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BRIEF HISTORY 

OF HUNGARIAN GEOLOGY





P r e f a  c e

History o f the nearly two-hundred-year-old Hungarian geology has been 

extensively investigated in recent years. Though entitled the Brief History of 

Hungarian Geology, this study includes the history o f stratigraphic and tectonic 

research only. It is a piece o f a series, the first issue o f which was published on the 

history o f mineral resource exploration in 1989 on the occasion o f the Washington 

INHIGEO Symposium. Work is in progress on the mineralogical-petrological and 

palaeontological volumes.

The present work describes the development o f geology (stratigraphy and 

tectonics) from the beginning up to the present, including the geological research 

carried out in the area o f one-time Hungary.

The Editor
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Geographic location and national history

Development of geological studies in Hungary — providing solid 
fundaments for miners’ experiences — has been greatly influenced by changes in 
the state territory, and by political, social, and economic conditions. Therefore the 
place of Hungary within European geography and history is briefly reviewed here.

Hungary belongs to Central Europe, both by its geography and history. 
Lying in the middle between Iberia and the Ural, it is found in the basin surrounded 
by the Alps, Carpathians and Dinaric Mountains. During most of its 1100 year 
history it extended to 325,000 sq km — together with associated Croatia-Slavonia 
—, fully occupying the lowlands (Little and Great Plain, Transdanubian Hills, 
Drava and Sava interfluves, Transylvanian Basin) and the mountains (Figs. 1,2). 
Unity of this region had been maintained even during 150 years of Turlash reign 
and the Habsburgs’ dividing policy; it came to an end in the 20th century only 
(since the 1920 and 1947 Paris treaties closing World War I and II, respectively, 
Hungary is 93,000 sq km). A historical account of Hungarian geology discusses 
much larger territory before than after 1920.

?EZ3 >WB «! 7 l I s E ü ü ]

Fig. 1. Orogenetic sketch of the Carpathian Basins according to Prinz, Gy. (1926). 1. Remnants of the 
Palaeogene peneplains, 2. strikes of the Palaeogene folds, 3. Neogene folds, 4. Carpathian 
Klippenzone, 5. parts of the submerged Neogene folds, 6. Neogene volcanoes, 7. unfolded platforms, 

8. assumed contour-line of Tisia. K: Little Plain, N: Great Plain, E: Transylvanian Basin
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Hungary lies in the wide contact zone between German and Slavic peoples. 
Hungarian tribes —■ containing a mixture of Fenno-Ugrian and Onogur (Turcic) 
peoples of the Ural-Altaic family of languages — drifted westwards from 
easternmost Europe (approximately the present-day Bashkiria) during the great 
invasions. The first known locations of the migration — caused by attacks of 
neighbouring nomadic people — are between the river Don and the Azov Sea, then 
between the river Dniester and the lower reaches of Danube. The Carpathian Basin 
was occupied in 895-896, although mounted Hungarian troops reached the eastern 
margins of the Frankish empire from 862 onwards, and fighted against the 
Moravian ruler as allies of ARNULF, the king of Franks. When LEON THE 
WISE, emperor of Byzantium left them in the lurch in the war against the Bolgars, 
to avoid an oncoming attack of Pechenegs the Hungarians crossed the Carpathians, 
led by prince ÁRPÁD. Defeating the Slavic and Bolgarian peoples left over from 
the Avar empire destroyed by CHARLEMAGNE in 803, occupied the grasslands 
and open woodlands of the Carpathian basins, extending the borders of their 
country as far as the ridge of the Carpathian chain. The well-defendable natural

Fig. 2. Parts of the Pannonian Basin. B: Börzsöny-Visegrád Mts. Ba: Bakony Mts. Bü: Bükk Mts. BP: 
Buda-Pilis Mts. C: Cserhát Mts. FG: Fruska gora. G: Gerecse Mts. LC: Little Carpathians. M: Mecsek 
Mts. Ma: Mátra Mts. P: Psunj Mts. Pa: Papuk Mts. R: Rosalie Mts. T: Tokaj Mts. V: Vértes Mts. 
Ve: Velence Mts. Vi: Villány Mts. Z: Zagrebacka gora. Crossed: Tertiary volcanic mountains belonging 

to the internal volcanic garland of the Carpathians
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boundaries, the basins with rich pastures, forests rich in games, hills abounding in 
ores and salt helped their survival despite extensive agriculture and slow social 
development.

Experiences of a century after ARPAD’s conquest led prince GÉZA to the 
adoption of Christianity, associated with final abandonment of nomadic lifestyle. 
His son, ST. STEPHEN — to empasize independence from both the Holy Roman 
and the Byzantine Empire — requested and has got the royal crown from Pope 
SYLVESTER II. He founded the Hungarian kingdom, complying with contempora­
neous feudal Europe, but having a different internal structure. The new kingdom, 
situated between the Germans and the northern and southern Slavs, have been 
frequently threatened by new invaders from the east (Pechenegs, Kumans, 
Jazygians, Mongols) and the East Romanian Empire from the south. However, it 
successfully preserved its independent status. Medieval rulers of Hungary extended 
supremacy to the Bohemian basin, to the Dalmatian coast, and as far as the Black 
and Baltic seas. During the reign of ANJOU kings (CHARLES ROBERT and 
LOUIS THE GREAT) following the dying out of the ÁRPÁD dynasty (1301), 
Hungary was one of the great powers of Europe.

Besides the fights for the throne of LOUIS THE GREAT at the turn of the 
14th and 15th century, the Hussite war following the Czech reformation and the 
first Transylvanian peasant revolt a new peril emerged on the Balkans: the 
advancing Ottoman-Turkish Empire, stopped only temporarily by TIMUR LENK’s 
Mongolian Empire. This attack, aimed actually at Vienna, was repelled with the 
leadership of the HUNYADI family of the lower nobility. During the reign of 
MATTHIAS HUNYADI (1443-1490), the last national king, the country became 
the home of Renaissance culture. However, in 1492 — when the Spanish were 
driving out the Arabs from the Iberian peninsula and COLUMBUS was sailing 
towards America — the Turks overrun Transylvania again. Four years later they 
occupied the Rumanian principality of Wallachia then Nándorfehérvár, the present- 
day Beograd. The crusade against them resulted in a peasant revolt in 1514. The 
cruel revenge after the suppression of the revolt and the rivalling nobles fatally 
weakened the country and not even the well-disposed assistance of the Popes of the 
time could help. As a consequence of the disagreement and undiscipline the small 
Hungarian noble army lost a battle and a king at Mohács in 1526. Therefore the 
Medieval Hungary ceased to be a power o f Europe.

The death of the monarch led to the election of two new kings and a 
twelve-year-long civil war. The nobility, which did not trust in its own power and 
dared not to arm the heavily punished serfs, waited for Europe to help. Those 
noblemen and dignitaries of the church who wanted a national king, trusted in 
papal, Venetian, French, Polish and even English help. The other party rallied 
round FERDINAND of HABSBURG, ruler of the neighbouring Austria. They 
thought that CHARLES V, king of Spain and its American colonies, emperor of 
the Holy Roman Empire, would effectively support his brother, FERDINAND. 
Both groups had to realize that these countries turned their attentions to the fight 
for the absolute power on Europe, therefore they did not want to make a war 
against Turkey. In fact the French king concluded an alliance with them against 
Spain in 1541, the year when the Turks occupied Buda, the Hungarian capital. In 
1547, after an unsuccessful attempt to stop them, FERDINAND signed a peace 
with the Ottoman Empire, for whom Transylvania had already payed taxes and the
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plains and hills of Hungary meant a parade ground for the following campaigns 
against Austria.

Thus — while LOPE DE VEGA and SHAKESPEARE were writing their 
dramas — Hungary was tom into three pieces: Upper Hungary and a part of 
Transdanubia was ruled by the HABSBURGs. The eastern part was governed by 
the Princes of Transylvania, who had a certain independence despite being vassal 
to the Turkish Emperor and took several steps against the despotism of the 
HABSBURGs in Upper Hungary. The central, wedge-shaped territories with 
uncertain borders were relentlessly exploited and destroyed by the Ottoman-Turkish 
Empire. The Turkish occupation, by its nature, meant big campaigns and endless 
wars. The serfs and gentries, plundered by the Turks and the royal troops, lived in 
exile and fell victim to the battles for the border fortresses. Though the policy, 
administration, religion and social system were radically different in the three parts 
of the country, the resistance against the Turks and the assimilating efforts of the 
HABSBURGs kept the national feeling alive.

Following the activity of Miklós ZRÍNYI and the victory at Szentgotthárd 
there was a real opportunity to drive the Turks out of Hungary. The HABSBURGs, 
however, realized its importance just after the siege of Vienna in 1683, when only 
the brave troops of Jan SOBIESKI, the Polish king could repel the attack. 
Following the siege the European countries lined up with Hungary and with the 
immense help of Pope INNOCENT XI a long campaign, crowned with the victory 
of EUGENE OF SAVOYA at Zenta in 1697, liberated the country. As a 
consequence the Principality of Transylvania, the stronghold against the absolutism 
and religious intolerance of the HABSBURGs for 150 years, ceased to be an 
independent state. Transylvania was not reannexed to Hungary but became an 
Austrian province and remained in a state of dependence till 1867.

The Turkish occupation basically changed the ethnic distribution in 
Hungary. The Hungarian population moved to the bigger market-towns, where they 
could live a better life and avoided the Turkish slavery. The abandoned areas were 
filled up with Serbians in the south and Rumanians in Transylvania and the eastern 
parts of the Great Hungarian Plain. This process accelerated when Germans and 
Slovaks were settled to the liberated but uninhabited lands in order to protect and 
cultivate them. The Vasvár peace-treaty (1664), which was unexplainable in the 
light of the victory at Szentgotthárd, stirred up the feelings of dissatisfaction 
amongst the noblemen. However, the HABSBURGs crushed the alliance against the 
reigning family and the war of independence led by RÁKÓCZI. The differences 
between the centralizing and arbitrary Austrian government and the Hungarian 
nobility who worried about the usage of the Hungarian language, the freedom of 
religion and their feudalistic privileges, became more pronounced. This contributed 
to the fact, that the vast lands of Hungary were filled up not with the diminished, 
still rebellious Hungarians but Slovaks, South Slavs, Germans from all over the 
empire and Rumanians, who were thought to be obliged for the several favours. 
Though the Hungarian nobility acknowledged the inheritance of the female line of 
the HABSBURG-dynasty and the Hungarian army supported MARY THERESA in 
the Austrian war of succession and in the Seven Years’ War against Prussia, Jhe 
attitude of the Austrian government towards the country did not change.

Foreign persons and ethnic groups had been received into Hungary since 
the reign of ST. STEPHEN. Most of these groups assimilated during the centuries
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or remained loyal to the Hungarian state. But in the 19th century nationalism 
became popular amongst the South Slavs and Rumanians, who were settled down 
after the Ottoman occupation, and the Hungarians, as well. The aftermaths of this 
appeared during the 1848 Hungarian War of Independence, when these minorities 
were hostile towards the Hungarians. The Holy Alliance — which was formed in 
1815, following the Napoleonic wars, to repress the ideas of the French Revolution 
— could not stifle the desire of the peoples to form nation-states and shape their 
own future. In 1848, similarly to many countries in Europe, a revolution broke out 
in Hungary. Although the HABSBURGs, in alliance with the Russian Czar, cruelly 
suppressed the revolution, the defeats in the Italian war and against the Prussians 
(1859 and 1866) forced them to compromise with the Hungarians following 18 
years of despotism, and establish the Austro-Hungarian Monarchy. This, besides 
cherishing the illusion of a "political nation", made way for the development of the 
capitalism. After 47 years of relative quietness the Monarchy went to the World 
War I in league with the Germans and was defeated. The finishing stroke was given 
to the Monarchy and the 650-year-long HABSBURG dominion in Europe by the 
subdued nations in 1920. The independent Hungary lost almost two thirds o f its 
territory and encountered immense economic difficulties. Due to the geopolitical 
situation of the hesitant country, Hungary went to the World War II. Between 1939 
and 1944 the Hungarian dominated regions of the successor states of the Monarchy 
were reannexed to Hungary. But at the end of the war the winning Allied Powers 
did not acknowledge the reannexation and the borders remained the same as 
determined in the Paris treaties.

During the 45 years of Soviet occupation the political structure of the 
country had to follow the strongly centralized example of Moscow. Although the 
1956 revolution against this system was suppressed by the Soviet intervention, 
Hungary, taking advantage o f the decline o f the Soviet Union, became an 
independent, democratic republic.

Beginnings and development of Hungarian geology 
(Middle Ages and modern times until 1868)

See Selected bibliography: A and B

Use of iron and noble metals had been widespread among ancient 
Hungarians before arriving in the Carpathian basin. There are remnants of primitive 
iron smelters in Hungary from the 10th to 12th centuries. Artistic applications of 
iron — instead of bronze — is known from the 13th century (PEREHÁZY, K. 
1982). The most important noble metal mine region of the early centuries was at 
Selmecbánya (Banstcá Stiavnica, Slovakia): the silver denarius of King ST. 
STEPHEN (early 11th century) was made of the metal extracted in these mines by 
foreign miners (hospes). Further noble metal and copper were extracted in Szepes- 
Gömör Ore Mountains (Slovenské rudohorie, Slovakia), Rudabánya, Tokaj 
Mountains and in the Börzsöny as well (Fig. 3). Written documents on the renewed 
working of gold mines and on gold panning in Transylvania — started by the 
Romans — and on new explorations at Nagybánya are available from the 13th 
century onwards. The new industry has been established by Saxonian miners settled
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after the devastation of Hungary by the Mongol army in 1241—2. The new settlers 
made all branches of ore mining flourishing: Hungary became a leader in noble 
metal production o f the world for about 200 years, partly due to the mining laws 
of 1327—8 of King CHARLES ROBERT. Decline began at the beginning of the 
15th century; the lowest production was reached at the beginning of the 16th 
century due to the exhaustion of reserves in the oxydation zones, considerably 
lower ore content of the depth and also due to political disturbances. However, the 
interval between the end of the 15th century and the middle of the 16th century 
yielded a boom for copper production due to investment by the 
THURZÓ—FUGGER group (ZSÁMBOKI, L. 1982).

Hungary could play only a minor role in founding geological thinking until 
the middle of the 19th century. Although the country had been liberated from a 
150-year-long Turkish occupation, another 150-year-long paralysis followed due to 
the following reasons: (1) Hungarian nobility hanging on to its privileges; the 
peasants denied of the right of free migration; (2) Germanizing policy of the 
HABSBURG rulers, their measures against the Reformation and their customs 
policy cutting Hungary off her traditional markets; (3) feudal mine law acting 
against the development of mining; (4) pushing of Hungary into a semi-colonial 
position of primary producer; standstill of industrialization due to lack of buying 
power, rapid capital accumulation and free labourers. (E.g. manufactures were 
founded in Vienna as early as in 1667, while the first one in Hungary was 
established in 1715 only; in absence of other consumers, it was to supply the army 
with broad-cloth. Most of the population used products of craftsmen and 
homecraft.)

After suppressing the RÁKÓCZI rebellion in 1711, rulers of the 18th 
century, to cover war expenses, were concerned about the development of noble 
metal, copper and salt mines, which had been turned to crown monopolies already 
in 1567. A School of Mines was established in 1733 at Selmecbánya, which became 
a Mining Academy in 1770. Early teachers establishing European-level standards 
of the school were MIKOV1NY, S. and the two HELL brothers. Mineralogy, 
metallurgy and chemistry were taught from 1758. Iron ore and coal exploration 
were encouraged, however, only after annexation of Silesia by Prussia in 1763 (and 
following the thinning of forests due to pearl-ash and charcoal burning). Only a few 
of the landlords’ explorations lived long. The others could save their investment 
only in cooperation with the treasury due to lack of expertise and capital. Therefore 
the latter dominated iron production by the first half of the 19th century. However, 
the iron industry was low level due to lack of capital, feudal ruling, and the 
obsolete charcoal heating.

The first notice on a coal occurrence in Hungary was made by the German 
jesuit KIRCHNER, A.; outcrops at Zsolna (Zilina, Slovakia) and Dobsina 
(DobSiná, Slovakia) were reported by CSIBA, I. In Hungary, however, coal was 
first applied for smeltering and in a steam engine by engineer POTTER, I. an 
Englishman, at Selmecbánya (Banská Stiavnica, Slovakia) and at Újbánya (Nová 
Baba, Slovakia) in 1730. The teachers of the School of Mines studied its distillation 
and chemical properties. After opening the first coal mines at Trnavka and Trubin, 
several others followed till the end of the century. Absence of demand, bad roads, 
and high transport costs prevented flourishing till 1830: then the start of steam 
shipping and steam milling, and, from 1867, the building of the national railway
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network helped to grow mining.
The promising geological exploration that had begun at the turn of the 18th 

and 19th centuries stopped all over the HABSBURG empire following the economic 
decline due to the Napoleonic wars. Even in Austria it was mostly carried out by 
foreign (French, English and Swiss) explorers (ZITTEL, K. A. v. 1899).

The royal court in Vienna paid more attention to mining than any other 
branch of industry between 1710 and 1850. The first industrial statistical record was 
performed in 1771-4, then repeated in 1784. Therefore contemporaneous geological 
literature discussed mineral localities only. Among the authors there were German, 
Italian, Norwegian, Holland, French, and British travellers, officials and professors 
at the Selmecbánya Academy. From the second half of the 18th century, however, 
the number of Hungarian and ’’Zipser” priests, doctors, teachers, commoners, and 
aristocrats reporting on geological curiosities in Hungary suddenly increased. First 
they published in Latin and German, then in Hungarian. Their number grew further 
during the reform movements starting in 1830 and leading to the War of 
Independence in 1848-9, when Hungarians tried to fill up gaps in fields 
involuntarily neglected before. The Hungarian National Museum, founded by 
Ferenc SZÉCHENYI in 1802, moved to its recent building, the first railway and 
Danube steamship lines were opened, the Chain Bridge between Buda and Pest, the 
first permanent bridge over the Danube was built, and activities in the Class o f 
Mathematics and Science o f the Hungarian Academy o f Sciences (founded by István 
SZÉCHENYI in 1825) started in 1832. The idea of tins institution, already called 
for by APÁCZAI CSERE, J., BÉL, M., BOD, P., and BESSENYEI, Gy. -  
17th—18th century — now came true.

The following general studies published before 1850 worth mention: *BÉL, 
M., ‘FRIDVALDSZKY, J., ‘BORN, I., SCOPOLI, J. A., FERBER, J. J., 
‘FICHTEL, E. J., ESMARK, J., TOWNSON, R., ‘KITAIBEL, P., STÜTZ, A., 
STASZICZ, J., SCHÖNBAUER, V ., CLARKE, E. D., ‘ZIPSER, C. A., ‘JÓNÁS,
J., BEUDANT, F. S., BOUÉ, A., LILL V. LILIENBACH, K., PUSCH, G. G., 
‘FRIDVALDSZKY, I., ‘FÉNYES, E. Attempts for a Hungarian terminology in 
mineralogy were published by *BÉNKÓ, F., ‘ZAY, S. SZABÓ, J. established 
Hungarian mining terms. Besides the studies of STASZICZ, BEUDANT, BOUÉ 
and LILL V. LILIENBACH the book of *KATONA, M. also reflects the 
propagation of geological thinking.

The above-mentioned stagnation of Austrian geology has been broken by 
the excellent organizer HAIDINGER, W. v. He edited the first general geological 
map of the empire in a scale of 1:864,000, displaying 25 formations (1847), 
organized the Geologische Reichsanstalt in Vienna (1849), and established the 
regular geological surveying of the provinces, and published the associated 
geological descriptions. He also proposed that at least a geological society should 
help the work of the Geologische Reichsanstalt in Hungary.

The Hungarian Geological Society, with the aim of ’’promoting the 
exploration of all kind of mineral resources” was founded on the eve of the 
Hungarian revolution (3 January 1848). Its aim served so well the inevitable 
capitalistic developments, that even the cruel oppression after the failure of the War

* denotes Hungarian authors.
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of Independence could not liquidate it. Even the Austrian/Hungarian customs 
boundary had to be cancelled. The freely arriving Austrian capital investments 
yielded new coal and iron mines. Railway and water transportation have developed 
and flood control along the rivers (initiated by István SZÉCHENYI) recovered. 
Serfdom was abolished and landless peasants became workers.

Fig. 4. Szabó, J. (1882-1894)

Geologists of the institute in Vienna prepared the 1:144,000 geological map 
of the Northern Carpathians (besides practical studies in Transylvania, Banat and 
Mecsek). Their experience drawn from the study of the Alps could be well applied 
in subdividing the Permo-Mesozoic and the Eocene. Several formation names given 
by them are still in use. They recognized the significance of the Miocene rhyolite 
tuff levels, the local representatives of the Horn beds, the Leithakalk, the 
’’Cerithium” and the ’’Congeria” beds, and that basalt eruptions are younger than 
andesite and rhyolite masses. Also the studies of PETERS, K. near the capital of 
Hungary (1857, 1859), in the Mecsek (1862, 1863a-b) and in the Bihar (1861) 
should be mentioned. He was the professor of the Pest University from 1855 to 
1860. Although the work of the Vienna geologists süli lacked tectonic viewpoints 
even in the summary of HAUER, F. R. v. (1869-70) and in his 1:576,000 scale 
geological map (102 formations), their influence on Hungarian geologists is 
indisputable.

Initially the Hungarian Geological Society supported collecting trips, then 
larger projects, too, and served as,a cohesive force. BÖCKH, J. (1866, 1867), 
HOFMANN, K. and rarely SZABÓ, J. (1860) participated in the surveys of the 
institute in Vienna. Collecting trips of KUBINYI, F. (1853, 1854, 1856, 1863a-b, 
1866, 1867 and KUBINYI, F.—KOVÁTS, GY. 1863) and his descriptions of
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beautiful landscapes in Hungary (KUBINYI, F.—VAHOT, I. eds., 1854) supported 
national feelings. HANTKEN, M. (1861, 1864, 1865, ,1866, 1868, 1870) took the 
task of age determination of the Kiscell Clay. PETTKÓ, J. (1856) was the first to 
report oil and gas traces near the river Morava. HUNFALVY, J. (1863-5) 
attempted to review the natural conditions of Hungary. SZABÓ, J. (Fig. 4) was 
engaged in the preparation of his Mineralogy (1861), in the description of the 
geology of Buda-Pest (1856a-b, 1858, 1859, 1867a), in the mapping of the Great 
Plain (1863, 1867b, 1869a), Tokaj Hills (1866a-b), and Mátra (1869), and in basalt 
studies (1865, 1867c, 1870). His studies on the terraces of the Danube (1862) made 
him one of the founders of neotectonics. Besides excellent work in teaching and 
education, he was ready to popularize geology (SZABÓ, J. 1893).

The year 1867 brought significant changes into the relationship between 
Austria and Hungary. Independent Hungarian ministries were set up. The newly 
established (8 September 1869) Royal Hungarian Geological Institute was entrusted 
by the geological mapping of the country. From 1871 the institute had its own 
publication outlets. Five geologists satisfied all demands at the beginnings, but their 
number grew to 11 by 1885, and to 16-17 by 1907. Beginnings of Hungarian 
geological mapping is discussed by FÜLÖP, J. and TASNAD1 KUBACSKA, A. 
(1969a-b).

Results of stratigraphic investigations

See Selected bibliography: C

Further development of Hungarian geology was uninterrupted only in the 
present-day territory of Hungary. Its activity between 1870-1920 and 1939-1944 
beyond the present borders provided only foundations for the modern geological 
picture. In the following pages we supply information first concerning the 
historical, then on the actual territory of Hungary.

Studies outside present-day Hungary 

Southern Carpathians (Romania)

One of the most difficult problems was the subdivision of metamorphic 
rocks, mostly due to the general underdevelopment of this field of research. 
BÖCKH, J. (1879) subdivided the crystalline schists into three groups of depth 
according to the degree of metamorphism. Acidic and basic intrusions had been 
considered as Archaean until 1896. "Die finding of a Lower Carboniferous fauna at 
Korniareva (SCHAFARZIK, F. 1895) proved Lower Carboniferous age of the 
(epi)metamorphic Group III rocks in Krassó-Szörény county, unconformably 
overlain by the Upper Carboniferous coal measures of Ujbánya-Szekul. Therefore 
the Variscan granites intruded into Carboniferous sediments have been separated 
from granites intruded in the more metamorphic Group I and II formations. ,

Already BÖCKH, J. recognized, that possibly older mesometamorphic 
rocks overlie epimetamorphic rocks in the Krassó-Szörény Mts. However, key areas 
to understand the structure of the Southern Carpathians, lay in the territory of
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Romania. Therefore the Romanian MRAZEC, L. (1896) was the first to show — 
corroborated later by the Hungarian SCHAFARZIK, F. (1911, 1914) — that 
BÖCKH’s Group I is only a more throroughly intruded part of the epimetamorphic 
Group III. The relationship of the remaining two groups (II and III) has been 
cleared finally by MURGOCI, G. (1905a-b). He said, that Group II (mica schists) 
forms a north verging nappe over Group I (phyllite); the latter still has some 
remnants of a Mesozoic fossiiiferous sedimentary cover. A further evidence has 
been put forward by SCHAFARZIK, F. (1898) by finding a single specimen of the 
ammonite Holcophylloceras mediterraneum (Dogger) in the schistose Schelea 
Formation, outcropping in the tectonic window of the Szárkő (Tarcu) and Retyezát, 
and considered as Palaeozoic before. Views of Hungarian and Romanian geologists 
on the Retyezát and Páring Mts. are summarized by NOPCSA, F. (1905a) in his 
1:200,000..map and description.

BÖCKH, J. (1888) has found at Szászkabánya (Sasca Montaná) the 
brachiopod-bearing Anisian limestone and Ladinian marly dolomite, overlying the 
red conglomerate and plant-bearing sandstone, which was thought to be the only 
representative of the Triassic system in the Southern Carpathians for a long time. 
Gresten-type Liassic with coal measures and a complete Jurassic sequence overlying 
crystalline schists have been found by Hungarian geologists in the Krassó-Szörény 
and Almás (Almáj) Mts. and in the Cserna (Cérna) valley. In the eastern part of the 
Krassó-Szörény Mts. a gradual transition has been observed between Tithonian and 
Berriasian; the overlying bluish grey shale has been ranged to the Valanginian and 
Hauterivian, while the Zementmergel to the Barremian—Lower Aptian. Lower part 
of the Barremian—Lower Aptian is filled by Urgonian limestone in the western part 
of the mountains. Its sandstone and marl cover may reach up to the Cenomanian. 
Reports of SCHAFARZIK, F. (1911, 1914) and SCHRÉTER, Z. (1912a) indicate 
that the stratigraphic buildup of the Southern Carpathians was known by the 
beginning of the 1910s, although no monograph has ever been published.

Mountains bordering Transylvania to the east and west (Romania)

Sporadic, minor Triassic outcrops in the Eastern Carpathians were first 
reported by HERBICH, F. (1871) (fossiiiferous Werfenian shale, Middle Triassic 
sandstone and shale, radiolarite, Hallstatt limestone, Rhaetian coral limestone). He 
has found Mesozoic igneous rocks as well (1859, 1878). First descriptions of the 
Jurassic at Brassó (Bra§ov), Persány (Per§ani) Mts. and Nagyhagymás has been 
published by HERBICH (1871, 1878), too. Further descriptions of Mesozoic faunas 
at Brassó were published by JEKELIUS, E. (1914, 1916-1925).

The mountains bordering Transylvania to the west have been neglected for 
a long time. SZABÓ (1874) reported on the "trachyte” there. Several authors 
studied the so-called "massive rocks”: KOCH, A. (1885) and KOCH, A.- 
KÜRTHY, S. (1877) on the Vlegyásza, LÓCZY L., sen. (1876, 1886, 1887) on 
the Hegyes-Drócsa, PRIMICS, GY. (1879, 1891, 1893) on the Transylvanian Ore 
Mts. and the Bihar. After the death of PRIMICS, GY. the studies on the Vlegyásza 
tias been continued by SZÁDECZKY, GY. (1903, 1904, 1905a, 1906, 1907). The 
Mesozoic formations of Transylvania have been reviewed by KOCH, A. (1905a). 
Regular mapping has been initiated by the Hungarian Geological Institute in 1885. 
It was due to harsh terrain, logistic problems, organizational mistakes and serious
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illnesses that only pioneer results were yielded even after 20 years of work. 
However, PETHO, GY. (1892, 1896, 1897) and BÖCKH, H. (1904) recognized 
three members in the continental Permian overlying the crystalline basement of the 
Béli Mts. (Codru Moma) (Verrucano, shales alternating with acidic volcanics, 
Gröden beds). The subdivision of the Triassic and Jurassic was supported by rare 
fossils collected by PETHŐ, GY. (1893), BÖCKH, H. (1904), PAPP, K. (1905, 
1906), and KOCH, A. (1885, 1905a). Special importance can be attached to the 
Middle Triassic ammonites at Vaskoh (Va§c3u) (LOCZY, L„ sen. 1886) and to the 
Gryphaeas in the Gresten beds of Menyháza (Moneasa) (BOCKH, J. 1887).

The subdivision of the Triassic and Jurassic sequence of the Királyerdő 
(Pádurea Craiului) was an excellent product of HOFMANN, K. (in SZONTAGH, 
T. 1899): Werfen shale, Triassic dolomite and limestone, Gresten-type Liassic and 
the presence of all significant Jurassic levels, except the Middle Dogger. 
SZONTAGH, T. (1890) recognized the Barremiancalcareous marl and ’’Caprotina” 
limestone (Aptian) (SZONTAGH, T. 1893—1906) in the Királyerdő, besides the 
Lower Cretaceous at Nagyvárad (Oradea).

The Tithonian-Lower Cretaceous limestone klippen in the neighbouring 
Transylvanian Ore Mts. has been described by LÓCZY, L., sen. (1876) as masses 
embedded in the Hauterivian flysch. In the following year he found that the folded 
Lower Cretaceous flysch is unconformably overlain by Cenomanian and Senonian 
sediments (the latter as Gosau facies).

In the sensu stricto Bihar Mts. the first significant result has been reached 
by ROZLOZSNIK, P. (1906a-b). He noted (and described it much later, in 1937) 
that the surroundings of the Nagybihar (Cucurbeta) are made of two metamorphic 
complexes, which overthrusted the Mesozoic to the north before the Senonian. His 
metamorphic units are now called by Romanian geologists as Biharia and Mungel- 
Lup§a nappes of the Bihar nappe system.

The reambulation of the sensu lato Bihar Mts., initiated by LOCZY, L., 
sen. in 1909 (participants: SZONTAGH, T.-PÁ LFY , M.-ROZLOZSNIK, P. 
1910, 1911, 1912) yielded the recognition that this massif is made by decollement 
nappes. PALFY, M. (1915, 1916) and ROZLOZSNIK, P. (1906a-b, 1913) 
recognized, that the Carboniferous sediments (quartz conglomerate, grauwacke and 
shale) cover the crystalline schists only in the southern part of the Bihar massif; the 
Permo-Mesozoic of the overlying nappes is made of nearshore and open marine 
sediments similar to the High Tatric and Subtatric sequences of the West 
Carpathians, recognized by UHLIG, V. (1903, 1907). The autochthonous Permo- 
Mesozoic, forming the sedimentary cover of the crystalline basement of the Béli 
Mts., is very similar to that of the Carpathian core mountains (especially the 
"variegated Keuper” , the Kössen beds and the Gresten-type Lower Liassic) 
(PÁLFY, M., 1926; KUTASSY, E. 1928, 1937).

The events of World War I interrupted the study of the bauxite deposits of 
the Királyerdő and South Bihar (first notes by SZÁDECZKY, GY. 1905b; further 
studies by ROZLOZSNIK, P. 1917, 1918, 1923, 1925). Prolonged problems after 
the Paris peace treaties, including the deaths of former co-workers (PÁLFY, 
KUTASSY, then ROZLOZSNIK himself), caused that only part of the results have 
been published as the first (and, unfortunately last) volume of a monographic study 
(ROZLOZSNIK, P. 1939) (Fig. 5). This — although incomplete — volume 
describes the history of the "Bihar geosyncline” surrounded by the crystalline
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massifs of Bél (Beliu), Gyalu (Giláu), Réz (Plopig) Mts. and Cikó-Preluka 
(Ticáu—Preluca). Sedimentation started in the Permian. There are two main facies 
belts: a) ridge facies (Schwellenfazies) of the Királyerdő and the northern and 
middle Bihar; b) an offshore Bél facies; its most complete sequence is in the 
Nagyarad (Izoi) unit. The tectonic nappes in Bél facies, originating from the valley 
of the Fekete-Körös (Cri§u Negru) eastward and westward overthrusted the Bihar 
ridge facies. PÁLFY and ROZLOZSNIK — by proving nappe tectonics — were the 
first to express well-founded doubts on the unity of the so-called ’Hungarian 
Massif filling the interior of the Carpathian basin.

Fig. 5. Rozlozsnik, P. (1880—1940)

Since that time Romanian geologists recognized further nappes and 
established that nappes originated from the ’’Maros geosyncline” in the 
Transylvanian Ore Mts. ROZLOZSNIK and his co-workers, however has found 
several basic facts concerning tectonic overthrusts and their relationships towards 
the crystalline basement; they recognized the vergence of the Biharia nappe; close 
relationships of the Vlegyásza granitoids and of the Upper Cretaceous-Eocene 
banatites in the Banat; overthrusting of the Upper Cretaceous by flysch folds in the 
Maros (Mure§) valley (due to post-Gosau movements); and the Tertiary age of the 
andesites in the Transylvanian Ore Mts.
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Dánián dinosaur bones have been found by NOPCSA, F. (1915) in the 
post-Senonian beds of the Hátszeg (Ha]eg) basin. A ’’hyper-Senonian” clay and 
marl succession with basic volcanics has been found by PETHŐ, GY. (1910) on the 
top of the Upper Cretaceous overlying the crystalline core of the Fruska gora 
(Yugoslavia) (visited earlier by KOCH, A. l0O3). JThe embedded marine fauna 
contains Palaeocene forms, as considered by PETHŐ.

Transylvanian basin (Romania)

Four Palaeogene sedimentary cycles have been recognized by HOFMANN,
K. (1886, 1887) and KOCH, A. (1884, 1894) in the northern margin of the 
Transylvanian basin. The complete Neogene adjoining it to the south was 
subdivided by KOCH, A. (1900) with the help of intercalated volcanic tuff levels 
and by the "Upper Mediterranean” (now Badenian) salt deposits. In contrast, the 
Middle Miocene in the minor basins of the Southern Carpathians and Transylvanian 
Ore Mts. (Vajdahunyad, Karánsebes, Bozovics, Déva) [Hunedoara, Caransebe§, 
Bozovici, Deva], at the western side of the Krassó-Szörény Mts. and in the FruSka 
gora immediately overlies the crystalline basement or the Palaeo-Mesozoic. Rich 
gastropod and bivalve faunas of the transgressive Badenian have been described by 
HALAVÁTS, GY. (1876, 1881, 1884), KOCH, A. (1898), MÁRTONFI, L. 
(1893) and VADÁSZ, M. E. (1907) (Felső-Lapugy, Kostéj, Ribice, Bujtur) 
[Lápugiul Superior, Co§teiul-de-Sus, Ribi{a, Hunedoara], The "Aquitanian” coal 
measures of the Zsil (Jiu) valley has been studied by HOFMANN, K. (1870a) and 
STAUB, M. (1887).

The successful Kissármás (§árma§elu) drilling — bored for potash salt by 
PAPP, K. (1909, 1910) — found natural gas in anticlines. The following positive 
results of BÖCKH, H. (1911a-b, 1912, 1913, 1914) and PÁVAI VÁJNÁ F. 
(1917a-b, 1925) here and at Morvamező (western foreland of the Little 
Carpathians), and along the river Mura initiated further hydrocarbon exploration 
in Southern Transdanubia and the northern margin of the Great Plain after 1920. 
Neogene of the Transylvanian basin was reviewed by GAÁL, I. (1912), while 
folding tectonics by PÁLFY, M. (1912).

During 1941-4 a team of Hungarian geologists, led by BAND AT, H. 
(1950a-b) and consisting of REICH, L. (1950), BARTKO, L. (1950), MAJZON,
L. (1950a-d), BEM, B. (1950), BÖHM-BEM, B. (1944), JASKO, S. (1942, 1950a- 
d), MÉHES, K. (1944), SZALAI, T. (1950), SZENTES, F. (1950a-b), WEIN, 
GY. (1950a-b), and BÁLOGH, K. (1950a-b) re-mapped the northern margin and 
the middle part of the Transylvanian basin. Associated workers were KEZ, A. 
(1950), KESSLER, H. (1950), MOTTL, M. (1950), PÁVAI VÁJNÁ, F. (1950), 
SÜMEGHY, J. (1950), FERENCZI, I. (1950), MIHÁLTZ, I. (1950), and 
STRAUSZ, L. (1950). Special studies have been carried out on the Felső-Derna 
asphalt occurrence at the margin of the Réz (Plopi§) Mts. (NOSZKY, J. jun. 1950a- 
b), on the Pliocene sediments of the Barót-Köpec (Baraolt-Cápeni) basin (GAÁL,
I. 1950), on the Preluca crystalline block (SCHRÉTER, Z. 1949), on the nepheline 
syenite massif at Ditró (Djtráu) (FÖLDVÁRI, A. 1946, PANTO, G. 1950a-c and 
FÖLDVÁRI, A.—PANTO, G. 1950a~c), and on the Lower Cretaceous fossiliferous 
localities in the Békás (Bicaz) gorge (NOSZKY, J. jun. 1950c). Valuable 
observations were made on the Plio-Pleistocene volcanic ranges of Kelemen and
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Görgény Mts. by TÖRÖK, Z. (1942). BANDAT, H. (1942) applied 
aerophotogrammetry in the exploration of the Mezőség in the Transylvanian basin.

The results confirmed the early statements of HOFMANN, K. and KOCH, 
A., made at the beginning of the century: the folded Palaeogene flysch of the Lápos 
(Lápu§) Mts. and equivalent Palaeogene basin facies is overlain by the unfolded 
"Lower Mediteranean” (now Eggenburgian-Ottnangian) seuqence of the Ilosva 
basin, by the "Upper Mediterranean” succession of the Mezőség, partly folded by 
salt tectonics. The transgressive "Lower Mediterranean” is represented by the lower 
(Cyclammina-bearing) part of the Hfdalmás beds overlying the basal conglomerate; 
die Helvetian (now Őttnangian + Karpatian) stage of the "Upper Mediterranean” 
is represented by higher, fossil-free member of the Hfdalmás (Hida) complex. The 
initial beds of the Tortonian (now Badenian), i.e. the Dés (Dej) dacite tuff and the 
rock salt, are followed by the Mezőség beds; it contains Anomalinas at the bottom, 
then, above the Bálványosváralja tuff, it is fossil-poor. It is overlain by the Gyéres 
tuff, then Sarmatian Syndesmia-bearing clay marl, the Bázna tuff, and the 
Pannonian Congeria beds.

The Northern Carpathians (Slovakia and Ukraine)

The geological survey carried out in the Northwestern Carpathians by the 
geological institute in Vienna, terminated in 1867, except local studies for mining 
geology. Detailed mapping in the scale of 1:25,000 has been started by the 
Hungarian Geological Institute, headed by LÓCZY, L., sen., in 1913. The project 
was aimed to decide whether the new synthesis of UHLIG, V. (1907), prepared 
following the debate with LUGEON (UHLIG, V. 1903, LUGEON, M. 1903) is 
correct. The work was hindered by World War I, but a few important results has 
been achieved.

It has been established, that the Choé Dolomite overlying Neocomian marl 
of the Subtatric unit of UHLIG is not Lower Cretaceous, but Middle and Late 
Triassic in age (DORNYAI, B. 1913, 1917; KULCSÁR, K. 1916, 1917; VIGH, 
GY. 1915a; LÓCZY, L. ,jun. 1915a, 1916). Hungarian geologists couldn’t separate 
the High Tatric (discontinuous) and the Subtatric (continuous) sequences 
everywhere reliably. The fossil evidence for the Triassic age of the Choé units 
indicated the presence of a hitherto unknown decollement nappe over the Subtatric 
formations. The Triassic of this nappe — extending from the Little Carpathians to 
the Mintchov — is fundamentally different from the Subtatric Triassic due to the 
absence of the "variegated Keuper” and local presence of the Lunz Sandstone.

Fundamental difference of Triassic sequences in the Subtatric and Szilice 
(Silica)—Aggtelek—Rudabánya units has been already reflected in the reports of 
BÖCKH, H. (1906, 1909), BÖHM, F. (1907), ACKER, V. (1905, 1906), KOCH, 
A. (1904), VITÁLIS, I. (1909), and GESELL, S. (1905). Significant contributions 
to the Palaeozoic geology of the Szepes-Gömör Őre Mts. (Slovenské rudohorie) 
were the surveys of ROZLOZSNIK at Aranyida (Zlatá Idka) (1912) and Dobsina 
(1914, 1915), the fossil finds of KISS, A. (1858), ILLÉS, V. (1902), FRECH, F. 
(1906), GESELL, S. (1903), and ROZLOZSNIK, P. (1914, 1915), and the 
porphyroid studies of SCHAFARZIK, F. (1904-5).

ROZLOZSNIK has shown already in 1915, and described in detail in 1935, 
that the Ore Mts. is composed of two fundamentally different units: the Vepor and
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the Szepesség (Spi§) nappes. Cambro-Silurian porphyroids and Silurian-Devonian 
"greenstone schists” are both unconformably overlain by the Upper Carboniferous 
(Westphalian) of Dobsina-Bindt and by the mostly terrestrial Permian. Westphalian 
age of the Dobsina Carboniferous has been proven by RAKUSZ, GY. (1926, 
1932).

There was a significant progress in the stratigraphic studies of the South 
Gömör zone, which briefly belonged to Hungary again during World War II 
(BALOGH, K. 1940, 1945, 1948; BARTKÓ, L. 1953; NOSZKY, J., jun. 1948; 
FÖLDVÁRI, A. 1946, 1948a-b; TELEKI, G. 1948). The Anisian and Ladinian 
parts of the present-day Szilice nappe have been separated by using dasycladaceans; 
the Reifling facies has been recognized; Carnian and Norian members of the 
Hallstatt facies have been identified by brachiopod and Monotis salinaria finds. 
Therefore the succession ranging from the Werfen Beds to the Adnet-type Lower 
Jurassic — together with the ”Licodus ” limestone indicated by STÜRZENBAUM,
J. (1879) and VIGH, GY. (1915b) -  became better subdivided.

Hungarian geologists visiting the Northeastern Carpathians between 1887 
and 1918 ranged the monotonous successions of the flysch belt (very poor in 
megafossils) to the Upper Cretaceous and Palaeogene (Lower Eocene is absent). 
During World War II WEIN, GY. (1943, 1950) and HORUSITZKY, F .-W E IN , 
GY. (1950), based on the foraminifer studies of MAJZON, L. (1943) separated the 
following units: "inner klippen belt”, Magúra zone, Uzsok-Dukla folds, "marginal 
scales”, Uzsok-Bukovice scale”, and "central depression”. SZALAI, T. (1945, 
1947) studied the stratigraphy and structure of Kőrösmező (Jasina) region, while 
SZENTES, F. (1942) those of the Upper Tisza Miocene basin. SCHRÉTER 
(1943b) studied the oil region of Izaszacsal (Sácel).

In Zemplén Mts. SZÁDECZKY-KARDOSS, GY. (1891, 1897) recognized 
the Lower and Upper Carboniferous age of the plant fossil-rich sandstone-shale 
complex with coal measures located between members of the sequence considered 
as Devonian and Permian. This age has been modified by FERENCZI, I. (1943) 
to Permo-Carboniferous, valid up to now.

The eastern termination o f the Alps (Austria)

Phyllitoid rocks without fossils had usually been considered as Lower 
Palaeozoic by Hungarian geologists. The Middle Devonian fossils found by 
HOFMANN, K. at Egyházasfuzes (Kirchfidisch) established connection between 
the Graz Devonian and the Devonian recently recognized in the Balaton Highlands 
and the Uppony-Szendrő Hills (TOULA, F. 1878 in JUGOVICS, L. 1915, p. 51).

The Croatian karst and the Dinarids (Croatia, Albania, Bosnia and
Herzegovina, and Jugoslavia)

Hungarian and Croatian geologists studying the Croatian karst (KADIÖ, 
O. 1912, 1916, 1923, 1934; KADIC, O.-KORMOS, T .-V O G L, V. 1911; 
KORMOS, T. 1912, 1914; VOGL, V. 1912, 1913a, 1915a-b, 1934; KOCH, F. 
1912, 1917, 1923; POUAK, J. 1914; SALOPEK, M. 1914) separated Permo- 
Carboniferous, Mesozoic, and Eocene formations. A significant result was the 
recognition of the cephalopod-bearing Middle Permian at Mrzla Vodica (VOGL,
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V. 1913b). The characteristic calcareous algae of the marine Upper Permian have 
been found, too (JABLONSZKY, J. 1919), although — following the international 
usage of that time — these were ranged as Carboniferous.

In the Albanian part of the Dinarides NOPCSA, F. carried out extensive 
research (NOPCSA, F. 1905b, 1906, 1908, 1911, 1916a-b; NOPCSA,
F.-REINHARD, 1914). The reviews of NOPCSA (1921-22, 1929a) mostly dealt 
with the thick sedimentary sequence overlying the crystalline formations, which can 
be followed from the Dráva—Száva Interfluve and NW Serbia to Athens. These 
successions consist of Carboniferous shale and limestone, terrestrial Permian 
conglomerate and sandstone and a keratophyre-shale-limestone Middle Triassic with 
"Han Bulog”-type limestone. This sequence suffered intense tectonic deformation, 
and contains minor serpentinite bodies. It is unconformably overlain by Upper 
Cretaceous limestone and Eocene flysch.

The structure of the "Eastern Dinaride serpentinite belt” is even more 
complex: the Palaeozoic shales and Permian beds are overlain by Upper Triassic 
limestone with tuffite and megalodontids; serpentinite, gabbro and diabase bodies 
interfingering with Middle and Upper Jurassic red shale play a major role; the latter 
are unconformably overlain by clastic Tithonian and Neocomian rocks, rudist- 
bearing Cenomanian and Senonian to Oligocene flysch.

The western margin of the serpentinite belt is adjoined by the neritic 
Dinaride limestone belt in the north and by the deep-water Olonos-Cukali belt in 
the south. Both overthrust the flysch on the Adriatic shore (West Hellenic and 
Adriatic-Ionian zones).

NOPCSA (1921-2) made a detailed subdivision of the stratigraphic column 
of the Cukali region ranging from the Lower Triassic to the Lower Eocene- 
Oligocene flysch. A major difference of the Northern Albanian block (its succession 
ranges from the Carboniferous to the flysch) compared to that of Cukali is that the 
flysch facies started to develop already in the latest Cretaceous.

The Hungarian Geological Institute sent a mapping team of 4-9 members 
to Western Serbia, Bosnia and eastern Montenegro in 1916-8, personally supervised 
by director LÓCZY, L., sen. (1924). The geologists LÓCZY, L., jun. (1918, 
1921, 1927), VAD ASZ, E., KORMOS, T., JEKELIUS, E., SZENTPÉTERY, 
ZS., TREITZ, P., ZALANYI, B., SZONTAGH, T., ZSIGMONDY, Á., TIMKÓ, 
L, TELEGDI ROTH, K. (1927a) have recorded a great number of valuable 
geological data (see Balkanforschung 1918). The 1:200,000 geological map, edited 
by LOCZY, L., sen. (1924) shows 29 formations ranging from "Archaean” 
crystalline schists to the Quaternary. It served Yugoslavian geologists well for a 
long time.

Studies within the present-day territory o f Hungary

Stratigraphic and palaeontologic research within the post-Trianon territory 
of Hungary gradually has increased in the latter 50 years. Mapping has been 
supported by laboratory studies and field geologists increasingly cooperated with 
specialists of geochemistry, petrology, sedimentology, palaeontology, and 
geophysics. An early example of this kind of research is the Balaton monograph, 
organized by LÓCZY, L., sen. at the beginning of the century. This was an 
essentially different approach if compared to the preceding 110-year-old practice
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(field work in the summer, laboratory studies in the winter). In that early stage, 
stratigraphy was mostly based on the megafauna determined by the mapping 
geologists themselves. Few of them were capable to carry out the mapping, 
determine the fossils and write monographs. Notable exceptions are HOFMANN,
K. (1871, 1873), the best Hungarian field geologist ever, and NOPCSA, F. (1915, 
1917, 1928, 1929b), the high-ranking scientist of dinosaurs, and ROZLOZSNIK, 
P. (1924, 1927, 1929), who prepared a successful systematics of Nummulites 
besides studying sedimentary and igneous rocks.

An early pioneer of micropalaeontology was HANTKEN, M. (1871, 1873, 
1875). He established a biostratigraphic subdivision of the Palaeogene formations 
in the Dorog-Budapest area based on larger and smaller foraminifers, extending it 
as far as Northern Italy. HANTKEN described several new foraminifer species, 
recognized the sexual dimorphism of Nummulites and drew consequences from the 
foraminifer assemblages in the Carpathian basin valid up to now. He was a pioneer 
in applying modern palaeontological methods used by hydrocarbon exploration in 
the first half of the 20th century . His merits were acknowledged by CUSHMAN, 
when naming the foraminifer genus Hantkenina and the family Hantkeninidae after 
him.

The period between 1868 and 1908

Crystalline schists- and granites were considered as Precambrian. Only 
terrestrial Permian was recognized as Palaeozoic. Most of the Permian was attached 
to the Triassic due to its close connection with the Werfen beds in the Mecsek and 
Balaton Highland.

BÖCKH, J. (1872, 1876a-b) recognized two Alpine-type, but different 
successions in Transdanubia. Both are characterized by increasing carbonate content 
up to Middle Triassic, then differences prevail. Carbonate rocks dominate the 
Balaton Highland Triassic, but the Mecsek Upper Triassic becomes clastic. Thirteen 
members were named by BÖCKH (1872) within the Balaton Highland Triassic; 
some of them are still in use. He subdivided the Mecsek Triassic in seven units (2 
Werfenian, 3 Muschelkalk, 1 Wengen shale and 1 sandstone without coal) 
(BÖCKH, 1876b).

Only Upper Triassic has been reported from the rest of the Transdanubian 
Central Range (KOCH, A. 1875): Hauptdolomit and Dachstein limestone. A few 
other Triassic members have been recognized in the Buda and Pilis Hills: 
’’Mátyáshegy limestone”, ’’Diplopora dolomite”, ’’cherty dolomite”, ’’Avicula 
limestone” (KOCH, A. 1871; HOFMANN, K. 1870b, 1871, 1873).

In the Aggtelek Karst ’’Seisian”, ’’Campilian”, Gutenstein limestone, and 
the hardly subdivisible ”plateau limestone” has been recognized (BÖCKH, H. 1909; 
VITÁLIS, I. 1909). KOCH, A. (1904, 1905b) moved the white limestone of the 
Osztramos in the Rudabánya Hills from the Carboniferous to the Triassic.

A fundamental difference has been shown between the Jurassic sequences 
in the Transdanubian Central Range and the Mecsek Hills (BÖCKH, J. 1876a, 
1880-1). While the former has been observed as small patches and as thin, Alpjne 
facies, the latter, much thicker sequence was related to the Gresten facies (coal 
measures below, shale and marl above, topped by limestone). The Dogger and 
Malm, being known in the Mecsek, were barely identified at a few points in the
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Transdanubian Central Range up to the beginning of the 20th century.
HOFMANN, K. (1907) was the first to declare that the Middle Triassic of 

the Villány area was covered by the Jurassic sea from the Bathonian onwards only.
Alpine Lower Cretaceous succession has been recognized by HOFMANN,

K. (1884) in the Gerecse Hills: here the Lower Tithonian limestone of Lábatlan is 
disconformably overlain by Berriasian sandstone and breccia, followed by 
Valanginian Aptychus marl and Hauterivian sandstone-conglomerate. Aptian, 
Albian and Cenomanian have been recognized in the Bakony Hills (HAUER, F. 
1862; KOCH, A. 1875): ”foraminifer clay”, "Caprotina and Exogyra limestone”, 
’’Turrilites marl”. The fauna found in the ’’augite porphyry tuff” of the Eastern 
Mecsek Hills proved the Lower Cretaceous age of volcanism (HOFMANN, 
K.—VADÁSZ, E. 1912).

Upper Cretaceous localities (Ajka, Sümeg, Ugod) of marl and Hippurites 
limestone overlying freshwater beds with coal measures in the Transdanubian 
Central Range have been considered as Gosau beds (KOCH, A. 1875).

HANTKEN, M. set up a detailed subdivision of the Palaeogene. He 
distinguished several horizons within the Eocene overlying the Upper Triassic: 
"Operculina”, ”subplanulatus", ”perforatus”, and "striatus” levels. The widely 
extended Upper Eocene, representing another sedimentary cycle was subdivided as 
"Orbitoides limestone” and ”bryozoan marl”, with Nummulites complanatus in the 
former, and N. incrassatus and N. budensis in the latter.

In the Oligocene HANTKEN (1873) recognized lateral facies changes. For 
example, he considered the deltaic "Hárshegy sandstone” as equivalent of the 
"Buda marl”: both are overlain by the pelagic ’’Kiscell clay”. The Late Oligocene 
regression is indicated by the nearshore "Pectunculus ”(= Glycy metis) obovatus, the 
brackish Cyrena-Cerithium and the freshwater Helix-Planorbis facies.

In the Miocene of the Transdanubian Central Range, the Mecsek Hills, and 
Sopron ’’Lower” and ’’Upper Mediterranean” (FRANZENAU, Á. 1881), and 
Sarmatian stages have been distinguished based on the recognition of clastic, 
calcareous, volcaniclastic, brackish, and paludal facies. BÖCKH, J. (1876a) 
recognized that the "Lower Mediterranean” is absent in the Southern Bakony.

In order to replace the name "Congeria beds” used by KOCH, A. (1872) 
and BÖCKH, J. (1876a) the Pannonian stage was introduced for the formations 
lying between the Sarmatian and the Levantian sediments of the Pannonian sea. The 
introduction of this notion by TELEGDI ROTH, L. (1879) was justified later by 
the long, emotional debate between HALAVÁTS (1882, 1910, 1923) and 
LŐRENTHEY, I. (1893, 1909). Several Lower and Upper Pannonian faunal 
horizons have been distinguished. Existence of minor residual lakes was presumed 
for the Levantian between the Upper Pannonian and the Quaternary, e.g. in 
Slavonia, Southern Transylvania, and the Great Plain. In the rest of the country the 
terrestrial and fluvial sediments of the Levantian stage were correlated by vertebrate 
fossils.

The period between 1909 and 1919

The best geological monograph of the period is the synthesis of LÓCZY,
L., sen. (1913, 1916, Fig. 6) on the geology of the Balaton Highland. It is the final 
volume of a series initiated by LOCZY, then professor of geography and
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generously supported by the Hungarian Geographic Society and Andor SEMSEY.
This monumental work — established by exemplary cooperation of 

Hungarian and foreign specialists from all branches of science — is one of the most 
important sources of information on the geology of Hungary (published in 
Hungarian and German).

Fig. 6. Lóczy, L. sen. (1849—1920)

Especially valuable is the detailed subdivision of the Permian-Triassic 
succession, being South Alpine-type up to the middle of the stratigraphic column, 
then rather North Alpine type. The northern side of the Lower Palaeozoic phyllite 
is overlain by Permian basal conglomerate, Gröden-type sandstone and shale, 
followed by Lower Triassic sediments subdivided to 12 horizons. The Anisian is 
represented by Megyehlegy Dolomite, Recoaro and Tridentinus Limestones, the 
Ladinian by ’’Reitzi” and ’’Subtridentinus Limestone” with diabase tuff 
intercalations, the Carnian by Füred Limestone and three horizons of the ’’Upper 
Marl Group” (Protrachyceras aon, Trachyceras austriacum, and Comucardia 
homigi horizons), the Norian by Main Dolomite, and the Rhaetian by Kossen Beds 
and Dachstein Limestone.

Most of the Vértes Hills is built of Norian Main Dolomite and Rhaetian 
Dachstein Limestone (TAEGER, H. 1909). VADÁSZ, E. (1910) has found
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possibly Carnian cherty limestone at Csővár. Also VADÁSZ, E. (1909) has/ound 
a Lower Carboniferous marine fauna at Nagyvisnyó in the Bükk Mts. SCHRÉTER, 
Z. (1913, 1914, 1915, 1916) attempted to date the fossil-poor and slightly 
metamorphic formations of the Bükk Mts. within the Palaeozoic, while a few spots 
were ranged to the Triassic.

VADÁSZ, E. (1911, 1912) and KOCH, N. (1912) recognized that while 
the Liassic overlies the Dachstein Limestone conformably in the Bakony Hills, there 
is a gap between them in other regions of the Transdanubian Central Range. 
Therefore VADÁSZ assumed that the shore of the Liassic sea was along the 
present-day margin of Liassic formations. He stressed the shallow marine character 
of the Jurassic succession, and presence of gaps was explained by repeated negative 
displacements of the shore. This idea, joining the views of LÓCZY, L., sen. had 
been living until recently.

Bakony-type Middle Cretaceous has been found by TAEGER ,H. (1909) 
in the Vértes Hills. Part of the formation was erroneously ranged to the Barremian, 
making problems in understanding the Cretaceous geology of the Transdanubian 
Central Range,,

VADASZ, E. (1910a), TAEGER, H. (1909), NOSZKY, J., sen. (1909, 
1912, 1914, 1915,, 1916, 1917, 1923a-b, 1934), TELEGDI ROTH, K. (1912, 
1914), and SCHRETER, Z. (1917, 1923, 1934) have established a basically correct 
succession for the Tertiary of the blocks on the left side of the Danube, of the 
Vértes, Cserhát-Nógrád region and that of the Bükk. It has been recognized, that 
the brackish "Sarmatian” in Hungary represents only the lower part of the Eastern 
European Sarmatian (GAÁL, I., 1909, 1910; SCHRETER, Z. 1912b; SÜMEGHY, 
J. 1924). Transition with mixed fauna has been shown between the "Sarmatian” and 
the Lower Pannonian. Attempts for palaeontological correlation of Pannonian 
sediments continued.

It is due to LÓCZY, L., sen. and KOCH, A. — who changed his 
professorship at Kolozsvár to a chair at Budapest University in 1894 — that the 
number of palaeontological studies increased significantly. Among the 
contemporaries of HANTKEN, M. only STAUB, M. (1882, 1883, 1887, 1891) 
turned to full-time palaeontologist: he established the palaeobotanical collection of 
the Hungarian Geological Institute. But at the beginning of the century a range of 
young geologists published monographs on the Transdanubian Mesozoic faunas, on 
the Oligo-Miocene of Eger, and on the Mediterranean echinoids (PRINZ, GY. 
1904; VADÁSZ, E. 1914; KOCH, N. 1909a-b, 1912; LÓCZY, L., jun. 1912, 
1915; TELEGDI ROTH, K. 1914). Unfortunately, most of the geologists’ time was 
taken by mapping in the mountains. Palaeontological specialization proceeded only 
in Quaternary research.

Spreading of the polyglacial views of PENCK-BRÜCKNER and 
agrogeological problems (HORUSITZKY, H. 1898, 1900, 1912) made LÓCZY,
L., sen. to invite HORUSITZKY, H. (1903, 1909, 1911) to study loess faunas of 
the Carpathian basin, and to invite KÖRMÓS, T. (1906, 1909a, 1910, 1911) to 
study other Quaternary molluscs. KORMOS — using contemporary' qualitative 
methods — identified only two, a younger and an older Quaternary mollusc fauna. 
Consequently, he — and later MOTTL, M. (1938a-b, 1941a-b) — denied 
polyglacialism. Later KORMOS (1909b, 1911, 1912a-b, 1914b, 1931, 1932, 1935) 
became the leading figure among palaeontologists and archeologists studying and
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publishing several vertebrate, human and palaeolithic remains (e.g. KADlC, O. 
1915; HILLEBRAND, J. 1911; ÉHIK, GY. 1913, 1930; LEIDENFROST, GY. 
1917; FEJÉRVÁRY, G. GY. 1915, 1917; LAMBRECHT, K. 1915, 1916-23, 
1933). MÉHELY, L. (1909, 1913, 1914) recognized evolutionary lineages in vole 
faunas found in the karsüc fissures at Villány, and ranging back as far as the 
Pliocene (see studies of HINTON, M.A.C. in southern England).

The period between 1920 and 1944

Unfortunate historical and economic changes of these years severely 
hindered the development of palaeontology in Hungary. Studying invertebrates was 
not more than giving faunal lists by mappers and hydrocarbon geologists servicing 
drilling. Some of them show intentions for fine stratigraphy and looking for 
regional relationships. Despite the harsh conditions, however some significant 
palaeontological monographs have been published.

One of them is the study of ROZLOZSNIK, P. (1935) on the 
Carboniferous of Dobsina; the palaeontological foundation was given by RAKUSZ 
(1932). He has proved the Moscovian age of the Dobsina Carboniferous, limited 
the Bükk Carboniferous to Upper Carboniferous, and was the first to suppose 
marine Permian there. The age of these Dinaric-type beds with Mizzia and 
brachiopods was determined by SCHRETER, Z. (1936) as Late Permian by 
Leptodus finds.

There were significant steps in understanding of the Bükk Triassic 
(SCHRÉTER, Z. 1935a, 1943a). Continuous succession between the Upper 
Permian and Lower Triassic became clear; but the ranging of the beds between the 
Upper Carboniferous and Upper Permian did not change.

New dasycladacean and bivalve finds helped to understand the stratigraphy 
of the Aggtelek Karst (SCHRÉTER, Z. 1935b; BALOGH, K. 1953) and Rudabdnya 
Hills (PALFY, M. 1929). The most important new result was the recognition of 
Hallstatt-type Triassic.

In the Triassic of the Buda and Pilis Hills KUTASSY, E. (1925, 1927, 
1936) and VIGH, GY. (1927, 1933, 1934) confirmed the Ladinian age of the 
”Diplopora dolomite”. In the Carnian stage Carinthiacus, cherty, and cherty- 
laminated dolomites, Dachstein limestone, in the Norian Halorella and Monotis 
dolomites, and mollusc-rich Dachstein limestone have been described. The dark 
grey Carnian limestone in the Pilis Hills was erroneously separated from the 
”Kössen-type” Avicula limestone at the Fekete Hill. Because fault tectonics was a 
major obstacle in tracing facies, no uniform opinion has been accepted on the 
Triassic sequence (HORUSITZKY, F. 1943).

It was recognized, however, that the deposition of the Main Dolomite and 
the Dachstein Limestone began much earlier in the northeastern part of the 
Transdanubian Central Range, than in the southwestern part.

In the Mecsek VADÁSZ, E. (1935) ranged the ”Jakabhegy sandstone” to 
the Permian, the sandstones underlying the Liassic coal measures to the Rhaetian, 
while he subdivided the Muschelkalk into four members. Subdivision of the Mecsek 
Jurassic to 12 stages confirmed the stratigraphic framework established earlier by 
BÖCKH, J. and HOFMANN, K.
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In the Gerecse and Pilis an Old Kimmerian uplift was supposed at the 
Triassic/Jurassic boundary (VIGH, GY. 1913), while continuous succession was 
recognized in the Bakony. Several sections with a number of gaps have been 
observed in the Gerecse and Bakony. These gaps between the cephalopod-bearing 
beds and the radiolarite were explained by scouring of deep-water currents (VIGH, 
GY. 1928, 1935; TELEGDI ROTH, K. 1929).

Fig. 7. Telegdi Roth, K. (1886—1955)

NOSZKY, J., jun. (1934) assumed a continuous succession from the 
Jurassic to the Valanginian and Hauterivian in the Bakony. He did not found 
Barremian fauna, and recognized redeposited bauxite below the Aptian sequence 
overlying the Upper Triassic. These facts were explained by TELEGDI ROTH, K. 
(1934) as results of a tectonic uplift in the Barremian (Tisia uplift), denudation and 
rapid bauxite accumulation. The transgressive sequence ranging from the Munieria 
beds through the Requienia limestone to the Turrilites marl was considered as 
Aptian-Albian (TELEGDI ROTH, K. 1934) or Aptian-Lower Cenomanian 
(TAEGER, H. 1936; SZÖRÉNYI, E. 1955). Rapid investigations of TELEGDI 
ROTH, K. (1937) and RAKUSZ, GY.-STRAUSZ, L. (1953) in the Villány Hills 
suggested Barremian age for the bauxite there. The stratigraphic position and origin 
of the Eocene-covered workable bauxite deposits at Gánt and Halimba — explored
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by TAEGER, H. (1909) in the Vértes Hills and by GYÖRGY, A. (1923) in the 
Bakony Hills, respectively — have been reported by TELEGDI ROTH, K. (1922), 
based on his own investigations.

New stratigraphic subdivision of the Esztergom basin (ROZLOZSNIK, 
P.-SCHRÉTER, Z.-TELEGDI ROTH, K. 1922) transferred the "Nummulites- 
Orthophragmina marl” to the Upper Eocene. The "Infra-Oligocene denudation” 
recognized in northeastern Transdanubia by TELEGDI ROTH, K. (1927b) (Fig. 7) 
was followed by the deposition of the Hárshegy sandstone; the "foraminifer marl”, 
considered as Rupelian before, has been transferred above the Upper Oligocene 
freshwater and brackish beds. Advances in Palaeogene stratigraphy were 
considerably helped by the Nummulites studies of ROZLOZSNIK, P. (1929), well 
known abroad, and by mollusc determinations of NOSZKY, J., sen. (1936, 1939).

Understanding the Oligocene and Miocene stratigraphy in northern Hungary 
has been hindered by long debates in the 1940s on the position of the boundary 
between them (SCHRÉTER, Z. 1939; MAJZON, L. 1939; VITÁLIS, L, 
NOSZKY, J., sen., VADÁSZ, E., FERENCZI, L, HORUSITZKY, F. 1940, 
STRAUSZ, L., BOGSCH, L.). The debate concerned the relationship of facies in 
the Upper Oligocene and the applicability of the Aquitanian stage. Stratigraphic 
position of the formations have been frequently changed up- or downward as the 
debate proceeded.

Correlation of the Palaeogene between Bükkszék, Nagybátony and Budapest 
was supported by six horizons based on smaller foraminifers (MAJZON, L. 1940, 
1948). MAJZON’s activity started by establishing a Drilling Laboratory within the 
Hungarian Geological Institute in 1930. He tried to correlate Palaeogene and 
Miocene sequences in northern Hungary and northern Transylvania using horizons 
based on relative dominance of benthonic smaller foraminifers. Although his 
horizons were dependent on facies, they were of great help in solving local 
problems of hydrocarbon exploration. His greatest success was to establish a 
stratigraphy of the Carpathian flysch by taxonomic revision of Globotruncana and 
Hantkenina species. Later it provided sound basis for recognition of Upper 
Cretaceous formations in the flysch of the Great Plain (MAJZON, L. 1943).

Miocene stratigraphy is based on the locations of ”Eggenburgian-type” 
Burdigalian faunas, and the three main rhyolite tuff horizons (recognized by the 
Vienna geologists long time ago). The ’’Helvetic” ”schlier” on the northern side of 
Mátra Hills was suggested as an open marine equivalent of the succession consisting 
of coal measures, Chlamys sandstone and Cardium clay (SCHRÉTER, Z. 1940; 
SZENTES, F. 1943). Coal measures in Nógrád, Egercsehi-Ózd, and Borsod were 
considered as contemporaneous, without respect to the number of coal seams. Since 
in the overlying ’’Tortonian” Stage the Leithakalk (and, in Borsod, the foraminifer- 
bearing tuffite) was the dominant facies in Hungary, VADÁSZ, E. (1935) and 
STRAUSZ, L. (1936) thought that it proved the Helvetian age of the Mecsek 
schlier. Middle Miocene age of the Várpalota lignite, considered as Pannonian 
before, was shown by TELEGDI ROTH, K. (1924), then by STRAUSZ,
L.—SZALAI, T. (1943), although its "Helvetian” or ’’Tortonian” age remained a 
matter of debate for a long time.

Following a number of papers on local problems, SCHRÉTER, Z. (1941) 
established a uniform palaeogeographic framework for the terrestrial and brackish 
facies of the Carpathian basin. Important studies were published by SÜMEGHY,
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J. (1928, 1939, 1940) and STRAUSZ, L. on the Pannonian sequences, although a 
uniform subdivision was not established.

A third line in Hungarian micropalaeontology was represented by 
ZALÁNYI, B. (1913, 1929), following the traditions of ostracod workers active at 
the beginning of the century: the palaeontologists HÉJJAS, I. (1892, 1894), 
MÉHES, GY. (1907, 1908), and the zoologist DADAY, J. (1900a-b). ZALÁNYI 
suggested that changes in pH caused the faunistic changes in the Pannonian sea at 
the Sarmatian/Pannonian boundary. However, he became well-known by 
establishing an internationally accepted nomenclature for describing ostracod shells 
(ZALÁNYI, 1929).

Completing and revising his collections of small mammals by 1935 
KORMOS, T. has outlined the faunal picture of the Hungarian Plio/Pleistocene, 
containing more than 150 species. Permanent interest in vertebrate palaeontology 
were sustained — besides the example of KORMOS — by the studies of NOPCSA, 
F. (1915, 1928, 1929b) and LAMBRECHT, K. (1933, 1964) on the systematics 
and biology of reptiles, and of birds, respectively, all receiving great international 
appreciation. The new generation of vertebrate palaeontologists was educated by 
KADIC, O. (1906, 1916, 1938). His most prominent disciples were KUBACSKA, 
A. (1932), studying palaeopathology, MAIER, I. (1928), studying phylogenesis of 
cave bears, MOTTL, M. (1938), establishing biochronology for the Pleistocene 
sediments of the Subalyuk cave in the Bükk, and for river terraces (MOTTL, M. 
1942), and solving the Miocene/Pliocene boundary problem (1940), while 
KRETZOI, M. (1941, 1942a-b, 1943a-b) determined numerous vertebrate finds.

From 1945 to the present

This period is characterized by accelerated progress, differentiation and 
specialization. Mining geological, drilling, and regional services were established 
in order to fulfill industrial and agricultural demand. The activity of the central 
research organ, the Hungarian Geological Institute, turned towards solving general 
problems. Specialized training of geologists and palaeontologists provided 
continuous supply of specialists. Great number of new textbooks and handbooks 
have been published (VENDL, A. 1951; VADÁSZ, E. 1953, 1955, 1960; 
SZÁDECZKY-KARDOSS, E. 1952, 1955; TELEGDI ROTH, K. 1953; 
ANDREÁNSZKY, G. 1954; BÁRDOSSY, GY. 1977; NEMECZ, E. 1973; 
BALOGH, K. [ed.] 1991-2; GÉCZY, B. 1972, 1986; FÜLÖP, J. 1989, 1990; 
BÁLDI, T. 1978, 1992). Drilling activity experienced an unprecedented boom; 
modern topographic maps, instruments and new methods helped to increase the 
accuracy and depth of field survey and laboratory measurements. Bed-by-bed 
palaeontological and sedimentological collection and interpretation was made by 
specialists of the Institute, of universities, and of industrial companies even on 
previously not investigated fossil groups as well. Modern descriptions of Palaeogene 
Charophyta (RÁSKY, K.,1945), Miocene diatoms (HAJÓS, M. 1968, 1986), 
Tertiary nannoplankton (BÁLDÍ-BEKE, M. 1965, 1984), Pannonian microplankton 
(SÜTŐ-SZENTAI, M. 1982) have been published. GÓCZÁN, F. (1956) evaluated 
Liassic, H. DEÁK, M. (1965) and GÓCZÁN, F. (1961, 1964, 1965) Cretaceous, 
RÁKOSI, L. (1971) Palaeogene, Eszter NAGY (1985) Pannonian paiynomorphs. 
NAGY, I. Z. (1956, 1963) studied Liassic macroflora in the Mecsek, RÁSKY, K.
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(1943) Eocene, ANDREÁNSZKY G. (1959, 1966) and ANDREÁNSZKY,
G.—KOVÁCS, É. (1955), PÁLFALVY, I. (1952) andHABLY, L. (1985) Tertiary 
macroflora. Monographs on Palaeogene larger foraminifers were published by 
KECSKEMÉTI, T. (1978), JÁMBOR-KNESS, M. (1981, 1988), LESS, GY. 
(1987). ORAVECZ-SCHEFFER, A. (1987) studied Triassic, BODROGI, I. (1989) 
Middle Cretaceous, KORECZ-LAKY, I. (1985), KORECZ-LAKY, I.-N A G Y - 
GELLAI, Á. (1985) Oligocene and Miocene smaller foraminifers. Upper 
Cretafeous Cyclolites were reported by GÉCZY, B. (1954), Triassic megalodonts 
by VEGH-NEUBRANDT, E. (1982), Rhaetian molluscs in the Southern Bakony 
by VÉGH, S. (1964), Cretaceous nautiloids by NAGY, I. Z. (1963b), Jurassic 
ammonoids by GÉCZY, B. (1966-67), NAGY, I. Z. (1963a), and GALÁCZ, A. 
(1980).

Cretaceous and Eocene molluscs have been described by BENKÖ- 
CZABALAY, L. (1965, 1982), SZŐTS, E. (1953), STRAUSZ, L. (1966, 1974), 
KECSKEMÉTI-KÓRMENDY, A. (1980), KECSKEMÉTI-KÖRMEND Y,
A.—MÉSZÁROS, M. (1980). Miocene molluscs were published by STRAUSZ, L. 
(1954), CSEPREGHY-MEZNERICS, I. (1950, 1954, 1956, 1959, 1960, 1962, 
1969, 1973, 1974), BOHN-HAVAS, M. (1973, 1985), BÁLDI, T. (1958, 1960, 
1983, 1986), KÓKAY, J. (1966, 1985). BODA, J. (1959) revised Sarmatian, while 
BARTHA, F. (1971), KORPÁS-HÓDI, M. (1983) Pannonian molluscs. Jurassic 
brachiopods were studied by VIGH, G. (1984) and VÖRÖS, A. (1984), Cretaceous 
echinoids by SZÖRÉNYI, E. (1955, 1965), Badenian decapods by MÜLLER, P. 
(1984). The Lower Miocene footprints at Ipolytarnóc have been revised by 
KORDOS, L. (1985), stratigraphic importance of arvicolids at Villány was cleared 
by KRETZOI, M. (1956). JÁNOSSY, D. (1979) summarized the available 
information on the Pleistocene vertebrate faunas of Hungary.

The relative chronology has been completed by radiometric and 
magnetostratigraphic data (RÓNAI, A. 1985). Following the learning of new 
methods of sedimentology (BALOGH, K. ed. 1991-2), joining the international 
exchange of experiences, accepting HEDBERG’s rules of stratigraphic classification 
(FÜLÖP, J.-CSÁSZÁR, G .-H AA S, J . - J .  EDELÉNYI, E. 1975) the 
stratigraphic units of Hungary have been redefined by methods of fine stratigraphy, 
in the framework of a national key profile programme (CSÁSZÁR, G. 1991; 
Lexique Stratigraphique Internationale /. 9. Hongrie. 1978). We also participated 
in the development of the new stratigraphic subdivision, palaeogeography and basin­
filling model for the Tertiary Paratethys.

The most significant results o f the last four decades follow here.
The metamorphism of the crystalline schists outcropping at Sopron, 

Mórágy, and Tokaj, and drilled in the Neogene basins of Southern Transdanubia, 
southern and middle Great Plain and below the volcanics of northern Börzsöny is 
considered as Hercynian, based on radiometric studies (FÜLÖP, J. 1990). The 
Ordovician(?) phyllite of the Slovak Ore Mts. is probably present in the basement 
of Tokaj Mts. (PÁNTÓ, G. 1966). Scattered acritarch occurrences indicate that the 
basement of the Little Plain north of tiie Rába lineament is made of shallow marine 
Silurian-Devonian formations (BALÁZS, E. 1971, 1983). However, Silurian strata, 
proven by microfossils are known only from the shale mantle of the Velence 
Carboniferous granite, extending as far as the Balaton Highland, and from the 
siliceous shale, alternating with tuffites, drilled in the northern foreland of the
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Mecsek Hills (Wenlockian stage). The calcareous intercalations in the red phyllite 
of the Kékkút and Úrhida boreholes contain Emsian and Emsian-Givetian 
tentaculites and conodonts (LELKES-FELVÁRI, GY.-KOVÁCS, S.-MAJOROS, 
GY. 1984). This kind of Lower Devonian probably exists in the northern side of 
Bakony Hills (borehole Alsószalmavár-1) as well. Tabulates and conodonts prove 
the Middle Devonian age of the Szendrőlád Formation in the Szendrő and Uppony 
Hills (BALOGH, K. 1983), considered Upper Carboniferous before. The 
Schalstein-type Strázsahegy Formation, containing Silurian and Lower Devonian 
olistoliths, considered as Middle Triassic, then as Lower Devonian (KOVÁCS, S. 
1981) is Middle Devonian, too (BALOGH, K .-KOZUR, H. 1985). Some 
members of the Szendrő Formation extend to the Famennian stage (KOVÁCS, 
S.-KOZUR, H. 1980; BALOGH, K. 1983).

In the 1950s the oldest proven marine Carboniferous sediments were the 
Upper Visean limestone shale sequence, containing heterocorals and 
Gigantoproductus (Szabadbattyán). Since that time also the Lower (Middle?) Visean 
has been proven in the northwestern outcrops of the Lázbérc Formation in the 
Uppony Hills. The platform of the Rakaca Marble is als9 Visean, overlain by 
Serpuldiovian-Bashkirian flysch (Szendrő Phyllite) (KOVÁCS, S.-KOZUR, H. 
1980; BALOGH, K. 1983).

Terrestrial Upper Carboniferous is represented by clastic formations bearing 
plant fossils in the Felsőregmec-1 borehole (Tokaj Hills, Stephanian) (PANTO, G. 
1966), Füle and Polgárdi boreholes (Middle Transdanubia, Westphalian) 
(BARABÁS-STUHL, Á. 1975), and borehole^ between Villány and Mecsek Hills 
(Westphalian to Lower Permian) (JÁMBOR, A. 1969; HETENYI, R.—RAVASZ- 
BARÁNYAI, L. 1976). This facies — together with terrestrial Upper Carboniferous 
localities in Bihar and Krassó-Szörény — surround a South Alpine-Dinaric Upper 
Palaeozoic belt; the latter extends from the Mura region (BÉRCZI-MAKK, 
A.-KOCHANSKY-DEVIDE, V. 1981; BÉRCZI-MAKK, A. 1988) through a 
number of marine Permian outcrops and the Moscovian limestone in the 
Nagybátony borehole at the NW corner of Mátra Hills to the outcrops of the Bükk 
Mts (BALOGH, K.—BARABÁS, A.-MAJOROS, GY. 1973).

The transgression following a gap at the beginning of the Permian is 
represented by the Trogkofelian KoSna facies (Újfalu-I borehole, Karád boreholes), 
then by the Middle Permian evaporites and Upper Permian Bellerophon beds 
extending from the Balaton through Lake Velence, Tabajd, Alcsútdoboz, and Bugyi 
to the Bükk Mts. (BÉRCZI-MAKK, A. 1978). Palynological studies indicate that 
the Balatonfelvidék Sandstone, lying north of this "Dinaric belt” , and overlying 
pre-Carboniferous formations, represents the upper part of the continental Permian 
only (STUHL, Á. 1961; BARABÁS-STUHL, A. 1975). In contrast, the 2.5 km 
thick sequence in the Mecsek Hills, fluviatile below, lacustrine in the middle, then 
again fluviatile at the top, represents the whole Permian (WEIN, GY. 1966). The 
rhyolite volcanism in the Lower Permian of the Mecsek seems to be absent in the 
Lower Permian of Villány; the rhyolite volcanism of Villány (boreholes Bisse-1 and 
Vokány-2) was probably restricted to the Late Permian (BALOGH, 
K.—BARABÁS, A.-MAJOROS, GY. 1973; KASSAI, M. 1976).

Stratigraphic subdivision of the Triassic in the Transdanubian Central 
Range changed very little (HAAS, J. etal. 1986; BUDAI T.—KOVÁCS, S. 1986), 
except introducing names for lithostratigraphic formations and adding minor
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corrections to the existing scheme (BALOGH, K. et al. 1983; GÓCZÁN, 
F.—ORAVECZ-SCHEFFER, A.—SZABÓ, I. 1986). The continuous sequence 
between marine Permian and the Lower Triassic has been shown by 
micropalaeontology in the Vértes foreland (GÓCZÁN, F.—ORAVECZ- 
SCHEFFER, A.—HAAS, J. 1987). Significant advances have been made in 
correlating the Triassic formations of the Balaton Highland with those of the 
Vértes, Buda and Pilis Hills (KOZUR, H.-MOSTLER, H. 1973; BALOGH, K. 
1981).

Boreholes in the northern foreland of Villány Hills hit hitherto unknown 
Lower Triassic strata. Sporomorphs indicate Lower Triassic age for the Jakabhegy 
Sandstone, thus verifying BÖCKH’s opinion (1876b). It overlies the Mecsek and 
Villány Permian and extends as far as the Trans-Tisza region. It has been 
established, that the Karolinavölgy Sandstone in the Mecsek Hills (not containing 
coal seams, unlike the overlying Lower Jurassic) gradually develops from the 
Ladinian Trigonodus beds, and therefore it represents the whole Upper Triassic 
(WEIN, GY. 1952; NAGY, E. 1968). An Upper Triassic-Lower Jurassic 
conglomerate, made of pebbles of Anisian limestone, drilled in the southern margin 
of the Mecsek Hills, indicates intensive subsidence of the southern margin of the 
Mecsek basin, which was balanced by sedimentation only by the time of deposition 
of the upper seams of the Liassic coal measures (WEIN, GY. 1966). The interval 
of 'non-deposition (Ladinian to Pliensbachian) assumed for the Villány Hills 
(NAGY, E.—NAGY, I. 1976) decreased due to the recognition of the 
unfossiliferous Mészhegy Sandstone Formation, correlated with the Karolinavölgy 
Formation (BREZSNYANSZKY, K.—CSÁSZÁR, G .-H AA S, J. 1984). Triassic 
formations found in boreholes in the Great Plain have been reviewed by BÉRCZI- 
MAKK, A. (1986).

A Triassic key profile, including the volcanics of the Eastern Bükk, has 
been discovered in the Szinva valley, Bükk Mts. It proves continuity of formations, 
despite the problems caused by slight metamorphism, overturning and deformation 
(BÁLOGH, K. 1964). The relationships towards the Carnic Alps and Dinarides are 
indicated by these volcanic rocks, the continuous sedimentation through the 
Permian/Triassic boundary, and the dolomite conglomerate (equivalent of the 
Uggowitz breccia) at the Anisian/Ladinian boundary. The lower part of the Carnian 
Stage is filled by the unfossiliferous Vesszős Shale (there are opinions suggesting 
Jurassic age). The Triassic is topped by platform limestone, and by cherty limestone 
containing Monotis salinaria and rare conodonts.

The North Alpine-type Triassic sequence of the Szilice nappe in the 
Aggtelek and Rudabánya Hills has been completed by the recognition of the slope 
sediments of the Ladinian-Lower Carnian Nádaska Limestone, of the Upper 
Carnian-Lower Norian Szőlősardó Marl, of the Norian Pötschen Limestone 
(BALOGH, K.-KOVÁCS, S. 1981) and of the Rhaetian Zlambach beds 
(KOVÁCS, S .-LESS, GY. et al. 1989).

The Triassic sequence of the Rudabánya Hills has been established in 1949. 
Recently the metamorphic and non-metamorphic members have been separated, 
indicating a basin deepening towards the southeast (KOVÁCS, S. 1986). The 
Telekesoldal Formation with the interfingering paleorhyolite, considered as Triassic 
before, has been ranged to the Jurassic (GRILL, J. 1988). These results led to the 
recognition, that the "Meliaticum” in southern Slovakia extends to Hungary, and

35



new ideas concerning palaeogeography and tectonics have been outlined (KOVÁCS, 
S .-LESS, GY. et al. 1989; RÉTI, ZS. 1988).

The Jurassic of the Bakony Hills develops gradually from the Rhaetian 
Dachstein limestone (NOSZKY, J. jun. 1961). In the rest of the Transdanubian 
Central range, it paraconformably overlies the uneven, often fissured surface of one 
of the terminal Triassic members. The Jurassic profiles are of reduced thickness, 
and they are complete at a few localities only, e.g. on the Kálvária Hill at Tata and 
in the eastern Gerecse Hills, and in a few Bakony outcrops. In all other locations 
of the Central Range the profiles contain gaps, similarly to the Alpine Jurassic. The 
hiatuses are emphasized by hardgrounds. Together with traces of condensation they 
are results of the fragmentation and subsidence of the Triassic platform of the 
Tethys in the Jurassic period, and also due to scouring of currents affecting a 
dissected bottom morphology. Numerous papers have been written on this subject. 
The result was not only a detailed biostratigraphical subdivision of the Jurassic in 
the Transdanubian Central Range, but also the determination of the age of 
maximum sea depth during Late Bathonian—Early Oxfordian time (NOSZKY, J., 
jun. 1961; GÉCZY, B. 1961; VIGH, G. 1961; FÜLÖP, J. 1971, 1975, 1976; 
GALÁCZ, A. 1984).

In the Mecsek Mts. work was concentrated on the identification of Lower 
Liassic coal seams and to find their position in the marsh zonal system 
(SZÁDECZKY-KARDOSS, E. [ed.] 1956; NAGY, E. [ed.] 1971). The overlying 
sequence, thicker than 1 km, has been subdivided into 6 members. Six members 
have been identified within the Middle Liassic of similar thickness and four in the 
200 m thick Upper Liassic. Oxfordian, Kimmeridgian, Lower and Upper Tithonian 
formations have been characterized by microfossils, like in the Transdanubian 
Central Range. VÖRÖS, A. (1972) studied the Lower and Middle Jurassic 
formations of the Villány Hills.

A few radiolarians and foraminifers helped to put the sericite shale complex 
of the southern Bükk into the Jurassic instead of Carboniferous and 
Ladinian—Lower Carnian as considered before (BÉRCZI-MAKK, A.—PELIKÁN, 
P. 1984; CSONTOS, L.-BÉRCZI-MAKK, A.-THIEBAULT, F. 1991; 
CSONTOS, L.-DOSZTÁLY, L.—PELIKÁN, P. 1991). Detailed subdivision of 
the shale complex and determination of the age of the Szarvaskő mafic rocks are 
subjects of ongoing studies.

An important step in understanding the Cretaceous in the Gerecse Hills was 
that the sequence, overlying Berriasian basal breccia, and containing Valanginian- 
Barremian flysch, and Urgonian limestone lenses, is considered as part of the 
Carpathian facies belt (FÜLÖP, J. 1958).

The basin facies in the Bakony Lower Cretaceous is represented by 
Biancone up to the Hauterivian (separated from the Tithonian by tintinnids: SIDÓ,
M. 1957), and by radiolarian marl in the Barremian. The grey crinoid limestone, 
extending from the western end of Bakony Hills as far as the Kálvária Hill at Tata 
(FÜLÖP, J. 1975, 1976) is not Hauterivian-Lower Barremian, but Lower Aptian 
in age. Consequently, the age of all formations ranging from the "Munieria clay” 
to the ’’glauconite marl” has been moved upwards: CSÁSZÁR, G. (1986) 
determined the age of the Tés Clay and Alsópere Bauxite in the Transdanubian 
Central Range as Middle Albian.
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The break in the deposition in the Bakony before the Gosau sedimentation 
ranges from the Upper Cenomanian to the Lower Santonian (palynology: 
GÓCZÁN, F. 1961, 1964, 1965; malacology: CZABALAY, L. 1982). Senonian 
formations in the Bakony range from the Upper Santonian to the Maastrichtian 
(HAAS, J. 1979; HAAS, J. et al. 1984). The age difference compared to the Upper 
Cretaceous conglomerate in the Bükk became smaller. Recent studies describing 
lithostratigraphic units give fine details of this stratigraphic and palaeogeographic 
framework.

New results confirm that there is no hiatus in the Tithonian/Berriasian 
boundary in the Mecsek. The submarine alkalinae basalt volcanism supplied 
volcanoclastics in the Lower Valanginian and lava in the Middle Valanginian. After 
local deposition of biogenic iron ore (SZTROKAY, K. 1952) normal marine 
sediments have been deposited in the Upper Valanginian and Barremian (WEIN, 
GY. 1966).

Lower Cretaceous history of the Villány Hills considerably differs from that 
of the Mecsek (FÜLÖP, J. 1966). Age of the Urgonian limestone, unconformably 
overlying the Tithonian limestone, is Barremian-Albian. The terrestrial period with 
bauxite deposition — considered as only Berriasian before — now includes 
Valanginian-Hauterivian, even Early Aptian in the Tenkes unit.

Following an extended debate (GIDAI, L. 1964, 1977; KECSKEMÉTI, 
T.-KOPEK, G. 1960; DUDICH, E., jun. et al. 1968; JÁMBORNÉ KNESS, M. 
1971; KOPEK, G.—KECSKEMÉTI, T. 1964; KOPEK, G.—KECSKEMÉTI, 
T.-DU D ICH, E., jun. 1966; KOPEK, G.-DUDICH, E., jun.-KECSKEMÉTI, 
T. 1971; KECSKEMÉTI, T.-VÖRÖS, A. 1975; DUDICH, E. 1977; KOPEK, G. 
1980; BÁLDI, T. 1983) larger foraminifer and nannoplankton studies 
(KECSKEMÉTI, T. 1978; BÁLDI-BEKE, M. 1984) decided, that almost all of the 
coal measures, deposited in the embayments of the Middle Eocene sea prograding 
on the northern side of the Transdanubian Central Range (which had been uplifted 
at the end of the Cretaceous), formed during Late Lutetian ( = Bartonian) time. 
Lower Lutetian coal was found in the SW Bakony only. Nannoplankton zonation 
proved Upper Eocene age for the Piszke (bryozoan) marl and Buda marl (BÁLDI- 
BEKE, M. 1984).

Removing of the "Lattorfian stage” from the stratigraphic scale left only 
two stages in the Oligocene. Within the lower, Kiscellian Stage (BÁLDI, T. 1974; 
BÁLDI, T. et al. 1975) deposition of the mostly anoxic Tard Clay (gradually 
developing from the underlying Buda marl) seems to precede the deltaic Hárshegy 
Sandstone (BÁLDI, T. et al. 1976). Formation of the deep-water Kiscell Clay 
started in the Early and ended in the Late Oligocene. The Törökbálint Formation 
(with Glycymeris obovatus), the Mány Formation (with Cyrena) — and the fluyiatile 
to deltaic Csatka Formation interfingering with the Mány Formation (KORPÁS, L. 
1981), belong to the Eger-type Upper Oligocene, characterized by a deep littoral 
to lagoonal stratotype (BÁLDI, T. 1965). Several authors consider the Szécsény 
Schlier and Pétervására Sandstone overlying the Kiscell Clay in the Nógrád basin 
as Upper Oligocene, although these formations contain nannoplankton characteristic 
for the NN 1-3 zones.

The connection towards the Mediterranean sea has been cut in the 
Oligocene, except in the area of Karád and Buzsák. In the middle part of the
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Eastern Great Plain remnants of the flysch trough existed still in the Oligocene, too 
(SZEPESHÁZY, K. 1973).

The Hungarian Miocene - following the new stratigraphic nomenclature of 
the Paratethys — starts with the Eggenburgian stage (BÁLDI, T. 1971; BÁLDI, 
T .—RADÓCZ, GY. 1971). However, it is still debated that which formations 
should be assigned here besides the succession starting with the Budafok Formation 
to the Lower (Gyulakeszi) Rhyolite tuff. Cyclicity of the Mecsek and Nógrád 
Miocene with frequent volcanic formations (HÁMOR, G. 1970; 1985) requires 
more attention to crustal evolution events in establishing a chronostratigraphy for 
these regions.

Lower part of the stratigraphic column of the Pannonian sea — separated 
from the Paratethys about 12 My ago — is equivalent of the East European 
Bessarabian and Chersonian stages, as suggested by the contemporaneous 
appearance of Hipparions (KRETZOI, M. 1951, 1961). Biostratigraphy of the 
Pannonian — based on relative dominance, of the endemic molluscs — is well- 
founded on the basin margins (JÁMBOR, Á. 19$0). Correlation of shallow- and 
deep-water facies (HALMAI, J .— JÁMBOR, Á. et al. 1982) is possible by 
ostracods (SZÉLES, M. 1971, 1982), diatoms, and dinoflagellates (SÜTŐ- 
SZENTAI, M. 1982a-b). However, biostratigraphy cannot help us in correlation 
with contemporaneous marine sediments. Some authors terminate the Miocene with 
the Lower Pannonian, and start the Pliocene with the Upper Pannonian.

A significant link in human evolution has been found in Hungary: the 
Lower Pannonian Rudapithecus hungaricus at Rudabánya (KRETZOI, M. et al. 
1976; KORDOS, L. 1986).

Revision and quantitative interpretation of the small mammals from Villány, 
besides providing data for phylogenetic studies, yielded the establishment of three 
new faunal stages (Biharium, Villányium, Csarnótanum), significant for establishing 
the Pliocene/Pleistocene boundary in the basin. Elements of these faunas have been 
found in cores from the Great Plain (KRETZOI, M. 1956, 1969, 1987; KRETZOI,
M.-KROLOPP, E. 1972; KROLOPP, E. 1984). Subdivision of the thick 
Quaternary sedimentary column in the basin was greatly helped by ecological 
studies o f molluscs, by the distribution of pollen grains reflecting climatic changes, 
micromineralogy (GEDEON-RAJETZKY, M. 1976), radiometry and 
magnetostratigraphy.

Evolution of ideas concerning the tectonics 
of the Carpathian basin

See Selected bibliography: D

For studying the structure of the pre-Tertiary basement of the Carpathian 
basins only outcrops of the "inselbergs” in the centre and those of the mountains 
around had been available for a long time. Hungarian geology have been suffering 
from these problems up to now. The problems of the basement of the Pannonian 
basin has got international significance.

There are a number of geological, stratigraphical, geophysical, and 
geochemical data available on the Neogene-covered basement of the Pannonian

38



basin due to hydrocarbon exploration. Connections among the Hungarian 
”inselbergs” and the mountains in Slovakia, Transcarpathia, Transylvania, 
Yugoslavia, Croatia, Slovenia, and Austria is still not clear, due to the uneven 
distribution of deep boreholes. However, progress from the beginning of the 20th 
century (when even the magnitude of depth of the Neogene basin was unknown) is 
significant: today at least good questions can be put on the relations between the 
known mosaic pieces.

International background

Before the revolutionary development of tectonics in the late 1960s, tectonic 
theories had changed slowly. When research was concentrated on the easily 
available areas of the continents, most new ideas — on the mechanism and type of 
orogenesis, classification of orogenic belts, relationship with magmatism — could 
be included into the hypothesis of geosynclines (DANA, J. D. 1873). DANA 
understood orogenesis as a process related to subsiding belts in the crust, which 
accumulate large amounts of sediments during a long time. His ideas reached us 
through the "fixist” SUESS, E. (1875, 1885—1909), who himself also believed in 
the contracting Earth (producing fold and faults) only; his synthesis included 
standard definitions and examples of several important tectonic elements (e.g. 
kratons and tables formed during previous orogenies, horsts, grabens, scales, 
foreland depressions, etc.). The enormous reputation of SUESS made UHLIG, V. 
(1897-9; 1903a) to consider steep tectonic scales in his syntheses on the Carpathians 
only. Transition towards mobilism was initiated by SCHARDT, H. (1893) proving 
nappes in the Swiss Alps, then the full development of the nappe theory by 
LUGEON, M. (1902a-b; 1903), and its application to the High Tatras. Following 
a short debate his ideas were accepted by UHLIG (1903b; 1907). All later scientists 
studying the Alpine-Carpathian chains worked in the framework of nappe theory.

Early, truly mobilist proponents of continental drift, made by deep currents 
and centrifugal force, were AMPFERER, O. (1923), WEGENER, A. (1922), 
STAUB, R. (1928), and SCHWINNER, R. (1935), although their ideas did not 
receive universal acceptance. A much larger success was achieved by the syntheses 
of STÍLLÉ, H. (1924, 1940, 1953) concerning Germano-and Alpino-type tectonics, 
ortho- and parageosynclines, orogenic phases, recognition of synorogenic processes 
and proving their contemporaneity. The STILLEan ideas on tectonic events made 
possible the drafting of regional tectonic maps, in which formations are grouped in 
tectonic stages, and their history is understood through their tectono-facial character 
and by their position within the great geotectonic cycles. This method was followed 
when draughting the tectonic map of Europe (scale 1:2,500,000; 1962), and of the 
Carpathian-Balkan-Dinaride region (MAHEL’, M., editor; scale 1:1,000,000). The 
Hungarian part of the latter has been compiled by BALOGH, K. and KŐROSSY,
L. (1968).

Drilling the ocean bottom in the second half of the 20th century helped to 
develop the theory o f plate tectonics in the 1960-70s. It proved the futuristic views 
of the early mobilists in the 1920-30s.

The new global theory, founded by HESS, H. (1962), WILSON, J. T. 
(1965), MORGAN, W. J. (1968), and DICKINSON, W. R. (1972), and further 
developed by many, contains all usable elements of all earlier hypotheses. It led
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earth sciences to a new era by providing a new, geodynamic view for the uniform, 
interdisciplinary explanation of earth processes.

Developments o f tectonic views in Hungary

Hungarian geologists always viewed the changes in tectonic theories as 
reflected by their own experiences. It was clear already at the beginning of the 20th 
century, that the facies exposed in the "inselbergs” of Hungary are similar or 
identical with those in the Alps, Carpathians and Dinarides, i.e. they display 
"geosynclinal characters”. Except for a few flat anticlines and synclines, however 
only faults have been found. Large overturned folds and detached nappes, like those 
proven by UHLIG (1907) after LUGEON in the Northwestern Carpathians, by 
MURGOCI, G. (1905, 1910) in the Southern Carpathians, by MACOVEI, G. 
(1927) in the Eastern Carpathians, were not found in the interior of the Pannonian 
basin. Hungarians were not insensitive to the new ideas; it is shown by the 
palaeontological identification of the Choő nappe overlying the Neocomian of the 
Kriina nappe (see p. 22), by joining the ideas of MURGOCI by the geologists 
working in the Southern Carpathians (see p. 18), by the pioneering studies of 
NOPCSA, F. (1929) on the Dinaric nappes, by proving the detached nappes of the 
Transylvanian Central Range (PÁLFY, M.— ROZLOZSNIK, P. 1939), and by the 
recognition of the Szepesség and Vepor nappes (ROZLOZSNIK, P. 1935). 
However, the idea of UHLIG (1907), that the root zone of the Western Carpathian 
nappes should be in the Transdanubian Central Range, was harshly refused. It 
became fashionable in the first half of the 20th century to stress a mosaic-like 
stucture of the basement of the Pannonian basin as opposed to the Carpathian 
nappes. This difference was first outlined by LÓCZY, L., sen. (1918, 1924) at a 
time when there were no boreholes reaching the Neogene basement, and when the 
easiest explanation for the outline of the Carpathian arc could be given by a 
crystalline massif in the middle.

Fig. 8. Position o f the Pannonian median mass among the Southern European mountains according to 
Köbér, L. (1921). 1. Africa. 2. Europe. 3. Northern belt of the mountain ranges. 4. Southern belt of

the mountain ranges. 5. Median masses
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The theory o f a median massif

Birth of the idea

LÓCZY, L. sen. (1918, 1924) broadened the hypothesis of 
MOJSISOVICS, E. v. (1880) on a Liassic ”Eastern Continent”: he suggested, that 
the basement of the Pannonian basin is formed by a crystalline massif ranging from 
the Central Alps to the Rhodope. The Permo-Mesozoic sequences of the 
’’inselbergs” derive from separate marine troughs, related to the contemporaneous 
”geosynclines” of the Alps. Most of this massif was in uplifted position still in the 
Palaeogene, and became a widening basin from the Miocene onwards. The 
subsidence was associated by volcanism around the margins of the basin.

This palaeogeographic idea was extended to tectonics by KOBER, L. 
(1921) (Fig. 8). According to him, he Pannonian median massif is a remnant of 
pre-Mesozic orogens; it is an essentially autochthonous "kraton” giving the form 
for the surrounding folding; it turned the vergences of the folds away from it; 
folding migrated away from it; at the end the massif was fragmented, subsided and 
covered by sea.

The Tisia of TELEGDI ROTH, K.

The idea of the ’’median massif” took a leading role in all tectonic 
interpretations of the Pannonian basin for 30—40 years. However, the boundaries 
of the massif were unclear from the beginning. While KOBER (1921) considered 
it as a relatively small unit, PRINZ, Gy. (1926) included the Vepor, the Szepes- 
Gömör Ore Mts., the Transylvanian basin and the mountains bordering it to the 
west into a unit called ”Tisia”. (Fig. 1).

TELEGDI ROTH, K. (1929) extended the borders of Tisia as far as the 
internal boundary of the Carpathian flysch belt. He used the name for a terminal 
Cretaceous continent: from the Triassic to the Middle Cretaceous remnants from 
the Hercynian orogeny were part of the Tethyan archipelago. He said, that the 
formations of Tisia, folded during the terminal Cretaceous tectonic phases, formed 
two, palaeogeographically uniform, but tectonically different parts of the same 
continent:

(1) the s. str. median massif, less deformed during the Alpine phases due 
to Variscan consolidation,

(2) a strongly deformed zone of the inner Carpathian nappes, which lost 
their Variscan consolidation.

The Tisia stadium was formed by joining of the area of the inner 
Carpathian nappes, together with the regenerated Variscide parts, the consolidated 
inner core. The Tisia of TELEGDI ROTH is not the median massif of the Inner 
Carpathians, but of the flysch belt. The inner core and the surrounding Inner 
Carpathian folded belt display gradual transition. Therefore we think, that the Tisia 
was not considered as a uniform massif by TELEGDI ROTH himself.
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Fig. 9. The alpide magma provinces and the contours of the Pannonian mass according to Schmidt, 
E.R. (1957). 1. Ancient massifs, 2. orogenic belts, 3. border of the kratogen, 4. ophiolites, 5. calc-

alkaline rocks, 6. alkaline rocks.

The ideas of SCHMIDT, E. R.

SCHMIDT, E. R. (1957) drew the boundaries of Tisia along the ’’inner 
Carpathian volcanic arc”, starting from the basalt volcanoes of the Graz basin (Fig. 
9). He separated those inner Carpathian units from the Tisia, where strong post- 
Cretaceous compression had been shown in the meantime. To solve the 
contradiction, that the Transylvanian basin and the Bihar massif of ’’Carpathian 
character” thus became parts of the Tisia, he suggested a hypothesis: the latter ones 
were thrust over to the northwest, over the median massif, from the inner side of 
the Carpathian bend. On the map of the Neogene basement, drawn on the basis of 
a few boreholes in the 1950s, SCHMIDT differentiated five Palaeozoic belts, 
separated by four Mesozoic zones, all trending SW—NE (Fig. 10). The latter were 
considered as "kratosynclines” of the median massif: faulted grabens, the infilling 
of which suffered only ”Germano-type” deformation along oblique shear zones, in 
contrast to the folded ’’orogeosynclines”. His theoretical view o f geomechanics 
reflects an attempt to correlate the idea o f the median massif with the notions o f 
STILLE and with nappe tectonics.
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Fig. 10. Basin-floor map of Hungary according to Schmidt, E. R. (1961). 1. Bore-holes reached 
Palaeozoic, 2. bore-holes reached Mesozoic - 3. Palaeozoic sediments, 4. Palaeozoic crystalline rocks, 
5. Palaeozoic plutonites, 6. Palaeozoic on the basin-floor. - 7. Mesozoic in outcrop, 8. Mesozoic on 

the basin-floor. - 9. Neozoic eruptive rocks in outcrop

Opponents of the idea of the median massif

From the 1930s there were a number of opponents to the idea of the 
median massif. A rather extremist view was held by PÁVAI VÁJNÁ, F. (1931). 
He said, that the Pannonian basin is a strongly dissected, Mesozoic-Cenozoic 
geosyncline\ it is a third, independent unit joining the Northern and South Alpine 
geosynclines; its folding is still active. To support his ideas, he looked for folds and 
thrusts everywhere; his main evidences were the anticlinal ranges in the 
Transylvanian basin. Although he made great services in interpreting the ’’Litér 
fault” and the marginal scales in the Mecsek Hills, he could not prove that folding 
is still active.

Some geologists denied the median massif character of the Pannonian 
Neogene basement, because they saw contradiction between the "geosynclinal 
characters” and the "kratogenic tectonism”. Applying STILLE’s ’’time law” in 
Hungary proved that pre-Tertiary structure of Hungarian mountains is characterized 
by anticlines and synclines, scales, overthrusts and horizontal displacements, 
obscured by Tertiary fault tectonics. Already ROZLOZSNIK, P. (1936) stated, that 
the Alpine-Carpathian orogen has developed in an inhomogeneous region, where 
rigid and mobile zones alternate; therefore a confrontation of ’’Carpathian chains”
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and "ancient Hungarian massif” is obsolete.
According to SZENTES, F. (1949) the tripartite Flysch-Carpathians join 

the zones of the intra-Carpathian region of different origin. This idea, related to 
that of TELEGDI ROTH, is represented by the maps of VADÁSZ, E. (1960) and 
SZALAI, T. (1958).
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Fig. 11. The facies-zones in the basin-floor and the distribution of the magmatic rocks in Hungary and 
in the neighbouring countries according to Horusitzky, F. (1961). 1. Metamorphites. 2. Less 
metamorphosed sediments and marine Late-Palaeozoic. 3. Marine Lower Palaeozoic. 4. Greater granitic 
intrusions. 5. Continental Permian. 6. Mesozoic of the northern unit of the Central Hungarian 
Mountains. 7. Mesozoic of the middle unit o f the Central Hungarian Mountains. 8. Mesozoic of the 
southern unit of the Central Hungarian Mountains. 9. The Mesozoic of the zone Biikk-Dinarian. 10. 
Mesozoic of the zone Mecsek-Resita. 11. Mesozoic of the zone Villány. 12. Mesozoic of the 
Yugoslavian Karst. 13. The northern Cretaceous zone on the border of the Central Mountains. 14. 
Cretaceous in general. 15. "Flysch zone" inside the Carpathian Basins. 16. Northern "Radophit" zone 
of Kober. 17. Tertiary acidic volcanic rocks. 18. Basalts o f Late Tertiary age. 19. Older basic and 
ultrabasic volcanites and plutonites. 20. Lines of underthrusts. 21. Frontier of Hungary. 22. Bore-holes. 
23. Towns
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HORUSITZKY, F. (1961; Fig. 11) made the biggest leap forward in this 
field. His ideas were the following. The apparent structural simplicity of the 
Palaeozoic and Mesozoic formations in Hungary are due to their position behind the 
colliding "tables” of the Carpathian foreland, in a pressure shadow. On the other 
hand, this simplicity is only virtual; it is caused by the thick Neogene cover, and 
by the problems of stratigraphic orientation in the mostly unfossiliferous, 
fragmented rocks of the Mesozoic carbonates. Even in the Pilis and Buda Hills he 
looked for tectonic napppes. He has drawn a map illustrating the correlation of the 
facies belts in the Neogene basement of the basins with the Southern Alpine, 
Dinaric, Bihar and Krassó-Szörény counterparts.

The idea of a rigid median massif had to be abandoned after^studying the 
borehole material. Already in 1966 the map of BALOGH, K. and KŐRÖSSY, L. 
has shown, that:

(7) the region of Sopron, Kőszeg, Vashegy and the Little Plain as far as the 
Rába Lineament belongs to the Eastern Alps;

(2) the Mesozoic of the Transdanubian Central Range can be traced to the 
Zala basin to the west, between Győr and Komárom to the north, and as far as the 
Zagyva line to the east;

(3) the Triassic of the Bükk can be found in the south near Sajóhídvég, 
Mezőkeresztes, Demjén and Jászberény; at Tóalmás the "Szarvaskő-type" mafic 
rocks and shales occur;

(4) there is Bükk-type marine Upper Permian and Lower Triassic at Bugyi 
and Sári;

(5) there is a flysch trough extending from the Máramaros basin through 
Debrecen, Hajdúszoboszló, and Karcag to Szolnok; there is ’’epicontinental” Upper 
Cretaceous at Kecskemét and Lajosmizse;

(6) there is a crystalline massif similar to the Réz Mts. of Transylvania 
south of the flysch belt o f the Great Plain;

(7) crystalline belts surround the Mecsek to the west and south; their 
continuation to the east together with the Mórágy granite and some Mesozoic 
members is probable in the Duna—Tisza interfluve;

(8) there are large crystalline blocks and Transylvanian-type Mesozoic in 
the Szeged and Békés basins.

A slightly modified presentation of this basic information can be seen on 
the 1:500,000 basement map, published by the Hungarian Geological Institute in 
1968. The studies of WE1N, Gy. (1967a-b; 1969a-b) were based on this map: the 
separation of the Zagreb—Kulcs line, the Balaton line, and the ”Igal-Bükk 
geosyncline ” in between. WEIN suggested, that the Zagreb-Kulcs lineament divides 
the Pannonian basin into a NW and a SE units.

The mantle diapir theory

Geophysical data suggest, that the crust o f the Pannonian basin is thinner 
than that of the surrounding mountain chains with thick roots, and that o f the 
average thickness o f the continental crust. (Crustal thinning and isostatic subsidence 
is strongly related: crust of the deep basins is generally thin, while crust of the high 
mountains is thick.)
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Fig. 12. Szádeczky-Kardoss, E. (1903—1984)

SZÁDECZKY-KARDOSS, E. (1968, 1969; Fig. 12) explained it by the 
erosion of the basalt crust by the upper mantle. During this process a selective deep 
current (moving the mobile alkaline silicates and volatiles only) transfer the 
material of the basaltic crust to the neighbouring orogenic belts, where it produces 
anomalous, thick crust. Thinning o f the crust results in isostatic subsidence and 
large-scale sediment accumulation (see the great thickness of the Pannonian 
sediments). The place of the basaltic crust removed from below the basin is 
replaced by a peridotitic mantle diapir; it explains the positive geothermal anomalies 
in the basin. The main currents start from the Carpathians and Dinarides, flow 
against each other, then turn downwards; the mantle diapir was formed by the 
opposing rotation o f two minor current cells, formed by the main currents between 
them. Since the speed and direction of the radial currents, starting from the top of 
the diapir, may change in time, this model explains the formation of Permian- 
Mesozoic synclines, the deformation of the infilling material, the renewed formation 
of foreland basins, cyclicity of orogenic processes, the STILLEan phases of igneous 
activity (initial, subsequent, and final phases), and Neogene basin formation.
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STEGENA, L. (1972) suggested, that the magma flow of the mantle diapir, 
related to the Late Palaeozoic-Cretaceous geosyncline of the Carpathians, was 
directed towards the uplifted Pannonian massif. In contrast, the Tertiary and 
Quaternary subsidence of the Pannonian basin was caused by another mantle diapir, 
where the flow was directed towards the Carpathians, causing the uplift of the 
mountain chain and contemporaneous by the subsidence of the basin (Fig. 13).
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The concept o f plate tectonics

Beginnings

The first Hungarian proponents of the new theory were those, who 
suggested and accepted the mantle diapir theory. But the application of plate 
tectonics — based on meridional mountain chains surrounding the Pacific — for 
equatorial ranges was not an easy job. At that^time, main criteria for applicability 
were to identify the subduction sutures. SZÁDECZKY-KARDOSS, E. (1971) 
suggested, that the Balaton-Darnó line was one of the sutures. Later (1973) he 
assigned all important structural lines of the intra-Carpathian region as sutures.

Views of Hungarian geologists were mostly determined by the papers of 
LAUBSCHER, H. (1971) and DIETRICH, V. J.-FR A N Z, U. (1976). These 
stated, that the sedimentary rocks of the Southern Alps, Eastern Alps, and Western 
Carpathians were deposited on the southern margin of the Tethys, on the North 
African shelf; during Middle Cretaceous time these overthrusted the Penninic zone, 
i.e. the oceanic part of the Tethys — which, together with Biindner Schiefer and 
ophiolites were subducted at that time. The shelf of the European continent is 
represented by the outermost belts of the Alps, the Helvetic and Ultrahelvetic 
zones. Their Permian and Mesozoic facies is close to the German facies.

GÉCZY, B. (1972, 1973) suggested, that the Mecsek Hills (duq to its 
”Germano-type” Triassic and ”Gresten-type” Jurassic) belonged to the margin o f 
the European continent; while the Transdanubian Central Range (due to the 
southern relationships of the Jurassic ammonites there) was part o f the African 
plate. These two blocks reached their present position during rotation of the 
microplates (MÁRTON-SZALAI, E. 1979).

Somewhat later STEGENA, L .-G ÉC ZY , B.—HORVATH, F. (1975) 
attempted to correlate the mantle diapir hypothesis with plate tectonics. They 
suggested, that the Palaeozoic core o f the Pannonian basin has been formed by the 
collision o f a European and a Gondwanian microplates in the western part of the 
Tethys. The Neogene volcanism was related to the subduction o f the surrounding 
lithospheric plates below the basin. (It is supported by the down-bending of the 
Russian plate beneath the flysch belt, proven by boreholes.) The mantle diapir 
eroding die bottom of the basin crust is produced by the lithospheric subduction. 
The Pannonian basin has been formed after the subduction ceased, by isostatic 
subsidence o f the thinned crust.

CHANNEL, J. E. T.—HORVÁTH, F. (1976) suggested, that the 
tectogenesis o f the Carpathian-Balkan region can be understood by considering the 
collision o f the African and European continents. The Alps was formed by the 
’’Adriatic promontory” (KOBER, L. 1921; STAUB, R. 1928). The formation of 
the Carpathians and Dinarids was helped by independent motion of several pre- 
Alpine microplates on the oceanic basement, as shown by palaeomagnetic studies.

Large-scale lateral displacements

WEIN, GY. (1978; Fig. 14) was the first to attempt to correlate the plate 
tectonic theory with geological facts. He was influenced by the ideas of HADZI,
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E. et al. (1974) and GÉCZY, B. (1972, 1973). He tried to reconstruct the Permo- 
Triassic position of the Carpathian-Dinaride tectonic-facies units compared to the 
northern, middle, and southern belts of the Tethys. He suggested the following. The 
central part of the Tethys is represented by the Penninic zone, FruSka gora, 
Transylvanian Ore Mts., and the Inner Dinarides. The Permo-Mesozoic succession 
of Southern Transdanubia — together with the Bihar autochthonous and the 
overlying nappes — have been deposited north of the central Tethyan region, i.e. 
on the European shelf, while sequences of the Transdanubian Central Range, 
Gömör, and Igal-Bükk-Szendrö have been deposited south of it, i.e. on the 
southern, African shelf. This pattern has been altered by transcurrent faults, 
produced by the Jurassic to Early Cretaceous opening of the Tethys (Periadriatic 
lineament, Balaton-Darnó line, Zagreb-Kulcs-Hernád line). The lateral displacement 
along these lines attained a magnitude of 700-800 km from the Middle Cretaceous 
to the Miocene. The northern displacement of the Adriatic indenter and the 
westward motion of the Moesian microplate helped in changing the original position 
of crustal fragments: northern units reached a southern position, and vice versa. 
Main tectonic elements of the pre-Miocene formations within the Flysch 
Carpathians displayed more or less their present-day form by the end of the 
Oligocene (WEIN, GY. 1978).

Fig. 14. Wein, Gy. (1912—1976)
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Thus, the basement o f the Pannonian basin consists o f two tectonic units, 
separated by the Zagreb-Kulcs-Zemplén lineament. The "African” formations of 
the northwestern segment overthrusted the Penninic unit of the Tethys ocean and 
the northern shelf units as well during the Middle Cretaceous closure of the Tethys. 
According to WEIN, the northwestern segment consists of the Southern Alps, the 
Austroalpine, Subtatric, and Gömöric nappe systems, the trough of the 
Transdanubian Central range and the Igal-Bükk eugeosyncline. The latter two are 
separated by the Balaton-Darnó line (die eastern continuation of the Periadriatic 
lineament), characterized by Variscan and Alpine granites, and by Palaeogene 
andesites. The Igal-Biikk geosyncline extends from the Southern Alps through the 
Southern Karavanka Mts., the Julian Alps, the Sava Mts., Ivanscica, South Zala 
region, Karád, Buzsák, Bugyi, Sári, Tóalmás, and Bükk to the Szendrő Hills. Its 
oceanic basement was formed in the Jurassic-Early Cretaceous, having been at least 
100 km wide; later it has been subducted along the Zagreb-Kulcs lineament. Since 
the succession of the Transdanubian Central Range, like that of the inner units of 
the Western Carpathians, is identical with the Austroalpine nappes, the Penninic 
units — outcropping in the Kőszeg Hills — are probably continued below it.

The limnic-fluviatile Upper Carboniferous, terrestrial Permian, Upper 
Triassic Keuper and the Gresten-type Lower Liassic of the southeastern segment 
certainly indicate a position on the northern margin of the Tethys (Fig. 15). The 
members WEIN recognized in the southeastern segment are the following from 
north to the south: (a) Kurd trough, (b) Kaposfő-Mágocs crystalline ridge, (c) 
Mecsek-Kiskörös trough, (d) Mórágy ridge, (e) Villány belt, (f) the southern 
crystalline ridge, and (g) the Mesozoic belt of Vajdaság (Vojvodina, Yugoslavia) 
(Fig. 16).

The stages of structural evolution were:
Stage I  (Palaeoalpine): transgression of the Permian-Triassic Palaeotethys, 

acidic-mafic initial volcanism.
Stage II (Palaeoalpine): full opening of the Neotethys (Jurassic-Early 

Cretaceous), formation of oceanic crust, first activity of transcurrent faults.
Stage ///(Palaeoalpine): between the Austrian-Mediterranean and Laramian 

phases (Middle to Late Cretaceous): closure of Tethys, formation of Austroalpine 
and Carpathian nappes, displacement of the northwestern and southeastern segments 
along the Zagreb-Kulcs lineament.

Stage IV  (Neoalpine): until the Savian phase (Late Cretaceous to 
Palaeogene): deposition and folding of flysch in the Outer Carpathians and in the 
Great Plain; further lateral displacements along the Balaton-Darnó and Zagreb- 
Kulcs lineaments; first phases of subsequent igneous activity (banatite, tonalite, 
andesite).

Stage V (Neoalpine): Neogene: formation of the mantle diapir, formation 
of great inner basins, main phase of subsequent magmatism, final volcanism; 
external and internal molasse formation.

Actual problems o f plate tectonic interpretation

The maps of the Tertiary basement (BALOGH, K.—KŐRÖSSY, L. 1968; 
FÜLÖP, J.-D A N K , V. et al. 1987; DANK, V .-FÜ LÖ P, J. et al. 1990) reflects 
a general agreement of Hungarian geologists on the structure of the Pannonian
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basin. There are divergent opinions, however, concerning geodynamic 
interpretation. This is partly due to the large number of available explanations 
provided by the mobilist view. On the other hand there are a number of unknown 
facts, and reconstruction of subducted and eroded crustal units is uncertain. The 
structural evolution o f the Pannonian basin cannot be deduced from the motion 
paths o f continents, at least not with the necessary details. One should consider 
lateral displacement and rotation o f microplates detached from larger continental 
masses, but reconstruction of their original position is needed first. There are no 
generally accepted methods available for these reconstructions. The main problems 
follow below.

(1) There are unclear details in the Neoalpine structural evolution, but these 
are more conspicuous for older events. For example, the age of crystalline schists 
in Southern Transdanubia and in the Great Plain may be either Precambrian or 
Variscan. There are debates, whether the metamorphism of pre-Carboniferous and 
Carboniferous sediments in Transdanubia and Northern Hungary should be 
considered as Variscan + Alpine, or Alpine only. There are several authors saying 
that the basement of the Pannonian basin is a mosaic of microplates. But there is 
no accepted opinion on the number, size, time and way of displacement of these 
microplates. There are even different names for the microplate extending from 
Southern Transdanubia through the Danube-Tisza Interfluve to the Transylvanian 
Central Range. BALLA, Z. (1982) interpreted the calc-alkaline rocks of the "inner 
volcanic range" as an island arc, produced by collison and subduction. BEER,, M. 
A. (1983) considered microplate boundaries as simple collision zones. KOVÁCS, 
S. (1984) wrote, that the microplate boundaries are either significant lateral faults 
or melange zones. WEIN (1978) considered, that only units north of the Central 
Hungarian Lineament have nappe structure (together with Bakony and Buda Hills). 
In contrast, MÉSZÁROS, J. (1983) considered WEIN’s southeastern segment as 
a meganappe, to solve the apparent contradiction between the Bihar nappes and the 
Mecsek-Villány region. MÉSZÁROS, J. (1983), KÁZMÉR, M. (1984), KÓKAY, 
J. (1985), and BALLA, Z .—DUDKO, A. (1969) stressed the significance of lateral 
displacement in the Transdanubian Central Range.

The common denominator in this multitude of opinions is, that the 
microplate, now called "Tisza unit", detached from the European continent and 
moved to its actual position along the Central Hungarian lineament. Fragments of 
both of the southeastern and northwestern segments moved independently; their 
sediments formed anticlines, tectonic scales and detached nappes, or suffered lateral 
displacement, while melange belts were formed. The Alpine units north of the Rába 
line are north-vergent nappes. The presence of south- and southeast-vergent Gömör 
nappes in Hungary is proven, while a similar orientation of the Bükk nappes is 
probable. However, the problem of opposing vergences still exists.

An important problem is whether the Transdanubian Central Range is a 
tectonic nappe (as suggested by WEIN [1978], later by RÁNER et al. [1985], and 
RUMPLER and HORVÁTH [1984] on the basis of geophysical measurements), or 
a lithospheric fragment displaced towards the northeast. Also it is to be determined, 
which parts of the Igal-Bükk zone are similar to the Transdanubian Central Range 
and which ones belong to the Bükk, or are independent from both.

(2) The most important tectonic lineament is the Central Hungarian line 
(formerly called Zagreb-Kulcs-Hernád line). Its position east of the Danube and its

54



termination in the Hernád line is uncertain. SZÁDECZKY-KARDOSS, E. (1973) 
and BALLA, Z. (1982) interpreted the line as a subduction suture. MÉSZÁROS, 
J. (1983) considered it as a Neogene boundary between mega-nappes; KOyÁCS, 
S. suggested it for northern boundary of the Tisza unit. STEGENA, L.—GÉCZY, 
B.—HORVÁTH, F. (1975) and WEIN, GY. (1978) considered it as a transcurrent 
fault, producing several hundred km of displacement.

In fact, the role o f the Central Hungarian lineament may have changed 
several times. It may had been a line along which the Tisza unit started to move to 
the SW at the time of oceanisation of the Tethys. Since the belt of Eocene volcanics 
along the northern margin of the lineament may be related to the subducting margin 
of the Apulian plate (” =Adriatis”), this line cannot be considered as the margin of 
the subducted African plate fragment. Probably it has been a displacement pathway 
for the northwestern and southeastern microplates even after the Eocene. Fro pi the 
beginning of the Miocene it was a "zone of weakness”, characterized by strong 
volcanic activity, and cross-cut by several faults (Zagyva, Hernád, and Szamos 
lines). The Darnó line appears to be a left-lateral fault, combined with thrusts; its 
motion in the Eggenburgian is quite well known (SZENTPÉTERI, I.). The 
Badenian to Lower Pannonian acidic and intermediate volcanic^ of Tokaj Hills are 
in a trough bordered by the Hernád and Bodrog lines (PANTÓ, G. 1966).

The position, character, and NE and SW extension of the Rába line are 
unknown. Its continuation towards the NE, towards the Certovica line (a nappe 
boundary) is cut by the W—E Diósjenő dislocation zone. To the SW it may be 
connected to AHRENDT’s (1980) and SASSI’s (SASSI, F. P. etal. 1974) Insubric 
line, running to the north of the Drauzug (PREY, S. 1978). The Balaton line may 
be considered as the extension of the Periadriatic line running to the south of the 
Drauzug (MAJOROS, GY. 1980; KOVÁCS, S. 1983). Horizontal displacements 
along these lines extend from tens to hundreds of kilometres. The connection 
between the Balaton and Darnó lines is not considered as valid any more.

The thrust zone between the Mecsek-Villány and Békés units seems to be 
important within the SE segment.

(3) The age of oceanic remnants and the original size of the oceans is 
strongly debated. The minor occurrences o f ophiolites indicate that there were 
several, but brief or aborted oceanisations in the region. The strongly fragmented, 
Middle to Upper Triassic diabase, serpentinite, and gabbro bodies of the Darnó Hill 
and the Aggtelek-Rudabánya "parautochthon”, the pillow basalt, gabbro, and 
peridotite of the Szarvaskő Jurassic, and the Jurassic-Lower Cretaceous 
metavolcanics of the Penninic unit in Western Hungary should be considered here. 
The Lower Cretaceous, shallow marine, alkaline basalts characterizing the Mecsek 
zone of the Tisza unit could be products of an early, aborted rifting.

(4) The minor, ophiolite-like fragments in the West Carpathians and in 
Northern Hungary do not tell us much about the place o f subduction, due to their 
obducted character. BALLA, Z. (1967, 1980, 1981, 1982) ranged all Neogene 
volcanics o f the Pannonian basin as products of island arc magmatism. These are 
products o f a ”Central Pannonian plate ” consumed between the Northern and the 
Southern Pannonian microplates. However, there are no hard evidences supporting 
this hypothesis; only the Palaeogene volcanics (Recsk, Velence Hills, Lovasberény) 
can be related to subduction of the Apulian plate.
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(5) Pull-opart subsidence of regions suffering displacements by 
discontinuous or diverging faults is a recent idea; HORVÁTH, F.—ROYDEN, L.
H. (1983) suggested it as a mechanism for the formation of the deepest zones of the 
Pannonian basin associated with the Middle to Upper Miocene lateral displacements 
(Fig. 17). The marginal pull-apart basins were formed in the Badenian, while the 
central ones in the Sarmatian and Pannonian. The maximum E-W extension of the 
basement could be 100-150 km, compensated by contemporaneous shortening in the 
Eastern Carpathians.

HÁMOR, G. (in CSÁSZÁR, G. et al. 1982) and HÁMOR, G. (1985) 
suggests Neo-Alpine block tectonism for the formation o f Neogene sub-basins and 
for the contemporaneous volcanism. The predominant SW-NE directions were 
changed for NW-SE during the Savion phase, related to the formation of the Vardar 
ridge. The Styrian phase made again SW-NE, while the Leitha phase (acting at the 
Lower/Middle Badenian boundary) again NW-SE directions predominated (Dráva, 
Vardar and Szatmár troughs). All these movements were controlled by the collision 
of the African and European plates. The alternation o f dilatational and 
compressional stages was associated with different type o f volcanism. The uplifted 
position of the "inselbergs” is explained by their isostatic ”deep roots”, but the 
origin of these roots is unknown.
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