baeticoceras described from 
the Upper Tithonian Microcanthum Zone. Phylogeny within the family 
seems to follow a trend of size increase and of reduction of dimorphic size 
ratio.

groups within the family show dimorphism:Dimorphism. Many _
Geyssant (1979) suggested the presence of dimorphic pairs within the 
genus Baeticoceras, while Santantonio (1985) recognized micro- and mac- 
roconchs in the species S.\aesiense and S. volanense.

Genus Volanoceras Geyssant, 1985
Type species. Ammonites Volanensis Oppel, 1869, by original desig­

nation of Geyssant 1985, p. 679.
Observations. As Geyssant (1985) pointed out, several uncertainties 

arised from the improper designation of Simoceras and its type. She res­
tricted the original Simoceras name to the S. biruncinatum — S. admiran­
dum group, and introduced generic name Volanoceras for the “8.” volanen­
se, “S.” schwertschlageri ajnd “S.” aesinense species.

Diagnosis. Medium-sized, widely-umbilicated forms with nearly 
rectangular whorl-sectioii. The inner whorls bear simple or bifurcating 
ribs, the middle and outer whorls have strong, radial, simple ribs with well- 
developed umbilical and ventrolateral tubercules. The umbilical tubercules 
are stronger than the outer ones. The whorls bear strong, slightly prorsira- 
diate constrictions. The aperture is probably simple, the suture-line is rat­
her simple, Simoceras-type.

Occurrence. The Volanoceras species are characteristic elements in 
Mediterranean and Submediterranean Lower and Middle Tithonian fau­
nas.

Dimorphism. The genus shows distinct dimorphism. Santantonio 
(1985) recognized microconch-macroconch pairs within the species “8.” 
volanense and “S.” aesinense. However, the specific pairing of dimorphs, 
especially in the case of poorly-preserved material, is uncertain. According­
ly, in this present work the larger (macroconchiate) forms are ranged into 
the nominate subgenus, while the small (microconchate) forms are grouped 
in Volanoceras nov. of subgeneric rank.
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Subgenus Volanoceras (Volanoceras) Geyssant, 1985 
Volanoceras (Volanoceras) volanense volanense (Oppel, 1863) 

Plate VII, figs. 1, 2 and 3, Plate VIII, fig. 2, text-fig. 16
1863 Ammonites Volanensis — Oppel, p. 231, pl. 58, fig. 2.

non 1870 Simoceras Volanense Opp. — Zittel, p. 213, pl. 32, fig. 7 (?synt- 
hetized drawing? — see Geyssant, 1985)

non 1870 Simoceras Volanense Opp. — Zittel, p. 213, pl. 32, figs 8 and 9 
[= probably V. (V.) magnum (Olóriz)]

? 1871 Simoceras Volanense Opp. — Gemmellaro, p. 40, pl. 9, fig. 5. 
non 1885 Simoceras Volanense Opp. — Meneghini, p. 376, pl. 20, fig. 9 

[ — V. (V.) aesinense (Ман.)]
non 1905 Simoceras Volanense Opp. — Del Campana, p. 110, pl. 6, 

fig. 9 j = V. (V.) magnum (Olóriz)]
non 1928 Simoceras aff. Volanense Opp. — Krantz, p. 13, pl. 3, fig. 7. 

(Probably different genus)
1939 Simoceras volanense Opp. — Ramaccioni, p. 231, pl. 58, fig. 2.

? 1942 Simoceras sp. juv. cf. S. volanense Opp. — Imlay, p. 1445, pl. 3, 
figs. 2 and 3.

? 1966 Simoceras aff. volanense Opp. — Linares and Vera, pl. 3, 
fig- 5.

non 1970 Simoceras of. volanense Opp. - Bernoulli and Renz, p. 600, 
pl. 6, figs. 4 — 6.

non 1973 Simoceras cf. /S'. volanense (Opp.) — Verma and Westermann, 
p. 196, pl. 32, fig. 2.

1978 Simoceras (S.) volanense volanense (Opp.) — Olóriz, p. 219, pl. 
20, fig. 5.

non 1983 Simoceras (S.) volanense (Opp.) — Cecca et al., p. 119, pl. 3, 
fig. 1 [ = V. (V.) aesinense (Май.)]

non 1984 Simoceras (S.) volanense (Opp.) — Rossi, p. 115, pl. 35, fig. 
12 [= V. (V.) aesinense (Mgh)]

1986 Simoceras volanense (Opp.) — Sarti, p. 508, pl. 6, fig. 7.
non 1987 Simoceras aff. volanense (Opp.) - Főzy, p. pl. 1, fig. 1 [ = V. (V.) 

aesinense (Mgh.)]
Material. Five fairly preserved specimens (J —10944 —J —10947, 

J —10206) and some additional fragments from the Trandsdanubian Cent­
ral Range.

Measurements.
J-10944 114 24 (21.0) ?18 (?15.7) 69 (60.5)

96 19 (19.7) — 59 (61.4)
91 18 (19.7) — 55 (60.4)

J-10206 62 12 (19.3) ?12 (?19.3) 39 (62.9)
Description. Medium-sized forms with wide umbilicus, and whorl­

section circular in the beginning and compressed-subangular later. The 
sculpture of the innermost whorls is a fine, dense, bifurcating ribbing, which
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becomes rarer, nearly radial with umbilical and ventrolateral tubercules 
in the middle and outer whorls. The rounded then longitudinally elongated 
outer tubercules appear earlier, while the later-appearing, somewhat wea- 
ker umbilical tubercules bow slight radial elongation. The whorls bear 
strong constrictions. The aperture is apparently simple. The suture-line is 
similar to that in other Volanoceras species, with wide external saddle and 
less-indented, rather narrow lateral lobe.

A well-preserved specimen (Pl. VII, figs. 1 — 3) from Bed 25 of the 
Hárskút, profile 12, though big (maximal diameter 114 mm), is immature,
because does not show sutiral crowding. Its suture line drawn at 97 mm 
diameter is shown in Text-fig. 16. An individual peculiarity is that the pro­
ximal part of the body chamber shows traces of a repaired shell damage on 
both the lateral and ventra 
are strongly corroded, thus

sides. Unfortunately the inner parts of the cast 
the contemporary sutures cannot be seen.

One specimen from the Sümeg profile (Pl. VIII, fig. 2) shows inner tu­
bercule row of gradual differentiation, and attains full development at ca. 
16 mm umbilical width. At about 28 mm umbilical width these umbilical 
tubercules appear on the lower third of the slightly convex flank. The inner 
tubercules remain weaker than the outer ones. The ribs between the tuber­
cules are slightly arched, prprsiradiate, and reach the umbilical seam.

Remarks. This Oppel; species, as a characteristic form in Tithonian 
faunas is commonly recorded from Mediterranean areas. Nevertheless, con­
cerning this classic species, and especially its stratigraphic distribution, 
numerous problems arise. ^Explanation was needed to interpret the fact, 
that this species, member (l>f a rapidly evolving group, “diappears” at the 
end of the Middle Tithonidn Semiforme Zone, and “reappears” and beco­
mes relatively common again one zone later. The solution, as it was sugges­
ted by Cecca et al. (1985) and Santantonio (1985) is that the specimens 

Figure 1G. Volanoceras (Volanoceras) volanense volanense (Oppel) (J—10944).
Suture-line. Hárskút, Kpzöskút ravine, profile 12, Bed 25. Ponti Zone.
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previously described uniformly as “volanense”, belong actually into diffe­
rent species. This problem is reflected in several earlier works as applied 
open nomenclature, uncertain determinations or interrupted distributions 
in faunal lists or range tabulations.

Geyssant (1982) regarded the Semiforme Zone forms (her Simoceras 
n. sp. gr. volanense) as the indirect ancestors of the “true” volannese occur­
ring in the Ponti Zone. She based the infraspecific evolutionary connections 
on the punctuated equilibrium model, and understood the areal distribu­
tion of the species by allopatric speciation.

Cecca et al. (1985) called the attention to a species, which was figured 
as a variety of volanense and described as “aesinense” by Meneghini (1885). 
According to Cecca et al., who interpreted this form as independent speci­
es, this is a volanense ally, appearing in the Semiforme Zone.

Santantonio (1985) grouped and described similarly his material 
from the Central Apennines. He gave detailed descriptions on the species of 
Oppel and Meneghini. He recognized the associated appearance of small 
and big forms in the Tithonian beds, he applied microconch and macro­
conch expressions and treated the dimorphism on species level.

On the basis of the studied Transdanubian material and in accordance 
with the opinions of authors cited above, the s. str. V. (V.) volanense is 
that form, which appears in the Ponti Zone. This can be separated from 
Oppel’s species both on morphological and stratigraphical grounds from 
the older form designated as species by Meneghini. It is worth mentio­
ning, that the material of other sections suggests, that the specimens of 
Volanoceras species in this restricted sense (i. e. Volanoceras (V.) volanense 
volanense) are rather rare, while the ammonites of the V. ( V.) aesinense group 
are more common.

V. (V.) volanense and the closely allied V. (V.) aesinense can be dis­
tinguished by the following features. The adult specimens of Oppel’s spe­
cies are larger, their nuclei show bifurcate ribbing, while V. (V.) aesinense 
has simple ribs. The middle whorls of V. (V.) volanense bear weaker inner 
tubercules than the species of Meneghini. This distinction, however, is less 
clear in mature body chambers. The suture-line of V. (V.) volanense is 
incised with deeply elongated lateral lobe, while the suture is rather simple 
in V. ( V.) aesinense. As it was mentioned above, the two species is separated 
also in stratigraphic range.

Another problem is the distinguishing of these two species from the 
form described by Schneid as S. schwertschlageri. As a probably unten­
able solution, this latter form is treated here as subspecies of V. (V.) vo­
lanense. S. schwertschlageri is characterized by prorsiradiate ribs and round­
based, pointed tubercules, while s. str. volanense has nearly radial ribs and 
longitudinally elongated tubercules. However, the distinction between 
these forms needs further studies.

Oppel’s species is distinguished from V. (V.) magnum and V. ( V.) vi- 
centinum by its smaller size.
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As it is clear from the discussion above, the specimens united previously 
under the name “volanense” can be ranged into some distinct species. Un­
fortunately the unfigured citations in the literature can be rarely evaluated 
correctly.

Of the citations mentioned in the synonymy the extra-E auropean oc­
currences are of special interest. Kbantz (1928) mentions a well-preserved, 
partly shelly specimen from] Argentina. At is was pointed out by Kbantz, 
this form differs from Oppee’s species by its whorl-section, special sculpture 
and in lack of the characteristic constrictions. Thus it is probably not a 
conspecific, or even not a congeneric form.

The related form figuijed by Imlay (1942) from Cuba as a juvenile 
“volanense” is probably a microconch.

Distribution. This subspecies is characteristic in the Ponti Zone of the 
Mediterranean Tithonian.

Dimorphism. In this present work only the bigger, macroconchiate 
forms are ranged into Oppel’s subspecies. The small, probably microconch 
forms are described in Volanoceras nov. subgen. below.

Volanoceras (Volanoceras) volanense schwertschlageri (Schneid, 1915)
Plate VIII, fig. 1

1915 Simoceras Schwertschlageri n. sp. — Schneid, p. 92, pl. 4, fig. 6.
1978 Simoceras (S.) volanense schwertschlageri (Schneid) — Olóbiz, p.

224, pl. 20, figs. 3 and 6.
1987 Simoceras schwertschlageri (Schneid) — Eozy, pl. 2, fig. 5.

Material. A single specimen (J —10948) from Bed 42 of the Hárskút, 
Közöskút ravine, profile II, and some uncertain fragments from other lo­
calities.

Measurements.
J—10948 ?77 14 (?18.1) ?14 (?18.1) 47 (?61.0)

Description. The specimen form the Hárskút profile shows the featu­
res described by Schneid, i. e. the slightly prorsiradiate ribs and the row 
of round-based, pointed outer tubercules. The constrictions, just as in all 
Volanoceras, are deep and prorsiradiate.

Remarks. Geyssant (1982) regarded Schneid’s form as an indepen­
dent species, which forms Ja transition between the allied species of the 
Semiforme and Ponti Zones.

The naming of the Hárskút specimen as schwertschlageri may be 
curious, beacause the beds with S. schwertschlageri of the Neuburg succes­
sion are better correlated with the Semiforme, than the Ponti Zone of the 
Mediterranean zonal scheme. Thus schwertschlageri, as a subspecies, would 
be better ranged into the species V. aesiense. However, the Hárskút speci­
men came undoubtedly from the Ponti Zone, but shows the characteris­
tics of Schneid’s species. To solve this problem, one needs detailed study 
on the geographic and stratigraphic distributions of these forms.
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Distribution. According to Geyssant (1982) the species is knwon only 
from the Brianconnais and Francony, but its presence in the s. str. Mediter­
ranean areas is also presumbale. Geyssant recorded the species from the 
Semiforme and Fallauxi Zones, the Hárskút specimen came from the Ponti 
Zone.

Dimorphism. This subspecies comprises of big forms only. The small 
forms are discussed together with other Volanoceras microconchs under 
the name Volanoceras nov. subgen.

Volanoceras (Volanoceras) cf. volanense (Oppel, 1863)
Material. A single specimen (J —10949) from Bed 65 of the Szilasárok 

profile.
Remarks. This strongly corroded body chamber fragment shows, that 

the outer marginal tubercules of the slightly prorsiradiate rib endings are 
similar to those on Oppel’s species. The inner tubercules are undeveloped. 
The bed which gave the specimen can be ranged into the Ponti Zone.

Volanoceras (Volanoceras) aesinense (Meneghini, 1885)
Plate VIII. fig. 3 and 4, plate IX, figs. 1, 2 and 3, Plate X, fig. 2, text-fig. 17 

pars 1870 Simoceras Volanese Opp. — Zittel, p. 213, pl. 23, fig. 7. 
(probably only outer whorls)

1885 Simoceras Volanense Opp. — Meneghini, p. 376, pl. 20, fig. 4. 
(Under the name aesinense, as a variety of volanense in the 
text)

1983 Simoceras (Simoceras) volanense (Opp.) — Cecca et al., 
p. 119, pl. 3, fig. 1.

1984 Simoceras (Simoceras) volanense (Opp.) — Rossi, p. 115, 
pl. 35, fig. 12.

v. pars 1984 Simoceras (Simoceras) volanense volanense (Opp.) — Vigh, 
pp. 22, 29.

1985 Simoceras aesinense Meneghini — Santantonio, p. 15, pl. 1, 
figs. 2 and 3, pl. 2, figs. 2, 3 and 6. (only)

1987 Simoceras aff. volanense (Opp.) — Főzy, pl. 1, fig. 1.
Material. Seven fairly-preserved specimens (J —10950 —J —10955, 

J —9778) and some further fragments from the Transdanubian Central 
Range.

Measurements.
J-10950 91 17 (18.6) ?14 (?15.3) 56 (61.5)
J —10951 106 23 (21.6) 18 (16.9) 67 (63.2)

86 ?17 (?19.7) ?16 (?18.6) 54 (62.7)
82 16 (19.5) ?14 (?17.8) 52 (63.4)
75 16 (21.3) ?14 (?18.6) 44 (58.6)

J-10952 98 19 (19.3) 18 (18.3) 62 (63.2)
80 15 (18.7) 14 (17.5) 49 (61.2)

J-10955 ?U2 24 (?21.4) 24 (?21.4) 75 (?66.9)
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Figure 17. Volanoceras 'Volanoceras) aesinense (Meneghini) (J—10981). 
Suture-line. Hárskút, Közöskút ravine, collected from loose material.

Description. The Hárskút specimen ranged here in this species was 
previously figured (Főzy
ammonite (Pl. X, fig. 2) h

1987) as Simoceras aff. volanense (Opp.). This 
as been collected by A. Galácz from the loose

material of the section. This is an almost entire specimen, and on the basis 
of sutural crowding (Text-fig. 17) it is an adult form. The body chamber 
occupies ca. 2/3 of the last whorl. At the end of the cast the body chamber is 
narrowed by a strong, constriction-like intercostal space, probably also 
indicating the ceasing of growth and forming the final aperture. The middle 
whorls of the specimen are corroded, the nucleus is missing. Though it can
be ranged into the aesiense group described in detail by Santantonio 
(1985), its rarer ribs in the middle whorls and longitudinally more elonga­
ted umbilical tubercules aile somewhat different.

The F. (V.) aesinense 
IX, figs. 1 and 2), with its л

specimen from Bed 53 of the Lókút profile (Pl. 
ery strong, cogged outer tubercules in the midd-

Ie whorls, is very similar to the forms Rin. 1. and NS3 Col. 23. figured by 
Santatnonio (1985).

The specimens from Beds 92 and 93 of the Szilasárok profile (Pl. VIII, 
fig. 3 and 4) are strongly corroded internal mould fragments. Their iden­
tity with Meneghini’s species is proved by the strong inner tubercules and 
the well-developed ribs. The radial elongation of the inner ribs, as compared 
to that of the outer ones, is conspicuous.

The specimen (Pl. IX, fig. 3) from Bed 4 of the Margit Hill Upper 
Jurassic profile (Gerecse Mts.) is very near to that form which has been 
described by Cecca et al. (1981) as S. (S.) volanense, then subsequently re­
figured by Santantonio (1985) as S. aesinense. Both ammonites have a row 
of conspicuously elongated], strong umbilical tubercules.

Remarks. Santantonio (1985) gave detailed description on the spe­
cies. This form differs from the classic volanense of Oppel by its smaller 
size, more robust sculpturje, better-developed inner tubercule-row, single­
ribbed nucleus and less-incised suture-line.
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Distribution. V. (V.) aesinense is a characteristic element in the Semi­
forme Zone of the Mediterranean Tithonian.

Dimorphism. This is a dimorphic species. Santantonio (1985) distin­
guished the dimorphic pairs on specific level. In this present work only the 
big (macroconchiate) forms are ranged into Meneghini’s species, the 
macroconchs are treated within Volanoceras nov. subgen.

Volanoceras (Volanoceras) magnum (Olóbiz, 1978)
Plate X, fig. 1, Plate XI, fig. 1

1905 Simoceras Volanense Opp. — Del Campana, p. 110, pl. 16, fig. 9. 
1978 Simoceras (S.) volanense magnum subsp. nov. — Olóbiz, p. 19, pl.

20, fig. 2.
1984 Simoceras (S.) volanense magnum Olóbiz — Vigh, p. 16, pl. 2, fig. 1.

Material. There fairly-preserved fragmentary internal casts (J —10158, 
J-10956, J —9791).

Description. Large form with wide umbilicus. Th whorl-section is 
slightly compressed, subtrapezoidal with 33 to 44 mm height and 30 to 36 
mm corresponding width. Inner whorls are unknown. The middle and ou­
ter whorls bear strong, radial ribs, which end on the umbilical and ventro­
lateral margin in well-developed tubercules. The inner tubercules are 
thickened into bullae, while the outer tubercules are longitudinally elon­
gated, usually slightly projected. The apertural features are incompletely 
known. The relatively simple suture-line is characterized by broad exter­
nal saddle, narrower lateral lobe and strongly indented further sutural ele­
ments.

Ammonites ranged into this species were yielded only by the Sümeg pro­
file. The here figured specimens, despite the strong subsolution, show the 
strong tubercules and the thick connecting ribs clearly. The whorl-section 
is of characteristically trapezoidal in outline. The beds yielding V. (V.) 
magnum specimens were ranged by Vigh (1984) into the Burckhardticeras 
Zone.

Remarks. This species attaining 25 cm diameter is hitherto known 
only by fragments. This is a rare form, and is extremely evolute shell breaks 
into fragments easily.

The specimens figured by Santantonio (1985) as Simoceras vicenti- 
num are very near to this species.

The Baeticoceras species of Geyssant (1979), with their peculiar 
doubled ribs and characteristic tubercules are well distinguished from the 
large-sized Volanoceras.

Distribution. This species is characteristic in the Mediterranean 
?Middle — Upper Tithonian. The exact stratigraphic range remains to be 
cleared.

Dimorphism. V. (V.) magnum presumably comprises macroconchs 
of a dimorphis species. The microconchs are to be grouped in Volanoceras 
nov. subgen.
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?Volanoceras (Volanoceras) sp. aff. magnum (Olókiz, 1978)
Plate XI, fig. 2

Material. One single specimen (J —10957) from Bed 43 of Hárskút,
Közöskút ravine, profile II. 

Description. The figuresd specimen is a badly preserved body chamber
fragment, with weak tubercule rows, dense, moderately strong ribs. These 
features differ from those of the species of Olóriz so, that even the generic 
arrangement is uncertain. Lhe specimen came from the Ponti Zone.

Subgenus Volanoceras nov. subgen.
Observations. Associated to the numerous big Middle Tithonian Vo­

lanoceras, there are several characteristically small, but similarly sculptured 
ammonites. Transitional forms are practically missing, thus the small 
specimens cannot be regarded as nuclei. Most probably these small ammo-

rs of the big (macroconchiate) forms.nites are the microconch pal
According to the proposal of Callomon (1969, p. 116) these small 

forms would need a subgenus of their own, however, in lack of stratigraphi- 
cally well-controlled, rich ihaterial, designation of a new name seems im­
practical now. A possible solution is the application of open nomenclature. 
Thus the unnamed new subgenus used here below comprises of the micro- 
conchs of the above discussed V. (V.) aesinense, V. (V.) volanense, V. (V.) 
magnum and V. (V.) praecursor (Santantonio, 1985) species.

Occurrence. The forms ranged in this subgenus (just as those of the 
nominate macroconchiate subgenus) are characteristic elements of the 
Mediterranean Lower and Middle Tithonian faunas.

Volanoceras nov. subgen. div. sp.
Plate IX, figs. 4, 5 and 6

Material. Three specimens (J —10958 —J—10960) from Bakony Mts. 
profiles.

Measurements.
J —10958 - 7 (?) 7 (?)
J-10960 21 5 (23.8) ?5 (?23.8) 11 (52.3)

Description. The specimen from Bed 25 of the Hárskút, Közöskút 
ravine, profile 12 (Plate IX, fig. 6) is an entirely chambered, fragmentary 
internal mould with preserved traces of shell on the venter. Inner whorls 
are missing. The ribs are strong, slightly prorsiradiate, ending in well-de­
veloped, longitudinally elongated tubercules on the ventrolateral margin.

The specimen from Bejd 66 of the Szilasárok profile (Plate IX, fig. 5) 
is a moderately corroded internal cast. Because of the poor preservation, 
the style of ribbing is uncertainly deciphered, but simple ribs seem most 
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probable. The slightly projected ribs of the outer whorls end in longitudi 
nally somewhat elongated tubercules.

One specimen (Plate IX, fig. 4) from the Tithonian beds of the Lókút 
Hill profile (exact horizon is unknown) has damaged inner whorls, but the 
inner parts seems to be sculptured with bifurcating ribs up to 10 to 15 mm 
diameter. The level of bifurcation is at the lower third of the flank. At ca. 
20 mm diameter the simple ribs are slightly prorsiradiate, and are termi­
nated in strong outer tubercules. Umbilical tubercules remain unconspi- 
cuous until the maximal diameter of the fragment. The end of the frag­
mentary internal mould bears a strong constriction probably showing the 
ceasing of shell-growth.

Genus Simoceras Zittel, 1870
Type species. Ammonites biruncinatus Quenstedt, 1845, by subse­

quent designation of Fischer, 1882. For the problematics of interpreta­
tion of the type species see Geyssant 1985.

Occurrence. The genus is of index value in the Mediterranean Middle 
Tithonian.

Dimorphism. Dimorphism within this genus is hitherto undocumented.

Simoceras biruncinatum (Quenstedt, 1845)
Plate XII, figs. 3 and 4

1845 Ammonites biruncinatus Q. — Quenstedt, p. 683.
1848 Ammonites biruncinatus Q. — Quenstedt, p. 260, pl. 19, 

fig. 14.
pars 1870 Simoceras biruncinatus Q. — Zittel, p. 92, pl. 32, fig. 6 (only) 

? 1961 Simoceras (Simoceras) biruncinatum Q. forma aegera calcar 
(Zieten 1830) — Hollmann, p. 267, pl. 1. fig. 1.

1978 Simoceras (Simolytoceras?) biruncinatum (Q.) — Olóriz, p. 
241, pl. 20, figs. 7 and 8.

1983 Simoceras (Simolytoceras) biruncinatum (Q.) — Cecca et al., 
p. 120, pl. 2, fig. 2.

1984 Simoceras (Simolytoceras?) lokutense nov. ssp. — Vigh, p. 180, 
pl. 1, fig. 6.

1984 Simoceras (Simolytoceras) biruncinatum (Q.) — Rossi, p. 117, 
pl. 35, fig. 6.

Observations. In spite being a “classic” species, this Quenstedt’s form 
is in fact poorly known.

Of the specimens figured by Zittel (1870), that on pl. 32, fig. 3, with 
weak inner tubercules and two constrictions on the smoothed body cham­
ber should be ranged into the species Simolytoceras volanensoides (Vigh).

The specimen of Hollmann (1961, pl. 1, fig. 1), as the author pointed 
out, is a sick, damaged individual.
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One of the specimens of Olóriz (1978, pl. 20, fig. 8), with conspicuously 
well-developed clavi, differs from all previously described specimens, and 
is most similar to the ammonite from Sümeg (see below).

Only one figure (Cecc. 
of the conspecific forms, 
authors also, differs from

A et al., 1983, pl. 2, fig. 2) shows the inner whorls 
This ammonite, however, as noticed by the 
the type in having special tubercules on the 

outerside of the body chamber.
In determining fragments, some problems arised from the fact, that 

the sculpture is changing with individual growth, even on the body cham­
ber. Entire, adult specimens are extremely rare. One cannot consider un­
feasible, that this apparently variable species will be subdivided by further 
studies.

Material. Two specimens (J — 9792, J —10961) and few fragments from 
the Sümeg profile.

Measurements.
J —9762 ?64 ?17 (?26.5) ?13 (?20.3)

?54 ?1^ (?25.9) ?12 (?22.2)
36 (?56.2)
29 (?53.7)

Description. The figured specimen has a shallow umbilicus, the um­
bilical margin rounds evenly into the slightly convex flanks. Inner whorls 
are missing, and the midd|le whorls are strongly corroded. The last whorl 
shows clearly the umbilicri tubercules, which continue into the flanks as 
rib-like folds. At ca. 30 mm umbilical diameter the specific outer tubercules 
are visible. The tubercules are of medium-strength in the beginning, then 
change into very strong clavi. The well-developed, longitudinally flattened
tubercules appear in pairs in each side of the venter of the body chamber.
There is only a single constriction at the beginning of the penultimate 
whorl. The corrosion of the internal cast makes the end of the phragmocone 
only guessed, however the length of the body chamber can be estimated as 
a whole whorl. Suture-line cannot be seen, the aperture is missing.

Remarks. The Sümeg specimen cannot be matched exactly with 
Qijenstedt’s type. The former is somewhat more evolute, has rarer um­
bilical tubercules and unusually strengthened clavi on the body chamber. 
With this last feature it is close to one of the figured specimens of Olóriz 
(1978, pl. 20, fig. 8). On the other hand, the rare inner tubercules and the 
few (one) visible constrictions are similar also to those on one of the forms 
figured by Zittel (1870, pl. 32, fig. 6).

Distribution. This speicies is characteristic in the Fallauxi Zone of the 
Mediterranean Tithonian. Olóriz (1978) regarded this Qitenstedt’s speci­
es, together with 5. admirandum as zonal index. His “Admirandum — 
Biruncinatum Zone” corresponds to the upper part of the Fallauxi Zone.

ndocumented for this species; this aspect needsDimorphism. This is u 
further studies.
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Simoceras admirandum (Zittel, 1869)
Plate XII, figs. 1 and 2, Plate XV, figs. 1, 2 and 3

1869 Ammonites admirandus Zittel — Zittel, p. 148.
1870 Simoceras admirandum Zittel — Zittel, p. 212, pl. 31, fig. 6, pl. 32, 

figs. 1 — 3.
1871 Simoceras admirandum Zittel — Gemmellaro, p. 39, pl. 8, figs. 

4 and 5.
1885 Simoceras admirandum Zittel — Meneghini, p. 374: pl. 20, fig. 5. 
1978 Simoceras (Simoceras) admirandum Zittel — Olóriz, p. 229, pl.

20, fig. 1.
1984 Simoceras (Simoceras) admirandum bakonyense nov. ssp. — Vigh, 

p. 73, pl. 1, fig. 5.
Observations. This species is a very characteristic element of the Tit­

honian faunas, nevertheless it is poorly known because of rarity of inner 
whorls and entire specimens. Well-preserved and rich material may result 
in the splitting of the forms described until now as S. admirandum, and/or 
in the clearing of dimorphism suggested for this group.

Material. 11 fairly or badly-preserved specimens (J —10962 —J—10970, 
J — 9808, J —10272) and some further fragments from the Bakony profiles.

Measurements.
J-10272

J-10967

«68 16 («23.5)
59 15 (25.4)
- 39

18 (26.4)
16 (27.1)
28

34 («50.0)
31 (62.5)

Description. Medium-sized, relatively widely-umbilicated form. The 
flanks are convergent, neither umbilical, nor sharp ventrolateral margin 
occur. The section of the inner whorls is subcircular, of the middle whorls is 
oval with maximal width in the lower part. The big-sized body chamber 
fragments belonging possibly to adult specimens show stronger compres­
sion.

As it has been pointed out even by Zittel (1869), the innermost whorls 
bear fine, simple ribbing. The poorly-preserved Bakony material includes 
only a single specimen (J —10962) showing this feature. From the second or 
third whorls onwards, the ribbing changes into rows of rarer umbilical and 
denser ventrolateral tubercules. This sculpture reminds that on the vola- 
nense group, but differs in the consequently alternating position of the 
tubercules on the venter.

The number of the inner tubercules is the half of the outer ones on the 
middle and outer whorls. The alternating position of the outer tubercules 
remains constant. On the middle whorls the ribs arising from the inner 
tubercules reach only the middle part of the flanks.

The Bakony profiles yielded numerous body chamber fragments of 
big specimens, which are very close to the similarly fragmentary examples 
figured by Zittel (1870, pl. 32, fig. 3). Though the internal casts from the 
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Bakony are strongly subsolved, the bifurcating, tuberculated ribs arising 
from the umbilical tubercules are shown clearly (Pl. XII, fig. 2). However,
these big body chamber fragments came separated from inner whorls,
thus their connections reijnain conditional.

There are one or two constrictions per whorl from early ontogenetic 
stages. Details of the sut ire-line and features of the aperture cannot be 
seen in either Bakony specimens.

Remarks. S. admirandum is most closely allied to S. biruncinatum and 
S. andaluciense. But its (bigger size and different sculpture on its body 
chamber distinguishes frdm both.

Distribution. Characteristic in the Mediterranean Tithonian. Olóriz
(1978) suggested S'. adm' 
dex. The “Admirandum -

'.randum (with S. birunciantum) as a zonal in- 
- Biruncinatum Zone” of Olóriz is equivalent to 

the upper part of the Pal auxi Zone.
Dimorphism. Thouga evidences from the hitherto known material

are weak, this species is apparently dimorphic. The inner whorls of the 
micro-and macroconch form are seemingly very similar, while well-pre­
served adult specimens are missing. Probable macroconchs are the previ­
ously described big specimens (Zittel 1870, pl. 32, fig. 3; Gemmellaro 
1871, pl. 8, figs. 4, 5; Olóriz 1978, pl. 20, fig. 1) and the majority of the 
Hungarian material. Possible microconch is the specimen of Meneghini 
(1885, pl. 20, fig. 5) and; one form from Bed 79 of the Szilasárok profile 
(Pl. XV, fig. 2) Both ammonites have slightly excentric last whorl, thus 
despite their small size they are adults and consequently microconchs.

Genus Simolytoceras Olóriz, 1978
Type species. Simoceras (Simolytoceras) andaluciense Olóriz, 1978, 

by original designation.
Observations. Simolytoceras was introduced by Olóriz as a subgenus 

of Simoceras. Besides the!type species, he ranged — with question mark — 
only one species into this subgenus: >8'. biruncinatum. This present work 
ranges, additionally to the type species, two further forms from the Ba­
kony as new species.

Occurrence. On the basis of data known until now this genus can be 
regarded as a characteristic faunal element in the Mediterranean Middle 
Tithonian.

Dimorphism. No dimorphism has been documented within this genus.

Simolytoceras cf. andaluciense Olóriz, 1978
cf. 1978 Simoceras (Simolytoceras) andaluciense nov. sp. — Olóriz, p. 238, 

pl. 20, fig. 4.
Material. A single, hadly preserved fragmentary internal mould (J — 

10971) from Bed 65 of the Szilasárok profile.
Measurements.

J-10971 55 10 (18.1) 10 (18.1) ?32 (?58.1)
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Description. A relatively small form with wide umbilicus. The low 
umbilical wall rounds into the slightly convex flanks without umbilical 
edge. The whorl-section is circular, its width is nearly equal with its height 
at 56 mm diameter. The imprint of the fragmentary specimen shows, 
that it was ribbed up to about 22 mm diameter. With individual growth the 
ribs become rarer and end in the outer part in longitudinally elongated 
tubercules. There are 1 or 2 (?3) deep constrictions per whorl with projec­
ted outer parts. According to Olóbiz (1978) the fading of the sculpture be­
comes apparent usually from 55 mm diameter. This last state cannot be 
seen on the fragment from the Szilasárok profile.

Remarks. This species of Olóbiz is incompletely known. The single 
previously figured specimen (the type) is badly preserved, fragmentary.

S. andaluciense is very close to S. volanensoides. The distinguishing 
features are the wider umbilicus and the strong ventrolateral tubercules 
in the middle whorls of the former species.

Distribution. Olóbiz recorded his specimen from the Burckhardti- 
ceras Zone of the Subbetics. The Szilasárok specimen came from the same 
stratigraphic horizon (Ponti Zone).

Simolytoceras volanensoides (Vigh, 1984)
Plate XIII, figs, 1, 2 and 3, Plate XIV. fig. 3, text-fig. 18

1870 Simoceras biruncinatum Quenstedt —Zittel, p. 92, pl. 32, fig. 5. 
v 1984 Simoceras (Lytogyroceras) subbeticum volanensoides nov. ssp. —

Vigh, p. 74, pl. 3, figs 1 and 2.
Material. Five well- or fairly-preserved specimens (J—10972 —J — 

10974, J — 9802, J — 9803) from the Bakony profiles.
Measurements.

J —9803 (Holotype) 86 21 (24.4) 20 (23.2) 46 (53.4)
67 16 (23.8) 16 (23.8) 36 (53.7)

J- 9802 85 20 (23.5) ?14 (?16.4) 44 (51.7)
65 17 (26.1) ?14 (?21.5) 33 (50.7)

J—10972 84 16 (19.0) ?14 (?16.6) 47 (55.9)
J-10973 82 22 (26.8) 18 (21.9) 47 (57.3)

Description. Medium-sized, evolute form. The umbilical wall is low 
and steep, the umbilical margin is rounded. The somewhat convergent 
flanks are slightly convex, the ventrolateral margin is arched. The whorl­
section is subtrapezoidal in the middle whorls and suboval on the body 
chamber.

Nucleus is missing in all specimens. The visible inner whorls are den­
sely ribbed up to ca. 20 mm diameter. Some of the slightly prorsiradiate 
ribs bear hardly-visible small swellings on the upper part. In one speci­
men from the Lókút Hill profile the ribbing is ceased abruptly with a 
strong constriction. On the middle whorls weak umbilical tubercules and 
oblique ventrolateral tubercules appear. These latter ones become gradu-

6 ANNALES — Sectio Geologica - Tonras XXVIII.
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Figure 18. Simolytoceras volaneusoides (Vigh) (J— 10973).
Cross-section. Szilasárok, Bed 80, Fallauxi Zone.

ally more elongated, showing similarities to the ventrolateral tubercules 
of S. biruncinatum. The flanks bear feeble, vague ribs arising from the um­
bilical tubercules. The umbilical and ventrolateral tubercules fade out gra­
dually on the end of the adult whorl, and the terminal part of the body 
chamber becomes completely smooth.

On each whorl there are 2 — 3 constrictions which curve slightly for­
ward near the venter. Aperture is unknown, the suture-line, because of 
subsolution, cannot be studied in detail.

Remarks. Vigh (1984) ranged the Lókút specimens as subspecies of 
S. (L.) subbeticum Olókiz. However, these ammonites are distinguished 
from the species of Olóriz, because this latter lacks the ventrolateral tu- 
bercule row.

The Bakony specimens, especially the holotype, are very close in size 
and sculpture to that figured by Zittel as S. biruncinatum (1870, pl. 32, 
fig. 5). As it was mentioned above in the description of 5. biruncinatum, 
Zittel’s specimen, having a smoothed body chamber, differs from this 
group.
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The here figured ammonites are very similar to those published by 
Olóriz and Tavera (1977). They ranged those specimens into their new 
genus Simospiticeras. The Bakony specimens are especially close to the 
species described as 8. lojenense (p. 184, pl. 1, fig. 1 in Olóriz and Tavera 
1977). Common features are in the umbilical tubercules and constrictions. 
But despite the obvious relations between the two forms, there are some 
differences, too: the species of Olóriz and Tavera has narrower umbilicus 
and higher whorls. The figure shows, that the outer tubercules of 8. loje­
nense are weaker than those of S. volanensoides. However, the Spanish 
specimens are corroded, their inner whorls are missing, thus the relations 
between the two species remain problematic.

Distribution. The two specimens described by Vigh came from the 
8./aZZa?m-bearing Beds 43 and 44 of the Lókút Hill profile. New collections 
yielded specimens from the same horizon in the Szilasárok section and from 
Hárskút, Közöskút ravine, profile II. The related 8. lojenense has been des­
cribed from “the base of the Upper Tithonian”.

Dimorphism. No dimorphism has been evidenced in the case of this 
species.

Simolytoceras vighi nov. sp.
Plate XIV, figs. 1 and 2

Derivatio nominis: After the late Gusztáv Vigh, paleontologist, who 
made very important contributions to the knowledge of the Upper Jurassic 
faunas of the Transdanubian Central Range.

Locus typicus: Hárskút, Közöskút ravine, profile II; Bakony Mts., 
Transdanubian Central Range.

Stratum typicum: Bed 49 of the profile, i.e. Middle Tithonian (Pallauxi 
Zone); Pálihálás Limestone Formation.

Diagnosis: Medium-sized Simolytoceras, with rib-like, elongated um­
bilical tubercules and dense, alternating ventrolateral tubercules on the 
middel whorls, and dense, strong, projected constrictions at the end of 
the adult body chamber.

Material. A single, fairly-preserved specimen (J—10975).

Measurements.
J —10975 (Holotype) 104 28 (26.9) ?22 (?21.1) 53 (50.9)

84 20 (23.8) 15 (17.8) 47 (55.9)
72 19 (26.3) — 40 (55.5)

Description. Medium-sized, moderately evolute form. The umbilical 
wall rounds into the almost flattened flank without sharp umbilical edge. 
The venter is rounded. The flanks are slightly convergent, the whorl-sec­
tion is subtrapezoidal on the middle whorls and suboval on the adult body 
chamber.

6*
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The inner and middle whorls are partly missing. The tubercules at the
umbilical margin are radially elongated and smoothed out at the upper 
part of the flanks. There are rows of dense alternating, slightly elongated 
tubercules on the ventroláteral margins. The sculpture reaches the proxi­
mal half of the body chamber. The apertural part of the body chamber 
bears three projected cons trictions. The body chamber of the mature spe­
cimen occupies about threb-quarter of the last whorl.

The aperture is unknown and the details of the suture-line are obscu­
red by subsolution.

Remarks. On the basis of its sculpture, this species is near to S. ad- 
mirandum and ä. volanensoides. However, S. vighi has substantially denser 
ventrolateral tubercules in the middle whorls. Other difference is that the 
tubercules are much finer and elongated radially in this new species, while 
in S. volanensoides this elongation is oblique on the stronger tubercules. 
The closely-spaced constrictions on the adult body chamber are important 
specific characters, too.

Distribution. The spbcies is hitherto known only from a single bed of 
the Pallauxi Zone of the Hárskút profile.

Dimorphism. Havinj 
discussed.

a single specimen, this aspect cannot be

Genus Lytogyroceras Spath, 1925
Type species. Ammo Elites fasciatus Quenstedt, 1848 = Am. strictus

Catullo, 1846, pl. 6, fig. 2, by original designation of Spath (1925, p. 131).
Observations. The genus has been based by Spath on the species of 

Quenstedt, which is a sepior synonym of Lytogyroceras strictum (Cathllo, 
1846).

Occurrence. On the basis of the scattered data, this genus is a Middle 
Tithonian element in the (Mediterranean region.

Dimorphism. No dimorphism has been shown in connection if this 
genus.

Lytogyroceras strictum (Catullo, 1846)
Plate XV, fig. 4

1846 Ammonites strictum Catullo —Catullo, p. 132, pl. 6, fig. 2.
1848 Ammonites fasciatus Quenstedt —Quenstedt, p. 171, pl. 20,fig. 11.
1870 Simoceras strictum Cat. — Zittel, p. 90, pl. 32, fig. 4.
1876 Simoceras strictum Cat. — Gemmellako, p. 53, pl. 10, fig. 4.

Material. A single internal mould (J — 10208) from the Sümeg profile.

Measurements.
J-10208 ?88 ?21 (?23.8) - ?51 (?57.9)

76 ?18 (?23.6) ?14 (?18.4) 44 (57.8)



TITHONIAN AMMONITES 85

Description. Medium-sized, very evolute form with shallow umbilicus. 
The whorl-section is strongly compressed oval. The inner whorls of the 
specimen are missing, the body chamber is strongly corroded. The smooth 
shell has strong, slightly projected constrictions. The aperture is missing, 
suture-line cannot be studied.

Remarks. This species can be easily distinguished from the other con­
generic forms by its strongly compressed whorl-section. The style of the 
constrictions is a further distinguishing feature from the similarly smooth 
Protetragonites.

The Sümeg specimen shows good agreements with the specimens figu­
red by Quenstedt (1848) and Zittel (1870).

Lytogyroceras subbeticum Olóbiz, 1978
Plate XIII, figs. 4 and 5

1978 Simoceras (Lytogyroceras) subbeticum nov. sp. — Olóbiz, p. 232, 
pl. 19, figs. 2 and 3.

non 1984 Simoceras (Lytogyroceras) subbeticum Olóbiz — Rossi, p. 116, 
pl. 35, figs. 1 and 2.

non 1984 Simoceras (Lytogyroceras) subbeticum volanensoides nov. ssp. — 
Vigh, p. 74, pl. 3, figs. 1 and 2.

1987 Lytogyroceras sp. — Pőzy, pl. 2, fig. 3.
Material. One well-preserved specimen (J —10976), and two fragments 

from Bed 42 of the Hárskút, Közöskút ravine, profile II. All are internal 
casts.

Measurements.
J-10976 42 10 (23.8) 8 (19.0) 25 (59.5)

38 9 (23.6) 7 (18.4) 21 (55.2)
35 7 (20.0) 6 (17.1) 19 (54.2)

Description. Small form with wide and shallow umbilicus. The low, 
oblique umbilical wall rounds into the slightly convex flanks without for­
ming sharp margin. The venter is rounded, the whorl-section is circular in 
the inner whorls and somewhat compressed in the outer whorls.

The inner whorls have fine ribbing. Most ribs bifurcate at the middle­
height of the flanks, but some simple ribs also occur. The ribs are radial or 
slightly curved forward. At about 20 mm diameter the ribbing disappears, 
and the middle and outer whorls are completely smooth. The thirds whorl 
is damaged in the Hárskút specimen, thus the transition between these sta­
ges cannot be seen. There are 2 — 3 strong, ventrally projected constrictions 
per whorl.

Aperture and suture-line are not visible in the Bakony specimens.
Remarks. L. subbeticum is distinguished from L. lytogyrus by its bifur­

cating and finer ribs. A further difference is that the smooth stage appears 
earlier in L. lytogyrus. On the other hand L. strictum is characteristically 
bigger.
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PLATE I.

Fig. 1. Semiformiceras semiforme (Oppel) (J — 10869). Big, adult, nearly complete specimen. 
Hárskút, Közöskút ravine, profile II, Bed 59. The specimen was figured by Főzy (1987, 
Pl. 1, fig. 2.) as Semiformiceras semiforme (Oppel). Semiforme Zone.

Fig. 2. Semiformiceras semiforme (Oppel) (J —10871). Medium — sized, adult, nearly com­
plete specimen. Szilasárok, Bed 93. The specimen was figured by Főzy (1987, Pl. 1. 
fig. 3.) as Semiformiceras semiforme (Oppel). Semiforme Zone.

Fig. 3. Semiformiceras semiforme (Oppel) (J—10171). Medium-sized, adult specimen with 
fragmentary body chamber. Sümeg.

Fig. 4. Semiformiceras semiforme (Oppel) (J —10872). Medium-sized, adult, nearly entire spe­
cimen. Sümeg.

Figs. 5, 6. Semiformiceras fallauxi (Oppel) (J —10874). Medium-sized specimen, with frag­
mentary adult body chamber. Sümeg.

(Figures, except Pl. XIV. fig. 2. are in natural size. Arrows indicate beginning of body 
chamber.)
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PLATE II.

Fig. 1. Haploceras (Haploceras) elimatum (Oppel) (J — 10888). Medium-sized, probably adult, 
nearly entire specimen. Rendkő.

Fig. 2, 3. Haploceras (Haploceras) elimatum (Oppel) (J—10893). Small, young, nearly entire 
specimen. Hárskút, Közöskút ravine, profile II, Bed 61. Fallauxi Zone.
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PLATE III.

Figs. 1, 2. Haploceras (Haploceras) wohleri (Oppbl) (J— 10897) Small, probably adult, nearly 
entire specimen. Hárskút, Közöskút ravine, profile 12, Bed 12. Upper Tithonian.

Figs. 3, 4. Haploceras (Hypolissoceras) carachtheis (Zeüsohneb) (J—10909). Medium-sized, 
probably adult, nearly entire specimen. Rendkő.

Figs. 5, 6. Haploceras (Hypolissoceras) leiosoma (Oppel) (J—10911). Medium-sized, adult, 
nearly entire specimen. Hárskút, Közöskút ravine, profile II, Bed 62. Fallauxi Zone.

Figs. 7. Haploceras (Hypolissoceras) leiosoma (Oppel) (J—10914). Fragmentary specimen. 
Rendkő.

Figs. 8, 9. Haploceras (Hypolissoceras) rhinotomum Zittel (J — 10918). Fragmentary body 
chamber of an adult specimen. Hárskút, Közöskút ravine, profile II, Bed 45. Fallauxi 
Zone.
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PLATE IV.

Figs. 1, 2. Haploceras (Haploceras) cassiferűm nov. sp. (Holotype, J —9672). Medium-sized 
adult, nearly entire specimen. Lókút Hill, Bed 56. Lower Tithonian, Darwini or Semi­
forme Zone.

Fig. 3. Haploceras (Hypolissoceras) verruciferum (Zittel) (J—10919). Medium-sized, adult, 
nearly entire specimen. Lókút Hill, Bed 53. Semiforme Zone.

Fig. 4. Haploceras (Hypolissoceras) verruciferum (Zittel) (J—10935). Medium-sized, adult, 
nearly entire specimen. Szilasárok, Bed 94. The specimen was figured by Főzy, (1987. 
Pl. II, fig. 4.) as Haploceras verruciferum (Мен. in Zittel). Semiforme Zone.
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PLATE V.

Fig. 1. Haploceras (Hypolissoceras) verruciferum (Zittbl) (J —10938). Small, adult, nearly 
entire specimen. Szilasárok, Bed 93. Semiforme Zone.

Fig. 2. Hapolceras (Haploceras) cassiferum nov. sp. (J—10901). Medium-sized, adult speci­
men. Hárskút, Közöskút ravine, profile II, Bed 63. Darwini Zone.

Fig. 3. Haploceras (Haploceras) cassiferum nov. sp. (J —8048). Medium-sized, adult, nearly 
entire specimen with remnants of shell on the body chamber. Tata, Kálvária Hill, 
Bed 12/1.
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PLATE VI.

Figs. 1, 2, Pseudolissoceras olorizi nov. sp. (Holotype, J — 10941). Adult, nearly entire speci­
men. Hárskút, Közöskút ravine, profile II, Bed 66. IHybonotum Zone.

Fig. 3. Haploceras (Hypolissoceras) verruciferum (Zittel) (J —10926). Big, adult specimen, a 
body chamber fragment. Hárskút, Közöskút ravine, profile II, Bed 57. Semiforme 
Zone.

Fig. 4. Haploceras (Hypolissoceras) verruciferum (Zittel) (J —10934). Small, adult, nearly 
entire specimen. Szilasárok, Bed 94. Semiforme Zone.

Fig. 5. Haploceras (Hypolissoceras) verruciferum (Zittel) (J—10210). Small, adult, nearly 
entire specimen. Sümeg.

Fig. 6. Haploceras (Hypolissoceras) verruciferum (Zittel) (J—10927). Small, adult, nearly 
entire specimen. Hárskút, Közöskút ravine, profile II, Bed 55. Semiforme Zone.

7 ANNALES — Sectio Geologica — Tomus XXVIII.
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PLATE VII.

Figs. 1, 2, 3. Volanoceras (Volanoceras) volanense volanense (Oppbl) (J—10944). Subadult, 
nearly entire specimen with traces of damaged shell on the posterior part of the body 
chamber. Hárskút, Közöskút ravine, profile 12, Bed 25. Ponti Zone.

7*
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PLATE VIII.

Fig. 1. Volanoceras (Volanoceras) volanense schwertschlageri (Schneid) (J—10948). Fragment 
of a young specimen. Hárskút, Közöskút ravine, profile II, Bed 42. The specimen was 
figured by Főzv (1987, Pl. II. Fig. 5.) as Simoceras schwertschlageri (Schneid). Ponti 
Zone.

Fig. 2. Volanoceras (Volanoceras) volanense volanense (Oppel) (J—10206). Fragmentary 
young specimen. Sümeg.

Fig. 3. Volanoceras (Volanoceras) aesinense (Menbghini) (J—10954). Phragmocone frag­
ment. Szilasárok, Bed 93. Semiforme Zone.

Fig. 4. Volanoceras (Volanoceras) aesinense (Menghini) (J—10955). Fragment of a young 
specimen. Szilasárok, Bed 92. Semiforme Zone.
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PLATE IX.

Figs. 1, 2. Volanoceras ( Volanoceras) aesinense (Meneghini) (J — 10952). Nearly entire young 
specimen. Lókút Hill, Bed 53. Semiforme Zone.

Fig. 3. Volanoceras (Volanoceras) aesinense (Menghini) (J—10950). Fragment of a young 
specimen with partially preserved shell. Margit Hill, Gerecse Mountains, Bed 4. Semi­
forme Zone.

Fig. 4. Volanoceras nov. subgen. sp. (J—10958). Probably adult, fragmentary specimen. 
From the loose material of the Lókút Hill profile.

Fig. 5. Volanoceras nov. subg. sp. (J —10960). Fragmentary specimen. Szilasárok, Bed 66. 
Ponti Zone.

Fig. 6. Volanoceras nov. subgen, sp. (J —10959). Fragmentary young specimen. Hárskút, 
Közöskút ravine, profile 12, Bed 25. Ponti Zone.
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PLATE X.

Fig. 1. Volanoceras (Volanoceras) magnum (Olókiz) (J—10158). Phragmocone fragment. 
Sümeg.

Fig. 2. Volanoceras (Volanoceras) aesinense (Menbghini) (J—10951). Adult specimen with 
damaged body chamber and nearly entire aperture. Hárskút, Közöskút ravine, from 
the loose material. The specimen was figured by Főzy (1987, Pl. I. Fig. 1.) as Simo­
ceras aff. volanense (Oppel).
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PLATE XI.

Fig. 1. Volanoceras (Volanoceras) magnum (Olóbiz) (J—9791). Body chamber fragment. 
Sümeg.

Fig. 2. ? Volanoceras (Volanoceras) sp. aff. magnum (Olóbiz) (J— 10957). Body chamber frag­
ment, Hárskút, Közöskút ravine, profile II, Bed 43. Ponti Zone.
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PLATE XII.

Fig. 1. Simoceras admirandum (Zittel). (J — 1097). Body chamber fragment of a young spe­
cimen. Figured by Vigh, G. (1984, pl. 1, fig. 5) as Simoceras (Simoceras) admirandum 
bakonyense nov. ssp. Lókút Hill, Bed 43. Fallauxi Zone.

Fig. 2. Simoceras adirandum (Zittel) (J —10967). Fragment of the body chamber and a 
portion of the phragmocone of a big specimen. Hárskút, Közöskút ravine, profile II, 
Bed 47. Fallauxi Zone.

Figs. 3, 4. Simoceras biruncinatum (Quenstedt) (J-- 5792). Relatively small, adult specimen 
with damaged body chamber and missing middle whorls. The strong, ,,V”-shaped 
incision is resulted by preparation mistake. Sümeg.
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PLATE XIII.

Figs. 1, 2. Simolytoceras volanensoides (Vigh) (J — 9803). Adult, nearly entire specimen, figu­
red by Vigh, G. (1984, pl. 3, fig. 1) as Simoceras (Lytogyroceras) subbeticum volanensoi- 
des nov. ssp. Lókút Hill, Bed 44. Fallauxi Zone.

Fig. 3. Simolytoceras volanensoides (Vigh) (Holotype, J — 9802). Adult, nearly entire specimen, 
figured by Vigh, G. (1984, pl. 3, fig. 2) as Simoceras (Lytogyroceras) subbeticum vola­
nensoides nov. ssp. Lókút Hill, Bed 43. Fallauxi Zone.

Figs. 4, 5. Lytogyroceras subbeticum Olóhiz (J—10976). Young, nearly entire specimen. 
Hárskút, Közöskút ravine, profile II, Bed 42. Ponti Zone. The specimen was figured by 
Főzv (1987, Pl. II. Fig. 3.) as Lytogyroceras sp. Ponti Zone.
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PLATE XIV.

Figs. 1. Simolytoceras vighi nov. sp. (Holotype, J —10975). Adult specimen without inner 
whorls. Hárskút, Közöskút ravine, profile II, Bed 49. Fallauxi Zone.

Fig. 2. Simolytoceras vighi nov. sp. (Holotype, J—10975). Ventral view of an inner whorl. 
About two times enlarged. Közöskút ravine, profile II, Bed 49. Fallauxi Zone.

Fig. 3. Simolytoceras volanensoides (Vigh) (J — 10972). Adult, nearly entire specimen. Hárs­
kút, Közöskút ravine, profile II, Bed 50. Fallauxi Zone.

8 ANNALES - Sectio Geologie» - Топтав XXVIII.
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PLATE XV.

Fig. 1. Simoceras admirandum (Zittel) (J —10968). Fragment of a medium-sized specimen. 
Lókút Hill, Bed 43. Fallauxi Zone.

Fig. 2. Simoceras admirandum (Zittel) (J — 10963). Fragment of an adult (?), small specimen. 
Szilasárok, Bed 79. Fallauxi Zone.

Fig. 3. Simoceras admirandum (Zittel) (J— 10962). Inner whorl of a big specimen. Szilas­
árok, Bed 77. Fallauxi Zone.

Fig. 4. Lytogyroceras strictum (Catullo) (J - 10208). Probably adult, nearly complete speci­
men. Sümeg.

8*
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The species of OlóriIz may be identical with that described by Ra- 
maccioni (1939) as S. costaricciense. However, the incomplete description 
and the photograph of the badly preserved specimen is insufficient for 
strict decision.

The ammonites figured by Rossi (1984) are more tightly coiled, more 
rapidly grown than the type, and they have fewer constrictions. Further 
difference is that the ribs are more projected on Rossi’s specimens than on 
the holotype.

Those forms describejd by Vigh (1984) as new subspecies, with cha­
racteristic sculpture (i. e. Elongated tubercules on the ventrolateral margin) 
can be ranged into the genus Simolytoceras (see above).

Distribution. The species was hitherto known only from the Burck- 
hardticeras Zone of the Betic Cordilleras. The Bakony specimens came from 
the same stratigraphic horizon (i. e. Ponti Zone).

Dimorphism. No indications are known in this context.

* * *
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Abstract

Traces of predation and settlement were studied on gastropods of the Badenian (Middle 
Miocene) Szabó sand pit at Várpalota. Traces of predation were made by gastropods and 
malacostracans; settlement traces were produced by sponges, cirriped larvae, annelids 
and bivalves. The trace-bearing gastropods are inbenthonic or epibenthonic herbivores or 
carnivores. Number of specimens in each gastropod species, number of damaged shells and 
quantity of trace fossils are given. An outline of part of the ancient ecological system is provi­
ded. The trace fossils provided information on animals without hard skeleton (annelids, pori- 
ferans, cirriped larvae, malacostracans). Data have been obtained on the mode of life of cer­
tain species, on the feeding habits of naticids and murex, and on their food, species by species. 
Bioerosion is an important factor in making differences in preservation of fossil faunae.

Introduction

Several authors have studied the Middle Miocene Mollusca fauna of 
the former Szabó’s sand pit at Várpalota. Systematic studies were made by 
Telegdi Roth (1924), Szalai (1943), Wenz and Strausz (1954) and 
Kecskeméti—Körmendi (1961).

The fauna is extremely rich in species; besides, many specimens bear 
damages. Our studies were centered at the latter ones. We examined the se­
veral types of trace fossils, and tried to identify the way and the organism 
which made them. Character and quantity of damages on the representa­
tives of each species was determined; similar studies have not been made 
before on this material.

The collection of gastropods, which we studied, was made by several 
collectors in different times, therefore we are not certain, if it represents 
the composition of the fauna correctly. The studied 75 species are represen­
ted by 6200 specimens. Fourtyseven of them bear damages.

The different kinds of holes on the shells were filled by epoxy resin; 
dissolving the shell by hydrochloric acid the internal mould of the traces 
could be examined. The forms were enhanced by a thin ammonium chlo­
ride film. Traces of boring sponges were studied by X-ray photography to 
find the siliceous sponge spicules; this method gave negative results.
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The whorls of the gastropods were numbered beginning with the last 
one, as mostly the apex is missing.

Broken lines of the plots represent Poisson standard deviation.

The damages and their agents

Traces of feeding and settlement occur on the studied gastropod shells.
Traces of feeding were produced by gastropods and malacostracans, while 
settlement traces were made by cirriped larvae, annelids, and bivalves.
Damages made by gastropods

Most of the damages are gastropod borings. Considering the mode of 
life of living gastropods (TAtishvili et al., 1968; Bromley, 1981) the follow­
ing predators lived at Várpalota: Terebra, Natica, Murex, and Conus. 
Murex and Natica-type gastropods make borings into the shell of their 
victim.

a) Naticids
Infaunal mode of life; most of the diet consists of venerid bivalves 

(Tatishvili et al., 1968,' p. 77; Bbomley, 1981). Prey gastropods are: 
Nassa, Aporrhais, Turritella, etc. The boring process consists of a mechani­
cal boring by the probosdis, and a chemical one by solving the carbonate 
shell by acids. SEM studies helped recognizing the two processes. Cross 
section of the bored hole is circular forming a semi-globular or crater-like 
shape (Plate I, figs. 1, 2). Its long axis encloses a variable angle with the 
surface of the shell (plate I, fig. 3). If the boring was unsuccessful, i. e. the 
process was stopped, the bottom of the unfinished hole bears a small bul­
ge (plate I, figs. 4 — 6). The predator usually makes the borings through 
thin areas of the shell; rarely the hole was prepared at the junction of the 
whorls, where the shell is extremely thick (plate I, fig. 7). Traces of cannib­
alism can be observed on some species (plate I, fig. 6). Size of the predators 
is usually 1 to 2,5 cm.

The following species belong to this group: Natica millepunctata La­
marck, Natica redempta Michelotti, and Natica josephinia olla Serres.

b) Muricids
Motile, active predators. Epibenthonic forms. Different methods are 

applied to reach the soft tissues of the victims (Tatishvili et al., 1968). 
Valves of some bivalves are forced away, and the tissues are sucked by the 
proboscis. Peristomes or valve edges of certain bivalve and gastropod spe­
cies are broken away to reach the animal itself.

The boring is a common result of mechanical and chemical processes.
The muricids feed themselves by epibenthonic forms. The trace of 

boring is cylindrical, being perpendicular to the surface (Arua, 1981) 
(plate I, fig. 8). If the boring process ios unfinished, the incomplete hole be- 
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ars a smooth surface (plate I, fig. 9). Most of the holes are prepared in areas, 
where the shell is thin; however, holes along sutures have been observed, 
too (plate I, fig. 10). Specimens of Potamides gamlitzensis Halber display 
regenerated borings (plate I, fig. 11).

The following species belong to this group: Murex rudis syrticus 
Mayer, Hadriania boeckhi Hoernes, & Attinger, Ocinebrina crassilabiata 
Hilber, Murex turonensis pontileviensis Toitrnoher and Murex (Tubi- 
conda) spinicostata Bronn.
Traces of malacostracans

Larger gastropods frequently bear damages made by malacostracans. 
These are located on the aboral side of the shell, mostly continuing towards 
the peristome. It is the thinnest part of the shell, containing most of the 
soft parts of the animal. The opening is 6 to 15 mm in diameter. Its outline 
is circular, frequently with sharp edges and corners (Fig. 1).

Fig. 1. Traces of malacostracans on gastropod shells.

Traces of sponges
Much less in number than the gastropod borings, pores made by spon' 

ges were observed on the genera Cerithium, Melongena, Potamides, Turri~ 
tella, Vermetus, and Dorsanum. The traces were produced by the sponge 
Cliona sp. (Area, 1981). The pores are observable on the external and in­
ternal sides of the shells (Plate I, figs. 12 — 13).

Two morphological types were recognized up to now (Arua, 1981; 
Bishop, 1975): linear (plate II, fig. 14) or irregular (plate I, figs. 12 — 13) ar­
rangement of pores with 0.6 — 1 mm in diameter; or the rare case of spot­
like arrangement of very small pores (0.03 — 0.07 mm). The latter type was 
not observed in the collection from Várpalota. Frequently the extreme bio­
erosion of the sponges cause complete damage of the attacked part of the 
shell (plate II, fig. 15).
Traces of cirripeds

Cirriped larvae belonging to the order Acrothoracica preferred sessile 
epibenthonic hosts and settled mostly on living animals (Fig. 2).

Two types of traces have been recognized. The first one consists of 
drop-shaped openings of 1.0 —1.8 mm length and 0.15 — 0.08 mm width.



The hole is somewhat larger within the shell. The plastic internal mould 
shows the form of an applei-seed (plate II, figs. 16 —18). Part of them lies 
in irregular arrangement, while others are oriented with their sharp ends 
towards the aperture of the host. The second type consists of fissure-like 
depressions forming a linear network, which resembles tiny scratches on 
the shell. Their length varies between 0.08 and 0.03 mm, while the width is 
more or less constant (0.01—0.03 mm) (Arua, 1981; Seilacher, 1969; 
Bishop, 1975) (plate II, figs. 19 — 20).

Ultramicroscopic photography revealed traces of etching, proving 
common activity of mechanical and chemical processes (Seilacher, 
1969).

Traces of cirriped larvae occur on definite parts of the shell: mostly in 
depressions, like along growth lines, sutures of whorls. They rarely occur on 
the internal parts of the shell, except in those ones which were inhabited 
by hermit crabs.
Traces of annelids

Borings of annelids occur only on adult specimens. These are 1—3 mm 
long, 0.5 — 1 mm wide and form two groups. The smaller one is dumb-bell- 
shaped, not exceeding 1 mm (plate III, fig. 21). The other type is U-shaped 
(plate III, fig. 22) or irregularly bent (plate III, figs. 23 — 25).
Traces of bivalves

The genera Vermetus, Turritella, Hadriania, Melongena, and Cerithium 
bear traces of borers, the valves frequently preserved in the hole. These oc­
cur mostly in the thickest parts of the shells (plate IV, figs. 27 — 30). A rare 
occurrence is shown on Plate IX, fig. 56, displaying a minor Turritella 
vermicularis Brocchi ЬогеЙ by a relatively large bivalve.

Neither of the above-listed damages have been recognized on the follow­
ing species (number of specimens shown in brackets): Tudicla rusticula 
Basterot (24), Rissoa (Alvania) curta Dujardin (20), Calyptraea chinen- 
sis Linné (14), Pedipes \ (Nealexia) myotis pisolinus Deshayes (14), 
Terebra acuminata Barsan (11), Littorina (Littoringosis) scabra alberti 
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Dujardin (10), Nassa (Tritia) styriaca Auinger (7), Brotia escheri Brong­
niart (5), Pleurotoma badensis R. Hoernes (5), Terebra (Subula) fuscata 
modesta Tristan (5), Hipponix sulcatus Borson (4), Melanopsis Impressa 
Krauss (4), Nerita plutonis Basterot (4), Bittium reticulatum Costa (3), 
Calyptraea (Bicatillus) deformis Lamarck (3), Clavatula interrupta vitaiisi 
Strausz (3), Solarium simplex Bronn (3), Crepidula cochlearis Basterot 
(2), Dorsanum nodosocostatum ternodosum Hilber (2), Ringicula (Ringi- 
culina) auriculata buccinea Brocchi (2), Terebra fuscata plicaria Baste­
rot (2), Acteon cf. woodi Mayer (1), Capulus sulcosus Brocchi (1), Cla­
vatula interrupta Bbocchi (1), Conus (Conolithus) dujardini brezinae 
Hoernes & Auinger (1), Cypraea (Zonaria) sp. aff. fabagina Strausz 
(1), Fasciolaria (Pleuroploca) tarbelliana Grateloup (1), Murex (Muri- 
canthus) turonensis pontileviensis Tournouer (1), Murex (Tubicauda) 
spinicostata Bronn (1), Potamides (Ptychopotamides) papaveraceus Bas­
terot (1).

The species occurring with more than 10 specimens are discussed below 
(smaller number of specimens, due to problems of statistics, does not indi­
cate the improbability of traces occurring on them).

Tudicla rusticula Basterot

Large size specimens (8 — 10 cm). The very thick shell is ornamented 
with strong spines. Predators could rardly reach the animal. Almost all 
specimens were mechanically damaged. Probably the shell was easily da­
maged after the decay of the animal, thus providing poor substrate for 
borer settlement.

Rissoa (Alvania) curta Dujardin

Usually occurs in large masses on algae or stems of plants. Herbivorous, 
feeding on lower algae, and diatoms. Very small size (3 — 4 mm only). These 
are very small pieces of prey for the predators.

Calyptraeans
Phytophagous, feeding on planktonic organisms or detritus feeder. 

Mode of life: fixed to hard objects, like bivalves or rocks, in the wave agi­
tated zone. It selects a place, where there is low probability of being covered 
by sediments. Neither the naticids, nor the muricids attack in this zone. 
Usually this zone is not suitable for the settlement of the other producers of 
the investigated trace fossils.

Pedipes (Neatexia) myotis pisolina Deshayes

Smaller than 9 mm. We have no information on its mode of life, there­
fore we have no idea why it does not bear damages. Possibly it was simply 
of bad taste for the predators. (Actual observations proved that the pre­
dators are selective, do not attack all available species.)
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Terebra acuminata Borson

Inbenthonic predator. The shell is extremely elongated, with a very 
small apical angle. Possibilities include too small size of the soft tissues, 
hardly accessible soft parts, or that the species itself was dangerous to the 
attacker.

Littorina scabra alberti Dujardin

Feeding mostly with diatoms and other algae, but is omnivorous. Lives 
in the fissures of a rocky bottom in the shallow intertidal zone. The shell is 
small (14 mm), having a thin wall. It escaped attack due to its habitat.

Trace fossil-bearing species

Table I consists numerical data on the occurrence of the discussed 
types of trace fossils on each species. Detailed description of the species 
follows the sequence in Table II, displaying species with high damage 
percentage. The species arcs ordered according to their mode of life and 
feeding habits and size.

A ) Inbenthos
a) Herbivores

Turritellids
Turritellids feed on diatoms and other algae, filtered from the water 

adjacent to the bottom. There are several theories on their mode of life 
(Tatishvili et al., 1968). Most probable is their burrowing in the mud, 
supported by our observations. Unfinished borings bear the small bulge in 
their bottoms made by naticids; these holes occur mostly on the 2nd or 
3rd coil (Fig. 3). Preys of the naticids are inbenthonic animals; and the 
borings are located on the coil which is most close to the surface, but con­
tains relatively much food.

no ue rTurritella aquitanica Tour
It is the 5th species in riumbers of our material. Most of the borings are 

located on the 2nd and 3rc coils (Fig. 3), some of them occurring on the 
suture between them (plate I, fig. 7). One of the specimens bear trace of 
pinching by a crab (plate IX. fig. 51).
Turritella (Haustator) eryna, partschi Rolle

Three specimens bear 
(plate IX, fig. 53). Pores of

gastropod borings on the 2nd and 3rd coils 
sponges were observed on 4 specimens.

Turritella turris badensis Sacco
Three specimens bear gastropod borings on the 3rd and 4th coils. Seve­

ral sponge traces occur. The; tiny pores form intersecting lines (plate II, fig. 
25). The shell became porous, and broke in after a minor mechanical damage 
(plate IX, fig. 54).
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Fig. 3. Position of gastropod borings on the shells.

Turritella vermicularis Brocchi

The specimen of plate VIII, fig. 55 bears much sponge traces on all 
sides of the shell, ordered irregularly, Gastropod borings are bowl-shaped, 
their size suggesting naticids as agents. The damage on plate IX, fig. 56 
was made by a boring bivalve; its upper part bears a boring by a naticid. 
It is supported by the strongly damaged internal part, the missing septa 
and columella. Probably the boring bivalve chose the empty shell of a 
gastropod, victim to a naticid. The 2,5 cm long shell — which was not a 
very stable point on the sea bottom — provided habitat for a relatively 
large bivalve.

Turritella bicarinata subarchimedes Orbigny

The boring is located at the suture between coils 2 and 3 (plate IX, fig. 
57).
Protomids

These ones bear borings made by naticids, with circular openings on 
both the external and internal surfaces. The protomids are related to the 
genus Turritella, therefore these were frequently attacked by naticids pre­
ferring inbenthonic animals.
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Protoma proto Baste кот
There are damages of the 2nd and 3rd coils. The animals attacked ran­

ge is size from 1.5 to 3 cm juvenile specimens were among the victims, too.

Protoma proto quadriplicate В aste кот
3rd coil (plate X, fig. 59).Usually bored on the

Species belonging to other groups

Genota ramosa elisae Hoebnes & Auingek

It is the seventh species in number of specimens of the collection. Few 
gastropod boring; no other trace fossils. The boring is bowl-shaped, located 
above the aperture on coil 2 (plate IX, fig. 58). Its shape indicate a naticid 
predator, suggesting inbenthonic mode of life for the genus Genota. Elonga­
ted shape of the shell, the narrow, long aperture and the presence of sipho- 
nal canal does not contradict this hypothesis.

Aporrhais pespelecani alalus Eichwald

Feeding on plant detritus and on diatoms and other algae. Burrows into 
the soft mud up to the apex. The shells are positioned horizontally, with 
apertures down. The naticid turned the Aporrhais out of the mud and 
bored it near the aperture (plate X, fig. 60).

b) Carnivores

Nassa dujardini edlaueri Beer

Burrows deep into the mud, appearing to feed only. Predator, but 
mostly scavenger. Eats fishes, crabs, molluscs.

75% of the damaged specimens were bored on the last coil, part of the 
traces being located near the inner lip (Fig. 3, plate X, fig. 61). It can be 
explained by the occurrence of most of the soft parts there. There is a spe­
cimen, in which the boring displays bowl-shape, but with smooth bottom 
(plate X, fig. 62). The latter suggests a naticid as the predator.

Nassa styriaca Attinger

Eleven specimens bear one gastropod boring each, all located on the 
2nd coil.

Nassa hungarica Mayer

Plate XI, fig. 63 displays injure regenerated by the animal.

Dorsanum nodosocostatum Hilker

It belongs to the inbenthonic Nassas. It is eaten by molluscs, either 
living or after the death (Tatishvili et al., 1968). The specimens bear gas­
tropod and sponge traces. There is a regenerated injure on the 2nd coil, on 
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the aboral side (plate XI, fig. 64). There is the conspicuous bulge on the 
bottom of the unfinished borings, characteristic of the naticids (plate I, 
fig. 4). Eighty percent of the traces is located on the last coil, above the 
inner lip (Fig. 3). It also indicated the relationships with the Nassas. Un­
finished borings were not completed not due to the thickness of the shell, 
but the predator might have been disturbed. There are 3 borings on the last 
coil on one of the specimens. Plate IX, fig. 65 shows a specimen bearing a 
circular boring with half-globular cross-section. There is the small bulge on 
the bottom of the unfinished boring. Plate I, fig. 1 shows a circular trace, 
too, but the hollow is elliptical. Plate IX, fig. 66 displays a biscuit-shaped 
boring due to the ornamentation of the shell. The locations of the attack on 
142 specimens are plotted on Fig. 3.

Terebra basieroti Nyst

Predators, burrowing in sandy bottom. One of the 8 specimens bears a 
gastropod boring on the 4th coil. Form of the hole and mode of life of the 
gastropod indicate the predators as naticids (Plate XI, fig. 67).

Naticids
Natica redempta Michelotti

A single one of 51 specimens display a boring; the predator might have 
been a naticid, supplying evidence for cannibalism.

Natica josephinia olla Sekres

Unfinished borings occur on 2 specimens. Bottom of the holes are smo­
oth, indicating Mur ex as predator (plate VII, fig. 42). There is a strong ro­
und, bulging thickening in the umbilicus. The predator bored just in the 
middle of it. So unfortunate selection of the location of the boring is very 
rare (plate I, fig. 9; plate VII, fig. 43).

Natica millepunctata Lanarck

Six borings were observed; four of them are located on the inner lips of 
the victim, two of them are on the aboral side. Traces of cannibalism can 
be observed. A regular, cylindrical boring was prepared, hollowing down­
wards. There is a tiny bulge in the centre of the bottom of the unfinished 
boring, indicating the predators as naticids (plate VII, figs. 44 — 45).

B ) Epibenthos
a) Herbivores

Theodoxus picta Férussac

Only 3 specimens bear borings among a population of 142. It may be 
due to the small (5.5 cm) size of the shell. Epibenthonic form, the predator 
might have been a muricid.
9 ANNALES — Sectio Geologien — Tomus XXVIII.
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Drillia allionii Bellardi

Gastropod borings occur on coils 2 and 3. Probably the most sensitive 
soft part of the animal was located here. Half of the bored specimens bear 
two completed borings (plate V, fig. 31); either the same predator prepared 
the two holes, because one was not sufficient to empty the shell of the vic­
tim, or two gastropods attacked simultaneously. A third answer to the 
problem of the double borings may be that the victim escaped after the 
preparation of the first one, but was catched again.

If the boring process was begun in a thick area, the hole lies obliquely 
to the surface. Identity of the predator cannot be determined from the 
traces.

Potamids
Largest number of specimens. Epibenthonic, herbivorous, feeding on 

algae. Depth range coincides with that of the algae: occur down to 50 m 
Prefer sandy bottom (Tatishvili et al.’ 1968).

Potamides (Pirenella) gamlitzensis Hilber

One gastropod boring occurs on each shells. The borings were rarely 
prepared on the sutures between the coils. Apparently the boring is oblique 
to the surface at the sutures and nodes (plate I, fig. 8). Smooth bottom of 
unfinished borings indicate Murex predators. Mode of life of the animals 
suggests the same.

One specimen bears a regenerated boring (plate I, fig. 11).
Location of the boring is on coils 2 or 3 (plate V, fig. 32). This area 

might have yielded the largest or best food for the predator (Fig. 3).

Potamides (Pirenella) moravicus Hörnes

Almost 10% of the specimens bear Murex traces. Most of the borings 
are on coil 2, like on P. gamlitzensis (Fig. 3). There are no unfinished bor­
ings. The suture between [the coils was bored in 9 cases, forming two open­
ings on the shell. The trace is circular on the surface (plate V, fig. 33).

Two of 80 specimens of Potamides (Pirenella) pictus Defrance & В as­
te rot, and one of 75 specimens of Potamides (Pirenella) gamlitzensis 
Rolle were bored by muricids.

Potamides (Terebralia) bidentatus perrugatus Hilber

Large size (6 — 7 cm), thick-shelled forms. One of them bears traces 
of boring bivalves, located in depressions among the ornaments (plate IV, 
fig. 30).

Potamides (Terebralia) bidentatus lignitarium eichwald

There are sponge-made pores on a well-worn, broken shell.
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Potamides (Terebralia) bidentatus margaritifer Sacco

Dumb-bell-shaped worm traces occur on the lower part of the last coil 
(plate VI, fig. 40). Traces of boring bivalves occur, too (plate IV, figs. 
28-29).

Cerithids
Their mode of life is similar to that of the potamids, consequently their 

attacker was the same.

Cerithium exdoliolum Sacco

There is a gastropod boring between the 2nd and 3rd coils. It is circu­
lar on the surface and is cylindrical downwards; its side is perpendicular to 
the surface (plate I, fig. 10). Plate IV, fig. 27 displays a boring bivalve 
within the shell. Traces os sponges were observed on plate V, figs. 34 — 35. 
The shell is broken between the linear pores.

One of 15 specimens of Cerithium rubiginosum pseudobliquostoma 
Szalai and two of 12 specimens of Cerithium vulgatum europaeum Mayer 
were bored by muricids.

Species belonging to other groups

Columbella (Alia) helvetica Mayer

Preferred sandy bottom. Worm trace is shown on plate III, fig. 21.

Pusiondla pseudofusus palatina Strausz

Three of 18 specimens display trace fossils: two gastropod borings and 
the third specimen bears traces of cirriped larvae. Both types of the latter 
one — the apple-seed-like and the scratch-like — are shown on plate V, 
fig. 36 and plate VI, fig. 37.

Antilla glandiformis Lamarck

95 specimens of robust, thick-walled shells (3 — 4 cm). Several traces 
occur, except gastropod borings (probably due to the thick wall). There 
are six specimens with crab pinches. The crabs attacked on the aboral side 
(Fig. 1, plate VI, fig. 38). If the location is not good, the crab breaks the 
shell at the outer lip (plate VI, fig. 39). The other damages were formed af­
ter the death of the animal. Cirriped larval traces were found on a single 
specimen only, but both types occurred on the same shell (plate II, figs. 
17 — 20). (A detailed description see under ‘Damages and their agents’.) 
The larger, drop-shaped traces occur on the columella only, while the smal­
ler, scratch-like traces cover almost the whole surface, even the inner sides 
(habitat of a hermit crab). Sponge pores occur, too. One of the shells ser­
ved as bottom for a boring bivalve. It bored itself into the apex. The open- 
9*



132 Á. GÖRÖG-Á SOMODY

ing is 2 mm long, 1.5 mm wide, ellipsoidal in shape. There is a worm trace 
above the aperture of one of the specimens. The U-shaped ‘tunnels’ and 
other traces are not more than 6 mm long, and occur above the aperture. 
The worm has settled after the death of the gastropod, since the aperture 
must have turned upwards to provide a good substratum.

Vermetus arenanus Linne

Epibenthonic, phytophagous forms. There are minor bivalves bored 
into the thick shells; also sponge pores occur (plate I, figs. 12 — 13).

Melongena cornuta Agassiz

Largest specimens at Várpalota, with the thickest shell (up to 15 cm).
It was embedded in the sahdy bottom due to its considerable weight. There­
fore one side is intact, whije the other served as substratum for several sessi­
le organisms. All the traces were formed after the death of the animal. Most 
of the boring organisms are bivalves (plate VII, fig. 41), and worms. Plate
II, fig. 14 displays pore lines of sponges.

b) Predators 
Muricids

Ocinebrina crassilabiata HJilber

There are several crab pinches on the shells, located aborally. It was 
the most easily available part of the animal with the thinner shell than aro­
und the aperture. The damage is always on the last coil, because most of 
the soft parts occur here (plate VIII, fig. 46).

Hadriania boeckhi (Tritoiialia sublavala) Hoernes & Auinger

There is a pinch of ctab on plate VIII, fig. 47. There are worm traces 
above the crab pinches. Another gastropod bears a boring bivalve within 
the thickened peristome (plate IV, fig. 26).

Murex rudis syrticus Mayer

There was a single, h ghly bored specimen. The animal might have been 
killed by a crab (plate Vili, fig. 49). The trace of the pinch can be well 
observed; after the initial pinch the predator broke the shell all along to the 
aperture. After death the shell was inhabited by bivalves (plate VIII, fig. 
50).

Eutriofusus burdigalensis\Defrance

Three of 37 specimens were bored by gastropods, all of them are juve­
nile ones. One of them bear a crab pinch (plate VIII, rig. 48).
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Conclusions

The trace fossils of the Várpalota fauna have preseved information on 
the non-fossilizable elements of the community: worms, sponges, cirriped 
larvae. Besides data have been obtained on the mode of life and habitat 
of certain species (e. g. Genota romosa elisae) .Information was collected on 
the special feeding habits of some gastropods: the boring. The location of 
the best point to bore might have been selected according to vulnerability 
of the soft parts (position of the visceral sack), availability, thickness of 
shell, location of the most digestable soft tissue. Most of the borings are lo­
cated on certain areas of the shell (Fig. 3). The position of borings is the 
same on similar shells (Fig. 3). Besides this general rule, several ill-located 
borings have been observed (e. g. at the suture between two coils).

Unfinished borings indicate that the victim had escaped. It may be 
one of the reasons that in some cases there are two, even three borings on 
the shell. The victim had escaped, but another predator have attacked it, 
killing it finally. We can wonder, why it did not use the existing boring. 
Successful escapes are indicated by regenerated borings. The double bor­
ings may have been made by two predators simultaneously, or by a single 
one, which needed two holes to fully extract the soft tissues. In the previous 
case the quantity of food was not enough to cover the energy needs of 
boring.

Table II — containing the important damaged species — shows that 
herbivorous gastropods dominate the population, in number of species and 
specimens as well, corresponding to the composition of the natural food cha­
in.

Some palaeoecological conclusions have been drawn. Altogether 8 bo­
ring gastropod species lived in the Badenian sea of Várpalota, represented 
by 385 specimens. These have bored 30 herbivorous species, represented 
by 650 specimens. Figures 4 and 5 show the species distribution of the vic­
tims of muricids and naticids. Looking both the specimen number and the 
percentage we can observe that the species with most members were most

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Fig. 4. Percentage of bored specimens of the species attacked by naticids (the species repre­
sented by more than 10 individuals are listed only). 1. Dorsanum nodosocostatum 2. Nassa du- 
jardini edlaueri 3. Turritella aquitanica 4. Qenota romosa elisae 5. Itimella (Dientmochilus) 
decussata 6. Drillia allionii 7. Turritella partschi 8. Protoma proto 9. Turritella turris badensis 
10. Nassa hungarica 11. Protoma inaequiplicata 12. Turritella vermicularis 13. Nassa styriaca 

14. Aporrhais pespelecani alatus
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Table I,
Number of damaged specimens of each species and their trace fossils

Species Gastro­
pod Sponge Worm Crab Cirriped Bivalve

Number 
of 

speci­
mens

Potamides (Pirenella) gamlitzen^ is . 267 0 0 0 0 0 1669
Dorsanum nodosocostatum . . . 142 2 0 0 0 0 1493
Potamides (Pirenella) moravicus 92 0 0 0 0 0 951
Nassa du jar dini edlaueri ........ 48 0 0 0 0 0 521
Turritella aquitanica ................. 59 4 1 1 0 0 444
Natica millepunctata ................. 6 0 0 0 0 0 215
Genota ramosa elisae................... 4 0 0 0 0 0 149
Theodoxus picta .............. 4 0 0 0 0 о 142
Ancilla glandiformis................... 0 0 0 6 1 0 95
Potamides (Pirenella) pictus . . 2 0 0 0 0 0 80
Rimella (Dientmochilus) decussc ta . 2 0 0 0 0 0 78
Potamides gamlitzensis theodiscu 1 0 0 0 0 0 75
Drillia allionii........................... 8 0 0 0 0 0 71
Turritella partschi....................... 3 4 0 0 0 0 52
Natica redempta ............. 1 0 0 1 0 0 51
Protoma proto ............................. 3 0 0 1 0 0 39
Natica josephinia olla ............... 3 0 0 0 0 0 38
Turritella turris badensis ......... 3 3 1 0 0 3 37
Potamides bidentatus margaritife * .. 0 0 1 0 0 3 37
Euthriofusus burdigalensis .... 3 0 0 1 0 0 32
Potamides bidentatus lignitarum 0 1 0 0 1 0 36
Hadriania boeckhi-Tritonalia sub-

lavata .................... 0 0 1 2 0 I 32
Potamides bidentatus perrugatus 0 0 0 0 0 1 31
Nassa hungarica....................... 4 0 0 0 0 0 24
Vermetus arenarius .......... 0 1 0 0 0 1 20

Protoma inaequiplicata ........... 4 0 0 0 0 0 24
Pusionella pseudofusus palatina 2 0 0 0 1 0 18
Cerithium rubiginosum pseudobi quis-

torna........................................ 1 0 0 0 0 0 15
Cerithium exdoliolum................. 2 1 0 1 0 0 15
Turritella vermicularis .......... 3 0 0 0 0 0 14
Brotia escheri inornata ....... 1 0 0 0 0 0 13
Columbella. (Alia) helvetica . . . 0 0 0 2 0 0 12
Cerithium vulgatum europaeum 2 0 0 0 0 0 12
Nassa. shiriac.a.................................................... 1 0 0 0 0 0 11
Ocinebrina (Tritonalia) crassilabiata 0 0 0 3 0 0 10
Aporrhais pespelecani alatus . . 1 0 0 0 0 0 10
Turritella bicarinata subarchimec es . 1 0 0 0 0 0 9
Columbella fallax....................... 1 0 0 0 0 0 9
M elong ena cornuta ................... 0 3 1 0 0 0 8
Terebra basteroti....................... 1 0 0 0 0 0 8
Columbella moravica ......... 1 0 0 0 1 0 7
Gibbula buchi............................. 1 0 0 0 0 0 6
Gibbula biangulata ................... 1 0 0 0 0 0 4
Solarium semiquamosum bisulcai um 2 0 0 0 0 0 2
Mur ex rudis syrticus ............... 0 0 0 1 0 1 1
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Table II.

Damaged species and their damages, grouped according to their mode of life, 
and their size within each group.

(N = naticids, M = muricids).

SPECIES
Gastr.

У
-d 
a> >

W
or

m be
r o

f 
;im

en
s

N M C
ra

b fi о Pt 
zn О

I a £

H
Й

Turritella aquitanica ......................................
Turritella eryna partschi..................................
Turritella turris badensis ..............................

59
3
3

1 4
4
3

1

1 3

444
52
37

О Turritella vermicularis .................................. 3 14

IN
B

EN
TH

O
N

IC

>
и 
tí 
н
И

Turritella bicarinata subarchimedes .............
Genota ramosa elisae........................................
Protoma proto ...................................................
Protoma inaequiplicata....................................
Aporrhais pespelecani alatus.........................

1
4
3
4
1

1

9 
149

39 
24
10

C
A

R
N

IV
O

R
E

Nassa dujardini edlaueri .............................  
Dorsanum nodosocostatum ...........................  
Terebra basteroti.............................................. 
Nassa styriaca................................................... 
Nassa hungarica...................,.........................
Natica redempta ..............................................
Natica josephinia olla ....................................
Natica millepunctata ......................................

48
142

1
1
4

1
2

1
2
4

1

2
521

1493
8

11
24
51
38

215

EP
IB

EN
TH

O
N

IC
H

ER
B

IV
O

R
E

Theodoxus picta................................................
Drillia allionii...................................................
Potamides (Pirenella) gamlitzensis...............
Potamides (Pirenella) moravicus .................
Potamides (Pirenella) pictus.........................
Potamides gamlitzensis theodiscus ...............
Cerithium exdoliolum....................
Columbella (Alia) helvetica .........................
Pusionella pseudofusus palatina .................
Ancilla qlandiformis........................................

Vermetus arenarius..........................................
Potamides bidentatus perrugatus...................
Potamides bidentatus lignitarum........ ..
Potamides bidentatus margaritifer.................
Melongena cornuta ..........................................

4
8 

257 
92
2
1
2

2

1
2

6

1

1

1

3

1
1

1
1
1

1
1

3

142
71

1669
951
80
75
15
12
18
95
20
31
36
37

8

C
A

R
N

. Ocinebrina (Tritonalia) crassilabiata...........
Hadriania boeckhi-Tritonalia sublavata .... 
Euthriofusus burdigalensis ...........................  
Murex rudis syrticus ......................................

3

3
2 
1
1

1
1
1

1

10
32
32

1
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PLATE I.

1. Naticid boring on the gastropod Dorsanum nodosocostatum (7,5x)
2. Naticid boring on the gastropod Nassa dujardini edlaueri (6x)
3. Naticid boring on the gastropod Turritella vermicularis (1.5x)
4. Naticid boring on the gastropod Dorsanum nodosocostatum. (7.2x)
5. Naticid boring on the gastropod Turritella vermicularis (4x)
6. Naticid boring on the gastropod Natica millepunctata (öx)
7. Naticid boring on the gastropod Turritella aquitanica (ox)
8. Muricid boring on the gastropod Pirenella gamlitzensis (2.4x)
9. Muricid boring on the gastropod Natica josephinia olla (2.2x)

10. Muricid boring on the gastropod Cerithium exdoliolum (1.8)
11. Muricid boring on the gastropod Pirenella gamlitzensis (3x)
12. Sponge pores on the gastropod Vermetus arenorius internal surface (4.5x)
13. Sponge pores on the gastropod Vermetus arenorius external surface.
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Pl. II

14

15

16 17

19 20
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PLATE II.

14. Sponge pores on the columella of Melongena (Galeodes) cornuta (3.2x)
15. Broken pores of sponges in Turritella turris (2.5x)
16. Cirriped larval traces on the columella of Ancilla glandiformis (3.2x)
17. Plastic internal mould of the shell fragment on Fig. 16. (8x)
18. Cirriped larval traces on the shell of Tritonalia subla/vata (3.5)
19. Cirriped larval traces on the spire of Ancilla glandiformis (5x)
20. Plastic internal moulds of the shell fragment on Fig. 19. (10x)
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PLATE III.

21. Dumb-bell-shaped worm traces on the spire of the gastropod Columbella (Alia) Helvetica 
Mayer (2x)

22. Plastic internal mould of U-shaped worm traces (4x)
23. Sites of worm tracks and boring bivalves on the spire of Melongena cornuta (2.5)
24. Sites of worm tracks and boring bivalves on the spire of worm tracks and boring bivalves 

(2.6x)
25. Plastic internal mould of worm tracks and boring bivalves on the spire of Melongena 

cornuta (2.5x)
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PLATE IV.

26. Boring bivalve on the outer lip of Hadriania boeckhi (6x)
27. A boring bivalve located in the shell of Cerithium exdoliolum (9.5x)
28. Boring bivalve in the shell of Potamides bidentatus (4x)
29. Boring bivalve in the shell of Potamides bidentatus (4x)
30. Boring bivalve among the nodes of the shell of Potamides bidentatus (40x)



144 Á. GÖRÖG-Á. SOMODY



BADENIAN TRACE EOSSILS 145

PLATE V.

31. Drilliaallionii with two muricid borings (3.8)
32. Pirenella gamlitzensis with muricid boring (2.5)
33. Pirenella moravicus with muricid boring (3.8x)
34. Cerithium exdoliolum with sponge pores (3.5x)
35. Cerithium exdoliolum with sponge pores and their breaks (4.8)

10 ANNALES — Sectio Geologica — Tomus XXVIII.
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39
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PLATE VI.

37. Pusionella pseudofusus palatina with both types of cirriped larval stages (Юх)
38. Ancilla glandiformis with crab-made injure (2x)
39. Ancilla glandiformis with crab-made injures (2x)
40. Potamides bidentatus margaritifer with worm traces (4x)

10*
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PLATE VII.

41. Melongena cornuta with worm traces and boring bivalves (lx)
42. Natica josephinia olla with naticid boring (2.2x)
43. Natica josephinia olla with naticid borehole
44. Natica millepunctata with naticid boring (4.5x)
45. Natica millepunctata with naticid boring (5.3x)
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50
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PLATE VIII.

46. Ocinebrina crassilabiata with crab pinch (2.4x)
47. Hadriania boeckhi with crab pinch (2.4x)
48. Euthriofusus burdigalensis with crab pinch. (2.3x)
49. Mur ex rudis syrticus with crab pinches and boring bivalves. (1.5x)
50. Murex rudis syrticus with crab damages and the location of boring bivalves (1.5x)
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57 58
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PLATE IX.

61. Turritella aquitanica with crab pinch (1.8x)
52. Turritella aquitanica with an unfinished boring of a naticid (3x)
53. Turritella eryna partschi with naticid borings (3.2?)
54. Turritella turris badensis with sponge pores (2.55)
55. Turritella vermicularis with sponge pores (3x)
56. Turritella vermicularis with naticid borings
57. Turritella bicarinata subarchimedis with naticid boring (3x)
68. Genota ramosa elisae with naticid boring (4x)
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62
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PLATE X.

59. Protoma proto quadriplicata with naticid boring (З.бх)
60. Aporrhais pespelecani alatus with naticid boring in the inner lip (4.6x)
61. Nassa dujardini ecllaueri with naticid boring (5x)
62. Nassa dujardini edlaueri with naticid borings (5x)
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66
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PLATE XI.

63. Nassa hungarica with regeneration (6.5x)
64. Dorsanum nodosocostatum with traces of regeneration (5x)
65. Dorsanum nodosocostatum with naticid boring (5x)
66. Dorsanum nodosocostatum with naticids (6.5x)
67. Terebra basteroti with naticid borings (2.2%)
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often attacked by the predators. The order within this major grouping was 
determined by the size, motility, shell thickness, ornamentation, and pro­
bably “taste” of the victim. For example 49 of 521 specimens of Nassa 
dujardini edlaueri, and 58 of 444 specimens of Turritella aquitanica were 
attacked by naticids. The case of it might have been the larger size of 
Turritella, thus yielding more food with the same effort; or the predator 
Nassas are more motile than the Turritellas living in the mud with their 
apex below the surface.

Plot of the victims of jthe muricids (Fig. 5) shows that though the se­
veral Potamides species are Jthe same in habitat, size and shape, differing in- 
their ornamentation only, the predators made important distinctions among' 
them; possibly these were öf different taste.

Table II indicates that the naticids and muricids attacked only some 
individuals of the too small Theodoxus pictus, and none of the too big Pota­
mides bidentatus perrugatui.

A full picture on the diet of the predators can be drawn only if the 
traces on the bivalves will be studied, too. The main food of naticids and 
muricids are bivalves (Tatishvili et al., 1968). Our results support it: 
308 naticid predators were Computed with only 289 gastropod victims, whi­
le 81 muricids were computed with 362 victims.

Fig. 5. Percentage of bored specimes of the species attacked by muricids (the species represen 
ted by more than 10 individuals are listed only). 1. Potamides (Pirenella) gamlitzensis 2. Pota 
mides (Pirenella) moravicus 3. Potamides (Pirenella) pictus 4. Potamides gamlitzensis theo 
discus 6. Pusionella pseudofusus palatina 6. Cerithium rubigmosum pseudobliquistoma 7 

Cerithium exdolium 8. Cerithium vulgatum europaeum
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Trace fossils made by different organisms usually occur on certain 
areas of the shell: traces of malacostracans are on the aboral side, traces of 
cirriped larvae are located in less exposed parts of the external side of the 
shells, and traces of boring bivalves occupy the regions with thick shell.

Trace fossils on gastropods indicate the major role of bioerosion in the 
preservation of shells.

The Badenian sea bottom is figured on Fig. 6. Habitats and feeding ha­
bits of fossilized animals and of animals which produced the trace fossils 
are figured in their natural environment.
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Abstract

Contrasting lithology, highly varied sediment thickness and differences in the timing 
of pelagic sedimentation provide a tripartite division of the Bakony unit in the Neocomian. 
A deep basin in the Zala region, containing thick Biancone limestone and pelagic, dark marl, 
corresponds to the Lombardian basin of the Southern Alps. An elevated ridge (below the pho­
tic zone) with condensed sedimentation corresponds to the Trento plateau, and a contempo­
raneous flysch basin in the Gerecse to the Belluno trough.

Introduction

The Bakony unit is situated in the NW part of the Pannonian basin. It 
is bordered by the Rába and Balaton strike-slip faults, which are parts of 
the Periadriatic lineament system (Kázmér, 1986) (Fig. 1.). It has been dis­
placed from the Alps to its actual position by an Oligocene continental es­
cape (Kázmér and Kovács, 1985). Its Lower Cretaceous formations, among 
others, are closely similar to those of the Southern and Eastern Alps 
(Fülöp, 1964). The marked differentiation of the Southern Alps into dis­
tinct facies zones: the Friuli platform, the Belluno trough, the Trento pla­
teau, and the Lombardian basin with several internal swells and troughs 
(Aubouin, 1963; Bosellini, 1973), made us to look for similar features 
in the Bakony unit. This paper summarizes the results for the Lower 
Cretaceous (Neocomian).

Twelve published Neocomian surface and subsurface profiles, ranging 
from the Zala region in the west to the Gerecse region in the east are corre­
lated with each other, emphasizing lithology and sediment thickness (Fig. 
2). Their interpretation is given in the framework of a basin and ridge 
submarine topography.

Stratigraphy (Fig. 2)

Up to now the most important works on the Neocomian of the Bakony 
unit were prepared by Fülöp (1958, 1964), more than two decades ago. His 
data are still reliable and form the basis for the present paper. Further refe-
11 ANNALES — Sectio Geologica — Tomus XXVIII.



Fig. 1. Location of Lower Cretaceous profiles in the Bakony unit of Hungary, 
lines indicate the approximate position of basin-plateau boundaries.

The dashed

rences on the lithology, biostratigraphy and sedimentology of the forma­
tions are provided by Kázmér (1986).

Biancone (Tithonian — Lower Hauterivian) 
(= Mogyorósdomb Limestone Formation). White, thin-bedded limestone 
with dark chert nodules and beds. The Berriasian — Lower Hauterivian sec­
tion is about 250 m thick in a surface profile, but isoclinal folding makes 
this number imprecise. Its stratigraphy is based on calpionellids (Tardi — 
Filácz, 1986), ammonoids (Vígh in Haas et al., 1985), and magnetostra­
tigraphy (Márton, 1986)!. The Tithonian —Berriasian boundary is locali­
zed in the Mogyorósdomb surface profile at Sümeg, but the other occurrence 
in Nagytilaj — 2 borehole is poorly dated.

Grey marl (Hauterivian — Aptian) 
( = Sümeg Marl Formation). Light grey, poorly bedded marl and siltstone, 
without sandstone layers (Fülöp, 1964, Haas et al., 1985). Thickness: 
250 m in Süt —17 borehole (no tilt correction). The rich nannoflora and 
planktonic foraminifer fauna and ammonite shells indicate deposition in a
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pelagic environment above aragonite compensation depth. Its subsurface 
exposures are known in the Sümeg region only.

A ca. 90 m thick profile in Nagytilaj — 2 borehole (1048 —1140 m) ex­
poses “unbedded, calcareous marl, brownish red with green spots, hard 
rock of conchoidal fracture: Szepesházy and Dubay considered it Valan- 
ginian” (Kőrössy, 1987, p. 116); however, lithological correlation with the 
Hau terivian — Aptian Síimig Marl is more probable. Unfortunately, bio- 
stratigraphical data are not available. The marl is underlain by Biancone 
limestone.

Calpionellid limestone (Tithonian — Berriasian) 
( = Szentivánhegy Limestone Formation). Red, compact, pelagic limestone 
with rich fauna: Calpumellaalpina, Globochaete (Fülöp, 1976) andammono- 
ids (Vigh, 1984). Thin beds: thickness range from 0,2 to 2,0 m in the Ber­
riasian. Frequent hardgrdunds and dissolved ammonites occur (Vigh, 
1984). Localities: Zirc, Bakonycsernye, Kapberek and Tata.

Condensed limestone beds (Berriasian to Barremian)
(Mogyorósdomb Formation and Borzavar Formation). Thin (0,3 to 2 m) 
limestone beds with rich ammonite fauna, and phosphate oncoids (Fülöp, 
1964; Miszlivecz and Polgári, 1987). Age is mostly Berriasian, rarely 
Valanginian and Barremian. Locally encrinite occur with well-preserved 
calyxes (Szörényi, 1959).

Flysch (Berriasian to Barremian)
(Bersek Marl and Lábatlan Sandstone Formations). Upper Tithonian cal­
pionellid limestones, covered by limonitic hardgrounds, are overlain by thin 
Berriasian sandstone and calcareous breccia (Fülöp, 1958; Vigh, 1984). 
Valanginian — Lower Hajuterivian grey and red marls, with graded sand­
stone layers follow. The upper part is Upper Hauterivian — Barremian 
sandstone with interbedded marls, displaying graded bedding, flute casts, 
trace fossils etc. The sequence is capped by Barremian chert breccia and 
conglomerate (Fülöp, 1958; Császár in Császár and Haas, 1984). The 
more than 300 m thick Neocomian sequence is a prograding submarine 
fan: distal turbidites (Becsek Marl), proximal turbidites (Lábatlan Sand­
stone) and a fan channel sequence (breccia and conglomerate) (Kázmér, 
1987a). Rare molds of ammonites and frequent aptychi indicate deposition 
between aragonite and calcite compensation depths.

Crinoid limestone (Aptian)
(Tata Limestone)
Grey crinoid limestone with rare chert nodules, siliceous sponge spicules and 
sandy intercalations. Mostly biosparite, less biomicrite. Contains glauconite. 
Brachiopod and ammonite faunulas occur at the bottom, and benthic and 
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planktonic foraminifers above. Besides crinoid ossicles it contains much 
carbonate extraclasts (Lelkes, 1985). It has been deposited below the 
photic zone, in a deep neritic to shallow bathyal environment. References: 
Fülöp (1964, 1976); Haas et al., (1985).

Facies zones

Lithological and thickness variations (Fig. 2) make possible to recog­
nize three facies zones in the Bakony unit of Hungary. Similar positions 
of Lower Liassic facies zones based on South Alpine analogues (Kázmér 
and Kovács, 1985; Kázmér, 1987b) provided considerable help.

Zala basin

It covers the present-day geographic region of the North Zala hydro­
carbon basin, and the westernmost part of Bakony Mts. around Sümeg. 
This palaeogeographic unit is based on two localities, the Nagytilaj — 2 
borehole, and two boreholes (Süt —17, Sp — 1) and a single outcrop at Sümeg.

However, the similar sequence: Upper Jurassic (to Hauterivian) bian­
cone (more than 250 m thick), covered by more than 280 m grey, pelagic 
marl indicate a deep marine depositional environment above aragonite 
compensation depth. Conspicuous isoclinal folding (unknown elsewhere in 
the Bakony unit) (Haas et al., 1985) and a surplus number of magnetostra- 
tigraphic zones (Márton, 1986) in the Biancone may be due to slumps 
and slump folds in the sequence, indicating bathyal, slope environment. 
This basin shows close relationships to the Lombardian basin of the Sou­
thern Alps (Kázmér and Kovács, 1985).

The Sümeg locality has belonged to the neritic Bakony (= Trento) 
plateau in Hettangian time (Kázmér, 1987b). Its shift to a basin environ­
ment before Neocomian indicate the eastward “prograding” of the Zala 
basin. A detailed investigation in terms of the Lombardian basin — Trento 
plateau border zone in the Southern Alps (Castellarin, 1972) will provide 
more details.

Balcony plateau

Instead of the more than 500 m thick Neocomian sequence at Sümeg 
in the Zala basin, the Bakony plateau — extending from Szentgál to Tata 
— displays sequences usually less than a metre thick (but never exceeding 
27 m). These beds are Biancone-like marls at the three western localities: 
Szentgál, Hárskút and Pénzesgyőr, and micritic limestones and encrinites 
in all other places. Absence of organisms which need light indicate deposi­
tion below the photic zone. Small thickness, condensation, frequent stra­
tigraphic gaps, hardgrounds and phosphatic nodules indicate currents 
sweeping the plateau, preventing deposition of sediments.



24
0

Fi
g.

 3.
 Sc

he
m

at
ic

 p
al

ae
og

eo
gr

ap
hi

c 
se

ct
io

n 
of

 B
ak

on
y 

un
it 

in
 E

ar
ly

 C
re

ta
ce

ou
s (

B
er

ria
si

an
 —

 B
ar

re
m

ia
n)

 ti
m

e.
 T

he
 de

pt
h s

ca
le

 on
 th

e l
ef

t 
in

di
ca

te
s i

nt
er

va
ls

 on
ly

: 10
0 t

o 3
00

 m
: d

ee
p n

er
iti

c; 
30

0 t
o 

40
00

 m
: b

at
hy

al
 e

nv
iro

nm
en

t. T
he

 Z
al

a b
as

in
 co

nt
ai

ns
 a 

th
ic

k 
B

ia
nc

on
e a

nd
 

da
rk

 m
ar

l s
eq

ue
nc

e d
ep

os
ite

d 
ab

ov
e 

A
C

D
. T

he
 B

ak
on

y p
la

te
au

 di
sp

la
ys

 a
 h

ig
hl

y 
co

nd
en

se
d,

 so
m

et
im

es
 le

ss
 th

an
 1 

m
 th

ic
k 

lim
es

to
ne

 an
d 

m
ar

l s
eq

ue
nc

e,
 w

ith
 fr

eq
ue

nt
 g

ap
s. 

Th
e G

er
ec

se
 b

as
in

 is
 fi

lle
d 

by
 a

 th
ic

k 
tu

rb
id

ite
 se

qu
en

ce
, d

ep
os

ite
d b

et
w

ee
n 

A
C

D
 an

d 
C

C
D

. (L
oc

al
iti

es
 

of
 N

eo
co

m
ia

n 
pr

of
ile

s a
re

 pr
oj

ec
te

d o
n a

 24
0°

 —
 6

0°
 li

ne
, re

pr
es

en
tin

g 
th

e l
on

g a
xi

s o
f t

he
 B

ak
on

y u
ni

t.



LOWER CRETACEOUS FACIES ZONES 167

Gerecse flysch trough
It extends from the immediate eastern neighbourhood of Tata (Csá­

szár and Haas, 1979) to at least Kesztölc in the east. Following the de­
tailed description of Fülöp (1958), the flysch character of the Gerecse Neo- 
comian was recognized by Császár and Haas (1979). The sediments of a 
prograding submarine fan (Kázmér, 1987a) have been deposited in a rela­
tively quickly subsiding basin (330 m flysch at Lábatlan vs. 0,3 m lime­
stone at Kapberek and 6,3 m crinoid limestone at Tata (TVG —59 bore­
hole). The western margin was a fault, as shown by the immediate neigh­
bourhood of the reduced Kapberek sequence and the Tatabánya flysch 
(data for the latter locality are available only from the pre-Cenozoic map 
of Fülöp and Dank, 1987).

Close similarities between the Gerecse flysch and the Rossfeld beds in 
the Northern Calcareous Alps have been known for a long time (Fülöp, 
1958). Their relationship can be understood in the palinspastic framework 
of Kázmér and Kovács (1985), which placed the Bakony tectonic unit to 
the south of the Northern Calcareous Alps.

A possible palaeogeographic section emphasizing topographic diffe­
rences during Neocomian time is shown in Fig. 3. The boundaries between 
the basins and the plateau are considered as faults, since no transition bet­
ween them has been observed.

The pelagic feed-up model of pre-Neocomian basins as described by 
Galácz et al. (1985) is valid for the Bakony plateau itself; the Zala and 
especially the Gerecse basins show an increase in differential subsidence.

Conclusions

The Bakony unit contains three facies zones in Hungary: the Zala 
basin in the west filled by 550 m carbonate and pelitic sediments; the Ge­
recse basin in the east with more than 330 m flysch and the Bakony ridge 
between them with condensed carbonate sedimentation. Their similarity 
with the Southern Alpine Lombardian basin, Belluno (equals to North 
Alpine Rossfeld) basin and Trento plateau, respectively, provides further 
support for the Mesozoic position of the Bakony unit within the Alps.
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Abstract

This paper summarizes the most important fields of researches and problems of the 
investigations of fossil sporomorphs. The synthesis of ТЕМ data of the fossil spore-pollen 
wall is first published here. The chemistry and molecular structure of the biopolymer units 
of the sporopollenin, and the importance of the biogeochemistry in the investigation of the 
fossil palynomorphs is emphasized.

Introduction

The methodical study of fossil sporomorphs started in the thirties of 
this century. In contrast, the investigations of the spores and pollen grains 
of the recent taxa began till to the XVIII century. In this way the results 
got on the recent taxa necessarily have an effect on Paleopalynology, but 
its special characteristic features, namely the geological uses in the rese­
arches of the raw material, became an important influential factor of this 
field of research.

The peculiar, interdisciplinar position of the researches of the fossil 
sporomorphs happened in consequence of this reason.

The classical light-microscope method is important in the solution of 
the following problems:

1. The geological age may be determined by the data of well preserved 
spore-pollen assemblages.

2. It yields opportunity to get data for the circumstances of the sedi­
mentation processes.

3. Quantitative palynological data are useful for local stratigraphic 
correlations.

4. The rebedding of the sediments may be established by palynologi­
cal methods, too.

5. The continental movements may also be followed by the regional 
distribution of the fossil sporomorphs.
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The morphological and taxonomical knowledge of the new fossil spore 
and pollen types isolated from the sediments of different geological ages 
influenced the general palynological concepts, which were based exclusi­
vely on data of the recent taxa, and modified the attitude of this branch of 
research. From this point pf view the following may be worth of mention­
ing:

1. Among the fossil sporomorphs a number of new types were also fo­
und, which occured not at the recent taxa. E. g.: some spores of the paleo­
zoic ferns; Emplmnisporitts, Reinschospora, the monosaccate gymnosperm 
pollen types from the Upper Permian.

2. Trough evaluation^ of the different spore and pollen types in the 
chronological order of thej geological time table the evolutionary signifi­
cance of the sporomorphs, and of their morphological characteristic features 
may be established. For example the trilete spore is earlier than the mono- 
lete one. From among Angiospermatophyta pollen grains, Longaxones are 
more primitive rather than Brevaxones. The augmentation of the number 
of the aperture is also a sign of the evolution. The pore, as aperture is more 
developed than the furrow. The history of the air bladded gymnosperm 
pollen grains is interesting, too.

3. The spore-pollen data are important in the researches of plant phy­
logeny.

4. Paleoecology, Palebphytogeography and Paleoclimatology are lar­
gely cultivated fields of researches based on palynological data.

The reciprocal effect developed in this way between the researches of 
the recent and fossil sporcimorphs, in optimal case is stimulating for both 
fields of researches.

In connection with the study by the LM method, one sometimes neg- 
ligated point of view must be mentioned. It is desirable that the investi­
gations were extended to the full microremnants assemblage in the litera­
túrai sense of the word to (the following too:

1. Algal remnants {^otryococcus, Pediastrum, Hystrichosphaeridae, 
etc.), Mycophyta spores. |

2. Epidermis, xylem and other kind of tissue remnants.
3. Organic walled, microscopical animal remnants, e. g.: chitinous 

Foraminiferae shells, Thecamoeba.
In some cases, the tissue remnants, occurring in the spore-pollen assem­

blages have a primary roje in the solution of the problem investigated. 
E. g.; the transport of the Radioactive material may be carried out by xylem 
remnants too, connected fo aromatic lignin derivates. From the point of 
view of Geochemistry, the' cellulose (parenchym cell walls) and cutin (epi­
dermis) occurring in the cdal layers are also important.

The scanning electron-microscope method is important firstly in the 
taxonomic spore-pollen researches. Connected ТЕМ and SEM characteris­
tic features from phylogenetic point of view were established at the early 
brevaxonate angiosperm pollen grains, The earliest Brevaxones; Probre- 
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vaxones have a columellar infratectum, the surface ornamentation is rela­
tively diversified. The ultrastructure of the infratectum of the developed 
Normapolles and Postnormapolles taxa is granular and there are submicros- 
copic coni on the surface of the tectum. The basis diameter and the number 
of coni per 1 square micron, have taxonomical value.

The chemical composition of the spore-pollen wall interested the rese­
archers for ages. The first data were published by John (1814). Later 
Zetzsche and Kälin (1931), Zetzsche et al. described several charac­
teristic features of the sporopollenin, among these we emphasize the au- 
toxydation. The first period of the knowledge of the chemistry of the spo­
ropollenin was summarized by Tomsovic (1960). On the basis of previous 
results it was concluded that the sporopollenin is a high polymerized ter­
pene derivate, similar to the cutin. The new results of Shaw and Yeadon 
(1964, 1966), Brooks and Shaw (1968, 1971, 1978), fundamentally chan­
ged this first concept of the sporopollenin. They established that the pre­
cursors of the sporopollenin are ß caroten and esters of carotenoids. The 
stability of these elementary base molecules is assured by aromatic lignin 
derivates; Manskaya, Kodina and Generalova (1973). Following 
Potonié and Rehnelt (1971) in the course of coalification the aliphatic 
part of the sporopollenin becomes more and more aromatised. For this mat­
ter, they introduced the term “sporin” (Potonié and Rehnelt, 1969).

On the basis of the results on the exine of recent Epacridaceae Ford 
(1971) established the following: the outer layer, the ectexine is composed 
of sporopollenin, the endexine has a high lignin content, and the material 
of the intine is cellulose. On the surface of the pollen exine thorium and 
other kind of metals were discovered by Rowley (1971). Faegri (1971) 
concerning the enzymatic destruction of the sporopollenin emphasized that 
our knowledge is poor regarding the enzymes which may be degraded the 
sporopollenin. As regards the microbial destruction the publications of 
Elsik (1966) and Erdtman (1971) are important.

Summarizing the results concerning the chemistry of the sporopollenin 
it may be concluded, that there are several questions to solve, moreover 
there are several problems which were not be mentioned here.

The higher level of the knowledge of the chemistry of the sporopollenin 
is the molecular structure of the biopolymers. The most important fields of 
research of this problem are as follows:

The twofold refraction of light of the exine was studied by Sitte 
(1959,1960,1963) and by Freytag (1964). Based on the results they suppo­
sed that the sporopollenin is composed of globular units arranged in fibril­
lar order. In contrast to this, Rowley (1962) emphasized the fibrillar units 
of the sporopollenin. By the ТЕМ study of degraded fossil exines Kedves, 
Stanley and Rojik (1974) published pictures from the biopolymer units 
of the sporopollenin, and probably from the polymers of the aromatic lignin 
derivates. All observed particles have globular morphology. Rowley 
(1975) established that in the exine there are lipopolysaccharide filaments. 
These filaments may be solved in 2-amino-ethanol, and the higher bio-
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polymer units of the sporopollenin may be studied by the transmission 
electron microscope. Row: 
of papers concerning this 
was described. My own e 
with the ТЕМ method res 
is necessary to emphasize

ley, with several co-workers published a number 
problem, and the helical sub-units of the exine 

snzymatic, and oxidizing experiments combined 
suited globular biopolymer units. In this paper it 
that the globular biopolymer units may be the

basic elements of the helical structures. During our ТЕМ study of the plant 
microfossils of the mangar ese ore layers, helical structures were also found.

Finally it is necessary to emphasize the opportunity of the methods, 
and results of Biogeochemistry and of Biophysics, in the researches of 
the organic remnants. It established the remnants of several biologically
important compounds from sedimentary rocks. Breger (1960), Jones 
and Vallentyne (1960) respectively reviewed the earlier results, following
these publications, in 1944, Box, Updegraf and Novelli published caro- 
tenoids, and chlorophyll-li 
may be hoped to get data 
pollenin and for the molec

ike pigment remnants from marine sediments. It 
. for the evolution of the chemistry of the sporo- 
:ular structure of the sporoderm.

It may be concluded from the formerly mentioned facts that the effec- 
tual co-operation of the re 
mistry, Paleobiology, Geo: 
sis.

(searches of the different fields (Biology, Geoche- 
: ogy) may be resulted in a very valuable synthe-

The application of the transmission electron microscopical method in 
the Palynology of the recent taxa started in 1952; Fernández—Mórán 
and Dahl. The first ТЕМ data on fossil exines were published by Ehr­
lich and Hall (1959). Later, in particular henceforth in the seventies, 
the number of publication® on the subject of the sporoderm ultrastructure 
of the fossil dispersed and associated sporomorphs have increased. On the 
basis of the up-to-date results, the general concepts may be established as 
follows:

1. During the evolutionary process of the sporoderm fine structure a 
trend of simplification happened. Irregular submicroscopical units become 
regularly arranged ultrastructural elements. The wall ultrastructure of the 
early types is in general more complicated than the evoluted ones. This pro­
cess may be followed by the decrease of the number of the layers of the spo­
roderm.

2. The phylogenetical, and taxonomical value of certain sporoderm 
layers is different.

3. The lamellar ultra^tructure is earlier than the granular or homo­
geneous one.

4. The ultrastructure: phylogenetical conclusions based on ТЕМ data 
of the fossil spores and pollen grains are in each case identical with the most 
important steps of the sporoderm ontogeny of the recent taxa. E. g.: The 
development of the nexine — it was established on recent and fossil taxa 
too that in the first step of development both are of lamellar ultrastructure.

Among the details, the following results can be mentioned. Remark. — 
These results and conceptions are in the basis of two books by the author, 
which are under publication.
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1. The wall ultrastructure of the earliest spores from the Devonian 
is composed from ramifying roods of sporopollenin with spongy appearance, 
or by characteristic lamellar ultrastructure elements.

2. The richness in types of the Carboniferous appear in the wall ultra­
structure too, beside the early structures, the developed homogeneous may 
also occur.

3. In the case of the heterospory, in particular from the Mesozoic it is 
relatively common that the wall ultrastructure of the megaspore is of an 
earlier type than those of the microspore. The wall structure of the mio- 
spores is often homogeneous, namely the developed type, the wall is some­
times channeled.

4. Henceforth of the Upper Cretaceous the homogeneous wall ultra­
structure is common. The fine structure of the perispore of the megaspores 
is reminiscent to those of the exine of the angiosperm pollen grains — tec­
tum, infratectum, foot layer.

5. The earliest gymnosperm pollen — Archaeoperisaccus — from the 
Devonian (the age may be in question) has a spongy-alveolar ectexine, and 
a lamellar endexine. This is essentially identical with the ultrastructure of 
the wall of the earliest spores.

6. Inside the saccate type the charateristic alveolar intratectum ultra­
structure appeared in the Carboniferous time, but the ultrastructure of the 
inner layer of ths exine is lamellar.

7. The so-called modern gymnosperm exine ultrastructure appeared 
in the Trias — Jura period. The submicroscopic structure of the inapertura­
te gymnosperm pollen types is well known from the Jurassic-Cretaceous 
period. In contrast to the relatively uniform light-microscope morphology, 
the fine structure of the exine is heterogeneous.

7.1. The exine ultrastructure of the genus Balmeiopsis is of an early 
type, its ectexine is spongy, the ultrastructure of the endexine is lamellar.

7.2. The exine ultrastructure of the pollen grains of Spheripollenites 
has angiospermous characteristic features.

7.3. The evolved exine ultrastructure type of the inaperturate gym­
nosperm pollen grains, which is identical with those of the recent taxa is 
known until from the Cretaceous period. The endexine is lamellar, the 
ectexine is granular, but this granular ultrastructure has an angiosperm type.

8. The exine ultrastructure of the Circumpolles Group, which is cha­
racteristic for the Trias — Cretaceous period is particularly complicated, 
but some characteristics are similar to those of the angiosperms.

9. As regards the evolutionary significance of the fossil angiosperm 
exines, primarily early characteristic feature is the columellar infratectum 
and the lamellar endexine and/or foot layer.

10. During the differentiation, which started henceforth in the Upper 
Cretaceous, the phylogenetic value of certain characteristic features may 
change. Namely, primarily early characteristic may be developed to se­
condary. E. g.; The columellar infratectum of the Tertiary species of the 
Postnormapolles, and Eubrevaxones is more developed opposed to the gra­
nular structure of the Eunormapolles.
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PART I: THE JÁSD J-42 STRATOTYPE PROFILE

by
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Abstract

The planktonic foraminifer fauna of the Pénzeskút Marl is described, providing stra­
tigraphical and ecological interpretation. A short introduction to the geology of the formation 
is given. First and last occurrences and quantitative distribution of the fauna in the Jásd — 42 
borehole are described in detail. Two zones and two subzones were recognized: 1. Rotalipora 
appenninica Zone (a: R. ticinensis — Planomalina buxtorfi Subzone; b: R. appenninica — 
Guembelitria cenomana Subzone; Lower and Upper Vraconian, respectively); 2. Rotalipora 
brotzeni Zone: Lower Cenomanian.

Introduction
This paper is the result of the author’s participation in the National 

Key Section Programme and in the International Geological Correlation 
Programme, Project 58, during the years 1979 — 1984.

Stratigraphy of the Pénzeskút Marl is based on ammonite studies of 
Scholtz (1973, 1979) and Horváth (1985). Planktonic foraminifers were 
studied by Majzon (1940, 1966) at the first time. Sidó recognized forami­
nifer assemblages, planktonic zones and benthonic biofacies horizons 
(Sidó, 1966, 1971).

The Middle Cretaceous sedimentary cycle of the Transdanubian Mid­
mountains consists of 6 formations (Fig. 1). The Pénzeskút Marl is the 
youngest member of the cycle. It occupies a narrow zone along the axis of 
the Midmountains syncline, of about 60 km length and 3 — 10 km width 
(Fig. 2). Thickness extends up to 476 m (Jásd —42 borehole), divided into 
three subunits (after Császár, 1985; Fig. 3). The lower subunit is made of 
140 m dolomitic silty marl with calcareous nodules. Its lowermost, 0,5 to 
1 m thick bed is a glauconitic horizon, the glauconite content swiftly decre­
asing upwards. It contains 0.2 to 0.6 m thick breccia made of the underlying 
limestone and fossil fragments. The 199 m thick middle subunit is poorly 
bedded, dark gray dolomitic marl, while the upper, 145 m thick subunit is 
characterised by alternating dolomitic, silty marl, siltstone and sandstone.

The Pénzeskút Marl is underlain by the Zirc Limestone, usually by a 
hiatus, but deposition was uninterrupted in the southwest.

* Doctoral thesis defended at Eötvös University.
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Fig. 1. Aptian-Cenomanian formations of Bakony and Vértes Mts., Legend: 1. Pénzeskiit 
Marl; 2: Zirc Limestone; 3: Tés Marl; 4: Környe Limestone; 5: Alsópsre Bauxite; 6: Vértes- 

somi^ Siltstone; 7. Tata Limestone.

The Jásd — 42 stratotype profile

About 200 forms were recognized in the extremely rich foraminifer 
fauna, 134 of which were determined to the species level.

Mode of life of the genera and species

Planktonic
Calcareous benthonic
Agglutinated benthonic

Genera
8:15,3%

30: 56,6%
15: 28,1%

Species
22: 15,7% 
78:58,2% 
35:26,1%

Age of the planktonic foraminifer species

Individuals of the genera Rotalipora, Hedbergella, Globigerinelloides, 
Praeglobotruncana, and Planomalina dominate the planktonic fauna. The 
benthonic groups with great diversity, but less individuals has a more signi­
ficant facies indicator role.
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О 1

• 2

■ 3

9 4

Fig. 2. Location of the investigated sections. Legend: 1: borehole stratotype; 2: borehole 
reference section; 3: surface boundary stratotype; 4: surface reference section.

Table I.

Appearance Number Percentage

Lower Cretaceous......................................................................... 7 31,81%
Lower Albian ................................................................................ 4 18,18%
Lower Vraconian............................................................................ 6 27,27%
Upper Vraconian....................................................................... .... 3 13,65%
Lower Cenomanian ..................................................................... 2 9,09%

Total .............................................................................................. 22 100,00%

Except the lowest metres at the beginning of the transgression and the 
upper 135 metres, interpreted as a regressive facies, the planktonic fauna 
is characterised by great diversity, fast evolution of single-keeled Rotali- 
poras, their increasing species diversity, great number, and extreme in­
traspecific and interspecific variability.

Range of the species is shown in Fig. 4, while some of them are illus­
trated on six plates.
12*



Fig. 3. Planktonic foraminifer fauna of the Jásd — 42 stratotype profile. Legend: 1: strati­
graphic column; 2: sampling location (washed samples); 3: lithostratigraphic formations 
4: Favus ell a (II.) washitensis; 6: F. cf. washitensis; 6: Globigerinelloides bentonensis; 7: G 
escheri; 8: G. sp.; 9: Guembelitria cenomana; 10: Hedbergella delrioensis; 11: H. infracretacea; 
12: II. simplex; 13: H. trocoidea; 14: II. planispira; 15: H. brittonensis ; 16: H. sp.; 17: 
Heterohelix moremanni; 18: II. washitensis; 19: Planomalina buxtorfi; 20: Praeglobotruncana
delrioensis; 21: P. stephani; 22: P. sp., 23: Rotalipora appenninica ; 24: R. globotruncanoides ;
25: R. appenninica var. evoluta; 26: R. brotzeni; 21: R. aff. brotzeni; 28: R. gandolfii; 29: R. 
micheli; 30: R. subticinensis; 31: R. ticinensis; 32: R. sp., 33: Ticinella praeticinensis; 34:

T. sp.; 35: planktonic foraminifer zones; 36: subzones; 37: geological age.
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Fig. 4. Stratigraphic range of planktonic foraminifers.
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Underlying beds of the Pénzeskút Marl
The Jásd —42 borehole cut below the Pénzeskút Marl the Mesterhajag 

Member of the Zirc Limestone (lower faunal level, Orbitolina limestone, 
microfauna limestone).

Thin sections of an 1,7 m thick bed (483,1—484,8 m) contained Ro- 
taliporal sp., Hedbergella sp., and Hedbergella cf. planispira (Tapp.).

Orbitolinas were recognized only in thin sections from the 484,8 — 
485,2 m section.

Between 485,2—499,0 m there is platform limestone with typical Al- 
bian benthonic foraminifer assemblage {Debarina hahourenensis Four­
cade et al., Nezzazata simplex Omara, Nummoloculina heimi Bonet).

Basal beds of the Pénzesküt Marl
Lowermost beds of the Pénzeskút Marl are strongly glauconitic, dolo­

mitic marls (5 m). Members of the genus Rotalipora appear from 483,1 m 
onwards: Rotalipora ticinensis (Gandolei), R. appenninica (Renz) primi- 
tiva (Borsetti), Rotalipora sp. The species Planomalina buxtorfi (Gandol­
ei) appears at 479,0 m. In the redeposited material of the underlying Zirc 
Limestone Rotalipora subticinensis (Gandolei) was recognized (477,0 m).

Specimens of Rotalipora appenninica (Renz) and Rotalipora appenni­
nica (Renz) primitiva Borsetti are sporadic, small, strongly papillated, 
of primitive, archaic character. Specimens of Planomalina buxtorfi (Gan- 
dolfi) are also small.

The associated planktonic assemblage contains Hedbergella (infrac- 
retacea, delrioensis, planispira), Globigerinelloides (escheri), Praeglobotrun­
cana (delrioensis), and Favusella {washitensis, cf. washitensis) species. All 
of them are older, Aptian-Albian transition forms. About 9 m above the bo­
undary (476,0 m) sharply increases the diversity of the plankton, including 
the zonal index forms.

Planktonic foraminifer zonation
The planktonic foraminifers are represented by 8 gener&[Globigerinel- 

loides, Hedbergella (Clavihedbergella), Heterohelix, Guembelitria, Plano­
malina, Praegdobotruncana, Rotalipora], Ticinella and 22 species (Bod­
rogi, 1985). The single-keeled Rotalipora species with swift evolution, 
Planomalina buxtorfi, and Guembelitria cenomana species were applied for 
zonation. Two zones and two subzones were recognized, and an upper, reg­
ressive series, unsuitable for zonation (Fig. 5).
1. Rotalipora appenninica Zone (363,0 — 483,1 m)

Thickness: 120,1 m
Age: Vraconian

1 /a. Rotalipora ticinensis — Planomalina buxtorfi Subzone 
(427,0-483,1 m)

Thickness: 56,1 m
Age: Lower Vraconian
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1/b. Rotalipora appenninica — Guembelitria cenomana Subzone
(363,0-327,0 m)
Thickness: 61,4 m
Age: Upper Vraconian

2. Rotalipora brotzeni Zone (141,0 — 363,0 m)
Thickness: 222,0 m
Age: Lower Cenomanian

The uppermost, about 135 m thick section is interpreted as a regressive 
series.

Phylogenetic relationships of and the biozones based on the Rotalipora 
species are displayed on Pig. 6.
Characteristics of the zones
1. Rotalipora appenninica Zone

Lower boundary: appearance of Rotalipora appenninica (Renz).
Age: Vraconian (Upper Albian)
Section: 363,0 — 483,1 m.
Thickness: 120,1 m
Planktonic foraminifer species:

Globigerinelloides bentonensis (Morrow, 1934)
Globigerinelloides escheri (Kaufmann, 1919)
Guembelitria cenomana (Keller, 1938)
Hedbergella delrioensis (Carsey, 1936)
Hedbergella brittonensis ^Loeblich et Tappan, 1961)
Favusella (H.) washitensis (Carsey, 1926)
Hedbergella aff. trocoidea (Gondolfi, 1942)
Hedbergella planispira (Tappan, 1940)
Heterohelix moremanni (Cushman, 1938)
Planomalina buxtorfi (Gandolfi, 1942)
Praeglobotruncana delrioensis (Plummer, 1931)
Praeglobotruncana stephani (Gandolfi, 1942)
Rotcdipora appenninica (Renz, 1936)
Rotalipora globotruncanoides (Sigal, 1942)
Rotalipora ticinensis (Gandolfi, 1942)
Rotalipora gandolfii Luterbacher et Premoli Silva, 1962
Ticinella praeticinensis Sigal, 1966
Zonation is based on the following species:
Rotalipora appenninica (Renz, 1936)
Rotalipora ticinensis (Gandolfi, 1942)
Rotalipora globotruncanoides (Sigal, 1942)
Rotalipora gandolfii Luterbacher et Premoli Silva, 1962
Planomalina buxtorfi (Gandolfi, 1942)

This zone, enclosing the about 120 m thick lower section of the bore­
hole (lithostratigraphic unit No. 1) is made of dark grey, dolomitic li­
mestone, calcareous marl, nodular marl; the lowest 5 m section is strongly



186 I. BODKOGI

ZoneAGE

ш

о

ROTALIPORA species

R. appenninica

R. micheli

R. gandolfi
R. globotruncanoides

R. appenninica

R
. a

pp
en

ni
ni

ca
 

R
. br

ot
ze

ni

\ I

R. brotzeni

I
R. ticinensis

Fig. 6. Phylogenetical relationships of Rotalipora species.
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glauconitic. The lower boundary of the biozone and the lithostratigraphic 
unit is equal. At the upper boundary, where no sharp lithological change was 
observed, the planktonic foraminifer fauna changes with 19,3 m difference.

The zone index Rotalipora appenninica (Renz) appears in the first 
sample, but sporadically only. This variable species with high diversity 
appears from 450 m in most samples in great quantities. Its intraspecific 
variability is extremely high. In the lower part of the zone (l/а subzone) 
the species is represented by the small, primitive, strongly papillated 
Rotalipora appenninica (Renz) primitiva Borsetti and the Rotalipora ba- 
lernaensis (Gandolfi) with flat dorsal side, the latter being synonymous 
with the former one since 1969. Besides the typical specimens of Rotalipora 
appenninica (Renz) occur, too (Fig. 7).

In the upper part of the zone (1/b subzone) the intraspecific variation 
increases: flat, conical, nearly symmetrical and variably asymmetrical 
forms appear.

Near the subzone boundary some species of Rotalipora appenninica 
bear thickening of the suture on the ventral chambers, developing into prae- 
umbilical keel (Wonders, 1978). Besides the regular right coiling, some 
left-coiling specimens occur.

Besides the older, involute varieties there are evolute types with elon­
gated last chamber (1/b subzone), represented by the synonymous Rotali­
pora evoluta Sigal, appearing at 415 m. It is frequent in 1/b subzone and 
at the bottom of the Rotalipora brotzeni Zone.

The small, globular, weakly keeled forms are atavistic, indicating the 
Rotalipora ticinensis — Rotalipora subticinensis lineage.

Chamber surface of Rotalipora appenninica and its variations change 
from strong papillation towards a smooth surface. The suture pattern of 
the dorsal side, with 90° angle or very near to it, is an important, Mediter­
ranean character. The diameter of the test gradually grows: it is about 25 
micrometres at the top of the zone, while it is about half of it at the lower 
boundary.

The species Rotalipora ticinensis (Gandolfi) appears between 420,0 — 
438,1 m, between 425,0 — 430,0 m occurring in large numbers. The species 
Rotalipora globotruncanoides appears in the upper part of the zone (405 m), 
together with Rotalipora gandolfii Luterbacher and Premoli Silva 
(402 m), Rotalipora aff. brotzeni (Sigal) (400 — 402 m, 220 — 363 m). All 
three taxa are represented by sporadic specimens only. Planomalina bux- 
torfi (Gandolfi) appears between 427 — 479 m sporadically, but it is fre­
quent between 440 — 450 m. The boundary of the two subzones was drawn 
at its last occurrence (427 m).

The genus Praeglobotruncana, represented by the species P. stephani 
(Gandolfi) and P. delrioensis (Plummer) decrease in number upwards. 
The former one is frequent up to 460 m, while the latter one is frequent in 
the lower samples only, decreasing upwards, being sporadic above 421 m.

The unkeeled, globular planktonic group includes the genera Favusella, 
Hedbergella, Globigerinelloides, Heterohelix, Ticinella. Most of the Hedber­
gella species are frequent, except the sporadic H.aff. trocoidea (Gandolfi).
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Fig. 7. Intraspecific variations of Rotalipora appenninica
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The species Favusella xvashitensis (Carsey), Heterohelix species, and Tici- 
nella praeticinensis Sigal are sporadic. Persistent species is Globigerinelloi­
des escheri (Kaufmann). The species Globigerinelloides bentonensis (Mor­
row) appears at 470 m, in middle to frequent numbers. Carter and Hart 
(1979) considers Globigerinelloides aeglefordensis Moremann as a junior 
synonym of Globigerinelloides bentonensis (Morrow). The Guembelitria 
cenomana species occurs in one sample only (363 m) as a single specimen.

At the lower and upper boundary of the zone a phylogenetic radiation 
of the genus Rotalipora occurs. At the lower boundary the zonal index 
Rotalipora appenninica appears, evolved from the Rotalipora ticinensis 
branch. Near the upper zone boundary from Rotalipora appenninica two 
species, R. globotruncanoides and R. gandolfii evolve at the uppermost 
part of Vraconian, while appearance of J?, brotzeni indicates Lower Cenoma­
nian (363 m). R. micheli appears at the lower part of Lower Cenomanian 
(358 m).

Subzones of Rotalipora appenninica Zone

l/а. Rotalipora ticinensis — Planomalina buxtorfi Subzone
Lower boundary: appearance of Rotalipora ticinensis (Gandolfi) and Pla­
nomalina buxtorfi (Gandolfi).
Upper boundary: disappearance of Planomalina buxtorfi (Gandolfi) and 
Rotalipora ticinensis (Gandolfi), as no new species appear.

Age: Lower Vraconian
Section: 427,0 — 483,1 m
Thickness: 56,1 m

Characteristic planktonic foraminifer species of the subzone:
Heterohelix moremanni (Cushman, 1938)
Heterohelix washitensis (Tappan, 1940)
Planomalina buxtorfi (Gandolfi, 1942)
Rotalipora appenninica (Renz, 1936)
Rotalipora ticinensis (Gandolfi, 1942)

Zonation is based on the following species:
Rotalipora ticinensis (Gandolfi, 1942)
Rotalipora appenninica (Renz, 1936)
Planomalina buxtorfi (Gandolfi, 1942)

Boundary of the two subzones was drawn at the last appearance of 
Planomalina buxtorfi (Gandolfi) (425 m); Rotalipora ticinensis (Gan­
dolfi) sporadically occurs to about 5 m above the boundary.

Immediately above the boundary no new species appear, but from 415 
m onw’ards Rotalipora appenninica (Renz) var. evoluta (Sigal), a synonym 
of R. appenninica (Renz) appears.



190 I. BODROGI



PLANKTONIC FORAMINIFEBA OF THE PÉNZESKŰT MARL 191

PLATE I.

1 — 3. Rotalipora appenninica (Rbnz)
l.dorsal view; 2. ventral view; 3. lateral view. 120x 249 m
4, 7. Rotalipora ticinensis (Gandolfi)
4. dorsal view 160x 464,5 m
7. ventral view 150x 464,5 m

5—6. Planomalina buxtorfi (Gandolfi)
5. lateral view 180x
6. 120x
SEM photographs; Jásd —42 stratotype borehole



192 I. BODROGI



PLANKTONIC FORAMINIFERA OF THE PÉNZESKÚT MARL 193

PLATE II.

1, 2, 4. Rotalipora gandolfii Lutebbacher et Prbmoli Silva

I. dorsal view. 120x
2. ventral view 150x
3. lateral view 120x

305 m

3, 6. Rotalipora brotzeni (Sigal)
3. dorsal view 120x 171m
6. ventral view 150x 171 m

5. Rotalipora gandolfii Lutebbacher et Pbemoli Silva 
vental view 120x 305 m

13 ANNALES — Sectio Geologica — Tomas XXVIII.
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PLATE III.

1 , 2. Rotalipora appenninica (Renz) 
primitive type

1 . dorsal view. 2. lateral view 
150x 469 m

3 — 4, 6 — 7. Rotalipora brotzeni (Sigal) 
juvenile specimens, except Fig. 4.

3. dorsal view 200x 171 m
4, 7. ventral views 120x 171 m
6. ventral view 20x 171 m

8. Rotalipora  (Sigal) 
177 m 200x

globotruncanoid.es

SEM photographs, Borehole Jásd — 42

13*

globotruncanoid.es
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PLATE IV.

1 . Rotalipora appenninica (Rbnz) 
ventral view 130x 293 m

2 — 5. Rotalipora micheli (Sacal et Deboublb)
2 . ventral view, 3. dorsal view, 4 — 5. lateral views.
3 .: lOOx, 2,4. 5: 130x 177 m

SEM photographs, Jásd —42 stratotype borehole
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PLATE V.

1. Praeglobotruncana delrioensis (Plummer) 
dorsal view, lOOx, 171 m

2. Globigerinelloides bentonensis (Mobrow) 
171m,200x

3. Praeglobotruncana stephani (Gandolei) 
lateral view, 449 m, lOOx

4. Globigerinelloides bentonensis (Mobbow) - aeglefordensis type 
171 m, 150x

5. Hedbergella delrioensis (Cabsey) 
dorsal view, 427 m, 200x

6. Favusella washitensis (Cabsey) 
dorsal view, 47 m, lOOx

7. Hedbergella simplex (Mobbow) 
dorsal view, 427 m, 120x

8. Hedbergella planispira (Tappan) 
dorsal view, 171 m, 130x

SEM photographs, Jásd — 42 stratotype borehole
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PLATE V.

1. Praeglobotruncana delrioensis (Plummer) 
dorsal view, lOOx, 171 m

2. Globig erinelloides bentonensis (Morrow) 
171m,200x

3. Praeglobotruncana stephani (Gandolti) 
lateral view, 449 m, lOOx

4. Globigerinelloides bentonensis (Mobbow) — aeglefordensis type 
171 m, 150x

5. Hedbergella delrioensis (Cabsey) 
dorsal view, 427 m, 200x

6. Favusella washitensis (Cabsey) 
dorsal view, 47 m, lOOx

7. Hedbergella simplex (Morrow) 
dorsal view, 427 m, 120x

8. Hedbergella planispira (Tappan) 
dorsal view, 171 m, 130x

SEM photographs, Jásd — 42 stratotype borehole
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PLATE VI.

1. Rolalipora appenninica (Renz) 
umbilical region with secondary apertures, and thickening of sutures on older chambers 
295 m, 400x

2. Rotalipora gcmdolfii Luterbacher et Premoli Silva
umbilical region with the main aperture, with secondary apertures, and with umbilical 
thickening on the chambers
Part of Plate II, fig. 2. 400x 305 m

SEM photographs, Jásd —42 stratotype borehole
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PLATE VII.

1. Rotalipora brotzeni (Sigal)
umbilical region with main aperture, with secondary apertures and umbilical ring 
171 m, 400x

2. Globigervndloides bentonensis (Mobbow)
umbilical region with secondary apertures and main aperture
171 m, 480x

SEM photographs, Jásd —42 stratotype borehole

Photographs: Takács and Bodrogi, laboratory works: Pellérdy
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1 /b. Rotalipora appenninica — Guembelitria cenomana Subzone
Lower boundary: disappearance of Planomalina buxtorfi (Gandolfi) 

and Rotalipora ticinensis (Gandolfi)
Upper boundary: apperance of Rotalipora brotzeni (Sigal)
Section: 363,0 — 427,0 m
Age: Upper Vraconian
Thickness: 64 m

Zonation was based oh the following species:

Guembelitria cenomana (Keller, 1938)
Rotalipora appenninica (Renz, 1936)
Rotalipora globotruncanoides (Sigal, 1948)
Rotalipora gandolfii Luterbacher et Premoli Silva, 1962

Separation of the two subzones is problematic; we could not carry out 
the separation by apperance of new species, as designated by the Subcom­
mission on Cretaceous Stratigraphy (Birkelund, 1983). Without appear­
ing new species, two disappearing species, Rotalipora ticinensis (Gan­
dolfi) (disappears at 420 rii), Planomalina buxtorfi (Gandolfi) (disappears 
at 425 m), and appearance of a conspicuous variation of Rotalipora appen­
ninica (Renz), the R. appenninica (Renz) var. evoluta (Sigal) (415 m) 
represents the boundary pf the two subzones, containing 10 metres of 
marl. The middle of this section (about 421 m) is very near to the lower bo­
undary of the ammonite subzone (422, 5 m)

Lower boundary of Rotalipora appenninica Zone is the same as the 
lower boundary of l/а subzone, while its upper boundary equals with the 
upper boundary of 1 /b subzone.

2 . Rotalipora brotzeni Zone
Lower boundary: appearance of Rotalipora brotzeni (Sigal)
Upper boundary: not determined due to facies change
Age; Lower Cenomanian
Section: 141,0 — 363,0 m
Thickness: 222,0 m

The zone contains the middle lithostratigraphic unit of Pénzeskút Marl: 
dark grey dolomitic marl (293,4 — 363,0 m), dark grey dolomarl (145,0 — 
293,0 m), and the lowest 4 metres of the upper lithostratigraphic unit: do­
lomitic, silty marl with clhyey marl intercalations. Lithological change is 
continuous in the two zones; above 145 m pelitic sedimentation is gradually 
changed to clastic deposition.

The very rich foraminifer fauna consists of 15 planktonic species of 
high diversity and in large numbers.
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Planktonic foraminifer species:
Globigerinelloides bentonensis (Mobbow, 1934)
Globigerinelloides escheri (Kaufmann, 1919)
Favusella (H.) washitensis (Cabsey, 1926)
Hedbergella delrioensis (Cabsey, 1926)
Hedbergella brittonensis (Loeblich et Tappan, 1961)
Hedbergella planispira (Tappan, 1940)
Heterohelix washitensis (Tappan, 1940)
Heterohelix moremanni (Cushman, 1938)
Praeglobotruncana delrioensis (Plummeb, 1931)
Praeglobotruncana stephani (Gandolfi, 1942)
Rotalipora appenninica (Renz, 1934)
Rotalipora globotruncanoides (Sigal, 1942)
Rotalipora micheli (Sacal et Debouble, 1957)

Rotalipora brotzeni (Sigal, 1948)
The zonation is based on Rotalipora brotzeni (Sigal, 1948). Lower boun­
dary is drawn at its first appearance. Its diversity is low, the specimens are 
small but easily recognizable.

The evolution of the fauna is continuous, no sudden changes were 
recognized. First overview of the material indicated a monotonous series of 
samples. Detailed examination revealed a multitude of transitional forms 
between the well-defined species, with divergences form the type species, 
trends in variation and morphological varieties.

The zone cannot be subdivided by the appearance or disappearance of 
species; however around 250 m large size Rotalipora appenninica (Renz) 
varieties appear with flat dorsal side, and coarsely ornamented Favusella 
washitensis (Cabsey) appear.

With the beginning of clastic sedimentation (between 141 — 208 m) 
the fauna became poorer in specimens, while above 141 m taxa began to 
disappear, together with decrease in size.

A new species, Rotalipora montsolvensis (Mobnod, 1950), common in 
the upper two thirds of the Rotalipora brotzeni Zone, was not found in our 
material. Probably, the facies change has began before its appearance 
(Bodbogi, 1985).

The regressive series
is represented by the Jásd Sandstone (6,9 —141 m). Its foraminifer fau­

na contains poorly preserved forms of the Rotalipora brotzeni Zone, with­
out the appearance of stratigraphically important species. (Fig. 3). Its 
planktonic assemblage is not suitable to solve stratigraphical problems, due 
to ecological problems.

Monostobi M. considers the Jásd Sandstone as a non-regressive series 
by ostraeod studies. Depositional encivironment of this thick clastic se­
ries may be determined by further lithological, and palaeontological in­
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vestigations. However, we know, that at the boundary of Upper Albian 
(s. str.) and Vraconian there was considerable deterioration of the climate, 
contemporaneously with strong tectonic activity.

Deposition of the platform-type Zirc Limestone underlying the Pén- 
zeskút Marl was stopped by a brief emersion of the area, connected with 
glauconisation (Tabular Limestone Member). The following sedimentary 
cycle, (Pénzeskút Marl) began with strong glauconite deposition, with 
phosphoritic, condensed sediments, subtropical and temperate zone mega- 
and microfauna. The area subsided suddenly; coagulated chemical sedi­
ments were deposited in aj sublittoral environment, changed to clastic se­
dimentation by the end of Early Cenomanian, with contemporaneous death 
of the fauna.

The most probable cause of the clastic sedimentation might have been 
the emersion of the source area, with increasing relief energy and rapid ero­
sion with fluviatile transport. However, there is trace of decrease in sali­
nity. This event did not affect the nannoflora. Among the contemporaneous 
effects of several factors the cooling of the climate might had the most sig­
nificant role, with dominance of clastic sedimentation and impoverishment 
of the fauna.

Correlation of the Jásd — 42 stratotype profile, ecological conditions, 
and faunal relationships w|ll be discussed in the second part of this paper.
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Abstract

The mollusc fauna and flora collected from the Pannonian Kálla Sandstone at Mind- 
szentkálla are preserved as internal and external moulds. The frequent Congeria sp., 
Lymnocardium cf. soproniense and Unio atavus indicate the E zone of the Vienna basin. 
The flora (determined by L. Hably and Zs. Dbbkeozy) includes Mediterranean species, 
which occur also in the Sarmatian flora of the Tokaj Mts.

Introduction

The margins of the Transdanubian Midmountains and the shores of 
Lake Balaton display classical localities of Pannonian and Pontian flora 
and fauna. Description of the exposures and their rich fossil content was 
made by several authors from 1835 up to now, e. g. Partsch (1835), Fuchs 
(1870), Halaváts (1911), Lőrenthey (1911), Vitális (1911), Strausz 
(1942a), Bartha (1959), Korpás —Hódi (1983), Müller — Szó nők y 
(in prep.).

Besides the older, well-known localities some new ones have been es­
tablished, like the quarry at Mindszentkálla. Its fossils have been mentio­
ned by the lithostratigraphic study of Jámbor (1980) only. The species of 
this flora and fauna are discussed in the present paper.

Pannonian formations of the Kál basin (Fig. 1)

The basement of the Kál basin is made of Permian red sandstone to 
the southwest and Triassic carbonate rocks to the northeast. Pannonian 
sedimentary rocks overlie them disconformably: clay, sand and sandstone, 
gravel and conglomerate (Kálla Gravel - Quartz Sandstone Formation, 
Jámbor, 1980). The often similar Permian and Pannonian sandstones were 
first distinguished by Lóczy (1916). He said, that the sand and sandstone 
margins of the Kál basin were formed by beach dunes of a former embay­
ment of the Pannonian lake. The mouth of the bay was at Káptalantóti 
towards the Tapolca basin. Hajós (1954) indicated that the sandstone and 
the underlying sand have the same grain size distribution. The siliceous
1 4 ANNALES — Sectio Geologica — Tomus XXVIII.
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Fig. 1. The Pannonian sandsto ie in the Kál basin. Legend: 1: Pannonian quartz sandstone;
2: Pannonian basalt; 3: Pre-Pannonian rocks; 4: Pannonian basement (sand, clay).

matrix cemented the sand as lenses and banks; the latter preserved the 
underlying sand from erosion. There is a strong correlation between the 
cementation and gravel content of the sand (Bihari, pers. commun.). Frag­
mentation and tilting of the sandstone and conglomerate beds and boulders 
formed the boulder fields at Kővágóörs, Salföld, Mindszentkálla and 
Szentbékkálla, parts of which are nature conservation areas.

The Mindszentkálla quarry

Mindszentkálla village lies at the NW margin of Kál basin, 9 km E of 
Tapolca. The quarry is Iqcated 1 km N of the village.

The Km —133 borehole, drilled in the quarry yard, hit the Triassic ba­
sement at 28 m depth. The Trias is overlain by 17 m clay, 3 m silty sand 
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and 8 m fine sand. The latter is partly exposed by the quarry. The sand is 
overlain by some cm or dm thick limonite-cemented red sandstone, and 
by 2 — 5 m thick quartz sandstone. The latter is fine-grained at the bottom, 
pebbly sand at middle levels; the top is formed of some cm to 1 m thick 
conglomerate. The sand and gravel grains are made of quartzite, the ce­
ment is silica, therefore SiO2-content exceeds 98,5%.

The pebbles are well rounded, 2 — 10 cm in diameter. These form some 
mm to dm thick graded beds in the sandstone, frequently displaying cross­
bedding. Also occur in small lenses (with graded bedding) and as isolated 
pebbles. The orientation of small pebbles behind a larger one indicate SW 
to NE current transport, parallel with the supposed shoreline.

The quartz sandstone bed is cut by vertical fractures, filled by loess 
and soil.

Preservation of fossils

The fossils recovered from the quartz sandstone bed are external and 
internal moulds. During the fossilization process the calcareous shell was 
simultaneously being dissolved from the external and internal side as well. 
On specimens of the bivalve Lymnocardium cf. soproniense the outline of 
the ribs clearly follow the internal morphology of the shell, while muscle 
scars are missing (i. e. cut by the ribs). Growth lines, mostly characteristic 
for the external morphology, are clearly visible.

The plant fossils are mostly external moulds, but internal moulds oc­
cur, too (e. g. stems of Monocotyledonae). Plastic casts of external moulds 
of fir cones were prepared to facilitate determination and photography.

External and internal moulds are frequently coloured by iron and 
mangenese precipitates.

Fauna and flora

Fossils of the Mindszentkálla quarry were first mentioned by Jámbor 
(1980, p. 201): „M. Korpás-Hódi identified a Congeria sp. belonging to ei­
ther C. subglobosa or C. sopronensis as well as the forms Lymnocardium cf. 
schmidti (M. Hörn.) and and Lymnocardium variocostatum Vitális. As for 
the biostratigraphic position of this formation, it must certainly belong, as 
indicated by its fauna, to the Congeria ungulacaprae Horizon.”

The following forms were determined by the present author:
Congeria sp.
Lymnocardium cf. soproniense Vitális
Lymnocardium cf. majeri (Höbnes )
Lymnocardium sp. (indet.)
Unio atavus Hörnes
Melanopsis cf. fossilis (Martini — Gmelin)
Gastropoda sp. (indet.)

(7 specimens)
(21)

(2)
(4)
(5)
(1)
(1)

14*
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I think, that this fauna is older than that of the Congeria ungulacaprae 
Horizon, i. e. it is not Pontian, but Pannonian. It is similar to the fauna of 
Sopron, Eisenstadt and the Vienna basin (E zone).

Angiosperm plants were kindly determined by L. Hably, and pines by 
Zs. Debreczy:

Myrica sp. I. (I)
Myrica sp. II. (1)
Rhamnus alaternus Linné (1)
Liriodendron (?) sp. (3)
Pinus halepensis Miller (2)
Pinus cf. rostrata (Miller) (2)
Pinus cf. sylvestris Linné (2)
Pinus sp. (1)

Other plant fossils, which locally abundantly occur, are mostly inde­
terminable fragments of monocotyledonous and dicotyledonous stems and 
leaves. The species Rhamrius alaternus and Pinus halepensis — together 
with several Myrica species — occur in the Sarmatian flora of the Tokaj 
Mts. (Andreánszky, 1959).

Congeria sp.
(Plate 1, fig, 1 — 2)

Large size, extremely I variable specimens of the form group Congeria 
subglobosa —Congeria pandci. Lueger (1980, Taf. 2, Fig. 4a —b) published 
similar Congerias from Eisenstadt (Fölligberg). Like those ones, the speci­
mens from Mindszentkálla display quadrangular outlines and bear two sharp 
ribs (C. panciciJ, and have a strongly concave lunule (C. subglobosa).

The species Congeria subglobosa is known from several localities in the 
Pannonian basin, but is not a good index fossil due to its long range accor­
ding to Hungarian authors (Strausz, 1942b).

Lymnocardium cf. soproniense Vitális, 1934
(Plate 1, fig. 4)

It is the most frequent fossil at Mindszentkálla. This species was descri­
bed by Vitális (1934) from the Pannonian exposures at Sopron, with spe­
cial care to determine the characters distinguishing it from other large-size 
Lymnocardiums (L. schmidti, L. penslii, L. variocostatum). Strausz 
(1942a) indicated that L. \soproniense is an intraspecific, local variety of 
L. variocostatum, the latter being a subspecies of L. penslii. The latter two 
fossils are index fossils of the Pontian, so-called Congeria ungulacaprae 
beds. Although the evolutionary relationships of these forms are not clear, 
I think, that the L. soproniense cannot be considered as a local variety, 
since it occurs in great numbers, for example in the Mály Clay in Northern 
Hungary.
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The characters typical for L. schmidti and L. variocostatum have not 
been found on the internal moulds from Mindszentkálla. The keel charac­
teristic for L. schmidti is missing from the edge of the area; also, the 
“auricle” of L. variocostatum is missing at the junction of the anterior and 
dorsal margins. Therefore, our specimens belong to the L. soproniense 
Vitális species due to their outline, size and number of ribs.

Lymnocardium cf. majeri (Hörnes, 1870)
(Plate 1, fig. 3)

The specimen from Mindszentkálla differs from the type L. majeri in 
the number of ribs: the species of Hörnes bears 12 — 13 ribs, our specimen 
bears 22 ribs. Possibly, this character is not enough for determination, since 
Halaváts (1886) and others indicated great variability in the number of 
ribs.

L. majeri is not known from the Vienna basin. However, in Hungary 
it occurs in a wide range: associated with Congeria czjzeki (Korpás — Hódi, 
1983) and with Congeria balatonica (Strausz, 1952a).

Unio atavus (Hörnes, 1870)
(Plate 1, fig. 5)

1870 Unio atavus Partsch —Hörnes, Taf. 37, fig. 2
non 1870 Unio bielzi Puchs—Fuchs, Taf. 17, fig. 8 — 10
non 1902 Unio halavatsi Brusina — Brusina, Taf. 24, fig. 1—4

1953 Psilunio atavus (Partsch, Hörnes) — Papp, Taf. 17, fig. 3
non 1959 Unio atavus Partsch —Bartha, Taf. 7, fig. 1 — 2

1980 Psilunio atavus (Hörnes) — Lueger, Taf. 4, fig. 7-8

Fig. 2. Reconstruction of a Melanopsis fossilis internal mould.
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While this species is characteristic for the E zone (Papp, 1953) in the 
Vienna basin, it is considered as a poor index fossil in Hungary. Its diffe­
rentiation from Unio mihanovici (= Unio halavatsi} was unclear for a long 
time (Strausz, 1942a). Müller has shown lately (Müller — Szónoky, in 
prep.) that there is a definite difference between the form brunni described 
by Hörnes, and the Tihany specimens of radmanesti described by Bru- 
sina in the position of the umbo. The Mindszentkálla specimens belong to 
the species Unio atavus Höénes after their less eccentric umbo raised above 
the dorsal margin.

Melanopsis fossilis (Martini — Gmelin, 1790) 
(Fig. 2; Plate 1, fig. 6)

Single, poorly preserved specimen. It is an internal mould, boundaries 
of the whorls are indicated by constrictions. Growth lines crossing the last 
two whorls indicate that the last whorl of the original shell has covered the 
preceding ones in great heights. This “reconstruction” suggests ranging to 
the. M. fossilis species.

Rhamnus alaternus Linné
(Plate 2, fig. 5)

Typical plant of the macchia. It can withstand arid climate better 
than other plants of the macchia (Andreánszky, 1959). The species and its 
relatives today live under Mediterranean climate, from the Canary Islands 
through Europe to Anatolia.

Pinus hcdepensis Miller 
(Plate 2, fig. 6)

The Aleppo Pine (Jerusalem Pine) is the most widespread pine in the 
Mediterranean realm. Its present area extends from Gibraltar to Lebanon. 
It is one of the few pine species native in North Africa. It prefers arid, rocky 
habitats, especially made ojf limestone; well adapted to long, dry summers. 
Rarely occurs in closed forests, but lives mixed with Mediterranean vege­
tation. Its upper limit is 200 m above sea level in Dalmatia and 1700 m in 
Morocco. Most frequent along the seashores, However, fossil Aleppo Pines 
indicate an area extending far to the north (Mirov, 1967).

Environment and climate

Litho- and biofacies of the Mindszentkálla Sandstone indicate a high 
energy, lakeshore environment with waves (Fig. 4).

Several authors (e. g. Szatmári, 1971) studied the formation of pure 
quartz sand. During sand (deposition the Kál basin might have been an 
embayment bordered by fracture-formed cliffs. The pure quartz sand was 
deposited in a wet climate, in the lake with insignificant salinity. Organic 
acids might had influence on the composition.
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Fig. 3. Deformation of Congeria buried in life position.

Due to unfavourable conditions, the largest, thick-shelled fossils have 
remained only. Their presence indicate strongly agitated, shallow water. 
The thick shell is a means of even the byssate Congerias of mechanical sta­
bilisation on a moblile substratum. Lymnocardium valves occur mostly 
impaired due to intense agiatation of water. The Uniós were fossilized as 
open, but paired valves, while most of the Congerias as closed, double val­
ves. These differences in preservation are due to different toughness of the 
ligament.

Proximity of the shore is indicated by the local abundance of plant 
fragments. Sand deposition might have been periodical: occasionally the 
molluscs were buried in life position, as observed on some Congeria speci­
mens, compressed parallel wdth the comissure plane (Fig. 3).

It is very hard to give numerical estimates for the salinity of this bay, 
although there are detailed scales (Bartha, 1971; Korpás —Hódi, 1983) 
based on fossil assemblages. While there are living species of the genera 
Congeria, Unio, Melanopsis, but their environmental needs are hard to com­
pare with their Pannonian ancestors. We know, that Recent species them­
selves are not uniform in this point of view: Congerias live both in the caves 
of Dalmatia and in the harbour of Antwerp (Davitashvili and Merklin,
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Fig. 4. The Pannonian landscape at Mindszentkálla.

1966) . Also, the today exclusively freshwater Unio genus contains Pannoni­
an species (U. atavus, U. mihanovici), which occur together in great num­
bers with the marine, probably brackish water Lymnocardiums.

The plant community unanimously indicates Maditerranean climate 
of the lakeshore, due to the moderating influence of the large mass of water 
of the Pannonian lake. Recent Myrica species live along sea and lake shores, 
mostly on brackish water marshes and on dunes. Majority of them keep 
their leaves or evergreen. The Rhamnus alaternus and the Aleppo Pine 
exclusively live in Mediterranean regions with winter rainfall, and 15 — 18 
°C yearly median temprerature. The contradiction between the xerophilous 
flora and the high rainfall needed to form pure quartz sand can be solved. 
For example, the Aleppo Pine lives in southern Dalmatia, under 2000 mm 



MOLLUSC FAUNA AND FLORA OF THE PANNONIAN 217

yearly rainfall, too. The distribution of precipitation, the microclimate and 
the rocks on the surface — Pannonian dune sand or Triassic karst here — 
are the major factors for the formation of the edaphic plant community.
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PLATE 1.

Figs. 1 — 2. Congeria sp.
Fig. 3. Lymnocardium cf. majeri (Höknes). 1,5 x
Fig. 4. Lymnocardium cf. soproniense Vitális

Fig. 5. Unió atavus Höknes
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PLATE 2.

Figs. 1 — 2. Pinus cf. rostrata (Mjllbk)
Fig. 3. Pinus ef. silvestris Linné

Fig. 4. Myrica sp.
Fig. 5. Rhamnus alaternus Linné

Fig. 6. Pinus halepensis Miller
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HYDROCARBON GEOLOGY OF THE EXPLORATION AREA 
SZEGHALOM (BÉKÉS, HUNGARY).

by
A. AB AKA ESSEL

(Abstract of doctoral thesis accepted by Eötvös University, Budapest)

The Szeghalom petroleum occurence found in Békés country in the east­
ern part of the country is one of the important fields in the Hungarian pet­
roleum industry. The perspectivity of the drilling exploration was justified 
by the previous seismic measurements. On the basis of these data the area 
showed a significant increase in pre-Tertiary hydrocarbon formation in 
Hungary. 53 percent of the fields initial geological hydrocarbon wealth is 
found in metamorphic rock formations.

Surface geophysical measurement which was started in 1977 proved 
the presence of geological structure and gave precisely clear picture of the 
geology and structure of the area. As a result of the surface geophysical 
measurements and their geological interpretation, the wells located bet­
ween Szeghalom and Füzesgyarmat communities, a significant oil and na­
tural gas pool was found.

The data of the 48 exploratory wells was able to give a clear picture of 
the geological setting of the area. The Precambrian basement which is 
strongly deformed consist of brecciated metamorphic rocks (amphibolites, 
amphibole — gneisses and small amount of granites).

The Miocene strata is of trangressive character. It’s strata begins 
chiefly with coarse — grained conglomerate, and sandstones which is over- 
lained by calcareous pelites, (limestone, calcareous — marl, marl). The 
Pannonian strata begins usually with calcareous marls. The upper part 
of the Lower Pannonian complex is characterized by prograded bedding, 
sandstone, clay, marl, aleurlite, the Upper Pannonian consists of alternating 
succession of sandstone and clay beds. Dominantly the young sedimentary 
rock ends up with terrestrial deposits.

The oil and natural gas in Szeghalom fields is found between 1842 — 
2095 meters. The pool consists of two oil fields with rich gascap. The thick­
ness of the gascap in Halom — 1 field does not exceed 100 meters. That of the 
oil fields varies from 5 — 27 m. The oil-water boundary is tilted, it varies 
from 1980 — 2015 m below sea level. The gas-oil boundary is relatively 
uniform, it is about — 1975 m in field — 1 and —1995 m field — 2. More than 
100 drill stem test show that, from the relatively thin oil body it is difficult 
to gain a water free inflow.
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The two fields have a common water body which is actively recharged. 
The trap is a statigraphic one, its caprock is Lower Pannonian calcareous marl.

70 percent of hydrocarbon bearing rockmass in Halom —1 reservoir 
consist of brecciated, fissured metamorphic rock. In the development of 
the reservoir, an important role was played by the multi-phase regional 
metamorphism. The formation porosity and water saturation can be reliably 
determined from well logs? However, direct measurements from the core 
samples would give much lower porosity values and worse inflow. The same 
can be established in connection with permeability. Correct permeability 
values can be estimated from flow rate measurements. The Miocene clastic 
rocks forms the entire reservoir of the Halom — 2 field. On the grounds of 
more than 200 values measured on the core samples, the porosity and per­
meability relationship of the reservoir was well known.

Adequate pressure and temperature data was at our disposal to deter­
mine satisfactory physical parameters of the reservoir. The same applies 
to the determination of natural gas, distillate, petroleum and water cha­
racteristics in the reservoir.

I completed the reserves calculation on the basis of the isovol maps 
drawn from calculated porosity values, well logs, water saturation and effec-
tive thickness values.

The initial producable petroleum reserves in the metamorphic reser-
voir — because of the little knowledge aquired about the reservoir’s cha­
racteristics — is small, 15 percent. For the Miocene reservoir I calculated 
30 percent production.

I took the initial gas reserves production from the field’s known ana­
logy as 80 percent.

On the basis of the already known geological and organic geochemical 
data, it was established that the prospecting area’s environments have 
hydrocarbon formation coiiditions. The surrounding depressions of the 
Miocene and the Lower Pannonian age pelitic strata were considered to be 
oil and gas hydrocarbon potential source rocks. The results of the genetic 
investigation shows that, the Szeghalom oil- and gas- hydrocarbon were 
originated from the catagenetic advance degree stage of the Békés deep dep­
ressions of the Miocene age source rocks.

The lateral migration of the hydrocarbon generated was made possible 
by the psammitic development of Pap lithogenetic unit.

Along the pitch out of Pap unit, the migration was ensured by the 
unconformity between the Miocene and the Precambrian basement and/or 
the coarse — grained Miocene strata.

The hydrocarbon accumulation were found in structure heights of Mio­
cene and Old-Paleozoic reservoir rocks, under several hundred meter thick 
pelitic seal (Pa^ -lithogenetic unit).

Futher hydrocarbon occurrence can be predicted, taking the facies 
analysis of the area into consideration. The recent outlook of the detailed 
surface geophysics work offer a proof. Considering the area’s up to date 
hydrocarbon and geological results a further significant quantity — mainly 
natural gas — may be discovered.
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Abstract
Due to a technical failure in the iron-manganese elimination experiment (Vyredox 

method) tried in a producing well, originally surrounded by three absorbing wells, had to be 
transformed into a so-called subterra system of alternating function in a single well.

The same hydrogeological and operating circumstances enabled us to make a compari­
son between the two methods. According by, both methods are suitable for iron-manganese 
elimination under the hydrogeological conditions given.

Calculations for the subterra method have shown the method just economical with a 
pertinent water quality still acceptable when keeping a ratio of 1 to 4 between water intake 
and production.

Introduction

The in situ iron-manganese elimination methods act basically in two 
different systems:

a) The water, enriched in oxygene, is recharched in three or more test 
wells around the producing well.

b) On single well serves alternatively for recharge and a production as 
well.

The efficiency of the two methods is approximately the same; it de­
pends on technical and economical parameters which method is more sui­
table in a certain case.

Though both methods are well-known and widely studied, this is their 
first comparative examination made in Hungary. Both methods were app­
lied to the same well at different time.

Geological and hydrogeological make up

The study area is situated on the gravel terrace of the river Hernád, 
which is considered to be Early Holocene — Late Pleistocene because it 
lies +110 —|-112m above the sea level (Fig. 1.).

According to the generalizable sequence of the study area, from the 
surface the A+B +C level of the soil is approximately 1 m thick, under 
which brown sandy clay about 15 m thick can be found.

1 5 ANNALES - Sectio Geologica - Tomus XXVIII.
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Fig.1. Locality of experiments

The waterbearing sandy gravel sequence is about a 20 m thick, yellow, 
red-brown, unconsolidated, somewhat silty, medium-and-coarse grained, 
with sand composed of gráins of 0,1 — 2,0 mm, moderately rounded, with 
no mica.

Pebbles are of quartz, 
ting) being as large as 2 — 5

quartzite, generally with brown crust (iron coa- 
mm in diameter. Because of the silt content the

rock is compact when dried up.
Lime content is small 0,3 —3,0% with a weighted average of 0,8%,

therefore incapable to adsorb the agressive CO2 quantity.
The upper part of the

part of which is yellow, this lower one grey.
underlying bed is a 0,2 m-thick clay the upper

The sequence of test wéll G — 1

0,0-1,0 m
Rock description
Glay
Brown, strongly coherent, with no lime content, 
containing recent plant remains
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1 -1,9 m

1,9-19,8 m

19,8-22,0 m

Sand
Yellow-grey, loose, medium calcareous (+ +), 
medium grained: 0,2 —0,5 mm in diameter, it 
contains quartz and mafic components, devoid of 
mica, and moderately rounded

Gravelly sand
Yellow-grey, unconsolidated, medium-calcare­
ous (+ +) sequence, the sand is approximately 
half medium and half coarse grained of 0,2 —2,0 
mm in diameter; with quartz and mafic compo­
nents, without mica and moderately rounded; 
the gravel is multi-coloured, consisting of quartz 
and quartzite, 1—3 cm large in diameter and 
moderately rounded

Sand
Yellow-grey, unconsolidated, medium-calcare­
ous (++) 0,2 —0,5 mm in diameter, with qu­
artz and mafic components, devoid of mica 
and moderately rounded

15*

Fig. 2. Successive layers 
of G-1. well
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22,0-23,0 m

23,0-26,0 m

I. OKSOVAI

Gravelly sand
Yellow-grey, unconsolidated, medium-calcare- 
qus (+ +) approximately half of the sand is 
medium-grained and a half part of it coarse­
grained (0,2 —2,0 mm) with quartz and mafic 
Components, without mica moderately rounded; 
tjhe gravel (1—3 cm) multi-coloured, consist of 
quartz and quartzite, moderately rounded

Clay
’’fellow-grey, coherent medium-calcareous (+ + )

26,0 — 29,0 m Silty — sand
Yellow-grey, coherent, medium-calcareous 
( + + ), limonite-mottled, lime concretionary with 
high silt content (Fig. 2.)

Three drain-wells were installed at a distance of five metres around test
well G — 1 at an angle of 120°. The core samples were subjected to minera-

remical analyses. These examinations had twological, petrological and c
purposes: first of all we wanted to make clear the origin of the iron-manga­
nese and to estimate the quantity of its future amount; on the other hand 
we wanted to examine the! possible influence of the water-bearing rock on 
the iron-manganese elimination process.

The oldest formation examined was a material classified to belong to 
the lower part of the Upper Pannonian substage (Congeria ungula caprae 
level), it deposited under jbrackish water conditions. However, it can be 
found in situ only in the dee!p underlying bed. It has been observed that due to 
drenching the upper part of the clay became loose and local stream water 
erosion, removed it. Ostracod clasts testify to Pannonian origin but because 
they are of their being fragmental, a closer identification is not possible.

There are some proofs of reworking, as follows:
a) The stratification is different from that of the Pannonian (the 

basin facies of the Pannon inland lake had excellent conditions for depositi­
on), the characteristic vertical parameter of the stratification is IO-1 —10° 
ms While in our case the siratification has a 10-3 —10-2 mrhythmicity and 
on good core samples marks of cross bedding can be observed.

Ъ) Mixing materials, jcharacteristically coarse-grained, sandy gravel 
lenses showing lamellar stratification are present.

Since its material is the same as that of the Pannonian clays, it con­
tains all the mineral and chemical components that are characteristic of the 
Pannonian clay.



IN SITU IRON AND MANGANESE ELIMINATION 229

The main component is the FeS2, appearing as pyrite or marcasite as 
crystallinized, and colloidal melnikovite or hydrotroilite (FeS1_2x • nH2O) 
in its hardly crystalline form. The FeS2 is not stable under oxidizational 
circumstances; when becoming oxidized, it forms ferri-oxi-hydroxid and 
sulphuric acid.

A by-effect of the sulphate is given by the transformation of clay mine­
rals. It is well-known from literature that in acidic environment (e.g. ter­
restrial weathering, acidic hydrothermal solution) kaolinite forms, and in 
alkaline environment (e. g. alkaline hydrothermal, marine halmirolitic de­
composition) montmorillonite comes to existence. In permanently acidic 
environment this montmorillonite partially changes into kaolinite. This is 
what has happened in our case as well. Due to sulphuric acid the Pannonian 
clay, qualified to be halmirolitic (mainly montmorillonite and illite with 
less epygene kaolinite), transformed and the amount of kaolinite increased 
at the cost of the montmorillonite, whereas the amount of illite did not 
change. Thus the ion exchange capacity of the underlying bed grew less, 
approximately 27.4 mekv/loog, While that of the primary Pannonian clay 
is 40 — 60 mekv/loo g.

The water bearing rock is a mixture of gravel and sand of various grain 
size where the clay fraction of the suspended load of the original sedimen­
tary pool is also present.

The sandy gravel consists mainly of metamoprhic quartzite. Under 
different ground water chemical conditions only the surface coating of the 
quartzite emphasizes its importance. On a higher relief the congelational 
crust (see: congelational phenomenon) is characteristic, the limonite 
(FeO(OH)) and the pyrolusite (MnO2) form a chemosorbtional surface.

The oxidizationally precipitated ferri-oxi hydroxid films are mainly in 
colloidal phase, the hardly mineralize at all, so they are inclined to be re­
versible and dissolve for reductional effects (usually as ferrohydrogene 
carbonates). Manganese does not form oxidizational files, the actual redox 
potential in the bank filtration well is smaller (+ 150—1-450 V) than the 
reduced normal redox potential of the manganese. The amount of the ferri- 
oxi-hydroxid coating depends on the extent of the coating; the bigger the 
specific surface — that is, the smaller then grain size — is, the bigger its 
extension will be. This is the primary role of the grain size distribution that 
influences the chemical properties of the water.

The most important chemical factor of the aquifer is the silt fraction. 
According to engineering-geological practice, it was separated by means 
of a sieve of 20 pm meshes (Fritsch Afnor NFX 11 —501. No 14 standard 
sieve) by rinsing. We took also the 20 — 50 pm fraction under investigation 
in case it prooved to be active in a way.

The silt content of the sandy gravel can be of different origin. In the 
vicinity of the present river channel, recent kolmatation and in the vici­
nity of the fossil one fossil kolmatation can be observed.

The more or less equally distributed silt content of the aquifer is syn­
genetic and originates from the sedimentary pool of the gravelly sand, that 
is, from the suspended of the fossil stream.
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This seems to contradict the law of sedimentation according to which 
the different fractions should separate (apart from silt, also gravel and 
sand).

However, according to our experiments this cannot be corroborated 
neither in the case of recent, nor in the case of fossil sediments. Probably 
this is covered by the dinamics of slurry movement.

The ion exchange capacity of the clay mineral can be estimated to be 
around the average, it cannot be measured precisely because it can hardly 
be separated from the components of the other fractions and even in the ca­
se of solid organic matters some surface activity, adsorbtion can be ob­
served.

According to the X-ra 
is varied, bot it is usually, 
kaolinite and 30% illite.

у analysis the composition of the clay minerals 
, on an average, of 50% montmorillonite, 20%

The organophilia of the montmorillonite cannot be measured since it 
cannot be separated by means of the available methods. Therefore our 
working hypothesis in the following was that the clay mineral and the detri­
tus form separate adsorbtional systems (otherwise the two systems would 
adsorb each other thus diss .bling the adsorbtional capacity). Indirect mea­
surements have made this working hypothesis plausible.

The surface activity cf the suspended load has two effects: it helps 
some chemical processes (mainly reduction) and accumulates the transfor­
med matters on its surface (making bacterial functions possible at the same 
time.

The reason for this latter case can be found in the environmental con­
ditions, for the optimal life functions of these bacteria do not meet the 
actual environmental conditions and bacteria can only make permanent

Fig.3. Granulometry in G-1. producing well
1.
2.

1,9- 19/ 3 m gravelly sand 
19/3 - 22,0 m sand
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Fig . 4. Plan of oxidation zone
© producing well 
о drain wells

v 1 extension of oxidation zone

Fig. 5. Functional plan of experimental method
a drain well 
b- producing well 
c. oxygenator 

d. degasing unit 
e. sampler valves 
f. oxidation zone
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microconditions (pH, Eh) in muddy rocks, where due to the bad fluid per­
meability, the small speed <^f current and diffusion does not let the two dif­
ferent chemical environments to mix.

The hydraulical paraiheters of the aquifer were determined partly 
upon examination of rock samples taken from boreholes and partly upon 
data by test pumping (see Fig. 3.).

The porosity of the gravel sand at a depth of 1,9 —19,3 m is 10,4 —15,7 
%, its transmissivity is on in average 7.IO-4 m/sec, the porosity at a depth 
of 19,3 — 22,0 m is 8,5 — 13)2%, the transmissivity is 2,9.10-5 sec. The re­
sultant transmissivity as counted from the data obtained by pumping test 
is 3,6 • IO-4 m/sec.

Planning the in situ iron-manganese elimination process in Vyredox system

Three absorbing wells were installed around the test well G — 1, at a
distance of five metres and at an angle of 120° from it (Fig. 4.).

Counting with a porosity of 10% the pore volume of the oxidizational 
zone, considered to be 4 metres in radius, is 5.026 m3/lm. Counting with an 
active filter length of 20 meters that is approximately 100 m3/well, and ta­
king the environment of the three wells and the space between them also 
into consideration it is 350 — 400 m3. The diagram of function can be seen 
in Fig. 5.

By means of bacteria the water, enriched in oxygen oxidizes the iron 
and manganese thus becoming solid, according to the well-known process. 
The aim of the experiments was to determine the optimal technical and eco­
nomical parameters of the process and to predict the expectable kolmata- 
tion of the aquifer.

Unfortunately the 9 — 11 mg/1 iron content of the feed water precipita­
ted after the oxygen enrichment and the Fe(OH)3 precipitation partly 
kolmatated the filter of the drain-well, therefore we reorganized the system, 
thus solving the primary elimination of iron from the feedwater.

Three examination periods could be terminated, each lasted for three 
w’eeks. The operational conditions were the following:

— Efficiency of the oxygenator was 80 — 100%, meaning that there 
were approximately 9 — 11 mg/1 oxygen in solution in the water at a tempe- 
ratura of 10 — 12 °C;

— Enrichment took ten hours, the amount of feed-water was 400 — 
500 m3), the uplifting lasted ten hours and 500 m3 water was obtained du­
ring the steady uplift.

The ion content of the recharged water fluctuated between 0,05 and 
0,3 mg/1, its manganese content was about 1,2 —2,1 mg/1 (manganese co­
uld not be eliminated by means of airing, applied previously for iron elimi­
nation), the aggressive CO, content was 0,0 —6,5 mg/1, the O2 in solution 
was 8,3 — 11,0 mg/1 in average, COD was 0,6 —1,8 mg/1, the pHwas7,4 — 
7,7.
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The quality of the uplifted water can be seen in Figs. 6 and 7.
Though the decrease of the iron and manganese content shows a po­

sitive tendency, its value is high above the permissible limit, therefore it 
would have been reasonable to continue the examinations, however, due to 
kolmatation at the beginning of the experiment it was made impossible.

Apart from this technical failure we judge the Vyredox method to be 
applicable to an economical and reliable in situ iron — manganese elimi­
nation in the given hydrogeological situation.

Planning the in situ iron — manganese elimination process in
Subterra system

After the kolmatation of the absorbing wells the producing well had 
to be operated in an alternative operational mode; that means ten hours of 
recharge, four hours reaction time and ten hours producing in three-week 
cycles.

mg/l
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о C

о iron I. cycle 
x iron II. cycle 
e iron III. cycle

о о

О О
О О

О 2 4 6 8 10 12 14 16 13 20 22 daVs

Fig 6. Change of iron concentration in produced water
( Vyredox - method) 
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We mention that the consequence of the previous Subterra experiment 
(adsorbtional catalythic and chemosorbtional coating on the rock grains) 
were stopped by a one-year production thus the Subterra cycle started 
according to the original condition.

The quality of the reéharged water was the same and at the prelimi­
nary surface iron elimination the concentration of the manganese did not 
decrease.

Experiences at other waterworks confirmed that if we employ more 
wells alternatively the increasing quality of the produced water will also 
mean the increasing quality of the recharged water which leads to a self­
improving process.

The decrease of the iron and manganese content of the produced water
is shown in Figs. 8 and 9. By the end of the sixth cycle, that is, after 60
days the iron content decreased permanently to 0,5 mg/1 which can be 
considered to be a satisfac tory result, but, due to the high manganese con­

r the manganese did not decrease to the desiredtent of the recharged wate: 
level.

The cycles IV — V — V [. proved the utility of the Subterra method un­
der the given hydrogeological conditions. Further examinations were nee­
ded to decide the economical operational time ratio, that is, the proportion 
of the phases in a 24-hour-period had to be varied.

Since the maximum intensity of both the recharge and the producing 
was fixed by the small (K = 3,6 ■ 10 ~4 m/sec) transmissivity, the problem 
was solved by the change of the time ratio. Leaving the four hours reaction 
time unchanged the ratio of recharging and producing changed as seen 
below:

recharging producing
10 hours 10 hours

8 hours 12 hours
6 hours 14 hours
4 hours 16 hours
2 hours 18 hours

It can be seen in Fig. 10, that there is no significant change in the 
concentration at the end of a period till the ratio is 4:6, but then the values 
increase abruptly to ratio of 2:18.

This coincides with oUr experiences that in aquifers where the grain­
size frequency distribution is badly sorted, the in situ iron and manganese 
elimination, due to the small pore size, is on the bounds of economic ren­
tability.
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Abstract

Upon the execution and evaluation of programmed tests in a series of driven wells under 
operation it has been clarified the efficiency of iron-manganese elimination under given hydro- 
geological conditions.

The characteristic data of the aquifer are:
— Transmissivity: (2,5 —5,0)- IO-3 m/sec,
- Porosity: 27,85-28,37%
— Seepage speed: from the direction of the Danube: 1,6 —1,8 • 10~5 m/sec, 

— : from the direction of the background: 7,7 — 9,8 • 10-5 m/sec,
— Distribution of the clay minerals: 50% 

montmorillonite, 20% kaolinite, 30% illite,
— Ion-exchange capacity: 40 — 60 mekv/100 g,
— The extent ot the oxidational zone, on the basis of the measurement of the O2 in 

solution: 9,0 —9,5 m
— Maintainability of oxidational zone: 0,05 mg/1 iron after 60 hours, 0,5 mg/1 iron 

after 96 hours.

The extension of the depressed are is different in the two profiles: in Well — 8 it is R = 
= 3 — 6 m, and in Well — 22 it extends as far as the Danube.

The iron-manganese content of the water arriving from the Danube and from the back­
ground differs very little, but water from the Danube has higher concentration.

Due to oversizing (it is approximately twenty fold at the given time-program) it is 
hard to tell the efficiency numerically, however, according to complementary experiments it 
is satisfactory.

Introduction

The Subterra method for in situ iron-manganese elimination of a 
driven-well was first introduced for operational conditions between May 
1985 — October 1986 in the middle part of the Danube valley. Previously, 
half-operational experiments were carried out in this territory, operating 
the two neighbouring wells alternatively. The introduction at an operatio­
nal level started after a series of successful experiments had been done.
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To determine the operational parameters the following questions had 
to be answered:

a) The extent of the Oxidational zone and the temporal change of the 
chemical parameters,

b) The range of maintaining,
c) The extension of the area of water-table lowering by single wells 

and the well-line,
d) Space/time changes in iron-manganese content of the Danube and 

from the background,
e) The efficiency of the process.

Experimental apparatus and procedure

The operational program (Fig. 1.) was determined by the Subterra 
method and also the wells pad to be installed according to that.

Taking the environments of the wells separately, the plan of the ex­
periments was the followiiig:

The geometrical data had to be determined from the theoretical profile 
seen in Fig. 3., with the help of the observation wells seen in Fig. 4. It 
could already be foreseen, and was also confirmed later, that the distance 
between the observation wells is much too big as compared to the extent 
of the oxidational zone.

Nevertheless, because of the water mechanical works (collector cable, 
electric ground cable) the observation wells could not be installed closer 
to each other than three metres.

' 1 ' 2' 3' 4 ' 5 ' 6 ' 7;1 8 ’ 9 ' io' u ' 12’ 13' u' is' 16'17' iá' 19'20'21 ’гг'гз'гд1 
hours

production 
drain
reaction time 
change over

Fig. 1. Daily programme of consolidated process
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from oxygenator

in II I

Fig.2. Functional plan of 
experiment

(produced) pump

drain

2-30 wells
1-П-Ш collaborated group of wells

A rough outline of the geological and hydrogeological properties of the 
aquifer used for iron-manganese elimination process

The impermeable underlying bed is an Upper Pannonian, clayey, san­
dy, micaceous formation. Its water chemical role is important.

The actual site of the iron-manganese elimination process is a gravelly, 
sandy, somewhat silty clastic formation, which is strati graphically the 
same as the Late Pleistocene — Early Holocene Il/a terrace of the Da­
nube. Its fraction above 2 mm of grain-size contains mainly quartzite, 
various amounts of andesite and an insignificant amount of carbonate 
rocks (more dolomite with less limestone).

Its transmissivity and pore volume depends on the grain distribution 
and sorting determining its hydraulical importance too.

Practically it has no direct hydrochemical role, the surface of the grains 
is inactive. Hydrochemically the grains under 2 mm are most important. 
These could be examined thoroughly because the whole amount of the ma­
terial that was brought up from under the water table by drilling, was 
elutriated, so the loss of the small grain fraction was minimal (Fig. 5.).

1 6 ANNALES — Sectio Geologica — Tomus XXVIII.
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Fig.3. Plan of oxidation zone
a. accumulation of iron
b. zone free from iron 
c. accumulation of manganese 
d. zone free from iron and manganese 
e. limit of O2 content 
f. water- table 
g. oxygenator

Chemically the silt fraction is most typical of the aquifer. It was sepa­
rated by means of a sieve of 20 ym meshes (Fritsch afnor NFX 11 — 501. No. 
14.) by rinsing, according to engineering geological practice. The fraction 
between 20 — 50 ym was also taken under examination if it proved to be 
active in a way.

The silt content of tne sandy gravel can be syngenetic (grains of dif­
ferent distributions settle from the turbulating current) and epigenetic
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Fig. 4. Locality of experiments 1-5000

• 2-30
• 15-19

producing and drairi wells 
test wells

through fossil and recent kolmatation. In our case syngenetic sedimenta­
tion is typical of the aquifer while recent kolmatation characterizes the river 
channel, so two different silt types had to be taken into account, differing 
both genetically and in composition.

The floating fraction of the core samples and the floating matter con­
tent of the Danube water are very similar in composition, The difference is 
the result of diagenesis. The material of the kolmatated channel bottom is 
substantially different.

1. 2. 3.
SiO2 8,8% 25,2% 15,7%
A12O3 4,9 5,2 3,1
Fe2O3 0,4 14,6 4,3
MnO2 — 3,4 1,1
CaO 14,3 12,1 3,7
MgO 2,9 2,6 3,5
Na20 9,8 4,7 7,6
K?O 2,1 3,1 2,7
Cl- 6,4 6,2 3,1
so4- 12,3 13,5 1,8
co2 13,0 11,0 19,6
Corg 25,0 8,2 37,0

99,9% 99,8% 100,2%

1. The floating matter of the Danube
2. The fraction above 20 /xm in diameter of the aquifer
3. Recent Danube channel kolmatating material

16*



Fig- 5 Characteristic granulometry
in tested aquifer
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The ion-exchange capacity of the clay minerals is moderate; 40 — 60 
mekv/100 g and difficult to measure because it can hardly be separated 
from the other components of the fraction; even the effective agents of the 
Corg have surface activity (adsorbtion).

According to X-ray analysis the composition of the clay minerals is 
varied, 50% montmorillonite, 20% kaolinite and 30% illite is typical of 
them on an average.

On the basis of the examinations it could be firmly concluded that the 
silt fraction is decisive regarding the iron-manganese transport (stabiliza­
tion and mobilization or, in a proper sense, restabilization and remobiliza­
tion). This is not merely the result of the small specific surface which is 
attributable to the small grain-size and which advances surface-dependent 
processes (chemosorbtion), because the surface activity has much more im­
portance than the specific surface (e. g. ion-exchange, adsorbtional cataly­
sis, etc.).

Due to similar causes (small amount and difficulties in separation) the 
organophilia of montmorillonite could not be measured, therefore our wor­
king hypothesis was the following:

The clay mineral and the detritus form separate adsorbtional systems, 
otherwise the two systems would adsorb each other thus desabling the ad­
sorbtional capacity.

Indirect measurements made this working hypothesis plausible.

The surface activity of the floating matter has double chemical ef­
fects :

a) It promotes some (mainly reductional) chemical processes (che­
mosorbtion, adsorbtional catalysis) and accumulates the transformed mat­
ters on the surface of the grains,

Ъ) It produces favourable conditions for bacterial functions.

This latter effect is based on the fact that the environmental conditions, 
needed for the optimum lifefunction of these bacteria, does not meet the 
actual emvironmental conditions, and the bacteria can only make perma­
nent micro-conditions (pH, Eh) in the silty rocks, where due to the bad 
permeability, the small speed of seepage and diffusion does not let the two 
different chemical environments to mix.

We determined the free pore volume by means of the core samples 
(28,37% on an average) and also by means of a pumping test, according 
to the Bindemann — method (27,85%) therefore we calculated* with a roun­
ded porosity value of approximately 30% in preliminary planning. This 
time we measured the seepage also in the directions of the Danube and of the 
background. Comparing these data with the data obtained in 1981 we got 
the following results:



When the measurements were carried out the water level of the Danu­
be was approximately 200 c[m in both cases.

246 I. ORSOVAI

place direction 1981
speed, Veff 
(m/sec)

1981
speed, veff 
(m/sec)

observation from ;he Danube 1,4-Ю“4 i,6-io-4
wells 13 — 12. from 1 he background l,8-10-4 9,8-IO-5
wells 15 — 14. from t he Danube l,8-10-4 l,9-10-4
wells from :he background 7,0-10-5 7,7-10-5
wells 21 — 24. from 1 he Danube — l,8-10~4

from ■ .he background — 8,0-10~5

Former data for transmissivity in 1981:
I

producing well — 20.: К = (4,13 —4,18) ■ 10~3 m/sec 
producing well —22.: = (2,50 — 2,64) ■ 10~3 m/sec

J
The Extent of the Oxidational Zone and variations 

in space óf the chemical parameters

The oxidational zone was considered to be Ro = 5 m at the prelimi­
nary planning, the neccessary amount of water to the enriching was 
471,2 m3/6 hours, the amount of the actually dessicated water was 430 — 
470 m3/6 hours so they correspond very well.

The results of the measurements of the O2 in solution:
producing well — 8 (in recha rged water): 8,6 mg/1
observation well —22. (3 m from well —8.): 3,4 mg/1
observation well —23. (6 m from well —8.): 1,2 mg/1
observation well —24. (banh 

g
filtration

'oundwater): 0,25 mg/1

By means of extrapolation we estimated that the O2 in solution drop­
ped to a value of 0,25 mg/1 in the vicinity of well —8. which is approxima­
tely 9,0 —9,5 m (Fig. 6.).

The spatial variations of the chemical parameters show partly the 
theoretically probable tendencies, but partly the results have a rendom 
deviation (the values are the average of the five examinations made bet­
ween 13 November 1985 — 4. September 1986).
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ing well

Fig.6. Change of dissolved oxygen 
as a function of distance 
from 8. producing well

Maintainability of the oxidizing zone

observation 
well

alkalinity chloride Ca Mg Fe Mn

12. 4,4 38,0 42,0 9,12 0,05 0
15. 3,8 36,4 34,07 7,9 0,02 0
19. 3,6 31,5 36,07 7,6 0,01 0
21. 4,0 24,2 31,00 7,3 0,01 0
22. 3,9 37,1 34,07 8,5 0,01 0
23. 3,5 25,0 38,08 9,1 0,01 0
24. 3,2 28,6 40,08 9,8 0,01 0

The program of the Subterra method did not make possible the direct 
examination of the time of maintainability of the oxidizing zone, therefore 
we had to apply a complementary method.

We made the examinations at shutdowns, caused by technical prob­
lems, by means of pumping (432 m3/24 hours) in the observation wells 
which were at 3 metres from each other. As a simplification we agreed that 
the common depressed zone of the observation wells 21 and 22 is approxi­
mately equal to the zone of water-level depression by producing well 8, 
and the amount of water, produced in a day, is approximately equal to the 
fivefold amount of the recharged water for one period, in one single well.
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Making the chemical analysis continuously it could be concluded that 
the value of iron is 0,05 njig/1 after approximately 60 hours and 0,5 mg/1 
after some 96 hours which means that the ratio of the feed water and the 
produced water was 1:12 in the former case and 1:20 in the latter.

Investigation of the extension of the area of water-table lowering in line 
with water production

The extension of the c epressed area could be examined right angles to 
the Danube and to the producing well-line in two profiles, both of which 
gave different results.

In profiles 21-8 — 22-23 of the Danube (see Fig. 4) the cone of de­
pression is charecteric of rocks with bad transmissivity; R is small, So is 
big. In profiles 12 — 22 — 15—19 the depressional cone is typical of the ter­
race with good transmissivity (Fig. 7). The difference is caused by the in- 
homogenity of the aquifer if only it is not due to water mechanical causes.

Analysing five time profiles of water level changes and 15 profiles 
showing the former changes in space through the producing wells we arri­
ved at a conclusion that the area of depression of the producing wells 
2 —4 —6 —8 and 18 are similar to each other; the area of depression is ap­
proximately 3 —6 m of racius. Producing wells 10 and 30 (except for well 
18) have different values, practically the depressional area extends as far as 
the Danube.

INVESTIGATION OF THE IRON-MANGANESE
CONTENT OF THE WATER ARRIVING FROM THE DANUBE

AND FROM THE BACKGROUND

The chemical parameters of the water arriving from the background 
are well known. However, due to the lack of a tendency in the spatial and 
temporal variations in the [standard deviation we can only calculate with 
end values and average values.

1985 1986
12. 

June
5. 

Sept.
13.

Nov.
30. 

April
14.

Aug.
29. 

Oct.

Iron (mg/1) 
observational 
well — 2. 0,18 1,14 0,12 0,17 0,18 0,13

- 6. 0,29 0,16 0,12 0,21 0,23 0,17
- 9. 0,40 0,32 0,29 0,33 0,25 0,27
-10. 0,12 0,21 0,17 0,13 0,22 0,20
-11. 0,31 0,28 0,34 0,19 0,24 0,22
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Fig. 7. Characteristic profits at 22. and 8. producing 
wells

о 22., 8. producing welts

• 12., 15., 19., 21, 22.1 23. testwells



0,22 mg/1 iron
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Manganese (mg/1) 
observational 
well — 2. 0,11

- 6. 0,18
- 9. 0,12
-10. 0,16
-11. 0,11

End values: 0,12 — 0 
0,07-0

0,18 0,21 0,17 0,19 0,14
0,07 0,11 0,09 0,13 0,13
0,11 0,12 0,14 0,11 0,12
0,14 0,19 0,08 0,11 0,09
0,13 0,13 0,18 0,08 0,10

40 mg/1 iron
21 mg/1 manganese

Average:
0,13 mg J manganese

The iron-manganese c mtent of the water arriving from the Danube
could be measured permanently in observation wells 19 add 24. In the vici-
nity of the producing wells the observation wells fall within the zone of the
iron-manganese eliminatior , thus showing a smaller value.

1985 1986
12. 5. 13. 30. 14. 29.

June Sept. Nov. April Aug. Oct.
Iron (mg/1)

Observation 
well —19. 0,31 0,38 0,35 0,44 0,41 0,40

-24. 0,28 0,48 0,43 0,41 0,44 0,37

Manganese (mg/1)
Observation 
well —19. 0,22 0,20 0,24 0,20 0,28 0,23

-24. 0,24 0,29 0,25 0,24 0,26 0,22

End values: 0,28-0 48 mg/1 iron
0,20-0 29 mg/1 manganese

Average: 0,39 mg/1 iron
0,24 mg/1 manganese

Hence, a somewhat bigger 
the producing wells from the D

amount of iron and manganese comes to

the difference is not big it
Danube than from the background. Though

output comes from the Danube.
is despite important because 80% of the water
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INVESTIGATION OF THE EFFICIENCY OF THE 
IN SITU IRON-MANGANESE ELIMINATION

Under operational conditions the oxygenator gives minimum 8 mg/1 O2 
in solution to the recharge water, equivalent to 0,001 normality, which me­
ans that it can oxidize approximately 56 mg of iron or 274 mg of manganese 
in the same amount of water (11).

Of course, the O2 in solution satisfies also the chemical oxygen demand, 
oxidizes organic compounds and also other elements of changing valency 
but in the method under discussion its main function is the oxidation of 
iron and manganese.

The 8 mg/1 O2 solution dessicates with 1400 m3 enriching water a day. 
The total production of water is 3200—4600 m3/day. Subtracting the amount 
of the recharge water from that the net water output is 1800 — 3200 m3/day.

In respect of our objective it makes no difference whether we compare 
the amount of the recharge water to the gross or net amount of water, over­
sizing could easily be observed.

Disregarding the difference, due to the redox potentials which deter­
mines the order of succession of the oxidational process in this case (iron 
would be the first, manganese the second and later, at indefinite intervals 
the other effective agents of COD), the call for oxygen for 0,5 mg/1 iron and 
0,3 mg/1 manganese is 0,115 mg/1 O2.

Multiplying that by the rate of dilution the call for O2 in solution for 
the oxidation of iron and manganese is maximum 0,378 mg/1 at the pre­
sent Subterra program and water amount, which means that the oversizing 
is more than twentyfold. We emphasize that the COD calls for O2 in solution 
which diminishes this ratio but there are abviously adsorbtional catalysis 
and bacterial functions going on beside the direct oxidation, increasing 
this ratio. However the values of the latter one cannot be determined nu­
merically.

Summary

The in situ iron-manganese elimination process under discussion was 
accomplished in a technical sense; the iron and manganese content of the 
produced water decreased to an immeasurable value. Certain parts and 
parameters of the process were defined and it became clear that the applied 
Subterra time program is very far from beeing economical. By the increa­
sing of the ratio of the produced/enriches water with an experimental value 
the economic index can presumably be multiplied as well.
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