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Introduction 

Two main topics are discussed in my dissertation: (i) the petrographical, geochemical, 

and geochronological characteristics of the Carnian volcanic rocks of the Transdanubian Range; 

(ii) the petrographical and sedimentological features of the Upper Eocene volcanic clast-bearing 

basal conglomerate successions of the Buda Hills are presented. 

Böckh (1873) mentioned first volcanic tuff intercalations from the Transdanubian 

Range. According to Lóczy (1916) the Middle Triassic “Buchenstein beds” consist of cherty 

limestone, marl and “pietra verde” acidic volcanic tuff. Later this statement was confirmed by 

Szabó and Ravasz (1970) and Ravasz (1973). Raincsák (1980) and Budai et al. (1985, 2001) 

described a Carnian volcanogenic succession in the Eastern Bakony which is petrographically 

different from the fine-grained, mainly acidic “pietra verde” volcanic rocks. This volcanogenic 

sandstone/conglomerate consists mainly of mafic-intermediate, subordinately acidic volcanic 

clasts which are often larger than ten centimetres in diameter. Furthermore, Triassic mainly 

intermediate subvolcanic and lava rocks were mentioned from the Buda Hills by Kubovics 

(1985), Horváth and Tari (1987), Kubovics et al. (1990) and Harangi et al. (1996) and from the 

area of Balatonfő by Dunkl et al. (2003) and the recent radiometric age determinations 

evidenced Carnian age of these rocks. One of the main aims of my work was to investigate 

these Carnian volcanic formations showing more mafic character and much younger than the 

well-known “pietra verde” volcanic rocks. 

Prior to the Cretaceous–Cenozoic Alpine orogeny, the Transdanubian Range Unit was 

situated at the western margin of the Neotethys Ocean close to the South Alpine region. 

Therefore, the sedimentary and the magmatic formations of these two regions are very similar 

to one another (Cros and Szabó 1984, Budai 1992). Thus, it was important to compare the 

Carnian volcanic rocks of the Transdanubian Range with the similar volcanic formations of the 

Southern Alps region based on the available literatures. According to the new U-Pb age data 

two main volcanic phases could be distinguished in the Transdanubian Range – Southern Alps 

region: the Late Anisian – Ladinian “pietra verde” and the Carnian volcanic events. 

In the Buda Hills the Upper Eocene volcanic clast-bearing basal conglomerate 

succession was first mentioned by Szabó (1858) from the area of Budakeszi. Later several 

researchers described their occurrences all over the mountain range (Hofmann 1871, Horusitzky 

and Vigh 1933). They thought the volcanic material was fallen on the uneven surface of the 

karstified Triassic carbonate rocks prior to the Upper Eocene transgression. Later some of the 

researchers thought that the coarse-grained beds formed in a coastal abrasional environment 
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(Horváth and Tari 1987, Magyari 1996) while some of them assumed their terrestrial origin 

(Kázmér et al. 1993, Kósa et al. 2003). I studied the textural parameters (size, quantitative 

composition, roundness and sphericity) of the coarse-grained rocks with statistical methods to 

interpret the sedimentological processes and delineate the depositional environments. 

In some outcrops pyroclastite and tuffaceous sandstone can be found at the base of the 

Upper Eocene basal conglomerate succession. According to the new U-Pb age data these 

volcanogenic rocks can be connected to those Upper Eocene volcanic rocks which occur along 

the Periadriatic–Balaton line. The pyroclastite and tuffaceous sandstone beds are overlain by 

volcanic clast-bearing coarse-grained siliciclastic rocks. According to Korpás and 

Kovácsvölgyi (1996) the volcanic clasts are derived from a reconstructed Eocene volcano 

(“Wein paleovolcano”). According to the most of the researchers they are derived by the erosion 

of various Triassic formations (Horváth and Tari 1987) and their possible source area may have 

been in the Budaörs region (Hofmann 1871, Horváth and Tari 1987). However, this question 

remained open. Therefore, detection of the possible source rocks and the provenance of the 

volcanic clasts was also an important aim of my work. The new U-Pb agea data prooved that 

they are Carnian in age, so it was important to define their connection with the Carnian volcanic 

rocks of the Transdanubian Range. 

Applied methods 

Representative Carnian volcanic rock samples were collected in the Buda Hills from 

wells (Budaörs Bö-1 and Budafok Bf-1) and outcrops of volcanic clast-bearing Upper Eocene 

basal conglomerate. Rock samples were collected also in the area of Balatonfő (Szár Hill 

quarry), in the Eastern Bakony (Bakonykúti Bút-2 and Várpalota Vpt-3 wells) and in the 

Zsámbék basin (Strázsa Hill quarry). Pyroclastite, tuffaceous sandstone, conglomerate and 

sandstone samples were collected from the outcrops of the volcanic clast-bearing Upper Eocene 

basal conglomerate succession. 

The samples were prepared in the laboratories of the Department of Physical and 

Applied Geology as well as Department of Petrology and Geochemistry, ELTE. 

Micropetrographic investigations were done to identify the textural features of the volcanic 

rocks using Olympus BH2 (MTA-ELTE Geological Research Group), and Nikon E600WPOL 

microscope (Department of Geology and Meteorology, PTE). The heavy mineral associations 

(fraction between 0,062 and 0,25 mm) of the Upper Eocene siliciclastic rocks were analysed by 

Nikon SMZ800 binocular microscope (Department of Petrology and Geochemistry, ELTE). 
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Electron microscopic investigations were done by an Amray 1830i instrument equipped with 

EDAX PV 9800 Energy-dispersive spectrometer (Department of Petrology and Geochemistry, 

ELTE). The composition of the minerals was defined and the heavy minerals was identified 

applying this method. X-ray powder diffraction (XRD) measurements were carried out by a 

Siemens D 5000 type diffractometer at the Department of Mineralogy, ELTE to identify clay 

minerals. A part of the major, trace and rare earth elements of the selected samples was 

measured at the Georg-August University in Göttingen using X-ray Fluorescence Measurement 

(XRF) by Gerald Hartmann and the other part of the analyses was carried out by ICP-AES 

(major elements) and ICP-MS (trace elements) in ACME Labs (Vancouver). 

Cathodoluminescence photos of zircon crystals were done by Andreas Kronz using JEOL JXA 

8900 electron microprobe (Geozentrum Göttingen). The U-Pb ages of zircon were measured by 

István Dunkl applying LA-SF-ICP-MS (Georg-August University, Göttingen). 

Descriptive statistics were used to define the textural parameters (size, quantitative 

composition, roundness and sphericity of the clasts – Wadell 1932, Szádeczky-Kardoss 1933, 

Riley 1941) of the coarse-grained sedimentary rocks. For the measurements Rock Analyst IT 

application was used which was developed by Dávid Farics. Combined cluster and discriminant 

analyses (CCDA, Kovács et al. 2014) was performed to define the homogeneous groups 

according to the following parameters: quantitative composition and the shape of the andesite 

and dolomite clasts, respectively. Interpretation of the depositional environments was based 

also on this method. 

Theses 

1. Carnian volcanic rocks occur in the Transdanubian Range as: (i) subvolcanic and lava 

rocks which are intruded into or deposited onto the Upper Anisian–Lower Carnian Budaörs 

Dolomite (Budaörs Bö-1 and Budafok Bf-1 wells, Buda Hills), as well as they are intruded into 

Palaeozoic Limestone (Szár Hill quarry, Polgárdi); (ii) volcanogenic succession (Inota 

Formation) which is underlain by the Middle Triassic Vászoly Formation (Bakonykúti Bút-2 

and Várpalota Vpt-3 wells and an outcrop at Hideg Valley, Eastern Bakony; Strázsa Hill quarry, 

Zsámbék); (iii) clasts of volcanic rocks occur in the Upper Eocene coarse-grained siliciclastic 

rocks (Buda Hills). 

2. Stratigraphic setting of subvolcanic and lava rocks occur in the Western Dolomite 

similar to that in the Buda Hills. They are intruded into or deposited over the Upper Anisian–

Ladinian dolomite, too (e.g. Latemar Platform, Budai et al. 2005). In Eastern Lombardy 
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(Montecampione Group, Armienti et al. 2003) Carnian subvolcanic rocks intruded into 

Palaeozoic formations similar to those exposed in the Szár Hill quarry. 

3. The lower part of the Inota Formation consists of a dark gray–black fine-grained, well-

sorted clastic rocks. It is made up mostly of grains of volcanic origin and it contains some 

carbonised plant remnants. The upper part of the formation consists of russet coarse-grained, 

moderately-sorted clastic rocks. In some beds along with the dominant volcanite clasts, a great 

number of carbonate clasts are also present. There are many thin-shelled clam fragments. The 

fine-grained volcanogenic rock was formed probably by an intermediate-mafic 

phreatomagmatic explosion. The volcanic material fell onto a subaerially exposed surface or 

into shallow sea, then it was affected by gravity-driven redeposition. Traces of 

phreatomagmatic explosion events observed also on the Latemar platform, Western Dolomites, 

(Németh and Budai 2009) provides a good analogy. Carbonates and various volcanic rocks 

made up the provenance of the coarse-grained clastic succession. The clasts were transported 

by submarine gravity mass movements into the basin. The coarse-grained succession is very 

similar to the Wengen Formation and the Marmolada Conglomerate which are widely extended 

in the Dolomites. My studies confirmed Budai et al. (2001) idea on the similarity of the Inota 

Formation and the Wengen Formation. 

4. The volcanogenic succession of the Strázsa Hill quarry, Zsámbék consists of greenish 

grey, coarse-grained, moderately-sorted clastic deposits. The formation is petrographically very 

similar to the coarse-grained volcanogenic sequences of the Eastern Bakony. 

5. The Carnian volcanic rocks encountered in two wells in the Buda Hills are strongly 

altered andesites (porphyric pilotaxitic texture; labradorite/basic oligoclase plagioclase, 

hypersthene orthopyroxene and augite clinopyroxene phenocrysts). The most important 

alteration was the K-metasomatism which caused the transformation of plagioclase to K-

feldspar. Where the K-metasomatism was very strong the rocks can be classed as K-trachyte. 

A significant part of the volcanic clasts in the Eocene basal conglomerate was subjected to 

secondary silicification. However, the clasts are more varied in composition. Along with the 

dominant andesite the following strongly altered volcanic clasts could be determined: acidic 

tuff (juvenile components – pumice, glass shard; crystals – pseudomorphs after feldspar, quartz, 

pyroxene and biotite), ignimbrite (juvenile components – pumice, Y-shaped glass shards; 

crystals – pseudomorphs after feldspar, quartz, pyroxene and biotite; lithic components – 

andesite, rhyolite, sandstone), acidic lava rock (light and dark laminates). 
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6. The andesite exposed in the Szár Hill quarry, Polgárdi consists of various phenocrysts: 

labradorite/andesine plagioclase, Mg-hornblende amphibole, hypersthene orthopyroxene and 

augite clinopyroxene. The original texture was destroyed by the strong propilitization; the 

andesite can be named as propilite locally, mainly at the contact zones. 

7. There are various volcanic clasts in the volcanogenic succession exposed in the wells of 

the Eastern Bakony and in the Strázsa Hill quarry, Zsámbék: (i) mafic volcanic clasts (basaltic 

scoria, basalt, microgabbro); (ii) intermediate volcanic clasts (andesite/trachyte, amafitic 

andesite); (iii) acidic volcanic clasts (rhyolite, rhyolite tuff, microgranite). Strong K-

metasomatism was observed in the samples of the Strázsa Hill quarry. Furthermore, these rocks 

were affected by secondary silicification. Fresh crystals cannot be observed in the mafic 

volcanic rocks, they are completely altered to secondary minerals. The phenocrysts of the 

andesite are the following: labradorite/basic oligoclase plagioclase, hypersthene orthopyroxene, 

augite clinopyroxene, Mg-hornblende amphibole. The acidic volcanic rocks contain sanidine 

K-feldspar, oligoclase/albite plagioclase and biotite. A part of the clasts is petrographically 

similar to the other Carnian subvolcanic and lava rocks which occur in the Transdanubian 

Range. The size of the clasts may reach 10-20 cm in diameter. It means the source area should 

have been in the vicinity of site of deposition; it was located probably within the Transdanubian 

Range unit. 

8. According to the results of analyses of the major elements the Carnian volcanic rocks 

of the Transdanubian Range have an increased alkali (mainly potassium) content. Based on 

these results following rock types were distinguished: andesite, trachyte, trachydacite, dacite 

and rhyolite. Often the rocks fall into the high-K-calc-alkaline or the shoshonitic series. In some 

cases the increased potassium content can be explained by intensive K-metasomatism. 

However, the petrographic observations suggest co-occurrence of plagioclase and K-feldspar 

in some rock types (trachyte). Based on the trace element analysis the LFSE elements (Rb, Ba, 

Th, U) show an enrichment and there is a negative Nb, P and Ti anomaly. Furthermore, there 

is negative Eu anomaly in every examined samples. The petrographic-geochemical 

characteristics of the Carnian volcanic rocks of the Southern Alps are very similar to those of 

the Carnian volcanic rocks of the Transdanubian Range (high alkali content, co-occurrence of 

plagioclase and K-feldspar primarily, enrichment in LFSE elements, negative Nb, P, Ti and Eu 

anomaly). However, some regional differences can be recognized. The alkali content of the 

rocks of the Western Dolomites and the Northern Karawanks is higher (shoshonitic series). This 

is a good analogy to the rocks derived from the Strázsa Hill quarry and the Eastern Bakony. 
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The basic characteristics of the volcanic rocks of Eastern Lombardy and the Alto Vicentino are 

similar to those of the Szár Hill quarry and the Buda Hills (lower alkali content, calc-alkaline, 

high-K-calc-alkaline series). This volcanic suits were formed during the opening of the western 

Neo-Tethys Ocean. Based on their geochemical features the mantle source was affected by 

metasomatism during the Hercynian Orogenic Cycle and later it was melted again in the 

Carnian (Bonadiman et al. 1994, Armienti et al. 2003, Cassinis et al. 2008). 

9. According to the new U-Pb age data, the examined volcanic rocks of the Transdanubian 

Range span the time between 237 Ma and 228 Ma. It is aligned with the ages of the volcanic 

rocks of the Southern Alps (237-226 Ma – Cassinis és Zezza 1982, Mundil et al. 1996, Zanetti 

et al. 2013, Neubauer et al. 2014). Based on the age data, the volcanogenic sandstone of the 

Strázsa Hill can be assigned to the Carnian volcanic event and therefore it can be related to the 

Inota Formation and not to the “pietra verde” beds which was thought by Budai et al. (2015). 

The new U-Pb ages show that two volcanic events happened in the Triassic period both in the 

Transdanubian Range and in the Southern Alps. The Middle Triassic “pietra verde” volcanism 

(241-240 Ma in the Transdanubian Range – Pálfy et al. 2003; 242-237 Ma in the Southern Alps 

– Mundil et al. 1996) was followed by a Carnian volcanic event. 

10. The volcanic clast-bearing Upper Eocene conglomerate succession begins often with 

pyroclastite, tuffite or tuffaceous sandstone beds which contain primarily Eocene volcanic 

material. The pyroclastite consists of juvenile components (pumice) and crystals (quartz, 

pseudomorphs after feldspar, biotite) suggesting that it was formed by silica-rich explosive 

eruption. The strong tectonic fracturing (the rock altered to cataclasite) may have significantly 

decreased the grain-size (the maximum size of the pyroclasts is 3 mm), therefore only 

estimations can be given for the distance of the volcanic centre. According to the new U-Pb 

ages the volcanic rocks are 36,6-35,3 Ma (Upper Eocene). Based on these age data the 

volcanogenic material can be connected to the Late Eocene–Early Oligocene volcanic events 

which occur along the Periadriatic–Balaton line (Kovács et al. 2017). The erupted volcanic 

material was fell onto a subaerially exposed karstified surface, but it was partially redeposited 

later. 

11. The pyroclastite/tuffaceous sandstone is overlain by coarse-grained clastic rocks: 

oligomictic conglomerate, monomictic conglomerate, tuffaceous oligomictic conglomerate and 

tuffaceous polymictic sandstone/conglomerate. Polymictic and monomictic sandstone layers or 

lenses occur within the coarse-grained rocks. Unfortunately, original sedimentary structures do 

not preserve in the succession, as a rule. Therefore, the sedimentological processes were 



7 
 

deduced from inferences of the statistical investigation of the textural parameters of the coarse-

grained rocks (percentage, size, sorting, roundness and sphericity of the various clastic 

components). The sampling sites were grouped on the basis of the most significant textural 

parameters (percentage, shape of the andesite and the dolomite clasts) by Combined Cluster 

and Discriminant Analysis. The result was a spatial pattern displaying the distribution of the 

groups. The interpretation of this model is based on the concept that the measured parameters 

of rocks classed to the same homogeneous group were formed under similar geological 

circumstances and by same geological processes. On this way various terrestrial and marine 

sedimentological environments were outlined in the area. 

12. A group characterized by poor sorting, silt to sand-size ground mass, great amount and 

relatively large, poorly rounded or angular volcanic (predominantly andesite) clasts and high 

amount and relatively large dolomite clasts of moderate roundness is interpreted as 

fanglomerate. These fanglomerate deposits were accumulated in the proximal zone of small 

fans formed along the toe of terrestrial slopes. Two groups are interpreted as deposits of 

intermittent streams transporting and redepositing clasts some of them derived from andesite 

clast-bearing fans. The following sedimentological characteristics refer to this transport 

mechanism: the conglomerate is poorly sorted, the scarce andesite clasts are small and much 

more rounded than in previous group. The stream transport reduced the size and abundance of 

andesite clasts, and increased their roundness and sphericity. Based on the roundness of andesite 

clasts, one of the groups may have been deposited in the proximal part while the other one in 

the distal part of a supposed intermittent stream. In both groups are relatively rich in large, and 

less rounded and less spheroidal dolomite clasts which occur together with andesite debris 

suggesting that they were derived also from nearby small toe of slope fans. Two occurrences 

forming a group which may reflect marine sediment redistribution of previously deposited 

terrestrial sediments after inundation of the area when the former terrestrial slopes became 

abrasional rocky coasts. A part of the previously accumulated terrestrial sediments redeposited 

under marine conditions and mixed with abrasional pebbles. 

13. According to the model the volcanic clasts derived from volcanic sources of rather 

limited surface exposure. In contrast, the outcrops of dolomites (and locally cherty dolomites) 

were widely extended, providing large amounts of dolomite and chert clasts all along the 

valleys. The heavy mineral analysis refers to the missing of metamorphic rocks in the source 

area, but the presence of (ilmenite, magnetite, apatite, biotite, rutile, zircon, and monacite) 

suggest the occurrence of magmatic rocks. Based on the petrographical and geochemical 
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features of the andesite clasts they are very similar to the Carnian andesite rocks which have 

been exposed in two wells (Budaörs Bö-1 and Budafok Bf-1) in the Buda Hills. Although out 

of the Budaörs area we do not know any andesite rock (neither on surface, nor in a borehole) 

close to the outcrops, the results of our studies suggest the presence of a local andesite source, 

most probably an outcrop of a dike. 

14. Based on grouping of CCDA the basal conglomerate exposed in the Róka Hill quarry 

significantly differs from any other basal conglomerates in the Buda Hills and accordingly it 

can hardly fit into previously discussed model. The volcanic rock debris was probably derived 

from the Carnian Triassic succession occurring on the northern side of a major regional fault 

zone, the Nagykovácsi Line. 
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