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A Late Cretaceous — Senonian sedimentation started on a first-order unconform
ity surface linked with the pre-Gosau phase, in the Transdanubian Central Range. A 
large amount of data available on the terrestrial — fluvial —coal swamp'— lacustrine 
phase of sedimentation have made it possible to plot paleogeographical maps. A map 
series comprising a total of eight maps also shows the principle of preparing paleo
geographical map versions. In the map compilation an unprecedented, computer-aided 
technique has been applied.

Paleogeographical reconstructions of the Senonian units in the Trans
danubian Central Range have already been made (Haas, J.—Jocha-EdelÉNYI,
E. , 1978, 1979, Jocha-Edelényi, E. 1988). However, the amount of contribu
tions to the existing data made it possible, and a need for a better established 
mineral resources prediction necessitated to compile a new, more detailed map 
showing the paleogeographical conditions prevailing at the beginning of Senon
ian time. However, the aim of the papers also comprising paleogeographical 
reconstructions was mainly to have a better knowledge of the one-time areas 
where coal and bauxite deposition took place (Haas, J. et al. 1984, GÓCZÁN,
F. et al. 1987, Császár, G.—Góczán, F. 1988, SiegI-Farkas, Á. 1988, M in d - 
szenty, A. 1983, Juhász, E. 1989). The map series dealt with in this paper 
gives a description of the history of evolution of the entire Senonian deposi- 
tional area in the Transdanubian Central Range during the Early Senonian.



A method of plotting paleogeographical maps

The Senonian beds in the Transdanubian Central Range can be grouped 
into a total of seven, markedly separated units fairly representing each phase 
of the evolution history of the area concerned. These units are encountered in 
specific combinations that were developed in zones 8 to 10 km wide, trending 
NE—SW (Jocha-Edelényi, E. 1988). Their deposition started on an uncon
formity surface that is of first-order according to the stratigraphic interpretation 
of the sequence, and is linked with the Austrian pre-Gosau phase which re
sulted in a remarkable elevation, denudation and regional karstification (Jocha- 
Edelényi, E. 1981).

The simplest sequence contains rocks of the Ugod Limestone Formation 
of reef facies and of its overlying pelagic Polány Marl Formation, indicating 
that the sedimentation area was elevated when the deposition began.

Another combination — indicating that sedimentation took place in a 
deeper-situated zone of the pre-Senonian surface — includes rocks of the flu- 
vio-lacustrine Csehbánya Formation and/or the coal-bearing Ajka Coal Forma
tion. They are overlain by the lagoonal-neritic Jákó Marl Formation covered 
by the Polány Marl Formation which is well-known from the former combina
tion. Bauxite and bauxitic clay have been encountered at the base of the 
sequence in the SE and S parts of the depositional area, on the slopes and 
their environs connecting the one-time elevated and deeper areas (G ella i—  
L udas 1983, J uhász  1989). Considering that most information on the history 
of development of the area are supplied by the initial period of the Senonian 
sedimentation, that is, the period prior to the time when the area turned to be 
invaded by sea, in addition, the knowledge of the paleogeographical conditions 
prevailing during the Early Senonian also is most informative for us in regard 
to mineral resources prediction, therefore three phases of this period have been 
reconstructed on a detailed paleogeographical map. To compile the maps, tec
tonic, paleomorphological and facies analyses had to be performed (Jo c h a - 
E d e l é n y i, E. 1991). The aiih of the tectonic analysis was to theoretically re
place each studied unit in a site where it had been originally formed, since 
otherwise no paleogeographical map can be compiled. The information needed 
to detect the displacements following deposition, were supplied by geological 
map plotted on base of the Senonian units and by thickness maps of the units 
studied (Figs. 1, 2, 3). The basement map — showing the one-time unconform
ity surface in a considerable area due to the coverage — displays two NE—SW 
oriented, 5-to-10-km-wide synclinal zones also containing younger — (Middle 
Cretaceous) — units, with a distance of 7 to 8 km from each other situated 
within the synclinorium structure, in a zone 30 to 40 km wide consisting of 
Triassic rocks. Of course, later tectonic influences are reflected by the zones 
stretching SW of Ugod as far as Zalaszentlászló or NE of Halimba through 
Csehbánya towards Pénzesgyőr (Fig. 1).

The two zones observed on the basement map are also outlined on an 
isopachous map of the Ajka Formation, of course, only within the area where



Fig. 1. Geological map of the basement of the Senonian formations 
1. Middle and Lower Cretaceous rocks, 2. Jurassic rocks, 3. Kardosrét Limestone F., Dachsteinkalk F., 4. Kössen 
Beds or “transitional beds”, 5. Haupdolomit F., 6. Veszprém Marl F , 7. Middle Triassic rocks, 8. Lower Triassic 
rocks, 9. Permian rocks, 10. Paleozoic rocks, 11. bauxite, 12. present boundary of extent of the Senonian rocks, 

13. boundary of rocks, 14. strike-slip fault (post-Senonian), 15. fault, 16. important borehole

1. ábra. A szenon képződmények alatt települő képződmények földtani térképe 
1. Középső—alsó-kréta képződmények, 2. jura képződmények, 3. Kardosréti Mészkő R, Dachsteini Mészkő R, 4. 
Kösszeni Formáció, ill. „átmeneti rétegek”, 5. Fődolomit E, 6. Veszprémi Márga Formáció, 7. középső-triász 
képződmények, 8. alsó-triász, 9. perm, 10. paleozoós képződmények, 11. bauxit, 12. a szenon képződmények 
mai elterjedési határa, 13. képződményhatár, 14. szenon utáni horizontális elmozdulás, 15. vető, 16. fontosabb

mélyfúrás
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Fig. 2. Thickness of the Ajka Coal Formation — Relationship between the Csehbánya and Ajka
Formations

I. Csehbánya Formation, 2. Ajka Formation, 3. present boundary of extent of the Senonian rocks, 4. strike-slip 
fault (post-Senonian), 5. isopach line, 6. important borehole

2. ábra. Az Ajkai Kőszén Formáció vastagsága — A Csehbányái és az Ajkai Formáció kapcsolata 
1. Csehbányái Formáció, 2. Ajkai Formáció, 3. a szenon képződmények jelenlegi elterjedési határa, 4. szenon 

utáni horizontális elmozdulás '5; vastagsági isovonal, 6. fontosabb mélyfúrás



the Upper Cretaceous strata can be encountered. These two zones exhibit an 
interrelationship in the middle part of the area — between Devecser and Kolon- 
tár — where their thickness is greatest (Fig. 2).

On the thickness map of the Csehbánya Formation the unit appears partly 
again according to the well kown zones that show an interrelationship between 
each other, not only in the Devecser—Kolontár zone known from the Ajka 
Formation, but also in the NE part of the area between Csehbánya' and Magy- 
arpolány. A new feature of great significance is that the greatest thickness is 
encountered in a 10-to-15-km-wide zone along the line Pápa—Dabrony, stretch
ing at a distance of 5 to 10 km from the previously described ones and found 
in the N part of the area concerned — in the N wing of the area of extent. 
A decrease in thickness is experienced towards SW in the entire area of extent 
of this unit (Fig. 3).

The tectonic lines that can be recognized on the maps showing the Csehbánya 
and Ajka Formations are identical with those visible on the basement map, and 
are interpreted as strike-slip faults. This is also backed up by changes in facies 
that will be described hereinafter. It is this fact that has allowed us to compile 
a tectonically reconstructed paleogeological map (Fig. 4). The aim of paleomor- 
phological analysis was to get at the knowledge of the morphological conditions 
of the one-time depositional basin. This needed to clarify the relations in time 
and space between the deposits. The occurrence of lithostratigraphic units in 
specific combinations has already been discussed in this paper (Fig. 5). However, 
paleontological — mainly palynological, moreover macro- and microfaunal studies 
have allowed us to understand their temporal relations (GÓCZÁN, F. 1964, 1973, 
Góczán et al. 1987, Siegl-Farkas, Á. 1988, Benkő-Czabalay 1961, Sidó 
1980). As shown by these examinations, the sedimentation started in the San- 
tonian, dominantly in Zone B according to a palynological classification by 
Góczán. However, a few data also indicate the presence of older units (such 
as Zone A in the middle zone of extent of the Csehbánya Formation) (Juhász, 
M. 1980). For us it is of great importance that the fossil content of the Ajka 
Coal Formation consists mainly of fossils of brackish-water origin in the eastern 
part of the extent of the formation, including limnic specimens occurring here 
and there at its lower part. In the western part of the formation concerned, 
marine faunal elements also occur in the unit of cyclic sedimentation. These 
marine elements have turned out to be exclusive in the known westernmost 
occurrence of this formation (Zalaszentlászló) (Jocha-EdeléNYI, E. 1987). 
Another paleontological datum of great importance is that the first purely 
marine_jmit of the Senonian sequence, that is, the base of the Jákó Marl For
mation can be regarded as an isochronous surface (the lower part of palyno
logical Zone D) which means that the thickness of the underlying beds nearly 
images the morphological picture of the initial stage of sedimentation. Con
sidering that the original positions of the units, i.e. their positions when they 
were formed are well known owing to the “paleogeological” map showing a 
reconstruction of the geological conditions of the specific time, therefore a 
combined, reconstructed isopach map of the Ajka and Csehbánya Formations
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Fig. 3. Thickness and facies map of the fluvio-lacustrine Csehbánya Formation 
1. Alluvial fan, 2. channel load facies, 3. flood plain facies, 4. deep flood plain, 5. marsh, 6. present boundary 
of extent of the Senonian rocks, 7. strike-slip fault (post-Senonian), 8. fault, 9. isopach line, 10. important

borehole

3. ábra. A fluvio-lakusztrikus Csehbányái Formáció vastagság és fácies térképe 
1. Alluviális törmelékkúp, 2. meder fácies, 3. ártéri fácies, 4. mély ártér, 5. mocsár, 6. a szenon képződmények 
mai elterjedési határa, 7. szenon utáni horizontális elmozdulás, 8. vető, 9. vastagsági isovonal, 10. fontosabb

mélyfúrás



Fig. 4.^“Paleogeological” map of basement of the Senonian formations (A palinspatic-type map 
reconstructing the geological conditions at the period of rise of the bauxite horizon)

1. Middle and Lower Cretaceous beds,' 2. Jurassic beds, 3. Kardosrét Limestone F., Dachsteinkalk F., 4. Kösseen 
F. or .“transitional beds”, 5. Haupdolomit F., 6. Veszprém Marl F., 7. Middle Triassic rocks, 8. Lower Triassic 
rocks, 9. Permian rocks, 10. Paleozoic rocks, 11.. bauxite, 12. present boundary of extent of Senonian rocks, 13. 

boundary of rocks, 14. strike-slip fault (post-Sehonian), ,15. fault, 16.. important deep borehole

4. ábra. A feküképződmények „paleoföldtaniM térképe (A bauxitszint képződési idejére visszaren
dezett állapot)

1. Középső^—alsó-kréta képződmények, 2. Jura képződmények, 3. Kardosréti F.,.Dachsteini Mészkő F., 4. Kösszeni 
F., ill. átmenet rétegek, 5. Fődolomit F., 6. Veszprémi Márga F.,‘ 7. középső-triász képződmények, £:• alsó-triász 
képződmények, 9. perm képződmények, 10. paleozóos képződmények, 11. bauxit, 12. a szenon képződmények mai 
elterjedési határa, 13. képződményhatár, 14. szenon utáni horizontális elmozdulás, 15. vető, 16. fontosabb mélyfúrás
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F ig .  5 . The combined thickness of the Csehbánya and Ajka Formations, reconstruced according
to a former tectonic position

1. Present boundary of extent of the Senonian rocks, 2. strike-slip, fault (post-Senonian), 3. fault, 4. isopach
line, 5. important borehole

5. á b r a . A  Csehbányái Formáció és az Ajkai Formáció együttes vastagsági térképe (tektonikai-
Iag visszarendezett állapotban)

1. A szenon képződmények mai elterjedési határa, 2. szenon utáni horizontális elmozdulás, 3. vető, 4. izovo-
nal, J. fontosabb mélyfúrás



(Fig. 5) would supply important information for reconstructing the paleomor- 
phology.

Another important information is that the greatest thickness of the Cseh
bánya Formation has been encountered in its northernmost zone. This is where 
the coarsest grain-size composition is also found and the formation is directly 
overlain by the euhaline beds of the Jákó Marl. These facts indicate that the 
morphological position of the zone of the area had been deeper than that of 
the subsided zones lying toward the south.

The assumption is supported by the fact that bauxite deposits are only 
known in the southern and south-eastern parts of the area of extent. This fact 
indicates that these parts of the area had a more elevated morphological posi
tion representing a transition to the even more elevated background areas sup
plying the groundmass of bauxite. The increasing dominance of marine species 
in the fossil content of the Ajka Formation observable toward SW indicates a 
V f —SW oriented transgression. All these have allowed us to outline the picture 
of a basin sloping toward NW—W and broken up by NE—SW oriented ele
vated ridges, pre-existent at the beginning of the sedimentation in Senonian 
time.

For sketching up a paleogeographical picture of this basin taking shape, 
and to reconstruct the pertinent depositional evolution, a facies analysis should 
be performed, to achieve a better knowledge of each facies of the basic for
mations, including their relationships. As a first step, the relationship of basic 
formations has to be studied (geological columns in Fig. 2). The development 
successions of the Ajka and Csehbánya Formations are likewise corresponding 
to a regular order of transgressive deposition in their respective areas of sed
imentation, that is fluvial beds are overlain by coal-bearing swamp sediments. 
A different order of beds is encountered in a part of the middle facies zone 
which shows relation to the Csehbánya area, i.e. in the vicinity of Magyar- 
polány where fluvial deposits rest on paludal beds at the base.

Studying the facies of the Csehbánya Formation and revealing their rela
tionships it supplies most information on the way how sedimentation took 
place. All facies that can be recognized within this fluvio-lacustrine unit are 
as follows: channel load facies consisting of gravel and grey sandbeds; flood 
plain facies consisting of variegated day (in colour varying as a function of 
granulometric size) and silt (with grey silt and clay in the deeper areas); 
swamp facies represented by rocks that are rich in organic matters and contain, 
in some places, thin coal bands; and finally, the alluvial fan (channel bar) 
facies containing unsorted, unrounded clasts embedded in argillaceous 
(frequently red) rock (see geological columns in Fig. 3). In each partial area 
of the area of extent of the unit characteristic facies combinations can be ob
served. The eastern part of the southern facies zone, the northern part of the 
Csehbánya area — showing transition to the middle zone — is featured by 
alluvial fan facies, whereas the middle part is describable by channel load and 
flood plain facies. The SW part features deep flood plain and swamp facies. 
As far as the area found between the southern and the middle zones — near



Farkasgyepű — is concerned, its northern part features channel load and flood 
plain facies, whereas the southern part is of flood plain facies. The eastern 
part of the middle zone — near Ugod-Bakonybél — is dominated by channel 
load and flood plain facies, whereas the northern part displays deep flood plain 
and swamp facies. Toward the south, in the northern part of the Bakonyjákó 
region a similar facies pattern is encountered. The middle and southern parts 
of the region are dominated by flood plain facies with subordinate channel 
load facies. In the western7part of the area, the paludal beds that are frequent 
near the base, show transition to the Magyarpolány area (where the sequence 
begins with the Ajka Coal Formation). Near Magyarpolány the Csehbánya For
mation features channel load and flood plain facies. Only few_data are avail
able on the facies of the northern zone. However, based on a few hydrocarbon 
boreholes drilled here, the dominant facies are of channel load and flood plain 
constitution.

A paleogeographical picture of the Senonian depositional basin

Upon paleogeologieal, paleomorphological and facies analyses, a paleoge
ographical picture of the Senonian^depositional basin, regarding the initial pha
se of sedimentation, can be sketched out. In the area concerned the develop
ment of synclinorium structure is linked with the Austrian—pre-Gosau phases. 
As a result of a substantial denudation taking place in the elevated areas, the 
Upper Triassic carbonate rocks became exposed in large parts of the area and 
underwent an intensive karstification. In the southern wing öf the synclinorium 
laterization is likely to have started on Paleozoic beds found in the highest 
morphological position. Thus, this laterite might have partly supplied a ground- 
mass for bauxite deposits by being reworked to the karsUc terrain found at a 
deeper level. In the Late Santonian an epeirogenetic subsidence of the area 
foreed the groundwater level to rise i.e. open-water subbasins to develop. Se
dimentation started in the three subsided zones separated from one another by 
NE—SW oriented elevated ridges (Fig. 6) in these zones, in the NE part ter
restrial, whereas in the SW part — W of Sümeg —- marine sedimentation took 
place. The southern zone — the Ajka Basin — was dominated by limnic swamp 
environment and was separated from the other parts of the depositional basin. 
In the middle zone limnic swamp facies appeared almost entirely, and only in 
its SW part, in the direct vicinity of the coast, limnobrackish or marine-brac
kish swamp facies were present (Haas et al. 1984). In the northern zone 
swamp is unlikely to have been formed, except for a very small zone of the 
area; a direct contact between fluvial and marine facies is assumed. On the
S—SE margin of the depositional basin and on the ridge separating the sout
hern and the middle zones (Kislöd—Iharkút) a clastic material that had been 
redeposited from the SE towards the deeper areas and bauxitized in a varying, 
degree was sedimented and underwent a further bauxitization. in karst traps 
(M indszenty, A. 1983, Juhász, E. 1989). '



6.  á b r a . ősföldrajzi Helyzet a szenon üledékképződés kezdetén (palynológiai „B” zóna - felső
'szántani)

1. Szárazulati területek tengerszinthez viszonyított magassága, 2. bauxitfelhalmozódási területek, 3. feltételezett 
lateritplató, 4. folyómeder, 5. ártéri síkság, 6. édesvízi láp,-7. limnobrakk láp, 8. niarinbrakk. láp, 9. tenger,

. 10. fontosabb mélyfúrás
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F ig . 7. Paleogeographical situation át the time of accomplishment of the fluvio-lacustrine sedi
mentation. (palynological zone C-Upper Santonian-Lower Campanian)

1. Height a.s.l. of the continental areas, 2. areas of bauxite accumulation, 3. laterite plateau inferred, 4. river 
bed, 5. flood plain, 6. limnobrackish swamp, 7. marine-brackish swamp, 8. sea, 9. important borehole

7. á b r a . ősföldrajzi helyzet a fluvio-lakusztrikus üledékképződ és kiteljesedése idején (palynoló- 
giai „C” zóna— felső-szantoni— alsó-kampaniai)

1. Szárazulati területek tengerszinthez viszonyított magassága, 2. bauxitfelhalmozódási területek, 3. feltételezett 
lateritplató, 4. folyómeder, 5. ártéri síkság, 6. limnobrakk láp, 7. marinbrakk láp, 8. tenger, 9. fontosabb mélyfúrás



For the end of the Late Santonian — the beginning of the Early Cam
panian (palynological Zone B) a perfection of fluvio-lacustrine and limnobrack- 
ish facies is verifiable (Fig. 7). As a result of the continuous subsidence of 
the area, the ridges separating the zones that had been subsided to a greater 
depth more and more turned into a depositional area. Between Iharkút and 
Kislőd a connection was established between the Csehbánya and Magyarpolány 
areas, and in the vicinity of Magyarpolány the paludal facies was replaced by 
fluvial sedimentation. In places where earlier limnic swamps had existed, then 
limnobrackish facies was formed and the area of the swamp at Ajka consider
ably increased toward Csehbánya. A subsequent essential phase of development 
of the basin in Senonian time is witnessed at the boundary between palyno
logical Zones C and D in the lower Campanian with the prevailing role of the 
swamp facies (Fig. 8). As a result of a further transgression the connection 
between the southern and middle sedimentary zones became rather explicit — 
due to the fact that the area of the middle ridge was strongly reduced and 
turned into an island —, swamp facies became dominant over fluvial facies, 
and the marine—brackish-water swamp facies gained considerable space. At 
that time there was still chance for the accumulation of bauxite deposits on 
the southern margin of the sedimentary basin. During the slow transgression 
these bauxite deposits were preserved by an advancing settlement of sedimen
tary rocks. As a result of the uninterrupted subsidence of the source-material- 
supplying background areas that may have been situated formerly at an altitude 
of 700 to 800 m a.s.l. as estimated on the basis of analogies, subsided several 
hundred metres.

The subsequent event of great importance in the history of development of 
the sedimentary basin is that marine facies considerably extended, and thus the 
elevated ridges and basin margins became inundated by water, and reef facies 
started to develop. In the deeper areas shallow-marine sedimentation replaced 
the fluvial and swamp environments (Haas, J.—Jocha-EdelÉNYI, E. 1979).

As shown by the paleogeographical reconstruction, the area was part of the 
SE margin of the Senonian sedimentary basin. The NW boundary of the area 
of extent of Senonian units is, at present, a tectonic zone referred to as Rába 
line. This line is considered as a major structure line causing a considerable 
displacement of some hundred kilometers (Kázmér, M.—Kovács, S. 1985). 
This fact means that each heteropic facies of the interior of the basin of Senon
ian units found on the basin margin of the Transdanubian Central Range has to 
be searched for at a distance of a few hundred kilometers toward SW.

The relevant literature and my own field experiences show a Senonian 
sequence to be of great importance for us. This, succession is found in Austria, 
70 to 80 km from Graz to the SW, in the Gosau of Krappfeld near Klein St. 
Paul in Karinthia (Neumann H. 1989), The thin conglomerate overlying the 
basement is overlain by a rudist-bearing reef limestone bed (that can well be 
correlated with the Ugod Limestone). This is followed, upwards, by open- 
marine marl and calcareous marl beds with a facies that is identical with that 
of the Polány Marl. This sequence exhibits a great number of similar features
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Fig .  8. Paleogeographical situation at the final period of coal formation (boundary of palynolo-

gical zones C and D  - Corripanian)
1. Height a.s.l. of the continental areas, 2. bauxite deposition areas, 3. laterite plateau inferred, 4.. river bed,

5. flood plain, 6. limnobrackish swamp, 7. marine-brackish swamp, 8. sea, 9. important borehole

8.  á b r a . ősföldrajzi helyzet a kőszénképződés záró szakaszában (a palynológiai C— D  zónák
hatása —  Kampaniai)

2. Szárazulati területek tengerszinthez viszonyított magassága, 2. bauxitfelhalmozódási területek, 3. feltételezett 
lateritplatá, 4. folyómeder, 5. ártéri síkság, 6. limnobrakk láp, 7. marinbrakk láp, 8. tenger, 9. fontosabb mélyfúrás



and an identical age with those of the profiles of the northern facies zone 
containing no fluvial beds, thus it can be regarded as the heteropic facies of 
the marginal sequence in the basin of the Transdanubian Central Range.

Finally, a few words about some technical questions of the compilation of 
the paleogeographical maps described in this paper. These maps have also been 
edited as part of a bauxite prediction map series of the Transdanubian Central 
Range. Considering that editing the maps in printed form is rather expensive 
and, as far as these maps are concerned, a smaller number of copies will meet 
the needs, therefore a new technique has been applied. The maps in manuscript 
form are digitalized using an AUTOCAD program, then each version is com
piled using a computer. Finally, a copy printed out on a scale of 1:250 000 
for each version is manually coloured, then copied using colour photo copying 
machine.

Hereby I express my due thanks to my colleagues working for the Remote 
Sensing Department of the Geological Survey for their assistance in my work. 
This method has some advantages which are as follows: the production cost 
is considerably lower (reduced to approx, one-tenth); “reprinting” at a later 
date is very simple; all contributions are easy to incorporate into the map; any 
kind of version is very quickly and easy to produce (for example the figures 
of this paper).

Last but not least I express my due thanks to companies which drilled a 
number of boreholes in the area concerned during the exploration of mineral 
resources — first of all, to Bauxitkutató Vállalat (Company for Bauxite Ex
ploration) as referred to at that time, for . allowing me to study the samples, 
and to my colleagues, particularly, technician Cs. Jerabek, for this collabora
tion in data acquisition, field work and map plotting, and to J. Knauer for 
the extensive reading.
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