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NEOGENE VOLCANÏTES IN  TH E GEODYNAMIC RECONSTRUCTION 
OF TH E CARPATHIAN REGION

Z. BALLA*

I. Introduction

Neogene volcanites of the Carpathian region are generally classified as being either in 
the calc-alkaline (andesite, dacite, rhyolite) or in the alkaline-basaltic series. Plate-tectonic 
oriented interpretations are usually based on an idea of long standing, according to which the 
calc-alkaline volcanism of the Carpathian region is analogous to that o f  the recent island 
arcs.

Two variations of this conception have been proposed.
1. The standpoint represented first o f all by Roum anian and Italian geologists [Bleahu 

et al. 1973; Boccaletti et al. 1973a, 1973b; R ädulescu and Sändulescu  1973] has the 
following characteristic features :

1.1. Practically all volcanites form a uniform arc extending from Central Slovakia 
through N orth Hungary, East Slovakia, the Soviet Transcarpathians and N orth Roum ania 
as far as the Harghita Mountains (Fig. 1.).

1.2. This arc lies on the inner side of the Carpathian fold system and is related to the 
same subduction processes which brought into being the Carpathians.

1.3. This subduction consumed the oceanic or suboceanic crust o f the basin where the 
flysch of the Outer Carpathians had been accumulated.

1.4. The alkaline-basaltic volcanism spatially follows the calc-alkaline one, it is related 
to the inner side of the arc and can be considered analogous to the magmatism with regard to 
the spreading of the interarc basins.

2. According to the Soviet school the above statements hold only for the V ihorlat- 
G utäi and C älim ani— Harghita mountain chains whereas older (Miocene) volcanites are 
related to other processes [Naumenko and G oncharuk  1969; G ofshtein 1975], namely to 
subduction within the Carpathians [D anilovich  1975]. This opinion is shared by SzÁ- 
deczky-K ardoss [1971] who was the first to give an outline sketch of the Tertiary subduc­
tion belts and the related volcano chains [Szádeczky-K ardoss 1975], (Fig. 2).

There are also other interpretations of the Carpathian neogene volcanism, based on 
plate tectonics. The possible connection with mantle diapir was first suggested by Szá decz­
ky-K ardoss (1967). The mantle diapir model was elaborated in more detail by Stegena 
et al. (1975) who, in their main text, left open the question whether the calc-alkaline volcan­
ism was linked with mantle diapir or with subduction. However, the figure which illustrated 
their statement (Fig. 3) should be considered as a definite standpoint. The probable connec-
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Fig. 1. Arrangement of the Neogene calc-alkaline volcanites of the Carpathian region: the “arc”
variant [BbEAHuet al. 1973, Fig. 1]

1 — Polish, Russian, Moesian Platforms; 2 — outer boundary of the Carpathian fold system; 
3 — folded arc of the Outer Carpathians; 4 — outcrops of Mesozoic and older formations inside the 
Carpathians; 5 — calc-alkaline volcanites; numbers on the map: ф  — Central Slovakia, ©  — Bör­
zsöny—Dunazug, ©  — Cserhát, @ — Mátra and the Bükk foothills; ©  — Tokaj Mts., ©  — Presov 
range, ®  — Apuseni Mts., ® — Vihorlat—Soviet-Transcarpathians, ©  — Oas-Gutäi Mts., (ffi) — Cä- 
limani—Harghita mountain chain; 6 — inner basins (Pannonian, Transylvanian).
Note: deleted — alkaline basalts; altered — title of the map and parts of the legend

1. ábra. A Kárpáti régió neogén mészalkáli vulkanitjainak elrendeződése: „ív” variáns [Bleahu et al.
1973, fig. 1]

1 — Lengyel tábla, Orosz tábla, Moesiai tábla; 2 — a Kárpátok gyűrt rendszerének külső határa; 
3 — a Külső Kárpátok gyűrt íve; 4 — mezozoos és idősebb képződmények kibúvásai a belső területe­
ken; 5 — mészalkáli vulkánitok; számok a térképen: ©  — Közép-Szlovákia; ©  — Börzsöny— 
Dunazug; ©  — Cserhát; ©  — Mátra és Bükkalja; ©  — Tokaji hegység; ©  — Eperjesi vonulat; 
©  — Erdélyi-középhegység; ©  — Vihorlát—Kárpátontúli Ukrajna; ©  — Avas—Gutin-hegység;

®  — Kelemen—Hargita hegylánc; 6 — belső medencék (Pannon, Erdélyi)
Megjegyzés: elhagyva — alkáli bazaltok; megváltoztatva — a térkép elnevezése és a jelmagyarázat

egyes szövegrészei

Фиг. 1. Распределение известково-щелочных вулканитов неогена в Карпатском регионе: ва­
риант „дуга“ [Bleahu et al. 1973, fig. 1]

1 — Польская плита, Русская платформа, Мизийская плита; 2 — внешняя граница складчатой 
системы Карпат; 3 — складчатая дуга Внешних Карпат; 4 — выходы мезозойских и более 
древних образований во внутренних областях; 5 — известково-щелочные вулканиты; цифры 
на карте: ф  — Средняя Словакия, ©  — Бёржёнь—Дуназуг, ©  — Черхат, ©  — Матра и Бюкк- 
алья, ©  — Токайские горы, ©  — Прешовская гряда, @ — горы Апусени, ©  — Вихорлат — 
Закарпатская Украина, @ —горы Оаш—Гутый, © — цельКэлимани—Харгита; 6 — внутрен­

ние впадины (Паннонская и Транссильванская)
Примечание: опущены щелочные базальты, изменены: название карты и некоторые из текстов

условных обозначений
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Fig. 2. Neo-Alpine subduction zones of the Carpathian—Balkan—Dinaric region [Szádeczky-
Kardoss 1975, Fig. 4]

1 — subduction zones (sutures), 2 — volcanic arcs (numbers: ages, in million years), 3 — transverse
(transform?) faults, 4 — correlation

2. ábra. Neoalpi szubdukciós övék a Kárpát—Balkán—Dinári területen [Szádeczky-Kardoss
1975, 4. ábra]

1 — szubdukciós övék (varratok) ; 2 — vulkáni ívek (számok : koruk, millió évben) ; 3 — transzverzális
(transzform ?) törések; 4 — korreláció

Фиг. 2. Неоальпийские зоны субдукции Карпатско—Балканско—Динарской области [Szá­
deczky-Kardoss 1975, фиг. 4]

1 — зоны субдукции (сутуры); 2 — вулканические пояса (цифры: их возраст в млн. лет); 3 — 
сдвиговые (трансформные?) нарушения; 4 — корреляция

tion between the calc-alkaline magmatism and mantle diapir was stressed by Rozloznik 
[1976, 1979]; a detailed petrogenetic model can be found in Lexa-K onecnÿ [1974].

The hypothesis has the following characteristic features :
2.1. The calc-alkaline volcanites are clustered in an area bounded by the arc o f the 

Carpathian fold system (Fig. 4).
2.2. This area shows no obvious connection with the tectonics o f the Carpathian m oun­

tain system, its origin is only indirectly related -  through the mantle diapir -  to the sub­
duction which had taken place along the Carpathians (Fig. 3).

2.3. The character of the flysch-basin of the Outer Carpathians is of no significance 
from the viewpoint of neogene volcanism.
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MICROPLATES
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BASALTIC W LCANISM 
(extensive stress field)
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F;]?. 3. Neogene volcanism and evolution of mantle diapir [Stegena et al. 1975, Fig. 10]
Note: altered —• title

3 .ábra. Neogén vulkanizmus a köpenydiapir fejlődésével kapcsolatban [Stegena et al. 1975. fig. 10] 
Megjegyzés : megváltoztatva — az elnevezés

Фиг. 3. Неогеновый вулканизм в связи с развитием мантийного диапира 
[Stegena et al. 1975,fig. 10]

Примечание: изменено название
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2.4. The alkaline-basaltic volcanism temporally follows the calc-alkaline one. This is 
due to the fact that, at the boundary of the Miocene and Pliocene, in the Carpathian region 
the general compression was succeeded by a general tension with the simultaneous formation 
of an interarc basin. It should be noted that up to now only a single analogy of the calc- 
alkaline magmatism has been pointed out, viz. the Basin and Range Province in the western 
USA [Stegena et al. 1975]; some authors do not bother to cite any analogies at all [Lexa-  
Koneöny 1974].

The above-sketched conceptions have some im portant common features:
1. They acknowledge the petrochemical similarity of the calc-alkaline volcanites with 

those of the island arcs and, further, some kind of connection with subduction processes;
2. They relate alkaline basalts to the formation of the interarc Pannonian basin.
The main differences between the opinions favouring the island arc analogy, and the 

connection with mantle diapir are :
a) where supporters of the analogy with island arcs recognize an arc, or arcs, believers 

in mantle diapir see an area;
b) at those places where the first school assumes a spatial transition between calc-alkaline 

and alkaline-basaltic magmatism, the other opinion claims a temporal succession.
It can thus be seen that the difference of opinion is rooted, basically, in the different 

ideas about the space-time laws o f  volcanism.
Let us now compare the information upon which the researchers base their respective 

conclusions :
1. All conclusions are based on a practically identical set o f data, a very slight particu­

larization being given to personally studied objects.
2. The “arc or area” dispute has many facets. The first group of island-arc analogists fail 

to notice the volcanism of the covered regions, like that of the Great Hungarian Plain (Fig. 1). 
The second group, and those advocating the connection with mantle diapir, pay due atten­
tion to this fact but whereas the first group is inclined to see an arc (arcs) at these places, the 
second considers them as proof for a uniform area (Fig. 4). Supporters o f the mantle diapir 
connection ignore the fact that part o f the Carpathian volcanites lies in definite chains 
(V ihorlat-G utäi, Cälim ani-Harghita, Presov-Tokaj).

3. As for the connection between calc-alkaline and alkaline-basaltic volcanism, their 
spatial succession woula fallow first o f all from the young age of the calc-alkaline vol­
canites of the Cälim ani-Hargtiita m ountain chain (Roum ania); these are of practically the 
same age as the majority of alkaline basalts o f the Pannonian basin. On the other hand, the 
temporal succession is backed up by Slovakian and Hungarian data, according to which all 
calc-alkaline volcanites are older than the alkaline basalts.

All in all, the Neogene volcanism of the Carpathian region shows a definitely two­
fo ld  character, a t least in two im portant aspects :

1. The calc-alkaline volcanism appears partly areally, partly chain-like;
2. The calc-alkaline volcanism is partly succeeded temporally by the alkaline-basaltic ; 

a t different parts of the region, however, both of them appear simultaneously.

II. General Laws of Neogene Magmatism

It is impossible to clear up the basic laws of Neogene magmatism without taking into 
account its twofold character. To do this, we have to reject the concept of a spatially-tem- 
porally uniform  calc-alkaline volcanism in favour of following up the ideas of the second 
group of researchers, stressing the island-arc analogy [Naumenko-G oncharuk 1969;
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Fig. 4. Arrangement of the Neogene calc-alkaline volcanites of the Carpathian region: the “area”
variant [Lexa-K oneöny 1974, Fig. 1]

1 — Carpathian foredeep; 2 — Outer Carpathian flisch zone with reversed faults; 3 — Klippen Belt 
and structural equivalents; 4 — inner structural units of the Alps, Dinarides and Carpathians (Me­
sozoic and older formations); 5 — sediments of the Inner Carpathian basins; 6 — Neogene volcan­
ites, mainly andesite; 7 — andesite and rhyolite (out of scale, covered with younger sediments); 
8 — approximate position of the profiles os space—time—composition diagrams with Fig. numbers. 
Numbers on the map: ®  — South Slovakia; © — Stiavnica Mts., ®  — Kremnica Mts.; ©  — Vtac- 
nik Mts., ©  — Milic Mountain Group; ©  — Zemplinski Ostrov; ®  — Beregovo Hills; ®  — Pre- 
sov range ; ®  —Vihorlat ; (Ml — Gutin range ; @ — Gutái Mts. ; © — Calimani Mts. ; ®  — Harghita ;

®  — Apuseni Mts.
Note: deleted — alkaline basalts; altered — title of map and parts of legend

4. ábra. A Kárpáti régió neogén mészalkáli vulkanitjainak elrendeződése: „areál” variáns [Lexa-
Koneöny 1974, fig. 1]

1 — Kárpáti előmélység; 2 — Külső-Kárpátok flisöve feltolódási vonalakkal; 3 — Szirtöv és szerke­
zeti analógjai; 4 — az Alpok, Dinaridák, Kárpátok belső részeinek szerkezeti egységei (mezozoos és 
idősebb képződmények); 5 — a belső-kárpáti medencék üledékei; 6 — neogén vulkánitok, főleg an­
dezit; 7 — andezit és riolit (nem mérethűen és fiatalabb üledékkel fedve); 8 — a tér—idő—össze­
tétel diagramok szelvényeinek közelítő helyzete a jelen munkában szereplő ábrák sorszámaival. 
Számok a térképen : ф  — Dél-Szlovákia ; @ — Selmeci-hegység ; ©  — Körmöci-hegység ; @ — Vtac- 
nik-hegység; @ — Milic-hegycsoport; ©  — Zempléni szigethegység; ® — Beregszászi dombvidék; 
©  — Eperjesi vonulat; ©  — Vihorlát; ®  — Gutin-vonulat; (П) — Gutin-hegység; ©  — Kelemen­

havasok; ©  — Hargita; @ Erdélyi-középhegység 
Megjegyzés: elhagyva — alkáli bazaltok; megváltoztatva — a térkép elnevezése és a jelmagyarázat

egyes szövegrészei

Фиг. 4. Распределение известково-щелочных вулканитов неогена в Карпатском регионе: вари­
ант „ареал“ [Lexa—Koneöny 1974, fig. 1]

1 —- Предкарпатский прогиб; 2 — флишевая зона Внешних Карпат с линиями надвигов; 3 — 
Утесовая зона и ее структурные аналоги; 4 — структурные единицы внутренних частей Альп, 
Динарид и Карпат (мезозойские и более древние образования); 5 — отложения внутрикарпат- 
ских впадин; б — неогеновые вулканиты, в основном андезиты; 7 — андезиты и риолиты вне 
масштаба или перекрытые более молодыми отложениями; 8 — примерное положение профи­
лей диаграмм пространство—время—состав с номером соответствующей фиг. в настоящей

работе
Примечания: 1. Опущены щелочные базальты, изменены: название карты и некоторые из 

текстов условных обозначений 
2. Цифры на карте (в кружках): см. английский текст

Fig. 5. Space—time—composition diagram for the calc-alkaline volcanites of the Cálimani-Harghita 
mountain chain [Lexa and Ko n e ín í 1974, Fig. 5]

1 — andesite; 2 — rhyolite; 3 — K20  content computed for 55% SiOa (weight percent) 
Note: altered — title; deleted — left-hand-side of the Figure (Apuseni Mts., cf. Fig. 14); orientation

as in Fig. 4

5. ábra. Tér—idő—összetétel diagram a Kelemen—Hargita hegylánc mészalkáli vulkanitjaira
[Lexa-K onecny 1974, fig. 5]

1 — andezit; 2 — riolit; 3 — 55% SiCVre számított K 2O tartalom (súly-%) 
Megjegyzés: megváltoztatva — az elnevezés; elhagyva — az ábra jobb oldala (Erdélyi közép- 

hegység — Id. a 14. ábrán); kiegészítve — tájolás a 4. ábrának megfelelően

Фиг. 5. Диаграмма пространство—время—состав для известково-щелочных вулканитов цепи 
Кэлимани—Харгита [Lexa—KoneCnÿ 1974, fig. 5.]

1 — андезиты; 2 — риолиты; 3 — расчетное содержание КзО (%) при 55% SÍO2 

Примечание: изменено название, опущена правая часть фиг. (горы Апусени — см. фиг. 14); 
дополнительно введено: обозначение стран света согласно фиг. 4.
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Fig. 6. Space—time—composition diagram for the calc- 
alkaline volcanites of the Gutäi Mts. [Lexa and Koneöny 

1974, Fig. 4]
Legend as in Fig. 5

Note: altered—title; orientation as in Fig. 4

6. ábra. Tér—idő—összetétel diagram a Gutin-hegység 
mészalkáli vulkanitjaira [Lexa-K oneöny 1974, fig. 4] 

Jelmagyarázat mint az 5. ábrán 
Megjegyzés: megváltoztatva — az elnevezés; kiegészít­

ve — tájolás a 4. ábrának megfelelően

Фиг. 6. Диаграмма пространство—время—состав 
для известково-щелочных вулканитов Гутыйских гор 

[Lexa—Koneöny 1974, fig. 4]
Условные обозначения см. на фиг. 5 

Примечание: изменено название; дополнительно вве­
дено: обозначение стран света согласно фиг. 4

Szádeczky-K ardoss 1971, 1975; D anilovich  1974, 1975, 1976; G ofshtein 1975;
D olenko and D anilovich 1975]. Indeed, whereas volcano chains show a clear-cut correlation 
with the Carpathian m ountain system, the other volcanoes within the Carpathian arc are 
independent. This suggests that the range of calc-alkaline volcanites should be divided into 
two main elements: the East-Carpathian volcanic belt, and the Inner-Carpathian volcanic 
area [Balla et al. 1977а]. According to stratigraphic data, volcanites of the belt are mostly 
Pliocene-Pleistocene, those of the area Miocene, i.e. their age is different.

The East-Carpathian Volcanic Belt

The idea of the island-arc analogy has been derived from data of the East-Carpathian 
volcanic belt. Thus, the various arguments brought up against this analogy [Lexa- K oneőny 
1974], should also be checked by means of these data:

1. The Carpathian volcanism appears in a discontinuous and irregular form -  this, 
obviously, does not apply to the practically continuous volcano-chains o f V ihorlat-G utäi 
and Cälim ani-H arghita.

2. The volcanites do not show any compositional change perpendicularly to the strike
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Fig. 7. Space—time—composition diagram for the calc-alkaline volcanites 
of East Slovakia, Ukraina and North Hungary [Lexa and Koneöny 1974,

Fug. 3]
Legend as in Fig. 5

Note: altered — title; orientation as in Fig. 4

7. ábra. Tér—idő—összetétel diagram Kelet-Szlovákia, Ukrajna és Észak- 
Magyarország mészalkáli vulkanitjaira [Lexa—koneöny 1974, fig. 3] 

Jelmagyarázat mint az 5. ábrán
Megjegyzés: megváltoztatva — az elnevezés; kiegészítve — tájolás a 4. 

ábrának megfelelően

Фиг. 7. Диаграмма пространство—время—состав для известково­
щелочных вулканитов Восточной Словакии, Украины и Северной 

Венгрии [Lexa—K oneCnÿ 1974, fig. 3]
Условные обозначения см. на фиг. 5 

Примечание: изменено название; дополнительно введено: обозначение 
стран света согласно фиг. 4

of the earlier Benioff zone -  the volcanic belt is rather narrow, no such change should have 
been anticipated.

3. Stratigraphically upwards the potassium content generally decreases for the same 
silica-concentration, as against the observable increase in the island arcs -  as a m atter of 
fact, for the Cälim ani-H arghita mountain range even the authors of this counter-argument 
failed to show this by their data (Fig. 5); for the G utái Mts. their data show a definite in­
crease (Fig. 6); as regards East Slovakia, the Soviet Transcarpathians and N orth  Hungary 
(Fig. 7) their evidence is not too convincing since data for the arc and for the area are not 
unambiguous.

4. The volcanism and the active subduction are separated by a time span of some 
15-20 million years, whereas on the island arcs they are simulateneous -  this argument 
assumes that the latest subduction had been completed by the beginning of the Miocene. 
Let us recall, however, the according to supporters of the island-arc analogy, at the southern 
term ination of the East Carpathians the subduction process is active even now; without the 
refutation of this opinion the counter-argument cannot be accepted.

5. The volcanism migrates -  in time — towards the superficial emergence of the Be- 
nioff-zone, while in the island arcs this process is reversed -  the argument is based on the 
assumed uniformity of the whole volcanic process, i.e. on an hypotheses lacking any ground !
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Thus, the argumentation against the analogy of the East Carpathian volcanic belt with the 
island arcs has been proved null and void. A t the same time, the reasoning in favour o f  this 
analogy [N aumenko- G oncharuk  1969, D rumia 1973, Bleahlt et al. 1973, G ofshtein 
1975] has retained its validity: the East Carpathian volcanites are analogous as regards com­
position to those o f the island arcs ; also, in the cross-section of the East C arpathian structural 
complex, one recognizes analogues of characteristic features of island arcs, such as

-  horizontal part of the subducted plate (Russian Platform);
-  trench (Carpathian foredeep);
-  amagmatic elevation (East Carpathian fold system);
-  inner volcanic arc (East Carpathian volcanic belt); and
-  interarc basin (Transylvanian and Pannonian).

In view of this we feel justified in considering the East Carpathian volcanic belt as ana­
logous to the island arcs.

From  the above facts two very important conclusions follow [cf. R oman 1970, 1971, 
Bleahu et al. 1973, H erz- S avu 1974]:

1. Along the Carpathians, or at least along their eastern segment, the subduction had 
not been completed during the Early Miocene, but continued during the entire Pliocene and 
Pleistocene ; at the southernmost parts this process is active even now. This subduction reach­
ed the surface on the axis o f the Carpathian foredeep rather than at the Klippen belt or 
its structural equivalents (Fig. 8).

2. The subduction used up the oceanic or suboceanic crust of the basin where the Outer- 
Carpathian flysch had been accumulated.

Alkaline Basalts o f  the Carpathian Region

On the whole, one would be inclined to  state that the alkaline-basaltic volcanism is 
linked with the Pannonian basin (Fig. 9). Really, this latter shows a number of striking 
similarities with interarc basins [Bleahu et al. 1973, Boccaletti et al. 1973b, 1976, Stegena 
et al. 1975, H orváth et al. 1975], which naturally suggests a possible analogy with the mag- 
matism for such basins. We should not forget, however, various other possibilities, viz. 
that alkaline basalts can also occur [Zonenshain et al. 1976]:

a) at the back of the island arcs, with lateral transitions toward calc-alkaline volcanites;
b) independently o f island arcs, on the initial rupture areas of the continental lithosphere, 

or in the vicinity of “hot spots” .

It is thus apparent that four kinds of geodynamic conditions should be taken into acco­
unt, as factors controlling the presence and position of alkaline basalts :

-  an island arc or its analogue;
— interarc basin ;
-  continental accretion lithosphere plate margin;
— hot spot.

Although none of these can be excluded in advance, it follows from  the previous dis­
cussion that only the last two deserve consideration. Basalts, like in the Pannonian basin, 
and of the same age, also occur outside Alpine Europe (Fig. 10). Similarities have recently 
been reported [Embey-Isztin  1978] between the alkaline basalts of the Balaton-Highland
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Fig. 8. Arrangement of the Pliocene calc-alkaline volcanites in the Carpathian region : East Carpathian
volcanic belt

Sources: Balla et al. 1977a, Carte géologique.. .  1967, Carte tectonique... 1964, Geologická тар а  
CSSR 1967, Geomagnetic map of Hungary 1966, G iusca et al. 1973, Merlich—Spitkovskaya 

1974, M ikhaylova et al. 3974, R ädulescu et al. 1973, Tectonic m ap ... 1973 
1 — mainly andesitic, andesito-basaltic volcanoes: a — on the surface, b — covered; 2 — volcanic 
centres (on the surface); 3 — contours of volcanoes : a — from geologic mapping, b — from borehole 
data, c — assumed; 4— flysch on the surface and in the basement of the Great Hungarian Plain; 5 — 
Carpathian foredeep; 6 — ophiolite outcrops in the basement of the Great Hungarian Plain (axes of 
magnetic anomalies checked by drillings — Central Hungarian Ophiolite belt); 7 — contour of the 
Carpathian fold system; 8 — Klippen belt and structural equivalents; 9 — Vrancea seismic zone. 
Numbers on the map: ф  — Vihorlat— Gutái mountain chain; @ — Cälimani—Harghita mountain

chain ; ®  — Vrancea belt

8. ábra. A pliocén korú mészalkáli vulkánok elrendeződése a Kárpáti régióban: Keletkárpáti
vulkáni öv

A térkép az alábbi anyagok felhasználásával készült: Balla et al. 1977a, Carte géologique...  1967, 
Carte tectonique... 1964, Geologická тара CSSR 1967, Geomagnetic map of Hungary 1966, 
G iusca et al. 1973, Merlich-Spitkovskaya 1974, Mikhaylova et al. 1974, Rädulescu et al,

1973, Tectonic m ap ... 1973.
1—javarészt andezites—andezito-bazaltos vulkánok: a — felszínen, b — eltemetve; 2 — vulkáni 
centrumok (felszínen); 3 — vulkánok kontúrjai: a — földtani térképezés alapján, b — mélyfúrás 
alapján, c — feltételezett; 4 — flis a felszínen és a Nagyalföld aljzatában; 5 — Kárpáti előmélység; 
6 — ofiolitkibúvások a Nagyalföld aljzatában (fúrásokkal ellenőrzött mágneses anomáliák tengely- 
vonalai — Középmagyarországi Ofiolit-öv); 7 — a Kárpáti gyűrt rendszer kontúrja; 8 — Szirtöv és 
szerkezeti ekvivalensei; 9 — Vrancea szeizmikus öv. Számok a térképen: ф  — Vihorlát—Gutin 

hegylánc; © — Kelemen—Hargita hegylánc; ©  — Vrancea-öv

Фиг. 8. Размещение известково-щелочных вулканов плиоценового возраста в Карпатском 
регионе: Восточнокарпатский вулканический пояс 

Карта составлена с использованием следующих материалов: Balla et al. 1977а, Merlich— 
Spitkovskaya 1974, M ikhaylova et al. 1974, Carte géologique... 1967, Carte tectonique... 
1964, Geologická тара C SSR ... 1967, G iusca et al. 1973, Geomagnetic map of Hungary...

1966, Rädulescu et al. 1973, Tectonic m ap ... 1973.
1 — вулканы преимущественно андезитовые до андезито-базальтовых: а — на поверхности, 
b — погребенные; 2 — вулканические центры (на поверхности); 3 — контуры вулканов: а — 
по данным геологической съемки, b — по данным бурения, с предполагаемые; 4 — флиш 
на поверхности и в фундаменте Большой Венгерской впадины; 5 — Предкарпатский прогиб; 
6 — выходы офиолитов в фундаменте Большой Венгерской впадины (оси магнитных анома­
лий, заверенных бурением — Средневенгерский Офиолитовый пояс); 7 — контур Карпатской 
складчатой системы; 8 — Утесовая зона и ее структурные эквиваленты; 9 — сейсмофокальная

зона
Цифры на карте: ф  — цепь Вихорлат—Гутый; ©  — цепь Кэлимани—Харгита; ©  — зона

Вранча





Fig. 9. Arrangement of the alkaline basalts in the Carpathian region 
Sources: Carte géologique...  1967, Carte tectonique...  1964, C iofuca et al. 1973, Cserepesné 1978, 
Geologická тар а  CSSR 1967, Geological map of Hungary 1956, Gyarmati 1977, Ianovici et al.

1976, Koneônÿ et al. 1975, Radulescu et al. 1973, Tectonic m ap ... 1973, Viczián 1965 
1 — alkaline basalts: a — on the surface, b — in boreholes; 2 — flysch on the surface and in the ba­
sement of the Great Hungarian Plain; 3 — Carpathian foredeep; 4 — ophiolite outcrops in the 
basement of the Great Hungarian Plain (axes of magnetic anomalies checked by drillings — Central 
Hungarian Ophiolite belt); 5 — contour of the Carpathian fold system; 6 — Klippen Belt and struc­

tural equivalents
Numbers on the map: ф  — Styria; ©  — the Little Hungarian Plain; ® — Balaton Highlands; 
© — Stiavnica Mts., © — Filakovo—Salgótarján; ©  — Sárospatak—10(Gyarmati 1977); ©  — 
Kiskunhalas—W—3 (Cserepesné 1978) ©  — Bár (Viczián 1865); ©  — Lukarec; ®  — Poiana

Rusca Mts., ®  — Perçani Mts.

9. ábra. Alkáli-bazaltok elrendeződése a Kárpáti régióban 
Atérkép az alábbi anyagok felhasználásával készült: Carte géologique...  1967, Carte tectonique...  
1964, Ciofuca et al. 1973, Cserepesné 1978, Geologická тара CSSR 1967, Geological map of 
Hungary 1956, Gyarmati 1977, Ianovici et al. 1976, Koneőny et al. 1975, Radulescu et al. 1973.

Tectonic m a p ... 1973, Viczián 1965.
1 — alkáli-bazaltok: a — felszínen, b — mélyfúrásban; 2 — flis a felszínen és a Nagyalföld aljzatá­
ban; 3 — Kárpáti előmélység; 4 — ofiolitkibúvások a Nagyalföld aljzatában (fúrásokkal ellenőrzött 
mágneses anomáliák tengelyvonalai — Középmagyarországi Ofiolit-öv); 5 — a Kárpáti gyűrt rend­

szer kontúrja; 6 — Szirtöv és szerkezeti ekvivalensei 
Számok a térképen: ©  — Stájerország, ©  — Kisalföld; ©  — Balatonfelvidék; @ — Selmeci-hegy- 
ség; ©  — Fülek—Salgótarján; ©  — Sárospatak—10 (G yarmati 1977), © — Kiskunhalas—Ny—3 
(Cserepesné 1978),® — Bár (Viczián 1965), ©  — Lukácskő, ®  — Ruszka-havasok, ©  — Persányi

hegység

Фиг. 9. Размещение щелочных базальтоидов в Карпатском регионе. Карта составлена с ис­
пользованием следующих материалов: Carte géologique... 1967, Carte tectonique . . .  1964, 
Ciofuca et al. 1973, Cserepesné 1978, Geologická тар а  C SSR ... 1967, Gyarmati 1977, Ianovici 
étal. 1976, Koneőny et al. 1975, Geological map of H ungary... 1956, R adulescu et al. 1973,

Tectonic m ap ... 1974, Viczián 1965.
1 — щелочные базальтоиды: а — на поверхности, b — в скважине; 2 — флиш на поверхности 
и в фундаменте Большой Венгерской впадины; 3 — Предкарпатский прогиб; 4 — выходы офи- 
олитов в фундаменте Большой Венгерской впадины (оси магнитных аномалий, заверенных 
бурением — Средневенгерский Офиолитовый пояс); 5 — контур Карпатской складчатой сис­

темы; 6 — Утесовая зона и ее структурные эквиваленты 
Цифры на карте: ф  — Штирия; ©  — Малая Венгерская впадина; ©  — Прибалатонье; ® — 
Штявницкие горы; © — Филаково—Шалготарьян; ©  — Шарошпатак—10 [Gyarmati 1977]; 
©  — Кишкунхалаш-Запад-З [Cserepesné 1978]; ®  — Бар (Viczián 1965]; ®  — Лукарец; 

®  — Пояна Руска; ©  — Першаньские горы
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and of Central France, so without a comprehensive analysis we cannot be sure that the alkali­
ne basalts are genetically related to the Pannonian basin.

O f course different basalts could have been connected with different processes, i.e. 
strictly speaking we cannot form any sound judgement about the geodynamic position of the 
alkaline basalts of the Carpathian region without detailed petrochemical and geochemical 
analyses.

The Inner Carpathian Volcanic Area

Supporters of the island-arc analogy did not take into account the volcanism of the Great 
Hungarian Plain, it also escaped their attention that outside the East Carpathian volcanic 
belt the distribution of volcanoes and the composition and age of volcanites undergo a chan­
ge. Consequently, their arguments about the connection of this volcanism with the subduction 
zone do not seem too convincing. This, of course, does not imply that we could automatically 
reject the analogy with island-arc complexes. Let us examine the arguments against this 
analogy [Lexa—K oneöny 1974], in connection with the Inner-Carpathian volcanic area.

1. The spatial discontinuity of volcanism -  as a m atter o f fact there are quite a few 
discontinuous island arcs, such as the Calabrian and Hellenic, not that far from the Car­
pathians (Fig. 11, Fig. 12).

2. Lack of compositional changes perpendicularly to the arc -  this counter-argument 
presupposes a single subduction zone, the possibility of several zones is ignored.

3. Decreased potassium content stratigraphically upwards -  the only clear enough 
evidence stems from Central Slovakia (Fig. 13), in the Apuseni Mts. (Fig. 14) the picture is 
reversed, no proper data are shown for East Slovakia, the Soviet Transcarpathians and 
Hungary. Thus, the observed phenomenon is by no means general.

4. The 5-10 million year time span between subduction and volcanism -  this re­
lates to the subduction in the Klippen belt which — as we have already demonstrated for the 
case of the East Carpathian volcanic belt -  is only one of the possibilities.

5. The centrifugal migration of volcanism -  in the materials presented for the Inner- 
Carpathian volcanic region this can only be observed in the almost north-south oriented 
zone across northern Hungary and Central Slovakia (Fig. 13). The phenomenon contradicts 
the subduction along the Carpathians but not subduction in general.

Thus, the counter-arguments do not disprove the connection between Miocene calc- 
alkaline volcanites and subduction processes. From  the actualistic point o f  view, the disputed 
concept would imply that the Inner Carpathian volcanic area is the single known spot on the 
Earth where calc-alkaline, basically rather acidic magmatism, would be only indirectly 
connected with subduction processes and belts, and where it would have been due to mantle 
diapir. In this respect, no comparison can be based on the Western part of the USA, where 
the volcanites are of basaltic, rather than andesitic, composition (Fig. 15).

Summarizing, we think Miocene calc-alkaline volcanites of the Inner Carpathian area 
are directly connected with subduction processes, the only question is where these processes 
occurred. Miocene volcanism is related to a zone of W SW -ENE-strike concordant with the 
Pre-Neogene formations [W ein 1969, 1973, K őrössy 1970, Balla et al. 1977a] and almost 
perpendicular to the East Carpathian volcanic belt (Fig. 16). Along the rather abrupt south­
ern margin o f this zone lies the flysch-belt of the G reat Hungarian Plain [K őrössy 1959; 
Szepesházy  1973], further southwards the Central Hungarian ophiolite belt [Szepesházy 
1977].
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Fig. 10. Alkaline basaltic rocks in Transalpine Europe [M ilanovskiy—Koronovskiy 1973, Fig. 16]
1 — Epipaleozoic platform;

2 — parts of this platform subjected to domic or block uplift in the Cenozoic;
3 — unconform Cenozoic grabens and depressions;

4 — platform parts subjected to Alpine folding;
5 — Alpine foredeeps;

6 — outer (northern) zone of the Alps and the Carpathian flysch belt;
7 — Mesozoic and older formations of the Alps, Carpathians and Dinarides;

8 — intermountain basins;
9 — alkaline basaltic rocks;
10 — Quaternary volcanoes;

11 — large-scale faults;
12 — frontal faces of charriages and nappes;

13 — faults;
14 — volcanic units (ages indicated in text)

Numbers on the map : ф  — Central France (Oligocène—Quaternary, maximum in Pliocene) ; ® —® — 
South Rhenish area (Miocene); © — Vosges, ®  — Kaiserstuhl (L.—M. Miocene), ® — Schwarzwald, 
©  — Hegau (U. Miocene), © — Ugach (U. Miocene); ® — Nordlingen (U. Miocene), ©  — Fichtel­
gebirge (Miocene); © —@ — North Rhenish area (Oligocène — Holocene, maximum in U. Oligo- 
cene-Miocene), @ — Eifel (up to Holocene), ®  — Laacher (till Holocene), @ — Siebengebirge 
(Oligocène— L. Miocene), @ — Westerwald (Oligocène — L. Miocene), ®  — Vogelsberg, ®  — Röhn 
(Oligocène — L. Miocene), ©  — Hessen, ©  — Odenwald (Oligocène — L. Miocene), ®  — Katzen­
buckel (L. Eocene); @—@ — Bohemian—Silesian area (three phases: U. Oligocène — L. Miocene, 
M. Miocene — L. Pliocene, U. Pliocene — Quaternary, maximum in L. Miocene), ©  — Cheb, 
® — Doupovské Ногу (L. Miocene), ф  — Ceské Stredohorí, @ — Lausitz (U. Oligocène — L. 
Miocene), @ — Silesia (U. Oligocène — L. Miocene), @ — Nizkÿ Jesenik (U. Pliocene — L. Ple­
istocene); @—©  Alpine area: @ Styria (two phases: U. Oligocène — L. Miocene and M. Pliocene), 

@ — Balaton Highlands (U. Pliocene — Pleistocene)
Note: altered — title, simplified — the geographical background
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10. ábra. Alkáli bazaltoidok az Alpokon kívüli Európában [M ilanovskiy-K oronovskiy 1973,
fig. 16]

1 — epipaleozoos tábla;
2 — a kainozoikumban boltozatos vagy tömbös kiemelkedést szenvedett részei;

3 — rátelepült kainozoos grábenek és süllyedékek;
4 — alpi gyűrődést szenvedett tábla-részek;

5 — alpi előmélységek;
6 — az Alpok külső (északi) öve és a Kárpáti Flisöv;

7 — az Alpok és Dinaridák mezozoos és idősebb képződményei;
8 — hegyközti medencék;
9 — alkáli bazaltoidok;

10 — negyedidőszaki vulkán;
11 — nagyméretű törések;

12 — rátolódások és takarók frontális részei;
13 —- vetődések;

14 — vulkáni területek és körzetek (koruk a szöveg alapján)
Számok a térképen; ©  —- Közép-Franciaországi terület (oligocén—negyedkor, maximum a pliocén- 
ben); © —©  — Dél-rajnai terület (miocén): ©  — Vogézek, ©  — Kaiserstuhl (a—k. miocén), 
©  — Schwarzwald, ©  — Hegau (f. miocén), ©  — Ugach (f. miocén), ©  — Nordlingen (f. miocén), 
®  —• Fichtelgebirge (miocén); © —©  — Észak-Rajnai terület (oligocén-holocén, maximum a f. 
oligocénben — miocénben); ©  — Eifel (holocénig), ®  — Laacher (holocénig), ©  — Siebengebirge 
(oligocén —- a.miocén), @ —• Westerwald (oligocén — a. miocén), @ — Vogelsberg, ®  —- Röhn 
(oligocén — a. miocén), ®  — Hessen, ®  — Odenwald (oligocén — a. miocén), © — Katzenbuckel 
(a. eocén); ® —@ — Cseh-Sziléziai terület (három fázis: f. oligocén — a. miocén, k. miocén — a. 
pliocén, f. pliocén —^negyedkor, maximum az a. miocénben); ®  — Cheb, ®  — Doupovské Ногу 
(a. miocén), @ — Ceské Stredohorí. @ — Lausitz (f. oligocén — a. miocén), @ — Szilézia 
(f. oligocén — a. miocén), @ — Nízky Jeseník (f. pliocén — a. pleisztocén); @—@ — alpi terület: 
@ — Stájerország (két fázis: f. oligocén — a. miocén és k. pliocén), © — Balatonfelvidék (f.

pliocén — pleisztocén!
Megjegyzés: megváltoztatva — az elnevezés; egyszerűsítése — az alap tartalma

Фиг. 10. Щелочные базальтоиды в кайнозое внеальпийской Европы [Milanovskiy—Koro-
novskiy 1973, фиг. 16 на стр. 208]
1 — эпипалеозойская платформа;

2 — ее участки, испытавшие в позднем кайнозое сводовые или глыбовые поднятия;
3 — наложенные кайнозойские грабены и впадины;

4 — участки платформы, испытавшие альпийскую складчатость;
5 — альпийские краевые прогибы;

6 — внешние (северные) зоны Альп и флишевая зона Карпат;
7 -— мезозойские и более древние комплексы Альп, Карпат и Динарид;

8 — межгорные впадины;
9 — щелочные базальтоиды;
10 — четвертичный вулкан;

11 — крупные разломы;
12 — фронтальные зоны надвигов и покровов;

13 — сбросы;
14 —- вулканические области и районы (возраст — по тексту):

©  — Центрально-Французская область (олигоцен—антропоген, максимум в плиоцене); 
© —©  — Южно-Рейнская область (миоцен): ©  — Вогезы, © Кайзерштуль (н—ср. миоцен), 
@ — Шварцваьд, ©  — Хегау (в. миоцен), ©  — Угах (в. миоцен), ®  — Нордлинген (в. мио­
цен), ©  — Фихтельгебирге (миоцен); @—©  — Северо-Рейнская область (олигоцен—голоцен, 
максимум в в. олигоцене—миоцене): ®  — Эйфель (до голоцена), ®  — Лаахер (до голоцена), 
®  — Зибенгебирге (олигоцен—н. миоцен), @ — Вестервальд (олигоцен—н. миоцен), ®  — 
— Фогельсберг, ®  — Рён (олигоцен—н. миоцен), ©  — Гессен, ©  — Оденвальд (олигоцен 
—н. миоцен), ©  — Катценбукель (н. эоцен); @—@ — Чешско-Силезская область (три фазы: 
в. олигоцен—н. миоцен, ср. миоцен—н. плиоцен, в. плиоцен—антропоген, максимум в н. мио­
цене): @ — Хеб, ® — Дуповские горы (н. миоцен), @) — Чешское среднегорье, @ — Лаузиц 
(в. олигоцен—н. миоцен), @ — Силезия (в. олигоцен—н. миоцен), @ — Низки Есеник (в. 
плиоцен—н. плейстоцен); @—©  — Альпийская область: @ — Штирия (две фазы: в. олигоцен 

—н. миоцен и ср. плиоцен), @ — Прибалатонье (в. плиоцен—плейстоцен) 
Примечание: изменено название, упрощено содержание основы

2
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12° К 0 16° 16° Fig. 11. Arrangement of the 
volcanoes of the Calabrian arc 
[Ninkovich—Hays 1972, Fig. 1] 
Note: altered — title; deleted — 

earthquake epicentres

11. ábra. A Kalábriai ív vulkán­
jainak elrendeződése [Ninkovich-  

Hays 1972, fig. 1]
Megegy.zés: megváltoztatva — az 
elnevezes ; elhagyva — a földrengés­

epicentrumok

Фиг. 11. Размещение вулканов 
Калабрийской дуги [Ninkovich-  

Hays 1972. fig. 1] 
Примечание: изменено название, 
опущены эпицентры землетря­

сений

This remarkable complex (ophiolites, flysch, calc-alkaline volcanites) immediately sug­
gests the proximity of an ancient lithosphere plate boundary. The existence o f this boundary, or 
at least of one between the structural-form ational belts is generally accepted [K őrössy 
1963, 1964, 1965a, 1965b; Balogh- K őrössy 1968; W ein 1969, 1973, 1978a, 1978b; 
D ank- B odzay  1971; T ec to n ic s ... 1974; Bodzay 1975; Szepesházy 1977, 1979; Varga 
1978].

Under these conditions, the calc-alkaline volcanism along this boundary should be 
considered as evidence for the subduction of the plate lying towards the south. As in the 
case of the East Carpathian volcanic belt, prior to the subduction there existed a basin with 
oceanic or suboceanic crust, where flysch had been accumulated. Since the flysch of the Great 
Hungarian Plain and of the Outer Carpathians have about the same age, they probably ori­
ginated from different parts of the same basin.

The basic aspects of Miocene volcanism of the Carpathian region can be explained in 
this way without any new petrogenetic or geodynamic model. Of course, a number of features 
have not been clarified as yet with proper thoroughness and accuracy, viz.

1. Explanation of the Miocene volcanism south of the Central Hungarian ophiolite-belt. 
F rom  among these objects the Apuseni Mts. is the most widely studied. Further south, 
along the Mure? river lies a similar ensemble of ophiolite and flysch belts. Similarly to the 
previous case, these volcanites are probably related to their own subduction zone, between 
the Transylvanian and South Carpathian microplates. A  similar situation is expected for 
the mostly covered, less studied Miocene volcanites o f northern Yugoslavia.
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Fig. 12. Arrangement of the volcanoes of the Hellenic arc [Fytikas et al. 1976, Fig. 1] 
Legend : C — Crommyonia, AE — Aegina, MH — Methana, M — Milos, S — Santorini 

NY — Nysiros, TH — Thebe, AC — Achilleion, A — Antiparos, KO — Kos 
Note: Altered — title; simplified — the geographical background

12. ábra. A Hellén ív vulkánjainak elrendeződése [Fytikas et al. 1976, fig. 1]
Térképi jelölések: С — Crommyonia, AE — Aegina, MH — Methana, M — Milos, S — San­
torini, NY — Nysiros, TH — Thebe, АС — Achilleion, A — Antiparos, КО — Kos 

Megjegyzés: megváltoztatva —• az elnevezés; egyszerűsítve — az alap tartalma

Фиг. 12. Размещение вулканов Эллинской дуги [Fytikas et al. 1976, fig. 1] 
Обозначения ка карте: С — Кроммиония, АЕ — Эгина, МН — Метана, М — Милос, 
S —• Санторин, NY — Нисирос, ТН — Фивы, АС — Ахиллейон, А — Антипарос,

КО — Кос
Примечание: изменено название, упрощено содержание основы
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Fig. 13. Space—time—composition diagram for the calc-alkaline volcanites of Central Slovakia 
and North Hungary [LexA—Koneînÿ 1974, Fig. 2] Legend as in Fig. 5 
Note: altered — title; deleted — alkaline basalts; orientation as in Fig. 4

13. ábra. Tér—idő—összetétel diagram Közép-Szlovákia és Észak-Magyarország mészalkáli vulkánit - 
jaira [Lexa- K o n e ín y  1974, fig. 2] Jelmagyarázat mint az 5. ábrán 

Megjegyzés: megváltoztatva — az elnevezés; elhagyva — azalkáli bazaltok; kiegészítve — tájolás a 4.
ábrának megfelelően

Фиг. 13. Диаграмма пространство—время—состав для известково-щелочных вулканитов 
Средней Словакии и Северной Венгрии [Lexa-K oneCnÿ 1974, fig. 2]

Условные обозначения см. на фиг. 5
Примечание: изменено название, опущены щелочные базальты; дополнительно введено: 

обозначение стран света согласно фиг. 4
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Fig. 14. Space—time—composition diagram for the calc-alkaline volcanites of the ApuseniMtf.
(Lexa—Koneöny 1974, Fig. 5) Legend as in Fig. 5 

Note: altered — title, deleted — left-hand-side of the Figure (Cálimani—Harghita mountain change,
cf. Fig. 5); orientation as in Fig. 4

14. ábra. Tér—idő—összetétel diagram az Erdélyi-középhegység mészalkáli vulkanitjaira [Lexa-
Koneőny 1974, fig 5.]

Jelmagyarázat mint az 5. ábrán
Megjegyzés: megváltoztatva — az elnevezés; elhagyva — az ábra bal oldala (Kelemen—Hargita 

hegylánc, ld. az 5. ábrán); kiegészítve — tájolás a 4. ábránk megfelelően

Фиг. 14. Диаграмма пространство—время—состав для известково-щелочных вулканитов 
гор Алусени [Lexa-K oneöny 1974, fig. 5] Условные обозначения см. на фиг. 5 

Примечание: изменено название, опущена левая часть фиг. (цепь Кэлимани—Харгита, см. 
фиг. 5); дополнительно введено: обозначение стран света согласно фиг. 4
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Fig. 15. Arrangement of the Miocene and Pliocene volcanites in the western part of the USA [Smith
1976, Fig. 3]

Note: altered — title; oriented to geographical north

15. ábra. Miocén és pliocén vulkánitok elrendeződése az USA nyugati részén [Smith 1976, fig. 3] 
Megjegyzés: megváltoztatva — az elnevezés; az ábra beforgatva az égtájaknak megfelelő irányba

Фиг. 15. Распределение миоценовых и плиоценовых вулканитов на западе США [Smith 1976,
Fig. 3]

Примечание: изменены название и система пояснений к условным обозначениям, фиг. поверну­
та в соответствии с ориентацией по странам света

2. The lack of potassium increase farther from the assumed subduction zone or, more 
generally, the absence of significant potassium-concentration differences between the vol­
canites of different territories [Lexa- K oneöny 1974]. This question has not been thor­
oughly studied as yet because :

a) Part o f the chemical analyses is obsolete and relates to a variageted set o f haphazardly 
collected samples.

b) The distribution of analyses is disproportionate, certain mountains are represented by 
several hundred, others by a few data. Even for the main rhyolite zone of the Miocene vol­
canic material [Panto 1962, Szádeczky-K ardoss et al. 1967] one can not collect more than 
a few tens of published analyses, reliable at least with regards to volatile-content.
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c) Any attem pt to merge the analyses of large territorial units such as Central Slovakia, 
N orth  Hungary, the Tokaj-Presov m ountain range, the Zemplén Mts., Vihorlat, o r the enti­
re Soviet Transcarpathians, automatically excludes the possible changes within regions, 
whose size would otherwise allow potassium-zonation. Also, different massifs were possibly 
connected with different subduction zones. For example, a distinct, small-sized, volcanic arc 
such as the Tokaj-PreSov range could very well be related to an independent subduction zone.

3. It is unsettled why only certain kinds of andesite volcanoes appear on a given terri­
torial unit, and different ones at other places. F or example, the large stratovolcanoes in 
N orth  Hungary and Central Slovakia, and the small ones in the Apuseni Mts. lie without a 
seeming pattern whereas in the Presov range the volcanoes form a definite chain.

4. Explanation of the observable rhyolite-andesite ratio, i.e. why does the main rhyolite 
mass lie immediately along the subduction zone, andesite only farther away. In a general 
sense, the abundance of ignimbrite-like rhyolite is rather frequent above subduction zones 
— see such examples of younger volcanism as northern Chile, north Mexico and New Zea­
land. It should be noted that even for these regions the presence o f rhyolite in certain sections 
and its absence in others is problematic [Thorpe and F rancis 1977]. The very fact, however, 
that ignimbrite fields are directly connected with Benioff-zones is sufficient for an actualistic 
interpretation.

5. Possibility of large lateral displacements o f the Miocene volcanites. This is indicated 
by the paleomagnetic data, which show different average declinations and inclinations bet­
ween the Börzsöny, Cserhát, M átra and Tokaj Mts. (Table I), and by the satellite imagery

Table I

Average declinations and inclinations for the N orth  Hungarian 
Miocene volcanites (Márton 1977, Table 1.)

MOUNTAINS N Do ïo a°

Börzsöny 35 5 63 4
Cserhát 8 357 64 7
Mátra 12 351 53 5
Tokaj 16 332 71 6

N — number of data 
D 0 — average declination 
I0 — average inclination
a °  — 95% confidence radius of the estimate of the average 

direction (D°, I  )

suggesting a large-scale lateral displacement within the M átra Mts. (Fig. 17). Further move­
ments after the Miocene should have upset the relative position of the volcanoes or o f their 
parts, and potassium zonation as well.

It can thus be seen that we anticipate a number of difficulties, but -  as we have tried to 
illustrate above — none of them seems to be of conceptual character.
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Fig. 16. Arrangement of the Miocene calc-alkaline volcanoes in the Carpathian region: Inner-
Carpathian volcanic area

Sources: Balla et al. 1977a, 1977b, Balogh 1964, Balogh—Kőrössy 1968; Bodoky et al. J977, 
Carte géologique... 1967; Carte tectonique...  1964; C ioflica ez al. 1973, Geologickà тара CSSR 
1967. Geological map of Hungary 1956, Geomagnetic map of Hungary 1966, G yarmati 1977, 
Ianovici et al. 1976, A. Juhász 1964, 1971, Juhász—Kőváry 1964, Kiss 1951, Koneőny et al. 
1975, Kőrössy 1956, 1963, 1964,1965a, 1965b, 1970, M erlich—Spitkovskaya 1974, M ikhaylova 
et al. 1974, Pantó 1962, Szepesházy 1973, 1977,1979, Székyné F ux 1957, Tectonic m ap ... 1973,

Varga et al. 1975, Völgyi 1959
Note: the sporadic data for SW-Hungary and North Yugoslavia were not taken into account 
1 — mainly andesitic volcanoes: a — on the surface, b — covered; 2 — mainly rhyolitic volcanic 
areas: a — on the surface, b — covered; 3 — volcanic centres: a — on the surface, b — covered 
(according to geophysical data); 4 — andesite dikes (Cserhát—Mátra); 5 — contours of volcanoes 
and volcanic areas: a — from geological mapping, b — from borehole data, c — from complex geo­
physical data, d — based on magnetic anomalies, e — assumed; 6 — flysch on the surface and 
in the basement of the Great Hungarian Plain; 7 — Carpathian foredeep; 8 — Ophiolite outcrops 
in the basement of the Great Hungarian Plain (axes of magnetic anomalies checked by drillings — 
Central Hungarian Ophiolite belt); 9 — contour of the Carpathian fold system; 10 — Klippen

belt and structural equivalents
Numbers on the map: (I) — Pohronsky Inovec; ©  — Vtacnik: ©  — Kremnica volcano; ©  — Stiav- 
nica volcano ; (5) — Jávorié ; ©  — РоГапа ; — ®  Börzsöny ; ©  — Dunazug ; ®  — Cserhát ; ®  — Mát­
ra; ©  — Bükk foothills; @ — Tokaj Mts., ©  — PreSov range; ©  — Zemplin; ©  — BeregovoHills; 

©  — The Nyír—Hajdú district; ©  — Apuseni Mts.

16. ábra. A miocén korú mészalkáli vulkánok elrendeződése a Kárpáti régióban: Belsőkárpáti vulkáni
areál

Megjegyzés: 1. A térkép forrásait lásd az angol szövegben
2. Nem lettek figyelembe véve a Délnyugat-Magyarországra és Észak-Jugoszláviára vo­

natkozó szórványos adatok
1 — javarészt andezites vulkánok: a — felszínen, b — eltemetve; 2 — javarészt riolitos vulkáni terü­
letek: a — felszínen, b — eltemetve; 3 — vulkáni centrumok: a — felszínen, b — eltemetve (geo­
fizikai adatok alapján kijelölve); 4 — andezittelérek (Cserhát—Mátra); 5 — vulkánok és vulkáni 
területek kontúrjai: a — földtani térképezés alapján, b — mélyfúrás alapján, c — komplex geofizika 
alapján, d — mágneses anomáliák alapján, e — feltételezett; 6 — flis a felszínen és a Nagyalföld 
aljzatában; 7 — Kárpáti előmélység; 8 — ofiolitkibúvások a Nagyalföld aljzatában (fúrásokkal 
ellenőrzött mágneses anomáliák tengelyvonalai — Közép-magyarországi ofiolit-öv); 9 — a Kárpáti 
gyűrt rendszer körvonala; 10 — Szirtöv és szerkezeti ekvivalensei
Számok a térképen: ©  — Pohronsky Inovec; ©  — Vtacnik: ®  — Körmöd vulkán; ©  — Selmeci 
vulkán; ©  — Jávoros; ©  — Polyana; © — Börzsöny; ®  — Dunazug; ® — Cserhát; ©  — Mátra; 
©  — Bükkalja; ® — Tokaji hegység; ®  — Eperjesi vonulat; ©  — Zemplén; ©  — Beregszászi 

dombvidék; ©  — Nyírség—Hajdúság; @ — Erdélyi-középhegység

Фиг. 16. Размещение известково-щелочных вулканов миоценового возраста в Карпатском 
регионе: Внутрикарпатский вулканический ареал 

Примечание: 1. Источники составления карты—см. в английском тексте
2. Не учтены спорадические данные по Юго-западной Венгрии и по Северной 

Югославии
1 — вулканы преимущественно андезитовые: а — на поверхности, б — погребенные; 2 — вул­
канические области преимущественно риолитовые: а — на поверхности, б — погребенные; 3 — 
вулканические центры: а — на поверхности, б — погребенные (выделены по данным геофизи­
ки); 4 — дайки андезитов (Черхат—Матра); 5 — контуры вулканов и вулканических областей: 
а — по данным геологической сьемки, b — по данным бурения, с — по комплексу геофизиче­
ских данных, д — по магнитным аномалиям, е — предполагаемые; 6 — флиш на поверхности 
и в фундаменте Большой Венгерской впадины; 7 — Предкарпатский проигиб; 8 — выходы 
офиолитов в фундаменте Большой Венгерской впадины (оси магнитных аномалий, заверенных 
бурением — Средневенгерский Офиолитовый пояс); 9 — контур Карпатской складчатой сис­

темы; 10 — Утесовая зона и ее структурные эквиваленты 
Цифры на карте: ф  — Похронски Иновец; ©  — Втачник; ®  — Кремницкий вулкан; ®  — 
Штявницкий вулкан; ©  — Яворие; ©  — Поляна; ©  — Бёржёнь; ©  — Дуназуг; ©  — Черхат; 
©  — Матра; @ — Бюккалья; ©  — Токайские горы; ®  — Прешовская гряда; ®  — Земплин; 

®  — Береговское холмогорье; ®  — Ньиршег—Хайдушаг; © — горы Апусени
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Fig. 17. Assumed wrench fault in the Miocene andesite volcano of the Mátra Mts. 
a — details of the Landsat—100, E—1465—09015, MSS 457 (31.10.1973) satellite imagery; 
b — sketch of structural interpretation
1 — recent dividing ridge indicating the original volcanic ring structure; 2 — assumed original 
position of the dividing ridge of the Eastern Mátra Mts. ; 3 — sections of the dividing ridge destroy­

ed by erosion; 4 — assumed wrench fault (the so-called Darno-line)

17. ábra. Feltételezett eltolódás a Mátra-hegység miocén korú andezitvulkánjában 
a — Landsat—100, E—1465—09015, MSS 457 (1973. 10. 31.) űrfénykép részlete; 
b — szerkezeti értelmezési vázlat
1 — az eredeti vulkáni gyűrűs szerkezetet jelző mai vízválasztó gerinc; 2 — a Keleti-Mátra víz­
választó gerincének feltételezett eredeti helyzete; 3 -— a gyűrűs vízválasztó gerinc erózió által meg­

semmisített szakaszai ; 4 — feltételezett eltolódás (az ún. Darnó-vonal)

Фиг. 17. Предполагаемый сдвиг в миоценовом андезитовом вулкане гор Матра 
а — фрагмент космического снимка Landsat—100, Е—1465—09015, MSS 457 (31. 10. 1973) 
б — схема структурной интерпретации
Условные обозначения: 1 — современный водораздельный хребет, отмечающий первичную 
кольцеобразную вулканическую структуру; 2 — предполагаемое исходное положение водо­
раздельного хребта Восточной Матры; 3 — отрезки кольцеобразного водораздельного хребта, 

уничтоженные эрозией; 4 — предполагаемый сдвиг (т. н. „линия Дарно“)
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III. Conclusions for the Evolution of the Carpathian Region

Neogene calc-alkaline volcanism proves that before the Miocene there existed a basin o f  
oceanic or suboceanic crust capable of subduction, where a probably turbiditic sedimentation 
took place. The present-day structure of the Carpathian fold system still shows the contours 
o f the northern and eastern margins of this basin. The western and the southern part proba­
bly dismembered into microplates -  after which they significantly displaced, even rotated, 
with respect to each other -  so that the boundary cannot be reconstructed without further 
studies.

The, spatial possibilities allowed by this Early Miocene paleogeographic picture naturally 
provoke some objections since at present the Dinarides, the Alps, the Bohemian Massif, 
the Polish and Russian Platform, the Dobrogea and the Moesian Platform constitute a 
closed solid frame enclosing mosaics of microplates of continental crust. We think however 
that, for the Neogene, this rigid connection only holds between the Bohemian Massif, the 
Polish Platform, the Russian Platform and Dobrogea. Also, since the beginning of the Neo­
gene the Alps most likely have not moved in the east-west direction with respect to the 
Bohemian Massif. On the other hand, the Dinarides and the Moesian Platform -  or at least 
sections of their boundaries -  are active even now, as evidenced by earthquakes. Most re­
constructions accept that the Dinarides have moved to their present-day position from the 
south, the Moesian Platform from the east [D ewey et al. 1973, C hannell- H orváth 
1976, Varga 1978]. The only question being: when did this happen?

It should be recalled that the intensive Neogene calc-alkaline volcanism along the east­
ern boundary of the Dinarides shows a strong E-W -directed “space shortening” (Figs. 18, 
19), whereas around the Aegean sea, the Lower Miocene calc-alkaline and Middle M iocene- 
Lower Pliocene alkaline-basaltic magmatism [F ytikas et al. 1976] prove a variable and vivid 
geodynamic activity in the region. In view of this, it is reasonable to assume that the south­
western and/or southern closure of the frame of the Carpathian region took place in the 
Neogene, rather than before. The reconstruction of this process will be the task of further 
studies. F or the present purposes it suffices to note that no conceptual obstacles have re­
mained with the spatial aspect, and that any reconstruction o f  the ancient movements should 
proceed from  the south. As judged from  the polarity o f the Central Hungarian and the Mure? 
subduction zones, the microplates, constituting the recent Pannonian basin floor moved in 
this direction in the Miocene.

Geodynamic theories of the Carpathian region usually consider the well-known distur­
bance at the Miocene-Pliocene boundary as due to a change from  compression to tension 
[even in most recent works, cf. Stegena et al. 1975, C hannell- H orváth 1976]. This 
interpretation forgets that while a  Pliocene-Quaternary expansion is assumed for the 
Pannonian basin, a simultaneous compression (subduction) took place in the East Car­
pathians.

Keeping to the terminology and concepts of plate tectonics and considering the Panno­
nian basin as an interarc, it should be clear that -  in a regional sense -  one ought to speak 
about compression, while the so-called „general expansion” of the Pannonian basin is but a 
local phenomenon in the background of the subduction zone. So, in a regional sense, the 
above-mentioned disturbance does not indicate a change from compression to tension, but 
rather the rotation o f  the compression from a nearly north-south  to a nearly east-west direc­
tion.

Roughly, this change should have taken place in the following steps. In the Miocene, 
the continental microplates which had been melted into the oceanic or suboceanic lithosphere 
intruded into the western part of the north-eastern basin. Until the original oceanic or sub-
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