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INTRODUCTION

The geological analysis of the Cretaceous rocks of Hungary has been performed by J. F ü l ö p , 
director of the Hungarian Geological Institute. In the course of this work, in the years 1960—1962 
the author carried out a palaeontologic and stratigraphic study of Nannoconus, a genus playing a 
very important role in the Lower Cretaceous.

Nannoconi are fossils of uncertain taxonomic position. In view of their CaCO:J substance and 
their size of a few microns, determining the method of analysis to be applied, we may range them 
among the „calcareous nannofossils” which form practically a uniform group (M. B á l d i— В ек е  1963 
a).

The study of this fossil group which had been unknown earlier in Hungary contributed greatly 
to the solution of some stratigraphic problems.

In the course of this work I had to face a number of problems due to the unfamiliarity of the 
subject. Therefore, relying on literature data, I endeavoured to present a detailed summary of the 
earlier results which were used as a fundamental evidence to start with in the investigations. Their 
real evaluation confronted me with the problems to be solved, some of which have been cleared as a 
result of the analysis of the material.

In the course of the investigations slides and thin sections made from approximately 450 samples 
were analysed. Most of them derived from the Bakony Mts, from Tithonian—Aptian deposits well 
traceable in continuous series, and a smallei part of the samples was collected from younger Cretaceous 
beds. I also examined some samples from the Tithonian and Lower Cretaceous of the Gerecse Mts 
and the Tata Block. In addition, Tithonian samples deriving from oil-drillings in the Northern Zala 
Basin, the Tithonian and Berriasian rocks of the Mecsek Mts, the Tithonian and Lower Cretaceous 
beds of the Villány Mts as well as a few samples from two classical localities of the Barremian out
side Hungary were similarly studied.

Apart from a few exceptions, the samples treated had been collected by J. F ü l ö p . Similarly, 
I am much indebted to him for having provided geological information indispensable for my work 
as well as for the possibility to draw comparisons with the results of some macrofaunistic analyses.

RESULTS OF THE EARLIER WORKERS

Morphology of the genus Nannoconus

Nannoconi are minute (5 to 30/x) fossils made up of calcite. Most of the species are cone-shaped 
(„zapfenförmig”), either bulky or more elongated. Some unfrequently occurring species arc cylindri- 
form. In the axis of the cone (or cylinder) there is a canal or cavity which has apertures at both ends. 
The feature, shape and width of the canal as well as the size of the apertures are the most important 
characteristics of the species. In cross-section perpendicular to the axis, the outlines of the nanno
coni are always circular and often somewhat irregular. The section of the canal or the cavity repre
sents a minor concentric circle which is not determinative of the species.

* Manuscript received September 1962.
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The wall consists of very tiny wedges, about ljU. thick, the pointed ends of which are directed 
towards the canal. The wedges are closely packed and form a slightly mounting spiral. Consequently, 
in longitudinal section a series of furrows approximately perpendicular to the axis can be seen. On the 
outer surface, the wedge-shaped plates end bluntly, their close packing giving — in favourable 
cases — the impression of an intercrossing pattern (fig. 1). In the specimens of Nannoconus stein- 
mcmni the basal end of the test is rounded, the calcite wedges stand oblique to the axis of the test.

In the annular cross-section the fine structure exhibits radial furrows. The rows of furrows in 
longitudinal section are interpreted by d e  L a p p a r e n t  (1925a, 1931) and C o lo m  (1948b) as pores 
representing secondary perforations of the test. On the contrary, K a m p t n e r  (1931) and B r o n n im a n n  
(1955) detected no pores open to the outer surface. Nevertheless, later on K a m p t n e r  (1938) already 
supposed the presence of pores. According to S t r a d n e r  (1961), the pores arranged on the surface 
in a spiral are most distinct in linearly polarized light (as observed in a single case on unusually well- 
-preserved samples from one locality). The visible furrows have not been found to represent pores by 
the author, either, since no porosity could be observed on the Hungarian samples.

The electron-microscopic analysis of nannoconi has been started as late as in recent years. 
G r u n a u  and St u d e r  (1956) suggest that the electron-microscope provides many facilities for detect
ing the morphology, but it cannot replace the light microscope which is much more simple and 
assures a quicker analysis. Relying on his electron-microscopic analyses, G r u n a u  (1959) discussed 
in detail the morphology of the nannoconi. His analyses confirmed the observations made with light 
microscope. Pores were not found on the tests by him, either.

D e L a p p a r e n t  (1925a and 1931) does not recognize the basal aperture of the nannoconi and 
refers to the „bottle-shaped” remnants as Lagena.

The opinion that one cone had corresponded to one Nannoconus specimen has been maintained 
for a long time. Only in 1956 was it suggested by C o lo m  that nannoconi had been no independent 
organisms, but they might have represented external appendices of certain organisms, like the 
coccoliths (fig. 2, a). Noël (1958) already observed groups of nannoconi oriented in arcs; 
D e fl a n d r e  (1959) also considered the probability that nannoconi were arranged as parts of a ra
ther closely packed spheroidal hull. In this connection the most essential results were furnished by 
the investigations of T rejo  (1960) (fig. 2, b). The preservation of the groups of nannoconi consist
ing of about 12 petal-like arranged specimens may be explained by a rapid burial that had taken 
place under favourable conditions before the soft parts of the body were decomposed. This disco
very somewhat modifies C o lo m ’s hypothesis (1956), yet it confirms, on the whole, its rightness.

We could not detect such a regular airangement in the Hungarian samples, irrespective of two 
juxtaposed specimens of Nannoconus steinmanni which were encountered in some cases.

Systematic position of Nannoconus

Since no actually living animal or plant organisms can be compared with the nannoconi, we are 
compelled to rely merely on certain considerations as to their systematic position. This has given 
rise to extremely different standpoints.

Of the authors of the first descriptions, d e  L a p p a r e n t  held these remains for Foraminifera 
(„embryonic stage of Lagena” 1925a, Lagena colomi n. sp. 1931), St e in m a n n  (1925) regarded them 
as coccoliths. K a m p t n e r  (1931) while re-examining St e in m a n n ’s samples, already recognized that 
their shape and fine structure were more complex than those of the coccoliths, and he interpreted 
them as remnants of planktonic organisms of uncertain systematic position. At the very beginning 
of his scientific activity, C olom  accepted d e  L a p p a r e n t ’s conception. Later on (1948b), his opinion 
got closer to that of K a m p t n e r .

B r o n n im a n n  (1955) only mentions that the spiralled structure of Nannoconus is reminiscent 
of the oögonia of certain Charophyta, but considers their systematic position to be obscure.

M a slov  (1956), on the basis of this extremely uncertain observations, attempts to assign the 
nannoconi to a new family of unknown systematic position and affinities.

It is C o lo m  (1956) that suggests, again, the possibility that the nannoconi may belong to the 
coccolithophorids. D e fl a n d r e  (1959) also emphasises this possibility. He establishes the family 
Nannoconidae incertae sedis including a single genus.
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T r ejo  (1960), in spite of his detailed investigations and fortunate findings, does not range Nanno- 
conus among the coccolithophorids, because of the more complex structure of the former. On the 
basis of T r e jo ’s data, C o lo m  now already considers — according to his kind communication in 
letter — a fact that Nannoconus belong to the coccolithophorids.

Palaeogeographic and palaeoecologic characteristics of the nannoconi and of their enclosing
sediments

According to our present knowledge, nannoconi are known from the area of the Mesozoic 
Tethys only, i. e. from Central America (Cuba and Mexico), North Africa (Morocco, Algeria, Tuni
sia) and Europe (Spain, Italy, France, Switzerland, Austria, Hungary, Roumania, Slovakia). From 
regions farther east, no one has been recorded as yet, apart from a single uncertain datum published 
by M a slov  (1956).

In certain sediments the Tower Cretaceous Nannoconus specimens occur in such a great 
abundance that C o lo m  (1948b) has referred to these rocks as „Nannoconus limestones” . He regarded 
them to be a bathyal facies charateristic of the Tower Cretaceous in the western part of the Medi
terranean Sea. The Biancone facies of the Southern Alps also have to be considered as Nannoconus 
limestones. From the pelagical character of the sediment as well as from the lack of benthos forms, 
C o lo m  drew the conclusions that nannoconi had been planktonic organisms.

For lack of recent organisms similar to nannoconi, their mode of life can also be inferred only 
from the lithofacies of the enclosing rock and from the other fossils available in it.

Tower Cretaceous Nannoconus-bearing sediments are exclusively marine formations; all the 
fossils encountered in them, but especially the ammonites indicate a normal salinity.

The depth of formation of the Nannoconus-bearing sediments is a much discussed question. 
It was first stated by S t e in m a n n  (1925) that the alpine radiolarites and Biancone limestones had 
been deposited at great depths (3000 to 4000 m), as suggested by their analogy with recent marine 
sediments. Recently, T r ü m py  (1958) has also advocated their bathyal formation. He has stated that 
the coarse detritus associated with them does not necessarily indicate a neritic environment and 
that the other pelagic fauna, such as ammonites, planktonic crinoids (Saccocoma sp.), algae 
(Globochaete sp.), tintinnines, radiolarians, coccolithophorids, present in the sediments, as well 
as the lack of benthos suggest deeper waters. It was H a u g  (1900) who pointed out first the bathyal 
character of the ammonite forms in question.

The rock contains plenty of actually living organisms, too (coccolithophorids, radiolarians, 
tintinnines) which are confined to the euphotic zone in the sea. Owing to assimilation, coccolitho
phorids live in abundance only in the uppermost zone, about 100 m thick, of sea water (E km a n  1953, 
M u r r a y — H jo r t  1912). Theoretically, radiolarians may occur in all climates and depths. C a m p 
b ell  (1954a) believes, however, that they live only in sufficiently lighted water, due to the assimilat
ing yellow cells (Zooxanthella) living in symbiosis with them. The recent tintinnines are encoun
tered in all seas, at any latitude; they dwell, as a rule, in the euphotic zone where the concentration 
of the phytoplanktonic organisms serving as their food is the highest (C a m pb e ll  1954b).

C olo m  (1956) suggests that the terrestrial detritic fractions „have been filtered” out in a neritic 
foredeep of the Betic géosynclinal area, so that pure pelagic sediments may have been formed even 
in the shallower parts of the sea far off-shore (fig. 3).

Characterizing the sediments, we have to mention the antagonism shown by the occurrences 
of radiolarians and tintinnines (C o lo m  1948a). If either of these two groups has a great abundance, 
the other group is missing or is, at least, very scarce. According to C a m pb e ll  (1954b) the same pheno
menon can be observed on the recent marine fauna, too. In the course of his detailed investigations 
in the Bakony Mts, K n a u e r  (1963) found that strata containing silicified tests of radiolarians were 
alternating with strata which contained tintinnines, too, besides calcified tests of radiolarians.

As to the temperature conditions of the Tower Cretaceous, our knowledge is very scant indeed. 
B o w e n ’s investigations (1961a, 1961b) enabled us only to consider that the climate of the Tethys 
area may have been less warm in the Neocomian than was in the Jurassic or in some later periods of 
the Cretaceous.

Consequently, the brief ecological analysis of the Nannoconus-bearing sediments and their 
fossil content suggests that nannoconi must have been marine, planktonic organisms. They lived in
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great masses in the well-lighted, near-surface zone of pelagic seas, under warm (tropical or subtro
pical) climate.

The abundant occurrence of the representatives of Nannoconus is restricted to the Biancone 
sediments though they are encountered in sediments of other facies, too : e. g. in the marl and sandy 
marl beds of the detritic Lower Cretaceous formations of the Gerecse Mountains.

Stratigraphic position of Nannoconus

Our actual standpoint concerning the stratigraphy of Nannoconus is the result of many years’ 
work that has synthetized many particular data. At the very beginning of the investigations d e  L a p p a - 
r e n t  (1925a, 1925b) and S t e in m a n n  (1925) had discovered the representatives of Nannoconus in 
the samples collected from one locality. D e L a p p a r e n t  (1931) recorded them from the Valanginian 
to Lower Albian in the series of Mallorca [this was modified later by C olo m  (1948a)]. K a m ptn er  
(1931) was the first in recognizing that the species Nannoconus steinmanni has been spread in the 
Biancone facies both horizontally and vertically, and can be found from the Upper Tithonian to the 
Barremian.

According to the conclusions of C o lo m  (1948a, 1948b), the Nannoconus-bearing facies appears 
in the Upper Tithonian in all the known localities (Italy: Southern Alps, Spain: Sierra Betica and 
Balearic Islands, France: Provence) and disappears at the end of the Barremian or possibly at the 
beginning of the Aptian, usually in consequence of changes in sedimentation.

The biostratigraphy of Nannoconus was lain on new foundations by B r o n n im a n n  (1955). 
He believes that the nannoconi appeared in Cuba later than in Europe; that they are found only 
above the Tithonian, together with Neocomian tintinnines. He characterized the Lower Cretaceous 
by three different assemblages of Nannoconus :

1. Neocomian (Valanginian—Hauterivian) : N. steinmanni, N. aff. globulus and N. colomi (the 
latter occurring rarely at the top of the Neocomian only), with tintinnines.

2. Barremian: N. steinmanni, N. colomi, N. kamptneri, N. bermudezi, N. globulus.
3. Aptian—Albian: N. truitti, N. minutus, N. elongatus, N. bucheri, N. wassalli.
He could trace the upper boundary of the occurrence of nannoconi only vaguely as Aptian— 

Middle Albian, with reference to an Orbitolina species occurring in Venezuela, too. He observed a 
gradual transition between assemblages 1 and 2, while assemblages 2 and 3 were found to show an 
abrupt break.

The correlation with the stratigraphic scheme of the Cretaceous is most uncertain in connection 
with assemblage 2. Therefore, B r o n n im a n n  carried out comparative studies on samples from Europe 
[South Switzerland, the upper part of Biancone limestones in the region of Balerna, samples treated 
by G a n d o l f i (1942)], which were held for Barremian. This comparison confirmed the Barremian age 
of assemblage 2.

Since 1955 many papers have dealt with nannoconi, but it was only T r e jo ’s work (1960) that 
aimed at completeness. Reviewing the relevant papers thoroughly, I became convinced that B r o n n i- 
m a n n ’s statements (1955) might, as a rule, be extended over the Mediterranean areas of Europe, too.

N o ël  alone (1956, 1958) doubted the possibility of differentiation of B r o n n im a n n ’s new species. 
However, since her investigation comprised only the Tithonian—Valanginian, she could not even 
encounter Nannoconus species characteristic of the Barremian or Aptian.

The succession of the three assemblages of Br o n n im a n n  could only be revealed by T rejo  (1960) 
on samples from oil-drillings in Mexico. From Europe, only assemblages 1 and 2 are hitherto known 
—  in continuous sections —  chiefly in the Alps (G r u n a u — St u d e r  1956, G r u n a u  1959, C it a —  
P a sq u a r é  1959, C it a — F o r t i— R a f f i— V il l a  1959), but in the Apennines (C it a — F o r t i— R a ffi—  
V il l a  1959) and Spain (C o lo m  1956) as well. From among the species belonging to the third Nanno
conus assemblage, only Nannoconus elongatus has been recorded from Europe by C ita  and P asq u a r é

(1959) as an extremely rare form, while N. bucheri has been mentioned from a single Hauterivian (?) 
sample by S t r a d n e r  (1961).

As suggested by the results of the investigations performed so far, the Nannoconus genus does 
not appear in various regions exactly at the same time. Its earliest appearance was observed by P as
q u a r é  (1960): Nannoconus dolomiticus C it a  et P a sq u a r é  occurring in the Lower Tithonian, precisely



in the „Rosso ad Aptici” horizon underlying the Biancone limestones. Nannoconi appear most 
frequently in the Upper Tithonian: Nannoconus steinmanni is known from the Upper Tithonian 
deposits of Algeria (N o ë l  1956, 1958), the Southern Alps (k a m p t n e r  1931, g r u n a u  1959), Spain 
(C o lo m  1948a), and Mexico (T r ejo  1960). In Cuba B r o n n im a n n  (1955) found them to occur only 
from the basal beds of the Cretaceous onwards.In the course of his detailed investigations in Slovakia, 
M is ík  (1958) realized that they had appeared at different times even in close areas — in various units 
of the Western Carpathians : at the end of the Tithonian, in the Berriasian or as late as Middle 
Valanginian.

The least unsettled problem of the investigations into nannoconi is the stratigraphic position 
of the second Nannoconus assemblage. Bronnimann (1955) and Grunau (1956, 1959) discuss it in 
connection with the age of the upper part of the Biancone, a question subject of many discussions, 
itself. This problem might be solved only, if these Nannoconus forms could be detected in localities 
containing macrofaunas characteristic of the Barremian. Such data have only been recorded so far by 
C ita  and Pasquaré(1959), from Puez, a iocality which has already been identified with the Barremian 
on the basis of ammonites by Haug (1899).

T r e jo ’s work (1960), even though having detected the horizons corresponding to B r o n n im a n n ’s 
assemblages, did not contribute to the solution of the problems as to their stratigraphic position. 
He considers the corresponding horizons to be older than B r o n n im a n n  does; however, he does not 
explain his different opinion which is not substantiated convincingly enough by his other faunistic 
data, either. Nevertheless, his analyses carried out on cores from deep bore-holes detected a conti
nuous succession of the three Nannoconus assemblages. This succession could earlier be demonstrat
ed only for the first two assemblages on the basis of investigations in Cuba and Europe.

The disappearance of Nannoconus from the rocks can be traced back in most cases to facial 
changes. In the Alps no nannoconi have been found as yet in the „Scisti Neri” and „Scaglia” strata 
overlying the Nannoconus-bearing Biancone limestones. M is ík  (1958) and S c h e ib n e r  (1958) record
ed nannoconi associated with the foraminiferal species Ticinella roberti (G a n d o l f i) from an even 
higher horizon, i. e. from the Aptian, and possibly Albian, of Slovakia. According to T r ejo  (1960), 
the forms of assemblage 3 reach up to the Cenomanian.

The tracing of the development of the known Upper Cretaceous nannoconi from the Lower 
Cretaceous ones is still an unsolved problem.

METHOD OF INVESTIGATION

Numerous types of sedimentary rocks, both carbonate sediments and fine-grained, detritic 
rocks (microcrystalline limestone, calcareous and sandy marl, clay), could be used for analysis. 
They were examined mostly in slides made from suspensions of the rock and, to a smaller extent, by 
means of thin sections.

Determination of the composition of the rock requires the investigation of thin sections, which 
is suitable for recognizing the nannoconi and some coccoliths, as well. For the analyses — as remark
ed by C o lo m  (1948a) and Br o n n im a n n  (1955), too — sections thinner than normal are needed, 
at least on the edges of the rock sample. In the slide, however, every grain, i. e. each fossil specimen, 
can be seen, examined and photographed separately, so that their identification is more reliable.

Examination in slides and thin sections exhibits the same pattern for Nannoconus. Since even 
the thickness of the thinnest section is substantially (possibly several times) larger than that of the 
Nannoconus test, we can always see the whole transilluminated test of Nannoconus even in thin 
section, in contrast with the case of considerably bigger microfossils (e. g. Foraminifera) when only 
a thin layer of the test is visible. Therefore, it is unnecessary to make such a sharp distinction between 
the two methods of examination as N o ë l  (1958) and D e f l a n d r e  (1959) did. For preparing slides, 
the tiny grains making up the ground-mass are disintegrated artificially by washing. This way, the 
drawback arising in thin section analyses may be eliminated, namely that the grains are superposed 
in several layers and the morphology of the individual grains (e. g. Nannoconus specimens) is hardly 
perceivable under the microscope.

The greater part of the samples to be analysed represented solid rocks unsuitable for washing. 
Therefore, they were ground in a mortar to coarse sand fraction. The ground rock particles or the
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rocks which were suitable for a direct washing were diluted with tap water and the suspension obtain
ed this way was boiled for a few minutes. (Boiling serves for the elimination of a harmful 
colloidal packing of the grains.) The suspension was then agitated by a glass rod, and a few minutes 
later one or two drops were taken from its surface and put on a glass slide. Coarser grains which had 
been in suspension were then settled already, while nannofossils remained suspended. The slide glass 
was slowly heated over a Bunsen flame in order to evaporate the liquid, and the fixed preparation was 
finally covered with a cover-glass by means of Canada balsam.

The examination was performed by using a biological microscope. A range of magnification 
of 600 X to 3000 X was used, in case of necessity, naturally, with an oil-immersion lens.

PALAEONTOLOGICAL DESCRIPTION

The representatives of Nannoconus, as remains of Protozoa incertae sedis, form a group indepen
dent both morphologically and systematically, which has been held for a single species for a long 
time. It was B r o n n im a n n  (1955) who ascertained that the morphological differences that had already 
been recognized, surpassed the limits of variability of one species, and who established the order 
of the individual features according to their taxonomic importance.

The notions and terms used for the characterization of the Nannoconus species and for the 
indication of their dimensions are shown by figures 1 and 4. The species can only be indentified in 
longitudinal sections.

Our investigations have shown the shape of the canal or cavity to be the most important feature 
which must be, first of all, taken into consideration. This feature, itself, allows to determine most of 
the species with certainty and without error. The outline of the test often corresponds to the shape 
of the cavity, e. g. in the species of the N. truitti zone. Divergencies were found only in the cases of 
N. steinmanni, N. colomi and N. kamptneri. In these latter forms the thickness of the wall is greater 
in the basal part of the test than in the apical one. The shape or size of the apertures can hardly be 
used for differentiating the individual species. The structure of the wall is the same for all the species 
within the genus and represents one of the most important generic features.

The dimensions of the test change within a rather wide range. It can usually be observed that 
evolution is directed towards increasing dimensions, owing to ecological, and phylogenetical causes. 
The dimensions cannot be assumed as criteria determinative of a species, on the one hand, because 
of the high ecological sensitiveness manifesting itself in differences of size and, on the other hand, 
because of the regular frequency distribution observed in the individual samples.

Familia: NANNOCONIDAE D e f l a n d r e , 1959

The higher systematic position of the family is obscure, the single genus belonging to the 
family is: Nannoconus k a m p t n e r , 1931.

Genus: n a n n o c o n u s  K a m p t n e r , 1931
D i a g n o s i s .  Calcitic microfossil, commonly cone-shaped („zapfenförmig”), sometimes 

cylindrical with a more or less wide canal in its axis, at both ends open. Wall consisting of minute 
wedges arranged in spiral rows, which are pointed towards the canal and appear to be flush with 
the outer surface. They are closely packed, without any pores between them.

Si ze .  Height 5 to 29 p., largest diameter 5 to 12p., diameter of the cavity 1 to 5p., thickness of the 
wedges about lp..

Type species: Nannoconus steinmanni K a m p t n e r , 1931
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1925a. Embryon de Lagena — de Lapparent pp. 104—106, f. 1. (partim).
1925b. Embryon de Lagena — de Lapparent, Pi. X, f. 1.
1 9 3 1 .  Lagena colomi n. s p .  — de L a p p a r e n t , p .  2 2 2 .  ( p a r t i m ) .
1931. Nannoconus steinmanni nov. gen. nov. sp. — K amptner, pp. 289—291. Abb. 1—3.

?1938. Nannoconus colomi (Lapp.) — K amptner, pp. 250—251. Abb. 1.
1948 b. Nannoconus colomi (de Lapp.) — Colom, p. 252, Textfig. 7. (partim).
1 9 5 5 .  Nannoconus steinmanni K a m p t n e r  —  B r o n n i m a n n , p. 3 6 ,  T. I, f. 1 6 ;  T. II, f. 1 0 , 15 . Textfig. 2 a —c .
1955. Nannoconus bermiidezi n. sp. — Bronnimann, p. 37, T. II, f. 1, 24. Textfig. 2d—e.
1956. Nannoconus steimanni Brönn. — Colom, Texfig. 6: 1—7, 16—24.
1956. Nannoconus colomi Lapparent — N o ë l , p. 330, T. V, f. 41, 42, 43.
1956. Nannoconus steinmanni K amptner — G runau, Studer, p. 143. Textfig. 2. (partim).
1958. Nannoconus colomi Lapp. — N oël, p. 173, T. IV, f. 29, 30, 32, 34, 35.
1 9 5 8 . Nannoconus bermiidezi B r o n n i m a n n  — M is í k , p .  2 0 2 .
1959. Nannoconus steinmanni K amptner — Grunau, p. 25, p. 57, f. 8 (partim), 27, 28, 29 (partim), 30.
1959. Nannoconus bermiidezi Bronnimann — G runau, p. 26.
1959. Nannoconus cf. bermiidezi Bronnimann — G runau, p. 57.
1959. Nannoconus steinmanni K amptner — Cita, Pasquaré, p. 430. Textfig. 6: 22—27.
1959. Nannoconus cf. bermiidezi Bronnimann — Cita, Pasquaré, p. 425. Textfig. 6: 1.
1960. Nannoconus steinmanni Kamptner — Trejo, p. 282, T. I, f. 1, T. III. Textfig. 1, 3.
1 9 6 0 .  Nannoconus bermiidezi B r o n n i m a n n  —  T r e j o , p .  2 8 7 ,  T .  I, f .  2 —4 .  T e x t f i g .  5 .
1960. Nannoconus colomi (Lapp.) K amptner — Martini, p. 84. T. XL f. 45.
1961. Nannoconus steinmanni K amptner — Stradner, p. 81. Textfig. 33—35.

D e s c r i p t i o n .  The test is conical, or cone-shaped („zapfenförmig”) as defined by K a m p t n e r  
and later by G r u n a u . A uniformly narrow canal extends throughout its axis; at both ends of the 
test there are apertures equal in diameter with the canal. The basal part is rounded, usually with 
a smooth area in its centre. The apex is more pointed, with some rounding. (The top part of the test 
often breaks off and is missing; in such cases the apex becomes completely smooth, without any 
roundness.) The wall consists of wedges arranged in spiral rows, which are pointed towards the canal, 
like in the other species of the genus. In longitudinal section its shape is elongated, growing narrower 
towards the apex; the continuous narrow canal with the two apertures is well discernible. The wedges 
making up the wall lose their parallelism at the base, and the two rows of furrows tend to converge 
resembling the pattern of a fan. In transverse section a very small aperture and radial furrows are 
visible.

Si ze .  Length 7,6 to 29/x, largest diameter 5,2 to 13,5/x.
D i f f e r e n t i a l  d i a g n o s i s .  The outlines of the specimens of N. steinmanni are similar 

to the shape of the species Nannoconus colomi and N. kamptneri which are genetically close to the 
former. Nevertheless, it differs from these two forms as well as from the other species by its uniformly 
narrow canal which does not widen out anywhere. N. bermudezi described by B r o n n im a n n  as a new 
species differs from N. steinmanni only by its size, evidenced by the original description, itself (N. 
steinmanni: length 10 to 20p., diameter 5 to Юр.; N. bermudezi: length 20 to 28p, largest diameter 
about 10p). Both M is ík  (1958) and C it a — P a sq u a r é  (1959) note that they do not consider the sepa
ration of N. bermudezi to be substantiated.

The increase in size of Nannoconus steinmanni during the Valanginian and Hauterivian was 
taken notice of by B r o n n im a n n  already. Later it was N o ë l  (1958) who performed a statistical ana
lysis on Portlandian (Tithonian), Berriasian and Valanginian samples. Her results also clearly show 
the changes in the size as a function of time. B r o n n im a n n  suggests N. bermudezi to be a form charac
teristic of the Barremian.

These data which were confirmed by my direct observations as well, required to trace the succes
sive populations within the respective time span possibly by as many measurements as necessary 
for their statistical evaluation. Since the Nannoconus forms of pre-Barremian rocks had already 
been biometrically examined (N o ë l  1958), I laid stress rather on the study of the Barremian and 
Aptian forms in order to settle the problem of N. bermudezi, too. The measurement data of 30 speci
mens per population were used for the time-absorbing statistical studies. The results of measurements 
have been summarized in Table 1.

That N. bermudezi associated with N. steinmanni, common in Cuba, is much more infrequent 
than the latter and that it may thus represent extreme specimens of a uniform population is 
quite probable from B r o n n im a n n ’s description, too. My examination of samples deriving from the 
area of the Barremian stratotype and of two samples from the Bakony Mts led to the same result

Nannoconus steinmanni K amptner, 1931
P la te  I ,  f ig .  1— 4 , P la te  I I ,  f ig .  1— 6 .
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(as suggested by the frequency distribution of the size values of the specimens) (fig. 5). Accordingly, 
my investigations suggest that N. bermudezi is not an independent species. Statistical data also evi
denced that N. steinmanni had gradually increased in size up to the end of the Barremian stage, 
while in the Aptian it decreased again. This may be ascribed to ecological causes rather than to geneti- 
cal ones. Although the differences in size are significant in some cases, I consider unnecessary to des
cribe a new species, as the sizes cannot be regarded as taxonomic criteria.

R e m a r k s .  B r o n n im a n n  designated the specimen in K a m p t n e r ’s photograph (1931, p. 
291, fig. 2), which had been sampled from the Upper Tithonian Biancone limestones of Monte 
Pavione (Southern Alps, Italy), as lectotype of the species. Since the two specific names established in 
1931 for the nannoconi were regarded as precisely identical synonyms, it is the name N. colomi (de  
L a p p .) that has priority. For this reason, before the work of Br o n n im a n n  (who pointed out the 
differences between the two descriptions and cleared the taxonomic position of the individual species) 
was published in 1955, the name N. colomi ( de L a p p .) had been in common usage.

Nannoeonus colomi (d e  L a p p a r e n t , 1931)
Plate I, fig. 5—7; Plate II, fig. 7—8.

1925a. Embryon de Lagena — de Lapparent, pp. 104—106. Textfig. 1. (partim).
1931. Lagena colomi n. sp. — de Lapparent, p. 222. (partim).
1948b. Nannoeonus colomi (de Lapp.) — Colom, p. 252. Textfig. 7. (partim).
1955. Nannoeonus colomi (de Lapp.) — Bronnimann, p. 35. T. II. f. 9, 17. Textfig. 3 n—r,
1956. Nannoeonus colomi (de Lapp.) — Colom, Textfig. 6: 8—10, 25—29.
1959. Nannoeonus colomi (de Lapp.) — G runau, p. 27.
1959. Nannoeonus colomi (de Lapp.) — Cita, Pasquaré, p. 425. Textfig. 6: 2—6.
1960. Nannoeonus colomi (de Lapp.) — Trejo, p. 289. Textfig. 6.
1961. Nannoeonus colomi de Lapp. — Stradner, p. 81. Textfig. 37—38.

D e s c r i p t i o n .  Test conical, markedly rounded at its basal end. A narrow canal runs along 
its axis. It grows wider at the base, resulting in a bulbous cavity. Basal aperture rather large, nearly 
equal in diameter with the cavity, or somewhat smaller. Apical aperture very small. Wall composed 
of very thin wedges which are closely juxtaposed in spiral rows and have pointed ends directed to
wards the canal. In longitudinal section we can see well the contours and the canal open at its both 
ends as the well as the wedges forming the wall, which exhibit the pattern of two rows of furrows 
situated on either sides of the axis, nearly normal to the latter. In transverse section the test is circu
lar, often irregular, with a smaller, concentrical circular cavity. Wall structure showing the pattern 
of radial furrows.

Si ze .  Length 9 to 16,4q, largest outer diameter 7 to 11,2p, largest diameter of the cavity 
2 to 4,2q. The length of the cavity corresponds to nearly half of the whole length.

D i f f e r e n t i a l  d i a g n o s i s .  The most important diagnostic feature of the species 
is the bulbous basal cavity, continuing as a narrow canal towards the apex. The canal of the other
wise similar, oblong, conical A. steinmanni is narrow throughout the test, while that of N. kamptneri 
is wide and becomes uniformly narrower.

R e m a r k s .  I interprete the species more strictly than the original description of d e  L a p p a r e n t , 
just in the same way as Br o n n im a n n  did. The latter author designated as its lectotype (1955) the 
extreme right specimen from d e  L a p p a r e n t ’s textfigure (1925a, p. 105, Textfig. 1). This form pro
bably deiives from Barremian limestones of Mallorca (the Balearic Islands).

This specific name is applied for the genus considered as a single species in all the papers issued 
before 1955, and even in some later ones. In most cases it can be realized from the figures and descrip
tions that mostly the representatives of N. steinmanni K a m p t n e r  and sometimes those of N. colomi 
( d e  L a p p a r e n t ) are termed with this name.

D i s t r i b u t i o n .  In Hungary: Sümeg, bore-hole (Sp.) 1 — lower part of the marl sequence, 
Városlőd, Hárskút—Közöskút Ravine, Mount Rendkő, Lókút, Zirc — quarry „Márványbánya” 
(Barremian); Gerecse Mts — Mount Berzsekhegy (Upper Hauterivian and Barremian). Abroad 
(according to the author’s compaiative studies) France: Barrême (Basses Alpes), Roumania: Svinitá 
(Banat) (Barremian). It is also known from the territories of Cuba, Mexico, Spain, Switzerland, 
Italy and Austria.
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1955. N annoconus ka m p tn eri n. sp. — Bronnimann, p. 37, T. II. f. 14, 16, 20, 21. Textfig. 3i—m.
1955. N annoconus colom i (de Lapp.) — Colom, T. V. f. 9. (partim).
1956. N annoconus kam ptneri Brönn. — Colom, Textfig. 6: 11—15, 30—32.
1959. Nannoconus kamptneri Bronnimann — G runau, p. 27, 57.
1959. N annoconus ka m p tn eri Bronnimann — C ita, Pasquaré, p. 429. Textfig. 6: 17—21.
1959. N annoconus k a m p tn eri Bronnimann — D eflandre, T. III. f. 15—16.
1960. N annoconus ka m p tn eri Btonnimann — Trejo, p. 291, T. I. f. 5. Textfig. 7.

D e s c r i p t i o n .  Test conical, well rounded at its base. The canal extending along the whole 
length of the test is also conical, being rather wide in the basal part. Apical aperture small, the basal 
one large, its diameter often approximating that of the cavity. Wall having the same structure as 
N. colomi and N. steinmanni. Tn longitudinal section the canal extending throughout the axis and 
narrowing towards the apex is conspicuous. In transverse section no specific features are found.

Si ze .  Length 11,2 to 22,2/x, largest diameter 8,2 to 13,5p., largest diameter of the cavity 2 to 
4,4цX, the apical aperture can be measured with difficulty.

D i f f e r e n t i a l  d i a g n o s i s .  Its conical test is similar to those of N. steinmanni and 
N. colomi associated with our species. It differs from these two species by its cavity which runs along 
the whole length of the test and widens out conically towards the base. N. bucheri and N. wasscilli 
are wider and less elongated forms and their cavity is also larger. Br o n n im a n n  points out its close 
structural relationship with N. colomi and suggests that it may have derived from the latter through 
the enlargement of the axial canal. Beside confirming this fact, we have to point out that all the 
Nannoconus species developed during the Aptian may be derived from Nannoconus kamptneri by 
assuming two different trends of evolution.

D i s t r i b u t i o n .  In Hungary: Sümeg, bore-hole (Sp.) 1. — lower part of the marl sequence, 
Városlőd, Hárskút—Közöskút Ravine, Mount Rendkő, Lókút, Zirc — quarry „Márványbánya”, 
Gerecse Mts — Mount Berzsekhegy (Barremian). Abroad (as shown by the author’s comparative 
studies) France: Barrème (Basses Alpes), Roumania: Svinqa (Barremian). In addition, it is known 
from the territories of Cuba, Mexico, Spain, Switzerland and Italy.

Nannoconus kamptneri Bronnim ann , 1955
P l a t e  I ,  f ig .  1 0 — 1 3 ;  P l a t e  I I .  f ig .  9 — 12.

Nannoconus globulus Bronnimann, 1955 
Plate I, fig. 8—9, Plate II, fig. 13, 17.

1955. Nannoconus globulus n. sp. — Bronnimann, p. 37. T. II. f. 13, 18, 23. Textfig. 3a—h.
1956. Nannoconus globulus Bronnimann — Grunau, Studer, p. 143. Textfig. 4.
1959. Nannoconus globulus Bronnimann — Grunau, p. 25, 57. f. 8 (partim), 9.
1959. Nannoconus globulus Bronnimann — Cita, Pasquaré, Textfig. 6: 11 — 15.
1959. Nannoconus globulus Bronnimann — Deflandre, T. III. f. 17—18.
1960. Nannoconus globulus Bronnimann — Trejo, p. 285. T. II. f. 1—4. Textfig. 4.

D e s c r i p t i o n .  Test squat, barrel-shaped, often with two more or less circular apertures. 
The thickness of the wall is constant, the relatively large central cavity is spheroidal, like the outline 
of the test. Wall structure the same as described for N. steinmanni. Under the microscope both aper
tures are not always visible; in unfavourable positions only one of them, if any, can be observed. 
In the nearly annular test the radial furrows are well discernible.

Si ze .  Largest diameter 8,2 to 11,5цх, diameter of the cavity 3,5 to 4,5цх, thickness of the wall 2 to 
3,5/X, diameter of the apertures 1 to 2цх.

D i f f e r e n t i a l  d i a g n o s i s .  It differs from all the other species by its spheroidal shape. 
In transverse section where the apertures are invisible it cannot be determined with certainty. Gene
tically, it appears to be related to N. colomi.

R e m a r k s .  According to the observations of Bronnimann, the markedly small and thick- 
walled specimens of N. globulus appear, along with N. steinmanni, in the oldest Nannoconus assem
blage, too. Bronnimann believes that these specimens may be also systematically separated from the 
type. Grunau also mentions a few minor specimens of N. globulus accompanying N. steinmanni. 
In our samples no specimens like these could be detected.

D i s t r i b u t i o n .  In Hungary: Sümeg, bore-hole (Sp.) 1. — lower part of the marl sequence, 
Városlőd, Hárskút—Közöskút Ravine, Mount Rendkő, Zirc — quarry „Márványbánya”, Lókút 
(Barremian). Abroad: Cuba, Mexico, Switzerland, Italy.
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Nannoconus truitti B r o n n im a n n , 1955
Plate I, fig. 14—16; Plate II, fig. 14—16.

1955. Nannoconus truitti n. sp. — Bronnimann, p. 38. T. II. f. 2, 3, 4 (partim), 5, 7. Textfig. 2 f—j.
1960. Nannoconus truitti Bronnimann — Trejo, p. 298. T. II. f. 6—9. Textfig. 12, 13.
1960. Nannoconus truitti Bronnimann — D eflandre, G. et M., p. 177, T. I. f. 1—6.

D e s c r i p t i o n .  Test cylindrical, its diameter being usually greater, or possibly equal to its 
length. Basal portion rounded, apex flat with no roundness. In the centre there is a rather large, cylin
drical cavity, the diameter of which is approximately equal to the thickness of the wall. Its both aper
tures are rather large, the apical aperture being equal in diameter to the cavity, the basal one is some
what smaller. Wall structure similar to that of Nannoconus steinmanni. In longitudinal section the 
test is ,,U”-shaped, with two large apertures and with a rather dense striated wall sculpture where 
the striae are normal to the axis. The annular, transverse section with radial furrows is not character
istic of the species.

Si ze .  Length 6,2 to lip,, diameter of the test 7,2 to 13p, diameter of the cavity 2 to 4p. The 
thickness of the wall, as a rule, is nearly the same as the diameter of the cavity. The wedges making up 
the wall are lp  thick.

D i f f e r e n t i a l  d i a g n o s i s .  The species N. truitti, N. minutus and N. elongatus differ 
sharply from the others due to their cylindrical test which does not grow narrower towards the apex. 
As regards the members of this group of closely interrelated species, N. elongatus has a length 
greater than the diameter, N. minutus, in turn, is the smallest species of the genus and its basal pait is 
somewhat less rounded than N. truitti. The form group of N. truitti was developed in the Aptian 
from the species N. kamptneri. N. multicadus D e f l a n d r e  &  D e f l a n d r e—R ig a u d  and N. dauvielleri 
D e f l a n d r e  &  D e f l a n d r e— R ig a u d  —  Senonian species exhibiting completely new features —  can 
be traced back to N. truitti.

D i s t r i b u t i o n .  In Hungary: Sümeg, bore-holes (Sp.) 1,2 — upper part of the marl sequence 
(Aptian), Villány Mts — Mount Tenkeshegy (Albian). Abroad : Cuba, Mexico, Parisian Basin (Seno
nian).

Nannoconus minutus B r o n n im a n n , 1955
Plate I, fig. 22.

1955. Nannoconus minutus n. sp. — Bronnimann, p. 3 8 . T. II. f. 4  (partim), 6 , 8 , 12. Textfig. 2t—u.
1 9 6 0 . Nannoconus minutus Bronnimann —• D eflandre, G. et M., p . 177. T. I. f. 7 — 9.
1 9 6 0 . Nannoconus minutus B r o n n im a n n  —  T r e j o , p . 3 0 1 . T. II. f .  5 . Textfig. 14.

D e s c r i p t i o n .  Test conical with a diameter equal to, or slightly larger than the 
length of the test. Basal and apical parts nearly equally flat; base sometimes slightly rounded. Diame
ter of the cavity corresponding to about one third of the whole diameter. Size of both apertures 
identical with the breadth of the cavity. Fine structure of the wall similar to that observed in N. 
steinmanni. In longitudinal section the wall is rather tubular than ,,U”-shaped. Transverse section 
annular, rendering the species recognizable, even though somewhat vaguely, due to its small size.

Si ze .  Length 5,2 to 6,8/x, diameter 6,8 to 7/x.
D i f f e r e n t i a l  d i a g n o s i s .  This species has the smallest size within the group of the 

,,U”-shaped forms having parallel walls. N. elongatus is more elongated, N. truitti, in turn, more 
rounded at its base as compared to N. minutus.

R e m a r k s .  The separation of N. minutus from N. truitti is rather uncertain. To examine it 
biometrically has been impossible owing to the scarcity of specimens. According to B r o n n im a n n ’s 
data, the difference in size between the two species is considerably greater than found in my measure
ments or than the values given in T r e jo ’s papers. Since my investigations have not furnished any 
data which would settle this question, I prefer to maintain the former species categories.

D i s t r i b u t i  о n. In Flungary: Sümeg, bore-hole (Sp.) 1. — upper part of the marl sequence 
(Aptian). Abroad: Cuba, Mexico, Parisian Basin (Senonian).
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Nannoconus elonga tus B r o n n im a n n , 1955 
Plate I, fig. 23.

1955. Nannoconus elongatus n. sp. — Bronnimann, p. 38. T. I. f. 10—14. Textfig. 2v—y.
1959. Nannoconus elongatus Bronnimann — C ita, Pasquaré, p. 428. Textfig. 6: 16.
1960. Nannoconus elongatus Bronnimann — D eflandre, G. et M., p. 176. T. I. f. 14—17.
1960. Nannoconus elongatus Bronn, var. cylindrus G. et M. D efl. n. var. — D eflandre, G. et M .,p. 176. T. I. f. 20—21. 
1960. Nannoconus elongatus Bronn, var. macrolithus G. et M. D efl. n. var. — D eflandre, G. et M., p. 177. T. I. f. 18—19. 
1960. Nannoconus elongatus Bronnimann — Trejo, p. 302. Textfig. 15.

D e s c r i p t i o n .  Test longish, cylindrical; its length being always greater than its diameter. 
Both apertures equal in diameter to the cavity. Fine structure of the wall — like in the other species — 
corresponding to that described for N. steinmanni. In side view a parallel-walled tube is visible, 
with furrows in the wall, which are perpendicular to the axis, a feature characteristic of the genus. 
Transverse section annular without any characteristic features.

Si ze .  Length 10,5 to 12,5/x, diameter of the cylindrical test 9 to 10,2/x.
D i f f e r e n t i a l  d i a g n o s i s .  It differs from the other related species (N. truitti, N. 

minutus) by the different ratio of its length to its diameter: the diameter of N. elongatus is always 
smaller than its length.

R e m a r k s .  As far as the two varieties of N. elongatus, described by G. and M. D e f l a n d r e  
are concerned, I do not consider them separable. According to the descriptions given by these authors, 
the type specimens and both varieties of the species have been encountered in the same sample. 
Their differences are so insignificant that we are certainly dealing with specimens belonging to one 
population. T rejo  has had the same standpoint, as suggested by his list of synonyms.

D i s t r i b u t i o n .  In Hungary: Sümeg, bore-hole (Sp.) 2. — grey marls (Aptian). Abroad: 
Cuba, Mexico, Parisian Basin (Senorban).

N an n o co n u s b ucheri B r o n n im a n n , 1955
Plate I, fig. 17—19; Plate II, fig. 18—21.

1955. Nannoconus bucheri n. sp. — Bronnimann, p. 39. T. I, f. 1—3, 5—7. Textfig. 2k—n.
1960. Nannoconus bucheri Bronnimann — Trejo, p. 297. T. I, f. 9. Textfig. 10—11.

71961. Nannoconus bucheri Bronnimann — Stradner, p. 82. Textfig. 39—41.

D e s c r i p t i o n .  Test ovoid, with a large, flat basal portion. It has a large ovoid cavity, wide 
at its base, with two apertures. Diameter of the apertures smaller than that of the cavity. Wall structure 
similar to that of N. steinmanni. It is characteristic of the species that the shape of the test and the 
cavity as well as the apertures are well distinguishable in longitudinal section. In cross-section the 
species cannot be identified with certainty, although the cavity is somewhat larger than in the other 
species.

Si ze .  Length 7,9 to 13,5/x, largest diameter 8,6 to 13p, (in exceptional cases 16p,), diameter 
of the cavity 2 ,7  to 6,1p..

D i f f e r e n t i a l  d i a g n o s i s .  N. bucheri differs, by its substantially squatter shape and 
its considerably wider cavity, from N. kamptneri which represents a somewhat similar, but morpho- 
genetically more primitive type. N. wassalti which is closely related to our species has, in turn, a pear- 
shaped cavity in every specimen.

R e m a r k s .  As regards the Hungarian material, it was in a few specimens of N. bucheri that 
the characteristic wall structure of the genus could be best observed (Plate II, fig. 18).

D i s t r i b u t i o n .  In Hungary: Sümeg, bore-holes (Sp.) 1 , 2 .  — upper part of the grey marl 
sequence (Aptian); Hárskút—Mount Rendkő (2 specimens in the upper part of the Barremianl), 
Villány Mts — Mount Tenkeshegy (Albian clays). Abroad: Cuba, Mexico, Austria (?).

Nannoconus wassalli Br o n n im a n n , 1955 
Plate I, fig. 20—21; Plate II, fig. 22—23.

1955. Nannoconus wassalli n. sp. — Bronnimann, p. 39. T. I. f. 4, 8, 9, 15, 17, 21; T. II. f. 22. Textfig. 2o—s.
1960. Nannoconus wassalli Bronnimann — Trejo, p. 295. T. I. f. 8. Textfig. 9.

D e s c r i p t i o n .  Test pear-shaped with a large cavity of the same shape and two apertures. 
Basal aperture larger than the apical one. Basal portion relatively large and flat, wall thickness con-
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stant, its structure being identical with that of N. steinmanni. In longitudinal section the species is 
characterized by a pear-shaped test and cavity as well as by two apertures and a flat basal portion. 
It can be seen in the annular transverse section that the diameter of the cavity of this species is the 
greatest of all the members of the genus.

Si ze .  Length 10,7 to 14,1 /x, largest diameter 8,7 to 13p,, largest diameter of the cavity 3,5 to 
Ip , thickness of the wall 2,5 to 3p.

D i f f e r e n t i a l  d i a g n o s i s .  This species has the largest cavity within the genus. It differs 
from N. buchen' by its pear-shaped cavity.

D i s t r i b u t i o n .  In Hungary: Sümeg, bore-holes (Sp.) 1,2. — upper part of the grey marl 
sequence (Aptian); Hárskút — Közöskút Ravine (Barremian) (1 specimen deriving from impurities!). 
Abroad: Cuba, Mexico.

GEOLOGICAL AND STRATIGRAPHICAL RESULTS OF THE INVESTIGATIONS
CARRIED OUT IN HUNGARY

Distribution of the Nannoconus-bearing rocks

In Hungary outcrops of Lower Cretaceous rocks are known from Transdanubia only. In stu
dying them, I have adopted the current stratigraphical scheme of the Cretaceous (V a d á sz  1960; 
F ü l ö p  1961a).

My investigations have shown the presence of nannoconi in the Bakony Mts (Upper Tithonian— 
Aptian), the Gerecse Mts (Valanginian—Barremian), the Mecsek Mts (Berriasian), the Villány Mts 
(Albian) and the Tithonian beds (exposed by oil-drillings) of the Northern Zala Basin. The marrow 
of my work was the study of the most complete Tithonian—Lower Cretaceous series of continuous 
sedimentation in the Bakony Mts. Nannoconus-bearing Lower Cretaceous formations occur at 
Sümeg (Southern Bakony), as well as in the region of Szentgál, Városlőd, Bakonybél, Zirc, Olaszfalu, 
Lókút and Hárskút (Northern Bakony) (fig. 6).

The stratigraphical position of the Nannoconus-bearing rocks of Hungary is essentially identical 
with that observed earlier in other areas. The representatives ofNannoconus appear within the con
tinuous Malm—Lower Cretaceous series in the upper part of the Tithonian and can be traced up to 
the basis of the Aptian. The upper limit of their stratigraphic range usually coincides with changes 
in the lithofacies. The crinoidal limestone facies which is widespread in the Bakony and the Vértes 
Mts and which belongs, according to F ü l ö p  (1954, 1961a, 1964), to the Aptian ( = Neocomian crino- 
idal-brachiopodal limestone: N o s z k y  1934, 1941, 1943, 1945, 1952, 1953) has represented an environ
ment unfavourable for the nannoplankton. This is the reason why their remains are not encountered 
in this rock.

The conditions under which the Upper Aptian clayey marl formation with Munieria (S z ö r é n y i 
1955) had been deposited were unfavourable for nannoconi. Indeed, the three samples examined 
from the bauxite-prospecting bore-hole Alsópere 5 (76,5—77,9 m; 81,6—83,1 m;86,3—88,2 m) con
tained no Nannoconus forms.

The age of the Nannoconus-bearing clays overlying the requienian limestones on Mount 
Tenkeshegy (Villány Mts) has been determined recently as Albian by J. F ü l ö p  who considered the 
mode of occurrence and the macrofauna of the sequence, as well as by M. Sidó (1963) who relied on 
the results of the detailed treatment of the foraminiferal fauna.

The Albian and Upper Cretaceous rocks of the Bakony Mts, as a rule, are represented by near- 
-coast, neritic facies which did not provide any favourable conditions for the development of micro- and 
nannoplankton. Alone the Cenomanian Turrilites marls and the Maestrichtian Inoceramus-Globo- 
truncana marls include some planktonic microfauna. Therefore, I attempted to study only these two 
formations from the point of view of Nannoconus.

I examined 10 samples of Cenomanian Turrilites marls deriving from shallow survey borings 
in the surroundings of Lókút (Óbánya, Akiipuszta— Mount Csengőhegy). The Inoceramus-Globotrun- 
cana marls of the Maestrichtian were examined on 9 samples from the bore-holes Sümeg (Sp.) 2, 3
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as well as from the Csabrendek quarry. The results obtained for these two formations are presented 
in tables 2 and 4.

The investigations have shown that both the Turrilites marls and the Inoceramus marls contain 
nannoconi, even though not regularly and only in small quantities. The specimens which could be 
recognized are those (mostly ill-preserved ones) of the species Nannoconus steinmanni. Beside them, 
only one specimen of N. bucheri was encountered.

Nannoconi are associated with other calcareous nannofossils. Among them, we can find the 
species Discolithus embergeri N o ë l  which is characteristic of the Lower Cretaceous not only in 
Hungary, but in Austria (S t r a d n e r  1961, Br ix  1961) and Algeria (N o ë l  1958) as well. In addition, 
the extremely small-sized coccolithophorids (2 to 3p) are frequent and display a rich variety of forms. 
However, the microscopic techniques applied have not been suitable for the identification of such 
minute lime plates. These minute coccolithophorids still lack in the Lower Cretaceous, whereas 
in the Inoceramus marls they are common. This observation is in accordance with the relevant data 
published hitherto with respect to the coccolithophorids: the poor coccolithophorid fauna charac
teristic of the Jurassic and the Lower Cretaceous is followed in the Senonian by a great abundance 
of coccolithophorids (A r c h a n g e l s k s  1912, G ó r k a  1957, Bl a c k — Ba r n es  1959, V e k s h in a  1959).

Consequently, nannoconi observed in the Upper Cretaceous deposits of the Bakony Mts are 
undoubtedly specimens of secondary position, redeposited from the Lower Cretaceous. This is 
confirmed partly by their damaged condition, partly by the presence of Lower Cretaceous coccolitho
phorids in their assemblage and mainly by the lack of the more highly organized Nannoconus types 
characteristic of the Senonian. The Senonian calcareous nannoplankton of autochtonous position 
is represented by the frequently occurring small-sized coccolithophorids.

In the following discussion the geological conditions of the uppermost Jurassic and Lower 
Cretaceous Nannoconus-bearing formations studied will be outlined. The territory of the Bakony 
Mts will be discussed on the basis of its geological synthesis performed by Fülöp (1964) .The sections 
of the most important localities and bore-holes are given in fig. 8. Tables 2—7 and 9 contain the most 
important data on all the samples examined.

Nannoconus fauna of the Tithonian—Lower Cretaceous deposits of Hungary

T i t h o n i a n  (lower part of the Nannoconus steinmanni zone).
In the Tithonian sediments a single species, Nannoconus steinmanni K a m p t n e r , is present. Its 

occurrence depends on two factors. The first factor is the presence of an appropriate, relatively more 
pelagic, fine-grained lithofacies. The second one is the time factor ; in fact, N. steinmanni appears, as a 
rule, in the upper part of the Tithonian. The stratigraphic range from the Upper Tithonian up to the 
top o f the Hauterivian stage, characterized by the presence of a uniform Nannoconus assemblage, is 
the Nannoconus steinmanni zone.

The Tithonian—Lower Cretaceous series of the Northern Bakony, deposited on the outer 
basin margin, is represented by a facies unfavourable for the nannoconi. In the exposures at Zirc, 
Olaszfalu and on Mount Somhegy of Bakonybél I encountered only scattered Nannoconus specimens 
(a few samples yielded one specimen each), if any. According to J. K n a u e r , Calpionella are also 
markedly scarce in these exposures.

In the more internal part of the marine sedimentary basin, near Hárskút (in the Közöskút 
Ravine and on Mount Rendkő) N. steinmanni appears in the upper part of the Tithonian indepen
dently of facial changes.

It occurs rather frequently in the relatively more pelagic Upper Tithonian sediments of the Mo
gyorós Hill, near Sümeg. The Tithonian Calpionella limestones (515,10—525,00 m) exposed in bore
hole Sümeg (Sp.) 1, contain no nannoconi.

In comparing the results of my investigations in the Bakony Mts with J. K n a u e r ’s analyses of 
Tintinnina, we have found that N. steinmanni appears only after the appearance of Calpionella 
alpina L o r e n z  and C. elliptica C a d is c h  and, henceforward, it is associated with them.

The Tithonian beds of the Kálvária Hill at Tata usually contain no nannoconi; in exceptional 
cases, however, ffik may encounter one or two specimens.

The Tithonian limestone portions of the core from the oil-drilling Nagytilaj 2 yielded great quan
tities of Nannoconus steinmanni.
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The Tithonian limestones of the quarry at Zengővárkony, Mecsek Mts, furnished no nannoconi, 
although their upper portion is abundant in calpionels.

V a l a n g i n i a n  — H a u t e r i v i a n  (Upper part of the Nannoconus steinmanni zone).
The sediments of the Valanginian and Hauterivian stages everywhere contain nannoconi. Their 

amount varies from facies to facies. In these formations (like in the Tithonian) only the species N. 
steinmanni K a m p t n e r  occurs. (The isolated specimens of species other than N. steinmanni occurring 
in the Valanginian—Hauterivian sediments of the Hárskút—Közöskút Ravine cannot have any 
stratigraphic importance, as they are likely to represent contaminations deriving from the higher 
horizons.) In the Upper Hauterivian of Mount Berzsekhegy, Lábatlan, Gerecse Mts, two specimens 
of N. colomi have been found. This is in accordance with Br o n n im a n n ’s (1955) data suggesting N. 
colomi to appear already in the top of the sequence containing the first Nannoconus assemblage.

The Valanginian and Hauterivian sediments of basin facies contain a great quantity of nannoconi 
in every case (rocks of Biancone type at Lókút, Hárskút—Közöskút Ravine). On Mount Rendkő 
near Hárskút there is a different (more detritic) lithofacies, so that nannoconi are also less abundant 
there.

The Valanginian sediments of Biancone facies exposed on the Mogyorós Hill at Sümeg contain a 
great number of N. steinmanni. Nannoconus steinmanni alone was also found in the Valanginian 
beds of bore-hole Sümeg (Sp.) 1.

It was encountered in every case in the marginal facies, too, though in essentially smaller amount. 
Thus nannoconi occur only in the Berriasian and Valanginian beds of Zirc, in the Berriasian— 
Valanginian of Mount Somhegy (Bakonybél) and in the Berriasian of Városlőd, in insignificant 
quantities.

In the Berriasian beds of Tata N. steinmanni is rather frequent.
In the Gerecse Mts the marly basal bed of the Berriasian unconformably overlying the Lower 

Tithonian contains N. steinmanni. It can be traced throughout the marl and sandstone sequence 
belonging to the Valanginian and Hauterivian, its abundance being moderate. N. colomi (de  L a p p .) 
appears in the upper part of the Hauterivian.

The Berriasian limestones in the quarry at Zengővárkony, Mecsek Mts, contain sporadic repre
sentatives of N. steinmanni.

B a r r e m i a n  (Nannoconus kamptneri zone).
In the Barremian sequence which overlies the series of Tithonian, Valanginian and Hauterivian 

beds containing N. steinmanni alone, there appear new Nannoconus forms : N. colomi, N. kamptneri 
and N. globulus. After its most typical fossil species, this zone is called Nannoconus kamptneri zone. 
In the Barremian sediments the big specimens of N. steinmanni are common. They have been designa
ted by B r o n n im a n n  (1955) as an independent species : Nannoconus bermudezi.

Nannoconus forms characteristic of the Barremian are to be found both in the Bakony Mts and 
the Gerecse Mts.

In Sümeg (Bakony Mts), no outcrops of Barremian rocks are known. Nevertheless, in the 
lower part of the marl sequence exposed in bore-hole Sümeg (Sp.) 1, which is dated as Barremian 
by macrofauna, the species of B r o n n im a n n ’s Nannoconus assemblage 2 are encountered: N. colomi, 
N. kamptneri and N. globulus. In the lower part of the marl sequence N. steinmanni occurs frequently, 
while other species are extremely rare. This phenomenon appears to refer to the lowermost part of 
the Barremian stage. The marl sequence of the bore-hole may thus be supposed to comprise the 
whole Barremian. F ü l ö p  (1964) who has studied the macrofauna of the marls believes that the pre
sence of both the Lower and Upper Barremian is proved by that fauna. The same marls dated as 
Barremian by the characteristic nannoconi have been cut by bore-hole Sümeg 7.

In the area of the Northern Bakony we can find a white Biancone limestone sequence of mostly 
basin facies in Lókút. In the Biancone of Lókút N. steinmanni is present in rock-forming abundance; 
in addition, rather frequent are N. colomi, N. kamptneri and N. globulus.

In the outcrop of the Közöskút Ravine near Hárskút it is N. globulus that joins fiist N  steinmanni 
and is followed then by N. colomi and N. kamptneri. The coarse-grained detritic facies of the outcrop 
on Mount Rendkő near Hárskút is unfavourable for Nannoconus, so that the index species (N. 
colomi, N. kamptneri and N. globulus) accompany the rare specimens of N. steinmanni only occasion
ally.

162



Barremian ammonitic limestones of marginal facies are found in Városlőd and in the well-known 
quarry „Márványbánya”, Mount Pintérhegy, Zirc. N o szk y  (1934) held the limestone lens interlying the 
Tithonian and the Aptian crinoidal limestones in the latter locality for Hauterivian, on the basis of its 
macrofauna. The revision of the fauna by F ü l ö p  (1961a, 1964) incontestably showed the Barremian 
age of the formation. Nannoconi are rather scarce in these limestones, yet N. steinmanni occurs associ
ated with N. colomi, N. kamptneri and N. globulus.

In the cephalopodal limestones exposed in Városlőd there are N. steinmanni, N. colomi, N. 
kamptneri and N. globulus. In another Barremian facies of this locality there are no nannoconi be
cause of the unfavourable crinoidal limestone facies.

The Lower Barremian green sandstone bed of Mount Berzsekhegy, Lábatlan, Gerecse Mts, 
contains a rather rich Nannoconus fauna. This includes N. steinmanni (in great abundance) as 
well as N. colomi, N. kamptneri and N. cf. globulus.

A p t i a n  — A l b i a n  (Nannoconus truitti zone).
In the Gerecse Mts the Mesozoic sedimentation came to an end with the Barremian. In the 

Bakony Mts and at Tata the Aptian crinoidal limestones transgressively overlie the Barremian or 
older formations (fig. 8). The samples taken from the outcrops of crinoidal limestones never contain 
nannoconi (several localities near Zirc; Olaszfalu: Eperkés Hill; Bakonybél; Herend; Tata).

Aptian Nannoconus-bearing rocks could be detected by deep boring in a single locality — 
Sümeg.

In the bore-hole Sümeg (Sp.) 1, entirely new Nannoconus species appear in the upper part of 
the marl sequence reflecting a continuous sedimentation. Accordingly, the 251,6—329,9 m interval 
of the marl sequence appears to belong to the Aptian already. N. truitti and N. bucheri, species charac
teristic of the Aptian, first occur at 329,9 m (N. wctssalli can be detected only somewhat higher). 
From the level of appearance of the new forms upwards, the sequence is dated as Aptian. The forms 
of the older (Nannoconus kamptneri) zone are not suddenly displaced by the new forms, as in a (about 
1 m thick) transitional part we can still find both older and younger types intermingled. The upper part 
of the marl sequence is characterized by the following assemblage : N. steinmanni is the most fre
quent, here too, N. truitti and N . bucheri are also common; N. wassalli is scarce and N. minutus is even 
less frequent.

In contrast with the studies carried out on the surface, N. steinmanni was still encountered, 
though rather rarely, within the range of a few metres in the lower part of the crinoidal-brachiopodal 
limestones (196,7—251,6 m) overlying the marls. This transitional part, however, does not represent 
yet a typical crinoidal facies.

The boundary established between the two Aptian formations at a depth of 251,6 m does not 
show an abrupt change which would refer to an unconformity, either lithologically or palaeontologi- 
cally. After having macroscopically studied the material of the bore-hole, G. K o p e k  pointed out that 
he had found some transition between the two formations. G. N o sk e— F a z e k a s  who has performed 
respective sedimento-petrographical analyses suggests the substantial lithological difference between 
these two formations to be the result of changes which have taken place in a thin transitional zone. 
The thin section analyses of both foraminifers and crinoids suggest — according to J. K n a u e r  — a 
continuous sedimentation. The common foraminifers of the crinoidal limestones (Globigerina, 
Ticinella) are encountered in the marls already.

In bore-hole Sümeg (Sp.) 2 the grey marls lie immediately below the Upper Cretaceous. 
In the interval of 395,30—460,60 m this marl sequence comprises nannoconi characteristic of the 
Aptian. N. steinmanni is, though abundant, not always predominant. In addition, N. truitti, N. bu
cheri and N. wassalli are common, N. elongatus occurring less frequently. Beside them, some specimens 
of N. colomi and N. kamptneri may also be encountered. Boring has stopped in this formation.

The forms of the N. truitti zone could also be detected on Mount Tenkeshegy, Villány Mts. 
Here in Albian clays nannoconi occur only rarely, because of the presence of unfavourable facies. 
The following species have been recognized in a sample from this locality: N. steinmanni (23 
specimens), N. truitti (1 specimen), N. bucheri (3 specimens).
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Our current knowledge of the stratigraphy of nannoconi has already been outlined in the histo
rical review of literature (see in the Hungarian text, p. 109.) where the existing uncertainties have also 
been shown. My experience completely confirmed B r o n n im a n n ’s (1955) statements even in some 
doubtful points.

Particular attention has been paid to examine how the different units, established on the basis 
of Nannoconus may be inserted in the standard system of stratigraphic nomenclature. Earlier au
thors commonly use terms such as assemblage or associa+ion (e. g. B r o n n im a n n  -1955: assemblage, 
C it a — P asquaré  1959: associazioni, G r u n a u  1959: Vergesellschaftung, T r e jo  1960: complejos). 
B r o n n im a n n  and st r a d n e r  (1960) were the first who included some stratigraphic content in the 
notion of the so called Nannoconus assemblages. In fact, in the tabulation compiled by these 
authors the zones of Nannoconus steinmanni and N. truitti figure as biostratigraphic zones, the first 
one being referred to as Neocomian and Barremian, while the second one as Aptian and Albian.

In my opinion, the stratigraphic units based on nannoconi are consistent with the general con
ception of zonal division ( F ieg e  1951, H u p é  1960, Code of Sirat. Nomenclature 1961). We may, with 
good reason, regard them as monotaxonic biozones, because in the respective lithological series it is 
impossible to accomplish a finer division of the continuous series due to the scarcity of other faunis- 
tic elements, and because this zonation can be extended over remote areas, too. [The term „biozone” 
is used in a  sense corresponding to B u c k m a n ’s (1902) original definition.]

The Nannoconus-biozones could be established under particularly favourable circumstances, 
as the boundaries of all the biozones (except for the upper boundary of the Nannoconus truitti zone) 
show themselves within lithological series in which no facial changes occur, so that the changes in 
the fauna are not provoked by changes in the environment. The species in question arè phylogene- 
tically well determined; the impoitance of this criterion was emphasized particularly by F ieg e  (1951) 
and H u p é  (1960). The investigations carried out in Hungary also permit to ascertain that the strati
graphic position of the Nannoconus zones usually corresponds to the absolute range of the index 
species and that the succession of the species may be interpreted as individual, precisely delimitable sta
ges of phylogenesis.

In conclusion, the results of the investigations in Hungary enable us to establish Br o n n im a n n ’s 
threefold division as follows (table 8).

1. Nannoconus steinmanni zone: Upper Tithonian—Hauterivian. The frequency N. steinmanni 
depends, as a rule, on the lithofacies. Although in the Tithonian it is still scarce, in the Cretaceous 
sediments i t often occurs in a rock-forming abundance. N. coiomi makes its appearance in the upper
most part of the Hauterivian.

2. Nannoconus kamptneri zone'. Barremian. It may be characterized, beside the predominant 
N. steinmanni, by the species N. coiomi, N. kamptneri and N. globulus.

3. Nannoconus truitti zone'. Aptian—Albian. N. steinmanni is abundant, but not always predomi
nant; along with it N. truitti, N. buchen' N. wassalli are frequent, N. minutus and N. elongatus being 
scarce.

A g e  o f  th e  N a n n o c o n u s  s t e i n m a n n i  z o n e
The lower boundary of the zone can be established by means of both macro- and microfauna, 

while its upper boundary is traced only by macrofauna. In continuous sections the species N. stein
manni occurs later than the calpionels do, but it remains associated with the latter within a con
siderable span of time.

N. steinmanni occurs throughout the sediments of Berriasian—Hauterivian age. On the contrary, 
it is often lacking in Upper Tithonian. Nannoconus-bearing Tithonian is known at Hárskút and 
Sümeg as well as in bore-hole Nagytilaj 2. The lack of N. steinmanni in the Upper Tithonian is 
locally due to the presence of a coarse-crystalline limestone facies abundant in crinoids (in the surround
ings of Zirc, at Olaszfalu and on Mount Somhegy near Bakonybél). In other localities, however, our 
actual knowledge does not suffice to warrant its lack. For instance, the fine-grained Tithonian lime
stones with a rich fauna of Tintinnina at Tata and Zengővárkony contain no nannoconi, while in the 
beds of analogical facies dated as Berriasian by the microfauna in the same localities we can find 
some nannoconi already. Apart from the above-mentioned two exceptions, the Tintinnina-bearing 
rocks mostly contain Nannoconus as well. Where this is not so, their lack is likely to have been pro
voked by some unknown ecological factors.

Nannoconus zones and their stratigraphic position
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This zone was dated as Barremian by B r o n n im a n n  (1955). Its Nannoconus forms are character
istic of the uppermost portion of the Biancone facies; in this facies, however, the nannoconi are 
usually accompanied by no other index macro- or microfauna. A series like this is known from 
Lókút, Bakony Mts. In the territory of Hungary there are, however, Barremian series with an abun
dant macrofauna in several localities. A thorough analysis of these series enabled me, in every case, 
to detect the species of the Nannoconus kamptneri zone, attesting the Barremian age of the latter. 
F ü l ö p  (1958) has pointed out, opposing to the opinion of the earlier authors, that the upper part 
of the sandstone series in the Gerecse Mts already belongs to the Barremian, which is proved 
by the abundant ammonite fauna of that formation. He recorded ( F ü l ö p  1964) a rich ammonite 
fauna referring to the Barremian stage from the following localities — studied also by me — of 
the Bakony Mts: Hárskút — Közöskút Ravine and Mount Rendkő; Városlőd; bore-hole Sümeg 
(Sp.) 1 and Zirc — quarry „Márványbánya” .

1 examined materials from a few Barremian localities lying outside Hungary, in order to render 
the age determinations more piecise or to provide additional evidence confirming them (table 9). 
Among others, I studied Coquand's collection deriving from South-East France [region of Provence, 
localities: Barrême (Dép. Basses Alpes); Lioux (Dép. Var); Dép. Basses Alpes (no indication as 
to the locality)], which is preserved in the Museum of the Hungarian Geological Institute. In addition, 
I analysed a sample collected by F. S c h a f a r z ik  from the mouth of the Bigerschi Brook (Svinita, 
Banat) Roumania. Of these materials, the samples from Barrême (type locality!), Basses Alpes and 
Svinita (T ietze  1872) are Barremian, while the sample from Lioux belongs to the Hauterivian. 
(It should be noted that the sample to be analysed, weighing a few grams, was broken off in every case 
from an ammonite species considered as having an index value.)

The Nannoconus species shown in table 9 were detected from these samples. The assignement of 
the Nannoconus kamptneri zone to the Barremian was confirmed by the study of the comparative 
materials, too. N. globulus was found to be commonly scarce in the Barremian samples deriving from 
Hungary, too.

A g e  o f  t h e  N a n n o c o n u s  t r u i t t i  z o n e
It was in Hungary that the species of this zone could first be detected in Europe. They were found 

in the samples from the Sümeg bore-holes as well as from the Villány Mts.
The Aptian age of the upper part of the grey marl sequence exposed in the Sümeg bore-holes is 

substantiated by the fact that ammonites characteristic of the Barremian are present in the lower 
part of the marl sequence, whereas in its upper part a few belemnite rostrums have only been encoun
tered, as recorded by J. F ü l ö p  (1964). F. G ó c z á n  who had carried out palynological analyses on 
samples taken at certain intervals from the above bore-holes made the following record. In the Lower 
Cretaceous series of bore-hole Sümeg (Sp.) 1, Upper Barremian (pollen-bearing) and Aptan 
(pollen- and microplankton-bearing) portions can be distinguished. The lower part of the marl se
quence contains a microflora corresponding to that occurring in the Upper Barremian of the Gerecse 
Mts. In the upper part of the marl sequence pollen grains characteristic of the Aptian can already 
be found. The above-mentioned author believes that the transition between the two formations lies 
within the range of 333—336 m (/. e. by 3 m deepei than suggested by the nannoconi), and that they also 
follow each other through a continuous transition. The rocks overly ing that part of the marl sequence, 
which contains Aptian pollen grains, have furnished organic tests of an Upper Aptian marine mic
roplankton (Dinoflagellata, Hystricosphaeridae and so called „microforaminifers” : G ó c z á n  1962). 
The aforementioned microplankton, however, can already be encountered in association with the pollen 
grains, too, which indicates the continuity of the two formations. The lowermost sample from the 
typical crinoidal limestones (249,5—251,5 m), contains microplanktonic remains referring to a higher 
horizon of the Aptian.

The phenomenon that the crinoidal limestones contain nannoconi is unique in the territory of 
the Bakony Mts. This also confirms the suggestion that this scarcely crinoidal, non-typical, lower 
part of the limestones is older than the coarse-grained crinoidal limestones of unconformable emplace
ment which are represented by outcrops in many places and which never contain nannoconi. The latter 
limestones, abundant in crinoids, are free from nannoconi in bore-hole Sümeg (Sp.) 1 already.

The grey marls intersected in bore-hole Sümeg (Sp.) 2 correspond to the Aptian marls of

A g e  o f  t h e  N a n  n o c o n u s  k a m p t n e r i  z o n e
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bore-hole Sümeg (Sp.) 1. Beside the characteristic species of the Nannoconus truitti zone, they include 
Aptian pollen grains too, as suggested by F. G ó c z á n .

Accordingly, the evidence of the Sümeg locality shows the lower boundary of the zone to coincide 
with the boundary between the Barremian and Aptian. In the Bakony Mts the nannoconi do not 
occur higher than the base of the Aptian stage, due to an unfavourable facies. The youngest autoch
tonous nannoconi of Hungary are represented by those discovered in the Villány Mts. This fact 
allows to ascertain that the N. truitti zone reaches up to the Albian stage. Nevertheless, the geological 
conditions in Hungary do not permit to outline precisely the upper boundary of the N. truitti zone, 
nor are they suitable for tracing farther the phylogenesis of nannoconi.

Quantitative analysis of nannoconi

As regards the quantitative distribution of the nannoconi, we may evaluate the frequency condi
tions of the genus Nannoconus as a function of facies and time, on the one hand, and the domi
nance correlations of the individual Nannoconus species, on the other.

Owing to the nature of the material and to the method applied, it was impossible to substantiate 
the analyses by any precise quantitative data. The current method of thin section analysis, i. e. the 
precise counting of the specimens per areal unit, could not be used in the case of nannoconi, because 
these remains having a size of a few microns are scarcely discernible and because various organic or 
inorganic grains often overlap one another. In the case of preparations made of suspended material 
the arrangement of the particles has already been altered artificially, so that these analyses cannot 
be used for a precise characterization of the frequency conditions of the individual samples studied, 
nor can be determined the Nannoconus content of the individual formations quantitatively.

The numbers of specimens given in tables 2—7 provide reliable information as to the relative 
proportions of the individual species in each particular sample, but the various samples can be cor
related only approximately on the basis of these data. In fact, by increasing the time devoted to the 
analysis, we may increase the total number of specimens identified.

Since the conditions of formation of the Nannoconus-bearing sediment are unknown, we are 
not able to trace the variation of the frequency of the nannoconi in relation to any ecological factor. 
For this reason, what we may do is to study their occurrence as a function of the lithofacies.

The most favourable conditions foi the nannoconi were offered by the sedimentary basin of the 
Biancone formation. The fine-grained groundmass of the Biancone limestones is often completely 
organogenous, consisting of the tiny, cone-shaped, calcareous bodies of nannoconi. The marl, marly 
sandstone and fine-crystalline limestone facies are though considerably less abundant in nannoconi, 
as compared with the former formation, but their Nannoconus content is still rather important. 
Nannoconi are very scant in general, or else are completely lacking in the coarse-grained limestones 
and in the other coarse detritic rocks. Their remains have never been found yet in brackish and fresh- 
-water formations. It is quite natural that not all changes of environment, affecting the living organism, 
are reflected by the lithofacies. This is the reason why we may also find exceptions to the general 
rules proving the close interrelations of the lithofacies.

In Hungary the frequency of the nannoconi in the formations of different age exhibits the fol
lowing distribution: Most abundant are the nannoconi in the Barremian sediments. They show 
somewhat less abundance in the Valanginian and Hauterivian rocks and even less in the Aptian ones, 
and in the Upper Tithonian only minor amounts of nannoconi could be detected even in rocks of 
appropriate lithofacies.

As far as the relative abundance of the individual species of the genus are concerned, we have to 
emphasize that Nannoconus steinmanni is predominant throughout its range. The species other than 
N. steinmanni of the N. kamptneri zone though of high stratigraphic value, are of no importance as 
to quantity. N. colomi and N. kamptneri are represented by roughly equal amounts in the various 
formations. N. globulus already exhibits a more varied quantitative distribution: in certain samples 
it is lacking completely, while in others it is more abundant than N. colomi and N. kamptneri.

In the Nannoconus truitti zone N. steinmanni is only slightly more frequent than N. truitti and 
N. bucheri. N. wassalli shows a less regular distribution; in some samples its abundance approaches 
that of the N. bucheri and N. truitti. Finally, N. minutus and N. elongatus are only occasionally encoun
tered, being very scarce even in such cases.
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PHYLOGENETICAL RELATIONS

In the course of my investigations the problème of the phylogenetical relationships of the indivi
dual species could also be cleared. Evolution shows an obvious tendency towards widening of the 
initially very thin, tubular canal into a large cavity. In addition, the commonly known process of 
growing in size can also be observed.

I analysed from this point of view not only the species occurring in the Elungarian samples, but 
also the other Nannoconus species described so far.* (In fig. 7, however, I have marked the forms I 
know from the literature only.) The oldest Nannoconus known up to date occurs in the Lower Ti- 
thonian, the youngest one — found in surely autochtonous emplacement — in the Senonian. The 
number of the species hitherto known is 15. This figure, however, does not include N. bermudezi as 
suggested by our investigations. Of the remaining 14 species, 9 are known from the Upper Tithonian — 
Albian series of Hungary.

Apart from them, the following forms have been described: Nannoconus dolomiticus C it a —  
P a sq u a r é , 1959; N. bronnimanni T r e jo , 1959; N. boned T r ejo , 1959; N. douvielleri G. & M. D ef- 
l a n d r e , I960; N. muhicadus G. & M. D e f l a n d r e , 1960.

Nannoconus dolomiticus appears in the upper part of „Rosso ad Aptici” at Bellavista (P asq u a ré  
1960), /'. e. deeper than the calpionels do. In the base of the Biancone limestones overlying the former 
formation, N. dolomiticus and Calpionella alpina can also be detected along with N. steinmanni. It is 
noted by P a sq u a r é  that the sizes o f  N. dolomiticus are already larger in this horizon than in the top 
of the subjacent „Rosso ad Aptici” .

N. steinmanni evolving from the oldest species, i. e. from the cylindrical N. dolomiticus, assumes 
a conical shape by means of an expansion of the basal portion of the wall. N. dolomiticus is only 
known from a narrow area — the Italian tracts of the Alps. N. steinmanni, however, which had appear
ed on the boundary between „Rosso ad Aptici” and Majolica (considered as the boundary of the 
Lower and Upper Tithonian by P a sq u a r é) has spread in a short time over a vast area. In the terri
tory of Spain and in the Carpathian Basin it made its appearance during the Upper Tithonian, but 
later than the calpionels did. As the geographical range of this species grew, its abundance also 
increased to a great extent.

N. bronnimanni, a new species recorded from the Upper Tithonian by T r ejo  (1960), appeared 
earlier than the calpionels and N. steinmanni, as suggested by some rather uncertain data furnished 
by borings. As regards its morphological features, this species does not represent a well determinable 
uniform group, a  fact mentioned by T r e jo , too. It is unfamiliar among the Tithonian nannoconi of 
Europe.

N. steinmanni undoubtedly grows in size from the Tithonian up to the Barremian; in the Aptian, 
however, it size slightly diminishes. This piocess could be traced statistically, too (table 1).

The abundance of the other, stratigraphically more valuable species does unfortunately not 
suffice for any statistical evaluations.

My investigations suggest — in agreement with B r o n n im a n n ’s data (1955) — that N. colomi 
appeared in the uppermost Hauterivian. This species represents the first member of the evolutional 
series with a gradually widening canal, developing from N. steinmanni. In this form the canal widens 
only in a small part of the whole length of the test.

In the case of the forms occurring in the Early Barremian the expansion of the canal proceeds 
in two ways. Namely, either in such a way that the canal having a breadth nearly equal to that 
of N. colomi extends in the whole length of the test (N. kamptneri and N. boned), or the small 
spherical canal of N. colomi grows proportionally in all directions, resulting in a larger, spheroidal 
cavity, to which the shape of the test also adjusts itself (N. globulus).

N. globulus is known in Central America from pre-Barremian sediments, too (B r o n n im a n n  
1955: Cuba, T rejo  1960: Mexico). B r o n n im a n n  has pointed out that in the case of N. globulus a 
considerable increase in size and a pronounced expansion of the cavity can be observed in the younger

* The results of the papers published since the completion of this work as well as the new species and stratigraphic con
clusions they have presented allow to interprete well the author’s ideas as to phylogenesis. (Bouche, P. M.: Colloque sur le Crétacé 
inférieur. Lyon, Septembre, 1963. — D eflandre, G. & D eflandre—R igaud, M. : C. R. Séances Acad. Sei. 255. J4° 20, p. 2638 — 
2640, 1962. — Stradner, H.: Sixth World Petrol. Congr. in Frankfurt/Main, 1963.)
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stages of ontogeny. In connection with small-sized pre-Barremian specimens with thick walls, he 
expects that it will perhaps be possible to separate them from the Barremian type even taxonomi- 
cally.

The possibility of a genetica! relationship between N. bronnimami described from the Tithonian 
of Central America, on the one hand, and the pre-Barremian N. globulus, on the other, may be sug
gested, although with some uncertainty.

In the Aptian the species N. kamptneri developed to an assemblage which, despite its varied 
pattern, essentially belongs to two types. One of them is the form group of N. wassalli., which includes 
N. buchen', characterized by a pear-shaped inner cavity. The other is that of N. truitti — including 
N. minutus and N. elongatus — in which the widening of the apical part of the canal results in a parallel- 
-walled test and the basal aperture is narrower than the canal.

With these forms, the evolution of the genus Nannoconus, traceable in continuous sedimentary 
series, is interrupted. Our knowledge of the Uppei Cretaceous nannoconi is still very uncomlpete. 
C a r a t in i (1960) records some forms from the Cenomanian and Turanian Chalk facies of the Parisian 
Basin. They appear to be genetically interconnected with the older species, but have not been deter
mined more exactly.

Prior to C a r a t in i, the presence of Nannoconus in the Upper Cretaceous rocks was pointed 
out by G. & M. E e ela n d r e  (1960). They found nannoconi in several localities in the Senonian 
cherty Chalk of the Parisian Basin. The age of the deposits was determined by study ing their foramini- 
feral fauna. N. multicadus and N. dauvielleri occurring along with the three species of the form group 
of N. truitri, represent new types unknown in the pre-Senonian sediments. As regards their shape, 
both species show affinities with N. truitti, so that their derivation from the form group of N. truitti 
seems to be probable. G. & M. D e fl a n d r e  also consider N. multicadus to be similar to N. truitti 
in many respects. This was the reason why they suggested that specimens like those of N. truitti 
might be interlinked in a certain phase of reproduction, resulting in the peculiar shape of N. multi
cadus. At any rate, the number of specimens found in the Upper Cretaceous is very limited. In the 
localities studied the species have shown the following distribution: \) N. minutus, N. elongatus, 
N. truitti and N. cf. multicadus in the Lower Coniacian; 2) N. elongatus, N. truitti, N. multicadus 
in the Lower Santonian; 3) N. truitti, N. elongatus, N. minutus, N. multicadus, N. dauvielleri on the 
boundary of Upper Santonian — Lower Campanian.

PALAEOGEOGRAPHIC CONDITIONS, STRATIGRAPHIC POSITION OF THE
BI ANCONE

Dealing with the Lower Cretaceous formations of Hungary, F ü l ö p  (1958, 1961a) recorded the 
direct palaeogeographical connection of the Gerecse Mts with the Carpathians, that of the Ba
kony Mts with the Southern Alps as well as that of the Mecsek and Villány Mts with the Banat 
Region farther east. The study of the nannoconi furnished additional evidence supporting this point 
of view and confirming by new data the relationship between the Bakony Mts and the Southern 
Alps.

F ü l ö p ’s (1964) recent investigations have revealed the palaeogeography of the Lower Creta
ceous in the Bakony Mts. He points out that a part of the present territory of the mountains was 
inundated by a sea arm which ingressed from the SW and ended in the NE, as suggested by sedi
ments of littoral facies discovered in the surroundings of Zirc. Such an interpretation of the pheno
mena corresponds to the opinion of V a d á sz  (1913) who first detected an ancient coast line in the 
Mesozoic of Hungary in contrast with the conception of T ele g d i R o t h  (1934).

In the recent years it has been found in several points of the Mediterranean province that the 
Upper Jurassic—Lower Cretaceous pelagic sediments are accompanied with synchronous coastal 
ones within a short distance. In the course of investigations into the Lower Cretaceous series this has 
been observed by F er a sin  (1960) in the Southern Alps (type area of the Biancone in Veneto), by 
G ia n o t t i (1958) in Sicily, by P e t k o v ic  and A n d je l k o v ic  (1957) in Jugoslavia (in the territory of 
the Dinarian and Carpatho-Balkan geosyncline) as well as by B r o n n im a n n  and P a r d o  (1956) in 
Cuba.
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The relatively more important sequences of Nannoconus rocks studied in the territory of the 
Bakony Mts have been represented jointly, progressing from the SW to the NE (fig. 8). The figure 
shows clearly that whereas in Sümeg the thickness of the individual Nannoconus zones surpasses 
even 100 m, in the littoral facies occurring in the surroundings of Zirc there is, as a rule, only one 
zone represented by sediments of unconformable emplacement a few decimetres thick.

The most complete series occurs on the SW at Sümeg in pelagic facies (F ü l ö p  1964). In the 
transitional area, in the surroundings of Lókút and Hárskút, the Jurassic is overlain by the sequences 
of the Valanginian, Hauterivian and the Barremian stages (zones of N. steinmanni and N. kamptneri) 
in a continuous sedimentation. The Lower Cretaceous crinoidal limestones rest on them unconfor- 
mably. In the series of the environs of Zirc, Bakonybél, Olaszfalu representing the maigin of the 
basin, the Berriasian (Lower Valanginian), as a rule, is also present, being in contact with the Titho
niam The Barremian sediments are more wide-spread than those of the Valanginian and Hauteri
vian. They occur locally as limestone lenses with abundant fauna, which overlie unconformably the 
Tithonian (Zirc). They are, in most cases, unconformably overlain by the crinoidal limestones of the 
Aptian. Figure 8 illustrates well the synchronous formation of the various sediments belonging to the 
individual Nannoconus zones, and especially to that of N. kamptneri. In other words, it shows that 
the upper part of the Biancone, the lower part of the grey radiolarian marls, the cephalopodal lime
stones and the glauconitic sandy limestones are heteropic facies.

At the turn of the Barremian and Aptian or at the beginning of the Aptian the sea regressed con
siderably in a south-western direction, so that areas which had earlier been covered by the sea 
became then dry. In the Bakony Mts it is only bore-hole Sümeg (Sp.) 1 that exhibits a continuous series 
on the Barremian—Aptian boundary, thus it may be considered as the end point of regression. The 
Lower Aptian transgression progressed from a south-western direction and gave rise to the deposition 
of crinoidal limestones not only in the Lower Cretaceous sedimentary basin of the Bakony Mts, 
but also in the region of the Mesozoic block of Tata and in that of the Vértes Mts.

The sea covering the area of the Bakony Mts was directly connected in south-western direction 
with the geosyncline of the Southern Alps, proved also by the presence of sequences of identical 
lithofacies (mainly pelagic Biancone facies with Nannoconus). This formation is identical in both 
regions lithologically, palaeontologically and stratigraphically alike and can be unambiguously 
characterized by the zones of N. steinmanni and N. kamptneri ( G r u n a u — St u d e r  1956, G r u n a u  
1959, C it a — P a sq u a r é  1959). It is 100 to 150 m thick in both places.

The very thick grey radiolarian marls of Sümeg belonging to the zones of N. kamptneri and N. 
truitti are held by F ü l ö p  (1964) for identifiable with the black marly schists („scisti marnosi neri”) 
of the Southern Alps. The latter are dated by C a d is c h  (1953) as Upper Barremian—Aptian. (As 
far as I know the nannoconi of this formation have not been investigated in the territory of the Alps.)

The total thickness of the marl sequence exposed by bore-hole Sümeg (Sp.) 1 is about 260 m; 
it comprises the whole Barremian and the basal part of the Aptian stage. On the contrary, the black 
schists which overlie the Lower Barremian Biancone limestones in the Italian Alps comprise the 
Upper Barremian and the whole Aptian. It is not equally thick in all the individual sections; it may 
vary from 20 to 100 m ( D esio 1929, C it a — F o r t i— R a ffi— V il l a  1959, V ia l l i 1949). V ia l l i (1949) 
records a very abundant Barremian ammonite fauna from the lower part of the marls, noting 
that the Barremian—Aptian boundary cannot be traced and that no index fossils have been en
countered in the Aptian. (The precise delimitation of the Aptian would probably be possible only by 
studying the nannoconi.)

The „Scaglia” formation in the Southern Alps rests locally on the black marly schists and lo
cally, in lack of the latter, immediately on the Biancone limestones. In spite of its entirely different 
lithofacies, its lower part can be well correlated with the Aptian crinoidal—brachiopodal limestones 
of the Bakony Mts. According to the results of M. Sroó, the microfauna of both formations is very 
similar, especially when considering the data published in the papers of G a n d o l f i (1942) and C ita —  
F o r t i— R a f f i— V il l a  (1959).

Every type of the Lower Cretaceous sections of the Bakony Mts, comprising Biancone limestones 
too has its equivalent in the Southern Alps. For example, cross-sections identical with that in Sümeg 
have been described in detail by de A l e s sa n d r i (1899), M a r ia n i (1899), D esio  (1929), V ia l l i (1949) 
and K u h n — V o n d e r s c h m it t  (1953). The „Scaglia” often directly overlies the Biancone ( F r a u e n 
f e l d e r  1916, S e n n  1924, G a n d o l f i  1942, V o n d e r s c h m it t  1940, G r u n a u — St u d e r  1956, G r u n a u
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1959) in the Alps, too, just the same way as it does in the Lókút section. R o d e g h ie r o  (1919) mentions 
Barremian cephalopodal limestones overlying the Biancone. This may correspond to the type of the 
cross-section in the environs of Hárskút.

The equivalents of the Nannoconus facies of Hungary and of the Southern Alps occur in a consi
derable part in the Mesozoic of the Mediterranean province. Since the publication of C o l o m ’s palaeo- 
geographical syntheses (1948a, 1955), a much larger realm of the nannoconi has been detected. Most 
important among the occurrences discovered outside Europe since then are: Morocco, Algeria and 
Tunisia in North Africa (K o r n p r o b s t  et  a l . 1 9 6 2 ;N o ë l  1956, 1958; D u r a n d — D e l g a  1957; Bo l z e—  
C o lo m — S ig a l  1960), Cuba and Mexico in Central America (B r o n n im a n n  1955; B o n ét  1956; 
T r e jo  1959, 1960). As a result of recent investigations, the occurrence of nannoconi has been extended 
over the whole Carpathian Basin [Slovakia: M is ík  1958; Hungary, Roumania (Svinita): M. B á l d i- 
-B eke  1963b]; Sicily: G ia n o t t i 1958. The Nannoconus content of the respective Lower Cretaceous 
facies has not been examined yet in those areas of the Mesozoic Tethys which are situated east and 
south of the Carpathian Basin.

The marked stratigraphic correspondance of the Lower Cretaceous in the Bakony Mts and the 
Southern Alps as well as their direct palaeogeographic connection enable us to clear the stratigraphic 
problems of the Biancone. The lower boundary of the formations of Biancone facies is identified, 
as a rule, with the boundary between the Lower and Upper Tithonian (P a sq u a r é  1960). It is Sen n  
alone (1924) who records Lower Tithonian fossils from the white Biancone limestones.

Much more questionable is the age of the upper part of the Biancone. Macrofauna referring to 
the Barremian has only been recorded by P a r o n a  (1896). D esio  (1929) and V ia l l i (1949) described a  
rich Barremian macrofauna from the black marly schists overlying the Biancone limestones.

Various opinions arose as to the upper boundary of the Biancone formation, because of the 
scarcity of its macrofauna. R o d e g h ie r o  (1919), L r a u e n f e l d e r  (1916) and R assmuss (1912) believe 
that the upper part of the Biancone is Hauterivian and only the overlying black marls are Barremian. 
According to the general opinion, the top of the Biancone dates from the Lower Barremian (C a d isc h  
1953, G a n d o l f i 1942). Nevertheless, this opinion has not been confirmed yet by an up-to-date 
sampling and treatment of the macrofauna.

G ia n n in i alone (1960) supposes the formation of the Biancone limestones to have continued even 
into the Aptian as suggested by the presence of the lamellibranch species Gervil/eia alaeformis Sow. 
According to the data furnished by P r o so ro v sk y  (in: P r o so r o v sk y  et  a l . 1961), however, this 
species occurs in the Hauterivian and Barremian sediments of Western Turkmenia and in Hauteri
vian, Barremian and Aptian rocks elsewhere. Consequently, this species has no particular importance 
as to the age of the Biancone.

Detailed investigations have recently shown that the presence of the species of the Nannoconus 
kamptneri zone is characteristic of the upper part of the Biancone (B r o n n im a n n  1955, G r u n a u —  
St u d e r  1956, G r u n a u  1959, C ita— Pa sq u a r é  1959). Since the investigations carried out in Hungary 
have demonstrated that the Nannoconus kamptneri zone belongs to the Barremian, we may consider 
the Biancone to range from the Upper Tithonian up to the base of the Barremian, with regard to 
its microfauna of index value (Tintinnina, Nannoconus).
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