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NEOGENE VOLCANITES IN THE GEODYNAMIC RECONSTRUCTION
OF THE 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 of the recent island
arcs.

Two variations of this conception have been proposed.

1. The standpoint represented first of all by Roumanian and lItalian geologists [Bleahu
et al. 1973; Boccaletti et al. 1973a, 1973b; Radulescu and Sandulescu 1973] has the
following characteristic features:

1.1. Practically all volcanites form a uniform arc extending from Central Slovakia
through North Hungary, East Slovakia, the Soviet Transcarpathians and North Roumania
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 of 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 Vihorlat-
Gutédi and Calimani—Harghita mountain chains whereas older (Miocene) volcanites are
related to other processes [Naumenko and Goncharuk 1969; G ofshtein 1975], namely to
subduction within the Carpathians [Danilovich 1975]. This opinion is shared by SzA-
deczky-Kardoss [1971] who was the first to give an outline sketch of the Tertiary subduc-
tion belts and the related volcano chains [Szadeczky-Kardoss 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 Szadecz-
ky-Kardoss (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: ¢ — Central Slovakia, © — Bor-
zsony—Dunazug, © — Cserhat, @ — Matra and the Bikk foothills; © — Tokaj Mts., © — Presov
range, ® — Apuseni Mts., ® — Vihorlat—Soviet-Transcarpathians, © — Oas-Gutéi Mts., (i) — Ca-
limani—Harghita mountain chain; 6 — inner basins (Pannonian, Transylvanian).

Note: deleted — alkaline basalts; altered — title of the map and parts of the legend

1. dbra. A Karpati régio neogén mészalkali vulkanitjainak elrendez&dése: ,,iv” varians [Bleahu et al.
1973, fig. 1]
1— Lengyel tabla, Orosz tabla, Moesiai tabla; 2 — a Karpatok gyirt rendszerének kiilsé hatara;
3 —a Kiilsé Karpatok gydirt ive; 4 — mezozoos és id6sebb képz6dmények kiblvasai a belsd tertilete-
ken; 5 — mészalkali vulkanitok; szamok a térképen: © — Kozép-Szlovakia; © — Borzsény—
Dunazug; © — Cserhat; © — Matra és Biikkalja; © — Tokaji hegység; © — Eperjesi vonulat;
© — Erdélyi-kdzéphegység; © — Vihorlat—Karpatontuli Ukrajna; © — Avas—Gutin-hegység;
® — Kelemen—Hargita hegylanc; 6 — bels6 medencék (Pannon, Erdélyi)
Megjegyzés: elhagyva — alkali bazaltok; megvaltoztatva — a térkép elnevezése és a jelmagyarazat
egyes szOvegrészei

dur. 1. PacnpefeneHne M3BeCTKOBO-LLENOYHbIX BY/NIKAHUTOB HeoreHa B KaprnaTtCKOM pervoHe: Ba-
puaHT ,,ayra“ [Bleahu et al. 1973, fig. 1]
1— Monbckaa nanTa, Pycckas nnatdopma, Musuiickas nauta; 2 — BHELIHASA rpaHuLa cknagyarton
cuctembl KapnaT; 3 — cknaguatas gyra BHewHux Kapnat; 4 — BbIX0fbl Me3030MCKUX U 6onee
[peBHNX 06pa30oBaHNn BO BHYTPEHHUX 061acTaX; 5 — M3BECTKOBO-LLENOYHbIE BY/IKAHUTbI; LU(PbI
Ha KapTe: ¢ — CpefHss Cnosakus, © — BépxéHb—/yHasyr, © — Yepxat, © — Martpa 1 brokk-
anbsi, © — Tokalckue ropel, © — lMNpewoBckas rpsaga, @ — ropbl AnyceHn, © — BuxopnaT —
3akapnatckas YkpavHa, @ —ropbl Oaw—TyTbidi, © — uenbKannmaHn—xapruta; 6 —BHYTpeH-
HWe BnafguHbl (MaHHOHCKas 1 TpaHCCUIbBAHCKAs)
MprMmeyaHue: onyLLeHbl LWenoYHble 6a3anbTbl, M3MEHEHbI: Ha3BaHWe KapTbl U HEKOTOPbIE U3 TEKCTOB
YC/IOBHbIX 0603HAYEHNIA
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Fig. 2. Neo-Alpine subduction zones of the Carpathian—Balkan—Dinaric region [Szadeczky-
Kardoss 1975, Fig. 4]

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

2. abra. Neoalpi szubdukciés 6vék a Karpat—Balkan—Dinari terlleten [Szadeczky-Kardoss
1975, 4. abra]
1— szubdukcios 0vék (varratok) ; 2— vulkani ivek (szamok : koruk, milli6 évben) ; 3— transzverzalis
(transzform ?) térések; 4 — korrelacié

dur. 2. Heoanbnuiickne 30HbI Cy6aykuun Kapnatcko—bankaHcko—/unHapckoit obnactu [Sza-
deczky-Kardoss 1975, ¢wr. 4]

1 — 30HbI cybayKumm (CyTypbl); 2 — ByNKaHnW4Yeckune nosica (LMgpbl: MX BO3pacT B MAH. fieT); 3 —
COBWroBble (TPAHC(OPMHbIE?) HapyLUeHUs; 4 — Koppensauus

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 onecny [1974].

The hypothesis has the following characteristic features:

2.1. The calc-alkaline volcanites are clustered in an area bounded by the arc of the
Carpathian fold system (Fig. 4).

2.2. This area shows no obvious connection with the tectonics of the Carpathian moun-
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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F;]?. 3. Neogene volcanism and evolution of mantle diapir [Stegena et al. 1975, Fig. 10]
Note: altered —stitle

3.abra. Neogén vulkanizmus a képenydiapir fejlédésével kapcsolatban [Stegena et al. 1975. fig. 10]
Megjegyzés : megvaltoztatva — az elnevezés

dur. 3. HeoreHoBbIii BYKaHU3M B CBS3W C PasBUTUEM MaHTWIHOMO Ananupa
[Stegena et al. 1975,fig. 10]

MpumeyaHue: N3MeHEeHO Ha3BaHue
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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-
Koneony 1974].

The above-sketched conceptions have some important 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 of data, a very slight particu-
larization being given to personally studied objects.

2. The “arc or area” dispute has many facets. The first group ofisland-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 of the mantle diapir
connection ignore the fact that part of the Carpathian volcanites lies in definite chains
(Vihorlat-Gutai, Calimani-Harghita, Presov-Tokaj).

3. As for the connection between calc-alkaline and alkaline-basaltic volcanism, their
spatial succession woula fallow first of all from the young age of the calc-alkaline vol-
canites of the Calimani-Hargtiita mountain chain (Roumania); these are of practically the
same age as the majority of alkaline basalts of 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-
fold character, at least in two important 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 ;
at different parts of the region, however, both of them appear simultaneously.

I1. 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 oneony 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 ofthe 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-
sovrange ; ® —Vihorlat; (M— Gutin range ; @ — Gutai Mts. ; © — Calimani Mts. ; ® — Harghita;
® — Apuseni Mts.

Note: deleted — alkaline basalts; altered — title of map and parts of legend

4. abra. A Karpati régié neogén mészalkali vulkanitjainak elrendez6dése: ,,areal” varians [Lexa-
Koneony 1974, fig. 1]
1— Karpati elémélység; 2 — Kiils6-Karpatok fliséve feltolédasi vonalakkal; 3 — Szirtdv és szerke-
zeti analogjai; 4 — az Alpok, Dinaridak, Karpatok belsd részeinek szerkezeti egységei (mezozoos és
id6sebb képz6dmények); 5 — a bels6-karpati medencék tiledékei; 6 — neogén vulkanitok, féleg an-
dezit; 7 — andezit és riolit (nem méreth(ien és fiatalabb Uledékkel fedve); 8 — a tér—id6—0ssze-
tétel diagramok szelvényeinek kozelit6 helyzete a jelen munkaban szerepld abrak sorszamaival.
Szamok a térképen: ¢ — DéI-Szlovakia; @ — Selmeci-hegység; © — Kdrmdci-hegység ; @ — Vtac-
nik-hegység; @ — Milic-hegycsoport; © — Zempléni szigethegység; ® — Beregszaszi dombvidék;
© — Eperjesi vonulat; © — Vihorlat; ® — Gutin-vonulat; () — Gutin-hegység; © — Kelemen-
havasok; © — Hargita; @ Erdélyi-kdzéphegység
Megjegyzés: elhagyva — alkali bazaltok; megvaltoztatva — a térkép elnevezése és a jelmagyarazat
egyes szovegrészei

®ur. 4. PacnpeaeneHune U3BECTKOBO-LLENOYHBIX BY/IKAHUTOB HeoreHa B KapnaTckom pervoHe: Bapu-
aHT ,apean” [Lexa—Koneony 1974, fig. 1]
1— lMpepkapnatckuii nporm6; 2 — duwesas 30Ha BHewHWx KapnaT ¢ IMHWAMU HagBUroB; 3 —
YTecoBasi 30Ha U ee CTPYKTYPHbIe aHaNoru; 4 — CTPYKTYPHbIe e4UHNLbI BHYTPEHHUX YacTeil Anbn,
[Ounapug v Kapnat (Me3030ickue 1 6onee ApeBHUE 06pa3oBaHuns); 5— OTNIOXEHUs BHYTpMKapnart-
CKMX BMafyH; 6 — HeOreHoBble BY/IKAHUTbI, B OCHOBHOM aHe3WTbl; 7 — aHAe3UTbl U PUONUTLI BHE
MacLuTaba nam nepekpbIThle 60/1ee MONOALIMU OT/IOKEHUAMU; 8 — MPUMEPHOE MOOXKEHWE NPOHK-
Neil fuarpaMmm npocTpaHCTBO—BPEMSi—COCTaB C HOMEPOM COOTBETCTBYHOLLEA (Ur. B HacTosLLeld
pabote
MpumeyaHua: 1 OnyLlieHbl WeNoYHble 6a3anbThbl, W3MEHEHbI: Ha3BaHUE KapTbl M HEKOTOPble W3
TEKCTOB YCNOBHbIX 0603HAYEHWi
2. LUndpbl Ha KapTe (B KPY)XKax): CM. aHTIMACKWIA TEKCT

Fig. 5. Space—time—composition diagram for the calc-alkaline volcanites of the Calimani-Harghita
mountain chain [Lexa and Koneini 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. abra. Tér—id6—osszetétel diagram a Kelemen—Hargita hegylanc meészalkali vulkanitjaira
[Lexa-K onecny 1974, fig. 5]

1— andezit; 2 — riolit; 3— 55% SiCVre szamitott K20 tartalom (stly-%)

Megjegyzés: megvaltoztatva — az elnevezés; elhagyva — az abra jobb oldala (Erdélyi kozép-
hegység — Id. a 14. abran); kiegészitve — tajolas a 4. abranak megfeleléen

dur. 5. ilnarpamma npocTpaHCTBO—BPEMA—COCTaB A/ N3BECTKOBO-LLEN0YHbIX BY/IKAHUTOB Lenu
KanumaHn—Xapruta [Lexa—KoneCny 1974, fig. 5.]
1 — aH[esnTbl; 2 — pUonUTLI; 3 — pacyeTHoe cogepxarue K30 (%) npu 55% SIO2

MpuMeYaHue: N3MEHEHO Ha3BaHWe, OMylleHa npasas YacTb qur. (ropbl AnyceHn — cM. dur. 14);
[OMNONHUTENLHO BBEAEHO: 0603HaYeHMe CTpaH CBeTa COrnacHo qur. 4.
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Fig. 6. Space—time—composition diagram for the calc-
alkaline volcanites of the Gutai Mts. [Lexa and Konesny
1974, Fig. 4]

Legend as in Fig. 5
Note: altered—title; orientation as in Fig. 4

6. abra. Tér—id6—osszetétel diagram a Gutin-hegység
mészalkali vulkanitjaira [Lexa-Konesny 1974, fig. 4]
Jelmagyarazat mint az 5. abran
Megjegyzés: megvaltoztatva — az elnevezés; kiegészit-
ve — tajolas a 4. abranak megfelel6en

our. 6. [lnarpaMma NpoCTPaHCTBO—BPEMS—COCTaB
/151 N3BECTKOBO-LLE/NOYHbIX BYJIKAHUTOB [YTHIFICKUX rop
[Lexa—Konesny 1974, fig. 4]

YcnoBHble 0603HaYeHNs cM. Ha dmr. 5

MpuMeyaHne: M3MEHEHO Ha3BaHWe; A0MONHUTENbHO BBe-
[eHo: 0603Ha4YeHMe CTpaH CBeTa cornacHo dur. 4

Szadeczky-Kardoss 1971, 1975; Danilovich 1974, 1975, 1976; Gofshtein 1975;
Dolenko and Danilovich 1975]. Indeed, whereas volcano chains show a clear-cut correlation
with the Carpathian mountain 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. 1977a]. 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 oneény
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 of Vihorlat-Gutai
and Calimani-Harghita.

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 Konesny 1974,
Fug. 3]

Legend as in Fig. 5
Note: altered — title; orientation as in Fig. 4

7. &bra. Tér—id6—osszetétel diagram Kelet-Szlovakia, Ukrajna és Eszak-
Magyarorszag meészalkali vulkanitjaira [Lexa—koneony 1974, fig. 3]

Jelmagyarazat mint az 5. abran
Megjegyzés: megvaltoztatva — az elnevezés; kiegészitve — tajolas a 4.
abranak megfelelen

dur. 7. AmarpamMma NpOCTPaHCTBO—BPEMS—COCTaB [ W3BECTKOBO-
LLeNOYHbIX BY/NKaHUTOB BocTouHolt CnoBakuu, YkpauHbl v CeBepHoi
BeHrpun [Lexa—K oneCny 1974, fig. 3]

YcnoBHble 0603Ha4YeHNS CM. Ha ur. 5

MpuMeyaHne: N3MeHeHo HasBaHWe; [OMOMHNUTENLHO BBEAEHO: 0603HaUeHNe
CTpaH cBeTa CcornacHo ¢ur. 4

of the earlier Benioffzone - the volcanic belt israther 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 matter of
fact, for the Cdlimani-Harghita mountain range even the authors of this counter-argument
failed to show this by their data (Fig. 5); for the Gutai Mts. their data show a definite in-
crease (Fig. 6); as regards East Slovakia, the Soviet Transcarpathians and North 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
termination 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. At the same time, the reasoning in favour of this
analogy [Naumenko-G oncharuk 1969, D rumia 1973, Bleahlt et al. 1973, Gofshtein
1975] has retained its validity: the East Carpathian volcanites are analogous as regards com-
position to those of the island arcs ; also, in the cross-section of the East Carpathian 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. Roman 1970, 1971,
Bleahu et al. 1973, Herz-Savu 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 of 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 of 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, Horvath 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 ofisland 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, Geologicka Tapa
CSSR 1967, Geomagnetic map of Hungary 1966, Giusca et al. 1973, Merlich—Spitkovskaya
1974, Mikhaylova et al. 3974, Radulescu et al. 1973, Tectonic map... 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: ¢ — Vihorlat— Gutai mountain chain; @ — Calimani—Harghita mountain
chain; ® — Vrancea belt

8. abra. A pliocén kori mészalkali vulkanok elrendez6dése a Karpati régioban: Keletkarpati
vulkani 6v
A térkép az aldbbi anyagok felhasznélasaval készilt: Balla et al. 1977a, Carte géologique... 1967,
Carte tectonique... 1964, Geologicka Tapa CSSR 1967, Geomagnetic map of Hungary 1966,
Giusca et al. 1973, Merlich-Spitkovskaya 1974, Mikhaylova et al. 1974, Radulescu et al,
1973, Tectonic map... 1973.

1—javarészt andezites—andezito-bazaltos vulkanok: a — felszinen, b — eltemetve; 2 — vulkani

centrumok (felszinen); 3 — vulkanok kontarjai: a — foldtani térképezés alapjan, b — mélyfaras

alapjan, ¢ — feltételezett; 4 — flis a felszinen és a Nagyalfold aljzatdban; 5— Karpéti el6mélység;

6 — ofiolitkibivasok a Nagyalféld aljzatdban (flrasokkal ellendrzott magneses anomalidk tengely-

vonalai — Kdzépmagyarorszagi Ofiolit-6v); 7 — a Karpati gy(rt rendszer kontdrja; 8 — Szirtdv és

szerkezeti ekvivalensei; 9 — Vrancea szeizmikus 6v. Szamok a térképen: ¢ — Vihorlat—Gutin
hegylanc; © — Kelemen—Hargita hegylanc; © — Vrancea-6v

dur. 8. PasmellieHVe W3BECTKOBO-LUEMOYHbIX BY/NKaHOB MAMOLEHOBOrO Bo3pacta B Kapmatckom
pervioHe: BOCTOYHOKapPNaTCKMIA BYNKAHUYECKMWIA NOsC

KapTta coctaBneHa C MCMNoMb30BaHWEM Clegylowmx matepuanos: Balla et al. 1977a, Merlich—

Spitkovskaya 1974, Mikhaylova et al. 1974, Carte geologique... 1967, Carte tectonique...

1964, Geologicka Tapa CSSR... 1967, Giusca et al. 1973, Geomagnetic map of Hungary...
1966, Radulescu et al. 1973, Tectonic map... 1973.

1 — By/IKaHbl MpPeNMYLLIECTBEHHO aHAe3MTOBble [0 aHAe3UT0-6a3aNbTOBbIX: @ — Ha MOBEPXHOCTH,
b — norpebeHHble; 2 — ByNKaHWYeCKMe LEHTPbl (Ha NMOBEPXHOCTU); 3 — KOHTYPbI BY/IKAHOB: a —
Mo AaHHbIM TeosIorMYeckoi CbeMku, b — Mo AaHHbIM OypeHus, ¢ npegnonaraemble; 4 — v
Ha NOBEPXHOCTU U B PyHAaMeHTe BonbLUIO BeHrepckoil BnafunHbl; 5 — lpefkapnaTckuii nporune;
6 — BbIX0fbl 0(MONMTOB B PyHAaMeHTe BonblIOi BeHrepckol BnagnHbl (0CU MarHUTHbIX aHOMa-
NNIA, 3aBepeHHbIX 6ypeHneM — CpefiHeBeHrepcknii OhronnMToBbI Nosc); 7 — KOHTYp Kapnartckoii
CKNnagyartoi cucTeMbl; 8 — YTecoBasi 30Ha W ee CTPYKTYPHbIE 3KBUBaNeHTbl; 9 — ceiicMothoKanbHas
30Ha

Lingpbl Ha KapTe: ¢ — uenb Buxopnat—ryThiil; © — uenb Kanumann—Xapruta; © — 30Ha
BpaHua






Fig. 9. Arrangement of the alkaline basalts in the Carpathian region
Sources: Carte géologique... 1967, Carte tectonique... 1964, Ciofuca etal. 1973, Cserepesné 1978,
Geologicka Tapa CSSR 1967, Geological map of Hungary 1956, Gyarmati 1977, lanovici et al.
1976, Koneodny et al. 1975, Radulescu et al. 1973, Tectonic map... 1973, Viczian 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 Opbhiolite belt); 5 — contour of the Carpathian fold system; 6 — Klippen Belt and struc-
tural equivalents
Numbers on the map: ¢ — Styria; © — the Little Hungarian Plain; ® — Balaton Highlands;
© — Stiavnica Mts., © — Filakovo—Salgétarjan; © — Sarospatak—10(Gyarmati 1977); © —
Kiskunhalas—W—3 (Cserepesné 1978) © — Bar (Viczian 1865); © — Lukarec; ® — Poiana
Rusca Mts., ® — Percani Mts.

9. abra. Alkali-bazaltok elrendezédése a Karpati régidban
Atérkép az aldbbi anyagok felhasznalasaval késziilt: Carte géologique... 1967, Carte tectonique...
1964, Ciofuca et al. 1973, Cserepesné 1978, Geologickd Tapa CSSR 1967, Geological map of
Hungary 1956, Gyarmati 1977, lanovici et al. 1976, Koneény et al. 1975, Radulescu et al. 1973.

Tectonic map... 1973, Viczian 1965.
1 — alkali-bazaltok: a — felszinen, b — mélyfurasban; 2 — flis a felszinen és a Nagyalfdld aljzata-
ban; 3— Karpati elémélység; 4 — ofiolitkiblvasok a Nagyalfold aljzataban (farasokkal ellenérzétt
magneses anomalidk tengelyvonalai — Kdzépmagyarorszagi Ofiolit-6v); 5— a Karpati gy(irt rend-
szer kontdrja; 6 — Szirtdv és szerkezeti ekvivalensei

Szamok a térképen: © — Stajerorszag, © — Kisalfold; © — Balatonfelvidék; @ — Selmeci-hegy-
ség; © — Fllek—Salgotarjan; © — Sarospatak—10 (Gyarmati 1977), © — Kiskunhalas—Ny—3
(Cserepesné 1978),® — Bar (Viczian 1965), © — Lukacskd, ® — Ruszka-havasok, © — Persanyi

hegység
dur. 9. Pa3melleHmne LWenoyHbIX 6a3anbTomaoB B KapnaTckom pervoHe. KapTa cocTaBfieHa C uc-
nofb3oBaHWeM cregytolmnx matepuanos: Carte géologique... 1967, Carte tectonique ... 1964,

Ciofuca et al. 1973, Cserepesné¢ 1978, Geologicka Tapa CSSR... 1967, Gyarmati 1977, lanovici
étal. 1976, Konesny et al. 1975, Geological map of Hungary... 1956, Radulescu et al. 1973,
Tectonic map... 1974, Viczian 1965.

1 — wenoyHble 6a3anbTONUAbI: & — Ha NMOBEPXHOCTYU, b — B CKBaXKMHE; 2 — (DML HA NOBEPXHOCTU
1 B hyHameHTe B0NbLIOI BeHrepckoii Bnadutbl, 3 — Mpefkapnatckuii nporut; 4 — BbIX0Abl 0K~
ONUTOB B (hyHAaMeHTe Bonblioi BeHrepckoil BnaguHbl (OCU MarHUTHbIX aHOManuii, 3aBepeHHbIX
6ypeHnem — CpeaHeBeHrepckuini OprnonmToBbIi Nosc); 5 — KoHTyp KapnaTtckoli cknagyaToil cuc-
TeMbl; 6 — YTecoBasd 30Ha U ee CTPYKTYPHbIe 3KBUBAIEHTbI

Lundpbl Ha kapTe: @ — LTnpus; © — Manas BeHrepckas BnaguHa; © — MpubanaToHbe; ® —

LLTtaBHMUKKMe Topbl; © — dunakoBo—LUanrotapbaH; © — Lapownatak—10 [Gyarmati 1977];

© — KuwkyHxanaw-3anag-3 [Cserepesné 1978]; ® — bap (Viczian 1965]; ® — Jlykapeu;
® — lMosHa Pycka; © — lMepLluaHbCKue ropol
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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.

Of 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 onesny 1974], in connection with the Inner-Carpathian volcanic area.

1. The spatial discontinuity of volcanism - as a matter of 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 of 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 isrelated to a zone of WSW-ENE-strike concordant with the
Pre-Neogene formations [Wein 1969, 1973, Kérossy 1970, Balla et al. 1977a] and almost
perpendicular to the East Carpathian volcanic belt (Fig. 16). Along the rather abrupt south-
ern margin of this zone lies the flysch-belt of the Great Hungarian Plain [Kérossy 1959;
Szepeshazy 1973], further southwards the Central Hungarian ophiolite belt [Szepeshazy
1977].
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Fig. 10. Alkaline basaltic rocks in Transalpine Europe [Milanovskiy—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 : 0 — Central France (Oligocéne—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 (Oligocene — Holocene, maximum in U. Oligo-
cene-Miocene), @ — Eifel (up to Holocene), ® — Laacher (till Holocene), @ — Siebengebirge
(Oligocéne—L. Miocene), @ — Westerwald (Oligocéne— L. Miocene), ® — Vogelsberg, ® —R06hn
(Oligocéne — L. Miocene), © — Hessen, © — Odenwald (Oligocéne — L. Miocene), ® — Katzen-
buckel (L. Eocene); @—@ — Bohemian—Silesian area (three phases: U. Oligocéne — L. Miocene,
M. Miocene — L. Pliocene, U. Pliocene — Quaternary, maximum in L. Miocene), © — Cheb,
® — Doupovské Hory (L. Miocene), ¢ — Ceské Stredohori, @ — Lausitz (U. Oligocéne — L.
Miocene), @ — Silesia (U. Oligocene — L. Miocene), @ — Nizky Jesenik (U. Pliocene — L. Ple-
istocene); @—© Alpine area: @ Styria (two phases: U. Oligocéne — L. Miocene and M. Pliocene),
@ — Balaton Highlands (U. Pliocene — Pleistocene)

Note: altered — title, simplified — the geographical background
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10. abra. Alkali bazaltoidok az Alpokon kivili Eur6paban [Milanovskiy-K oronovskiy 1973,
fig. 16]
1 — epipaleozoos tabla;
2 — a kainozoikumban boltozatos vagy tombds kiemelkedést szenvedett részei;
3 — ratelepiilt kainozoos grabenek és stllyedékek;
4 — alpi gy(ir6dést szenvedett tabla-részek;
5 — alpi el6mélységek;
6 — az Alpok kiils6 (északi) dve és a Karpati Flisdv;
7 —az Alpok és Dinaridak mezozoos és id6sebb képz6dményei;
8 — hegykozti medencék;
9 — alkali bazaltoidok;
10 — negyedid&szaki vulkan;
11 — nagyméretli torések;
12 — ratolédasok és takarok frontalis részei;
13 — vet6dések;
14 — vulkani teriiletek és korzetek (koruk a széveg alapjan)
Szamok a térképen; © —Kozép-Franciaorszagi terilet (oligocén—negyedkor, maximum a pliocén-
ben); ©—© — Dél-rajnai terilet (miocén): © — Vogézek, © — Kaiserstuhl (a—k. miocén),
© — Schwarzwald, © —Hegau (f. miocén), © — Ugach (f. miocén), © — Nordlingen (f. miocén),
® —= Fichtelgebirge (miocén); © —© — Eszak-Rajnai teriilet (oligocén-holocén, maximum a f.
oligocénben — miocénben); © — Eifel (holocénig), ® — Laacher (holocénig), © — Siebengebirge
(oligocén — a.miocén), @ — Westerwald (oligocén — a. miocén), @ — Vogelsberg, ® — Rohn
(oligocén — a. miocén), ® — Hessen, ® — Odenwald (oligocén — a. miocén), © — Katzenbuckel
(a. eocén); ® —@ — Cseh-Sziléziai teriilet (harom fazis: f. oligocén — a. miocén, k. miocén — a.
pliocén, f. pliocén —"negyedkor, maximum az a. miocénben); ® — Cheb, ® — Doupovské Hory

(a. miocén), @ — Ceské Stredohori. @ — Lausitz (f. oligocén — a. miocén), @ — Szilézia
(f. oligocén — a. miocén), @ — Nizky Jesenik (f. pliocéen — a. pleisztocén); @—@ — alpi terilet:
@ — Stajerorszag (két fazis: f. oligocén — a. miocén és k. pliocén), © — Balatonfelvidék (f.

pliocén — pleisztocén!
Megjegyzés: megvaltoztatva — az elnevezés; egyszerisitése — az alap tartalma

our. 10. LenoyHble 6a3anbTouabl B KaliHO30e BHeanbnuiickoin EBponbl [Milanovskiy—Koro-
novskiy 1973, cur. 16 Ha cTp. 208]

1 — anunaneo3oiickas nnatopma;
2 — ee yyaCTKu, UCMbITaBLUME B NO34HEM KaiiHO30€ CBOAOBbIE WY FNbl60BbIE NMOAHATUS;
3 — Ha/loXeHHble KaiHO30MCKMe rpabeHbl U BMafuHbI;
4 — yyacTKu NNatopmMbl, UCMbITaBLUME &IbNUACKYIO CKNAAYaTOCTb;
5 — anbnuiickme KpaeBble MPOruobl;
6 — BHelLHWe (ceBepHble) 30HbI Anbn 1 hnwwesas 3oHa Kapnar;
7 — Me3030/icKMe 1 6onee ApeBHMe Komnnekcol Anbn, KapnaTt u JuHapug,;
8 — MeXropHble BNaguHbl;
9 — wenoyHble 6a3anbTongbl;
10 — YeTBEPTUYHBIV BY/IKaH;
11 — KpynHble pa3nombl;
12 — (poHTaNbHbIEe 30HbI HAABWUIOB U NOKPOBOB;

3 — cbpochbl;
14 — BynKaHMYecKne 061acTn 1 painoHbl (BO3pacT — MO TEKCTY):
© — LeHTpanbHo-®paHLy3ckas 06nacTb (OUIOLEH—AHTPOMOreH, MaKCUMYM B MIVOLEHE);

© —© — HOXxHo-PeiiHcKasa obnacTb (MmoueH): © — Boresbl, © Kalizepwtynb (H—Cp. MUOLIEH),
@ — LBapugabg, © — Xeray (B. MmoLeH), © — Yrax (B. muoueH), ® — HopanuHren (B. Muno-
LeH), © — duxtensrebupre (M1oLeH); @—© — Ceepo-PeiiHckas 061acTb (0MrOLeH—TOMOLEH,
MaKCUMYM B B. O/INrOLleHe—MUMOLEHe): ® — Biidens (B0 ronoueHa), ® — Jlaaxep (40 ronoueHa),
® — 3ubeHrebupre (0NMroLueH—H. MMOLEH), @ — BecTepBanbg (01MroueH—H. MUoLeH), ® —
— ®orenbcbepr, ® — PE&H (onuroueH—H. MuoueH), © — lecceH, © — OpeHBabf, (ONNTOLEH
—H. MuoueH), © — KaTtueHbykenb (H. 3oueH); @—@ — Yewcko-Cunesckasa obnactb (Tpy dasbl:
B. O/INrOLEH—H. MUOLIEH, CP. MUOLEH—H. NIMOLEH, B. NANOLEH—AaHTPOMOreH, MakCUMyM B H. MUO-
LeHe): @ — Xeb, ® — [ynoBckue ropbl (H. M1oueH), @ — Yewickoe cpegHeropbe, @ — Jlaysuy,
(. onuroyeH—H. muoueH), @ — Cwunesnsa (B. onuroueH—H. muoueH), @ — Hwuskn EceHuk (B.
NAVOLEH—H. NnelicToueH); @—© — Anbnuiickas 06nactb: @ — LTupusa (aBe hasbl: B. 0NUroLeH
—H. MUOLLEH U cp. NanoLeH), @ — MpubanaToHbe (B. NANOLEH—INEACTOLEH)
MpumeyaHve: N3MEHEHO Ha3BaHue, YNPOLLEHO COAepXXaHWe OCHOBbI
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12° KO 16° 16° Fig. 11. Arrangement of the
volcanoes of the Calabrian arc
[Ninkovich—Hays 1972, Fig. 1]
Note: altered — title; deleted —
earthquake epicentres

11. &bra. A Kalabriai iv vulkén-
jainak elrendezédése [Ninkovich-
Hays 1972, fig. 1]

Megegy.zés: megvaltoztatva — az
elnevezes ; elhagyva — a foldrengés-
epicentrumok

our. 11. PasmelleHMe BY/IKaHOB
Kana6puiickoin gyrn [Ninkovich-
Hays 1972. fig. 1]

MprMeyaHne: M3MEHEHO HasBaHWe,
ONyLLEHbl  3MULEHTPbI  3eMNeTpS-
ceHui

This remarkable complex (ophiolites, flysch, calc-alkaline volcanites) immediately sug-
gests the proximity of an ancient lithosphere plate boundary. The existence of this boundary, or
at least of one between the structural-formational belts is generally accepted [K&rossy
1963, 1964, 1965a, 1965b; Balogh-K 6rossy 1968; Wein 1969, 1973, 1978a, 1978b;
Dank-Bodzay 1971; Tectonics... 1974; Bodzay 1975; Szepeshazy 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.
From 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 of 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. é&bra. A Hellén iv vulkanjainak elrendezddése [Fytikas et al. 1976, fig. 1]
Térképi jelolések: C — Crommyonia, AE — Aegina, MH — Methana, M — Milos, S — San-
torini, NY — Nysiros, TH — Thebe, AC — Achilleion, A — Antiparos, KO — Kos

Megjegyzés: megvaltoztatva —eaz elnevezés; egyszeriisitve — az alap tartalma

dur. 12. PasmelyeHne By KaHOB DNNMHCKON ayru [Fytikas et al. 1976, fig. 1]

O603HayeHns Ka KapTe: C — KpommuoHuns, AE — 3rnHa, MH — MeTtaHa, M — Munoc,
S —e CaHTOpuH, NY — Hucupoc, TH — ®uBbl, AC — AxunneitioH, A — AHTuMapoc,
KO — Koc

[MpumMeyaHne: N3MEHEHO Ha3BaHWe, YNpPoLLEHO CoAepXaHue 0CHOBbI
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Fig. 13. Space—time—composition diagram for the calc-alkaline volcanites of Central Slovakia
and North Hungary [LexA—Koneiny 1974, Fig. 2] Legend as in Fig. 5
Note: altered — title; deleted — alkaline basalts; orientation as in Fig. 4

13. 4bra. Tér—id6—osszetétel diagram Kozép-Szlovakia és Eszak-Magyarorszag mészalkéli vulkanit-
jaira [Lexa-K oneiny 1974, fig. 2] Jelmagyarazat mint az 5. abran
Megjegyzés: megvaltoztatva — az elnevezés; elhagyva —azalkali bazaltok; kiegészitve — tajolas a 4.
abranak megfelel6en

dur. 13. Anarpamma MpoCTPaHCTBO—BPEMS—COCTaB [/11 WN3BECTKOBO-LLENOYHbIX BY/IKaHWUTOB
CpepHeii Cnosakun 1 CesepHoii BeHrpumn [Lexa-K oneCny 1974, fig. 2]
YcnoBHble 0603HaYeHNs cM. Ha dmr. 5
MpuMeyaHne: M3MEHEHO Ha3BaHWe, OMYLUeHbl LeNoYHble 6a3anbThbl; AOMOMHUTENBHO BBEAEHO:
0603HayYeHNe CTpaH CBeTa COrnacHo qur. 4

ENE WSW
0 KD 200 300 KM
Pannon
Sarm. |a,|
Baden.
Korpét,

Fig. 14. Space—time—composition diagram for the calc-alkaline volcanites of the ApuseniMtf.
(Lexa—Koneony 1974, Fig. 5) Legend as in Fig. 5
Note: altered —title, deleted — left-hand-side of the Figure (Calimani—Harghita mountain change,
cf. Fig. 5); orientation as in Fig. 4

14. abra. Tér—id6—0sszetétel diagram az Erdélyi-k6zéphegység mészalkali vulkanitjaira [Lexa-
Koneény 1974, fig 5.]
Jelmagyarazat mint az 5. abran
Megjegyzés: megvaltoztatva — az elnevezés; elhagyva — az abra bal oldala (Kelemen—Hargita
hegylanc, Id. az 5. abran); kiegészitve — tajolas a 4. abrank megfeleléen

®ur. 14. [unarpamma NpOCTPaHCTBO—BPEMS—COCTaB [/l M3BECTKOBO-LLENOUYHbIX BY/IKAHUTOB
rop Anycenn [Lexa-K onedny 1974, fig. 5] YcnoBHble 0603Ha4YeHMs CM. Ha ur. 5
MpumMeyaHue: M3MEHEHO Ha3BaHWe, OMylleHa neBas 4acTb qur. (uenb KanumaHn—Xapruta, cm.
¢ur. 5); fONONHWTENLHO BBEAEHO: 0603HAYeHVe CTpaH CBeTa corfacHo dur. 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. abra. Miocén és pliocén vulkanitok elrendezédése az USA nyugati részén [Smith 1976, fig. 3]
Megjegyzés: megvaltoztatva — az elnevezés; az abra beforgatva az égtajaknak megfeleld iranyba

our. 15. PacnpefeneHne MAOLEHOBLIX U MIMOLEHOBLIX BY/KaHUTOB Ha 3anafe CLLUA [Smith 1976,
Fig. 3]

[pumMeyaHne: N3MEHEHbI Ha3BaHWe 1 cucTeMa NOSICHEHNIA K YCNOBHbIM 0603Ha4YEHMNAM, (1)I/IF. NOBEPHY-
Ta B COOTBETCTBUU C opmeHTaumeVl Nno cTpaHam CBeTa

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 onesny 1974]. This question has not been thor-
oughly studied as yet because :

a) Part of the chemical analyses is obsolete and relates to a variageted set of 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, Szadeczky-Kardoss et al. 1967] one can not collect more than
a few tens of published analyses, reliable at least with regards to volatile-content.



22 Z. Balia

c) Any attempt to merge the analyses of large territorial units such as Central Slovakia,
North Hungary, the Tokaj-Presov mountain range, the Zemplén Mts., Vihorlat, or 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. For example, the large stratovolcanoes in
North 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 of 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 of the Miocene volcanites. This is indicated
by the paleomagnetic data, which show different average declinations and inclinations bet-
ween the Borzsony, Cserhat, Matra and Tokaj Mts. (Table I), and by the satellite imagery

Table |

Average declinations and inclinations for the North Hungarian
Miocene volcanites (Marton 1977, Table 1.)

MOUNTAINS N Do (o] a°
Borzsony 35 5 63 4
Cserhét 8 357 64 7
Matra 12 351 53 5
Tokaj 16 332 71 6

N — number of data

DO — average declination

10 — average inclination

a® — 95% confidence radius of the estimate of the average

direction (D°, 1)

suggesting a large-scale lateral displacement within the Matra Mts. (Fig. 17). Further move-
ments after the Miocene should have upset the relative position of the volcanoes or of 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—Ké&rossy 1968; Bodoky et al. J977,

Carte géologique... 1967; Carte tectonique... 1964; Cioflica ez al. 1973, Geologicka Tapa CSSR

1967. Geological map of Hungary 1956, Geomagnetic map of Hungary 1966, Gyarmati 1977,

lanovici et al. 1976, A. Juhasz 1964, 1971, Juhasz—Kévary 1964, Kiss 1951, Koneény et al.

1975, Kérossy 1956, 1963, 1964,1965a, 1965b, 1970, M erlich—Spitkovskaya 1974, Mikhaylova

etal. 1974, Pant6 1962, Szepeshazy 1973, 1977,1979, Székyné Fux 1957, Tectonic map... 1973,
Varga et al. 1975, Volgyi 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 (Cserhat—Matra); 5— contours of volcanoes
and volcanic areas: a— from geological mapping, b — from borehole data, ¢ — 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)—Javorié ; © — Pollana;— ® Borzsény ; © — Dunazug; ® — Cserhat; ® — Mat-
ra; © — Bukk foothills; @ — Tokaj Mts., © — PreSov range; © — Zemplin; © — BeregovoHills;
© — The Nyir—Hajdu district; © — Apuseni Mts.

16. &bra. A miocén koru mészalkali vulkanok elrendez&dése a Karpati régidban: Belsékarpati vulkani
aredl

Megjegyzés: 1. A térkép forrasait lasd az angol szévegben i
2. Nem lettek figyelembe véve a Délnyugat-Magyarorszagra és Eszak-Jugoszlaviara vo-

natkozé szérvanyos adatok

1—javarészt andezites vulkanok: a — felszinen, b — eltemetve; 2 — javarészt riolitos vulkani ter-
letek: a — felszinen, b — eltemetve; 3 — vulkani centrumok: a — felszinen, b — eltemetve (geo-
fizikai adatok alapjan kijeldlve); 4 — andezittelérek (Cserhdt—Matra); 5 — vulkanok és vulkani
teriiletek kontarjai: a — foldtani térképezés alapjan, b — mélyfaras alapjan, c — komplex geofizika
alapjan, d — magneses anomalidk alapjan, e — feltételezett; 6 — flis a felszinen és a Nagyalfold
aljzatdban; 7 — Karpati elémélység; 8 — ofiolitkiblvasok a Nagyalféld aljzatdban (farasokkal
ellen6rzott magneses anomalidk tengelyvonalai — K6zép-magyarorszagi ofiolit-6v); 9 — a Karpati
gydrt rendszer kdrvonala; 10 — Szirtdv és szerkezeti ekvivalensei

Szamok a térképen: © — Pohronsky Inovec; © — Vtacnik: ® — Kdérmdd vulkan; © — Selmeci

vulkan; © — Javoros; © — Polyana; © — Borzsény; ® — Dunazug; ® — Cserhat; © — Matra;

© — Biikkalja; ® — Tokaji hegység; ® — Eperjesi vonulat; © — Zemplén; © — Beregszaszi
dombvidék; © — Nyirség—Hajdusag; @ — Erdélyi-kdzéphegység

dur. 16. PasmeLleHvie M3BECTKOBO-LLENOYHbIX BY/IKAHOB MWOLIEHOBOrO BO3pacTta B KapnaTckom
pervioHe: BHYTpMKapnaTCKuiA ByNKaHWYECKMNiA apean

MpumeyaHne: 1 WCTOMHMKM COCTaBNEHWNS KapTbl—CM. B aHT/IMACKOM TEKCTe
2. He yuTeHbl cnopaguyeckne gaHHble no HOro-sanagHoi BeHrpum n no CeBepHoii
HOrocnasun

1— BynKaHbl MPEUMYLLECTBEHHO aHAEe3MTOBblE: & — Ha MOBEPXHOCTU, 6 — norpebeHHble; 2 — ByN-
KaHW4yeckve 06nacTvi NperMyLLEeCTBEHHO PUOMMTOBbIE: 8 — Ha MOBEPXHOCTW, 6 — Norpe6eHHble; 3 —
BY/IKAHWYECKNE LIEHTPbI: & — Ha MOBEPXHOCTW, 6 — norpebeHHble (BblAeNeHbl MO AaHHLIM reo(usn-
Kn); 4 — paiikn aHge3nToB (YepxaT—Matpa); 5— KOHTYpbl BYIKaHOB U BYIKAHUYECKUX 061acTeil:
a — M0 AaHHbIM reosorMyecKoil CbeMkm, b — no faHHbIM GypeHusi, ¢ — Mo KOMMJIeKCYy reousmye-
CKMX [aHHbIX,  — M0 MarHUTHbIM aHOManuaM, e — npegnonaraemble; 6 — AN HaA NOBEPXHOCTY
1 B (hyHAameHTe Bonbluoii BeHrepckoil BnaguHbl; 7 — MpefkapnaTckuii npourntd; 8 — BbIXOAbl
ohnonnToB B (hyHAaMeHTe BonbLuoi BeHrepckoin BnaguHbl (OCU MarHUTHBIX aHOMaWiA, 3aBEPEHHbIX
6ypeHnem — CpefiHeBeHrepckuii OthronnToBbIi Nosc); 9 — KOHTyp KapnaTtckoii cknagyartoit cuc-
Tembl; 10 — YTecoBas 30Ha W ee CTPYKTYPHble 3KBUBAIEHTbI
Lngpbl Ha KapTe: @ — MoxpoHckn MHoeel; © — BTayHuK; ® — KpeMHWLKWIA ByfiKaH; ® —
LLITABHMLKMIA BynKaH; © — HABopue; © — MonsHa; © — BEpxeHb; © — [lyHasyr; © — Yepxar;
© — Martpa; @ — btokkanbsa; © — Tokalickme ropbl; ® — lMpelwoBckas rpaga; ® — 3eMnnH;
® — beperoBckoe xonmoropbe; ® — Hbupwer—Xaiigywar; © — ropbl AnyceHn






Fig. 17. Assumed wrench fault in the Miocene andesite volcano of the Matra 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 Matra Mts. ; 3— sections of the dividing ridge destroy-
ed by erosion; 4 — assumed wrench fault (the so-called Darno-line)

17. abra. Feltételezett eltolodas a Matra-hegység miocén koru andezitvulkanjaban
a — Landsat—100, E—1465—09015, MSS 457 (1973. 10. 31.) (irfénykép részlete;
b — szerkezeti értelmezési vazlat
1— az eredeti vulkani gy(ir(s szerkezetet jelz6 mai vizvalaszté gerinc; 2 — a Keleti-Matra viz-
valaszto gerincének feltételezett eredeti helyzete; 3 —a gy(r(s vizvalaszté gerinc erézio altal meg-
semmisitett szakaszai ; 4 — feltételezett eltolédas (az un. Darno-vonal)

®ur. 17. MpeanonaraemMblii cABUr B MUOLLEHOBOM aH/Ae3MTOBOM By/KaHe rop MaTtpa
a — (hparMeHT KocMuuyeckoro cHumka Landsat—100, E—1465—09015, MSS 457 (31. 10. 1973)
6 — cXxema CTPYKTYPHOI MHTepnpeTauum
YcnoBHble 0603HaYeHNs: 1 — COBPEMEHHbI BOAOpa3feNbHbIA XpebeT, 0TMeYatoLmii NepBuIHy0
KO/bLIe06Pa3HYH0 BY/IKAHWYECKYO CTPYKTYpY; 2 — MpeAnonaraeMoe UCXOAHOE MOMIOXKEHUE BOLO-
pa3genbHoro xpe6Ta BocTouHor Matpbl; 3— 0Tpe3Ku Ko/bLieo6pasHOro Bogopasae/ibHOro XpeoTa,
YHUUTOXEHHbIE 3p03ueit; 4 — npegnonaraemblii caBur (T. H. ,,AMHUS [JapHo*)
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I11. Conclusions for the Evolution of the Carpathian Region

Neogene calc-alkaline volcanism proves that before the Miocene there existed a basin of
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
of 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 solidframe 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 [Dewey et al. 1973, Channell-H orvath
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 Miocene-
Lower Pliocene alkaline-basaltic magmatism [Fytikas 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. For the present purposes it suffices to note that no conceptual obstacles have re-
mained with the spatial aspect, and that any reconstruction of the ancient movements should
proceedfrom the south. As judged from the polarity of 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, Channell-H orvath 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 ofthe 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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