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As a result of the biostratigraphic interpretation of the Lower Triassic 
sequences studied, the bio-chronostratigraphic image of the Mid-Mountains 
Scythian has been added a good deal of precision and clearness. This holds 
true not only of the biostratigraphic subdivisions and correlation, but of the 
new, internationally adopted chronostratigraphic scale as well.

A tabulated summary of the stratigraphic results inferred from the ana
lytical data is given in Fig. 38.

As regards the lithostratigraphic units, the position taken by the Triassic 
Subcommission of the Stratigraphic Commission of Hungary in 1985 has been 
adopted as a basis to rely on.

The orthostratigraphic zonation and chronostratigraphic scale have been 
developed according to the classification adopted at the International Geolo
gical Congress, Moscow 1984. For the uppermost Scythian and Lower Anisian 
boundary-zones, the zonation proposed by W ang Y i -Gang (1985) has been used 
complementarily.

Listed in a geohistorical succession, our chronostratigraphic results are as 
follows :

1. definition of the Permian-Triassic boundary on a palyno- and foramini- 
feral parastratigraphical basis, in the continuous marine sequence of the NE 
litho-tectonic units of the Mid-Mountains ;

2. subdivisions of the Scythian superstage on the basis of 17 new palyno- 
zones ;

3. distinction of three foraminiferal assemblage zones of stratigraphic 
value ;

4. proposal for drawing the boundary between the Induan and Olenekian 
stages in the light of the sporomorph zonation ;

5. definition of the boundary between the Scythian and the Anisian on 
the basis of palynostratigraphic and micro- and megafaunistic results.

Permian— Triassic boundary

In the last decade the problematics of drawing the Paleozoic-Mesozoic 
boundary has been in the forefront of interest among researchers dealing with 
the stratigraphy of the Tethys area. National and international working 
groups and special conferences and symposia have been devoted to the problem. 
A review and evaluation of all these developments is given in a summarizing 
report published by a Japanese-Chinese working group (S h e n g  J i n -z h a n g  ét
al. 1984).
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After evaluating the lithological and paleontological results from the whole 
Central and Eastern Tethys area, they came to conclude that marine, con
tinuous, ammonitic Permian-Triassic sequences occur only in S China and 
in the profiles of Kashmir, India. Out of these, they designated the profile 
of Meishan, Changxing Province, S China as Permian-Triassic boundary 
stratotype of the Tethys realm. Here, the beds of the Chinglung Group with a 
mixed fauna including Permian-type Brachiopoda and wellknown Triassic 
Ammonites and Bivalvia follow above the faunistically rich Changhsing Lime
stone Formation belonging to the Pseudotirolites-Rotodiscoceras Zone.

Having studied the alternatives of drawing the boundary, they came to the 
unanimous conclusion that the systemboundary should be drawn at the base 
of the Otoceras woodwardi Zone or at its conodont-stratigraphical equivalent, 
the Anchignathodus parvus Zone. Nota bene, this boundary is manifested not 
only in the evolution and appearance of the individual taxa, but in a radical 
change o f the bios marked by the simultaneous! extinction of the extremely 
rich Upper Permian algae, corals, Trilobita, Fusulina and smaller Foraminifera.

It is with a view to this preliminary outline of the state of the art in 
research history that results o f our studies of the Permian-Triassic boundary 
formations in the Transdanubian Mid-Mountains and the conclusions deduced 
will be understandable.

In the 920.9-918.0 m interval of borehole Alcsútdoboz 2 and the 306.80- 
306.45 m interval of Gárdony 1, oolitic limestones with a rich foraminiferal and 
calcareous algal association were intersected. Forming the lowermost interval 
of the Alcsútdoboz Limestone Formation, they contain the following major 
taxa: Myzzia velebitana (S c h u b e r t ), Gymnocodium bellerophontis ( R o t h p l e t z ), 
Paraglobivalvulina mira R e i t l i n g e r , Paraglobivalvulina gracilis Z a n . et 
Ä l t e s t e r , Globivalvulina vonderschmitti R e i c h e l , Globivalvulina distensa 
W a n g , Colaniella sp., Dagmarita cf. altilis W a n g , Robuloides lens R e i c h e l , 
Tuberitina collosa R e i t l i n g e r , Staffella sp.,Nankinella orbiculare L e e , Agatham- 
mina pusilla (G e i n i t z ), Hemigordius brunni L y s  et al.

This microfauna agrees in composition with the assemblages that occur 
in rock-forming abundace in the upper part of the underlying Dinnyés Do
lomite Formation, the only difference being that, in this basal interval of the 
Alcsútdoboz Limestone Formation, it is represented by considerably smaller 
numbers of individuals. The gradual decrease in abundance is accompanied 
by continuous changes in texture as manifested by the appearance of oöids 
gradually increasing in diameter and by their getting progressively enriched.

The forams and the calcareous algae are observable, initially, in both the 
matrix and the interior of the oöids. Subsequently, becoming gradually sparser, 
they are found already only in core of the oöids, to vanish at last completely. 
The taxa present in this sequence, characterized by continual changes even in 
microfacies, belong to the youngest Permian microfauna discovered thus far 
and they mark the upper zone, the Pseudotirolites-Rotodiscoceras Zone, of 
the Changhsingian stage. They show a high degree of correspondence to the 
fauna of the stratotype at Changhsing, S China (Z h a o  J i n -k e  et al. 1981) and 
to that of Lamajuru in the Himalayas (M. Lys et al. 1981) as well as to the 
Foraminifera assemblages of the Bellerophon Limestone and the Tesero Oölit 
from the Dolomites in the Alps (M. P a s i n i  1985).

Just like in the logs of the boreholes, Alcsútdoboz 2 and Gárdony 1, studied 
by ourselves, in the aforementioned profiles, the Permian-Triassic boundary is
i l »
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marked by the disappearance of the rich Permian Poraminifera fauna. The 
typical Triassic microfaunal elements (Cyclogyra-Rectocornuspira) (Pl. L) 
appear only after an intermediary of rocks devoid of microfauna, well above 
the boundary, in an interval assignable to the upper part of the Griesbachian 
stage.

With a frequent appearance of tiny Claraia (CL wangi-griesbachi) ac
companied by Lingula sp., prior to the appearance of the zonal fossil, Claraia 
clarai, the megafauna represents a typical Early Triassic faunal evolutionary 
lineage: the lower interval of the Alcsútdoboz Limestone Formation characte
rized by Claraia wangi-griesbachi the upper interval by Claraia clarai. No 
representative of the genus Claraia typical of higher horizons ( Claraia aurita, 
Cl. dalpiazi) was found in Alcsútdoboz 2.

The Lingula Beds, so conspicuous in Alcsútdoboz 2, are absent in the 
sequence of Köveskál 9, but, on the other hand, Claraia clarai and Claraia 
aurita, do appear. Resulting from facies differences between the two sequences.

With a view to above considerations, we have the feeling that to 
designate the Permian-Triassic boundary exactly by relying merely on meg
afossils is impossible.

The palynostratigraphic definition of the Permian-Triassic boundary has 
been made possible by a scrutinized study of metre-spaced bulk samples from 
the Alcsútdoboz Limestone Formation interval of the geological log of Alcsút
doboz 2. Within the lithologically continuous sequence, the lithostratigraphic 
boundary between the Dinnyés Dolomite Formation and the Alcsútdoboz 
Limestone Formation has not asserted itself as providing a palynostratigraphic 
boundary to be drawn in terms of changes in the sporomorph associations. In 
point of fact, in the 922.4-919.0 m interval it is still the “ fungi spores’ ’ appea
ring in the Bellerophon-bearing Upper Permian formations and provisionally 
assigned to the genus “ Tympanicysta11 B a l m e  1979 that predominate with 
the presence of solitary representatives oi the genera Punctatisporites, Cala- 
mospora, Falcisporites, Klausipollenites, Striatoabieites, Lunatisporites, Luec- 
kisporites, but already without an abundance with species and specimens of 
the hitherto-known Upper Permian associations. This association is regarded, 
in the Tethys area, to be younger than the Lueckisporites-dominated Upper 
Permian sporomorph associations, being the youngest Upper Permian palyno- 
morph assemblage and it is assigned to the “ Tympanicysta” -Punctatisporites 
-Calamospora Assemmblage-Zone. On the basis of its foraminiferal content, 
it is believed to belong to the upper zone, the Pseudotirolites-Rotodiscoceras- 
Zone, of the Changhsingian Stage.

919.0 m is the first appearance in the geological column of a sporomorph 
association the leading elements of which are represented by the mainly tetrad- 
marked members of Lapposisporites V i s s c h e r  1966, described from the Middle 
Triassic Upper Bunter Beds of Hengelo, and by Kraeuselisporites apiculatus 
J a n s o n i u s  1962, listed, for the first time, from a W Canadian sporomorph 
assemblage, hitherto regarded as the oldest Lower Triassic association of 
its kind. That appearance is still coupled with the presence of some bisaccate 
pollen forms transient from the Upper Permian (Plate ; LIV -LX III).

Characterized, already without any doubt, by the leadership of Triassic 
elements, the afore-mentioned association is regarded as the oldest known 
sporomorph assemblage of the Lower Triassic, assigned to the initial interval, 
the Otoceras woodwardi Zone (or, in the boreal realm, to the Otoceras boreale
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Zone), of the Griesbachian Stage. The introduction of the Lapposisporites- 
Kraeuselisporites Assemblage Zone for them is recommended.

This evaluation seems to be corroborated by the fact that the foraminiferal 
association Rectocornuspira-Cyclogyra, marking the Ophiceras connectons 
ammonite zone, first appears high in the geological column, at 820.0 m.

As shown by an examination of borehole Köveskál 9, in the Nádaskút 
Dolomite Member overlying with a break in sedimentation the Balatonfelvidék 
Sandstone Formation of fluviale facies known from the Balaton Highland, a 
similarly Lapposisporites-led sporomorph assemblage can be found 10 cm above 
the lithostratigraphic boundary, which is identical with the Lapposisporitesled 
lowermost Griesbachian assemblage recovered from the 919.0-904.0 m interval 
of Alcsútdoboz 2.

Summing up findings about the microbiostratigraphy of the Permian- 
Triassic boundary formations, let us point out that, in the NE marine, but 
ammonite-free, formations of the Transdanubian Mid-Mountains, the Per- 
mian-Triassic boundary can be drawn at 918.0 m with the disappearance 
of the rich Changhsingian Foraminifera in the lowermost, oolitic, interval of 
the Alcsútdoboz Limestone Formation. This boundary is preceded by about 
one metre by the palynostratigraphic Permian-Triassic boundary based, jus
tifiably enough, by the concurrence of the genera Lapposisporites and Kraeu- 
selisporites. Since this latter is based on the appearance of new Triassic ele
ments, the biochronostratigraphic boundary is drawn here.

Parastratigraphic and chronostratigraphic subdivisions 
o f the Lower Triassic formations

The first Triassic foraminiferal assemblage are known from the middle 
part of the Alcsútdoboz Limestone Formation and the lower beds of the Arács 
Marl Member, respectively. They constitute the Cyclogyra-Rectocornuspira 
Assemblage Zone which, in the light of its occurrence in ammonitic and co- 
nodont-bearing deposits in NW Iran and the Taurus Mountains, marks the 
upper part of the Griesbachian Substage, i.e. the Ophiceras connectens Zone 
(D. A l t i n e r  et al., 1979). In borehole Liter 1, it spans the interval of 73.0-
44.0 m, in Alcsútdoboz 2 that of 820.0-750.0 m. In the strongly dolomitic 
facies cut by Köveskál 9, the fauna is very sparse and poorly preserved 
(350.0-339.0 m).

In the sequences (Kk 9: 251.0 m ; Bsz 3: 885.7 m ; Ad 2: 627.0 m) a sudden 
change marked by appearance of a mass of Densoisporites nejburgii (S c h u l z ) 
B a l m e  in the Lower Triassic vegetation is observable. We believe that this 
revolutionary change provides conclusive palynological evidence on the division 
of the Lower Triassic into two parts and that, in absence of ammonites, it 
provides biostratigraphic arguments that are sufficient for the definition of 
a chronostratigraphic boundary between the Induan and Olenekian Stages of 
the Lower Triassic.

In the lower part of the Lower Triassic, the marine deposits are characte
rized by an assemblage consisting of rich organic microplankton, Scythiana, 
Veryhachium, Metaleiofusa, Mycrhystridium, and of a rather poor sporomorph 
spectrum reflecting a sparse land vegetation. It is a global phenomenon not 
restricted to the study area. In the upper interval, in turn, D. nejburgii is 
observed in abundance and bisaccates expand quite rapidly. For this reason,
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the lower boundary of the nejburgii-reductum Dominance-Zone is proposed 
to be used as the Induan-Olenekian and Smithian-Spathian boundary, respec
tively.

Coinciding with the Tirolites cassianus Zone, the acme-zone of Meandrospira 
pupilla (Ho) (PI. LI.), appearing in abundance in the middle and upper 
intervals of the Csopak Marl Formation, spans the Spathian Substage of the 
Upper Scythian Olenekian Stage. It forms a biozone that can be readily cor
related with the profiles of a number of localities throughout the Tethys 
area from the S Alps to the Dinarides, the W Carpathians, the Hellenides, 
Tunisia, the Taurus and Elburz Mountains, the Caucasus, S China and Timor 
island.

The lower part of the Csopak Marl Formation from Alcsútdoboz 2 is 
indicated by Naticella costata, some Conchostraca and Lingula.

The upper third o f the formation is characterized by the appearance of 
Gostatoria ex gr. costata, Bakevillia cf. exporrecta, Lingula and Crinoidea.

In borehole Köveskál 9, Gostatoria costata occurs similarly in the upper 
third o f the Csopak Marl Formation, found in the basal beds of the overlying 
Aszófő Dolomite Formation as well.

Definition o f the Scythian—Anisian boundary

In designating the Lower/Middle Triassic boundary in the sequences 
the changes in the vegetation were also taken into consideration. While 
studying the sporomorph assemblages abounding in the marly-dolomarly beds 
o f the Csopak Marl Formation and the Aszófő Dolomite Formation, evolutio
nary changes could be recorded suggesting the chronostratigraphic boundary. 
After the predominance o f marine microplanktonic organisms with organic 
skeletons, typical o f the lower part o f the Lower Triassic sequences, a revo
lutionary change marked by the predominance o f Densoisporites nejburgii in the 
upper part leads to a gradual decline o f the bisaccates that still carry ancient 
Paleozoic features and, subsequently, to their total disappearance and to a 
progressive expansion o f new, youthful elements that reach their acme in Mid- 
Triassic time.

In the light of these regional evolutionary changes that can be traced 
from step to step, to draw the Scythian/Anisian boundary there, where the 
predominance o f young elements is coupled with the appearance o f species 
that are known, as verified by the fauna, only from the Middle Triassic and 
that have a wide area o f occurrence and that occur quite consistently in de
posits o f that age, seems to be quite logical. A species o f this kind, in the 
light o f the data hitherto available from the Alpine and Germanic Triassic, 
is Stellapollenites thiergartii (M ä d l e r  1964) C l e m e n t - W e s t e r h o f  et al. 1974 
(emend. B r u g m a n  1983).

With a view to the foregoing, we have drawn the Scythian/Anisian 
boundary there, where Stellapollenites thiergartii makes its first appearance in 
the crassa-balatonicus assemblage. This defines, at the same time, the upper 
boundary o f the crassa-balatonicus Zone, too.

This assemblage-zone is considered to belong to the Carniolicus Zone in 
terms o f the international orthostratigraphic classification. The lowermost 
palynozone o f the Anisian, the thiergartii-heteromorphus Assemblage-Zone, 
is assigned to the Lenotropites-Japonites-Zone.
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In connection with the definition o f the Lower /Middle Triassic boundary, 
let us refer here to the idea first formulated by I. S z a b ó  suggesting that the 
Scythian/Anisian boundary might be drawn in the upper interval o f the Cso
pak Marl Formation as well, based on appearance o f the genus Costatoria. 
Even on the basis o f the Middle Triassic elements ( Costatoria costata, Gervil- 
leia, Glomospirella elbursorum, Meandrospira gigantea) that appear simulta
neously in various fossil assemblages and that are younger than the foregoing, 
it may be justified to draw a boundary like that. The same proposal was put 
fore ward by D. P a t r t t l it js  already in 1979.

Nevertheless, in the present o f ours, the Scythian/Anisian boundary is 
drawn not here, but in the lower part o f the Aszófő Dolomite Formation, by 
relying on the first appearance o f thiergartii, from marking the upper boundary 
o f  the crassa-balatonicus Zone. In addition to the changes in vegetation already 
referred to, the motivations for our choice include :

1. the range o f Costatoria costata begins, as known today, in the upper 
reaches o f the Scythian and lasts up to the middle part o f the Anisian ;

2. “ Meandrospira gigantea”  is a link between the Spathian M. pusilla 
and the Anisian M. dinarica. Neither this character nor the concurrent 
Glomospirella o f equally transitional type are diagnostic enough to confirm the 
Scythian-Anisian boundary ;

3. during the revolution in Scythian vegetation the species Triadispora 
crassa K l a u s , having its acme in Mid-Triassic time, does appear in the 
papillatus-nejburgii Oppel-Zone indeed, but it does so without Stellapollenites 
thiergartii (M a d l e r ) C l e m e n t - W e s t e r h o f  et al., Dyupetalum vicentinensis 
B r u g m a n  and Concentricisporites A n t o n e s c t j ; forms unknown from pre- 
Anisian deposits. Therefore the occurrence o f Triadispora crassa in nejburgii 
assemblages is not regarded as sufficiently conclusive evidence for drawing the 
Scythian/Anisian boundary.

Summarizing above bio-chronostratigraphic results, our chronostratigraphic 
evaluation o f the Transdanubian Mid-Mountains Lower Triassic formations has 
led to the following conclusions :

1. the lowermost few metres o f the Alcsútdoboz Limestone Formation o f 
oolitic facies grading out o f the Dinnyés Dolomite Formation still belong to 
the Upper Permian, having been formed during the latest Changhsingian ;

2. the lower part o f the Alcsútdoboz Limestone Formation and the Nádas- 
kút Dolomite Member were formed nearly synchronously, during the Otoceras 
woodwardi Zone o f the Griesbachian ;

3. the upper interval o f the Alcsútdoboz Limestone Formation and the 
middle part o f the Arács Marl Member are o f Upper Griesbachian age, are 
assignable to the Ophiceras connectons Zone ;

4. the Induan/Olenekian boundary can be drawn within the Hidegkút 
Formation ;

5. the Csopak Marl Formation belongs, as a whole, to the Olenekian, 
spanning the bulk o f the Smithian Substage and the whole Spathian Substage,
i.e. the whole cassianus Zone and a part o f the carniolicus Zone ;

6. the Lower/Middle Triassic boundary is drawn within the Aszófő Dolo
mite Formation, in the lower beds made up o f dolomite-marls. For this 
reason and on account of the identification o f the micro- and megafossils 
present in the bulk o f the Aszófő Dolomite Formation and the overlying 
Iszkahegy Limestone as a whole are assigned to the Anisian Stage.


