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A b s t r a c t :  The directly underlying sediments of the Recsk andesite stratovolcano contain charac­
teristic Priabonian larger foraminifera and on their top the calcareous nannoplankton indicates the 
NP 21 zone marking about the vicinity of the Eocene/Oligocene boundary. Priabonian limestones 
of the neighbouring areas do not contain tuffaceous intercalations. Nannofossils of the above age 
also have been extracted from the intercalations of the lower part of the stratovolcanic andesite, 
and the older group of relevant radiometric ages detect similar ages (3 1 -3 7  Ma). The first tuffs 
in the neighbouring territories appear in the lowermost Oligocene sediments. The younger group 
of relevant radiometric ages marks 2 7 -3 0  Ma. Sediments directly overlying the andesite contain 
characteristic Oligocene larger foraminifera indicating most probably the basal part of the Chattian. 
Approximately the same age can be given based on the calcareous nannoplankton from the Kiscell 
clay just above the larger foraminiferal sediments. Tuffitic intercalations in the vicinity of Recsk can 
be followed throughout the Rupelian and up to about the first one-third of the Chattian. Thus, the 
polycyclic volcanic activity in Recsk lasted about 7 million years and seems to have been extending 
during the first two-third of the Oligocene from about 34 to 27 Ma. This interval covers practically 
the whole duration of the Kiscellian in the Central Paratethyan subdivision corresponding to the 
whole Rupelian and also to the first one-third of the Chattian.
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1. IN TROD UCTION  AND H ISTORICAL REVIEW

The Recsk volcano plays an important role in all the recent paleogeographic 
reconstructions of the Alpine-Carpathian-Pannonian Paleogene as discussed in 
Földessy et al., (2008, see also for references). It is considered the north-eastern­
most member of the Paleogene magmatic range along the Periadriatic-Balaton 
Lineament starting in the west from the Bergell. Since it is also important as a 
Cu-porphyry and gold ore deposit, sufficient material from some boreholes is 
available.

The age of the Recsk andesite stratovolcano is traditionally believed as late 
Eocene (with the exception of Kovács et al. 2007 who -  based on oral communi­
cation and two preliminary abstracts such as Less et al. 2005b and Földessy et al. 
2006 -  already used our new data to be presented below). This is, however, based 
on the firm belief of the Priabonian age of both the directly under- and overlying 
sediments (Baksa et al. 1974, Baksa 1975, Zelenka 1975, Földessy 1975) since the 
K/Ar radiometric ages extracted from the andesite are heavily affected by altera­
tion processes, and therefore, highly uncertain. Among these, Benedek (2002) still 
cites 37±10 Ma given by Baksa et al. (1974). The only convincing zircon-based 
fission-track age of the andesite (from borehole Recsk 357, 356 m) is 34.7±3.0 Ma 
(Dunkl, I. pcrs. comm.), which also does not contradict to the Priabonian age of 
the Recsk andesite.

Since the age of the other two Paleogene volcanic centers in Hungary (in the 
Zala Basin Shear Zone and in the Velence Hills) is also considered Bartonian or 
Priabonian, the age of the whole volcanic chain in Hungary has been believed late 
Eocene for a long time (Tari et al. 1993, Kázmér et al. 2003). The homogeneity 
of these ages has been seriously doubted by Benedek (2002) who presented sev­
eral new radiometric data from the two western occurrences of the andesites and 
showed that Oligoccnc ages are more characteristic for the Zala Basin Shear Zone 
and also occur in the Velence Hills (29.1-31.2 Ma according to Balogh 1985). Bio- 
stratigraphic data from the tuffs of Western Hungary (Báldi-Beke & Báldi 1991 
for the Bakony Mts. closest to the Zala Basin Shear Zone, Less & Gyalog 2004 for 
Úrhida close to the Velence Hills) suggest, however, rather a late middle Eocene 
to late Eocene age of the volcanic activity.

Also in Recsk, there is a contradiction between the age of the volcano and that 
of the surrounding tuffs. Despite the inferred Priabonian age of the stratovolcanic 
andesite, the shallow-water carbonates of this age (the Szépvölgy Limestone, be­
tween which the andesite is believed to be sandwiched, see Földessy 1975) from
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the neighbouring territories (Bükkszék, 10 km to the NE of Recsk, see Báldi 1983 
and the southern foothills of the Bükk Mts., 2 0 -3 0  km to the E of Recsk, see Less 
et al. 2005a) do not contain any pyroclastics. At the same time the lower and 
partly also the upper Oligocene sediments of these territories (and of Recsk as 
well, Földessy 1985) contain several intercalations of andesitic tuffs. The age of 
Paleogene sediments in NE Hungary is well established: that of the Priabonian by 
larger foraminifera is based on Less (1999) and Less et al. (2005a) while that of the 
O ligocene by calcareous nannoplankton and planktic foraminifera is according to 
Báldi-Beke (1977) and Horváth (1985).

In this sense, the weakest point is the age of the tuffaceous marls directly over- 
lying the Recsk andesite. The late Eocene age of these sediments is established al­
ready by Szabó (1869) based on the presence of small Nummulites in them. Since 
then it provides a massive upper anchor for determining the age of the andesite 
despite that larger foraminiferal experts like Rozlozsnik (1939) and Jámbor-Kness 
(1988) attributed rather an early Oligocene age to these sediments. In the mean­
time other people like Noszky (1927), Szőts (1956) and Majzon (1966), not really 
familiar with larger foraminifera, emphasized the Priabonian age of the overlying 
sediments operating with names (e.g. Nummulites fabianii, N. incrassatus and 
different orthophragmines) characteristic for this age. Their opinion proved to be 
stronger, and therefore, the late Eocene age of the Recsk andesite became widely 
accepted in the geological society. The only exception is due to Varrók (1962) who 
interpreted the Recsk andesite as a Miocene laccolite having intruded in between 
the Priabonian sediments. This interpretation is, however, less likely, since the 
overall thickness of the inferred upper Eocene sediments (including both the un­
der* and overlying beds) does not exceed 50 m which is not comparable with the 
thickness of the andesite exceeding 500 m.

In this study we revised the age of the underlying, intercalating and overlying 
sediments based on larger foraminifera and calcareous nannoplankton, and cor­
related it with both the convincing radiometric ages and the presence/absence 
data of pyroclastics in the Paleogene sediments of the neighbouring territories.

Figured specimens of fossils marked by E. and O. are deposited in the Eocene 
and Oligocene collection of the Geological Institute of Hungary.

2. GEOLOGICAL SETTIN G

Mesozoic rocks beneath the Recsk stratovolcano (Kovács et al., 2008) are cov­
ered transgressively and with angular unconformity by a relatively thin Priabonian
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sequence (max. 25 m) that is preserved only in some (erosional?) remnants and 
known only from boreholes. These sediments are the youngest of all the rocks 
underlying the stratovolcanic andesites.

We could study the Priabonian sediments in boreholes Recsk, Rm-28 (793- 
772 m), Rm-79 (436.0-420.5 m) and Rm-87 (511-487 m), however the sequence of 
cores appeared to be far not countinuous because these boreholes were drilled in 
the 1970-s and since then several people studied them. Basal conglomerate could 
be observed only in Rm-79 (436-429 m) that was followed by dark grey limestone 
full of Nummulites fabianii (a reticulate form identifiable macroscopically), which 
appeared in all the three boreholes (Rm-28: 793.0-778.5 m, Rm-79: 429-423  m, 
Rm-87: 511-499  m). The characteristic microfacies are shown in Plate 1, Figs. 1 -4  
(see also captions). Only in the borehole Rm-28 the upper part of the dark grey 
limestone (778.5-777 m) contains abundant orthophragmines instead of N um ­
mulites fabianii (microfacies see in Pate. l,Fig. 5). This part of the Priabonian se­
quence can undoubtedly be identified with the Szépvölgy Limestone of Priabonian 
age with widespread surface occurrences in N Hungary (in the Buda, Cserhát and 
Bükk Mts.). The upper part of the Priabonian sequence (Rm-28: 777-772  m, Rm- 
79: 423-420.5  m, Rm-87: 499-487  m) does not contain larger foraminifera. It is 
composed of dark grey, silty marl that can be correlated with the Buda Marl in N 
Hungary, which bears late Priabonian to earliest Oligocene age. We could not ob­
serve the contact of the Priabonian sedimentary sequence with the Recsk andesite 
because the adequate cores have already picked out.

The stratovolcanic complex is described in detail by Földessy et al. (this vol­
ume). Here we only mention that silty marl intercalations are found in the lowest 
and highest of the five cycles, which were accumulated in submarine conditions. 
Tuffaceous and glauconitic, red algal limestone to sandy marl are intercalated

Plate 1
1 -5: Different microfacies of the Priabonian Szépvölgy Limestone underlying the Recsk an­
desite. 1. Nummulites rudstone-floatstone with abundant N. fabianii (Prever) and rare 
Sphaerogypsina globula (Reuss) on the right top from borehole Recsk, Rm-28 (779.8 m). 2. 
Silty-sandy Nummulites-Echinodermata floatstone with N. fabianii (Prever) from bore­
hole Recsk, Rm-79 (425.8 m). 3. Nummulites floatstone with radiate Nummulites, Orbi- 
tolites (right bottom) and smaller foraminifera from borehole Recsk, Rm-87 (505 m). 4. 
Sandy Nummulites wackestone with Asterigerina from borehole Recsk, Rm-79 (427.5 m).
5. Orthophragmina floatstone-rudstone with Discocyclina, Asterocyclina and Operculina 
gomezi Colom et Bauzá (in the centre) from borehole Recsk, Rm-28 (778.0 m). All: *20; 
scale bars: 500 pm.
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with the last volcanic stage and also cover them. This volcanoclastic sediment 
has several surface exposures among which that on the top of the Lahóca Hill is 
the most famous since Szabó (1869) found small Nummulites here and based on 
them he attributed late Eocene age to these deposits and to the andesite, itself. 
Among the macrofauna molluscs and echinoids can also be mentioned. Differ­
ent microfacies of these rocks are shown in Plate 2, Figs. 1 - 4  (see also captions). 
It is worth mentioning that similar sediments are also known from some bore­
holes (Rm-89, Rm-103, Rm-123). Báldi (1983, 1986), however, interpreted them 
as the basal beds of the Kiscell Clay, the lowest member of the Oligocene to early 
Miocene sequence, and thus, suggested an approximately mid-Oligocene age for 
them. This means that the euxinic Tard Clay of early Oligocene age, characteristic 
for most of the N Hungarian Oligocene sequences, is missing in Recsk, although 
it is present and contains several tuffitic intercalations in Bükkszék (10 km to the 
NE of Recsk) where no andesite could be found.

The tuffaceous and glauconitic limestone to sandy marl is overlain by a middle 
and upper Oligocene to early Miocene sequence characteristic for N Hungary. It 
starts with Kiscell Clay of 200-250  m thickness. According to Báldi (1983, 1986) 
it contains sporadic Nummulites and Operculina, brachiopods, bryozoans and 
first of all molluscs whose assemblage is different from that of the Buda and Bükk 
Mts. The calcareous nannoplankton indicates mostly the NP 24 zone. Thus, the 
Kiscell Clay in Recsk represents the upper part of the Kiscellian stage in the Cen­
tral Paratethyan subdivision corresponding to the uppermost part of the Rupelian 
and to the lower part of the Chattian in the standard scale. The Oligocene to early 
Miocene sequence terminates with the Egerian (middle-late Chattian and early 
Aquitanian, see Báldi et al. 1999) Szécsény Schlier and above it with the Eggen- 
burgian (late Aquitanian and early Burdigalian) Pétervására Sandstone. Higher 
Miocene deposits (building up the main mass of the Mátra Mts.) are described in 
detail in Varga et al. (1975).

Plate 2
1, 2. Different microfacies of the tuffaceous limestone directly overlying the Recsk andesite, 

from the top of the Lahoca Hill. 1. Red algal grainstone (maerl fades). 2. Red algal-forami- 
niferalgrainstone with bryozoans and extraclasts. Neorotalia sp. is on the right bottom. 3, 
4. Red algae from the red algal grainstone (maerl fades) from the top of the Lahoca Hill. 3. 
Lithothamnion sp. 4. Mastophoroideae. 1, 2. x.20, 3, 4. x40. All scale bars: 500 pm.
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3. NEW BIO STRA TIG RA PH IC DATA

3.1. Sediments underlying the andesite: new data and age

Larger foraminifera from the Szepvolgy Limestone of the Recsk area can be 
studied only in thin sections. Until now Jambor-Kness (1988) presented the most 
complete faunal list (but with no illustrations) from different boreholes (among 
them from Recsk, Rm-28 and Rm-87, as well). She cites Nummulites fabianii (a 
reticulate form), N. incrassatus, N. chavannesi, N. budensis, N. bouillei, N. va- 
riularius, N. aff. anomalus (all radiate forms), Operculina alpina, Heterostegina 
reticulata, Spiroclypeus carpaticus, Pellatispira madaraszi, Discocyclina num- 
mulitica, D. varians and D. sella. This assemblage, according to her, indicates the 
early part of the Priabonian.

Our studies confirmed the majority of Jambor-Kness’ determinations. In the 
lower part of the nummulitic limestone, Nummulites fabianii with reticulate sur­
face (Plate 3, Figs. 1, 3 ) and with 200-250  (im internal diameter of the proloculus 
(the first chamber, Plate 3 Figs. 2, 4) predominates in the assemblages. Radiate 
forms cannot be determined exactly, they are, however, most similar to N. incras­
satus (Plate 3, Fig. 5). They associate rarely with Sphaerogypsina glubula (Plate 1, 
Fig. I). In the sandy limestone Asterigerina (Plate 4, Fig. 7) and red algae (Plate
4, Fig. 8) can also be found. The fossil assemblage of the upper, orthophragminid 
limestone is much diverse. Assilina alpina (Plate 3, Figs. 6, 7) is the only larger 
Foraminifera occurring in both parts. Heterostegina reticulata (Plate 3, Fig. 8), 
Spiroclypeus carpaticus (with a large proloculus exceeding 250 |im, (Plate 4, Fig. 
1), Pellatispira madaraszi (Plate 4, Fig. 2), Sphaerogypsina carteri (Plate 4-, Fig. 6), 
Operculina gomezi (Plate 1, Fig. 5) and different orthophragmines (Plate 4, Figs. 
4—6) are characteristic for this association. The representatives of this latter group 
only can be determined in the specific level when the embryon is visible (Plate 
4, Fig. 4). Otherwise, only the presence of genus Discocyclina (Plate 4, Fig. 6) and 
Asterocyclina (Plate 4, Fig. 5) can be recognised.

Plate 3
Larger foraminifera from the Priabonian Szepvolgy Limestone underlying the Recsk andesite. 
1-4. Nummulites fabianii (Prever). 5. Nummulites cf. incrassatus de la Harpe. 6, 7. As­
silina alpina (Douville). 8. Heterostegina reticulata Riitimeyer.
1, 3, 5. Borehole Recsk, Rm-87 (505.0 m), E. 06.153. 2, 4, 7. Rm-28 (779.8 m), E. 06.154. 6, 8. 
Rm-28 (778.0 m), E. 06.155. All: oblique sections, x20.
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The age of the Szepvolgy Limestone is undoutedly Priabonian, since Num- 
mulites fabianii and the genus Spiroclypeus first appeared only in this age (Serra- 
Kiel et al., 1998; Less et al., 2008) whilst all the orthophragmines became extinct 
at the very end of the Eocene (Less, 1998). Moreover, Spiroclypeus carpaticus is 
only characteristic for the upper part of the Priabonian (Less & Ozcan, 2008) cor­
responding to the SBZ 20 shallow benthic zone of Serra-Kiel et al. (1998). This is 
also confirmed by the new calcareous nannoplankton age of the overlying Buda 
Marl, directly underlying the Recsk Andesite.

The list of the calcareous nannoplankton can be found in Table 1. Based on 
them, the age of the two samples from borehole Recsk, Rm-87 (496.5 and 488.1 
m) only can be given as NP 16-21  (terminal Lutetian to earliest Rupelian). The 
relative abundance of Lanternithus minutus in the sample from borehole Rm- 
28 (775.0 m), however, allows supposing the short NP 21 zone that crosses the 
Eocene-Oligocene boundary. Unfortunately, no planktic foraminifera have been 
found in the Buda Marl.

3.2. Sedimentary intercalations in the andesite: new data and age

Until now no biostratigraphic data are known from the sedimentary inter­
calations. Our samples from boreholes Recsk, Rm-63 (63.0 m) and Rm-7 (324.5 
m) turned out to be free of both the planktic foraminifera and the calcareous 
nannoplankton, however the latter could be found in the two samples (608.0 and 
612.0 m, the list is shown in Table 1) of borehole Recsk, Rm-28. Based on the rela­
tive abundance of Zygrhablithus bijugatus and Lanternithus minutus, these as­
semblages indicate the short NP 21 zone, passing through the Eocene/Oligocene 
boundary. Since these sedimentary intercalations take place in the lower part of 
the Recsk Andesite (more than 400 m of magmatites can be found above them), 
this age can be considered only characteristic for this part of the andesite.

Plate 4
Larger foraminifera and red algae from the Priabonian Szepvolgy Limestone underlying 
the Recsk andesite.
1. Spiroclypeus carpaticus (Uhlig). 2. Pellatispira madaraszi (Hantken). 3. Discocyclina 
sp. B-form. 4. Discocyclina dispansa (Sowerby) cf. umbilicata (Deprat). 5. Asterocyclina 
sp. 6. Orthophragmina floatstone-rudstone with Discocyclina and Sphaerogypsina carteri 
(Silvestri). 7. Asterigerina sp. 8. Lithothamnium sp.
1-6. Borehole Recsk, Rm-28 (778.0 m), E. 06.1SS. 7. Rm-87 (SOS.O m), E. 06.1S3. 8. Rm-79 
(427.5 m), E. 06.156. All: oblique sections, *20.
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Transversopontis pulcher (Deflandre) 1 1 1
Discolithina multipora (Kamptner) 1 2 1 2
D. latelliptica Bäldi-Beke 4 2
Helicosphaera bramlettei (Miiller) 1
H. compacta Bramlette et Wilcoxon 1
H. euphratis Haq 1 1 1 1
Zygrhablithus bijugatus (Deflandre) 1 1 3 3 1
Lanternithus minutus Stradner 1 3 3 3
Coccolithus pelagicus (Wallich) 2 3 2 2 3 3 1 2 1
C. eopelagicus (Bramlette et Riedel) 1 1
Cyclococcolithus formosus Kamptner 1 2 1 1 1
Cyclicargolithusfloridanus (Roth et Hay) 2 3 1 3 3 3 3 1
C. abisectus (Muller) 1 1
C. sp. [?C. abisectus (Müller)] 1
Reticulofenestra placomorpha (Kamptner) 1 2 1 1 1 1
R. bisecta (Hay et al.) 2 3 3 2 3 3 2 3 2
R. lockeri Miiller 3 2
Discoaster saipanensis Bramlette et Riedel 1
D. sp. ind. 1 1
Braarudosphaera bigelowi (Gran et Braarud) 1 1 1 1 1
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Micrantholithus vesper Deflandre 1 1

M. cf. flos Deflandre 1

Sphenolithus pseudoradians  Bramlette et Wil- 
coxon

1

5. moriformis (Brönnimann et Stradner) 1 1 2 1 1

5. sp. 1 2

Redeposited Cretaceous taxa 2

Table 1 Distribution of calcareous nannoplankton from different samples in Recsk. Abun- 
dancy of specimens: 1 :1 -2 , 2: some, 3: few, 4: many.

3.3. Sediments overlying the andesite: new data and age

The presence of larger foraminifera in the tuffaceous, sandy limestone directly 
overlying the andesite (and also partly interfingering with its uppermost levels) is 
well known since Szabö (1869). The most well-known outcrop is located on the 
top of the Lahöca Hill where the superposition is unambiguous. Noszky (1927) 
mentions an other outcrop (where the superposition is also undoubtful) from the 
southern periphery of Matraderecske. Unfortunately, this outcrop is lost. Two 
different and contradicting larger foraminiferal assemblages can be found in the 
literature. Noszky (1927) lists Num m ulina intermedia (=Nummulites fabianii 
according to the recent nomenclature), Operculina cf. granulosa, Orthophrag- 
mina patellaris and O. sp. without illustrating them. Based on the presence of 
orthophragmines and Nummulites fabianii, this association cannot be younger 
than Priabonian (compare with Serra-Kiel et al., 1998). It is worth mentioning, 
however, that Noszky had no special skills on larger Foraminifera. Nevertheless, 
the Priabonian age of the sediments overlying the andesite (and consequently the 
same age of the andesite, itself) remained a governing idea among the Hungar­
ian geologists (Pantö 1951, Szöts 1956, Majzon 1966, Zelenka 1975, Kecskeméti
1998) and affected very much the paleogeographic and tectonic reconstructions 
(see the list publications in the first paragraph of the Introduction).

On the other hand, Rozlozsnik (1939) writes: “I handed over the majority of 
fossils, collected by me in 1925, to Jenö Noszky, who published their determina­
tion in his monography [Noszky, 1927]. These fossils are, however, not age-mark­
ers, and based on them, these deposits can also be placed into the Oligocene. 
The nummulinas, collected by me, belong to a small, radiate, degenerate species, 
whose main [equatorial] section is already somewhat similar to that of the amphi-
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steginas, but it resembles most of all to N. budensis described by Hantken from 
the Kiscell Clay. Moreover, since these deposits are directly overlain by the Kiscell 
Clay, I consider them lower Oligocene. Nevertheless, it differs e.g. from the up­
per Eocene limestone of the Southern Biikk [=Szepvolgy Limestone], in which N. 
fabianii, N. incrassatus and N. chavannesi can be found." It is worth mentioning 
that this author was one of the leading European Num m ulites-experts of that time 
(Rozlozsnik 1927, 1929). Unfortunately, he did not gave any illustrations. The as­
semblage that Jambor-Kness (1988) published from the sediments overlying the 
andesite (.Nummulites budensis, Operculina gomezi, Planoperculina aff. compla- 
nata, P. com planata heterostegina -  the only illustrated form) resembles rather 
to that of Rozlozsnik (1939) since she cites neither Nummulites fabianii nor or- 
thophragmines. Based on this association she attributed a latest Eocene to earlist 
Oligocene age to these deposits. Jambor-Kness (1988), however, did not present 
the exact location of her sites.

We have inspected the tuffaceous, sandy marl and limesone, directly overlying 
the andesite for larger foraminifera in several places, however only two of them

Fig. 1 Location map of outcrops of tuffaceous limestone with larger foraminifera directly 
overlying the andesite.
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(shown in Fig. 1) proved to be positive in this respect. In the “classical” locality, on 
the top of the Lahoca Hill, rather hard, tuffaceous, red algal limestone is present, 
in which larger Foraminifera are seldom in general. In places, however, they are 
recognisable and have been studied in thin sections. The microfacies and some 
red algae of this rock are shown in Plate 2, Figs. 1 -4 . The other outcrop is located 
at the almost vertical bank of the Paradi-Tarna creek (Fig. 2) where the rock is 
a more sandy, free of red algae and a little bit less hard, and therefore, isolated 
specimens of larger Foraminifera could be extracted from it. Although the facies 
of the rock in the two sites are remarkably different, the specific composition of 
larger foraminiferal fauna proved to be almost identical, the proportion of the dif­
ferent components are, however, slightly different. In general, the preservation of 
the fauna is of medium quality.

In both localities, the vast majority (9 5 -9 9 % )  of larger foraminifera is repre­
sented by the "degenerate” Nummulites, determined by Rozlozsnik (1939) and 
Jainbor-Kness (1988) as N. budensis, and by the operculinids mentioned by the 
latter author. Neorotalia sp. (Plate 2, Fig. 2) can be found in some thin sections

Fig. 2 Outcrop of tuffaceous sandy marl directly overlying the Recsk andesite in the Paradi- 
Tarna Creek.

from the top of the Lahoca Hill. Lepidocyclinids are, unfortunately, extremely 
rare in the Paradi-Tarna Creek outcrop: we could collect a few specimens only 
during our first visit, but could not repeat it later. These fossils, however, could be 
recognised in a little bit greater quantity in the thin sections of the rocks collected 
from the top of the Lahoca Hill. Since they play a key-role in our age-revision we 
start our review with them.

Although lepidocyclinidis are extremely seldom, both their European repre­
sentatives are present in the tuffaceous carbonates. We have found genus Eulep-
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idina (Plate 5, Figs. 5 -9 , 11, 12) both in the Paradi-Tarna Creek and the Lahoca 
Hill outcrop whereas Nephrolepidina (Plate 5, Fig. 10) is present only in the latter. 
The only equatorial section of Eulepidina (Plate 5, Fig. 6) clearly shows the spatu- 
late equatorial chamberlets, while in the other sections the characteristic thick 
wall of the deuteroconch (the second chamber) is well visible. These two features 
make the generic identification of Eulepidina unambiguous. The only section 
of Nephrolepidina that crosses the embryon (Plate 5, Fig. 10) demonstrates the 
single-layered equatorial layer and also the relatively small embryon distinguish­
ing this genus from Eulepidina. The lack of well-oriented sections hampers the 
specific identification. In the case of genus Nephrolepidina it is also impossible 
because of the very low number of specimens. Although most of the sections of 
Eulepidina do not cross the deuteroconch at its greater diameter, we can assume 
that its mean value should be around 1200-1300 îm. Ozcan et al. (in review) 
proposed to place the biometric limit of Eulepidina formosoides (characteristic 
for the late Rupelian SBZ 22A shallow benthic zone of Cahuzac et Poignant, 1997) 
and E. dilatata (indicating the Chattian SBZ 22B and 23 zones) at 1250 (am. Thus, 
the Eulepidina stock of the tufFaceous carbonates overlying the andesite can be 
determined as E. cf.form osoides-dilatata.

The "degenerate” Nummulites (Plate 6, Figs. 1, 2, 4 - 6 )  can be found in great 
quantity in the Paradi-Tarna Creek outcrop and they can be identified also in thin 
sections from the Lahoca Hill. They have a radiate surface; however it is hardly 
visible in most cases because of the sediment attached to the shells. Naturally 
exposed equatorial sections are common and they can be opened very easily also 
by pliers. We concentrate in this study on the megalospheric (A) forms, since they 
predominate, only two microspheric (B) forms have been found. The three similar 
"degenerate” N um m ulites of the Priabonian to Chattian time-span {N. budensis 
in the late Priabonian, N. bouillei in the early Rupelian and N. kecskemetii in the 
Chattian, see Less 1999 and Ozcan et al. in review) can be distinguished with 
great certainty by using biometry-based statistical methods. Based on Drooger et 
al. (1971) Less (1999) introduced a measurement and parameter system to char-

Plate 5
Largerforaminifera from the tuffaceous limestone directly overlying the Recsk andesite. 1—4. 
Operculina complanata Defrance, morphotype 2. 1. O. 06.45, 2. O. 06.44, 3. O. 06.46, 4. O. 
06.43. 5-9, 11, 12. Eulepidina cf. formosoides Douville-dilatata (Michelotti). 5. O. 06.34,
6. O. 06.33, 7, 9. O. 06.46, 8. O. 06.48, 11. O. 06.47, 12. O. 06.49. 10. Nephrolepidina sp„ O. 
06.46. AllA-forms. 1, 2, 4, 6. equatorial sections, 3, 7-12. oblique sections, 5. axial section. 1,
2, 4-6. Recsk, Paradi-Tarna Creek, 3, 7-12. Recsk, top of the Lahoca Hill. All: *20.
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acterize the equatorial section of 
A-forms that is slightly modified 
here (Fig. 3). Seven parameters 
(explained in Table 2) are used to 
characterize the megalospheric 
specimens of Nummulites whose 
statistical evaluation is shown 
in Table 2. Biometric data of the 
populations of the three taxa men­
tioned above from different lo­
calities are plotted in Fig. 4, which 
clearly shows that the Recsk popu­
lation of „degenerate” Nummulites 
belongs to N. kecskemetii.

The representatives of genus 
Operculina  can also be found in 
great quantity in both localities. 
A-forms are also in great majority 
among them. Two morphotypes 
could be identified: one without 
secondary subdivisions of the 

chambers (Plate 6, Figs. 3, 7, 8), and these can be easily identified with Operculina 
complanata (compare them with Less 1991 and Ozcan et al. in review). The late 
chambers of the other morphotype (Plate 5, Figs. 1 - 4 )  are subdivided into cham- 
berlets. The secondary septa can be both complete and incomplete, and the sec­
ondary chamberlets are characteristically irregular, similar to Hottinger’s (1977) 
anasteginid type. These forms differ from Operculina heterostegina described by 
Less (1991, Plate 3, Figs. 5, 6; Plate 4, Figs. 1 -3 )  as Planoperculina heterostegina 
whose secondary septa are always incomplete and the secondary chamberlets are 
regular. Biometric data presented in Table 3  confirm the present statement, since 
the size of the proloculus (P) and the diameter of the first whorl (d) are practically

Plate 6
Larger foraminifera from  the tuffaceous limestone directly overlying the Recsk andesite. 1,
2, 4-6. Nummulites kecskemetii Less. 1. O. 06.36, 2. 0.06.35, 4. 0.06.37, 5. O. 06.38, 6. 0. 
06.39. 3, 7, 8. Operculina complanata Defrance, morphotype 1. 3. O. 06.42, 7. O. 06.40, 8. 
0.06.41. 3. B-form, all the others are A-forms. All: equatorial sections, Recsk, Paradi-Tarna 
Creek, x.20.

Fig. 3 The measurement system of megalospheric 
Nummulites. D and M : outer and inner diameter 
of the third whorl; in this figure E=19 (marked 
by +), N  (exact number of chambers in the third 
whorl, marked by *) -  13.6. Other parameters are 
explained in Table 2.
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as

P a r a m e t e r s № mean ± s.e. range
Inner cro ss-d iam eter o f the proloculus P (m m ) 38 8 6 ,5 0  ± 2 ,0 4 55 -  110

O u ter d iam eter o f  the first two w horls d (m m ) 37 1157 ± 34 ,0 7 6 0  -  1560

N um ber o f p o st-em bryo nic ch am b ers in the first two w horls E 37 2 0 ,2 4  ± 0 ,27 1 6 - 2 4

Index o f  spiral op ening (third w horl vs. first three w horls) K = 1 0 0 x (D -d )/ (D -P ) 25 4 6 ,9 0  ± 1,26 35 ,9  -  60 ,0

T 
h 

i r 
d 

w
h

o
rl

average length o f  cham bers L=dxp/N (m m ) 24 187,03 ± 6 ,1 4 136 -  243

average shape o f cham bers F = 1 00x(D -d )/ (D -d + 2d xp / N ) 24 7 0 ,49  ± 1,17 6 0 ,3  -  84 ,4

relative w idth o f  the spiral cord m = 1 0 0 x (D -M )/ (D -d ) 25 16,46 ± 1,18 7 ,7  -  28,1

Table 2 Statistical data of the Nummulites kecskemetii population from Recsk, Paradi-Tarna Creek, s.e.: standard error.

Parameters

Inner cross-diam eter o f the 
proloculus

O uter diam eter o f the first 
whorl

Num ber o f post-em bry­
onic pre-heterosteginid 

cham bers

P (urn) d ((im) X K = 100 x (D-d)/(D-P)

№ range mean ± s.e. № range mean ± s.e. № range mean ± s.e. № range mean ± s.e.

M orphotype 1 25 90  -  355 209,2 ± 11,7 25 555 -  1740 1246 ± 63 5 44 ,4  -  59,8 51,3 ± 2 ,3

M orphotype 2 18 1 5 0 - 2 6 5 210,0 ± 8,8 18 930  -  2060 1298 ± 63 17 6 - 1 6 10,71 + 0,73 47 3 5 ,9 - 6 1 ,5 49,5 ± 1,0

M orphotype 1+2 43 90  -  355 209,5 ± 7,7 43 555 -  2060 1273 ± 45 17 6 - 1 6 10,71 ± 0,73 5 36,7 -  54,9 46,3 ± 2,7

Table 3 Statistical data of the Operculina complanata population from Recsk, Paradi-Tarna Creek, s.e.: standard error.
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identical for the two morphotypes. 
Thus, both they represent Opercu- 
Una complanata.

The age of the tuffaceous car­
bonates directly overlying the an­
désite is unambiguously Oligocene 
since all the forms discussed above 
are only characteristic for this age. 
According to Cahuzac & Poignant 
(1997) Operculina complanata is 
characteristic for the whole range 
of this epoch. Based on the lepido- 
cyclinids, the early Rupelian can 
also surely be excluded since they 
are known in Europe only from 
the beginning of the late Rupelian 
SBZ 22A shallow benthic zone of 
Cahuzac & Poignant (1997). Based 
on our new data from the W  Tau- 
rids in SW Turkey (Ôzcan et al., in 
review), the stratigraphie range of 
Nummulites kecskemetii covers the

L(nm)

Fig. 4 Distribution ofpopulations o f the Num m u­
lites bouillei-group (mean values at the 95% con­

fidence level) on the P-L (proloculus diameter vs. 
chamber length in the third whorl, both scales are 
logarithmic) bivariate plot. Data fo r Kisgyőr are 
from  Less (1999), those fo r Csókás 3, 4 and Novaj 
arefrom Less (1991 ),fo r Turkey from  Özcan et al. 
(in review) while for Abesse (France) unpublished 
data by Less are used

whole Chattian, since in one locality (Dazkiri A7) it co-occurs with Nummulites 
bormidiensis, the end-member of the reticulate N .fabianii evolutionary lineage 
and also with Nephrolepidina praem arginata  and with a less advanced Eulepidina  
dilatata. Although it is difficult to exactly determine the lepidocyclinids from 
Recsk (because of their very small quantity), however they seem to be rather less 
advanced as well, and it is rather unlikely that they come from the higher part of 
the Chattian. Thus, larger foraminifera suggest the early Chattian SBZ 22B shal­
low benthic zone of Cahuzac & Poignant (1997) for the tuffaceous carbonates of 
Recsk directly overlying the andesite. Taking also into account that the age of the 
overlying Kiscell Clay is still not younger than early Chattian (see below), the ear­
liest Chattian seems to be the most reliable age for these rocks. It also means that 
they no longer can be called as Szépvölgy Limestone (of Priabonian age), but the 
name of the Csókás Formation of Chattian age (Less 1991, 1999, Báldi et al. 1999) 
from the Bükk Mountains and containing a similar larger foraminiferal associa­
tion should be applied for them.
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The age of the Kiscell Clay, overlying the tuffaceous carbonates but still con­
taining rare tuffaceous intercalations in their basal layers can be well determined 
by calacareous nannoplankton (some of them are figured in Plate 3 ). According 
to Baldi (1983, 1986) its major part belongs to the NP 24 zone. Our new results 
(see Table 1) from samples of borehole Recsk, Rm-7 (222.0 and 268.0 m) and Rm- 
117 (232.1 m) confirm this determination since Cyclicargolithus abisectus first 
appears at the base of this zone whereas Helicosphaera compacta  last appears at 
its top. According to Berggren et al. (1995) the NP 24 zone characterizes the late 
Rupelian to early Chattian time span. Unfortunately our samples turned out to be 
free of planktic foraminifera.

4. RA DIO M ETRIC DATA FROM THE ANDESITE

Radiometric age data from the andesites are analysed in detail in Foldessy et 
al., (2008). Here we only list those ones that can be considered relevant for the age 
of the andesitic stratovolcano and its postvolcanic activity:

Borehole Recsk, R-307, 108.7 m 33.5±2.3 Ma and 34.9±4.9 Ma
"Haromhanyas” outcrop 31.4±1.4 Ma
Borehole Recsk, Rm-16, 1019-1020 m 29.7±2.2 Ma
Borehole Recsk, Rm-36, 887-890 m 29.6± 1.6 Ma, 27.5±3.4 Ma and 25.6+2.5 Ma
Borehole Recsk, R-424, 149 m 28.40±0.91 Ma and 27.29±0.89 Ma
"Timsos” outcrop 27.92±0.75 Ma and 27.84±0.67 Ma
Borehole Recsk, Rm-16, 924-926 m 24.5±2.2 Ma

These data can be grouped into two clusters with some reservations. Older 
ages (31 -37  Ma), corresponding to the Priabonian and early Rupelian are indi­
cated from borehole R-307 and the "Hâromhânyâs” outcrop, whereas other data 
(with the exception of the last age listed) indicate rather late Rupelian and early 
Chattian (2 7 -3 0  Ma). The last record form borehole Rm-16 (924-926 m) is linked 
most probably with the postvolcanic activity.

5. PYRO CLA STICS IN THE PALEOGENE SEDIM EN TS OF NE 
HUNGARY

In order to encounter the age of the Recsk andesite, itself -  beside the bio- 
stratigraphic and radiometric data presented above -  we also have to take into 
consideration the presence or absence of pyroclastic material in the Paleogene
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sediments of the surrounding areas in the Mátra and Bükk Mountains. We can­
not be sure that all of the tuffitic intercalations can be connected with the activity 
of the Recsk volcano. We have no knowledge, however, about any other volcanic 
centre in the close neighbourhood. Thus, most of these pyroclastic intercalations 
can reasonably be linked with the volcanic activity in Recsk.

The Szépvölgy Limestone of Priabonian age does not contain any pyroclastics 
either in the boreholes of Bükkszék, about 10 km to the NE of Recsk (Báldi 1983) 
or in the Bükk Mountains (Less 1999, Less et al. 2005a).

Báldi (1983, 1986) reports the first tuffitic intercalations in the Buda Marl 
from the boreholes of Bükkszék and Fedémes (about 5 km further to the N of 
Bükkszék) where reworked andesitic, quartzitic-sandy tuffs are interlayered. The 
age of the Buda Marl in the Buda Hill is the late Priabonian NP 19/20 calcareous 
nannoplankton zone (Báldi-Beke 1977), however in the Bükk Mts. the drowning 
of the Priabonian carbonate platform seems to have happened somewhat later, 
at about the Eocene/Oligocene boundary (Less 1999, Less et al. 2005a) and the 
sedimentation of the pelagic Buda Marl started only in the very beginning of the 
Oligocene. Since the territory of Bükkszék and Fedémes occupies an intermediate 
position between the Buda and Bükk Mts., the Buda Marl found in the boreholes 
can be placed both to the topmost Priabonian and the lowermost Rupelian.

Tuff intercalations in the form of laminae up to several cm thickness are com­
mon and characteristic in the deeper half of the overlying, euxinic Tard Clay not 
only in the area of Bükkszék-Fedémes and the S Bükk but also in the Buda Hills 
(Báldi 1983, 1986). The Tard Clay is considered as the mother rock for the NE 
Hungarian oil deposits (Demjén, Mezőkeresztes). The tuffs are of andesitic origin 
and deposited on the sea bottom after aerial transport without any reworking in 
the sea. Based on Báldi-Beke (1977) the lower horizon of the Tard Clay belongs to 
the early Rupelian NP 2 1 -2 2  calcareous nannoplankton zones in the Buda Mts. 
whereas the middle and upper horizons have been correlated with the middle Ru­
pelian NP 23 zone. In the Central Paratethyan subdivision the age of the Tard Clay 
corresponds to the early part of the Kiscellian. The volcanic signal in the NP 22 
zone also can be found in the NE foot of the Bükk Mts. in borehole Varbó, V-75, 
where smectite of volcanic tuff origin could be found in the Kiscell Clay substitut­
ing here the Tard Clay of the more western territories (Less et al., 2005a).

The Kiscell Clay characteristic for the major territory of NE Hungary (except­
ing the NE foot of the Bükk Mts.) belongs to the NP 24 calcareous nannoplankton 
zone of the late Rupelian and early Chattian corresponding to the late Kiscellian 
in the Central Paratethyan subdivision (Báldi et al. 1999). Tuffs of andesitic and
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dacitic origin are limited to the lowermost and uppermost parts of the Kiscell 
Clay and restricted areally to the Mátra and Bükk Mts. The upper, sometimes 
2 0 -3 0  m thick tuffaceous layers are often bentonitised around Eger (the SW  foot 
of the Bükk Mts., about 25 km to the E of Recsk). A good outcrop of these pyro- 
clastics from Bükkszék is also figured in Báldi (1983, 1986).

The major part of the overlying Eger Formation (in the Bükk Mts.) corre­
sponding to the middle and late Chattian and also to the early and middle Egerian 
in the Central Paratethyan subdivision (based on the calcareous nannoplankton 
belonging to the NP 25 zone) does not contain tuffitic intercalations. This is valid 
also for the Szécsény Schlier of the same age in the vicinity of Recsk, Bükkszék and 
Fedémes on the NE foot of the Mátra Mts. The basal part of the Eger Formation 
(the so-called Noszvaj Member), however, is built up of glauconitic, tuffaceous 
sandstone that contains a one meter thick intercalation of red algal limestone and 
Lepidocyclina marl directly covered by another one meter thick larger foraminif- 
eral clay. Less (1991, 1999) studied the larger Foraminifera in Novaj, Nyárjas-tető 
and arranged them into the base of the middle-late Chattian SBZ 23 shallow ben- 
thic zone of Cahuzac& Poignant (1997).

Fresh biotite crystals having originated from contemporaneous dacitic tuffs 
can also be found in the basal layers of the Csókás Formation in the NE part of 
the Bükk Mts. These rocks consist of a rich larger foraminiferal fauna (Less 1991,
1999), somewhat younger than that in Recsk but a little bit older than in Novaj, 
but still characterising the base of the SBZ 23 zone. The Csókás Formation at its 
type locality lies directly on metamorphosed Triassic carbonates, its sedimentary 
cover has been eroded.

6. THE AGE OF THE RECSK ANDESITE

By summarising all the biostratigraphic and radiometric data and also the lo­
cation of the pyroclastic intercalations in the neighbouring territories, the begin­
ning of the activity of the Recsk volcano can be placed to about the Eocene/Oli- 
gocene boundary at about 34 Ma. This is confirmed by the age of both the directly 
underlying and the intercalating Buda Marl (the NP 21 calcareous nannoplankton 
zone), by the older group of the relevant radiometric ages (31 -37  Ma) and by the 
first tuffaceous intercalations in the Buda Marl.

Several volcanic cycles have to be supposed during the Rupelian since numer­
ous tuffaceous intercalations can be found in the sedimentary rocks of this age in 
the neighbouring territories. The oil and bituminous indications in the andesite
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may have been originated from the euxinic sediments of the later Tard Clay. Very 
heavy explosions are assumed during the second half o f the time of sedimenta­
tion of the Kiscell Clay falling to about the Rupelian/Chattian boundary since the 
thickest tuffitic intercalations can be found in the upper part of these deposits. 
Also, the younger group of the relevant radiometric ages (2 7 -3 0  Ma) is concen­
trated around this date.

The volcanic activity gradually decreased during the first one-third of the Chat- 
tian as reflected in the age of the sediments directly overlying the andesite and in 
the location of the presumably corresponding tuffs in the adequate sediments.

To sum up: The polycyclic volcanic activity in Recsk lasted about 7 million 
years and seems to have been extending during the first two-third of the Oligo- 
cene from about 34 to 27 Ma. This interval covers practically the whole dura­
tion of the Kiscellian in the Central Paratethyan subdivision corresponding to the 
whole Rupelian and also to the first one-third of the Chattian.
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