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IN TR O D U C TIO N

After more than half o f a decade o f general research into the Mesozoic, I  have since 1973 been 
dealing with the concrete topic o f studying the products o f the Middle Cretaceous sedimentary cycle 
o f  the Transdanubian Central Range. Putting to use the results o f large-scale international research, 
the 1970’s were witnessing a revival, a kind of renaissance, o f Hungarian stratigraphy. One o f the 
landmarks in that development was represented by the publication o f the Hungarian stratigraphic 
guide (1975). Thus it is quite natural that the principles laid down in that publication have served as 
a base for both the research methods applied and for the mode o f discussion o f the problems dealt 
with in this monograph.

The names o f that wide circle of scientists who took part in the work are listed in the Hungarian 
version (page 9).
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FORMATIONS OF THE MID-CRETACEOUS GEOLOGICAL CYCLE

Regardless o f the very short-lived Aptian ingression, the third geological cycle in the Mesozoic 
sequence of the Transdanubian Central Range area which spanned an uncomparably shorter span o f  
time than that which had preceded it is represented by Middle Cretaceous (Albian-Cenomanian) 
formations. The relative positions of these rocks assigned to six different formations are illustrated 
by an idealized profile along the axis of the Central Range (Fig. 1). The most striking feature of the 
cycle is its being constituted by argillaceous and calcareous formations that alternate in both space 
and time. Five o f the six formations overly even directly a Mesozoic which was heavily affected by 
erosion during the Austrian orogeny, but which, in spite o f the differential effects o f erosion, is char
acterized by a rather equilibrated morphology.

The oldest formation o f the cycle is the ammonite-bearing Vértessomló Siltstone Formation 
represented, conspicuously enough, by openwater facies already at the very base and known only 
from the Vértessomló embayment and from the W foreland of the Gerecse. This basin is surrounded 
in the W and SW by the Környe Limestone Formation o f reef facies. In the line of intertonguing o f  
the two formations an Orbitolina-rich calcareous sandstone of fore-reef facies is traceable. The Kör
nye Limestone becomes gradually thinner to the SW and grades both laterally and vertically into the 
Tés Clay. In other words, the reefal limestone is overlain by brackish-water deposits. In areas, where 
the Tés Clay is underlain by the Dachstein Limestone Formation, lenses of varying size of the Alsópere 
Bauxite Formation are hidden between the two formations.

The Zirc Limestone Formation grading out of the Tés Clay is followed, mostly with a break in 
sedimentation, by the cycle-ending Pénzeskút Marl Formation. From among the afore-mentioned 
formations this work contains a detailed evaluation o f the Tés Clay and the Zirc Limestone Formations 
while the Alsópere Bauxite Formation is characterized only in quite generalized terms.

The basic method o f the research here reported consisted in a rather detailed and complex pro
cessing of the key and reference sections, both in outcrop and boreholes, developed in the typical areas 
o f occurrence of the particular units and in interpreting the observed facts mainly by relying basically 
on those profiles. The range of the studies involved and their details are reflected by the figures, supple
ments and tables illustrating the results arrived at.
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CONCISE CHARACTERIZATION OE THE ALSÓPERE BAUXITE 
FORMATION EXPOSED IN THE KEY AND REFERENCE SECTIONS 

OF THE TÉS CLAY FORMATION

To visualize the relationship between the Alsópere Bauxite Formation and the Tés Clay Forma
tion overlying it and to make clear the paleographic conditions that existed at the beginning o f the 
cycle requires a concise description of the bauxite intersected in borehole Olaszfalu Ot. 84 and Tés 
Tt, 27.

Borehole Olaszfalu Ot. 84 (Fig. 5)
The bauxite in the borehole is 6.7 m thick. Petrographically, the deposit can be split up into three 

units which is reflected in the results o f the thermal analysis as well. The lower, 0.9 m interval is con
stituted by red bauxitic clay with carbonate clasts and with grey clay patches in the basal 10 cm inter
val. The mineralogical composition is extremely diversified (Fig. 5). The module of the samples in
creases upwards from 0.42 to 0.85. The middle 4.2 m interval is made up o f brownish-red, breccious 
argillaceous bauxite. Its module, varies between 1 and 2, if the value of 2.5 obtained for the upper 
sample is disregarded. It tends to increase upwards. The 1.6 m thick, upper interval is of yellowish- 
brown colour, strongly pisolitic, o f mottled habit, in which boehmite is the predominant mineral 
(40-70%). Except for the upper, slightly degraded sample with 25% kaolinite, its module is between 
6.48 and 9.1.

G y . B á r d o s s y  (1977), in his report on the Alsópere deposit, has listed, in addition to the above, the following 
identified minerals: diaspore (20% in the pisoids), illite (26% at the base!), magnetite, anatase, rutile, monazite 
(rare). A  few other characteristic features o f the deposit are described in the context o f paleogeography.

Borehole Tés Tt. 27 (Fig. 3)
Attaining only 1.6 m in thickness, the bauxite is red-mottled, yellowish-brown, pisolitic (Pl. I, f.

1-2). In terms o f the thermal analytical results, the mineralogical composition of the deposit corre
sponds to that of the bauxite recovered from borehole Ot. 84. As low as 2.16 at the base, the module 
o f the lower sample rises gradually to 3.75 higher upwards.

According to the one spectral analysis available from the bauxite, the rock excels only with the 
relative poorness of Sr (60 ppm) and Ba (40 ppm).

Radioactive isotopes

On the basis of the mass-spectrographic analysis o f some samples from the Alsópere Bauxite For
mation of the above two boreholes and from the base o f the Tés Clay Formation in the Pintér-hegy 
quarry of Zirc (Table 1), no far-going conclusion can be drawn. The most conspicuous feature is the 
marked scatter o f Pb, while the Pb isotope ratios in the bauxite are comparatively steady. U is repre
sented by very low values, and so is Th. The Th/U ratio is rather high: 4.2-9.7, but even this figure 
falls very far short of 22.5, value obtained for the kaolinite-rich red clay underlying the bauxite. 
The fact is that at the same time not only the quantity of U is infinitesimal, but Th is very low as 
well. The extremely low value of Th/U, 1.3, in the montmorillonite-rich basal clay is due to the relative 
enrichment o f U.
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TÉS CLAY FORMATION

Research history

The research history o f the Tés Clay Formation up to these days can be divided into five stages. 
The geological re-mapping o f the study area from time to time and on gradually larger scale has play
ed a role of fundamental importance in the progress o f understanding. In the third and fourth stages, 
along with field-surveys aimed at more realistic bauxite exploration projects, the exploratory drilling 
for bauxite and coal added a lot o f new data to clearing the extension and geological features of the 
formation.

T h e  1 s t  s t a g e  may be referred to as t h e  p e r i o d  o f  d i s c o v e r y  o f the formation 
which lasted from 186Ц?) to 1909. It consists of two substages: a) period o f regular field surveys 
(up to 1880) and b) period of occasional field trips and publications.

a)  The first literary traces o f the discovery o f the formation are found on a geological map label
led E-8, scale 1:144,000, prepared in 1880. Already its first denomination, “ Foraminiferal clay and 
marl” , and its dating were, in contrast with many other formations, basically correct. The field survey 
was carried out by M. Hantken, who is honored as the descoverer o f the formation.

b) From the period of occasional field trips and publications, the name o f W. Deecke (1883) 
is worthy o f being quoted. Notably, from the limestone laminae interbedded with the clay sampled 
by Hantken from the Bakony bél area, he gave a detailed description o f a hitherto unknown algal 
species, Munieria baconica, which the sampler had found there in high abundance and which he had 
referred to with a generic name as Munieria.

In 1909 began t h e  l i n d  s t a g e ,  t h e  p e r i o d  o f  r e -  d i s c o v e r y  which comprises 
essentially only the activities o f reambulation on a scale o f 1:75,000 by H. Taeger (1911). He was 
the first to pay particular attention to the formation, but (up to 1915) he often altered his opinion as 
to its stratigraphic position and though he recognized almost all of its characteristic types, he did not 
succeed in recognizing its relation to the Rudist Limestone. H. Dotjvillé (1933) assigned these fora
miniferal beds to the Aptian.

T h e  I l l r d  s t a g e ,  t h e  p e r i o d  o f  b a s i c  d i s c o v e r i e s ,  began with the simul
taneous activities of J. Noszky Jr , E. Vadász and K. Telegdi R oth. As a result of the investiga
tions launched with the aim of meeting the high industrial demand for bauxite, the formation, which 
had been rather neglected for a long time, was soon promoted—in spite of its variability and its 
being difficult to recognize—to the rank o f the rock beds best studied by that time (J. Noszky Jr 
1934 and K. Telegdi Roth 1935). J. Noszky called them “ calcareous algal clay and marl group with 
Orbitolina, Ostrea, Brachiopoda and Ostracoda” , while K. Telegdi R oth referred to them as “ Os- 
trea-Orbitolina group” . On the basis o f their studies group was subdivided even vertically. They 
observed varied underlying rock patterns (Dachstein Limestone and Dachstein-type Liassic limestone 
respectively, Lower Cretaceous and Tithonian crinoidal limestone). In the decantation residue o f the 
upper, marly, interval, J. Noszky discovered a lot o f hardly rounded quartz grains suggestive of the 
proximity o f land.

The two authors agreed in believing that the clay was a denudation product which had been de
posited as a clay of terrestrial habit in a seawater that was shallower than the habitat of reef-building 
organisms. Relying on very extreme forms, they dated the formation as Aptian, taking the average 
value o f the totality of the forms considered, even though E. Vadász (1934)—on determining the 
Gastropod collected by them —did not hold even an Albian age for unlikely.

From the second half of the 1930’s, hosts o f summarizing works appeared: H. Taeger (1936),
K. Telegdi R oth (1937) and J. Noszky (1941). As a result o f these new rock types and facies became 
known.

IV. After the Liberation, the bauxite exploration re-launched under basically new circumstances, 
in a new system, was coupled with geological mapping which heralded a p e r i o d  o f  e n l a r g e 
m e n t  o f  k n o w l e d g e .  This period was characterized mainly by scrutinized studies on the 
faunistic, floristic and lithologic compositions o f the strata, by the reconnaissance of new occurrences
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and by adding precision to the general conclusions that could be inferred from the observed phenomena 
as to the genetic circumstances rather than by discovering something completely new.

J. Noszky (1951) introduced the term “Munieria Clay Beds” , B. Zalányi (1953) described mas
ses o f Ostracoda, whereas G. K olosváry (1954) gave descriptions of corals, E. Szörényi (1955) 
of Echinoidea and K. Rásky (1955) o f Charophyta fructifications. The exploration o f the qualitative 
and quantitative conditions of the flora and fauna, both separately and jointly, added new dimensions 
to a more precise understanding of the sedimentation conditions in general (water depth, distance off 
the shoreline, rate o f sedimentation, etc.) and of the climate in particular.

The V t h  s t a g e  began with t h e  r e g u l a r  r e a m b u l a t i o n  of the Bakony area 
on a scale of 1:25,000. As direct continuation of the preceding stage, the elaboration of new and new 
animal and vegetation groups went on at a dynamic rate. These part-results, however, were not in
tegrated into a summarizing evaluation.

The study of the Gastropoda fauna and the concomitant paleoecological observations belong 
to the merits o f L. Benko-Czabalay (1961-1964). J. Fülöp (1961), relying on new investigations, 
suggested the Munieria Claymarl to have been formed in Gargasian time. Gy . Bárdossy and G. Csa- 
JÁGHY (1962) reported on geochemical analytical results. A sound geochemical characterization of 
the formation is connected with I. Vető (1967). Using, among others, the results of studies previously 
carried out by herself, M. H.-Deák (1965) distinguished three subareas on the basis of the qualitative 
and quantitative changes o f the spore-pollen content. On the basis of borehole sequences, she divided 
the formation into three lithologically different horizons.

In the early sixties, the geological mapping in the Bakony area was re-started. The most impor
tant result, relevant to the topic, was that it gave an up-to-date account of the surface occurrences of 
the formation and that the borehole data were summarized separately for each map-sheet in the reg
ister o f observed facts listed in tables and that the results were occasionally revaluated.

A uniform review of the litho- and biofacies of the formation was given by G. Császár (1978). 
The presence o f angiosperm pollen grains within the formation was recognized by F. Góczán (in 
E. Nagy 1971), who gave an Albian age for the formation. The up-to-date palynological elaboration 
of the formation is connected with the name of M. Juhász (1979a), who, relying on the appearance 
and development of angiosperms, referred to the age o f the formation as Middle Albian. Furthermore, 
he established the palynostratigraphic zonation o f the Lower-Middle Cretaceous o f the Central 
Range in general and the formation being discussed in particular. Data on the organic matter content 
of the formation were published by I. Horváth (in Bihari et al. 1978) and I. Vető (1979).

From among the circumstances crucial for the accumulation and preservation of the Alsópere 
Bauxite Formation, the facies distribution pattern o f the basal beds o f the Tés Clay (worm’s eye map) 
and the depth o f the basal beds (a map on 1:50,000 scale) were illustrated on maps of the Middle 
Cretaceous bauxite horizon by G. Császár and E. Csereklei (1982).

Geographical and geological setting

The rocks assigned to the Tés Clay Formation occur between Csehbánya and Oroszlány in a 5-15 
km wide belt along the axis of the Transdanubian Central Range and as an isolated outcrop in the 
vicinity of Úrkút, respectively (Fig. 2).

On account of the overall, though unequal, denudation that preceded the birth of the formation, 
this one is underlain by rather varied rocks (Supplement I). Representing an isochronous facies coun
terpart o f the Tés Formation, and underlying it over the stretch from Pusztavám to Oroszlány, the 
K ö r n y e  L i m e s t o n e  F o r m a t i o n  (Fig. 1) is composed overwhelmingly of reef-type lime
stone wich with intervention of an Orbitolina-rich, argillaceous limestone, grades into the V é r t é s -  
s o m l ó  S i l t s t o n e  F o r m a t i o n .  Deposited in a more openwater environment, this one 
contains ammonites as well. Its up-to-date description is connected with the name of J. F ü l ö p  

(1975).
The Környe Limestone pinches out at Pusztavám and farther SW the Tés Clay directly overlies 

rocks varying from the Dachstein Limestone up to the Tata Limestone (“ Aptian crinoidal limestone” ). 
Over much of the foreland of the Vértes the transition between the Környe Limestone and the Tés 
Clay is continuous. In a large part of the zone o f the thick Környe Limestone and in the zone of transi
tional development (calcareous sandstone) between the Környe Limestone and the Vértessomló 
Siltstone, respectively the transition to the Tés Clay is unknown owing to subsequent denudation. 
Consequently, the connection between the Tés Clay and the Vértessomló Siltstone is even less known.

Constituted by alternating grey and variegated clay and claymarl beds with varying amounts 
o f limestone intercalations, the Tés Clay grades upwards rapidly into the Zirc Limestone Formation 
the basal 20-30 m of which, an interval worthy o f a member-rank distinction, resemble very much 
the Környe Limestone. The younger beds of the Zirc Limestone can be subdivided biostratigraphically
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very well and lithostratigraphically quite satisfactorily , over a considerable part o f the Transdanubian 
Central Range. At the same time, the very thick limestone at Úrkút is suitable for only a quite un
certain kind o f stratigraphic horizonting,

Lithostratigraphy of the Tés Clay Formation

Motivation of the name

The first discovery of the formation concerned the area o f Zirc, Bakonybél and Tés. M. H a n t - 
k e n  (1884) referred to the first two of these. On the basis o f the size and accessibility of the occurrence 
and, what is more important, of its being the first to be quoted in the literature, Zirc would be most 
suitable for serving as a stratotype and eponym for the formation. However, what F. H a u e r  describ
ed as “ Schichten von Zirc” , already in 1861, was the rudist-bearing “ Pachyodonta Limestone” 
which would subsequently be well known and referred to under a lot of names. Thus the name Zirc 
had been preoccupied. At the same time, the lasting errings o f H . T a e g e r  in connection with the 
“ variegated clay” departed from the “ Kiscsöpögőárok o f Tés” . Finally, let us add to this one more 
argument which was recognized already in the course of the work, notably that the rock sequence of 
the Zirc Basin with its geological features quite particular in many respects is unsuitable for the 
characterization o f the formation as a whole. The synonymy of the formation is given in the Hungar
ian text (page 17).

Stratotype section
Borehole Tés Tt. 27 (Fig. 3)
Attaining a total of only 46.0 m in thickness, the stratotype section is underlain, with interven

tion of nearly 2.0 m of bauxite, by Dachstein Limestone. The overlying rock is represented by the 
Zirc Limestone Formation grading out of it progressively. The sequence, with the bauxite inclusive, 
consists o f 9 cyclothems. The distinction of the cyclothems has been based primarily on the r h y t h 
mi  c i t y in the appearance of variegated and grey layers, though other factors also seem to confirm 
the presence of such a regularity. The most common rock type within the sequence is the claymarl 
(24.3%), but calcareous clay, clay and marl are also rather frequent, while calcareous marl and lime
stone are just represented. Rocks with a silt content exceeding 50% have been distinguished as siltstone. 
Their cumulative share is 22.3% (Fig. 4). The carbonate content o f these beds varies between 18 and 
40%. A striking feature of the sequence is that not only the sandstone beds are absent, but even the 
sand fraction could be identified merely in a few layers.

Interpreted as the first (sub-)cyclothem of the cycle, the bauxite (Alsópere Bauxite Formation) (52.9-51.3 m) 
is genetically—and probably also in time—closely linked with the formation. Its brief characterization is given 
under separate heading.

The second cyclothem consists o f two separate sub-cyclothems totalling in 7.3 m in thickness. The separation 
o f the lower, merely 70 cm thick member would be justified only by formal interpretation of the cyclothem classifi
cation based on the observation that every cyclothem begins with a grey layer. The first beds overlying the bauxite, 
however, are an outcome due to the influence of the first transgression, therefore the rock colour is still reminiscent 
o f the effect o f the underlying bauxite and the onshore blanket o f terrestrial origin. The lower subcyclothem is 
constituted overwhelmingly by limestone with Ostrea in the upper half.

The upper, 6.6. m interval is characterized by an overwhelmingly claymarl composition, a grey colour and 
a fair to excellent stratification.

The third cyclothem (44.0—33.0 m) contains true grey beds only in the upper part o f its lower half represented 
by claymarls and marls. The upper interval (37.8 — 33.0 m) is constituted by variegated, among others, violet-red, 
claymarl? and clays without stratification, being characterized for the most part by a surface washed o ff in a nodular 
pattern, sometimes with lime concretions.

The fourth cyclothem (33.0-21.7 m) is only 2.2 m thick, well-stratified with a nodularly washed-off surface, 
and with some interbedded claymarl layers in the grey clay and with limonite concretions in the variegated clay 
interval.

The fifth cyclothem (21.7-19.8 m) is constituted by featureless grey and variegated beds.
The sixth cyclothem (19.8-16.7 m) consists, in its lower third, o f fairly bedded, grey clay with coalified plant 

remains. The predominant colour o f the variegated beds Í3 yellowish-brown. Its very low carbonate content at the 
base, shows a progressive increase upwards mainly due to the presence of lime concretions and the cyclothem is 
ended by claymarls with a few Ostrea fragments.

The lower half o f  the seventh cyclothem (16.7-13.9 m) is represented by dark grey, poorly stratified clay. 
The upper parts with limestone nodules are finely bioclastic, being the first in the rock sequence to contain fine 
sand.

Most imperfect is the development o f the eighth cyclothem (13.9-12.7 m) including a thinner calcareous nodu
lar and Ostrea-bearing grey segment and a thicker, variegated one.

The nineth (final) cyclothem (12.7—5.6 m) is represented almost exclusively by variegated clays and claymarls, 
with a 0.8 m thick grey part at the base which includes a blackish-grey, well-stratified intercalation with plant re
mains. In the massive, variegated segment there are a few Ostrea shards, too. The contact with the overlying rudist 
limestone is characterized by an incomplete drill-core record.
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In summary, borehole Tés 27 serving as stratotype for the Tés Clay Formation is lithologically 
rather uniform: an alternation of elaymarl and clay and, less frequently, marl with an occasional 
presence of limestone layers. Sands occur quite seldom even as a fraction (in only one case as identified 
by megaloscopic determination). The most conspicuous element of the megafauna are Ostrea occurring 
mostly as lumachelles. In addition, small and crumbling valves can only seldom be observed in lentils. 
Carbonaceous clays containing coalified plant detritus are a conspicuous element of the rock sequence. 
Munieria may form a characteristic constituent of the limestone layer. The ratio o f the variegated 
beds to the grey ones is 1.92.

Reference sections

The differences in geological features are represented by boreholes Olaszfalu Ot. 84, Zirc Zt. 
61, Csehbánya Cseh. 13, Úrkút Ű. 421 and Súr 1. In addition to these, some data of boreholes Cseh
bánya Cseh. 5, Oroszlány О. 1825, Pusztavám Pv. 980 and Mór M. 15 have been used.

Borehole Olaszfalu Ot. 84 (Fig. 6)
Exposed in outcrop in the Perepuszta embayment and cut by a great number o f boreholes, the 

bauxite is suggestive of some autonomy of the basin and so is the geological log of borehole Ot. 84. In 
the borehole the thickness o f the Tés Clay is 39.6 m, overlying, with intervention o f the Alsópere 
Bauxite Formation, the Dachstein Limestone Formation. Here too, it was observed to be overlain 
by the Zirc Limestone. The rock sequence with the bauxite inclusive is differentiated into 8 cyclothems, 
but these are, unlike the case of the stratotype, rather uniform in thickness, varying between 2.0 and 
10.0 m. A characteristic feature of the rock sequence is the predominance of variegated beds of mostly 
low carbonate content—phenomenon merely interrupted by the interbedded grey layers—and by the 
absence or very low percentage o f a sand fraction. The petrographic composition in terms of grain- 
size and carbonate contentis very similar to that observed in borehole Tt. 27, but here the siltstone 
is quite subordinate too. The most common rock type here too is elaymarl (32%).

Borehole Tés 27 and Ot. 84 coincide not only regarding the lower and upper boundary layers, 
but they are similar also as far as the internal subdivisions of the sequence are concerned. In harmony 
with the only 6.1 m difference in thickness in favour of Tés 27, the share o f the variegated beds in 
borehole Ot. 84 is also approximately the same [variegated/grey ratio : 1.68].

Borehole Zirc Zt. 61 (Fig. 6)
In the Zirc Basin s. str. the Tés Clay is in outcrop over a considerable area. Geologists who have 

paid visits to this area during geological excursions and mappings for a centure now have mentioned 
the presence o f geological features that are different from those known from the vicinity of Tés. These 
features include a rich and varied faunal assemblage which has justified the establishment o f a ref
erence section for the study area. The total thickness o f the formation in the borehole is 62.7 m. It is 
underlain by the Aptian Tata Limestone Formation and can be divided, on the basis of the variegated 
beds into 9 relatively poorly developed cyclothems. The individual cyclothems can be split up into 
sub-cyclothems by relying on the carbonate content and the frequency o f distribution of the clastic 
grains.

An important role among the individual rock varieties of the sequence is played by limestone 
and calcareous marl as well. Although elaymarl is not the most frequent constituent in this case too, 
it is the average (19.5%) (Fig. 4).

Unlike the standard section, the first (half) cyclothem within the 78.1-84.0 m interval is con
stituted basically by the erosion products of the more restricted neighbourhood. These are silts and 
pebbles of silica which become more and more argillized and more and more calcareous higher up the 
profile.

Although in the borehole the thickness of the Tés Clay is by more than a factor o f three higher 
(16.7 m) than exposed in the standard section, the data of the adjacent boreholes (about 100 m thick
ness) suggest that the rock sequence is incomplete owing to tectonic causes. Notably, the orbitolinite 
beds known from the Cigány-árok (Pl. V, f. 1 and Pl. VI, f. 1) and the intercalation with sea urchins 
are absent, and the brachiopod-rich beds too are represented by merely one Braehiopoda.

The variegated beds are subordinate in the constitution of the rock sequence with the basal 
beds inclusive [variegated/grey ratio: 0.53]. In harmony with this, the sequence is characterized 
by a higher average carbonate content, the marked changes in which provide good opportunities for 
distinguishing further subdivision within the cyclothems based on the variegated intercalations.

Borehole Csehbánya Cseh. 13 (Fig. 7)
In the borehole the Zirc Limestone and the Tés Clay have a tectonic contact. Thus the 75.8 m do 

not represent the total thickness of the formation which may be as high as 85-90 m. The formation 
is underlain by Neocomian beds forming a transition between the Mogyorósdomb Limestone and the
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Sümeg Marl Formations. Selected to serve as a reference section, the borehole sequence includes 8 
separate cyclothems. Their distribution and extreme thickness data indicate a geohistory strongly 
different from that o f the stratotype section.

A particular feature o f the profile under discussion is the fact that the cyclothems are concen
trated in its lower one-third. The subordinate role o f the variegated beds [variegated/grey ratio: 0.5] 
and, in smaller measure, the relatively higher value of the carbonate content make it similar to the 
reference section of Zirc. The distinction o f sub-cyclothems has been based on the carbonate content.

Borehole Súr Sr. 1 (Fig. 8)
The coal-prospecting boreholes drilled at Balinka show a marked thickening o f the Tés Clay to the

N. The culmination of this trend is represented by coal-exploratory borehole Súr 1 which, on account 
o f its being well-documented has looked promising for serving as a reference section no matter how 
incomplete its core material is. According to the documentation, the Tés Clay and the Zirc Limestone 
have a tectonic contact, but judging by the geological features a considerable hiatus has not to be 
reckoned with in the 223.8 m thick formation.

On the basis o f the grey intercalations the formation can be split up into a total o f 25 cyclothems 
o f varying thickness. The frequency and amount of the sand fraction in the rock sequence are rela
tively significant. According to the cyclothem scale based on the distribution of the variegated layers, 
the rock sequence is divided into a lower, more diversified part and an upper one that, with all its 
variety, is much more equilibrated. This phenomenon makes it similar to borehole Cseh. 13. It is 
in this profile that the ratio of the variegated and grey elastics is the highest: 3.55. A distinctive fea
ture from all the other reference sections is, however, the high frequency o f sandstone and the ap
pearance of conglomerate.

On the basis o f the thickness data in the megaloscopic description (Fig. 4) the strikingly most 
frequent rock variety is claymarl (63%) which probably comprises both calcareous clay and siltstone.

Surface occurrences of the Tés Clay

In lucky cases the basal beds of the otherwise easily weathering formation have been preserved 
on the usually hard carbonate substratum (e.g. Zirc, Lókút), whereas the thick-bedded and locally 
even massive Zirc Limestone which always forms the overlying rock is quasi “ floating”  in the plastic 
Tés Clay, being a little bit sagged into the clay. This fact almost completely precludes the possibility 
for finding the two formations in natural contact on the surface. It is a direct consequence of the fore
going that it would be unjustified or impossible to designate a surface stratotype or boundary strato
type, respectively.

Lókút Ы11 (Fig. 9)
The white-coloured and laminated Mogyorósdomb Limestone Formation of 300/15° dip is 

overlain with a slight angular unconformity, with a dip of 345 /8°, by the Tés Clay. The basal layer is 
represented by 20 cm of biodetritic limestone with ohert pebbles which is followed by yellowish-brown 
claymarl with a limonite crust at its top. The next to follow upwards is bentonitic claymarl with a few 
Ostrea valves in the nonplastic strata.

Zirc, Pintér-hegy quarry (Fig. 10)
The cavities in the underlying, karsted, crinoid-lensed Liassic limestone are filled up by greenish- 

grey, locally yellowish, slightly silica-silty clay of montmorillonitic composition. The roughlimestone 
surface is overlain by 60 to 90 cm of white-weathered conglomerate consisting of chert pebbles 0.5- 
3.0 cm in diameter, to be followed next by sandstone. The material is fairly sorted, though distinctly 
graded. The cement is usually slightly calcareous, often limonitic, sometimes with manganese im
pregnations. It is followed first by yellowish-brown siltstone and then by silty clay.

Zirc, quarry of Istenesmalom (Fig. 11)
As opposed to the previous section, probably as a result of the tectonic contact, the conglomerate 

is absent. At the N end o f the quarry, breccialike, unsorted chert debris occur in the basal 1.0-1.5 m 
interval (PI. I ll , f. 2). The matrix is constituted by a limonitie-manganiferous weathering product. 
The rock colour is yellowish-brown, blackish-grey and brownish-red. In addition, limonite-pisoid 
lenses of 20-30 cm thickness occur in the basal layer (Pl. I, f. 3 and Pl. II, f. 2).

In the S part of the quarry a thin limestone- and chert detritus is underlain by grey plastic clay 
(PI. I ll , f. 1 ) which is also in favour of the likelihood of the presence o f the basal layers.

The Kakas-hegy exposure of Zirc has also exposed the beds close to the base (Fig. 12) with a 
thick limestone intercalation.
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A summary of the lithological features and the changes in the character of the formation

As the basal member of the Mid-Cretaceous sedimentary cycle, the Tés Clay overlies various units 
o f the rock sequence spanning the interval from the Triassic Dachstein Limestone Formation up to 
the Middle Cretaceous Környe Limestone Formation. Its thickness varies from 1-2 m in the vicinity 
of Úrkút up to 220 m in borehole Súr 1. A pinching-out in SE and SW direction and a marked thicken
ing to the NW and N respectively are recognized as a definite trend. The lithological composition of 
the formation varies from subarea to subarea. Therefore it is necessarily a distorting factor in the de
scription of the formation and it is only the stratotype and the relatively great number of reference 
sections taken together that can somehow reflect the virtual features of the formation.

The regular variation o f the quantity and grain size of the non-argillaceous elastics appears to 
agree with the afore-mentioned trend.

The variegated pattern and the carbonate content however, vary from subbasin to subbasin. In 
the NW foreland of the Vértes Mountains, above the Környe Limestone Formation, the Tés Clay 
is roughly differentiated into two units. The lower unit is grey throughout its cross-section, being 
characterized by a carbonate content that decreases upwards, but is generally high enough. The upper 
unit is, regardless o f the transition into the Zirc Limestone, completely variegated and o f low carbon
ate content.

The most important feature of the formation is that it consists of cyclically alternating variegated 
and grey clays, claymarls and marls in which mostly biogenic limestone layers occur with varying 
frequency. In these either the representatives of Liostrea or those of Munieria or Ostracoda are rock
forming. In addition, some profiles show the appearance in great masses of various, primarily brackish 
or freshwater gastropods and, in smaller part, o f bivalves (Pl. VI, f. 2). Orbitolina (Pl. V, f. 1 and PI. 
VI, f. 1), Brachiopoda and sea urchins are much more rare in the sequence. In spite o f their relative 
rarity and low thickness, the carbonaceous clay layers occurring in the lower and upper parts o f the 
sequence are nonetheless of great significance, as they sometimes contain some plant remains in a 
preservation state suitable for identification.

At the base of the sequence, in areas, where there is a hiatus underneath, Ostrea limestone or 
pisolitic chert weathering products and chert gravel occur. In areas, where the formation grades out 
of the Környe Limestone, grey clays and marls are found at the base. An intercalation of sandstone 
or occasionally even of conglomerate composed o f weathered cherts may also be encountered.

Over the few metres of transition into the Zirc Limestone there is a rapid increase in the lime 
and sand content, the formation frequently ending with calcareous sandstone and sandy limestone 
respectively.

Definition

On the basis of the foregoing, the Tés Clay is a sequence made up of a cyclic alternation of varie
gated and grey beds in which the argillaceous deposits of low carbonate content (claymarl) play the 
leading role, though clay or marl beds are not unfrequent either. Limestone intercalations, mostly 
biogenic, are conspicuous. The most common biogenic component is an alga belonging to the genus 
Munieria, though Liostrea or Exogyra lumachelles mostly enclosed in an argillaceous matrix, or less 
frequently appearing in form of limestone too, are o f equal significance. Other molluscs (gastropods 
and bivalves) are subordinate. The amount of Ostracoda is considerable throughout the sequence. 
Fine root traces of various plants and, quite seldom, carbonaceous clays may occassionally be con
spicuous, too.

Diagnostic features

If the extension o f formations of similar type is known, so, regardless of a few special cases, the 
formation is not too difficult to recognize. The special cases are as follows:

In case o f i n t e r t o n g u i n g  w i t h  t h e  V é r t e s s o m l ó  S i l t s t o n e ,  in a strip o f a 
couple of 100 m width, the silty marl and calcareous marl layers may sometimes be variegated in 
colouring, regardless of whether they belong to the Tés Clay. If the carbonate content shows a wide 
range of variation between the two extremes (clay-limestone) in the course of intertonguing and, 
at the same time, variegated clays also occur, the variable segment should be assigned to the Tés Clay. 
In this case, it is advisable to use the name Tés-Vórtessomló Formation. Essentially, the same holds 
true of the case when the Tés Clay and t h e  K ö r n y e  L i m e s t o n e  a r e  i n t e r t o n g u e  d. 
Here it is advisable to separate the two formations at the appearance of the Rudista limestone.

The other type of problem is encountered similarly in the NW foreland of the Vértes, where the 
thick variegated beds are f  illowed directly by v a r i e g a t e d  E o c e n e  d e p o s i t s  attaining 
even 20-30 m in thickness. Since the variegated clays of Eocene age completely agree in lithology with
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their Cretaceous counterparts, the separation o f the two is possible only in the case, if other features 
o f either the Eocene or the Tés Clay also appear in the rock sequence. Microfaunistic studies, however, 
will allow the identification of the formation even when such features may be absent, since the Creta
ceous variegated clay contains, in the majority of the cases, some Ostracoda that make it possible to 
settle the problem.

Less frequently though, something similar may be the case with a Tés Clay coming in contact 
with the Csehbánya Formation of Late Cretaceous age or the Oligocène Csatka Formation respec
tively. The former can occur practically only in the Csehbánya Basin, where the Upper Cretaceous 
sequence is characterized by limestone and even more so by dolomite pebbles, whereas in the latter 
case, the Csatka Formation can be identified with firm certainty after an interval of a few metres, 
on the basis of the more mature pebble material.

Proposal on subdivisions

Taking into consideration the reality of subsequent distinction of any further subdivisions, 
the author sees for the moment a justification for the separate naming of only two minor units. One 
o f these is a vivid-variegated chert weathering product and a chert-breccia or, less frequently, gravel 
or conglomerate enclosed therein. This one deserves a member-rank denomination for w'hich the author 
proposes the name Kepekő Member. Its occurrence is typical SW of the Zirc-Eplény line. Its highest 
thickness is known from the vicinity o f Úrkút.

The other rock body deserving to be given a separate name is also found at the base o f the for
mation. This one is constituted by a red or brownish-yellow limestone varying between 10 and 50 cm 
in thickness which has a variably biodetritic (mainly with detritus o f Munieria) or aphaneritic texture, 
locally containing Ostrea shards or, in other cases, various gastropods. On account o f its lower thick
ness and its features less strikingly different from the rest o f the sequence, however, it may be given 
only a name o f bed rank. So, on the basis of the hill close to the occurrence o f Perepuszta, the name 
T u n y o g h e g y  B e d  is proposed to be introduced for the bed in question. Its occurrence is charac
teristic mainly of the SE margin of the area E of Zirc, though it occurs farther SW too.

Paleontological characterization

In compliance with its varied lithological and facies patterns, the formation has a fossil assemblage 
that is equally diversified, as illustrated in Figs. 8-9, 11, 13 and 14, Supplements II-V  and Tables
2-9 as well as in the appended Plates.

Megafauna

Spongia
From the washing residues of materials from boreholes Zt. 61 and Cseh. 13, spicules of local origin 

were recovered and identified in a reliable form by M. Sidó. The spicules found in other near-base 
samples are products of redeposition.

Anthozoa
From the formation, only the following coral fauna mentioned by J. N o s z k y  is known : Thecosmi- 

lia sp., Cyclolithus div. sp., Trochocyathus cf. subconulus Pillet and Trochosmilia sp.
Vermes
Some o f the traces of bioturbation o f 2-5 mm in diameter which occur in the drilling columns, 

frequently penetrating the strata in a sinuous form and appearing, as a rule, mainly but as a change 
in colour, are likely to represent worm tracks. J. N o s z k y  (1934) mentioned the presence of Serpula sp. 
(cf. cincta) G o l d f . Bioherms of worm-tubes are observable in thin section too (Plate X X ÏI, f. 4).

Bryozoa (Fig. 8, Suppl. I I—V )

Their presence in the boreholes Zt. 61 and Cseh. 13 is proved both in the decantation residue 
(M. Sidó) and in thin sections (Pl. XXV, f. 2). Elsewhere, they are known only from thin sections 
(Pl. X X , f. 2), with a frequency o f 1 to 4, from the upper one-third of the profiles.
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Brachiopoda

Thus far Brachiopoda have been recovered in large quantities only from the Cigány ravine of 
Zirc. J. Noszky (1934), described from there the following data: Terebratula sella Sow., T. sella Sow. 
var. tornacensis (Авен.), T. praelonga Sow., T. praelonga Sow. var. T. (Waldheimia) tamarindus 
d ’Orb., T. cf. depressa Lam.—After analyzing at large the morphological features o f a considerable 
part o f the collection, Cs. Detre (1971) could single out two types of Sellithyris( ?) div. sp., along with 
the predominant species, Sellithyris sella (Sow.). During the analysis of the material o f borehole Zt. 61 
only one specimen of Sellithyris sella (Sow.) could be identified.

Lamellibranchiata (Suppl. IV, V, Table 2)
Lamellibranchiata represent 25 species of 26 genera from a total o f 33 bivalve taxa found in 

the standard and reference sections o f the formation. The most typical megafossils of the forma
tion are represented by Ostrea which, irrespective of rare exceptions, occur in form of lumachelles. 
As shown by L. Móra-Czabalay’s studies, the leading role within the group is played by the genus 
Liostrea (Table IV).

The thick-walled valves assigned to the genera Ostrea and Exogyra are enriched abundantly 
either near the base (Ot. 84) or in the upper one-third of our profiles they are represented by a couple 
of specimens (Ot. 84, Cseh. 13).

Assignable to Ostrea, Lopha milletiana occurs with similar frequency in the same boreholes. 
Characteristically enough, the marked enrichment of the representatives of Ostrea is associated in 
almost every case with an argillaceous environment of low carbonate content.

The genus Linearia occurs in all four boreholes in their upper half, being represented by one 
single species, L. cosnensis.

The other forms listed in Table 2 occur almost exclusively in borehole Zt. 61. From among them, 
Lima, precisely L. (M .) essertensis, is a frequent element in the upper one-third of borehole Zt. 61, 
being quite abundant there, while in the upper third o f borehole Cseh. 13 it is represented by one 
or two specimens.

Occurring in Tt. 27, a borehole of marginal position, Trigonia sp. is worthy of being mentioned 
owing to its stenohaline character. Remarkably enough, in spite of its low number o f taxa, here is 
the highest number of taxa of stenohaline character (4), while there are only two of them in Zt. 61.

The correspondence to the bivalve taxa listed in the literature is not complete, but of them only 
the presence here of Agria sp. ind. can be questioned.

Gastropoda (Suppl. I I—V, Table 3)
The picture regarding the gastropods described from the Tés Clay is rather contradictory. During 

the elaboration of the key and reference sections a total of only 22 genera and their 14 species were 
recovered which are less than the number of taxa summed up in 1934 by J. Noszky and known up 
to that dato (21 species of 20 genera). The nearly equal quantities are concealing marked differences. 
Of the 20 generic names determined by E. Vadász and published by J. Noszky, 13 are different from 
those determined and identified by L. Móra-Czabalay in the course of key section elaborations, 16 
of the species are different, too. Of the 25 genera figuring in L. Czabalay’s summarizing report for 
the year 1962 only 8 genera agree with the latest results. On the other hand, 16 genera from the afore
mentioned data are identical with J. Noszky’s list (1934). The causes responsible for the deviations 
seem to be multiple. Gastropods occur but rarely, with a lumachelle character, and their general 
freque ncy too considerably lower than it is the case with the bivalves. The particular species and 
even the genera are usually restricted to one or possibly two boreholes.

The most common and, at the same time, most frequent group is represented by Cerithium. Only 
two species of the three genera assignable to this group are known.

Actaeonella-like forms are represented only in the vicinity of Zirc. From among them, Actaeo- 
nella baconica and Trochactaeon boutillieri baconicus are abundant, whereas Trochactaeon sp. (aff. 
voluta) and Aclaeonina unisulcata are represented merely by a few specimens. Only one bed 
from Zt. 61 contained Tornatina peroni in abundance and Calliostoma sp. in similar frequency (4). 
Turritella are remarkable for their relative frequency. Most frequent is Haustator vibrayeanus (bore
hole Zt. 61 and Cseh. 13, frequency 1 and 2). In spite of its low number of specimens, the genus Turbo 
is common (boreholes Cseh. 13, Zt. 61 and Tt. 27). Strikingly enough, the presence o f Ampullaria, 
Aporrhais, Fusus sp. and nerineids sensitive to changes in salinity, are limited to two boreholes drilled 
on the SE margin.

The remaining Gastropoda taxa are characterized by a low frequency and also by being restricted 
as a rule to one single locality: Dimorphosoma sp. (Cseh. 13), Natica cassisiana, Plicatula sp., Rostella- 
ria sp., Melanopsis sp. (Ot. 84), Tornatella cosnensis (Zt. 61 and Cseh. 13).

In terms o f the distribution within single borehole logs and geographically of the particular Mol
lusca taxa, the boreholes Zt. 61 and Cseh. 13, on the one hand, and Tt. 27 and Ot. 84, on the other,
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resemble to each other. The distribution of the molluscs in the first two is characterized by a gradual 
upward increase o f the number o f individuals and taxa, though the culmination occurs in both cases 
a few m below the top o f the formation. Comparatively poorer in both individuals and taxa, the bore
holes Tt. 27 and Ot. 84 show a slight concentration peak o f megafossils in the lower and upper thirds 
of each borehole, especially in Ot. 84. Furthermore, a characteristic feature common to both o f them 
is the fact that stenohaline gastropods occurred in these two boreholes only.

Crustacea
From the class Crustacea comprising both mega- and microfossils, only the claws o f Decapoda 

crabs are worth mentioning (J. Noszky 1934). Ostracoda will be discussed in the context of the micro
fauna.

Echinoidea (Suppl. II-V, Fig. 13)
Echinoidea in a preservation state suitable for identification were encountered only in the 

period of flourish of Middle Cretaceous bauxite exploration, between the 1930’s and 1950’s. Their 
determination was connected with the name o f E. Szörényi who, when summing up her studies de
voted to this subject, listed, in 1955, from Tündér-major locality near Zirc and in smaller measure 
from Alsópere, the following forms :

Pseudodiadema bdkonyense Szö rén yi (18 specimens)
Ooniopygus noguesi Cotteatt (1 specimen)
Ooniopygus cf. loryi C o t t e a t t  (l specimen)
Caenholectypus macropygus (D esov) (6 specimens)
Archiacia hungarica Szö rén yi (64 specimens)
Heteraster zirnensis Szö rén yi (630 specimens)

In terms o f frequency values, the Tés Clay is characterized by the predominance o f the forms describ
ed from there (endemic?), being 86 times more frequent than their counterparts described from 
elsewhere. From the key and reference sections Echinoidea have been recovered, as detritus, only 
from decantation residue. On the basis of Echinoidea, as opposed to the faunal kinship mentioned 
previously, the borehole Zt. 61 corresponds to Tt. 27 and Ot. 84 agrees with Cseh. 13.

Fish remains (Suppl. II-V , Fig. 8)
The decantation residues of all four boreholes contained fish remains: various ossicles, teeth, 

scales, and otholithuses. Their average relative frequency is 1 specimen, but boreholes Zt. 61 and Cseh. 
13 have yielded even 4. From borehole Zt. 61 (36.1 m) and from the basal bed of the exposure of Ló- 
kút hill, 1 “ pebble-tooth” has also been recovered. The latter was identified by L. K ordos with 
Lepidotus maximus Wagner.

Microfauna

Within the microfauna, Foraminifera and Ostracoda are crucial. Although Foraminifera (36 
genera, 32 species) (Pl. IX, Pl. X, Pl. XI, Pl. X II. f. 1) may match Ostracoda in terms o f the number 
o f taxa (29 genera, 55 species) (Pl. XII, f. 2-4, Pl. XIII), the latter get the upper hand as far as the 
number o f individuals is concerned.

Foraminifera (Figs. 8, 11, 13 and 14, Suppl. II-V, Tables 4 and 6)
Planktonic Foraminifera
The presence of planktonic Foraminifera has been demonstrated first by M. Sidó in the course 

o f this project. Represented by only two genera, they occur in three of the four boreholes, always 
with frequency value 1. More frequent Hedbergella sp. appears in the upper third of Cseh. 13 and the 
lower and upper thirds o f Ot. 84, in the latter accompanied by H. cf. infracretacea. Ticinella sp. in 
borehole Zt. 61 appears in the topmost beds o f the formation. The specimens recovered from Pintér
hegy quarry at Zirc are surely allochtonous, those deriving from the lower third o f borehole Ot. 84 
are probably so. — Thin section studies reported planktonic Foraminifera from two beds of both Cseh. 
13 and Zt. 61.

Calcareous benthonic Foraminifera
On the basis o f the number of taxa we can observe again the same resemblance already mention

ed: Ot. 84 resembles to Cseh. 13, Zt. 61 does so to Tt. 27. Geographically most widely distributed 
genus is Patellina, being present in all five boreholes, though always in the upper third of the forma
tion. Their frequency varies from 1 to 4.

The genus o f greatest vertical range within the Tés Clay is Gavelinella (mainly in boreholes Ot. 
84 and Cseh. 13). The genus Eoguttulina occurs only in the upper third of the boreholes, where it is 
represented with a relative frequency of 1-4.
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Arenaceous benthonic Foraminifera (Pl. IX , f. 1, 3, 4, PI. X , f. 3, 4, Pl. X I)
Only one genus, Haplophragmoides, is common to the five boreholes, but only Ü. 421 contained 

specimens that could be identified up to the specific level. Its frequency is 1-4. M. Sidó mentioned 
five species of it from Úrkút (1952). Only the species Choffatella decipiens (Pl. XII, f. 1) occurs in 
four boreholes with a frequency of 1 to 5. Ammobaculites is represented only by three of its species, 
but M. Sidó (1952) reported five species from the Úrkút area. What is worth mentioning in addition 
is the genus Orbitolina the representatives of which from boreholes could be observed only in thin 
sections (Zt. 61, Cseh. 13 and Tt. 27). J. Noszky was the first to mention three species from the orbi- 
tolinite bed of Disznó-legelő site at Zirc. From the material collected by the present writer, K. 
M éh e s  identified Orbitolina ( Mesorbitolina) baconica and 0. (0 .)  concava. In a paper presented 
to the Geological Society, M. G e l l a i reported Orbitolina concavata and 0. praeconica species from a 
bed o f borehole Csetény 25 corresponding to the above.

M. Sidó, in her open-file report on the foraminiferal fauna o f the formation (1980), distinguished 
five foraminiferal assemblages :

1. Rheophax-Ammobaculites,
2. Choffatella-Flabellammina-Cuneolina,
3. Lenticulina-Miliolidea,
4. Pseudotextularia-Involutina-Globorotalites—Gavelinella, and
5. condensed.
From among these, only the first three occur in a pure form in our key and reference sections ; 

the fourth one is present only in the Vértes foreland and even there mainly in the clay layers inter- 
bedded with the Környe Limestone; whereas the fifth one is known from Eplény and Úrkút.

Ostracoda (Figs. 8-9, 11, 13 and 14; Suppl. I I -V ; Table 6; Pl. X II, f. 2-4, Pl. X III)
Ostracoda represent the richest fossil group of the formation, both in terms of individuals and 

species. B. Zalányi, in the 1950’s, determined 51 species or varieties o f 16 genera. During the exami
nation o f the material of three key boreholes, A. Oravecz-Scheffer distinguished 55 species o f 29 
genera. The revision of the fauna described by B. Zalányi is being carried out by M. Monostori. 
Therefore it is still the original names that figure here. An exception to the rule is Rosacythere baco
nica which Colin introduced as a substitute for the name Oomphocythere baconica.

Although the total number of Ostracoda genera and species is almost the same in every borehole, 
there are marked differences between boreholes when the respective taxa are grouped according to 
their tolerance o f salinity. The distribution of the fossils and the variation o f the frequency conditions 
within a borehole are even more conspicuous which provides a good possibility for tracing the variation 
o f facies. Typical mainly of boreholes Ot. 84 and Tt. 27 as a whole and o f the lower half o f Zt. 61, 
Rosacythere baconica is the most common and frequent Ostracoda. The genus Dusormidea re
presented by six species is similarly frequent (mainly in the lower half of boreholes Zt. 61 and Tt. 27 
and the whole o f Ot. 84). The same holds true o f specimens of the genera Darwinula and Candona 
represented by three species each (boreholes Ot. 84, Zt. 61 and Tt. 27).

From among the brackish-water genera, both Paracyprideis (3 species) and Cytheridea (3 spe
cies) show frequency maxima in Zt. 61 and in the lower and upper thirds of the profile o f Tt. 27, where
as the distribution within borehole Ot. 84 is sporadical, being restricted, in the case of Paracypri
deis, rather to the upper part of the borehole.

The most striking difference is observed in the distribution of marine Ostracoda (19 genera, 32 
species) which, along with having an ecological meaning, are of stratigraphic value, too. Borehole Zt. 
61 excels not only with their highest generic, specific and individual numbers, but they show the 
widest vertical range as well (30 m). This figure in Ot. 84 is 10 m, in Tt. 27: 9 m. At the same time, taxa 
belonging to them appear in the lower third of all three boreholes, too.

Because of their chronostratographic value, the species Romocythere reticulata, Veenia florentinen- 
sis, Protocythere rudispinata and Dycrorygma minuta are worth mentioning.

Radiolaria (Figs. 8, 11 and 13, Suppl. III-V )
Radiolarians of poor preservation were reported by M. Sidó from three boreholes (Zt. 61, Cseh. 

13, Ot. 84) and two surface sections. Of these, only the specimens deriving from the upper horizon 
o f borehole Zt. 61 can be regarded as original constituents of the sequence, whereas all the remaining 
forms—mainly the specimens recovered from the basal layer or its vicinity—were redeposited with 
high probability from the underlying Tata Limestone Formation or the Mogyorósdomb Limestone 
Formation.

Marine microfossils (Suppl. III-V )
H. D e á k  (1964) was the first to report on the organic Microforaminifera occurring in the Tés 

Clay and she referred to them collectively as Scytinascia forms. Of them two species (Trocholascia eh-
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renbergi and Bhodonascia majzoni) were even described by her. From the borehole profiles, two (Zt. 
61 and Ot. 84) were shown by M. Juhász to contain organic microfossils.

Cadosina-Iike forms (Suppl. II-V , Pl. X IV )
Their presence in the formation is not reflected by the relevant literature, though they do occur 

in all three key and reference sections. Their largest vertical range, a nearly continuous one, is observ
able in borehole Zt. 61, where the bulk of their occurrence falls to the upper half of the borehole. 
The efforts aimed at determining Cadosina-like forms have not led to any result yet.

Nannoplankton (Suppl. II-IV , Table 7)
Prior to the key section studies, no nannoplankton had been identified in the formation. M. 

B á l d i-B e k e  using an optical microscope, identified 9 species of 7 genera in three of the four boreholes 
studied (Table 7). From a stratigraphic point o f view only Lithastrinus floralis is worthy o f mention.

Megaflora

The flora is nearly as rich as the fauna. The megaflora was heretofore represented only by a pine 
trunk fragment from Eplény which P. G re g u ss  and M. K e d v e s  (1961) had described as a “ Sequoia” 
or Cupressaceae o f obscure origin. From among the coalified plant remains collected in recent years 
by F. G ó czán  (borehole Oroszlány 2124) and by the present writer (borehole Balinka 287 and 288),
L . R á k o si identified the following: Stephenophyllum, solmsi (Ginkgoaceae, Pl. VIII, f. 2); Spheno- 
lepis kurriana (Taxodiaceae) ; Frenelopsis hoheneggeri (Cheirolepidaceae, Pl. VIII, f. 1, 3); cf. Bhizo- 
caulon sp. (Monocotyledones).

Microflora

Munieria (Figs. 8, 9 and 11; Suppl. II-V ; Pl. V II, Pl. XV, Pl. XVI, Pl. X V II, Pl. X IX  and Pl. X X II , f. 2)
Still controversial as far as its systematic position is concerned, Munieria is one of the most cha

racteristic fossils o f the formation which, on top of being present in a dispersed form in the argillaceous 
layers, represents the main rockforming faunal element. This is why, along with the name “ variegated 
clay’ ’ , the most common name of the formation was “ Munieria marl” .

As regards our profiles, the representatives o f Munieria are common to the entire section of Ot. 84, 
to the lower part of Tt. 27, to the lower three-quarters of Cseh. 13 and to the lower two-thirds o f Zt. 
61 (with a recurrence in one of the higher beds), being quite frequent as a rule (category 5) and inver
sely proportional to the major faunal elements indicative of a marine environment. Two Munieria 
species are known. The predominant form is M. baconica described from the formation. It is accom
panied in every borehole, with frequency 1 or 2 (or exceptionally 3), by M. grambasti, a more gracile 
form which, in the initial period, was still referred to as Munieria II. This latter occurs as a rule in the 
lower, explicitely freshwater interval o f the borehole. An exception to the rule is represented by 
Cseh. 13, in which it cannot be observed in the basalmost layers, being observable with large inter
ruptions throughout the higher parts of the borehole.

On the basis of hundreds of measurements carried out during thin section studies, the opinion 
was formulated that a transition between the two species is indicated by a host of features [mainly 
h/D, i.e. the most diagnostic one], by lots of transitional values. Thus it appears that with increasing 
salinity, a rather gracile M. grambasti will develop into a more squat M. baconica. The analysis of the 
Hungarian occurrences o f the genus Munieria was described by the author in co-autorship with I. K o 
v á c s -B o d r o g i (1985).

Other calcareous algae (Fig. 11, Suppl. II-V )
Under the above heading I have summarized the assemblage of various algae observed in de

cantation residues and thin sections, respectively. This assemblage can be divided, primarily on the 
basis of the occurrences, into two groups. The larger group includes tube-like forms recovered from 
decantation residues and referred to collectively as calcareous algae by M. Sidó. They seem to be iden
tifiable with the (cylindrical-bodied?) algae undifferentiated internally, having a large internal cavity, 
which I described from thin sections (Pl. XIV, f. 11-12 and Pl. XVIII, f. 1). Their characteristic 
features include common occurrence with Munieria and anticorrelation with the marine organisms. 
They are found in all boreholes with a relative frequency o f 1 to 4.

In spite of the dissimilarity in shape, I have included in this group a nosegay-like alga of irregu
lar filamentous structure and vague contour, resembling to Cayeuxia (Pl. X X I, f. 1-3) which I de
scribed from thin section (Cseh. 13) only.

The other group of calcareous algae includes ones requiring further studies and occurring to
gether with other marine organisms (Pl. X X , Pl. X X II, f. 3 and Pl. XXV, f. 1). Most of them appear
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in borehole Zt. 61 (Suppl. I l l ) :  “ Archaeolithothamnium” sp., Acicularia sp.? (Pl. X X I, f. 4), “ Neome- 
ris”  sp. (Pl. X X II, f. 1), Pieninia sp. and Globochaete sp. Their characteristic frequencies belong to 
categories 1 and, exceptionally, 2. Their appearance in the other boreholes is quite occasional.

Chara (Figs. 8, 9 and 11; Suppl. II-V ; Pl. X V I, f. 2, 4, Pl. X V III, f. 2-4, and Pl. X IX , f. 6-6)
Representatives of Chara were studied by K. R á s k y  (1955). A synthesis of her activities which 

were quite intense even regarding the Tés Clay is preserved in a manuscript of her. Major species: 
Atopochara trivolvis P e c k , Chara tuzsoni R á s k y , Mesochara monogyrata R á s k y , Aclistochara hunga- 
rica R á s k y , Chara strobilocharpa R e id  et G r a v e s  var. laticosta R á s k y , Ch. strobilocharpa R e id  et 
G r a v e s  var. hungarica R á s k y , etc. Regrettably enough, the work has not been published and the 
great number of new species and varieties are not recorded either by photos or by drawings, thus be
ing, as it looks, lost forever for science.

In the course of an occasional study, G r a m b a st  (in P e y b e r n è s  1977) named only the species 
Atopochara trivolvis, but he believed to have recognized some transitional forms as well. These can 
be found in all the sections studied by us, being represented in an assemblage corresponding to the 
representatives of Munieria, dispersed and in varying frequency (1-5). The lowest quantity is contained 
in borehole Zt. 61. They have been recovered primarily from decantation residues, being observable 
in thin sections as well. Although in boreholes Tt. 27, Ot. 84 and Zt. 61, Chara prevail in the variegated 
beds, they are absent in the variegated layers o f borehole Cseh. 13. As shown by M. Sidó, Chara stems 
in the decantation residue are found in higher percentage than it is the case with gyrogonites suitable 
for fossilization.

Sporomorphs (Suppl. II-V  ; Tables 8 and 9; Pl. X X II I  and X X IV )
The first thorough palynological study of the Tés Clay is connected with the name of M. H .-D e á k , 

who discovered 7 new genera and 29 new species among the 22 genera and 52 species identified. First 
mention of the existence of angiosperm pollen grains was made by F. G óczán  (in E. N a g y  1971). Dur
ing his elaboration of our key and reference sections, M. J u h ász  identified 11 species o f 8 angiosperm 
genera from five boreholes in the Bakony area (Table 9).

Although the aggregate generic and specific numbers of spores and pollen grains show but unes
sential differences from borehole to borehole, a scrutinized study o f the details will bear witness to 
marked changes in vegetation as one proceeds from one area to the other.

In the case of borehole Cseh. 13, the characteristic feature of the flora is represented by the an- 
giosperm3 among which the leading role is played by Transitoripollis similis, species showing a fre
quency of 5 even in two instances. Borehole Ot. 84 is characterized, as far as the number o f individuals 
is concerned, by a slight predominance of the gymnosperms, whereas in case of borehole Tt. 27 a rela
tive equilibrium between gymnosperms and ferns is felt in the rich sporomorphs assemblage. The rath
er poor angiosperm assemblage is concentrated to the lower part o f the borehole. The other spores 
and pollen grains show here the highest number of individuals.

Although, from borehole Úrkút 421, only one sample contained sporomorphs, but it did so in a 
strikingly high number of genera and species scarcely falling short of the complete spore-pollen spectra 
of the other boreholes. Striking within this is the percentage of angiosperm pollen grains. Of these, 
Crassipollis vraconicus, species characteristic of higher parts of the Albian, appears here for the first 
time, being absent in the remaining parts o f the formation. Some fern spores, such as Camarozono- 
sporites concinnus, Corniculatisporites alekhini, Bikolisporites baconicus and Vadászisporites sacali are 
of similar significance.

That moss spores are encounterable only in the basal five metres of the boreholes (Zt. 61 : basal 
10 m) is worth mentioning.

Along with microspores, two core samples from both Zt. 61 and Tt. 27 contained some megaspores 
as well.

Summarizing the foregoing, let us conclude that the individual borehole sections are differently 
interrelated as reflected by the various fossils. If, on the basis of calcareous benthonic Foraminifera 
and echinoderms, borehole Zt. 61 is akin to Tt. 27 and if Ot. 84 resembles to Cseh. 13, the gastropod 
record shows a relationship between Zt. 61 and Cseh. 13 on the one hand and Ot. 84 and Tt. 27 on 
the other.

Biostratigraphic significance of the fossils

For a paleontology-based correlation within the Tés Clay, I have established biozones by relying 
on the presence of a taxon or an assemblage of taxa (Fig. 15), regardless of their time range.

On account o f the geological features, the fossils present in the formation, provide, through the 
establishment of zones based thereon, a possibility for identification of the depositional environment, 
the paleogeographic situation, rather than enabling a time correlation.
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Linearia Range-Zone
Linearia is the only genus in the megafauna that occurs in the Tés Clay of all four boreholes o f 

importance. The thickness of the zone in borehole Zt. 61 is 26 m, in Cseh. 13 it is 14 m, being limited 
to one single sample in Tt. 27 and Ot. 84.

Choffatella-Gavelinella Assemblage-Zone
The Choffatella-Gavelinella Assemblage-Zone approximately agrees in thickness and position 

within the borehole with the Linearia Range-Zone. Both genera are represented by one species, Ch. 
decipiens being particularly common. They vary in relative frequency: 1-5. Borehole Tt. 27 is poor 
in either of the two taxa (one single occurrence with a frequency of 1). In addition to having been 
recovered from decantation residue, Choffatella can be recognized in thin section as well (Pl. XII, 
f. 1).

The eponymous taxa in the zone are usually accompanied by a rich foraminiferal assemblage from 
which the genus Patellina, as zone-forming fossils represented even by two species, the genus 
Eoguttulina represented by one species and the genus Haplophragmoides are worthy of being quoted.

Gytherella-Dolocytheridea Assemblage-Zone
The detailed Ostracoda studies carried out for only three boreholes provide a possibility for 

the establishment of a zone similar in thickness and position to the foraminiferal zone. Along with 
genera of medium frequency represented by two or three species, the genera Pontocyprella (2 species) 
and Protocythere (3 species) are also regarded as zonal index fossils. In addition, the genera Cythereis 
(4 species), Paracypris (3 species) and Schuleridea (2 species) may also be regarded as permanent 
associates, but these occasionally occur also elsewhere in the profiles. This zone too attained its 
greatest thickness in borehole Zt. 61.

Markalius circumradiatus-Watznaueria barnesae Assemblage-Zone
As opposed to the preceding units, the nannoplankton biozone is limited to one layer in bore

holes Tt. 27 and Zt. 61 owing to the very wide sample spacing there. Its thickness in borehole Ot. 84 
is 6 m, being in only partial overlapping with the Foraminifera and Ostracoda biozones, respectively. 
The upper part o f borehole Cseh. 13 was not analyzed for nannoplankton.

Phaeocerosporites purus Range-Zone
The taxon forms a biozone of contestable value. In boreholes Ot. 84 and Tt. 27 it occurs in the 

lowermost 4 and 6 m, respectively, while in borehole Zt. 61 one or two specimens of the species (a total 
of two samples) extend as high as 23 m as counted from the bottom of the hole. In Cseh. 13 no spore 
of this kind was found.

Mineralogical-petrographic characterization

In this chapter, the results o f sedimentological (grain composition, texture as observable in thin 
sections), mineralogical-petrographical and geochemical analyses and the well-logging results and 
their interpretation are given (Figs. 3, 5-7, 13, 16-30, Table 10-12).

Grain composition

In spite of the more than two samples per metre available, the interpretability of the results 
was adversely influenced by a number of factors. Here they are:

a)  The measurements performed at different times were carried out by using different methods. 
(This seems to account for the marked difference in the analytical diagrams obtained for boreholes 
Cseh. 13 and Ot. 84 which showed, when observed with an unaided eye, a quite similar grain compo
sition.)

b) In case o f borehole Zt. 61 :
— a comparatively high carbonate content owing to which the granulometric analyses were 

performed after the samples had been treated (dissolved) in hydrochloric acid. Thus the carbonate 
grains, which almost exclusively represented the sand fraction (biodetritus), were lost prior to the 
analysis ;

— even otherwise quite subordinate, the sand fraction is often completely lacking.
Because of the absence in the literature of a method that might be unambigously applied to the 

fine grain size range predominating here, various methods have been tested as approaches to evalua
tion. The adaptation of the techniques, the development o f new methods and the design and running-
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in o f computer programs for a total of 900 granulometric analyses are owed to T. T.-Kovács and
M. L antos . On top of that, the present writer has basically relied on their help in the interpretation 
o f the results as well. In discussing the methods used, let us restrict ourselves here to the presentation 
o f the most important ones.

1. P a s s e g a ’ s C - M  d i a g r a m  (1957). C here is the grain diameter (expressed in Ф) cor
responding to 1% on a “ larger than” -type cumulative curve, while M is that corresponding to 50% 
{Ф— —log2-D, the latter in mm). The six boreholes studied may be grouped in three types. One exam
ple o f each of these is illustrated in Fig. 16.

Type I includes the boreholes that have given results of measurement arranged subparallel to 
the M-axis (Pv. 980, Zt. 61, Tt. 27. — Fig. 17). In this type, within a small interval an approximately 
constant maximum diameter belongs to an increasing average grain diameter. This type is characteris
tic o f areas unaffected by sea currents, where the sediments are deposited overhelmingly from sus
pension. Areas o f this kind include e.g. marshes and protected lagoons, etc. The marked divergencies 
within this type can be characterized, beside the summarizing Figs. 17 and 18, by numerical values, 
too. For example, by the constant, approximate maximum grain size value or range (Cu), diagnostic 
of a particular facies as it is, and by the maximal median value (Mn).

Borehole
Cu Mn

Ф [im Ф (xm

Pv. 980 3.25 ±0.5 111 ± 37 4.9 34
Zt. 61 5.1 ± 0.4 31 ±9 7.6 6.0
Tt. 27 4.63 ±0.38 42 ±10 6.3 12.7

Type II includes (Fig. 16) a diagram made up of a fan-like pattern of measurement-results diverging 
towards the fine grain size range (increasing value o f Ф) which may be characterized as the sum of 
Type I and another type—here not represented in a pure form—composed of (measurement results 
arranged parallel to axis C ±- M. This type results from an alternation of suspension deposition with 
turbulent, eddy-like bottom currents. Boreholes Mór 15 and 0. 1822 belong to this category.

Type III is characterized (Fig. 16) by a subcircular enveloping curve o f the measurements and a 
similar main-point curve o f the same results. As shown by P assega , such types are also indicative of 
quiet, nonagitated depositional environments such as the pelagic areas not affected by sea currents, 
the well-protected sea gulf, parts of lagoons or minor lakes.

The afore-mentioned C-M diagram and the cluster o f F-M, L-M and А-M diagrams are usually 
integrated into what are referred to as “grain size patterns” . The latter three represent the correlation 
between the weight percentage o f a grain fraction that is finer than a particular grain size and the 
median (M).

The complete set of data o f the particular borehole sections (logs) shows a rather dispersed pat
tern (Figs 19 and 20) which, however, is duly represented even by one single curve. Thus all the stud
ied boreholes can be illustrated even in one diagram (Fig. 21). In such diagrams, F means the weight 
percentage of fractions that are finer than 125 gm, L represents that of fractions finer than 31 jam, 
and A <  4 gm. In other words, they represent the weight percentage of fractions higher than 3, 5 and 
8Ф, respectively.

Because o f the fine-grained nature o f the formation, only just a small fraction of the F -M  
d i a g r a m  could be plotted and even that could be performed only for just a few boreholes from 
the foreland o f the Vertes Mts. In otherwords, the grain size range >3 Ф (< 125 jam) constitutes more 
than 95% in the overwhelming majority o f the samples. Even more spectacular difference is observed 
in the case of the L -M  d i a g r a m s  between the Vertes-foreland and the Bakony area. The lower 
(crucial) stretch of the curves obtained for the Bakony boreholes—because o f the absence o f M values 
lower than 6Ф—cannot be plotted, as opposed to the case o f the boreholes in the Vértes Mts.

The curves of d i a g r a m  А - M  form approximately one cluster from which that o f borehole 
Pv. 980 is most striking. Over the curve-stretch with average M >9Ф the decrease o f the average 
grain size is accompanied by a slight increase of the width of the grain size range as compared to the 
other curve-stretch. A geological interpretation that might account for the phenomenon is unknown 
to us. A similar trend could be observed in the case of this borehole already in diagram L-M.

2. In calculating t h e  4 s t a t i s t i c a l  p a r a m e t e r s ,  average grain size (Mz), standard 
deviation (cq), skewness (Skl) and kurtosis (KQ), the method proposed by Folk-W abd (1957) has been 
used. Of the four parameters, the first two show sizable deviations.

In profiles of comparatively high thickness ( =>100 rn) t h e  M z - v a l u e s  vary from segment to 
segment. The best calibration in terms of such variations is possible for borehole Mór 15. The curves 
of the particular profile segments are, for t ie  most part, distorted Gauss-curves or possibly curves
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of rectilinear trend. In the medium size range there is a marked difference between the boreholes 
from the Vértes-foreland and the Bakony: Vértes-for eland: Mór 15: 4-11.5Ф (Fig. 22) ; 0.1822: 4-11Ф 
(Fig. 23) ; Pv. 980: 4-16Ф (Fig. 24); Bakony : Tés 27: 7-15.5Ф (Fig. 25); Ot. 84: 7-13.5Ф (Fig. 25); 
namely, the lowest mean grain size in the Bakony is by 4Ф higher than it is the ease with the Vértes- 
foreland. The scatter varies widely, the highest degree o f scatter being observed in borehole Pv. 980.

The scatter of the s t a n d a r d  d e v i a t i o n  (op in the boreholes is by and large the same 
as the scatter of Mz. The values are below 5 in all boreholes but Pv. 980, where <yl exceeds 10 in several 
cases (Figs. 22-25). In terms of the F o lk - W a r d  scale, the respective formations belong overwhel
mingly to the very poorly sorted category (2.0-4.0), though in boreholes Mór 15, Tt. 27 and Ot. 84 
values between 1 and 2, i.e. very poorly sorted rocks, are relatively frequent. In evaluating ov partic
ular attention must be paid to the very fine grain size and to the fact the separation into the fractions 
adopted was performed not according to the requirements of this method.

The s k e w n e s s ,  i.e. the parameter of symmetricity o f the distribution curve was determined 
on the basis of the following formula :

Q __ ^ 8 4  +  ^ 1 6 ~  2 Ф 5 0  Ф 5 0  +  ^ 9 5  ~~ 2  j> 5 0

Kl 2 (Ф84- Ф 16) +  2 (Фв5- Ф 5)

The calculated values vary between — 0.2 and +0.9. The extreme values indicate, in themselves, 
and this is confirmated by the frequency of the individual values, that the skewness in these boreholes 
is overwhelmingly positive. In other words, the energy of the depositional environment was for an 
anomalously long time lower than the average kinetic energy. In case of borehole Mór 15, the values 
decrease upwards and the curve has become subsymmetrical and the energy of the depositional en
vironment has become more equilibrated.

The k u r t o s i s  has been measured on the basis o f the formula

Ф 9 5 - Ф 5

0 2.44(Ф75 — Ф25) ’

Accordingly, curve types intermediate between flat (0.67-0.9) and subnormal (0.9-1.11) predominate. 
This is particularly characteristic o f boreholes Ot. 84 and Tt. 27, and even of the upper two-thirds 
of Mór 15. In the remaining boreholes the scatter is stronger.

The values o f Mz and ал have been calculated even for each particular borehole separately for 
the Tés Clay as a whole (Table 10).

The summarizing data too refer to what was described in connection with Figs. 22-25. Thus the 
major average values of the statistical parameters as obtained for separate profiles are also suitable 
for indicating local differences observable within the formation.

Thin section texture 
(Figs. 3, 6-7)

Thin sections have been made from all beds o f the formation which seemed to be suitable for being 
polished. Predominant in the texture pattern is the micritic type represented by a number of varieties 
and reflecting different hydrodynamic conditions (Pl. ХХУ, f. 2, Pl. XXVI, f. 3-4 and Pl. XXVII, f.
1-3), being characteristic mainly o f the lower half of the boreholes or occasionally of their two-thirds. 
Most common among the representatives of this type is b i o m i c r i t e  (Pl. XXV, f. 2). Its varieties 
of equal value, as interpreted from the point of view of the hydrodynamic regime they imply, are mi- 
crite containing 2-10% of biogenic detritus (Tt. 27, Ot. 84 and Zt. 61—with a few land-derived grains 
of silt size in the latter) on the one hand and a biomass almost totally devoid o f matrix (Munieria- 
lumachelles o f borehole Tt. 27—Pl. X XV I,f. 2—,Zt.61 and Cseh. 13 on the other). Along with the micri
tic matrix there are frequent lenticular, layered or irregular occurrences of details having a microspar- 
ry matrix representing a transition to the sparry cement (Pl. XXV, f. 3) and mosaic-sparry details 
of bird’s eye appearance that are frequently due to desiccation. In borehole Zt. 61, beside quartz or 
chert grains of silt size, intraclasts (and pellets) occur rather frequently, 2-20%, too (Pl. XXVI, f. 1). 
These pelletai layers, mainly with extraclasts and subordinately with intraclasts, appear in the other 
boreholes as well (Pl. XXV, f. 4), but in a more reduced thickness and occasionally only with a micro- 
sparry matrix (Cseh. 13 and Ot. 84). True, purely sparry cement within the formation is scarce. [Refer
red to as such, some samples from borehole Zt. 61 are, in reality, varieties belonging to the transitional 
grain size range (5-16 pm).]

Among the allochemical components, bioclasts are predominant (Pl. XXV, f. 1-2 and Pl. XXVI, 
f. 2). Irrespective of single samples from the upper interval, intraclasts (and the pellets that are often 
included in them) are subordinate throughout the vertical section of the formation, and oöids are
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completely absent. Small and fine clasts abound at Nagyveleg (borehole Xv. 1) and Súr (Pl. XXVII, 
f. 4).

Part a) of Fig. 26 illustrates the relation of two basic types of the matrix, b) represents the rela
tion o f the two groups of components and the extraclasts ( 4- land-derived grains). Accordingly, no 
distinction can be made between the boreholes on the basis of the texture pattern. Both diagrams 
indicate (very low values for sparite and for the intraclasts and pellets, respectively) a quiet, well- 
equilibrated sedimentary basin in which the fine elastics were spread like a sheet by steady sea cur
rents unaffected by any stronger fluctuation.

The average grain size of the allochemical components observable in thin section varies between
0.1 and 0.2 mm, whereas the maximal grain size does so between 0.2 and 2.0 mm. The roundness and 
coating o f the grains, features that can be determined quite rarely, shows values of 1 and 2.

Mineralogical compositiori

Carbonate distribution (Figs. 3, 5-7, 9, 11 and 13)
The rhythmicity in the behaviour of the curves obtained by smoothing the diagrams plotted from 

the results of carbonate analyses is rather seldom observed to coincide with the cyclothems based on 
the variegated patterns. The latter are, as a rule, a little bit outnumbered by the carbonate rhythms 
(8-10 and 10-12, respectively).

The curves form two groups that can be interpreted even paleogeographically. The first group 
(Tt. 27 and Ot. 84) is characterized by a low average carbonate content and its rather little fluctuation, 
as opposed to the higher carbonate content and large-scale fluctuation of the other group (Zt. 61 and 
Cseh. 13). A further difference is that the first (and even the first two) rhythmus in the case o f the 
first group show a declining trend, while showing a rising one in the case of the second one. Four basic 
types of the rhythm can be distinguished (Fig. 27). These vary in frequency from borehole to borehole 
within the group. The highest frequency is shown by the type of rising trend which is characteristic 
of the lower and the upper parts of the first group except for borehole Cseh. 13, the upper boundary 
of which is formed by a fault. The curves in the shape of a more or less distorted bell and the well- 
equilibrated type are substantially less frequent.

The carbonate values on the diagrams may be regarded, in almost all cases, as representing cal- 
cite. This is so, in spite of the fact that the gasometric résulte obtained for borehole Cseh. 13 did sub
stantiate a dolomite content of 2-18% in all samples, whilst the X-ray diffraction measurements in
dicated a maximum of 4% in three samples only. On top of that, the X-ray diffraction results indi
cated the presence of dolomite (11% and 2% respectively) only for one sample from the borehole Tt. 
27 and one for the quarry of Istenesmalom. These samples represent four rock types : grey or variegat
ed claymarl, grey siltstone and limestone, respectively. Accordingly, the most probablejmode of genesis 
was clastic redeposition. In addition to the foregoing, the X-ray diffraction measurements detected, 
from single samples, the following carbonate minerals: 42% aragonite (borehole Cseh. 13), 10-25% 
siderite (Tt. 27, Ot. 84 and Zt. 61), 2% rhodochrosite (Pintér-hegy quarry).

Other minerals (Figs. 3, 5 —7, 9, 11 and 13)
According to the X-ray diffraction results, the leading role among the clastic minerals is played, 

in a varying measure though, by quartz which is represented in all samples but two layers of borehole 
Ot. 84, being present in an average of 10-25%. Some of these seem to represent, even when viewed in 
the light of thin section and micromineralogical analyses and megaloscopic observations, chert weath
ering products deriving from the Lower and Middle Cretaceous and the Jurassic.

Remarkably enough, the quantity o f siliceous clasts in the basal layers o f the Tés Clay in the 
boreholes that have intersected bauxite is below the detectability limit (Ot. 84) or is infinitesimal 
(Tt. 27:3%).

The clay mineral group is of crucial importance in the mineralogical composition of the rocks of 
the formation. Their most common representative is illite (average 20%, maximum 35%). Similarly 
common, but less frequent is the mixed-layer illite-montmorillonite. Attaining an average of about 
5% and usually absent in the middle third of the formation, montmorillonite shows a considerable 
quantitative variation. Its enrichment in the basal layers of the formation, however, is striking. Its 
highest frequency is 60%, occurs in the lowermost layer of borehole Cseh. 13. On the Lókút hill, at 
about 1 m above the Mogyorósdomb Limestone, there is 5 to 10 cm of apparently almost pure ben
tonite. The share of montmorillonite is similarly high in the argillaceous layers exposed in the quarries 
of Pintérhegy (39%) and Istenesmalom (49%), too. Its most modest quantity is observed above the 
bauxite (boreholes Tt. 27 and Ot. 84).

Kaolinite is very scant, showing a slight enrichment in the lower part of the formation. Its only 
strikingly high value (41%) occurs in borehole Cseh. 13.—The average quantity of kaolinite-chlorite
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and chlorite is about 10-15%.—The iron minerals are most frequently represented by a mineral that 
was identified as goethite by X-ray diffraction measurements and as limonite by thermal analysis, 
being most preferentially associated with red or red-variegated layers. In a pisoid-elastics layer expos
ed in borehole Tt. 26, the quantity of goethite may reach even 50%, whereas in the nucleus o f the pi
soid this figure may be as high as 93%. As shown by mineralogical studies, the quantity o f limonite 
is considerable in some layers exposed in the quarry o f Pintér-hegy as well (Fig. 28). Hematite was 
identified only in one sample each o f two exposures near Zirc (Figs. 13 and 29) in quantities o f 14 and 
18%, respectively. Pyrite is found, in a sizeable amount, only in the upper third (Fig. 7) o f borehole 
Cseh. 13 (max. 12%). Feldsparis very poor (Figs. 5 and 6).

Micromineralogy (Figs. 28 and 29)
The heavy mineral content of the formation is rather poor, attaining only 0.01-4.00% o f the total 

micromineral content as measured for the 0.1-0.2 mm fraction.
Borehole Zt. 61 is characterized by the predominance of tourmaline and zircon, Ot. 84 by that 

o f magnetite and garnet. From the latter, baryte (max. 82%) is also worthy o f mention. In the rather 
poor heavy mineral composition of the single samples recovered from boreholes U. 421 and Tt. 27 
(0.02%), limonite is crucial (64%).

Most frequent evaluable microminerals (the highest number of specimens given in brackets): 
magnetite-ilmenite(58),tourmaline (52),leucoxene(16),garnet (25), zircon (10), augite (3), hornblende 
(3) and, from the light fraction, feldspar (7) as well as microcline, oligoclase and andesine. The pat
tern thus obtained suggests primarily an intrusive magmatic or metamorphic source or a secondary 
redeposition. Augite, hornblende, feldspar and resorbed magnetite, minerals suggestive o f a volcanic 
source, as well as the quartz grains belonging to this category are subordinate in significance. The 
magnetite grains are locally present in a great number. However, if we accept that the limonite in 
the bentonitic clay forming the base and filling fissures in Liassic rocks in the quarry o f Pintér-hegy 
(Fig. 13) is a secondary mineral after magnetite-titanomagnetite so the assemblage of augite, horn
blende and pyroxene and the volcanogenic quartz and andesine grains combined may attain 30.1 
weight% of the totál number o f grains.

In the light mineral group the leading role belongs to chert and quartz.

Geochemical characteristics 
(Tables 11 and 12)

The spectral analytical results have been averaged as a function o f carbonate content and basic 
rock colour per borehole (Table 11).

In layers of low carbonate content, V and Ti are enriched, but Ga, Pb, Cu and even Ba also seem 
to belong to this group. Sr is associated with carbonates, but Co and Ni too give higher values here! 
В and Cr behave controversially. The grey layers show the enrichment of B, Mn, Pb, Ni and possibly 
also Co. Moreover, Sr and Cr may perhaps also get enriched which is a consequence of the concentrat
ing influence, along with clays, of the organic matter (and the skeletons of organisms). In the variegat
ed layers no noteworthy enrichment is observed, but the limonitic pisoids show considerable accu
mulations of elements (borehole Tt. 27, 26.5 and 26.6 m; 100-250 ppm Pb, 16-100 ppm Mo and 
160-400 ppm Zn).

The siderite-bearing sample o f borehole Zt. 61 contains 100 ppm Co and 100 ppm Ni, whereas the 
limonite-banded clay at the base o f the quarry of Istenesmalom contains 250 ppm Cu, 600 ppm Ni 
and 160 ppm Co.

As shown by studies on the relationship between the colour of argillaceous rocks and the micro
element content (Table 12), the concentration peaks o f Be, Y  and Zn and also o f Co, Mo and V in 
case o f red and brown colours are noteworthy. On top of that, argillaceous rocks of red colour show 
a marked enrichment of Pb and the poorer presence o f Cr and also a marked minimum of Ba, Mn and 
Sr. Brown and red colours are equally accompanied by a low В content, while purple and grey col
ours correspond to a high В content. Grey colours are accompanied by higher Sr and Ti ( !) contents and 
lower Ni values.

From the genetical point o f view too, it is worthy o f mention that the montmorillonite-rich clay 
in the basal layers and in the Liassic limestone fissures of Pintér-hegy quarry has a high Y  content 
(600 and 1000 ppm, respectively) and that, in one measurement, its La, Ce and Sc contents can be 
assessed, too.

Chemical analyses are available only for two limonitic layers from the quarry o f Pintér-hegy 
(Fe20 3: 5.11 and 4.7%, MnO: 0.16 and 0.04, respectively).
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Content and maturity of organic matter
As measured for one sample from borehole Zt. 61, the amount of organic carbon is comparatively 

high: 0.63% (!), the conservation index being 2.00. Results obtained for five earlier samples: 0.13% 
organic carbon, 0.012% bitumen and a maturity index of 1.43 (Bihari et al. 1978).

Well-logging characteristics 
(Fig. 30)

Of a great number of boreholes that have cut the Tés Clay, only six are documented, as shown by 
M. Lantos, by well-logging results. Obtained by different methods and techniques, these results are 
of varying quality and reliability.

Accordingly, the formation can be divided into two parts—a lower more calcareous one and an 
upper more argillaceous one.

Oroszlány О. 1825 246.0-350.0 m 350.0-454.0 m
Mór M. 15 86.0-177.0 m 177.0-276.0 m
Súr Sr. 1 336.0-510.0 m 510.0-560.0 m
Zirc Zt. 61 21.0-58.0 m 58.0-84.0 m
Tés Tt. 27 6.0-50.0 m 50.0-51.5 m
Olaszfalu Ot. 84 71.0-104.3 m 104.3-110.5 m

The lower interval of the profiles is characterized by a high degree of inhomogeneity, the peaks 
of higher resistivity showing a downward increase in frequency. The specific resistivity is about 12-30 
ohm/m, that of the more calcareous beds being about 200 ohm/m. There is some liability to becoming 
cavernous.

The upper interval is somewhat less homogeneous as compared to the lower one, being differen
tiated into 0.5-2.0 m thick layers. The specific resistivity is 12-20 ohm/m, though the interval in 
question includes, in varying frequency, intercalations that gave 40-60 ohm/m. The liability to becom
ing cavernous is variable.

Possibilities for correlation

Because o f differentiation into subbasins and into further sub-units, the chances for carrying out 
a layer-by-layer lithological correlation of the formation are limited to distances o f a maximum of a 
few hundred metres. The possibility for paleontology-based correlation is much more favourable (pro
posed biozones). Anyway, a chronological correlation is not possible in this case either, as merely facies 
can be correlated, similarly to the case with the lithostratigraphic units. The less so, the occurrences 
in the Vértes-foreland and at Úrkút are not suitable either for chrono- or for lithological correlation.

Facies- and ecological characteristics of the Tés Clay Formation

The physical, chemical and morphological conditions that existed during the deposition o f the 
Tés Clay Formation can be reconstructed in the light of the sedimentological features, the mineralo- 
gical, petrographic and chemical composition of the sediments and, last but not least, on the basis 
of the fossil record.

Salinity

The shallow-marine beach environment must have been a sedimentary terrain that was sensi
tive even to minor subsidences or uplifts o f the bottom, where, along with euryoecous groups, there 
was an alternation of stenoecous groups o f varying composition. The distinction of facies in terms of 
salinity is based, in our case, basically on the distribution of the ostracods and the megafauna. Their 
assignation and distribution per borehole are shown in Fig. 8 and Supplements II-V . The differences 
between the used categories have not represented any substantial handicap to evaluation.

The assignation to categories, however, is pregnant with some uncertainty, as in many cases only 
the generic or family-level relations o f a particular species can serve as a basis for assignation or as 
the ecological demand o f a taxon may considerably change in time. For example, individuals of the 
genus Darwinula now thriving in freshwater environments were found by Gramann (1971) in a hyper
saline environment (anhydrite beds) as well. From that observation, drew the conclusion that the 
representatives of that genus might have had substantially more tolerance to changes in ecology than 
it was the case with the living Darwinula. Further problems in categorization and interpretation arise 
for example in connection with Cyprideis which are represented in modern times in enviroments rang -
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ing from freshwater to hypersaline. Figuring in the freshwater group, Rosacythere baconica seems to 
have favoured most the freshwater environments, though, apparently enough, they endured poorly 
saline environments as well.

In spite of the foregoing, it is primarily the almost omnipresent representatives of Ostracoda that 
have served as a basis for a layer-by-layer determination of salinity. The profiles showing the distribu
tion of fossils in numbers of specimens (Fig. 31) testify to the presence of a formation of oscillation ori
gin in which there is a variation of facies from freshwater to full-marine. The profiles of Tt. 27 and Ot. 
84 correlate particularly well. In the lower interval of these, from the bottom of the hole up to 10 and 
5 m respectively, the most significant correlation element is provided by a sea ingression with an asso
ciated brackish-water fauna. Before a new transgression, this one already of larger extent, two minor 
ingressions could be inferred only from the record o f borehole Ot. 84. An additional deviation is the 
fact that the transgression in the 83th m of Ot. 84 is followed, higher up, by the progressive establish
ment of a completely freshwater regime and, eventually, by a slight ingression which, prior to the 
advent of the full-marine environment of the Zirc Limestone, was succeeded by a new and rapid fresh
ening. The transgression in the 18th m of borehole Tt. 27 was not replaced by the establishment of a 
completely freshwater regime. The freshwater taxa present themselves only with an oscillative char
acter and the same holds true of their becoming predominant.

The Ostracoda-based facies pattern of borehole Zt. 61 does exhibit some resemblance to the for
mer, as far as the basic features are concerned, but there are marked differences, too. The lower in
terval constituting nearly two-thirds of the borehole is dominated by freshwater forms. However, 
as a result of oscillations, the brackish-water forms, and in four instances even the marine ones, occur 
almost in the whole vertical range of the formation. These oscillation phenomena, however, correspond 
only approximately to the three ingressions recorded in Ot. 84. The upper interval, accounting for 
more than one-third of the borehole profile, is characterized by an incontestable predominance of 
marine environments, interrupted thrice by a slow and regular freshening trend.

Parallel to the rise above the normal full-marine value of salinity and to its fall below that value, 
respectively, the number of species decreases at the same rate, whereas the number o f individuals 
often shows a diametrically opposite trend of variation. Extreme examples for this phenomenon are 
represented by the Ostracoda lumachelles (Pl. XII, f. 2 and Pl. XIII, f. 1-2) and the frequent luma- 
chelle-like Ostrea bioherms or, less frequently, by the Ostrea-Ostraeoda assemblages (Pl. XIII, f. 3).

The aggregate facies curves (Supplements II-V) were plotted, along with consideration o f the 
foregoing, by relying on the basis of other fossils as well. Let us say a few words about the possible 
uses of some of them. The representatives o f Chara have been considered, as a whole, as freshwater 
elements. The overwhelming majority of the about 300 now-living species are residents of freshwater 
lakes and only a few species are found in brackish-water environments. The genus Munieria concurs 
usually with Chara (Pl. XV, f. 3, Pl. XVI, f. 2, 4 and Pl. XVIII). For this reason, I have evaluated 
the afore-mentioned genus too as representing, completely, a halophobe element. For similar reasons, 
the other (tubular) forms referred to as calcareous algae have been interpreted in the same way (PI. 
XIV, f. 11-12, Pl. XVIII, f. 1 and Pl. X IX , f. 5-6). The bryozoans (Pl. X X , f. 2 and Pl. XXV, f. 2), 
however, have been regarded as marine elements notwithstanding the fact that they have some mod
ern representatives living in freshwater. From among the Foraminifera, only the forms belonging to the 
euryhaline Miliolidae family are capable of enduring any marked decrease in salinity (Pl. X, f. 1).

The aggregate facies pattern of the individual boreholes resulting from this procedure matches 
basically that based on Ostracoda (Fig. 31), being richer in details and probably more realistic as well.

The changes in salinity from subarea to subarea are reflected by the distribution of the aggregate 
number of taxa as well (Table 13). Accordingly, the thickness conditions of the particular facies are 
but very weakly reflected in the number of taxa (borehole Zt. 61 and Ot. 84). What is quite clear 
is, however, that boreholes Zt. 61 and Cseh. 13 were more intimely linked both with each other and 
with the sea environment than it was the case with the other two.

Getting enriched in a stratiform or pisoidic pattern mainly near the base o f the sequence, the 
iron minerals suggest a freshwater environment on the way of dessiccation (but without precipitation 
of dolomite or salts).

Water depth

The overwhelming majority of the fossils from the formation must have had a habitat that varied 
in a wide depth range. The relative abundance o f fossils, however, testifies to a completely shallow- 
water sedimentation. In addition, there are some fossils—mainly algae (e.g. Pl. XX, f. 3-4, Pl. XXI, 
and Pl. X X II, f. 1-3)—allowing further precisions in bathymetry. A limit to the depth penetration 
o f Dasycladaceae species is set by the availability of light, i.e. the depth of light penetration, but ma
jor masses of this organism occur deeper than 20 m only in exceptional cases.

The present-day Characeae species are found down to a maximum depth of 30 m, but virtually
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large masses live as a rule only at a water depth o f 1-2 m. The various afore-mentioned algae usually 
occur together. Thus we have good reason to suppose that the water depth varied for the most part 
between 0 and 20 m, more precisely, that in case of Tt. 27 and Ot. 84 it was rather the smaller depths, 
while in case of the other two boreholes rather the greater depths, that prevailed. Depths greater than 
this (20-40 m) in a freshwater-lacustrine environment is likely to have been the case only with bore
hole Cseh. 13, in its 252-262 m interval. Similar seems to have been the water depth recorded in the 
lower third of the boreholes in the Vértes foreland and also in the Bakony Mts during the full-marine 
phase which corresponds to the upper third. This can be inferred not only from the existence of the 
transgression, but also from the fact that this latter phase was that in which the algal forms enduring 
even greater water depths appeared: representatives of Archaeolithothamnium (Pl. X X , f. 3 and PI. 
XXV, f. 1) and Acicularia (Pl. X X I, f. 4).

The larger masses of coalified vegetal remains (Pl. VIII) and carbonaceous clay layers observed 
in some places—mainly in the lower interval o f the borehole Tt. 27 or even more in their upper inter
val (Tt. 27, Pgy. 4, Pgy. 5 and Balinka Ba. 287)—suggest shallow-water (1-2 m) conditions. The 
Liostrea lumachelles indicate a water depth in no case below the wave-base which in a lagoon split 
up into subbasins could hardly be more than 10 m.

Similarly, a water depth of a few m is indicated by the phytophagous gastropods such as Cerithi- 
um, Calliostoma, Pseudomelania, etc. Although occurring even at a depth of 4000 m, the sea urchins 
are most frequently found in a shallow-water sea near the shoreline.

Traces of roots (Pl. VI, f. 3), intraclasts and variegated beds, frequent and thick, especially the 
brownish-red and purplish-red ones containing ferric iron minerals suggest periodically waterlogged 
basins.

Distance on the shoreline

The position o f the shoreline can be determined in this case basically in two different ways, regard
less of whether a continent or an island is being dealt with. Information on the position of a landmass 
is provided by the sporomorph spectrum of the formation being studied.

The spore-pollen assemblage, which is rich specifically and diversified in spite o f the frequent 
occurrence of variegated layers (Pl. X X III and Pl. XXIV), indicates, as a whole, the closeness of the 
shoreline. This information matches very well with the fact that the greatest variety o f forms is ob
served in the basal 5-20 m of the boreholes, Cseh. 13 being the only exception to the rule. It is here 
that the bodily largest moss spores appear (Pl. X X III, f. 1, 4-5). The higher intervals of the profiles 
are characterized by the relative abundance of gymnospermous (Pl. XXIV, f. 6, 8) and small angio- 
spermous (Pl. XXIV, f. 9-19) pollen grains that are more easily transported by the winds—an obser
vation suggesting a shoreline situated a little bit farther away. This can be read o ff the log of Zt. 61 
particularly well.

The other method consists in interpretation of trends inherent in the aggregate formation thick
ness values and of the pinchings-out of the beds lying immediately under the footwall, the information 
thus obtainable being suitable for a reconstruction of the shoreline at the maximum o f extension of 
the sedimentary basin. In the present case, the information provided by the overlying Zirc Limestone 
fixes the SW shoreline between Úrkút and Padragkút (Fig. 32). On the basis o f the profile between 
Súr 1 and Tt. 27 the SE shoreline can be traced at a distance o f about 4 km S o f Tés. Because o f the 
rapid and steady subsidence of the NW side, in the light o f the homogeneous coarse elastics, the 
shoreline corresponding to the lower interval of the sequence can be drawn relatively nearby, 
whereas the mature material of the upper interval rather suggests a considerably greater distance to 
the shoreline.

Water agitation

Both the svelt representatives o f Chara and the extremely fragile tubular calcareous algae require 
a less turbulent, quiet-water habitat, where, however, the prerequisites for the exchange of the dissolv
ed oxygene content o f the water are granted. The large populations of Ostracoda, the thin-shelled 
Lima, Linearia and Corhula species on the one hand and forms like Caryotis and Mytilus, Trigonia, 
Aporrhais and Ampullaria on the other had one feature in common and that was their liking a muddy 
bottom of a landlocked sea with nonagitated waters. The same information is yielded by the carbona
ceous clays.

The conclusion that can be drawn form the interpretation o f the granulometric reasults coincides 
with the foregoing inasmuch as the statement is added that weak sea currents of low transporting 
capacity must have arrived—and periodically revived mainly in the Vértes foreland—from the Súr- 
Nagyveleg area.
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Water temperature, climate

The formation has no such stenothermal faunal group that would give convincing information on 
the temperature regime of seawater. Since identical or related faunal elements occur mainly in the 
Tethyan province, assumptions suggesting climatic conditions similar to the Tethyan ones seem to be 
well- moti vated.

R. H. Bate (1971), who studied samples from one-two metres depth of Abu Dhabi lagoon in the 
Persian Gulf, pointed out the presence in them of Cytherella species, Paracytheridea and Cytherelloidea 
sp., that are related to taxa occurring in the Tés Clay as well. The annual temperature o f the water 
in the year of sampling varied between 22 and 34 °C which, o f course, can be just informative for 
judging the temperature regime of the Albian sea.

Warm, for the most part humid and periodically dry tropical conditions are suggested by the 
terrestrial (palustrine) floral pattern and by the high degree o f oxidation characteristic o f the bulk 
of the sediment. On the basis o f the presence of bauxite both in the underlying beds and the overlying 
Zirc Limestone, there is good reason to suppose that the process of allitization continued in the inter
mediate period as well which also implies a tropical climate (Gy . Bábdossy 1977: a temperature of 
20-26 °C, an amount o f annual precipitation of >1500 mm and a dry period o f 1 to 4 months duration 
every year).

The influence of land

The influence o f land at the base of the formation, W  of the Eplény-Kardosrét line is reflected 
in the (local) chert detritus deriving from the closest neighbourhood, as observed mainly in the Úr
kút area. The abundance o f sands consisting overwhelmingly o f quartz in a higher horizon suggests a 
more remote source area mainly in the Vértes foreland, but the Permo-Mesozoic formations that 
may have already been exposed by that time in the N Bakony cannot be excluded from among the 
source areas either.

The most probable source o f rocks that are common to the formation and that belong to the pre
dominant clay and silt fraction appears to have been in the Veszprém Marl Formation, but redeposi
tion of Lower Triassic and Lower Cretaceous rocks must also be reckoned with. The volcanogenic 
minerals represented in traces in the higher horizons may derive from the Middle Triassic Buchen
stein Formation as well.

The age of the Tés Clay 
(Fig. 33)

Palynology has been crucial in dating the formation. Prior to the discovery o f angiospermous pol
len grains, the formation was dated palynologically—in compliance with other results—as Late Ap
tian. The discovery of angiosperme (Pl. XXIV , f. 9-19), however (F. Góczán, in E. Nagy 1971), led 
to a crucial change that resulted in redating the Tés Clay as of Albian age. On the basis o f a detailed 
examination o f a lot of boreholes, M. Juhász (1979a-c) did not simply verify and confirm the above 
statement, but he pointed out that the age of the formation could not be older than Middle Albian. 
The Crassipollis deakae palynozone established by him is one of chronozone value. On the basis of 
additional studies that encompassed the Vértessomló Siltstone as well, this zone seems to be suscep
tible to further subdivision. Palynology may also be helpful in enabling us to confirm the arrangement 
o f the Middle Cretaceous formations as outlined in the preceding chapter and to point out their be
coming “ younger” to the SW as inferred from the facies distribution pattern. In the Tés Clay interval 
o f borehole Ű. 421, four fern spores appear that become predominant in the Pénzeskút Marl (see 
Sporomorphs). An Albian age is indicated by the occurrence of a lot of gymnospermous pollen grains 
(inaperturate pollen grains referring to Araucariaceae, monosulcate pollen of Cycadaceae, etc.).

However rich, the megafauna as a whole—with a view to the occurrences in Spain, France, Swit
zerland, England, North Africa and India—does not add any further precision to the Albian dating.

From the rich foraminiferal assemblage, Choffatella decipiens (Pl. XII, f. 1) marks the upper age 
limit of the formation, Orbitolina (0 .)  concava sets the lower limit, both within the Albian. Other forms 
such as the representatives o f Flabellammina and the Pseudotextulariella genus seem to confirms this.

Middle Albian is obtained for the most probable age of the formation even in the light of the table 
summarizing the distribution o f Ostracoda in Central and Western Europe (Fig. 34) : Pontocyprella 
maynci and Cythereis bartensteini, etc. provide the lower age limit, Dolocytheridea bosquetiana, Meta- 
cyther opter on euglyphea, Saida nettgauensis, etc. the upper one.
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ZIRC LIMESTONE FORMATION

Research history

In spite o f their joint occurrence, the Tés Clay and the Zirc Limestone considerably differ in 
their history o f understanding. In accordance with this, the stages o f their research history are also 
different. The latter was discovered earlier, but the former, because of its being underlain by bauxite, 
has been studied more profoundly.

I. P e r i o d  o f  d i s c o v e r y  o f  t h e  f o r m a t i o n :  1861-1878. Its early discovery 
was owed to its being overwhelmingly massive, its liability to forming a craggy relief.

The first reference derives from F. Hauer who reported Caprotina and Radiolites from the vicin
ity o f Bakonybél and Zirc at an annual meeting of the Reichsanstalt held on 28 May 1861. In his 
report o f 31 July of the same year, commenting the results o f mapping carried out by G. Stäche,
К. M. Paul and himself, he confirmed his earlier statement and added to it, without quoting the lo
cality, that, among other fossils, Nerinea and Ostrea had been observed to occur above the reef-build
ing organisms.

The first description o f the formation was given, under the title ‘ ‘Schichten von Zirc” and “Schich
ten von Lókút” similarly by F. Hauer in 1862. He assigned similar limestones from the Úrkút area 
to the Zirc Beds, too. In the Lókút Beds he recognized Exogyra instead of rudists.

Similarly in 1861-1862, G. Stäche was the first to refer to the Caprotina limestone. He was 
the first to point out that the Caprotina limestone was a true formation of S Alpine facies not only 
as far as its fossil content was concerned but on account o f its lithological features and area of occur
rence as well—a formation that v as known under the name of Schrattenkalk in the western part of 
the E Alps, the Vorarlberg, and in the Swiss Alps.

J. BÖCKH (1874) used the term urgon for the occurrences in the vicinity of Úrkút. M. Hantken 
(1878) divided the uniform limestone sequence faunistically into three units: one with Radiolites, 
Caprotina and Nerinea at the base, one with Rudista in the middle, and one with Globiconcha and 
Turritella at the top. The age o f the formation was considered by him as Neocomian or even younger.

II. P e r i o d  o f  r e - d a t i n g .  It was after a pause of more than a quarter of a century that 
references to the formation under discussion appeared again in the literature. All these publications 
but the monograph o f L. Lóczy Sr (1913) contained no information of value other than giving a 
younger age (Gy . Princz 1904, J. Staff 1906-1907, H. Taeger 1909, 1911 and 1912). In Lóczy’s 
monograph a rich megafauna and some Orbitolina species are also mentioned from occurrences in the 
Úrkút area.

III. T h e  p e r i o d  o f  d e t a i l e d  s t u d i e s  still being carried on these days began with 
the work o f H. Douvillé (1933). On the basis of his detailed study of the rich megafauna, H. Douvillé 
dated the formation as of Albian age. On the basis of the geological features—primarily the fossil con
tent—J. Noszky (1934) distinguished three horizons: Requienia limestone, Orbitolina limestone and 
grey thick-bedded limestone. He drew the Aptian-Albian boundary between the Orbitolina li
mestone and the thick-bedded limestone. G. Teleki (1936) judged the Orbitolina limestone (and 
the adjoining formations) to be o f N Alpine facies. E. Vadász (1953) regarded the individual members 
as being at least partially isochronous facies counterparts.

Since the 1950’s the formation has been referred to by everybody as Albian in age (E. Vadász 
1953, E. Vadász-J. Fülöp 1959, E. Szörényi 1961, L. B. Czabalay 1962).

J. Noszky was the first (1953), after a long span of time, to emphasize the identity of the N Ba
kony and S Bakony limestones in spite o f the differences in geological features between the two. The 
same opinion was subsequently expressed by L. B.-Czabalay (1962).

K. Méhes (1964) studied the Orbitolina forms of the formation, A. H orváth (1966) described 
the representatives of Lamellotis as a new family (Chondrodonta).

J. Knauer (1966) introduced the terms “ microfaunal limestone” and “ lower faunal horizon” . At 
the same time, he discovered an internal hiatus of local significance, too. J. Mészáros (1968) observed 
that the limestone locally transgressed beyond the reach of the Tés Clay Formation. The term “Úrkút
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Limestone” was for the first time used for the S Bakony occurrences by M. B. G e l l a i (1973a) who 
gave the first detailed description o f its microfauna, too.

The cyclic development of the occurrence in the Úrkút area was reported by G. Cs á szá r  (1981) 
as a corollary of his detailed analysis of borehole Padrag Pa. 7. He pointed out that not only the cycle- 
initiating parts (marking an emergence) of the alternately reefal and lagoonal limestone sequence, but 
also its apparently non argillaceous beds contained some redeposited bauxite minerals.

Geographical and geological setting

Irrespective of some minor deviations, the Zirc Limestone Pormation (Pig. 35) agrees in extension 
with the underlying Tés Clay (Pig. 2). In other words, it can be traced, with smaller interruptions, 
along the axis of the Central Range between Padrag and Oroszlány. It grades with a rapid, but con
tinuous development out of the Tés Clay. Over a small area between Úrkút and Padrag it is underlain 
by Jurassic formations. At its NE ending a Környe Limestone Formation similar in geological fea
tures to the Zirc Limestone, but unsuitable for further subdivisions can be found not as an underly
ing formation but rather as one providing a kind of frame. Its original overlying rock is represented 
by the Pénzeskút Marl Formation which at Bakonynána and W  of Olaszfalu is for the most part con
tinuous, being elsewhere discontinuous with hiatuses linked with karstification phenomena. In the 
Úrkút area its original overlying rock is unknown.

Lithostratigraphy of the Zirc Limestone Formation

Motivation of name

The lower, most characteristic part of the rocks referred to jointly as Zirc Limestone Formation,
i.e. the Caprotina, Radiolaria limestone, was described, for the first time by F. H a u e r  in 1862 who 
referred to it as Zirc Beds (Schichten von Zirc). Eventually, this term was supersessed for a long time 
by a lot of names of paleontological origin. Its revival in recent years has been motivated not only by 
priority considerations, but also by the circumstance that the locality lies at the centre of its area of 
occurrence. A list o f synonyms o f the formation is given in the Hungarian text.

Surface stratotypes |

On account of its massive or bedded habit, the formation is represented by a lot of outcrops. Dur
ing the last 1 :20,000-scale mapping program a total o f nearly one thousand and a half (1391) out
crops were distinguished. In spite o f this fact, the lower boundary stratotype could not be designated.

Olaszfalu, Eperkés-hegy (Fig. 36)
On the hilltop, a natural rock wall and its uncovered extension (Plate XXVIII) have exposed 

the lower, member-rank unit o f the formation (with rudists) and the transition into the so-called 
microfaunal limestone. The lower half o f the profile, as observable in the rock wall, is massive or, 
subordinately, thick-bedded, its upper part being thick-bedded, but interrupted by some thinner 
beds. The rhythmicity of the profile is typical principally of the upper half. The base of the rhythms 
is constituted by a rudist-free rock with small bioclasts, its upper segment, making up the bulk of the 
rhythms, being composed of layers abounding with rudists (Pl. X X IX ). The typical colour of the rock 
resembles to coffee heavily diluted with milk.

The first rhythm (layers 0-4) is characterized by the relative abundance of rudists. Slight argillization leads 
over into the second rhythm. At the base o f the second rhythm (layers 5-9) a gastropod- and bivalve assemblage 
o f  rather diversified composition can be found. It is here that rudists o f cluster habit appear for the first time. The 
third rhythm (layers 10—Í5) — and especially its lower and middle thirds — are characterized by small rudists coalesc
ed into cluster groupings (Pl. X X IX , f. 2). Characteristic features o f the fourth rhythm (layers 16-18) are a series 
o f  peculiar (grid-like) karstie caverns and the presence o f an ahermatypieal coral, the only one occurring in the 
whole sequence. The further rhythms (5, 6, 7 and 8) are constituted by pairs of layers. The lower layer is oöidic 
or quite sporadically oncoidal and sometimes rhodophyte-mottled. The upper layer Is characterized by the occur
rence o f large rudists in it.

Profile Jásd 2 (Fig. 37)
The profile in the quarry of Jásd comprises the middle segment of the formation. Similarly to 

the case of the other profiles, the microfaunal, Orbitolina-bearing units cannot be but quite inde
finitely designated, unless microscope facilities are used.
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The uncertainty of drawing a boundary is characteristic of both the lower and upper boundaries 
of the “ Orbitolina limestone” . The limestone is of the coffae-with-milk or pale-grey colour, small- or 
possibly medium-grained with few, not unfrequently detrital Orbitolina specimens and some bivalve 
and gastropod sections. The thickness of the layer is 30 to 100 cm, its rather vague internal stratifi
cation being due to the presence of black or yellow, often stylolitic, clay-filmed surfaces in between. 
Pyrite nodules 1 to 4 cm in size are conspicuous.

The so-called “ lower faunal horizon” is ochre-yellow to yellowish-brown limestone attaining near
ly 2 m in thickness and composed of beds 20 to 50 cm thick. The lack of sorting, the bioclasticity 
and the upward increase of grain size are the typical features. The predominant faunal element is 
Rhynchostreon of lumachelle-like appearance, though various representatives o f bivalves and worm- 
tubes are quite frequent, too. In addition, some gastropods, echinoids and, quite seldom even single 
corals and orbitolines can also be observed. In the lower segment there are some pyrite lumps on the 
way o f limonitization, forming cavity- and fissure fills. Higher up the profile, the rock contains grad
ually increasing amounts of limestone or marl lenses deriving from the overlying unit that are of 
greenish-grey colour, glauconitic, sometimes densely clay-filmed with a fine or small-bioclastic texture. 
Over the upper 20 cm interval glauconitic limestone and marl are getting the upper hand, and the 
characteristic limestone o f the unit under consideration often takes on the form of hardly rounded 
gravel. The pebbles and the cavity walls are coated by an olive-green clay film.

The “ thin-bedded limestone”  forming the upper unit consists of 20 to 60 cm thick beds. It is 
o f grey to greenish-grey colour, heavily glauconitic at its base, becoming gradually less so higher up 
the profile (Pl. X X X , f. 1), being silty, fine-sandy (with pale-yellow calcareous sand grains in between) 
and rich in coalified plant remains varying between 1 and 15 mm in size. Sea urchin fragments are 
quite frequent and worm-tracks are frequent, too. The contacts between the layers are provided by 
a clay film.

Bakonynána, Zsidó-hegy (Fig. 38)
Exposed in the roadside in the Gaja brook valley—an outcrop now protected by nature conser

vancy legislation—are the topmost, nearly 2 m thick segment of the uppermost, member-rank unit of 
the Zirc Limestone (“ thin-bedded limestone” ) and the lower layers o f the Pénzeskút Marl Formation, 
and the samples analyzed were also taken from here. After this work had been completed, the profile 
was extended down to the level o f the “ lower faunal horizon” of the Zirc Limestone. Its 14 to 40 cm 
thick beds consist of pale-brown or pale-grey, small- to medium-grained limestone which is bioclastic— 
for the most part with some detritus of echinoderms—and glauconitic, mainly in the upper layers, 
containing coalified plant detritus. In the upper segment o f the limestone, the elements of the bundle 
are cross-bedded. The base of this bundle is formed by minor cycles o f graded texture, from 3 to 4 
cm thick. The deeper beds are characterized by a maze o f tubular fills of bioturbation origin, 1.0-1.5 cm 
in diameter, with a great number o f regularly ramified tubes (of Ophitomorpha character — Plate 
X X X I). This horizon has yielded 1 well-rounded, redbrown chert pebble (griding-stone ? ) 4 cm in 
diameter, too. As a mark of transition into the Pénzeskút Marl Formation, the upper bed shows the 
appearance of clay-filmed surface concomitant o f nodularization and locally clay joints, respectively, 
with a m arked glauconite enrichment and an increase in the sand content—feature that will intensify 
in the further course of development, becoming, ad interim, even predominant. Simultaneously with 
nodularization, along with pebbles constituted by ammonite fragments o f varying degree of fossili- 
zation and redeposition, there appear some limestone clasts of 1-5 cm size having the same lithology 
as the underlying limestone, being observable over a 15 to 20 cm segment.

Stratotype sections in boreholes

Borehole Olaszfalu Ot. 84 (Fig. 39)
The drill has intersected, in a thickness of a little bit less than 50 m, the whole Zirc Limestone 

Formation showing continuous transitions both up- and downwards. Only four units can be sing
led out in the profile :

Grading out o f the limestone o f the Tés Clay Formation with an appearance o f radist shell fragments (70.2 m) 
and extending up to 53.5 m, the so-called Requienia limestone is overwhelmingly o f coffee-with-milk colour, thick- 
bedded, strongly bioclastic and containing varying amounts o f thick-shelled bivalves and various gastropod shells 
that occur in higher frequency than it is the case with the outcrop.

The 10-40 cm thick layers of the so-called second “ microfaunal limestone”  between 53.5 and 44.3 m are char
acterized by a bioclastic texture that is finer-grained as compared to the former.

In the 44.3-38.0 m interval the 20-50 cm thick layers o f the “ Orbitolina limestone”  and the “ lower faunal 
horizon”  show very similar features so that they cannot be distinguished from each other. The fact is that the lower 
20 cm of limestone are dominated by Orbitolina, locally also with bivalve shells and sea urchins. Higher up the 
section, the limestone becomes increasingly more glauconitic and clay-filmed.
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The so-called “ thin-bedded limestone”  spans the 38.0-22.1 m interval. Its characteristic features include 
a colour varying from dirty-yellow to dark grey, a small- to fine-crystalline mostly glauconite-dotted texture and 
also the fact that its 10 to 30 cm thick clay-filmed layers sometimes show a structure o f nodular character. The 
boundaries are drawn on the basis o f an intensification o f the nodular-clay-intercalated pattern as well as on the 
sudden and rapid continued growth o f the glauconite content.

Borehole Ürkút Ű. 421 (Supplement VI)
Selected to serve as a reference section for the S Bakony facies unit, the borehole cut, under the 

Upper Cretaceous sequence, a Zirc Limestone that is the thickest (201 m) ever found in the study 
area. The strata vary from 1 to 2 m in thickness, being provided as a rule with a clay film or with 
1-2 cm o f clay intercalations at the strata contacts. The sequence overlying a Tés Clay of 6.9 m thick
ness is lithologically quite uniform. Repeated, locally, at 10 cm intervals, stylolites are characteristic 
throughout the profile. Intra- or plastoclasts appear quite frequently within the individual beds or at 
their contacts.

The rock colour varies from light grey, through white and yellowish shades, up to purplish-red, 
but yellowish-pink or skin colours are the most typical. The aphaneritic type o f texture is predominant.

Although enabling some degree of subdivision on the basis of the above features, the sequence 
cannot be grouped, in a convincing way, into major units even in terms o f the fauna which locally 
attains a rockforming abundance. Represented by a diversified assemblage, gastropods are present in 
every layer, whereas the distribution of bivalve shells allows us to single out three units within the 
sequence. Here they are :

Between 338.9 and 312.0 m, the limestone or the calcareous marl are often clay-intercalated or nodular, bear
ing rudists as characteristic fossils (Pl. X X X II , f. 3), while Chondrodonta are unrepresented, except for the prox
imity o f the upper boundary.

The middle unit, 312.0-233.0 m, is characterized by the absence o f rudists and an often abundant occurrence 
o f Chondrodonta, In the lower two-thirds o f the unit there are intra- or plastoclastic intercalations attaining a few 
dm in thickness.

The third unit spans uppermost 95.1 m, being characterized by the frequency o f rudists and by an almost total 
absence o f large-bodied Chondrodonta. In contrast with the preceding two units, intra- and plastoclastic layers 
are rare.

Reference section in outcrop

Section Jásd lj[(Fig. 40)
In a sequence similar in facies, but thick-bedded in habit, the upper boundary of the formation 

is represented by a rough, karsted surface. Cavity-fills belonging to the Pénzeskút Marl Formation 
can be found as far as about 1 m deep under the limestone surface. Above this, as the boundary layer 
o f the Pénzeskút Marl Formation, there is a nodular, heavily glauconitic layer containing clasts from 
the underlying limestone that are o f irregular form and usually smooth, with a rich megafauna of 
detrital habit. This layer is called the “ upper faunal horizon” .

Reference sections in boreholes

Borehole Pénzesgyó'r Pgy. 5 (Supplement VII)
Despite the small distance involved, the geological log of the borehole differs considerably from 

that o f both the Jásd profile and the Olaszfalu one. Starting with the Pénzeskút Marl, the borehole 
has cut a Zirc Limestone that can be divided into four lithological units :

Because o f the fault-controlled contact, the “ Requienia limestone”  is reduced to 20 m in thickness, and its 
lithological, textural and structural features are the same as those observed in borehole Ot. 84.

Spanning the 68.2-36.9 m interval, the “ microfaunal”  and “ Orbitolina limestones”  locally contain various 
bivalve shells—including those o f rudists—and gastropcdal sections, too.

The third unit attains only 0.4 m (36.9-36.5 m) in thickness and it corresponds to the “ lower faunal horizon” . 
It is o f ochre-yellow colour, being rich in molluscs and calcareous worm-tubes. Its karstic cavity-fills are composed 
o f slightly glauconitic and heavily bioclastic limestone o f the same composition as the overlying beds.

The fourth unit (36.5-34.6 m) is “ thin-bedded limestone” . In its lower 40 cm there are elastics o f varying size 
and roundness deriving from the underlying rock. The transition into the Pénzeskút Marl seems to be continuous 
in spite o f the fact that some dark brown, rounded limestone pebbles also occur at the base of the next layer.

Borehole Pénzesgyőr Pgy. 4 (Fig. 41)
To judge the degree of change in facies will be virtually possible with a view to the geological 

log o f borehole Pgy. 5 that lies hardly 200 m away from here. Starting with the Pénzeskút Marl and 
ending in the Tés Clay, the borehole has cut a Zirc Limestone which does not attain a total of 42 m 
in thickness, suggesting a minor hiatus due to tectonic effects. The probability of such effects can be 
inferred from the brecciation that was observed at both the upper and lower boundaries. The most
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important feature o f the sequence under consideration is the total absence o f a Rudista fauna and the 
commonness o f Orbitolina throughout the sequence, save the uppermost 10 m. A few larger bivalve 
fragments can be observed only at 12-16 m above the bottom of the formation, and also at 6 m from 
its top level. In the last-mentioned bed o f about 1 m thickness the bivalve shells are coupled with 
an abundance of calcareous worm-tubes. Next to follow upwards is a limestone bed abounding with 
rounded limestone clasts. These two beds combined constitute what has been termed as the “ lower 
faunal horizon” . The next deposit higher up is clay-intercalated, bioclastic, slightly fine-sandy lime
stone with interbedded calcareous marl layers which, as the carbonate content decreases, will grade 
into the Pénzeskút Marl.

Borehole Padragkút Pa. 7 (Pig. 42)
— • " ta

In contrast with the section cut by borehole Úrkút 421 representing the Úrkút facies, the se
quence o f borehole Pa. 7 includes 22 cyclothems attaining a total o f 80.6 m in thickness and having 
a red colour due to the interbedded bauxite layers which may be grouped into three major cyclothems. 
In addition, the dolomite content is considerable (G. Császár 1981).

Definition and lithology

What are called the Zirc Limestone Formation are the limestone varieties consisting of varied 
biogenic components (or their detritus) o f the Middle Cretaceous sedimentary cycle which are situated 
between the Tés Clay and the Pénzeskút Marl and which either can be divided vertically into several 
minor units (N Bakony) or show a cyclic pattern (S Bakony). In its main area o f occurrence, the fol
lowing—often vertically superimposed—limestone varieties can be singled out:

1. The most conspicuous unit is the thick-bedded or massive limestone of coffee-with-milk or 
grey colour and rich in rudists which constitutes the basal 15-25 m, but which contains some gastro
pods as well.

2. Thick-bedded, fine- to medium-grained, bioclastic, finely intraclastic limestone showing a varied 
distribution of Orbitolina and varying from 5 to 15 m in thickness. The representatives o f Orbitolina 
get often enriched to rockforming abundance in the upper part o f the unit, forming an independent 
body o f 1-5 m thickness.

3. 0.5-4.0 m thick, usually massive limestone which contains a megafauna varying in composition 
from subarea to subarea, but which is always characterized by the presence of worm-tubes. Its karstic 
cavities are filled up with glauconitic limestone.

4. Irregularly clay-filmed and clay-intercalated limestone of varied stratification, more or less 
calcareous and slightly quartz-sandy, small to medium-grained (with echinoderm lamellae), usually 
o f bluish-grey colour when fresh, strongly glauconitic at its base, less markedly so higher up the sec
tion. Its contact with the Pénzeskút Marl is either marked with a hiatus or is characterized, as a result 
o f heavy argillization and nodularization and repeated glauconitization, by a 'continuous transition 
into the Pénzeskút Marl. Basal elastics may occur in both cases at the boundary.

The first three o f the above major rock types may occur in a combined form, too.
The representation known from the Úrkút area corresponds essentially to this case, for there is a 

rhythmic alternation of beds abounding overwhelmingly with varied representatives o f gastropods 
and, subordinately, with various bivalves (Rudista and Chondrodonta) in a usually thin-bedded, vari
ably bioclastic limestone of mostly aphaneritic texture. Interbedded claymarl, marl and calcareous 
marl layers that are mostly o f red or slightly variegated colour—frequently bauxitic—, attaining even 
I dm in thickness are also common. In addition, the intercalations o f intraformational breccias attain
ing 1-5 cm in size and slightly rounded, are characteristic, though not too frequent. Occasionally, there 
are conglomerate intercalations, too.

The lower boundary of the formation in the main area of occurrence (N Bakony) is marked by the 
appearance of rudist shells and shell detritus, while in the Úrkút area it can be drawn with the appear
ance of the afore-mentioned elements and with the beginning of limestone preponderance. The upper 
boundary is marked by a rapid argillization, a phenomenon that is usually, but not always, coupled 
with the occurrence of an unconformity surface. In the S Bakony, the Mid-Cretaceous cycle ends with 
the Zirc Limestone Formation.

Changes of the formation patterns

At present, the formation occurs only in the axis of the Transdanubian Central Range forming 
a 5 to 15 km wide belt between Padrag and Oroszlány. (Even the rudist-bearing limestones of W Slo
vakia are older than the Környe Limestone Formation underlying the Zirc Limestone.)
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In the N Bakony and the Vértes foreland representing the main area of occurrence, the funda
mental rock types already discussed form horizons corresponding to the order of the above discussion, 
but the reef facies may be locally repeated or completely absent in accordance with the morphology 
of the sea bottom. The hiatus at the upper boundary of the formation shows an increase in size to the 
NE of Jásd, and in the Vértes foreland the Pénzeskút Marl rests already on the basal beds of the 2nd 
rock variety listed in the definition. In accordance with this, the formation which is still 50 m thick 
in the Zirc Basin does not attain even the half of that thickness over much o f the Vértes foreland 
(Fig. 35). Along with the two hiatuses already discussed, insignificant, local breaks in sedimentation 
may also be reckoned with.

Within the Úrkút area of occurrence, a more near-shore and a slightly more offshore facies can be 
distinguished. An example for the first case is found in the vicinity of Padrag, where frequent hard- 
grounds in the markedly variegated limestones are observed to carry 5-30 cm thick red, bauxitic 
marl, calcareous marl and claymarl or, less frequently, intraformational breccia. In the same area, 
the rich megafauna is represented by smaller forms as compared to the more offshore facies in which 
the cyclothems are fewer and less typical (Úrkút).

Distinctive features

Since in the Transdanubian Central Range rudist-bearing limestones occur even in two horizons, 
it is extremely important to formulate the definition as to the distinctive features quite clearly. The 
partial geographical independence of the two is helpful in the distinction. The Zirc Limestone ends to 
the NE at Oroszlány, where the Környe Limestone, becoming thinner to the SW, lies at about 100 m 
beneath the Zirc Limestone. Hence it is important to point out the differences in the lithological 
features.

The Zirc Limestone is of coffee-with-milk colour here too, or possibly pale-grey-mottled, some
times argillaceous, while the upper part of the Környe Limestone ( !) is of light or medium-grey colour, 
densely clay-intercalated or with interbedded layers of clay-cemented bioclasts. In addition to this, 
not unfrequent here are the hermatypical coral beds which are totally absent in the Zirc Lime
stone. To the N and NW of Oroszlány, save for the uppermost 20 m, the Környe Limestone grows 
pale, while its thickness, as opposed to the about 25 m of the Zirc Limestone, exceeds even 100 m, 
without any possibility of subdivision, feature typical of the Zirc Limestone.

Proposal as to subdivisions

The distinction o f four member-rank units within the formations seems to be justified :
the S Bakony litho-tectonic unit as a whole under the name of Úrkút Limestone Member ;
in the N Bakony facies area:
— the rudist-bearing limestone (the 1st rock variety listed in the definition) to be named the 

Eperkéshegy Limestone Member after the Eperkés-hegy hill of Olaszfalu, the site o f its key section 
protected by nature conservancy legislation ;

— the “ microfaunal” , the “ Orbitolina” and the “ lower faunal horizon”  (the 2nd and 3rd rock 
varieties listed in the definition), to be referred to hereinafter as Mesterhajag Limestone Member nam
ed after its type locality ;

— the “ thin-bedded limestone”  (4th rock variety of the definition) to be referred to as Gaja- 
völgy Limestone Member on the basis of its outcrop in the valley of the Gaja brook at Bakonynána 
(profile Bakonynána 1).

With a view to their low thickness and rather limited distribution, the “ Orbitolina limestone” and 
the “ lower faunal horizon”  are proposed to be distinguished as separated beds [to be called herein
after Bed 1 (Orbitolina) and Bed 2].

Paleontological characterization

An overview of the fossils by facies development units and profiles, respectively, is offerred by 
Figs. 39, 42-48, Supplements VI-VIII and Tables 14-17. Although common forms occur too, the 
fossil content of the formation shows —as interrelated with the difference in lithology—an essential 
difference from that of the Tés Clay.
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Megafauna

All in all, two thin sections from the profile o f Eperkés-hegy and seven thin sections from borehole 
Ú. 421 have proved to contain some recalcified monaxonic spicules of rather obscure appearance.
J. N o s zk y  (1934) mentioned traces reminiscent of the calcareous sponge Doryderma cf. dichotomus 
B e n . observed in the Gajavölgy Member.

Anthozoa (Fig. 46)
In spite o f the presence of a reefal limestone facies, the formation is poor in corals. Megaloscopic 

observations have led to the discovery o f 1-2 ahermatypical corals of a diameter of 0.5 to 3.0 cm in 
Bed 2 (“ lower faunal” ) o f the Mesterhajag Member in Jásd 2 and in the Eperkéshegy Member of bore
hole Ot. 84 and in the profile of Eperkés-hegy. Thin sections from the last-mentioned profile have led 
to the discovery of hermatypical corals.

Vermes (Fig. 44, Suppl. V I and VII)
Two different types o f worms are known to occur. The first one is represented by white body- 

tubes 4-8 mm in diameter in the Mesterhajag Member (Bed 2) of the sequence. In addition, they can 
be identified in boreholes Pgy. 5 and Ű. 421 (Pl. X X X II, f. 1). The forms of the other rather vague 
group have no solid body-tube being represented only by tracks and fills. Their length is of the dm 
order of magnitude, their width is 0.8-1.5 cm. They are usually situated parallel to stratification— 
being a little flattened in such cases—though tracks turning to a position normal to stratification are 
not unfrequent either. They are visible mainly in the Gajavölgy Member, where the fills correspond 
in lithology to the enclosing rock, being distinguishable from the latter often with the help of their 
olive-green colour.

Bryozoa (Fig. 44)
Minor bryozoan colonies, observable only in thin sections, can be found in all the member-rank 

units o f the formation. They are most frequent in the Mesterhajag Member, chiefly in its Bed 2, being 
less frequent in the Gajavölgy and the Úrkút Members.

Brachiopoda
In the course of his many years o f activities on the field, J. N o s zk y  (1934) sampled and identified 

lots of brachiopods from the middle member of the formation : Terebratula sella Sow., T. cf. sella Sow. 
(juv.), T . sella Sow. var. upvarensis W a l k ., T. acuta Qtr., T. cf. tamarindus Sow., T. saadensis Co q u ., 
T. essertensis P ic t ., T. cf. dutempleana d ’Or b . and Terebratulina sp. During his partial revision of the 
collection, Cs. D etbe  (1971), using variation statistical methods, came to conclude that J. N o szk y  
had assigned a number of individuals of different age of T . sella (now : Sellithyris sella) to different 
species.

In a collection sampled by J. K natter at the Som-hegy site near Olaszfalu, Cs. D e t r e  found
Platythyris cf. mountiana d ’Orb.

From our profiles only the 2nd Bed of the Mesterhajag Member (borehole Ot. 84) has yielded some 
Brachiopoda which A. H o rvá th  determined as Terebratula cf. dutempleana d ’Or b ., Terebratula sp. 
and Waldheimia sp. (ex gr. tamarindus Sow.).

Lamellibranchiata (Figs. 39, 44 and 46, Suppl. VI and VII, Table 14)
The second group of the megafossil content of the formation, the most populous one both in 

terms o f the number of species and individuals, is represented by the bivalves. The bivalve fauna of 
the formation is constituted by 25 species of 26 genera (Table 14). The representatives of Rudista are 
determinant among them (Pl. X X IX  and X X X II, f. 3). Toucasia car mata and Pseudotoucasia san- 
tanderensis are common. The former is the most frequent rudist of the Úrkút Member.

The genus Agriopleura is also common, being, however, determinant, mainly on account of the 
presence of A. marticensis, only in the Eperkéshegy Member. A. blumenbachi, together with Bequienia 
pellati, is known from the profile of Eperkéshegy. Eoradiolites is abundant just in sporadical cases, 
even though this is the specifically most populous genus within its group ( E. davidsoni, E. murgensis, 
E. hungaricus)  which is primarily characteristic o f the Úrkút Member (borehole Pa. 7).

The second, relatively widespread group of thick-walled bivalves is represented by Ostrea spe
cies. Represented by two species, the genus Lopha (  L. rectangular is, L. milletiana )  is an element 
that is characteristic mainly of the Úrkút Member.

Of the genera occurring in three profiles, Ostrea sp. is worthy of mention which in the borehole of 
Úrkút 421 shows, not unfrequently, a frequency of 5. Rhynchostreon columbum in the profile Jásd 2 
is a conspicuous element occurring as lumachelle in Bed 2.

The genus Ghondrodonta, the species Ch. hantkeni of which forms lumachalles with an upwards-

S p on g ia  (F ig . 45, S u p p l. V I )
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decreasing frequency, becomes rockforming in the lower 100 m of borehole Ű. 421, while Ch. ( G.) cre
tacea reaches, in sporadical cases though, its rockforming abundance in the upper quarter of the 
profile.

Additional taxa, including the pectinids (genera Neithea, Chlamys, Pectunculus, Pecten represent
ed by one or two species), are also known only from the N Bakony, notably from the Eperkéshegy and 
the Mesterhajag Members.

The difference in the bivalve fauna between the S Bakony and the NE facies area is noteworthy. 
Where in the former lOspecies belonging to 10 genera are met with, in the latter 20 species of 24 genera 
have been identified.

Gastropoda (Figs. 39, 44-46, Suppl. VT-VII, Table 16)
Represented by 28 species o f 27 genera, Gastropoda are the richest group of the megafauna in 

every respect (Table 15). Their distribution by facies areas is wider even than that of the bivalves, 
for in the S Bakony there are 24 species of 23 genera, as opposed to 8 species of 9 genera in the N Ba
kony. A total o f only 3 genera—Nerinea, Nerinella and Metacerithium—may be regarded as being 
common.

O f the seven Nerinea six came from borehole Ű. 421. Repeated in short-cycle rhythms,
N. cretacea shows a strikingly high frequency (3-5), whereas the lower two-thirds are dominated by
N. fleuriaui. Where the afore-mentioned species is restricted to borehole Ű. 421, the latter—with 
N. micromorpha, predominant species in borehole Pa. 7 —is common. N. coquandiana is the only Neri
nea species that is missing from the S Bakony profiles from here.

The genus Nerinella is represented by four species. Except for N. utrillasensis, these are found only 
in the S Bakony occurrences. N. utrillasensis is common in borehole Pa. 7, being rockforming in a num
ber of beds in borehole Ű. 421.

From among the 3 species of Metacerithium, only M. trimonile is present in both areas.
Most o f the remaining gastropod taxa, represented, in two profiles at the most, mainly in a low 

or medium frequency, are known only from the S Bakony facies area.
Beside the taxa figuring in the tabulation, many other, including forms described from the for

mation such as Globiconcha baconica H a n t k e n  are mentioned in the relevant literature. These were 
summarized by L. B e n k ő -Cz a b a l a y  (1965a).

Cephalopoda (Fig. 46)
From among our profiles only from the topmost, transitional bed o f the boundary stratotype of 

Bakonynána has it been possible to recover single specimens o f Anisoceras (A.)  armatum Sow., Desmo- 
ceras (D.) latidorsatum M ic h ., Stoliczkaia dispar (d ’Oe b .) and S. dispar blancheti (P.-C.) which were 
determined by A. H o r v á t h . From the older beds, only from the middle member (Orbitolina lime
stone) did J . N o s zk y  (1934) describe forms which he referred to as Turrilites sp. ind. and Ammonites 
div. sp.

Crustacea
J. N o szk y  (1934) quoted the claw of a Decapoda crab which he had sampled from the middle 

member.
Echinodermata (Figs. 39, 42, 44-46, Suppl. VI-VIII)
The echinoderms are one o f the most important constituents of the fossil assemblage. As suggested 

by observations reported in the relevant literature and as observed by myself, the phylum is repre
sented almost exclusively by Echinoidea along which only Holothurioidea sclerites are observed as 
being sparsely disseminated in thin sections. M. G e l l a i (1973b) described 1 new species o f Calclamella 
and 3 new species o f Cucumarites from boreholes at Zsófia-puszta and Dudar. The overwhelming 
majority of the Echinoidea skeletons occur as bioclasts which, in the S Bakony facies, are rare or spo
radical and which show different degrees of frequency in the N Bakony members, getting nearly rock
forming only in the upper member (frequencies 3 and 4).

From the formation, E. Sz ö r é n y i (1955) described the following taxa: Archiacia magna Sző r ., 
Anorthopygus sp., Gaenholectypus macropygus (D e s o r ), Catopygus altus Sz ő r ., Catopygus cf. nasutus 
(D e s o r ), Hemiaster baconicus Sz ő r ., Holaster laevis (D e l u c ), Pseudoholaster baconicus Sz ő r . From 
among these forms, one derives from the Eperkéshegy Member, five derive from the middle member 
and four were recovered from the Gajavölgy Member.

Microfauna

The figures and tables give only approximative information on the microfossil coment of the 
formation which is due to the impossibility of decantation and to the fact that some special studies 
were not carried out.
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Table 16 contains the detailed results of foraminiferological examination of three outcrop pro
files, a review of the results o f thin section studies of two borehole profiles as well as the data o f the 
analysis of some decantation residues for Foraminifera; The highest share from an only approximately 
complete faunal composition pattern (54 genera, 49 species) belongs to the arenaceous benthos (24 
genera and 24 species), the lowest being that of the plankton (8 and 12, respectively).

The ratio o f the benthonic Foraminifera to the planktonic ones shows a marked trend o f upward 
decrease. In other words, the planktonic forms show an upward increase. All the species from here 
can be found in the Pénzeskút Marl Formation as well.

The orbitolines are common, but unevenly distributed. Their culmination in the N Bakony cor
responds to the Mesterhajag Member, though their frequency varies from profile to profile here too. 
Their occurrence in the Úrkút Limestone (borehole Ú. 421) is limited to a lower interval (261-295) 
and to an upper one (168-171 m).

P e y b e k n è s  (1977) reported, from the Eperkéshegy Member (profile o f Eperkés-hegy), the occur
rence o f Orbitolina (0 . )  concava (L a m .), whereas in samples he had taken from the Mesterhajag Mem
ber in various parts o f the Bakony Mts he found, in addition, 0. ( M.)  aperta (E b m a n ) as well. After 
a number of publications quite different in approach, K. M éh e s  (personal communication), relying on 
his examination o f hundreds of protoconch sections, has recently recognized in the formation the spe
cies 0. (0 . )  concava and 0. (Mesorbitolina) texana aperta, too. M. G e l l a i (1973a) listed 0. praeconica 
M é h e s  and 0. baconica M éh es  from the Úrkút Member.

The occurrence o f the representatives o f Dicyclina (Pl. X X X V , f. 2-3), including D. schlumbergeri, 
is limited to strata o f reef facies (Eperkés-hegy, borehole Ot. 84 and borehole Zsófia 4 at Úrkút). 
Involutina hungarica shows a similar distribution pattern.

The genus Cuneolina (Pl. X X X III, f. 1-2 and Pl. XX XV , f. 1) is typical primarily o f the Úrkút 
Member. It is mainly with this one that the genera Miliolidae (Pl. X X X V , f. 4 and Pl. X X XV I, f.
3-5) and Nézzazata are associated, too.

From the quantitative viewpoint, Textularidae are worthy of being pointed out. Further char
acteristic forms are shown in Table X X X III, f. 3-4, Pl. X X X IV  and Pl. X X XV I, f. 1-2, 4.

Because of ecological and faciological implications, it is worthy of being mentioned in particular 
that of the 110 thin sections from the 86 m thick sequence o f Pa. 7, a borehole o f marginal position, 
only 21 contained Foraminifera and even from these only seven samples yielded a rich and varied 
assemblage.

Ostracoda (Fig. 47, Suppl. VI)
A material suitable for decantation is contained only in the topmost beds o f the Gajavölgy Mem

ber, whence 4 species of 7 genera, mainly Cytherella and Schuleritlea, could be identified. In thin 
sections, the ostracods are sporadical, but quite common. For example, this is the case with the Úrkút 
Member.

Radiolaria (Figs. 47 and 48, Suppl. VI and V III)
Usually very poorly preserved, recalcitized, the radiolarian specimens are sporadical. In the seg

ments o f reef facies they are completely absent.
Other microplankton (Figs. 45, 47 and 48, Suppl. V I and VIII, Pl. X X X V II)
Appearing as round, circular sections, the planktonic microfossils are differently grouped in the 

various profiles. In the N Bakony facies, they gradually grow in number as one proceeds upwards 
(profile Jásd 2). In general the microfossils in question can be divided into two major groups: cal- 
cispherulids and cadosinids. In the N Bakony, the former appear at the top of the Mesterhajag Mem
ber, to grow suddenly quite abundant in the Pénzeskút Marl. The representatives o f Cadosina in the 
Eperkéshegy Member are sporadical, whereas in the Mesterhajag and Gajavölgy Members they are 
quite common, however low in quantity.

In the Úrkút Member both Cadosina and Calcisphaerula are more frequent in the lower segment 
of the member. The forms, which were earlier described as Stomiosphaera, are similarly assigned to 
the representatives of calcisphaerulids.

Nannoplankton (Figs. 44, 46, Table 17)
The nannoplankton has been recovered from the Gajavölgy Member (Table 17) and the Mester

hajag Member. Of the 9 species of 14 genera, the genus Watznaueria and its species barnesae is most 
common. In addition, Eiffelithus turriseiffeli and Lithraphidites carniolensis are worth mentioning 
(Bakonynána and Jásd 2).

F ora m in ife ra  (F ig s . 46 , 47 a n d  48 , S u p p l. V I  a n d  V I I I ,  T a b le  16)
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Megaflora

From the segment overlying by a few m the Tés Clay in borehole Zs. 4 near Zsófia-puszta at 
Úrkút, M. Gellai (1973a) reported the external mould of Araucarites sp. which, however, appears 
to be identical with the species Sphenolepis kurriana (Dunkler) Schenk already referred to in the 
context of the Tés Clay.

Black, fusitic, coalified vegetal detritus 1 to 20 mm in size is common to the upper member of the 
N Bakony facies (Jásd 2).

Microflora

One of the groups of fossils belonging to the microflora is represented by algae of varied size, 
structure and different systematic position a detailed elaboration of which is still to be done. As report
ed by B. Peybernès (1977) and B. Peybernès and M. A. Conrad (1979), they recognized Marinella 
lugeoni Peend. and Bacinella irregularis Rad . in the Eperkeshegy Member, Paraphyllum primaevum 
Lemoine, Kymalithon belgicum (Foslie) and Archaeolithothamnium rude Lemoine in the Mesterhajag 
Member and Agardhiellopsis cretacea Lemoine in the Gajavölgy Member.

Munieria (Fig. 42, Suppl. VI)
Munieria occur only in the Úrkút Member. In borehole Ú. 421, they appear both at the base o f 

the formation (330 and 340 m) and in the upper half o f the sequence (197-233 m), where they were 
observed in three samples. In the neighbourhood of Munieria, some brackish-water gastropods (Meta- 
cerithium) and Ostracoda are found. In borehole Pa. 7, Munieria are quite common. Along with predo
minant Munieria cf. grambasti, some M. baconica specimens were also encountered.

Chara (Fig. 42, Suppl. VI)
The representatives of Chara are known from the Úrkút facies, too. In borehole Ú. 421, they ap

pear, in overlapping with the Munieria-bearing beds, in the form of some fructifications. They are 
much more frequent in borehole Pa. 7, where they similarly occur together with Munieria.

Acicularia (Figs. 39 and 44, Suppl. V I and VII)
Acicularia are sporadically present in both facies areas, but they are absent in the sandy Gaja

völgy Member of the N Bakony facies.
Corallinaceae (Figs. 39, 42, 44, 46, Suppl. VI and VII)
The presence of Corallinaceae is characteristic of the N Bakony facies and, within it, mainly of 

the upper part of the Mesterhajag Member (profile of Jásd, borehole Pgy. 5). Along with Paraphyllum 
(Pl. X X XV III, f. 2. and 4) and Archaeolithothamnium, genera that may be regarded as most frequent, 
Marinella lugeoni Peend. (Plate X X XV III, f. 3) and Parachaetetes? sp. are sometimes recogniz
able, too.

Pieninia (Figs. 39, 44-46, Suppl. V I-V III)
Pieninia occur quite sporadically in the N Bakony facies, being somewhat more common in the 

Úrkút Member. The single species o f the genus, Pieninia oblonga Borza (Pl. X X X V III, f. 1), too 
small in size in some sections, is often quite difficult to separate from Globochaete.

Other calcareous algae (Fig. 39, 42 and 46, Suppl. V I and VII)
Three groups of algae belong to this category. The first group is represented by the incrusting 

algae which have overgrown various fossils from the Úrkút Limestone (Ű. 421). The second group 
includes bouquet-shaped algae of thinly tubular and fibrous structure which are often difficult to rec
ognize, their contours being obscure (PL XL, f. 1). Forms similar to these were already observed in 
the Tés Clay. These are characteristic mainly of the Úrkút Limestone (borehole Pa. 7). The forms 
belonging to the third group are more squat-bodied, tubular, calcareous algae resembling the repre
sentatives of Salpingoporella (Dasycladales) which appear almost exclusively reduced to fine bio
clasts.

Sporomorphs (Figs. 39, 44 and 46, Suppl. VII)
Only from the profile of Jásd 2 could M. Juhász identify the presence of a rather poor sporo- 

morph assemblage. The leading role in terms of number of species belongs to the pteridosperms (12 
genera with 13 species). On account of the abundance o f Classopollis martinotti Reyre, the 
gymnosperm pollen grains (5 genera with 4 species) are apt to match the pteridosperms in terms of 
number of specimens. Confined to two beds, the angiosperme, however, are represented only by the 
genus Crassopollis, notably by its C. minor G.-Jh . and G. vraconicus G .-Jh . species.
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During his palynological studies, M. J u h ász  reported Hystrichosphaeridae forms from two sam
ples of Jásd 2.

Incertae sedis (Fig. 42, Suppl. VI)
The dark grey, micritic tubules referred to as Girvanella, which are usually present in rather 

great quantities and are curved to different degrees, are known exclusively from boreholes Ű. 421 
and Pa 7. A specimen of obscure identity has been recovered from borehole Ot. 83 as well (PI. 
XL, f. 2).

Biostratigraphic implications of the fossils

As shown in the foregoing, the two facies areas include a lot of elements that are markedly differ
ent from one another. The most striking difference is manifested in the trend of evolution. Where 
the N Bakony unit represents a lineage composed of peculiar units (“ horizons” ), in the S Bakony unit 
the top of the formation is essentially similar in character to its base. In other words, the diagnostic 
features of the sequence such as for example the fauna, shows short-cycle repetitions, whilst the renewal 
of the fauna is coupled with only a low degree o f change of the species. Based on such a footing, 
it would be impossible to establish a uniform zonation for the two areas.

Phytoplankton (F ig s . 39 a n d  44 , S u p p l. V I I )

S Bakony facies

The extremely strong vertical variation of the Úrkút Limestone is accompanied by lateral varia
tions that are probably similarly strong, as proved by the comparison of borehole Ú. 421 and Pa. 7, 
by their being impossible to correlate.

Represented by the geological logs of only two boreholes, the stratigraphic sequence under consid
eration is unsuitable for the establishment of a biozone regardless o f the other circumstances involved.

On the basis o f studying fossils from borehole Ű. 421 (Supplement VII), however, I have the feel
ing that it would be desirable to profit of a few possibilities that might be used to this end. Here 
they are:

Nerinella dayi is confined to the uppermost 30 m of the borehole (relative frequency of 2-5) ;
Nerinella schicki occurs in the 170-240 m interval immediately below N. dayi, for the most part 

with a frequency o f 3-5 ;
it is to the interval of N. schicki (209 m) that the only occurrence, with a relative frequency of 

5, of Rhynchostreon sp. corresponds;
a few specimens of “ Archaeolithothamnium” are limited to a mere 8 m interval.

N Bakony facies

In the N Bakony the following, proposed biozones are very close in content to the terms previ
ously used for the distinction of internal subdivisions within the unit (Fig. 49).

Agriopleura-Toucasia Assemblage Zone
Along with Agrioplema marticensis and Toucasia carinata, not only A. blumenbachi can serve as 

a zonal fossil, but Pseudotoucasia santanderensis, Eoradiolites murgensis and E. davidsoni may also 
be included. And in case of the absence of one of the eponymous taxa, they may replace it, extending 
thereby the originally strict frame of this type o f zone. The strictly understood content of the zone 
deviates a little bit from what is spanned by the Eperkéshegy Member, if the fauna is reduced in 
any direction to a single element. So, the strata with Toucasia carinata that recur in several instances 
in the higher segments of borehole Pgy. 5 do not belong to the zone anymore.

The thickness of the zone in the Eperkés-hegy outcrop is at least 16 m (it may well continue far
ther downwards!), in borehole Ot. 84 it is 14 m, in borehole Pgy. 5, it is 20 m, whereas in borehole Zt. 61 
the penetrated thickness (incomplete) of the zone is 18 m.

Stratotype : Eperkés-hegy, profile 1.

Ostreidae-Serpula Assemblage Zone
In profile Jásd 2, that may be designated as stratotype, Rhynchostreon columbum is the predom

inant faunal element in a 1.2 m segment. Another characteristic element of the zone is constituted 
by the white-coloured, calcareous worm body-tubes. Reaching its culmination here, “ Archaeolitho
thamnium” is also a characteristic associated element in this biozone, but Brachiopoda can occur,
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too. The thickness of the zone of borehole Ot. 84 is 2 m, in Pgy. 5 it is 0.6 m, in the profile of Ba- 
konynána it is >  0.4 m.

The biozone approximately coincides with the 2nd Bed of the Mesterhajag Member, but because 
o f the more strict limitations to the faunal elements here, its thickness is usually lower compared 
to Bed 2, tending to pinch out to the W.

Cuneolina—Dicyclina Assemblage Zone (Pl. X X X III, f. 1-2, Pl. XXXV, f. 1-3)
The Cuneolina—Dicyclina Assemblage Zone agrees in content with the Agriopleura—Toucasia 

Assemblage Zone, but it is much less significant owing to the frequency of specimens. In the light of 
the high degree of joint appearance even the representatives of Miliolina might be included, for that 
matter, in the biozone. The stratotype of the biozone under consideration is borehole Ot. 84 in which 
its thickness is 13 m, but in the profile of Eperkés-hegy it is only 4 m as it can be determined on the 
basis of the present-day thin section spacing.

Mineralogical-petrographic characterization

The results of measurements are summarized in Figs. 37-40, 45, 50 and 51, Supplements VI and 
VII, and Tables 18 and 19.

Texture in thin sections 
(Figs. 37-40, 46 and 50, Suppl. V I and VII)

There are marked differences in the thin section texture pattern not only between the two facies 
areas, but the texture markedly varies even within single profiles in accordance with the particular 
development units, and even in the same unit of different profiles.

The matrix is constituted, in most cases (PI. XL, f. 4, Pl. XLI, f. 4, Pl. XLII, f. 1 and Pl. XLIII, 
f. 1-2) and mainly in the S Bakony facies area, by micrite. The sparry texture belongs to the charac
teristics mainly of the N Bakony facies area (PI. XL, f. 3, PI. XLI, f. 1-3). The leading role among the 
allochemical components is played by the biogenic constituents that largely vary in amount (PI. 
XLI, f. 1 and 3). Intraclasts (PI. XLII, f. 2) and pellets occur in highest frequency in the middle seg
ment of the profile. Oöids occur only in the S Bakony.

On the basis o f the thin sections both boreholes that have intersected the whole formation in 
the N B a k o n y  can be subdivided into three intervals. The particular interval boundaries coincide 
but partly with the boundaries of the lithostratigraphic units concerned. The lower interval is charac
terized by the preponderance of biogenic components (a maximum of 85%). The quantity of micrite 
varies inversely as compared to the upward decrease of the biogenic components. In borehole Ot. 
84 it is rather the pellets, in Pgy. 5 rather the intraclasts, that are the second essential component. 
In the middle interval (Mesterhajag Member) both the intraclasts and the pellets are typical compo
nents. In the sparry matrix of the rock intersected by borehole Pgy. 5 the intraclasts are that which 
predominate (50-60%), while in Ot. 84 intraclasts and pellets in nearly equal amount are cemented 
(50%) by microsparite and sparite. A resemblance to this is exhibited by the lower interval of profile 
Jásd 2, too. The main characteristic feature o f the third interval is an increased average quantity of 
the biogenic components, the frequent alternation of layers o f micritic and sparry matrix, respectively. 
It is for the first time that extraclasts are considerable in amount (an average of 5-10%).

On the basis of thin sections, the S B a k o n y  facies is more difficult to subdivide. The countless 
tiny rhythms of Ű. 421 can be grouped, mainly on the basis o f the average quantity of micrite, into 
three major units. The lower unit (below 296 m) is characterized by 50-60% micritic matrix, varying 
amounts of biogenic components, frequent oncoid-coated grains and 5-10% mosaic-sparite, with 
5-10% redeposited, weathered chert clasts. In the middle unit (229-296 m) the amount o f sparite 
(a maximum of 25%) shows an increase at the expense of micrite, the maximum quantity of intra
clasts is 30%, that of pellets being 35%. Occasionally, the biogenic components are considerable (a 
maximum of 65%), too. In several layers in the lower half of the unit, well-developed oöids are observed 
(2-3%). The third unit (above 229 m) is dominated again by a micritic matrix in which the allochemical 
components are subordinate.

According to the diagram illustrating t h e  t e x t u r e  p a t t e r n  (Fig. 50), sparite is subordi
nate in every profile. The texture pattern is determined, as a rule, by the allochemical components. 
Exceptions to the rule are Jásd 1 and Ű. 421, where micrite plus microsparite combined define the 
texture pattern. Bioturbation (PI. XLIII, f. 1) is common. According to the triangle showing the 
a l l o c h e m i c a l  c o m p o n e n t s ,  extraclasts are subordinate wherever present and it is in 
every case the skeletal material of organisms that figures as the predominant element. R o u n d n e s s
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and c o a t i n g  of bioclasts are in harmony with the variation of the quantity of the sparry cement. 
The g r a i n  s i z e  measurable in thin section is 0.1 and 1 mm ( Jásd) in the N Bakony, with a maxi
mum falling to the top of the Mesterhajag Member. In some layers of the Úrkút Member the size of 
the agitated elastics may be as high as the multiple of that figure.

Mineralogical composition

Carbonate distribution (Figs. 37-40 and 45, Suppl. VI and VII)
The quantity and composition of the carbonates in the two facies areas are different. The total 

carbonate in the S Bakony is by an average of 15% lower than in the N Bakony, in spite of the fact 
that in the former case dolomite is also frequent along with predominant calcite. The most consider
able dolomite content is to be found in the lower part of Pa. 7, where gazometric results gave a dolo
mite content of 5-10 (a maximum of 30)%, whereas the X-ray diffraction analysis of 42 samples from 
the lower cyclothem group gave an average of 15.6 and a maximum of 74%. The correctness of the 
data has been verified by DTA analyses. In a thin section from the 345.0 m of the borehole micrite 
aggregates cemented by blue-green algae are surrounded by dolomite crystals of regular rhombic 
shape which suggest a secondary origin of the dolomite here.

According to X-ray diffraction results, only one sample from the formation (profile Jásd 2, Bed 1) 
contains some siderite present in a quantity of 1%.

Other minerals (Figs. 37-40, Suppl. V I and VII)
The poor clay mineral content of the formation is not at all uniform. In the N Bakony facies area 

they only seldom reach the minimal concentration detectable by X-ray diffraction or thermal analy
sis. For this reason, the way to determining them will lead through the testing of the decantation 
residue. Accordingly, illite andillite-montmorillonite are the most frequent clay mineral, though mont- 
morillonite is frequent, too. The lack of kaolinite is conspicuous.

As opposed to the foregoing, the characteristic mineral of the Úrkút Member is kaolinite. Its high
est quantity observable in samples not treated with acids from Ú. 421 is 35%, in Pa. 7 it is as high 
as 46%. In the decantation residue the maximum is 72% (Ú. 421) and 62%, respectively (borehole Pa. 
7). Kaolinite-chlorite is frequent, too, attaining a maximum of 66%.

The total amount of the remaining clay minerals all combined (montmorillonite, illite-montmoril- 
lonite and illite) does nowhere attain 50%. 20 of the 45 samples not affected by acidic treatment, but 
examined by X-ray diffraction techniques, did contain, at least in traces, some boehmite (a maximum 
of 19%) or possibly some gibbsite as well. Of the 13 samples analyzed by thermal techniques, only 
2 were reported to have contained some boehmite, but one of them did so in a quantity of 23-24%.

Of the 27 de-carbonated samples, only 5 did not contain any boehmite. In harmony with this, 
free quartz could be identified only in three samples. It is only in the Gajavölgy Member of the N Ba
kony facies and in the basal 1-2 m of the Eperkéshegy Member that free quartz becomes more 
abundant.

From among the iron minerals—including siderite which has already been mentioned—hematite 
and goethite may be listed in the first place. In borehole Pa. 7, the two minerals—associated with 
alii tes—alternate from layer to layer or from one group of layers to the other. In the non-acidized 
sample the highest quantity of goethite was 35%, that of hematite was 20%. From the material of 
borehole Ú. 421, the presence of goethite could not be verified until after being treated in acids (a 
maximum of 11%). The limonite nodules of pyrite origin abounding in profile Jásd 2 were shown con
vincingly by X-ray analysis to represent goethite. Pyrite is scarce. Its fine grains are mostly encounter
ed in thin sections.

Glauconite is a mineral characteristic of the Gajavölgy Member of the N Bakony facies. It is 
particularly abundant at the base of the member, resting mainly on a karsted surface as e.g. it is the 
case with the profile Jásd 2 or in borehole Ot. 84. Results of K/Ar dating by Kadosa Balogh (in 
M. Földvári-K adosa Balogh 1982):

Borehole Ot. 84, 28 m : 0.06 — 0.1 mm 
0.1—0.2 mm 
0.2—0.3 mm

101.1 ±  4.3 Ma 
103.5 i  4.5 Ma 
98.1 ±  6.0 Ma

Profile Jásd 2, Bed 12: 0.1 —0.2 mm 
0.1 —0.3 mm

93.5 ±  3.5 Ma
87.6 ±  3.3 Ma

Micromineralogy
The formation is rather poor in detrital microminerals. In thin sections from the lower member 

of the N Bakony facies, along with predominant quartz grains belonging to the silt and fine sand frac
tion, a lot of limestone debris and lower amounts of quantities of dolomite clasts are also recognizable.
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Only samples from the pelitic layers cut by borehole Pa. 7 in the S Bakony were subject to micromin- 
eralogical studies. Accordingly, the overwhelming majority of the grains are constituted by dia- or 
epigenic limonite. Its quantity is in only 3 of the 13 samples less than 50%. The most frequent land- 
derived mineral is represented by quartz and chert grains that are inseparable from each other by 
X-ray diffraction techniches and that account for 20-40% of the total mineral spectrum. The remain
ing 1-2% are shared by a lot o f minerals.

Geochemical characteristics 
(Table 18)

The difference in facies between the two areas can be read off even from the geochemical results. 
The Ca/Mg ratio of the Úrkút Limestone falls by far short of that of the N Bakony. Just the reverse 
is, however, the case with the Fe20 3/Fe0 ratio, i.e. with the oxidation degree which is around 17 or
0.2— 8.6, respectively. In borehole Pa. 7 the Al/Si ratio varies between 0.94 and 1.38, whereas in the 
N Bakony values between 0.26 and 0.7 are obtained.

The P20 5 content in the N Bakony facies shows an increase from 0.05% at the base to 0.24% at the 
top. The K 20  content shows some enrichment a little bit above the most glauconitic sample. The Fe 
and Mn content shows the lowest values in the lower half of the formation (in the Eperkéshegy Mem
ber and at the 1st and 2nd Beds of the Mesterhajag Member).

The formation is poor in trace elements, though this feature varies from member to member and 
from area to area (Table 19). A relatively high trace element content was registered only in borehole 
Pa. 7 (Úrkút Member). It was the only site where the average values o f four elements (B, Ga, Ti and 
Co) exceeded the detectability limit. On the basis of an averaging according to the carbonate content 
three groups of elements could be singled out. Most of the elements correlate with the quantities of the 
clastic components (B, Pb, Ga, Ni, Co, Cr, Ti, and even Mn). The only element associated with car
bonate is Sr, whereas Cu and Ba are indifferent to changes in the lithological composition. No con
nection is observed between the amount of bauxite minerals and the concentration of elements.

Unlike Pa. 7, borehole Ú. 421 excels with an extreme poverty of elements, though, from 318.8 m 
farther downwards, it shows some increase in concentration.

The average values of the N Bakony profiles show a slight upward increase in the successive 
members which seems to be due to a slight increase of the terrigene material content.

Organic matter content
The five samples studied in the course of this work have a dissolvable average bitumen content 

o f 0.003% by one order of magnitude lower than that of the limestone of the Tés Clay. Lowest value:
0.002% (Eperkéshegy Member), highest value: 0.005% (Mesterhajag Member). Substantially higher 
average values for the three N Bakony samples were reported by Bihari et al. (1979). Organic car
bon: 0.08%, bitumen: 0.011, maturity index : 1.74.

Vitrinite reflexion
From among the tiny coalified detritus particles deriving from three layers o f profile Jásd 2, 

two samples represent the Gajavölgy Member, one sample does so the 2nd Bed of the Mesterhajag 
Member. Results of a layer-by-layer averaging o f 44 measurements: 0.44%, 0.58 and 1.25% ; 0.25 and 
1.30%. The values below 1% forming the first group of the measurements—as shown by I. Iharos- 
L ac zó  in a personal communication—correspond to Middle Cretaceous deposits, whereas the second 
group, with its values above 1%, agrees with the Lower Triassic.

Well-logging characteristics 
(Fig. 51)

As shown by M. Lantos, on the basis of well-logging results scarcely attaining the reliability limit, 
the limestone is characterized by a high specific resistivity (600-1200 ohm/m), by a normally low 
porosity and a low intensity, being compact, only seldom (along fractured, porous zones) liable to 
getting cavernous. At the lower contact the transition into the Tés Clay is progressive—a phenomenon 
manifested in decreasing specific resistivity, higher water content and lower intensity.
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Paleomagnetism

The samples collected from 25 layers of the Eperkés-hegy outcrop show a remanent magnetism 
which —as shown b y  E. M á r t o n -Sz a l a y — is by one order of magnitude below the noise level : 1-4-10“5 
А /m. Corresponding to the Albian stage, the 15 samples left over after a sophisticated cleansing pro
cess were found to be normally magnetized.

Possibilities for correlation

A reliable correlation is possible only within the two major facies areas. The correlation can be 
based on both the lithological features and on fossiles (micro- and megafossils). In spite of the anom
alous facies patterns in the 1ST Bakony (e.g. Pgy. 4), the individual facies units can be singled out. 
The most remarkable ones have been distinguished even as separate units of member or bed rank, 
respectively. Along with their fossil content and textural and structural features, they are expected 
to be distinguishable on the basis of their measurable physical parameters as well. More difficult is the 
situation in the S Bakony, where the rocks of the intertidal and subtidal zones show marked differ
ences from site to site, a satisfactory correlation being difficult to carry out even between profiles that 
are only a couple of hundred metres apart.

Facies and ecological patterns of the Zire Limestone

Because of the marked differences between the S and N Bakony areas it seems to be justified 
to discuss either of the two separately.

Salinity

In the N B a k o n y  the formation represents such an evolutionary lineage in which only a 
slight change in salinity can be observed. The rudists dominating the Eperkéshegy Member are found 
to be accompanied almost exclusively by a mega- and microfauna and flora, respectively, sensitive 
to any change in salinity. An exception to the rule is represented by the casual presence of Urgonella 
sp. and one species o f Liostrea and Metacerithium each. Accordingly, the seawater must then have 
had a normal salinity. In the Mesterhajag Member and the Gajavölgy Member, however, a minor de
crease in salinity must be reckoned with to have taken place in one instance in either of the two, since 
along with salinity-enduring forms there appear also brackish-water species in a great number (Meta
cerithium, Lopha, Anomia, Exogyra and Ostrea). The two horizons are associated with phases of 
emergence that resulted in a break in sedimentation. One of them is the 2nd Bed of the Mesterhajag 
Member, the other one being the top of the Gajavölgy Member. As obvious from the profiles, the 
extent of the decrease in salinity and its frequency tend to grow to the SW.

In the S B a k o n y  area, however, a wide variety of facies from freshwater deposits to hyper
saline ones (?) are encountered. In borehole Úrkút 421, it is still an alternation of normal-saline 
deposits mainly with rudist bivalves and algae and Eoraminifera, respectively with bivalve-indicated 
brackish-water deposits that can be observed, though the one or two Munieria grambasti—regardless 
of being alloehtonous —appearing at the base of the sequence, above the Tés Clay and at the top of 
the sequence are suggestive of a slightly stronger decrease in salinity. On the other hand, in Pa. 
7 the braekish-water deposits are that which predominate, being interbedded with full-marine and 
fresh- and oligohaline layers, in part at least. Based on faunal elements studied in thin sections, on 
the megafauna and megaloseopic observations, the facies diagram shows a rather dynamic picture. 
Although epigenic, euhedral dolosparite could be identified in only one layer (345.0 m), the presence 
of calcite or dolomite with an almost always very high Mg content associated with oncoids has jus
tified us to suppose that in consequence of frequent emergences some dolomite or possibly evaporite 
( ! ? ) could have accumulated in the minor sag-depressions of the terrain, i.e. more probably in countless 
minor puddles bound to dry up and that, at the time of a new ingression, it could be re-dissolved 
again. The fauna itself is otherwise unsuitable for enabling any distinction between hypersaline and 
heavily brackish-water environments.

In the lower 10 m of the sequence in borehole Ú. 421 and in the lower part of its upper third Munie
ria and Chara specimens and Munieria detritus appear which indicate hevaily brackish-water or, for 
that matter, freshwater episodes. Their lower amount here is in a good agreement with the geo
graphic position of the two boreholes.
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Water depth

In both areas plenty o f data are available for the determination o f the water depth. Of this in
formation, the presence of reef-building rudists is most significant, indicating a habitat that corre
sponded to the upper part of the subtidal zone (above the wave-base). As sugested by L. M ó ra - 
Cz a b a l a y , the Agriopleura and Toucasia species indicate a water that was shallower than 30 m. 
With a view to the data from the S Bakony, I consider a depth range o f 10-20 m to have been charac
teristic. In the N B a k o n y  this depth range is indicated, in addition, by the Salpingoporella sp. 
detritus which, in the Eperkéshegy Member, occur in rare cases, but even in high quantities. The 
Mesterhajag Member of backreef calcareous sand facies occurring above the former seems to represent 
a somewhat deeper-water deposit, but in the light of the culmination here of coated grains, i.e. the 
grainstone (intrapelsparite or intrapelmicrosparite, respectively) texture, the probable seawater 
depth seems to have been between 10 and 30 m. The lumachelle composed mainly o f Rhynchostreon 
columbum, forming the final layer of the member suggests the establishment of a totally shallow- 
water regime, whereas the karsted surface of the limestone is suggestive o f a short-lived emergence 
that lifted the surface scarcely above the water level (profile Jásd 2). The accumulation of the forma
tion was put an end to by a new, though incomplete, emergence. During the interim period (Gajavolgy 
Member) the study area seems to have been covered by a sea that was hardly deeper than the previous 
one. On the basis of the Corallinacaae species and the locally sparry matrix the water depth may have 
varied between 20 and 60 m in the different areas. Attributed to crabs under the name of Ophio- 
morpha, the numerous track-fills of ramified habit (Pl. X X X I) suggest an organic-rich, shallow- 
water sea o f a water depth not exceeding 40 m.

The S B a k o n y  facies suggests a markedly fluctuating water depth that must have been, 
all in all, shallower than it was the case with the N Bakony. Present in both boreholes, the reef
building rudists and the enormous masses o f other megafossils as well as the mineralogical and 
petrographic results suggest a water less than 10 m deep. The tiny oncoids produced by blue-green 
algae must have been formed in a water depth range o f 3-5 m, the locally appearing tiny intraclasts 
o f black and brown colour, in turn, are of intertidal origin. A similar origin is indicated by the bird’s 
eye structure which is frequently observable mainly in thin sections (Pl. XLIII, f. 2). Observable chief
ly in borehole Pa. 7, the frequent erosion surfaces with more or less detrital grains of breccious char
acter and the concretion-like calcareous nodules appearing in the superimposed argillaceous beds 
testify to rhythmic emergency.

Distance to the shoreline

In the N B a k o n y ,  in the case of the Eperkéshegy Member no tangible evidence as to the 
position of the shoreline o f the landmass is available, though, since both the under- and overlying 
rocks are known, there is no doubt that it could hardly exceed a maximum of 5-10 km in SE direc
tion from the site of the stratotype.

No information as to the course o f the shoreline is available from the two higher members 
either. However, the high amounts of coalified plant detritus of varying size appearing in the upper 
member may be interpreted as an indication o f a nearby shoreline. Furthermore, the same conclusion 
can be drawn from the frequent, fine- to small-grained, land-derived material in which a considerable 
share belongs to the scarcely rounded carbonate grains that are visible even to the unaided eye.

More clear are the data suggesting the proximity o f the shoreline in the S B a k o n y  area, in 
spite of the fact that, regradless of local occurrences (Ű. 267) of basal gravel, land-derived grains of 
more than clay grain size are almost totally absent. In almost all the argillaceous interbeddings that 
are frequent and rather thick in borehole Pa. 7 there are goethite- and hematite-containing allites 
that have stained the rock as a whole. Considering their light resilification, the distance of the bore
hole to the shoreline is supposed to have been a maximum of 1-2 km in S or SW direction. We can 
be firm in making this statement even because in Ú. 421, a borehole lying at a total distance of only 
4 km from here, no trace of allites is found. On the other hand, the predominant mineral of the argilla
ceous fraction is kaolinite that was formed, by all probability, as a result of their resilicification.

Water agitation

For determination of the degree of agitation, I have used a simplified variety of the energy index 
proposed by P ltjmley et al. (1962). The sediments o f the Eperkéshegy Member (N B a k o n y )  
were deposited overwhelmingly in an environment of turbulent flow and o f medium to heavy agita
tion representing the IVth and Vth categories. Deposits suggestive o f a weak agitation (III) occur as 
sparse intercalations.
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The sediments constituting the Mesterhaj ag Member must have deposited in an environment of 
fair agitation and o f more or less, turbulent flow pattern which was controlled mainly by the sorting 
effect of wave action. In the upper part of the member (2nd Bed) deposits of a heavily agitated en
vironment with an energy index o f V are also encountered in varying measure in the different sub- 
areas.

The material of the Gajavölgy Member is of comparatively uniform grain size composed mainly 
of micrite, in lesser measure of microsparite, in which, along with the biogenic components consisting 
mainly o f microplankton and echinoderm detritus forming the overwhelming bulk, the land-derived 
elastics (quartz, chert and carbonates) have played a rather considerable role.

The S B a k o n y  facies is different also as far as water agitation is concerned. The environment 
that prevailed here was predominantly one with an energy index I (quiet, nonagitated water or very 
slight turbulence) and II (periodically agitated water, weak or temporarily intensifying turbulence) 
in which partly a very sparse, mainly fresh or brackish-water algal flora, partly an Ostracoda or 
Gastropoda (abundant) fauna lived. The partly rudist-bearing, partly bioelastic or sometimes slightly 
oöidic layers, which appeared primarily in the lower half of the middle third of borehole Ú. 421, were 
of second-rank significance. Beside rudists, the representatives of Chondrodonta and some Nerinea 
species also thrived in the environment. Deposits of an environment of energy index III occur 
primarily as single interbeddings in the intervals of index IV that are introductory or that put an end 
to that type of environment or less frequently in intervals of index I and II.

Deposits of the environment of highest energy index were encountered just sporadically in the 
Úrkút Limestone, suggesting a higher degree o f landlocking as compared to the case o f the Eperkés
hegy Member. In that part o f the sequence of the Úrkút Member that has been preserved up to the 
present time, laminar flow must have played a quite subordinate role. This circumstance is responsi
ble, among others, for the practically total absence of terrestrial elastics in it. Occurring mainly in the 
lower part o f the boreholes, the hardly rounded intraformational breccias of 0.5 to 5.0 cm size are 
of particular significance. They were probably formed from half-consolidated lime mud which held 
been mobilized by the major storms.

Water temperature, climate

The presence o f special reef-building organisms characteristic o f the Cretaceous system (Agrio- 
pleura, Toucasia, Pseudotoucasia and Eoradiolites species) and of other thick-walled molluscs (Lios- 
trea, Chondrodonta) in abundance indicates a seawater with a temperature similar to that o f the pre
sent-day tropical seas (above 25 °C as suggested by L. M ó r a -Cz a b a l a y , 1981). Along with the thick
ness of the shells, the abudance o f individuals of the calcareous organisms also suggests a warmer 
(tropical or subtropical) environment. The temperature suggested for the Úrkút Member area seems 
to have been somewhat higher than it was the case with the comparatively more openwater and per
manently water-covered N Bakony facies. In the former case, near the flat beaches, in consequence 
of the frequent emergence due to the continual oscillatory movements, the minor puddles o f a patch- 
reef-dotted terrain seem to have contained a water with a temperature higher than the environmen
tal average. The rainwater that came from the headlands seems to have partly recharged the minor 
basins and puddles with freshwater and to have produced a sheetwash of the surfaces it flowed over. 
Hence the fresh- and brackish-water intercalations observable within the Úrkút Member. In the minor 
basins which had not been reached by the rainwater, evaporation could set in too (borehole Pa. 7) 
which, in turn, testifies to the existence o f more arid episodes, too. Such episodes are suggested, in 
addition, by the sporomorphs occurring at the base and in the Tés Clay.

The allite minerals quite frequent in Pa. 7 and the characteristically red colour o f the se
quence are indications o f tropical (or possibly subtropical) conditions with an uneven distribution of 
rainfall.

Being regarded, in part, as an isochronous counterpart of the Eperkéshegy Limestone, the 
Mesterhajag Member of the N Bakony facies seems to have been formed in a seawater of identical 
temperature.

At the base of the Gajavölgy Member the appearance of glauconite in abundance can be observ
ed—a phenomenon usually regarded as being suggestive of seawaters cooler than mentioned previous
ly. As suggested by McR ae  (1972), glauconite is formed diagenetically in a seawater with a tempera
ture of 15 -20  °C, a process associated mainly with transgressions. Although this is in a good harmony 
with the faunal change ( Bhynchostreon columbum)  observable at the top of the middle member and 
indicative of a certain degree of cooling, it is contradictory to the water temperatures inferred from 
0  and C isotope measurements of belemnite rostra of the Pénzeskút Marl Formation and its enclosing 
rock. Despite the similar circumstances, the mean temperature inferred from the measurements does 
not fall short of the results obtained for the three preceding members. In an environment o f partly
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laminar flow on the way of becoming an openwater sea, a certain degree o f decrease in water tempera
ture must be reckoned with even under the same climatic circumstances, just like there is always at 
least 2-3° difference in water temperature between the open shelf and the lagoons of the present-day 
seas. And in this way the above contradiction can only be reduced, but it cannot be completely 
eliminated. Because of the more sophisticated nature of the sources o f error of isotope measurements 
and of their interpretation, it is the lower temperature implied by glauconitization that seems to 
be more likely.

The influence of land

The influence of a landmass is manifested in the N and the S B a k o n y  in a different way. 
Because of the pinching-out of the Tés Clay in SW direction the Úrkút Limestone Member rests di
rectly on the older (Jurassic) formations. Accordingly, the land-derived material in the lower 1-2 m 
is represented mainly by chert weathering products. Above these, however, in the proximity of the 
one-time sea margin (borehole Pa. 7), the rock colour is red or of a reddish shade becoming more 
and more attenuated higher up the section. There are frequent interbeddings of heavily bauxitic red 
clay attaining even several dm in thickness, in which the siallite content is always kaolinite. The ori
gin of the carbonate grains in the bauxitic clay is obscure. The lack of other elastics suggests a far
away source area and a less rough, gently sloping terrain.

In the N B a k o n y  the influence o f land is manifested in two horizons. At the base o f the for
mation, in a 2-5 m thick limestone with some detritus of rudists, the elastics of fine quartz- and chert 
origin represent a frequent element. Similar elastics reappear in the Gajavölgy Member, but they do 
so associated with limestone and dolomite grains, suggesting that, when the formation was formed, the 
sea shore lay all the time near-by so that, alone in the middle segment, no elastics could get accross 
the vast reef field. As another effect of the influence o f a landmass there are plenty of coalified plant 
detritus in the Gajavölgy Member whicht partly derived from contemporaneous plants, partly were 
redeposited from older (Lower Trias sic) beds (?). Consequently, in the N Bakony, in contrast with 
the S Bakony, the clastics-winnowing effect o f the carbonate denudation terrain was manifested in 
smaller measure. The appearance o f carbonate elastics in the Gajavölgy Member suggests at the same 
time a slight differentiation of the terrain as well.

Facies zones

In the previously discussed formations o f the Zirc Limestone, from among the facies types 
(zones) proposed by J. W. W ilson (1975), those belonging to the shallower part of the shelf could 
be singled out (Fig. 52).

Basin margin •
The most open type is the basin margin (clinothem) facies which is constituted by well-sorted, 

fine or small-grained, bioclastic, locally almost massive, grey, clay-filmed limestone with limestone 
and dolomite extraclasts. The relatively high biogenic content is composed of three types. The bulk 
is constituted by washed-in, fine-crushed fragments of shells of shallow-water provenance, represented 
primarily by Echinoidea. Remains of bottom-dwelling organisms (almost exclusively Foraminifera 
or, quite sporadically, Mollusca) or their tracks as well as worm-track fills are comparatively frequent. 
In addition, the amounts of planktonic forms is considerable which belong mainly to the Calcisphaeru- 
lidae group. However, the quantity o f planktonic Foraminifera and nannoplankton is noteworthy, 
too. Along with the silt content, in addition, tiny coalified plant detritus and diagenetic glauconite 
are also conspicuous.

This facies is typical of the Gajavölgy Member of the Zirc Limestone, being limited to this forma
tion. On the basis of the preponderance of the biogenic detritus of allochtonous origin within the facies 
the conclusion can be drawn that when the rock was being formed the reef environments stopped exist
ing in the N Bakony area (no rudist detritus). In other words, in ranking it as an ideal facies zone we 
have sought to have it fitted in terms o f water depth rather than to rely on the system of interrelations 
involved.

Reef- or platform margin
The reef- or platform margin facies is the most characteristic and most common facies of the for

mation which is constituted by thick-bedded to massive, mainly micrite-cemented limestone composed 
o f a maze of rudist shells belonging to different genera. These bivalves are in the rarest cases found 
in a position corresponding to their mode of living (i.e. upright). Irregularly tilted, the bivalves are 
often injured. In the corresponding facies of the Úrkút Member, they are a little thinner-walled com
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pared to the average. In the Eperkéshegy Member, however, among other things, juvenile specimens 
which are though tilted, but which have remained together as a cluster, are quite frequent.

The Eperkéshegy Member contains no land-derived component, while in the case o f the Ürkút 
Member, even the rudist-bearing layers do contain some bauxitic matter. In the vicinity of Úrkút, in 
the oscillation sequence, in dependence on the minor difference in the relief and on the rate of fresh
water inflow, the reef facies appears in the form of minor patch reefs dispersed over a vast area, whereas 
in the N Bakony it has formed a continuous, 20 to 25 m thick bed o f wide lateral extension which 
is relatively seldom interrupted by biodetritus-containing sequences (borehole Pónzesgyőr Pgy. 4).

Weaker-variety repetitions of the facies can be encountered in the N Bakony in the final bed of the 
Mesterhajag Member as well. Here, in the W part (Pgy. 5) a decrease in water depth and an increase 
in agitation are indicated also by the rudists, while in the E part (Jásd 2) the same phenomena are 
indicated only by other thick-shelled bivalves.

The reef bodies in the Úrkút Limestone are surrounded by diversified deposits, mainly ones form
ed in a scarcely agitated shelf-lagoon.

Platform sand
Situated between the barrier reef and the landmass—usually behind the reef-front—, the plat

form sand zone has, in our case, a slightly anomalous appearance, as its main bulk seems to border 
on the outer side of the previously discussed rudist reef body or is situated amid “ rudist reefs” . Only 
in the N Bakony facies does it occur in a readily distinguishable form, in 5-14 m thickness above the 
reef body and in 1-3 m thickness underneath.

The upper rock body—which approximately agrees with the Mesterhajag Member—consists 
overwhelmingly of calcarenite beds of grainstone texture. The cement is overwhelmingly sparite and 
microsparite. The calcarenite is made up mainly of pellets and intraclasts. In this interval the biogen 
components are of minor significance, being represented mainly by benthonic Foraminifera—in some 
places, predominantly Orbitolina. Megafaunal elements occur just sporadically and even rounded 
sand-size elastics are only in exceptional cases found in a considerable amount. In spite of their low 
amount, the various kinds of calcareous algae are characteristic elements of the facies.

Its other type, the facies beneath the reef body, differs considerably from the above. It is com
posed o f unequally rounded detritus of less sorted, overwhelmingly reef-building rudists. In this mate
rial an upward-decreasing amount of terrigene grains can also be observed. In the S Bakony facies 
it does not occur continuously in greater thickness, though layers of this type are found in several 
places within the borehole. Notwithstanding thi3, it is only here that some oöid-containing layers 
characteristic of the facies zone under consideration are found.

Open platform (self-lagoon, shallow undathem)
In the Úrkút Basin belonging to the shallow reaches of the shelf, lagoons of varying size indicat

ed by borehole Ú. 421 belong to this category, their bottom lying deeper than the wave-base level 
varying in dependence on the size of the lagoon. Accordingly, the most typical rock varieties are 
mudstone and wackestone, though, on account of the low depth, packstone is abundant, too. The faunal 
pattern is diversified. Its predominant element is represented by forms enduring changes in salin
ity among which the leading role is played by the gastropods feeding on plants. Endobiont organisms 
are conspicuous. The appearance of stenohaline elements—mainly rudists—as well as the sparry tex
ture with oöids (grainstone) marks the advent o f a reef- or platform-margin sand facies zones. The pri
mary sediment-stabilizing elements seem to have been—as suggested by the phytophagous gastro
pods—various kinds of seaweed.

Confined platform
A closed lagoon and desiccation-bound coastal marshes unaffected by circulation occur only at 

the SW end of the S Bakony facies (borehole Pa. 7), mainly in the lower 30-40 m of the sequence. 
The predominant rock type of this facies zone is a frequently dolomitic limestone, though there is 
some calcareous dolomite as well. The texture is overwhelmingly biomicritic or bioclastic, bird’s eye- 
micritie, i.e. of mudstone or wackestone type. Red clay or bauxite intercalations suggestive of an emer
gence with some small- and medium-grained carbonate elastics are conspicuous. Frequent intraclasts— 
mainly alga-coated lithoclasts—and oncoids suggest a comparatively strong agitation.

In contrast with the open platform facies, the fauna can be said to be rather poor. The predomi
nant fossils include gastropods that often abound, though various algae (including Munieria and Cha- 
raceae), specifically and generically poor Foraminifera and Ostracoda are frequent, too.

An alternation of confined platform and open platform facies up in borehole Pa. 7 can be observed. 
In this facies zone the alternation o f brackish-water, hypersaline or, for that matter, fresh-water 
facies may also be regarded as characteristic.
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The age of the Zirc Limestone
(Fig. 33)

Because of its being related to the Urgonian facies in France the age of the Zirc Limestone For
mation was for a long time regarded, on the basis of the afore-mentioned correlation, as Aptian, though 
already the fossils recovered from the underlying rock suggested a younger age. Consequently, the 
bivalve and gastropod faunas in the Barremian to Senonian Urgonian facies are for the most part of 
facies index value and only their smaller part is diagnosic of age.

Nowadays, however, there are a great number o f more reliable clues to dating the formation. 
The ammonites that have come into the fore from the topmost layer o f the formation (Bakonynána), 
primarily Stoliczkaia dispar, a species o f chronozonal index value, and its subspecies 8. dispar blan- 
chetti, and also Anisoceras (A . )  armatum, have fixed the age of the formation in the Late Albian (the 
lower half o f what was earlier referred to as Vraconian). This is confirmed by the Stoliczkaia sp. found 
in Bed 2 (personal communication by J. K n a u e r ).

Rather vaguely though, but essentially the same dating is given by Foraminifera. Some plank
tonic forms are not limited to the Gajavölgy Member which has yielded some ammonites as well, but 
they extend a little bit down into the middle member as well. The most important form is Rotalipora 
appenninica known from just a few samples. Hedbergella delrioensis and H. washitensis are quite fre
quent. A Late Albian age is suggested by the relationship with the almost exclusively benthonic fora- 
miniferal and algal assemblages (P. Y. B e r t h o u - J .  L a u v e r ja t  1979).

In its rather poor nannoplanktonie assemblage (Table 17) the only noteworthy (zonal) index 
fossil is Eiffellithus turriseiffeli suggesting that the deposition time of the Gajavölgy Member must 
have corresponded to a date not later than the Late Albian (K. P e r c h -N ie l s e n  1979).

On the basis o f the above data—considering the very rapid sedimentation o f the reef and peri- 
reef facies that is already essentially continuous in a downward direction—, I consider the formation 
as a whole to be a product o f the Late Albian time-span.

Some elements of the megafauna found in the 2nd Bed of the Mesterhajag Member (Rhyncho- 
streon columbum and Cardium cenomanense—Ъ. M ó r a -Cz a b a l a y  1981) seem to confirm the Late Al
bian age o f the limestone. On the other hand, the megfauna of the Eperkéshegy Member ( Eoradiolites 
murgensis, Neithea stephanoi, Nerinea fleuriaui, Cossmannea vogtiana)  provides a possibility, at the 
most, for the designation of a Middle to Late Albian age. At the same time, the results of investiga
tions are pregnant with a lot of contradictions. As believed by N eu m an n  and Sc h r o e d e r  (1981), 
Orbitolina ( M.) texana does not extend into the Upper Albian. Ostracoda rather seem to push the 
time of formation towards the Early Albian (Pontocyprella maynci, Veenia florentinensis, etc.), 
though forms tending to range higher upwards are encountered here too (R. D a m o tte  et al. 1981). 
The correctness o f the former conclusion is corroborated by the relatively rich and no more the most 
primitive angiosperm pollen assemblage o f the underlying Tés Clay, an assemblage suggesting a Middle 
Albian age for the latter (M. J u h á sz  1982).

Much more difficult is the case with the determination o f the exact age of the Úrkút Member 
which is now lacking a direct connection, as neither ammonites, nor even any considerably planktonic 
Foraminifera could be found in it. On the basis of the presence o f Eoradiolites and the assumption 
that the Úrkút Member is an isochronous, marginal, lagoonal counterpart o f the N Bakony facies, 
a Late Albian age seems to be most likely in the case o f these beds, too.

The glauconite-based radiometric K /Ar dates, that are not exempt from minor contradictions 
either, include data that correspond to this time-span (103.5±4.5 Ma) (K a d o sa  B a lo g h  in M. F ö ld - 
v á r i- K .  B a l o g h  1982), but the majority of the results indicate a younger age (mostly inferior to 
100 Ma). Considering, however, that Ar may escape from the loose glauconite lattice, this contradic
tion becomes interpretable. Conversely, if R o b a s z y n s k i ’s data (1979), similarly based on the measure
ment of radioactive isotopes, are accepted, so the values of 94-96 Ma must be judged to be correct.
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PALEOGEOGRAPHY AND GEOHISTORY

The Austrian (or rather Tisian) orogeny that followed the birth of the Tata Limestone Forma
tion was the first among the tectonic movements that led to the formation o f the Central Range syn
clinal structure. This is indicated by both the S Bakony folds and the distribution pattern, observable 
in Supplement I, of the pre-Tés Clay formations. The orogenie movement, however, was manifested 
not only in flexing form elements, but it was coupled with considerable vertical and probably also 
lateral movements. The most significant among these seems to be the Eplény-Kardosrét line which, 
though asynchronous, being manifested as a boundary regarding a number of Jurassic facies as well, 
but which is obviously responsible for the lack o f the Tata Limestone, the Jurassic and Lower Creta
ceous formations to the NE of the line and for its being reduced to merely a narrow strip in the area 
between Bakonycsernye and Mór, respectively. That this structural element is still living is indicat
ed not only by the loss of the afore-mentioned formations to erosion, but also by their accumulation 
in form of weathered chert gravel or, for that matter, weathering products in the SW area (vicinity 
ofZirc) (Fig. 53).

As far as a volcanic activity associated with the tectonic movement is concerned, only uncertain 
traces of such are known to us. Such explanations can be given for the presence o f montmorillonite- 
rich layers at the base o f the Tés Clay, as observed in both outcrop and borehole. Accordingly, volca
nic material is supposed to have been added to the residue of weathering of argillaceous carbonates 
and other silicates. And the allites, which had resulted from the process of desilicification on a carbon
ate terrain, were moving from the limbs towards the axis of the syncline after the morphological 
differences provoked by the tectonic movements had been eliminated by erosion. I f  the coming into 
existence of the synclinal structure in earliest Albian time is accepted (there is no evidence of its pre
existence), then the approach suggesting the provenance of the bauxite from only a southern source 
should be rejected in the light of borehole Bakonyoszlop Bob. 15 which cut some bauxite beneath 
the overlying Tés Clay on the opposite limb. Accordingly, the presence of source rocks in both limbs 
must be supposed. The bauxites that have been preserved with an overlying Tés Clay (Fig. 54) indi
cate that the quality is improving towards the limbs (evidence is available only towards the southern 
side). This means that as a result of an earlier burial the allitization along the axis was completed ear
lier than on the limbs.

In the Perepuszta area, according to the distribution of quality data that may be considered 
typical (see chapter Mineral resources), the bauxite of highest quality occurs beneath the uppermost 
few decimetres of resilicified rock, then there is a gradual increase of the Si02 content and progressive 
decrease of the A120 3 content, suggesting that, because of a percolation from above, the bauxitization 
process continued even at the site o f accumulation. Another possible explanation for the situation 
may be provided by the accumulation of bauxite of gradually improving quality.

As a result o f a slow subsidence of the territory the terrestrial sedimentation indicated by the 
accumulation of bauxite was followed by the lithologically diversified paludal-lacustrine-marine 
sedimentation of the Tés Clay Formation. The averaged lithological pattern of the lowermost 5 m 
in the area between Zirc and Mór (Fig. 55) indicates a bottom of slightly dissected morphology. Ac
cordingly, to the E of the Dudar-Jasd line swamp sedimentation set in, to the SW of the same line 
an overwhelmingly lacustrine sedimentation began which involved predominantly limestone and 
calcareous marl deposition along the S margin and in the Bakonynána-Dadar line. As indicated by 
the marls and occasional carbonaceous clays of the densely drilled Perepuszta and Tés areas, the 
limestone facies was complicated by additional bottom roughness phenomena. Notwithstanding this, 
it strikes to the eye that by far the overwhelming majority of the hitherto known bauxite indications 
are associated with an area in which the initial layers are made up of carbonate! Sand and sandstone 
beds are known only along the S margin, in the area between Balinka and Mór, conglomerates being 
restricted to the neighbourhoods of Zirc and Eplény.

In the vicinity of Úrkút the Kepekő Member forming the lower part of the Tés Clay and consist-
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ing of variegated chert elastics of varying grain size which used to be assigned to the Lower Cretace
ous. On the basis o f the pelagic Mogyorósdomb Limestone Formation and the Sümeg Marl Forma
tion occurring in the neighbourhood, it seems to be justified, however, to assign these elastics to 
the Middle Cretaceous cycle. The isopach map of the area testifies to replenishment from local sources 
o f the rough terrain prior to the development of the whole area into sedimentary basin (G. Császár  
1978).

E of Mór, area unrepresented on the map (Fig. 55), first grey clays, then, E o f Pusztavám, already 
the Környe Limestone is that which forms the starting unit of Middle Cretaceous sedimentation from 
which the Tés Clay evolved with grey marl and clay layers. As evidenced by the boreholes of Orosz
lány (e.g. 0 . 1825), the Környe Limestone, on the side facing the pelagic Vértessomló Siltstone For
mation, ends with a true, coral-rich barrier reef which continued initially in a rudist-bearing reef 
body of full development farther SW and which, reduced to a comparatively narrow strip, acted as 
a piggy-back representing an isochronous facies counterpart of the Tés Clay Formation, i.e. a barrier 
that separated the full-marine Vértessomló Siltsone from the Tés Clay with manifestations of marine 
ingressions accross the barrier (Figs. 1 and 56).

With progress of sedimentation the NW limb o f the sedimentary basin subsided more quickly, 
subsidence that was continually compensated by a more rapid deposition of sediments including 
coarser elastics (e.g. conglomerate layer in borehole Súr 1). This seems to be responsible for the fact 
that the deep-line of the bottom of the sedimentary basin—which is delineated by the outlines of the 
most common marine intercalations—can be traced not near the northern limb, but a little farther 
S from the median line, along Zirc-Mór.

Simultaneously with the subsidence o f the basin, in a more remote part o f the NW limb a little 
movement must have taken place so as to have enabled the streams that were stronger than those 
o f the S limb to transport coarse sediments for a considerable time (with reiterations) to the sedimen
tary basin (Fig. 32).

The coarsest elastics, i.e. the conglomerates, are composed solely of pebbles o f chert origin both 
in the basal layers (W of the Kardosrét—Eplény line) and in the higher ones (boreholes Súr 1 and 
Nagyveleg 1), whereas the sandstones appearing mainly in the upper segment o f the sequence to the 
NE of Mór are composed of quartz and quartzite indicating that erosion must have been shifted behind 
the carbonate terrain. This comparatively mature material either suggests a very far-away source 
area, or, what is more likely, it refers to redeposition o f nearer sedimentary rocks.

The apparently uniform sedimentary basin of the Tés Clay remained, till the advent of the Zirc 
Limestone Formation, a maze of more or less separate subbasins with an open water table which, 
though small, often varied in size and changed their place and which were separated by marshes over
grown with vegetation or possibly by minor, island-like flats. This is indicated by the fact that a li
thology- or paleontology-based correlation in the study is impossible, unless a very little distance is 
being considered. Even a careful analysis (mainly on the basis of Ostracoda) of the marine intercala
tions that are frequently observed to occur with an oscillative character can enable us to trace the 
strongest ingressions only with rough approximation.

As a modern example o f the facies under consideration, the Everglades swamps o f Florida may be quoted, 
where within an area o f several thousand km2, including a part o f Florida Bay, a total o f no more than 5 m difference 
in altitude can be observed and where the local differences in altitude remain almost totally unheeded, yet there are 
striking differences in the geological features. Anyway, the comparison is imperfect, because the subsidence o f the 
area began about 5 thousand years ago, so that hardly any trace o f oscillatory changes in environment has been 
preserved.

The explanation for a sedimentation in a nonagitated environment, an assumption based on 
measurements and corroborated by calculation, is provided by the fact that we have to do with a dis
integrated sedimentary basin.

Although the SE- and SW-oriented attenuation of the Tés Clay shown on idealized profiles is 
a definite trend on the basis of which the one-time shoreline of the sedimentary basin at a distance o f 
a maximum of 10 km away from the present-day margin can be delineated with rather firm certainty 
(Fig. 32). When, however, aggregate sediment thicknesses are considered, so the previously mention
ed minor differences will already result in a figure of some tens o f metres (e.g. the relatively thick 
sequence of the Csehbánya Basin in borehole Cseh. 5: 86.1 m). The present-day morphology has in 
many cases preserved (e.g. Tunyog-hegy) the resemblance to the one-time counterpart which is 
reflected by the trend of variation in thickness. At the same time, opposite trends are likely to have 
manifested themselves, too (Mór Graben) (G. Császár  1978).

In spite o f the ideal paleogeographical environment and regardless o f one Saurius tooth (M. 
K r e t z o i- J .  N o szk y  1951), no information suggesting the occurrence in the study area of paleoreptiles 
is available to us. And this fact induces us to put forward the idea that the study area may have 
existed as an island that had been detatched from the mainland.

A radical change in sedimentation took place towards the end of the Middle Albian when the inflow

196



■of elastics had ceased or been reduced to an extent that the settlement of thick-walled bivalves in 
a transgressing sea and the formation of a platform-like reef environment had become possible. The 
sea, which produced the carbonate sediment, extended to the] SW beyond the Tés Clay, whilst in the 
nearshore zone (Pa. 7) the carbonate environment was witnessing the deposition of sediments that 
incorporated, without any resilicification, a considerable part of the bauxite minerals deriving from 
the allite blanket that covered the carbonates (Fig. 42). After a marine transport over a distance of 
only a couple of km (Ú. 421 ), however, the red argillaceous deposits similar to their counterparts known 
from borehole Pa. 7 are already completely devoid o f bauxite minerals which, after taking up some 
Si while being transported, have altered to kaolinite.

In the S Bakony area affected by a much more rapid subsidence compared to the case o f the 
N Bakony, the sequence is dominated by two facies types, their deposition having kept pace with 
the more rapid subsidence. Towards the basin’s centre, the r e e f  f a c i e s  becomes more signifi
cant as compared to the littoral facies. In accordance with this, it is a l i m e s t o n e  f a c i e s  
w i t h  g a s t r o p o d s  of a more uniform pattern but more rich in individuals and often indicative 
of a salinity lower than the normal figure that gets the upper hand towards the shoreline. In the 
course o f the emergence that was coupled with the oscillation, temporary exundations took place 
rather often and, in consequence of the comparatively high amount of rainfall, even minor basins 
(subbasins) with a stronger reduction of salinity were formed, especially in the marginal 1-2 km wide 
zone representing the higher subtidal and also the intertidal environments. This was probably respon
sible for the fact that the process of Mg-eontaining calcite and dolomite deposition was never accom
panied by the precipitation o f gypsum or anhydrite.

Along with the two preponderant facies types, a basin large enough for enabling a rather strong 
wave action was seldom formed, too, in which the representatives o f Orbitolina and the intraclasts 
were accompanied by the formation of true oöids as well. (The list of Wilson’s facies zones identified 
in the study area is given in the chapter Facies zones.) The disappearance o f the allites higher up the 
profile (borehole Pa. 7) indicates the transgression to have continued farther SW.

The narrow Úrkút Basin was probably not the only structure that closed the Middle Cretaceous 
sedimentary basin towards SW, but additional, similar series of basins may have existed farther N. 
This is suggested by the Jurassic-Lower Cretaceous zone, now covered by Upper Cretaceous depos
its, farther N, the sandy, silty material o f which would probably have appeared, in spite of the flat 
coastal morphology, in the single (Úrkút) sedimentary basin, if in that area no sedimentary basin 
had existed. Overlying a Triassic limestone or possibly dolomite terrain, the Middle Cretaceous de
posits may have buried huge bauxite bodies.

At the very beginning o f the deposition of the Zirc Limestone, in the NE part, along the Orosz- 
lány-Környe line, the already mentioned barrier reef (Fig. 32) behind which the initially platform
like rudist-bearing environment was being formed, still probably existed. This vast and rather uni
form and monotonous formation was but locally interrupted by tidal inlets and minor basins. Their 
sediments are very much akin to the pelletal-intraclastic, mostly sparite-cemented sediment which 
was deposited in a slightly deeper water, but certainly above the wave-base. The barrier reef must 
have still existed when the Mesterhajag Member was being formed, for, in contrast with a wealth of 
benthonic Foraminifera, the planktonic organisms are absent in this deposit, too. In spite of its slight 
overall deepening, that was the time when there appeared some brown-limonite-coated denudation 
surfaces suggesting a short-lived emergence which may be regarded as the first, though rather subtle 
manifestation of the differentiation o f the study area. The formation of the Mesterhaj ag Member 
was put an end to by the locally ephemeral return o f the reef facies and, E of Pénzeskút, by a short
lived emergence and a slight karstification.

In spite of its being apparently similar at first approximation, the formation of the Gajavölgy 
Member reflects a marked paleogeographic change. The appearance o f planktonic Foraminifera 
testifies to the disappearance of the barrier reef, while the appearance of land-derived carbonate and 
quartz grains bears witness to differentiated movement of the background o f the sedimentary basin. 
A marked change in the faunal pattern, in turn, may indicate, for that matter, even a change in paleo
geographic province. Glauconite may also be regarded as a new element, though its significance is, 
in many respects, rather controversial. That a colder than tropical water environment is needed for 
its genesis is generally acknowledged (M cR a e  1972: 15-20  °C). As believed by many specialists, the 
glauconites occurring at nearly one and the same time must have been formed (completely or for the 
major part) as a result of an overall cooling down of the climate. Conversely, there are opinions (e.g. 
G. Ernst 1982, paper presented in Munich) suggesting that cold sea currents were responsible for 
their formation. To trace the alleged cold currents in a still comparatively shallow sea, across narrow 
channels up to what is now the Transdanubian Central Range does hardly seem to be realistic. Con
sequently, we must accept the suggestion that the climate became to some extent colder which seems 
to be confirmed by both the absence of reef-building organisms and the appearance of boreal forms.

As believed G. S. Odin (1981), like M cR ae  (1972), along with other factors, transgression is one
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o f the circumstances that provide favourable possibilities for glauconite formation. Ow n  suggested 
the external shelf margin as the most favourable site of glauconitization.

In the light o f the wealthy literature dealing with glauconite the various authors usually agree 
in believing that the source rock has been of secondary importance for glauconitization, for the 
phyllosilicates necessary for it are present in most facies. These may be various kinds o f mica or mont- 
morillonite (Köster and K ohleb 1973), mixed-layer montmorillonite-hydromica (Logvinenko 
1982) or other similar minerals. The availability in the sediment or the interstitial water of a sufficient 
amount o f dissolved Fe and К  during glauconitization or diagenesis is an important prerequisite. 
A slightly alkaline environment (pH of 7-8) in a seawater o f normal salinity is granted, Eh is irrele
vant, both slightly oxidative and slightly reductive environments being suitable. It is also obvious 
from the foregoing that in the seas within the 40 to 500 m depth range many such places are known, 
where the above-outlined circumstances exist and yet no glauconitization takes place. In other words, 
we are still very far from being aware o f all the circumstances that are indispensable for the process 
of glauconitization.

Towards the middle o f the Late Albian the NE part of the sedimentary basin rises again above 
the sea level and an erosion sets in which removes the deposits down to the lower part of the Mester- 
hajag Member in the Oroszlány-Pusztavám area or less frequently, down to the Eperkéshegy Mem
ber. In that area the karstic cavities reaching down to 2-5 m or to a maximum of 10 m depth (J. 
K natter 1966) are filled with varieties o f marls and claymarls that are extremely rich in glauconite. 
The basal elastics are completely absent there. In the vicinity o f Jásd the denudation is already just 
symbolic in extent, but in the half metre thick basal layer, along with heavily rounded detrital ele
ments of various fossils, limestone elastics, several cm or even dm in size and scarcely rounded, o f 
the Gajavölgy Member can be found in a great number, too. Farther W , at Bakonynána, the transition 
between the Zirc Limestone and the Pénzeskút Marl may be regarded as already continuous, though 
in the middle part of the transitional interval o f about 60-70 cm, the lumaehelle-like accumulation—in 
a more modest extent compared to the previous case—of worn-off fossils is coupled with the pre
sence o f limestone debris o f 0.5-3.0 cm size. Although phenomena suggestive of the presence of hard- 
grounds or possibly of a short-lived emergence, accompanied by a few tiny intraclasts can be observed 
at Olaszfalu and Pénzesgyőr as well, the characteristic enrichment o f the fauna, i.e. the so-called 
upper faunal horizon is already absent or is present in only a restricted form. The degree of glau- 
coniticity also shows a marked reduction towards the S W . Above the Eperkéshegy Member there 
are sporadical manifestations o f a kinship with the S Bakony facies and this relation tends to 
increase gradually as one proceeds farther S W . According to this trend, in the Bakonybél-Csehbánya 
zone, the two facies begin to get intertongued, as illustrated by Fig. 57. At least one of the elements 
o f the structures responsible for the change may have been the fault system which bounds the Hajag 
hill group on the west and which must have played an important role in the Jurassic as well. Accor
ding to one of the possible alternatives (Fig. 57), during the first third of the history o f the Pénzeskút 
Marl in what is now the S Bakony, the deposition o f limestone in the already discussed, patch-reef- 
dotted lagoonal environment was still going on. This is suggested, in addition to the change in the 
faunal pattern in S W  direction, by the gradual transition between the two formations and the increase 
in the same direction of the thickness of the Gajavölgy Member. At the same time, it would be difficult 
to explain why the S Bakony facies, liable to vertical movement as it is, has remained stable, whilst 
in the N Bakony some uplift has taken place coupled with some subsidence. Giving an explanation 
for regression (Fig. 58) and transgression does not seem to be simple either, not to speak of the fact 
that the glauconitization explained by a cooling o f the climate and the existence of reef-building organ
isms in what is now the S Bakony imply a contradiction that seems to be impossible to eliminate !

According to the other alternative of explaining the relationship between the two facies areas 
(Fig. 59), the N and S Bakony facies is to be considered isochronous and so the cold spell coinciding 
with the main period of glauconite formation becomes more easily explainable, too.

In spite of doubtless indications suggestive of a transition, the hypothesis suggesting that tecto
nic (wrench fault) movements may have been responsible for the present-day position o f the two 
facies areas is offered as another alternative solution to the problem. Such an idea stems primarily 
from the circumstance that where the N Bakony facies is indicative of a faunistic affinity to the north
ern margin of the Tethys, the gastropodal deposits of the S Bakony are uncharacteristic of the N 
margin of the Tethys, suggesting connections with more southerly regions. However, given the little 
distance involved, such a phenomenon seems to be at least highly unusual. As it looks, the connec
tions that existed in Early Cretaceous time (the relations between the Lower Cretaceous of the Gere
cse area and the Rossfeld Beds on the one hand and between the Mogyorósdomb Limestone and the 
S Alpine biancone facies on the other) must have survived and persisted, within this dropful of an 
area, even in Middle Cretaceous time. A better understanding of the quintessence of the phenomenon 
would be impossible, however, unless the older (Jurassic) and younger formations within the Central 
Range megatectonic unit are studied and evaluated to this end.
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MINERAL RESOURCES

All in all, the formations discussed in the foregoing and belonging to the sedimentary cycle that 
followed the Tisian orogeny are of little or just fair economic significance. Even the Alsópere Bauxite 
Formation, which is ranked as a mineral deposit, does not deserve more than an assignation to the 
medium-grade category. The major results of an open-file report on the most important area o f occur
rence of this formation between Zirc and Mór (G. Császár-M. Lantos-Z s. Farkas 1981) are given 
in the Hungarian version of this monograph.
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I. tábla — Plate I

1. Intraklasztos, pizoidos bauxit — Intraclastic and pisoidal bauxite.
Tés Tt. 27. sz. fúrás 52,3 — 52,9 m

2. Részlet az 1. fényképből: különböző fejlettségű pizoidok — Detail from fig. 1: pisoids of differ
ent degree of development.

Tési Agyagmárga Formáció — Tés Clay Formation

3. Limonit-pizoidos tarkaagyag — Variegated clay with limonite pisoids.
Zirc, istenesmalmi kőfejtő — Istenesmalom quarry at Zirc.

Alsóperei Bauxit Formáció — Alsópere Bauxite Formation

F o tó : Pb l l é b d v  L .-n é
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1. Munieriás bázismészkő alulnézeti képe kaviccsal és Ostrea cseréppel — Basal Munieria-bearing 
limestone, bird’s eye view with pebbles and Oyster shells.
Lókúti dombi kőfejtő — Lókút, quarry on Lókút hill.

2. Limonit-pizoidos tarkaagyag a formáció alsó rétegeiből — Variegated clay with limonite pisoids 
from the basal layers of the formation.
Zirc, istenesmalmi kőfejtő — Istenesmalom quarry at Zirc.

Tési Agyagmárga Formáció — Tés Clay Formation

F o tó : P e l l b r d y  L .-n é
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IV. tábla -  Plate IV

1 — 2. Liostrea etattoni (P .—C.) faj alkotta lnmasella.
Zirc, Cigány-ár ok.

Tési Agyagmárga Formáció — Tés Clay Formation

F otó: PELbÉBDY L.-né
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У. tábla — Plate У

1. Orbitolinit-pad [Orbitolina ( M .) baconica Méhes és О. ( M . )  pannonic.a Méhes] töredéke. 
Zirc, Cigány-árok.

Tési Agyagmárga Formáció — Tés Clay Formation

F o tó : P e l l é b d y  L . - n é
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VI. tábla — Plate VI

1. Orbitolinit. Részlet az V. tábla 1. fényképéből — Orbitolinite. Detail from Plate V, f. 1.
Zirc, Cigány-árok.

2. Lencseszerűen összemosott apró termetű kagylók viszonylag ép héj maradványai — Comparatively 
intact shell remains of small bivalves washed together in a lenticular shape.
Zirc Zt. 61. sz. fúrás 26,4 m

3. Bioturbációs jelenségek erőteljesen reduktív udvarral — Bioturbation phenomena with a strongly 
reductive aureole.
Olaszfalu Ot. 84. sz. fúrás 103,0 m

Tési Agyagmárga Formáció — Tés Clay Formation

F o tó : P e l l é k d y  L .-n ű
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VII. tábla -  Plate VII

1. Munieria tartalmú agyagos mészkő, mészmárga anyagú fúrómag — Munieria-bearing, argillaceous 
limestone and calcareous marl in drill core.
Csehbánya Cseh. 13. sz. fúrás 264,2—264,3 m

2. Munieria baconica Deecke tartalmú mészkő — Limestone with M. baconica Deecke.
Zirc, borzavári út DXy-i oldala — Zirc, SW side of the road to Borzavár.

3. Munieria baconica Deecke ép példányait tömegesen tartalmazó kőzettörmelék — Rock debris 
abounding with intact specimens of M . baconica Deecke.
Zirc, borzavári út DNy-i oldala — Zirc, SW side of the road to Borzavár.

Tési Agyagmárga Formáció — Tés Clay Formation

F o tó : P e l l é r d y  L .-n é

2 2 2
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1., 3. Frenelopsis hoheneggeri (Ettingshausen) szenesedett maradványai — Coalified remains of F. 
hoheneggeri (Ettingshausen).
Balinka Ba. 287. sz. fúrás 633,2—633,5 m

2. Stephenophyllum solmsi (Sewgabd) szenesedett maradványai — Coalified remains of S. solmsi 
(Sewgaed).
Balinka Ba. 287. sz. fúrás 63.3,2 633,5 m

Tési Agyagmárga Formáció — Tés Clay Formation

F o tó  : R á k o s i L .



15 Geologica Hungarica 225



IX. tábla — Plate IX

Tési Agyagmárga Formáció, bentosz Foraminiferák —
Tés Clay Formation, benthonic Foraminifera

1. Kvarchomokot agglutinált formák (Orbitolina töredékek?) — Arenaceous forms that have ag
glutinated quartz grains (Orbitolina detritus).
Zirc Zt. 61. sz. fúrás 21,4 m 20X

2. Mészvázú bentosz formák homokos, bioklasztos környezetben — Calcareous benthonic forms 
in a sandy and bioclastic environment.
Zirc Zt. 61. sz. fúrás 22,0 m 50X

3 —4. Agglutinált bentosz formák homokos, bioklasztos környezetben — Arenaceous benthonic forms 
in a sandy, bioclastic environment.
Zirc Zt. 61. sz. fúrás 20X
3. 31,4 m
4. 31,7 m

F o tó : Császár G.
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X. tábla — Plate X

1. Miliolina sp.
Zirc Zt. 61. sz. fúrás 31,3 m 164 X

2. Lenticulina sp.
Zirc Zt. 61. sz. fúrás 31,7 m 164 X

3. Involutina hungarica (Sidó) és egysorkamrás agglutinált forma — I. hungarica (Sidó) and an are 
naceous form with one row of chambers.
Súr Sr. 1. sz. fúrás 338,5 — 339,1 m 50X

4. Nautiloculina sp. agyagos, aleuritos közegben — Nautiloculina sp. in an argillaceous, silty envi 
ronment.
Nagyveleg NV. 1. sz. fúrás 592,8 — 595,5 m 50X

Tési Agyagmárga Formáció, Foraminiferák — Tés Clay Formation, Foraminifera

F o t ó  : Császár  G .
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XI. tábla -  Plate XI

Tési Agyagmárga Formáció, Foraminiferák — Tés Clay Formation, Foraminifera

1. Nautiloculina sp. egyéb Foraminiferákkal.
Súr Sr. 1. sz. fúrás 336,3 — 338,5 m 50X

2. Involutina, sp.
Súr Sr. 1. sz. fúrás 338,5 — 339,1 m 20X

3. Rmjthax sp.
Zirc Zt. 61. sz. fúrás 31,7 m 20X

4. Reophax sp.
Súr Sr. 1. sz. fúrás 338,5 — 339,1 m 20X

F o t ó :  C sÁ sz .in  G .
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XII. tábla -  Plate XII

UT1
Tési Agyagmárga Formáció — Tés Clay Formation

1. Choffatella decipiens Schlumb.
Zirc Zt. 61. sz. fúrás 32,5 m 50X

2. Ostracoda lumasella átkristályosodott alapanyagban — Ostracoda lumachelle in a recrystallized 
matrix.
Olaszfalu Ot. 83. sz. fúrás 47,5 m 41X

3. Ostracoda teknó'pár agyagos mikritben — Pair of Ostracoda valves in argillaceous micrite. 
Olaszfalu Ot. 84. sz. fúrás 110,4 m 50X

4. Ostracoda sp. Munieria grambasti Bystr. töredékek között — Ostracoda sp. amid fragments of 
M. grambasti Bystr.
Súr Sr. 1. sz. fúrás 549,8 — 550,1 m 20X

F o tó : Császáb  G.
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XIII. tábla -  Plate XIII

1—2. Ostracoda lumasella — Ostracoda lumachelle.
Csehbánya Cseh. 13. sz. fúrás 260,5 m
1. 20 X
2. 50X

3. Ostracoda és kagylóhéj kőzetalkotó mennyiségben — Ostracoda and bivalve shells in rock
forming quantity.
Tés Tt. 27. sz. fúrás 40,8 m 41X

4. Díszített Ostracoda teknő és Munieria töredékek — Sculptured Ostracoda valves and Muni- 
eria detritus.
Tés Tt. 27. sz. fúrás 50,2 m 65 X

Tési Agyagmárga Formáció — Tés Clay Formation

F o t ó :  Császár  G.
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XIV. tábla -  Plate XIV

Tési Agyagmárga Formáció — Tés Olay Formation

C a d o s i n á k
1. Kettős héjú alak — Double-walled form.

Tés Tt. 27. sz. fúrás 17,6 m 164X
2. Éles belső határú, kettős héjú forma — Double-walled form with a sharp inner contour.

Tés Tt. 27. sz. fúrás 48,6 m 164X
3—4. Kettős héjú forma — Double-walled form.

Olaszfalu Ot. 84. sz. fúrás 320X
3. 70,7 m
4. 79,6 m

5. Szimpla héjú forma — Single-walled form.
Olaszfalu Ot. 84. sz. fúrás 79,6 m 320 X

6. Készben széthasadt kettős héjú forma — Double-walled form partly split up.
Súr Sr. 1. sz. fúrás 485,0—486,4 m 256 X

7. Vékony héjú forma — Thin-walled form.
Olaszfalu Ot. 84. sz. fúrás 70,7 m 320 X

8. Barna héjú forma — Brown-shelled form.
Olaszfalu Ot. 84. sz. fúrás 79,6 m 320X

A l g á k
9—10. Munieria baconica D e e c k e  örvek közti keresztmetszete. — M. baconica D e e c k e , cross- 

section between verticils.
Nagyveleg NV. 1. sz. fúrás 50 X
9. 572,4-574,5 m

10. 578,0—581,4 m
11—12. Mészalga (?) — Calcareous alga (?)

Nagyveleg Nv. 1. sz. fúrás 578,0—581,4 m 50X

F o t ó  : Császár  G.
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XV. tábla -  Plate XV

1. Munieria baconica Deecke csrisci része — M. baconica Deecke, apical part.
Nagyveleg Nv. 1. sz. fúrás 578,0 — 581.4 m 50X

2. Munieria baconica Deecke és M . grambasti Bystk.
Nagyveleg Nv. 1. sz. fúrás 590,3 — 603,0 m 50X

3. Munieria baconica Deecke töredék és Chara szár (?) — Detritus of M. baconica Deecke and stalks 
of Chara (?).
Nagyveleg Nv. 1. sz. fúrás 603,0 — 605,5 m 20X

4. Munieria baconica Deecke orv menti keresztmetszeti képe — M. baconica Deecke, cross-section 
along verticil.
Olaszfalu Ot. 84. sz. fúrás 100,0 m 50X

Tési Agyagmárga Formáció, Munieria-félék Tés Clay Formation, Munieria forms

F o t ó :  Császár G .
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XVII. tábla -  Plate XVII

Tési Agyagmárga Formáció — Tés Clay Formation

1. Munieria baconica Deecke 
Olaszfalu Ot. 84. sz. fúrás 72,5 m 50X

2. Átkristályosodott Munieria baconica Deecke tengelymenti hosszmetszete — Recrystallized M. 
baconica Deecke, axial section.
Csehbánya Cseh. 13. sz. fúrás 265,7 m 20X

3. Munieria grambasti B y s t r . hosszmetszeti képe —  M. grambasti B y s t r ., longitudinal section.
Súr Sr. 1. sz. fúrás 549,8 — 550,1 m 50 X

4. Munieria grambasti Bystr. és Munieria sp.
Olaszfalu Ot. 84. sz. fúrás 72,8 m 50 X

F o t ó  : Császár  G .
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XVI. tábla -  Plate XVI

1. Munieria változatok — Varieties of Munieria.
Csehbánya Cseh. 13. sz. fúrás 272,7 m 20 X

2. Munieria töredékek Chara gyrogonittal és szárral - Detritus of Munieria with gyrogonite and 
stalk of Chara.
Siir Sr. 1. sz. fúrás 496,4—496,9 m 20X

3. Munieria átmeneti forma — Munieria, transitional form,
Nagyveleg Nv. 1. sz. fúrás 578,0 — 581.4 m 50 X

4. Chara szár — Stalks of Chara.
Nagyveleg Nv. 1. sz. fúrás 603,0 — 605,5 m 50X

Tési Agyagmárga Formáció — Tés Clay Formation

F o tó  : Császáb  G.
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XVIII. tábla -  Plate XVIII

Tési Agyagmárga Formáció — Tés Clay Formation

1. Mészalga — Calcareous alga.
Sur Sr. 1. sz. fúrás 336,0—336,3 m 20 X

2. Chara gyrogonit — Gyrogonite of Chara.
Olaszfalu Ot. 83. sz. fúrás 63,0 m 65X

3. Chara termés és egyéb alga töredék — Fructification of Chara and other algal detritus. 
Olaszfalu Ot. 84. sz. fúrás 109,7 m 50 X

4. Chara szár Munieria töredékek között — Stalks of Chara amid Munieria detritus. 
Nagyveleg Nv. 1. sz. fúrás 578,0—581,4 m 50X

F otó  : Császár  G.
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XIX. tábla — Plate XIX

Tési Agyagmárga Formáció — Tés Clay Formation

1. Munieria sp.
Tés Tt. 27. sz. fúrás 35,5 m 200 X

2. Munieria grambasti B y s t r .
Tés Tt. 27. sz. fúrás 35,5 m 100 X

3. Munieria baconica D e e c k e

Zirc Zt. 61. sz. fúrás 58,9 m 100X
4. Munieria sp. tenyészőcsúcs — Meristem of Munieria sp. 

Tés Tt. 27. sz. fúrás 35,5 m 100X
5—6. Chara szár töredék — Stalks of Chara.

Tés Tt. 27. sz. fúrás 35,5 m
5. 48 X
6. 100X

SEMs
Fotó: K o v á c s n é  B o d r o g i  I.
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XX. tábla -  Plate XX

1. Pieninia oblonga B o r z a  és Miliolidae div. sp.
Olaszfalu Ot. 84. sz. fúrás 70,6 m 128X

2. Pieninia oblonga B o r z a  és Bryozoa telep.
Olaszfalu Ot. 84. sz. fúrás 79,6 m 50X

3. Rhodopbyta alga.
Olaszfalu Ot. 84. sz. fúrás 79,6 m 128 X

4. Mészalga telep (Parachaetetes).
Nagyveleg Nv. 1. sz. fúrás 578,0—581,4 m 50X

Tési Agyagmárga Formáció — Tés Clay Formation

F o t ó :  Császár  G .
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XXI. tábla -  Plate XXI

1. Gayeuxia sp. telep Munieria sp.-vel.
Olaszfalu Ot. 83. sz. fúrás 22,0 m 41 X

2. Alga telep (?).
Olaszfalu Ot. 84. sz. fúrás 75,8 m 50X

3. Gayeuxia (?) sp.
Olaszfalu Ot. 84. sz. fúrás 75,8 m 50X

4. Acicularia sp.
Zirc Zt. 61. sz. fúrás 22,0 m 50X

Tési Agyagmárga Formáció — Tés Clay Formation

Fotó : Császár  G.
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XXII. tábla -  Plate XXII

Tési Agyagmárga Formáció — Tés Clay Formation

1. Neomeris (?) sp. és Corallinaceae töredék — Neomeris (?) sp. and Corallinaceae fragments. 
Zirc Zt. 61. sz. fúrás 31,3 m 50X

2. Alga telep Munieria töredékek között — Algal colony amid Munieria detritus.
Súr Sr. 1. sz. fúrás 502,0 — 502,2 m 50X

3. Parachaetetes sp.
Súr Sr. 1. sz. fúrás 537,4 — 537,6 m 50X

4. Féregcső telep — Colony of worm-tubes.
Zirc Zt. 61. sz. fúrás 31,3 m 20X

F o t ó  : Császár  G .
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XXIV. tábla -  Plate XXIV

Tési Agyagmárga Formáció — Tés Clay Formation

R é t e g  t a n i  é r t é k ű  p o l l e n  — S p o r o m o r p h s  o f  s t a t i g r a p h i c  v a l u e
1. Isochosporites estherae D eák 1964 (Klukiaceae páfrányspóra).

Súr Sr. 1. sz. fúrás 557,0 m
2. Ornamentifera peregrina (Bolch. 1953) Bolch. 1968 (Gleicheniaceae sjtóra). 

Olaszfalu Ot. 84. sz. fúrás 74,0 m
3. Conbaculatisporites cretaceus Deák 1964 (Osmundaceae páfrányspóra).

Tés Tt. 27. sz. fúrás 46,0 m
4. Clavifera nigra (Bolch. 1953) Juhász 1977 (Gleicheniaceae páfrányspóra).

Úrkút Ű. 421. sz. fúrás 341,2 m
•5. Microfoveolatosporites surensis Juhász 1977 (Schizaeaceae páfrányspóra).

Súr Sr. 1. SZ. fúrás 358,5 m
6. Ephedripites multicostatus Brenner 1963 (Ephedraceae nyitvatermő pollen).

Tés Tt. 27. sz. fúrás 38,3 m
7. Corniculatisporites virgatus (Deák 1963) K tjvaeva 1972 (Schizaeaceae páfrányspóra) 

Súr Sr. 1. sz. fúrás 556,0 m
8. Ephedripites dudarensis Deák 1964 (Ephedraceae nyitvatermő pollen).

Tés Tt. 27. sz. fúrás 39,0 m
9. Clavatipollenites rotundus K emp 1968 (Monosulcát zárvatermő pollen).

Tés Tt. 27. sz. fúrás 49,0 m
10. Clavatipollenites hughesii (Couper 1958) K emp 1968 (Monosulcát zárvatermő pollen) 

Balinka Ba. 288. sz. fúrás 684,0 m
11. Crassipollis minor Juhász et Góczán 1976 (Monosulcát zárvatermő pollen). 

Csehbánya Cseh. 5. sz. fúrás 264,5 m
12. Crassipollis deakae Juhász et Góczán 1976 (Monosulcát zárvatermő pollen). 

Olaszfalu Ot. 84. sz. fúrás 75,5 m
13. Crassipollis urkutensis Juhász et Góczán 1976 (Zárvatermő pollen).

Csehbánya Cseh. 13. sz. fúrás 243,0 m
14. Crassipollis ovalis Juhász et Góczán 1976 (Monosulcát zárvatermő pollen).

Tés Tt. 27. sz. fúrás 38,5 m
15. Brenneripollis peroreticulatus (Brenner 1963) Juhász 1979 (Zárvatermő pollen). 

Balinka Ba. 288. sz. fúrás 594,0 m
16. Asteropollis asteroides H e d lu n d  et Norris 1967 (Zárvatermő pollen).

Tés Tt. 27. sz. fúrás 50,5 m
17. Tricolpites horvathi Juhász et Góczán 1976 (Tricolpát zárvatermő pollen).

Úrkút Ú. 421. sz. fúrás 341,2 m
18. Tricolpites sagax Norris 1967 (Zárvatermő pollen).

Csehbánya Cseh. 13. sz. fúrás 263,0 m
19. Retitricolpites fragosus Norris 1967 (Tricolpát zárvatermő pollen).

Olaszfalu Ot. 84. sz. fúrás 74,5 m

Z—19.: 1000X

F otó  : J u h á s z  M .
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1. Extrabiopátos—mikropátos szövet Lithophyllum sp.-vel — Extrabiosparite-microsparite texture 
with Lithophyllum sp.
Zirc Zt. 61.sz. fúrás 37,0 m 50 X

2. Biomikrites szövet Bryozoa telepekkel — Biomicrite texture with bryozoan colonies.
Zirc Zt. 61. sz. fúrás 39,0 m 20X

3. Bioextramikropátos szövet — Bioextramicrosparite texture.
Olaszfalu Ot. 84. sz. fúrás 79,6 m 5X *

4. Extrabiopátos és biopátos szövet érintkezése — Contract of extrabiosparite and biosparite texture. 
Nagyveleg Nv. 1. sz. fúrás 603,0—605,5 m 20X

Tési Agyagmárga Formáció, szövettípusok — Tés Clay Formation, types of texture

F o tó : Császár  G.
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XXVI. tábla -  Plate XXVI

Tési Agyagmárga Formáció — Tés Clay Formation

1. Bioklasztos extraintrapátos szövet — Bioclastic extraintrasparite texture.
Zirc Zt. 61. sz. fúrás 33,0 m 50 X

2. Teljesen átkristályosodott alga (Munieria) törmelék — Recrystallized algal (Munieria) detritus. 
Tés Tt. 27. sz. fúrás 30,0 m 41X

3. Átkristályosodott pát lencséket tartalmazó mikrit — Micrite containing recrystallized spari te 
lenses.
Tés Tt. 27. sz. fúrás 17,6 m 65X

4. Biomikrites szövet — Biomicrite texture.
Súr Sr. 1. sz. fúrás 550,1 — 550,3 m 20X

F o tó : Császáb  G.
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XXVII. tábla -  Plate XXVII

Tési Agyagmárga Formáció — Tés Clay Formation

1. Bioturbált mikrit — Bioturbated micrite.
Olaszfalu Ot. 83. sz. fúrás 21,0 m 20X

2—3. Agyagos mikrit száradási repedésekkel — Argillaceous micrite with desiccation cracks. 
Nagyvelcg NV. 1. sz. fúrás 605,5 — 609,0 m
2. 50 X
3. 20X

4. Gyengén osztályozott kvarcszemcsék tömegét tartalmazó agyagos szövet — Argillaceous tex
ture with a maze of poorly sorted quartz grains.
Nagyveleg Nv. 1. sz. fúrás 603,0—605,5 m 20X

F o tó : Császár  G.
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XXVIII. tábla -  Plate XXVIII

Zirci Mészkő Formáció — Zirc Limestone Formation

1. Rétegfejek az Eperkéshegyi Tagozat alapszelvényében — Foresets of beds i: 
the Eperkéshegy Member.
Olaszfalu, Eperkés-hegy.

2. Repedezett, karsztosodott kioldott felszín — Fractured, karstified surface. 
Olaszfalu, Eperkés-hegy.

F o t ó  : Császár  G .
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XXIX. tábla -  Plate XXIX

Zirci Mészkő Formáció — Zirc Limestone Formation

1—2. Kipreparálódott Rudista héjak az Eperkéshegyi Tagozatban (a 2. képen csokorszerű elrendező
désben juvenilis példányokkal). — Rudist shells loosened and set free by weathering in the 
Eperkéshegy Member (note the clustered arrangement with juvenile specimens in picture 2). 
Olaszfalu, Eperkés-hegy.

F otó  : Császár  G.
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XXX. tábla -  Plate XXX

Zirci Mészkő Formáció — Zirc Limestone Formation

1. A  visszaoldott felszínű Mesterhajagi Tagozat és a Gajavölgyi Tagozat glaukonitos bázisrétege — 
Resorbed surface of the Mesterhajag Member and glauconitic basal layer of the Gajavölgy Member. 
Jásdi kőfejtő, 2. szelvény — Quarry of Jásd, profile 2.

2. Tűzkőkavics a Gajavölgyi Tagozatból — Chert gravel (drop stone) from the Gajavölgy Member. 
Bakonynánai szelvény — Profile of Bakonynána.

F o tó  : Császák  G.
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XXXI. tábla -  Plate XXXI

Zirci Mészkő Formáció — Zirc Limestone Formation

1—2. Nyomfosszíliák, köztük Ophiomorpha a Gajavölgyi Tagozatból — Trace fossils including 
Ophiomorpha from the Gajavölgy Member.
Bakonynána, Zsidó-hegy.

F o tó : Császár  G.
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XXXII. tábla -  Plate XXXII

Zirci Mészkő Formáció — Zirc Limestone Formation

1. Féreg lakócső — Worm body-tube.
Úrkút Ű. 421. sz. fúrás 300,0 m

2. Kagylóhéj maradvány — Bivalve shell remains.
Úrkút Ú. 421. sz. fúrás 300,0 m

3. Rudistahéj — Rudista shell.
Úrkút Ú. 421. sz. fúrás 317,1 m

1—3.: 27 X

Fotó : Császár  G.
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Zirci Mészkő Formáció — Zirc Limestone Formation

1. Cuneolina sp. és más Foraminiferák.
Olaszfalu Ot. 83. sz. fúrás 9,0 m 65 X

2. Cuneolina sp. és más Foraminiferák.
Olaszfalu Ot. 83. sz. fúrás 6,0 m 41 X

3—4. Sabaudia minuta H o f k e b

Olaszfalu Ot. 84. sz. fúrás 50X
3. 69,1 m
4. 70,0 m

XXXIII. tábla -  Plate XXXIII

F o tó : Csás zá e  G.
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XXXIV. tábla -  Plate XXXIV

Zirci Mészkő Formáció — Zirc Limestone Formation

1—2. N  autiloculina sp. Rudista héjak között — N  autiloculina sp. amid Rudista shells. 
Olaszfalu Ot. 84. sz. fúrás 68,5 m 50X

3. N  autiloculina sp. Corallinaceae alga mellett — N  autiloculina sp. with Corallinaceae alga 
Zirc Zt. 61. sz. fúrás 20,3 m 50X

4. Ammobaculites? sp.
Olaszfalu Ot. 84. sz. fúrás 70,0 m 50X

F o tó  : Cs á s zá r  G.
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XXXV. tábla -  Plate XXXV

Zirci Mészkő Formáció — Zirc Limestone Formation

1. Cuneolina sp.
Olaszfalu Ot. 84. sz. fiirás 68,0 m 50X

2. Dicyclina? sp.
Olaszfalu Ot. 83. sz. fúrás 4,0 m 65 X

3. Dicyclina schlumbergeri Mtinc-Chalm. 
Olaszfalu Ot. 83. sz. fúrás 12,0 m 41X

4. Miliolidae div. sp.
Olaszfalu Ot. 83. sz. fúrás 10,0 m 65X

F o t ó :  Császár  G.
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XXXVI. tábla -  Plate XXXVI

Zirci Mészkő Formáció — Zirc Limestone Formation

1. Debar ina sp.
Zirc Zt. 61. sz. fúrás 18,0 m 164 X

2. Mészvázú Foraminifera — Calcareous Foraminifera.
Úrkút Ú. 421. sz. fúrás 286,1 m 170X

3. Miliolidae
Úrkút Ú. 421. sz. fúrás 314,5 m 66 X

4. Változatos Foraminifera együttes N  autiloculina sp.-vel — Diversified foraminiferal assemblage 
with N autiloculina sp.
Zirc Zt. 61. sz. fúrás 18,4 m 65X

5. Miliolidae div. sp.
Úrkút Ú. 421. sz. fúrás 301,8 m 43 X

F otó  : Császár  G.
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XXXVII. tábla -  Plate XXXVII

Zirci Mészkő Formáció — Zirc Limestone Formation

Calcisphaerulidae változatok — Varieties.
1—12. Úrkút Ú. 421. sz. fúrás

1. 289,0 m 170X
2. 4, 6. 301,8 m 266 X
3. 316,8 m 266 X
5. 307,5 m 266 X
7. 222,7 m 760 X
8. 291,0 m 266 X
9. 298,0 m 266 X

10. 242,0 m 300X
11. 232,8 m 760 X
12. 309,0 m 266 X

13. Zirc Zt. 61. sz. fúrás 18,4 m 256 X
14. Zirc Zt. 61. sz. fúrás 19,0 m 256X
15. Olaszfalu Ot. 84. sz. fúrás 70,0 m 128 X
16. Zirc Zt. 61. sz. fúrás 19,2 m 164X
17. Zirc Zt. 61. sz. fúrás 17,7 m 164X
18. Olaszfalu Ot. 83. sz. fúrás 4,0 m 164 X
19. Olaszfalu Ot. 83. sz. fúrás 5,0 m 65 X

F o tó  : Császár  G.
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XXXVIII. tábla -  Plate XXXVIII

Zirci Mészkő Formáció — Zirc Limestone Formation

1. Pieninia oblonga B o b z a .
Zirc Zt. 61. sz. fúrás 19,8 m 65X

2. Paraphyllum primaevum L e m o in e .
Zirc Zt. 61. sz. fúrás 20,3 m 50X

3. Marinella lugeoni P f e n d .
Zirc Zt. 61. sz. fúrás 20,0 m 50X

4. Paraphyllum sp.
Zirc Zt. 61. sz. fúrás 20,0 m 128 X

F o t ó  : Császár  G .
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XXXIX. tábla -  Plate XXXIX

Zirci Mészkő Formáció — Zirc Limestone Formation

1. Incertae sedis, parányi kerek átmetszetek tömege — Incertae sedis, a mass of minute round sections. 
Olaszfalu Ot. 83. sz. fúrás 13,0 m 41X

2. Incertae sedis, Cadosina-szerű átmetszetek kagylóhéjon — Incertae sedis, Cadosina-like sections on 
a bivalve shell.
Olaszfalu Ot. 84. sz. fúrás 68,0 m 128X

3. Bryozoa (?) vagy alga (?) telep — Bryozoan (?) or algal (?) colony.
Olaszfalu Ot. 83. sz. fúrás 3,5 m 65 X

4. Marási nyomok kagylóhéjon — Traces of etching on a bivalve shell.
Olaszfalu Ot. 83. sz. fúrás 9,0 m 41 X

F otó  : Császár  G.
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XLI. tábla -  Plate XLI

Zirci Mészkő Formáció — Zirc Limestone Formation

1. Pelletes biopát — Pelletai biosparite.
Olaszfalu Ot. 84. sz. fúrás 69,1 m 50 X

2. Pelletes intrabiopát — Pelletai intrabiosparite.
Olaszfalu Ot. 83. sz. fúrás 2,5 m 65X

3. Intrabiopát és -mikropát — Intrabiosparite and microsparite.
Olaszfalu Ot. 83. sz. fúrás 9,0 m 65 X

4. Biomikrit — Biomicrite.
Olaszfalu Ot. 84. sz. fúrás 68,0 m 50 X

F o tó : CsÁszÁit G.
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XLII. tábla -  Plate XLII

Zirci Mészkő Formáció — Zirc Limestone Formation

1. Biomi krit és bioklasztos, limonitos mikrit — Biomicrite and bioclastic, limonitic micrite. 
Úrkút Ú. 421. sz. fúrás 291,0 m 43 X

2. Pelletes intramikropát — Pelletai intramicrosparite.
Úrkút Ú. 421. sz. fúrás 313,0 m 66 X

F otó  : Császár  G.
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XLIII. tábla -  Plate XLIII

Zirci Mészkő Formáció — Zirc Limestone Formation

1. Bioturbációs lencse mikritben — Bioturbated lens in micrite.
Úrkút Ú. 421. sz. fúrás 306,0 m 43 X

2. Háromgenerációs kalcittal kitöltött üreg bioklasztos mikritben — Cavity fiiled with three-genera
tion calcite in bioclastic micrite.
Úrkút Ú. 421. sz. fúrás 322,2 m 27 X

Fotó: Császár  G.
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