
lh/: 

V edícii Západné Karpaty séria geológia doteraz vyšli tieto práce: 

In the periodical Západné Karpaty (West Carpathians) so far the folloving articles have been 
published in the series Geológie: 

Geológia 1: 

ly larschalko, R. — Mišfk, M. — Kamenický, L.: Petrographie der Flysch-Konglomerate 
und Rekonstrukzion ihrer Ursprungszonen (Paläogen der Klippenzone- und der angrenzen-
den tektonischen Einheiten der Ostslowakei) — Petrografia flyšových konglomerátorov a re
konštrukcia ich zdrojových zón (paleogén bradlového pásma a priľahlých tektonických 
jednotiek východného Slovenska (117 strán, 13 obr. v texte, 41 fotogr tab.) 

Hanáček, J.: Nové poznatky o triase strážovského a chočského príkrovu v strážovskej hor

natine — Information on the Triassic of the Strážov and Choč nappes in the Strážovská 
hornatina Mts. (26 strán, 1 fareb. príl., 9 fotogr. tab.) 

Janáček , J.: Pŕispévek k problematice prúzkumu živic v pŕedmiocenním podkladu jihozá

padní časti vídeňské pánve — Beitrag zur Problematík der Erkundung von Bitumina in dem 
vormiozänen Untergrund des súdwestlichen Teiles des Wiener Beckens (30 strán) 

Maruš iak , I. — Lizoň, I : Geotermické pole Západných Karpát— Geothermal field of the 
West Carpathians (25 strán, 5 obr. v texte) 
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v neogéne centrálnej paratetydy (28 strán, 1 obr. v texte, 18 fotogr. tab.) 

Nemčok , J.: Deformácie flyšových sedimentov ako odraz dynamiky podložia — Deforma

tions of Flysch sediments as a reflection of dynamics of the basement (24 strán, 7 obr. v texte) 
Jacko , S.: Litologickoštruktúrna charakteristika centrálnej časti pásma Čiernej Hory — Litho
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1 obr. v texte) 
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I. Geotectonic regional classification of the magmatites 

The Tectonic Map of the Carpatho-Balkan regions on a scale of 1:1,000,000(M. 
MAHEĽ 1973) has revealed that the distribution of magmatites in the Eastern Alps, 
Carpathians, Balkan and Dinarides shows some characteristic features, sucn as: 

— Abundant, for the most part large bodies of preAlpine granitoids and only 
small, frequently isolated granitoid bodies of Alpine age; 

— predominantly acid volcanics (most frequently quartz porphyries), accompa

nying the oldest Neohercynian molasse (Upper Carboniferous — Permian); 
— numerous preCarboniferous volcanics (prevalently basites) and a limited 

distribution of the Alpine volcanics; 
— a prominent volcanoplutonic association of Alpine interorogenic rr.agmatic 

rocks associated with the premolasse fillings of longitudinal grabens in the Balkan, 
South Carpathians and Apuseni Mts. (banatite formation); 

— extensive occurrences of Tertiary volcanics, predominantly andesites accom

panied by rhyolites, confined to young intermontane basins; 
— numerous but small bodies of PliocenceQuaternary basalts scattered particu

larly in the interior zones of the Alpides. 
The editorial work on the Tectonic Map of the CarpathoBalkan regions and the 

preparation of synthetizing chapters in its Explanatory text (M. MAHEĽ et al. 1974) 
stimulated the author to study 

a) the role of the magmatites in the separate evolution stages of the Alpides (the 
timing of magmatism); 

b) the structural position of magmatites and their share in the formation of 
structures in the Alpine part of southeastern Europe. 

The study of the relationship between magmatites and sedimentary formations 
and folding processes was aimed at the analysis of the tectonic regime controlling the 
generation of magmatites and their influence on the tectonic evolution in the 
individual stages and areas of the Alpides, as well as at the elucidation of the crustal 
types in the Alpide area and their changes during the geological history. 

The structural layout of this paper is presented on the attached maps (Figs. 1,2). 



Fig. 1 Scheme showing the principal tectonic units of the Eastern Alps, Carpathians, Balkans and 
Dinarides 
1. Platforms 
2. Foredeep 
3. Flysch Zone of the Eastern Alps and of the East and West Carpathians, a) inner units 
4. Flysch of the inner arc 
5. Klippen Belt, a) Gresten Klippen Zone, b) Kotel Zone 
6. Penninicum 
7. Interior massifs 
8. Neovolcanics 
9. Large basins 
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The Tectonic Map of the Carpathian-Balkan Regions and their Foreland was used as 
a base for their preparation. 

The Alpine tectonic complexes were divided according to the date of their 
individualization into three categories: (a) the Palaeo-alpine units formed during the 
Austrian-Mediterranean folding phases (not including the more ancient Cimmerian 
units formed in the Mesozoic); (b) the Meso-alpine units formed during the 
Laramide-Pyrenean folding phases in the Palaeogene; and (c) the Neo-alpine units 
individualized by the Savian-Styrian folding phases in the Neogene period. The 
groups of facies also showing the tectonic regime of sedimentation (denoted as 
tectonogroups on the Tectonic Map) served us as indicators of the type and dynamic 
state of the crust and thus of the geotectonic conditions during the formation of 
magmatites in the individual evolution stages of the Alpide region. 

Tectonic units 

Eastern Alps: Oo — Oberostalpin,NG — NorthernGrauwackenZone,UO — Unterostalpin,GR — 
Palaeozoic of Graz, CK — East Alpine Crystalline, DR — Drauzug, NK — Northern Karawanken 

Inner West Carpathians: TS — Tatrides and Subtatric nappes (Krížna, Choč, Strážov), V — 
Veporide units, NG — North Gemeride unit. SG — South Gemeride unit, BU — Búkk, FC —Central 
Carpathian flysch 

Inner East Carpathians: ZO — Zemplinicum, BR — Bretilla unit, BC — Bucovina and 
Subbucovina nappes, T — Transylvanian nappes, FT — Transcarpathian flysch 

Apuseni: B — BihorZone, Ca — Codru-Arie$ani nappe, BH — Biharia, MC— Muncel nappe, MS — 
Metalliferous Zone, TS — Trascäu nappe, CM — Central massif 

South Carpathians: DN — Danubicum, G — Geticum, SG — Saska-Gornjak unit, KE — 
Kraishtides, SG — Suprageticum, S — Severin-(Kraina) 

Balkan: TR — Transitional Zone (northern margin) of Fore-Balkan, FB — Fore-Balkan proper, SP — 
Stará Planina Zone, LK — Luda-Kamchiya Zone, SR — Srednogorie, SS — Strandzha-Sakar Zone, R— 
Rhodope massif 

Dinarides — Hellenides: JV — Venetian, Julian and Savinian Alps, SF — Sava fold Zone, HG — 
Horst and graben Zone, VZ — Vardar Zone, O — Ophiolitic Zone, CD — Central DinaricZone, MD — 
Mirdita nappe, SC — Subpelagonic nappe, D — Durmitor Zone, VK — Visoki Krš nappe, DA — Zone of 
Dalmatian Folds, BV — Budva unit, KC — Krasta-Zukali unit, PI — Pindos unit, KJ — Kruja unit, SD — 
South Adriatic unit, IA — Ionian unit, SZ— Sazan unit, IS — Istriap platform 

Central Hungarian Massif and its projections: MH — Mid-mountains of Hungary, MK — 
Mecsek.VY —Villány 

Neovolcanic mountain ranges: SM — Slovakian Mid-mountains (Slovenské stredohorie), BÔ — 
Bórszóny Mts., CS — Cserhát Mts., MA — Matra Mrs., P-T — Prešov-Tokaj Mts., V-G — Vihorlat 
Guttin Mts., C-H — Caliman- -Harghita Mts. 
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On the basis of the above data the magmatites are divided into the following 
geotectonic types: 

— granitoids associated intimately with folding processes and the formation of 
the fundamental structural Alpine and pre-Alpine patterns; 

— Neohercynian late geosynclinal volcanics genetically linked closely to the 
Hercynian granitoids; they accompany Neohercynian molasse fillings of troughs and 
depressions; 

— pre-Alpine eugeosynclinal volcanics, accompanying pre-Carboniferous series 
of the Alpide region; 

— Mesozoic ophiolites restricted to particular structural zones; 
— Meso-alpine intraorogenic volcano-plutonic magmatites (banatites), accom

panying the graben-synclinoria and grabens filled with pre-molasses, and for the 
greater part with Alpine flysch; 

— late geosynclinal young volcanics related genetically with Late Tertiary 
intermontane basins, which are filled with Cenozoic molasses of several evolution 
stages, including the closing phase of the development of the large structures forming 
the recent relief (called the morphostructures); 

— final volcanics connected with the postorogenic stage of the Alpides. 
The magmatites will be dealt with in the succession given above. 

12 



II. Characteristics of the geotectonic types of 
magmatites 

1. Granitoids 

In the Alpides of Europe there is a striking difference between the proportion and 
size of pre-Alpine and Alpine granitoid bodies (Fig. 2). 

a) P r e - a l p i n e g r a n i t o i d s most frequently make up large plutons. They are 
usually divided according to their geotectonic age into pre-Baikalian, Baikalian, 
Caledonian and Hercynian granitoids. Most of the granitoid bodies occur within the 
oldest, mostly higher-metamorphosed complexes of the Alpine area, dated as 
pre-Palaeozoic by many authors. No wonder that their origin was often put into 
connection with the pre-Baikalian and Baikalian foldings, but recent radiometric 
dating has shown that the preponderant part of the granitoid bodies was emplaced 
during the Hercynian orogeny. Other granitoid bodies have been re-dated because 
the metamorphosed complexes in which they occur have recently been assigned to 
the Palaeozoic on the basis of biostratigraphic (palynological) study results. Attempt 
will be made here to outline the present state of knowledge, although the Alpide 
segments differ widely in the number and extent of granitoid bodies cropping out at 
the surface, and have not been investigated to the same detail (Fig. 2). 

In the Crystalline of the Eastern Alps, the granite-gneisses related genetically to 
the Grobgneis Series' are regarded as pre-Hercynian. This age has been confirmed 
by radiometric values of 582±52 m.y. obtained for the granite-gneiss at the eastern 
margin of the Alps in the Šopron Mts. in Hungary (E. SZÁDECKY-KARDOSS et al. 
1967). Major massifs of postkinematic granites distributed mainly in the Koralm 
Crystalline in Austria giving age values of about 270 m.y. are dated as Hercynian. If 
the Hercynian metamorphism in the Eastern and Southern Alps occurred between 
360 and 300 m.y. B.P. (E. JÁGER 1973), these granitoids are contemporaneous with 
the closing phase of the Hercynian metamorphic processes. The Variscan orogenic 
plutonism is represented in the Alps to a large extent (granitoids with radiometric 
ages about 240 m.y.), particularly in the Penninicum and somewhat less in the 
Crystalline of the Eastern Alps and Northern Karawanken (H. FLÚGEL 1975). 
Diorites and granites of Northern Karawanken (Eisenkappel), which produced 
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contact metamorphism of Palaeozoic complexes gave radiometric ages 227±7 m.y. 
(on biotite) and 244±6 m.y. (on pyroxenes). 

The West Carpathians of Slovakia and Poland (Fig. 3) have a particularly high 
portion of granitoids of different genetic and petrographic types. In the Tatride 
Crystalline showing only a slight Alpine reworking, granitoids are the main 
component of the crystalline 'cores'. The crystalline cores represent tectonic blocks, 
in which erosion and denudation proceeded to different levels. In some cores only 
upper parts of postkinematic batholiths or phacoliths with abundant pegmatite and 
aplite have been laid bare (the Little Carpathians, the Považský Inovec, northern 
part of the Branisko Mts.), whilst in other cores lower parts of these bodies crop out, 
containing synkinematic granitoids and broad migmatite belts (the Low Tatra, 
Slúbica, southern part of the Branisko). For the most part the rocks are biotite 
granodiorites, trondhjemites and quartz diorites (the Ďumbier type). The bodies of 
autometamorphic coarsergrained to porphyritic granite show a more pronounced 
differentiation (the Prašivá type: J. KAMENicKÝin M. MAHEĽet al. 1967) distributed 
in the marginal and upper parts of granitoid bodies. 

The more southerly Veporide zone of the West Carpathian Crystalline in Slovakia 
is distinguished by a prominent zonal arrangement of the granitoid bodies caused by 
a strong Alpine reworking of the crystalline complex. In its extreme northern 
(Lubietová) zone, granitegneisses, migmatites and minor elongated bodies of less 
stressed granite porphyry and granodiorite porphyry predominate. The latter are 
thought to be genetically associated with the effusions of Permian quartz porphyry 
(V. ZOUBEK 1931). The more southerly (Kraklová) zone (with a prevalence oi 
micaschists and phyllites and rich in basites) encloses minor allochthonous granitoid 
bodies. These represent nappe outliers translated from the Králová hola zone 
situated farther to the south. This is built up mainly of granitoids showing 
a secondary Alpine reworking and containing numerous xenoliths of the metamor

phosed rocks of the contact zone (A. KLINEC 1966). The most southerly (Kohút) zone 
of the Veporides is distinguished by a variety of granitoids (granitegneisses, 
migmatites, large granodiorite bodies of several structural types). Leucocratic 
granites probably of Permian age are fairly frequent on its southern border 
Autometamorphic granitoids do not form clearly defined bodies in the Kohút zone. 
Pneumatolytic processes did not produce a large number of pegmatites and aplites 
but an extensive migmatization of the country rocks and leucocratic granites 
containing relics of the primary biotite paragneiss (M. MAHEL et al. 1967). 

A distinctive feature of the Veporide zone is a strong Alpine tectonic reworking ot 
its granitoids, which form broad zones but display only faint metamorphic schistosi

ty, in contrast to the limited number of narrow mylonite zones dissecting the 
Crystalline of the Tatride zone. Minor bodies of granitoids without definite 
structural orientation, located along major tectonic lines of the Veporides, are the 
products of a later, probably Alpine granitization (A. KLINEC 1966). The mosi 
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southerly zone of the West Carpathians with the preserved pre-Alpine basement -
the Gemeride zone - is distinguished by lower metamorphism, a subordinate 
occurrence of minor pre-Alpine granitoid bodies and the presence of Alpine granites 
(Fig. 10). 

The substantial part of the West Carpathian granitoid bodies occur in the 
metamorphosed gneiss and mica-schist series, which until recently were thought to 
be pre-Hercynian, and are accompanied by migmatites. However, on the basis of 
recent palynological data part of the metamorphic, particularly mica-schist series is 
assigned to the Early Palaeozoic. Since most granitoids have also been radiometri-
cally dated as Palaeozoic, there is a tendency to place the overall granitization in the 
Hercynian epoch (I. BOJKO 1975). This trend confronts us with a thankless task to 
decide which of the granitoid bodies are pre-Hercynian. By analogy with other 
Alpide segments we consider as the oldest, probably pre-Hercynian, the granite-
gneisses, especially in the Ľubietová and Kohút zones of the Veporides, and some 
migmatites in the crystalline complexes of the Tatrides in the High Tatra Mts., the 
Ďumbier crystalline complex of the Low Tatra Mts. and the Čierna hora Mts.' 

Radiometric ages of West Carpathian granitoids range mostly from 320 to 280 
m.y. (J. KANTOR 1959a, J. BURCHART 1970, A. K. BOJKO 1975), but even the dates of 
230220 m.y. are relatively numerous. Although the radiometric ages should be 
estimated soberly (with regard to differences caused demonstrably by the differences 
in sampling and radiometric methods used), they did furnish instructive results in 
most cases. In the High Tatra Mts., the most frequent dates are 279—308 (317) m.y. 
for granitoids, 300—250 m.y. for migmatites and 257—254 m.y. for pegmatites. In 
the Low Tatra Mts., where the granitoid types are unusually varied, radiometric 
dating gave the folloving values (J. KANTOR 1959b, A. K. BojKoet al. 1965): biotite 
granite (Ďumbier type —on biotite) 305—296 m.y.; autometamorphic granodiorite 
(Prašivá type  on biotite ) 3 0 5  2 8 8 m.y. and 280 m.y. on feldspars; pegmatites 
320—315 m. y. (on muscovite); synkinematic granitoids (Králička type) gave higher 
values — 360 m. y. on muscovite and 320—325 m. y. on zircon — and pegmatites 
from this granite bodies 330 m. y. Migmatites making up an extensive zone in the 
crystalline complex of the Low Tatra Mts. also yielded higher dates of 335—395 m. 
y. (zircon) and 310—315 m. y. (monazite). Also the Muráň gneissose granites show 
the radiometric values 360 m. y. (zircon) (B. CAMBELet al. 1977). 

The granitoid bodies of the Little Carpathians in Slovakia deserve special 
attention, as they partly occur amidst the palaeontologically evidenced crystalline 
complexes. The granitoid of the Bratislava pluton emplaced in the gneiss micaschist

phyllite complex of the PezinokPernek Formation gave ages of 382 ±275 m. y., 
migmatites 309—305 m. y. and pegmatites and aplites of this pluton either the same 
or lower values (227—222 m. y. on muscovite and orthoclase —J. KANTOR 1959b). 
The northerly Modra pluton which produced contactmetamorphism of the Devo

nianLower Carboniferous Harmónia Group, yielded radiometric ages of 333 to 232 
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m. y., leucocratic granite 222 m. y. (A. K. BOJKO et al. 1974; G. P. BAGDASARIANCÍ 

al. 1977). 
Some highly contaminated granitoids of the Veporide type (e.g. of the large Sihla 

body) gave as high values as 380 m. y. (biotite). Small Veporide granitoid bodies 
(Hrončok type), which unitl recently were dated by some authors as latest Permian 
or Palaeo-alpine, gave the value 370 m. y. (zircon),260 m. y. but also 113—110 (92) 
m. y. (feldspars and biotite). The latter date v/z?. apparently influenced by Alpine 
reheating. 

Although the radiometric data indicate the Hercynian age even of granite-gneisses 
and of most the migmatites, the up to thousands of metres thick quartz porphyries of 
the Ordovician and partly of Silurian age can hardly be explained without the 
presence of Late Baikalian and/or Caledonian granitoid bodies. This contention is 
also suggested by the latest radiometric data on orthogneisses and migmatites from 
the Veporide Crystalline (Muráň) and the Low Tatra Mts. (Králička  Srdiečko) 
with Pb isochrone of up to 505 m.y., and on the Veporide granitoids (Sihla) with Pb 
205/U 238 ratio giving an age of 380 m.y. (personal communication of L. 
KAMENICKÝ). 

In the Mecsek Mts. in Hungary (i.e. in the eastern sector of the Hungarian massif 
consolidated by prePalaeozoic foldings) radiometric values about 500 m. y.but also 
305—284 m. y. (Rb/Sr) and 230 m. y. were obtained for migmatites and 360—321 
m. y. for granitoids (E. SZADECKYKARDOSS 1973). Micrograniteaplite sills and 
dykes of the Mecsek Mts. pierce through the Silurian sedimentary complexes. 

Appreciably lower values (about 240 m. y.) were yielded by granitoids in the 
Velence Mts. (at the eastern margin of the western sector of the Hungarian massif, at 
the contact with the Palaeozoic and Mesozoic of geosynclinal type). 

In the Apuseni Mts. (Rumania) (Fig. 4) granitegneisses and migmatites probably 
of preHercynian age accompany the preCambrian, predominantly gneiss comple

xes in the Codru nappe and in the Baia de Aries Formation of the Biharia nappe 
system. The minor de Vinta granitoid body was dated radiometrically at 508 m. y. 
and at about 172 m. y., which value dates obviously the Alpine rejuvenation. 

The large granitoid Muntele Mare batholith (up to 35 km long and 10 km broad) 
in the Bihor autochthon of the Apuseni Mts. produced contact metamorphism not 
only of the Middle Proterozoic gneiss series but also of the Upper ProterozoicCam

brian Arada micaschistphyllite Formation. The opinions on the age of the batholith 
differ. On the basis of its geological position the granites are thought to be 
Caledonian (R. DIMITRESCU 1967, 1976), but radiometric values of 552 m. y. 
indicate the Baikalian age. According to the latest radiometric age values of 232 
m. y.(M. SOROIN et al. 1969) the Hercynian age seems more likely. Minor granitoid 
bodies occur in the nappe units of the more southerly part of the Apuseni Mts. The 
Codru granitoids (plagiogranites and granites accompanied by migmatites) in the 
Codru nappe system gave radiometric ages 334—344 m. y. In the Highis, Mts. 
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Fig. 2 Map showing the distribution of magmatites in the Carpathians, Ba^can and Dinarides 

1—4 Ophiolites: 
1. Ultrabasites — major bodies a) small bodies, mostly in nappe positioij b) alkali 
2. Gabbros, accompanied by diabases 
3. Spilites-diabases a) the hybrid association: diabase-porphyrite-keratbphyre-quartz 

porphyrite b) underlying the Tertiary basin filling 
4. Triassic diabases (accompanied by smaller intrusive bodies); in lowe 

association: diabase-porphyrite-keratophyre-quartz porphyry 
5. Prealpine granitoids a) synkinematic 
6. Palaeo-alpine granites a) synkinematic 
7. Banatites a) intrusives, b) volcanics c) prevailingly pyroclastics 
8. Early late-geosynclinal (Priabonian — Oligocene) a) prevailingly pyroclastics 

b) small intrusive bodies 
9. a) neovolcanics (Miocene — Pliocene), b) predominantly pyroclastics^;) small intru 

sive bodies 
10. basalts (Pliocene — Quaternary) 



Fig. 3 Geotectonic position of magmatites of the West Carpathians and 

Tectonic units 
1. Foredeep 
2. Flysch Zone 
3. Carpathian Klippen Belt 
4. Gresten Klippen Belt 

5. Core Mountains: Tatride Crystalline, a) its Mesozoic mantle TA; nappes: K A — Krížna, CH — 
Choč, S — Strážov 

6. Veporides a) Crystalline of the Eastern Alps 
7. Gemeride Palaeozoic, Grauwacken Zone a) Palaeozoic of Szendró 
8. North Gemeride Mesozoic — NG, a) the Northern Calcareous Alps — NA 

the eastern part of the Eastern Alps 9. South Slovakian Karst (Silica nappe) — SG 
10. Ophiolitoid series of the Bukk and Meliata units a) ophiolites of the Penninicum 
11. PermoCarboniferous of Zemplín 
12. Palaeozoic of Graz 
13. Gosau Upper Cretaceous 
14. CentralCarpathian Palaeogene 
15. Superimposed depressions (OligoceneMiocene) 

Magmatites 

16. Prealpine granitoids, a) synki

nematic 
17. Palaeoalpine granites 
18. Eocene granodiorites 

20. Basalts (Pliocene — Quater

nary) 
21. Ultrabasites a) major subsurface 

bodies, b) small Mesozoic bo

dies; c)Prealpine; d) unknown 
age 

22. Basic intrusives 
23. Alkalic basites to ultrabasites 
24. Permian: quartz porphyries 

a) melaphyres 
25. PrePermian, a) porphyroids, 

b) basic rocks (diabases) 
19. Neovolcanics a) predominantly 26. Overthrust lines 

pyroclastics, b) subvolcanic and 27. Deepseated faults (proved 
hypabyssal bodies, c) volcanic geophysically) a) subduction 
centres  zones 

Major tectonic lines 

Longitudinal faults: B — Balaton, D — Darnó, R — Rožňava, L — Lubeník, M — Margecany, Mu — 
Muráň, P — Pohorela, Č — Čertovica, PP — Peripieninian, Le — Lednica 

Transversal faults: Š — Štítnik, My — Mýto, Ja — Jelšava, H — Hornád 



Fig. 4 Geotectonic position of magmatites in the Apuseni Mts. (Compiled on the basis of the CBGA 
Tectonic Map — edit. M. Mahei, 1974 and the Geological Map of the Apuseni — M. Borcos, et al. 1976) 

5. System of Baia de Aries units (Biharia series) 
6. Metalliferous Zone 
7. Ultrageticum 

T e c t o n i c uni ts 
1. Neogene basins 
2. Senonian, Gosau type 
3. Bihor autochthon 
4. System of Codru units 

Magmat i t e s 
8. Hercynian and older granitoids, a) synkinematic; b) alkalic, 
9. Banatites: granites and granodiorites, a) volcanics (andesite-dacite-rhyolite) 

10. Neovolcanics a) pyroclastics 
11. Serpentinites (peridotites), partly gabbros 
12. a) predominantly basalts, b) spilites-orthophyrcs-keratophyres-porphyrites 
13. Permian volcanics: a) quartz porphyries, b) melaphyres 
14. Pre-Upper Carboniferous volcanics: a) metabasalts, amphibolites, b) porphyroids 

hypabyssal pegmatitic granites and adamellites are more frequent; they yield late 
Hercynian K/Ar ages 221—226 m. y. up to 203—172 m. y. In the Codru and Biharia 
nappe systems some granitoids, granites, syenites and porphyrite dykes penetrate 
even the sedimentary Devonian-Lower Carboniferous Paiuseni Formation. This 
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decidedly witnesses for an appreciable share of the Hercynian granitization and 
suggests that many of the above bodies distributed even in the lower and earlier 
complexes are likely to be Hercynian. Granites that genetically accompany the 
metagabbros, metadiabases and ultrabasites of the Upper Proterozoic-Cambrian 
Biharia Formation are of another origin (R. DIMITRESCU 1976). 

A distinctive feature of the East Carpathians is a small portion of granitoids 
cropping out at the earth's surface, strikingly smaller than, for example, in the 
Crystalline of the West Carpathians. Their proportion is smaller even in the 
formations of higher-grade metamorphism. It should be recorded, however, that the 
northern crystalline zones of the Marmaroš massif, which are richer in granitoids, are 
overridden by the more southerly Bystrica nappe system (H. G. KRAUTNER 1969). 
Granite-gneisses, magmatites and gneisses in the Bretila-Barnar Formation of the 
East Carpathians are regarded as pre-Hercynian (M. SANDULESCU- I. BERCIA 1974), 
the same as the Häghimas. diorites and granites in the mountains of the same name. 
K/Ar dating yielded values 517 m. y. but also 443-^109, 328 and 310 m. y., which 
indicate the participation of the Baikalian, Caledonian and even Hercynian orogenic 
processes in the formation of granitoid bodies (M. MuRESANet al. 1975). 

Radiometric values for granite-gneisses of the Čivčinske gory Mts. (in the 
Ukrainian Carpathians) amounting to 330±35 m. y. and 305 ±20 m. y. and the ages 
of 339112 m. y.for small granitoid bodies (on biotite — A. K. BOJKO 1975) suggest 
more pronounced Hercynian granitization effects. It should be noted that the 
radiometric ages 360—350 m. y. and 330—320 m. y. (A. K. BOJKOCÍ al. 1974) from 
the Lower Palaeozoic epimetamorphosed (Tulghes, Repedea) and the older and 
higher-metamorphosed formations such as the Bely Potok or Bretila-Raräu Fms. 
also point to a strong Hercynian metamorphism in the East Carpathians. The latter 
formations, however, also yielded Rb/Sr ages of about 530 m. y. (Baikalian). 

The East Carpathians contain some particular magmatite occurrences (Fig. 11). It 
is chiefly the large dome-like elongated nepheline-syenite massif showing gneissic 
structure and conformable schistosity to the mantle. Its radiometric age of 396—297 
m. y. indicates a genetic association with the Hercynian folding. The massif is pierced 
by aplite and lamprophyre dykes. Plagiogranite stocks in the Čivčinske gory 
Mountains are regarded by some authors as members of the gabbro-plagiogranitc 
formation (E. K. LAZARENKO et al. 1973). They are thought to be products of the 
postkinematic late Hercynian stage on account of their high content of alkalies and 
oversaturation with respect to Si02 (G. RUDAKOV 1971). The granite-porphyry and 
granodiorite-porphyrite stocks accompanying quartz porphyries and quartz kera-

tophyres in the Tulghes,-Delovec epimetamorphosed Form, also belong to specific 
magmatic types of this part of the East Carpathians (G. RUDAKOV 1971). 

The proportion of granitoid rocks in the Crystalline of the Geticum and Danubi-

cum tectonic units of the South Carpathians in Rumania is considerable (Fig. 5). 
Pre-Palaeozoic age is assigned to synkinematic granites, granodiorites and quartz 
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diorites distributed mainly in the meso-katametamorphosed pre-Baikalian comple
xes. The best known are the Poneasca and Sichevita granite, granodiorite and 
quartz-diorite plutons in the Semenic Mts. (Banat) and the Birsa Fierului pluton in 
the Fägäras, Mts., where there are many other granitoid, granodiorite and granite 
masses; in the Lotru Mts. alkaline syenite and nepheline syenite bodies are known. 
Major bodies of late kinematic and synkinematic granodiorite and granite also occur 
in the Baikalian epimetamorphosed series of the Danubicum. The Danubian, Susjta 
and Tismana plutons are best explored and deserve mentioning. The granite, 
granodiorite and granite-porphyries of the last gave radiometric ages 556—520 
m. y. and 440 m. y. but prevalently about 296 m. y. (S. MINZATU et al. 1975). The 
Munte Mic granite pluton in the Danubicum, which is generally considered to be 
a synkinetic body of Baikalian age (H. SAVU et al. 1975), yielded sporadically higher 
values of about 411 m.y. (Caledonian) and mostly of ca. 370—290 and even 
220—192 m. y. (S. MINZATU et al. 1975; the last date is explained as due to the loss of 
radiogenic Ar). Granites from the Ogradena, Cherbelezu and Sfirdinu plutons in the 
Danubicum of Rumania gave K/Ar dates predominantly of 373—306 and less 
frequently of about 268 and 203—184 m.y. (S. MINZATU et al. 1975). These 
granitoid masses are penetrated by granite-pegmatite, granodiorite, granodiorite-
porphyry, aplite and lamprophyre dykes. 

The pre-Hercynian granitoids are of calc-alkaline type when synkinematic, and 
more alkaline when late kinematic (H. SAVU 1972). 

The above-mentioned and other radiometric dates ranging from 380 to 219 m. y. 
(N. SEMENKO 1975; M. DIVIUAN—S. DIVIUAN 1967) indicate that the opinions on 
the pre-Palaeozoic age of the South Carpathian granitoids, particularly post-kine
matic (D. GiuscA et al. 1969) should be taken with reservation, the more so as the 
granitoids in the continuation of the Danubicum tectonic unit in Jugoslavia show 
decidedly Hercynian age as, for example, the Gorjane pluton which gave Rb/Sr age 
of 304 m. y. but also 370 and 220 m. y. and the Plavno pluton 208 m. y. 

In the Serbo-Macedonian massif, the synkinematic granitoids are regarded as 
pre-Hercynian, partly affected by Hercynian reworking (M. D. DIMITRIEVIC 1967). 
The Vlajna pluton, for example, yielded 450 m. y., the Bujanovac pluton even 859 
m.y. (S. BOYADJIEV 1974). Granite-gneisses and synkinematic granitoids and 
diorites in the Belasica and Ogražden bodies and in the Upper Proterozoic 
Osogovo-Lisec and Vlasina metamorphic Formations are dated as pre-Hercynian. 
Hercynian granitoid plutonic bodies also occur in abundance; more frequent than 
granitoids linked with the beginning of the Hercynian folding (e.g. the Belasica body 
— Rb/Sr age of 350 m. y. but also 252 and 114 m. y.) are those indicating the later 
phases of the dying-out Hercynian folding (e.g. granitoids in the Bujanovac 
phacolith — 234 m. y., in the bodies of Osogovo — 220 ±50 m. y. (zircon), 
Pliacavica — 252 m. y. and Stalač — 250 m. y. — G. DELEON 1966). 

Some granitoids of the Pelagonian massif are of pre-Palaeozoic age, as evidenced 
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by Rb/Sr dating of the Selečko pluton, which gave 1140, 838, 609—577 but also 
135+5 and 99—97 m. y. (G. DELEON 1966). This wide range shows a polycyclic 
character of granitization. Late kinematic granitoids are likely to be predominantly 
Hercynian (S. KARAMATA 1974). 

In the Rhodope massif and in the Srednogorie of Bulgaria, (Fig. 6) granitization 
and migmatization were most extensive in the oldest complexes which are regarded 
as Archean or Early Proterozoic as, for example, the synkinematic Lesovo granitoid 
body (I. BOJANOV—D. KOŽUCHAROV 1968). Large, linear batholithic bodies of 
postkinematic granitoids are abundant in the western Balkan block; the batholith in 
the Rila anticlinorium pierced by numerous aplite-pegmatite veins and diorite and 
granite-porphyry dykes is one of the largest. 

Minor bodies of these 'South Bulgarian' diorites, granodiorites and granites are 
also in the more easterly Sakar and Strandža blocks and in the Srednogorie Mts. 
These rocks gave radiometric ages of 360 m. y., more often ca. 305—270 m. y., but 
also 150—130 and 50—30 m. y. (BOYADJIEV—P. LILOV 1971; S. BOYADJIEV 1974). 
They are dated by individual authors as Hercynian or Early Caledonian and even 
Precambrian, because they occur not only in the (Cambrian-Ordovician) phyllite-

diabase series but also, and more frequently, amidst the pre-Palaeozoic complexes 
showing higher-grade metamorphism. Their lower parts are contaminated by 
assimilates from their mantle, with which they are nearly or fully conformable. 
Granitoids of the later phases show irregular intrusive contacts. Pegmatite veins, 
granite-porphyry, lamprophyre and dolerite dykes are the youngest (I. ZAGORČEV 
1975). 

In the Stará Planina Mts. there are fairly frequent bodies of Carboniferous 
granitoids (granodiorite and granite, which locally grade into gabbrodiorites) of 
radiometric dates 348—292 m. y.(S. BOYADJIEV 1974). They make up elongated 
batholiths or stocks in the axial parts of the Hercynian fold structures and 
predominantly accompany the (Upper Proterozoic? — Ordovician) diabase-phylli-

tic series. They are in part synkinematic (Klisura and Stakevci plutons), intimately 
associated with their mantle rocks and accompanied by the zone of thermal 
metamorphism of their mantle (E. DIMITROVA et al. 1975). The Stará Planina 
granitoids close the evolution of the Hercynian geosyncline in this area. They are 
distributed along its interior margin at the flexure connecting this geosyncline (E. 
BONCE v 1966) with the Hercynian block of the Rhodope-Srednogorie area, which 
was intruded by the South Balkan granitoid bodies. 

Particular granitoid types in the Balkan are, for example, the monzonite and 
syenite stocks and dykes in the Pirin and Srednogorie Mts., regarded as Permian, and 
the Struma diorite Formation. This is represented by small bodies of leucocratic 
granite-gneiss and semiconformable granodiorite and granite bodies, which were 
emplaced in the diabase-phyllite series (Upper Proterozoic ? — Ordovician) in 
association with gabbros, diorites, gabbrodiorites and small serpentinite bodies. 
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They occur in the Krajištides, i.e. in the western part of the Balkanides, and also in 
the marginal part of the Western Rhodope Mts. They are thought to be related 
genetically with the Caledonian folding (I. HAJDUTOV 1971). 

In the interior zones of the Dinarides only minor bodies of Hercynian granitoids, 
Carboniferous-Early Permian in age, are present, such as Srpsko Crna Gora', 
Bukulja, Cer, Motajica, Papuk and Moslavočka Gora (Fig. 9). 

b) The Alpine granitoids, unlike the pre-Hercynian and Hercynian, usually form 
only minor bodies. In essentials, three different associations can be distinguished, 
based on their age and relationship to the evolution of the Alpine orogen. 

- Granitoids associated with Alpine folding phases and metamorphism. Most of 
them are Palaeo-alpine; Meso-alpine granitoids are sporadic (Fig. 2); 

— granites accompanying the interorogenic volcanics, called banatites; they are 
Meso-alpine (Fig. 14b); 

— granitoids forming minor plutons and hypabyssal bodies, accompanying late 
geosynclinal volcanics; they are Neo-alpine (Fig. 15a). 

The P a l a e o - a l p i n e g r a n i t o i d s are associated mainly with the earlier phases 
of Alpine folding. Although the Palaeo-alpine folding period is of particular 
importance in the Alpide system, being the main controlling factor of its structural 
pattern, the granitoids are of small extent and occur only in the zones showing 
a higher metamorphic and thermal influence. In the Alps it is primarily the 
Penmnicum, where intensive thermal and metamorphic effects were produced by the 
Meso-alpine (Pyrenean) orogenic phase, and subordinately some parts of the 
Austrian Unterostalpin Zone. Isolated bodies of Palaeo-alpine granitoids are also 
enclosed in the Koralm Crystalline of Austria. 

In the West Carpathians of Slovakia the Palaeo-alpine granitoids are fepresented 
by granite and granite-porphyry bodies in the Cambrian — Silurian Gelnica Group 
in the Spišsko-gemerské rudohorie Mts. (K/Ar age 87±4 Zlatá Idka, 94±3 Cučma 
but also 141±1 mil. y. (Cučma) (B. Cambel et al. 1977; J. Kantor 1960). The 
granitization process occurred in several phases and culminated by minor intrusions 
(Fig. 10). They are distinguished by abundant volatile components B F H2 a high 
background of Sn, W, Be, U and Mo, and low Sr and Ba (J. KAMEN.CKY-L. 
KAMENICKY 1955). The granite bodies are arranged in zones, which like the zones of 
contact metamorphism, are parallel to the course of the major Palaeo-alpine 
structures (P. GRECULA 1973). Small granitoid bodies follow the semiarcuate 
weakened zones rimming the Volovec major anticlinorium in the Spišsko-gemerské 
rudohorie Mts. The northern belt of granite occurrences is restricted to the Hnilec 
line (L. ROZLOZNIK 1972). A relevant problem to be solved in the Gemerides of 
Slovakia is the relationship of these granite bodies to the overthrust of the Gemeride 
nappe on the Veporide zone. The well substantiated overthrusts of blocks containing 
rocks not affected by contact metamorphism on blocks with rocks of the same 
composition but contact metamorphosed (e.g. along the Jedlovec overthrust) incite 
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the opinion that the granite bodies together with the genetically related ore deposits 
are earlier than the nappe structure (P. GRECULA 1973). However, I think that 
intensive granitization of the country rocks with neoformation of minerals such as 
blue quartz, feldspars, biotite, and muscovite (found by deep boring — P. GRECULA 
1973) rather suggest the 'rootedness' of the granite bodies and their post-deforma-
tional character. Of assistance in solving this problem may be minor bodies, 
especially of biotite granite, emplaced at the contact between the Hercynian 
granitoids of the Bujanová body and its metamorphosed mantle rocks, strongly 
reworked by Alpine tectogenesis, in the Čierna hora Mts. north of the Gemerides. 
They are frequently penetrated by a system of aplite veins and numerous fissures 
filled with tourmaline, hematite, molybdenite, quartz, pyrite and calcite. Some of 
these granite bodies pierce the Permian of the Veporides along weakened zones, and 
on Spálený vrch Hill a diorite body breaks through the overthrust slice of the 
Gemeride Carboniferous and Permian (J. ŠALÁT 1954). The position of the diorite 
body and its slight disturbance only by the latest fault system of NESW trend 
indicate that these bodies originated (like the youngest Gemeride granites) in the 
later phases of the Palaeoalpine folding processes. 

Granitoids with radiometric ages of 107—115 m. y. (J. KANTOR 1960), such as 
Muránska Zdychova (107 m. y.) or Hrončok intrusive bodies (110—114 m. y. — A. 
K. BOJKO 1975), which correspond to earlier Palaeoalpine folding events, are 
distributed on major tectonic lines in the vicinity of large Hercynian granitoid bodies 
of the Veporide Crystalline displaying a strong Alpine reworking. Albite granites 
showing dates of about 86—90 m. y. occur in a major number along the southern 
margin of the Veporide Crystalline, which suffered a particularly strong Alpine 
reworking. Small veins and masses of aplite and pegmatite of NESW trend that cut 
across the predominantly micaschits Hron Formation in the Kraklová zone of the 
Veporides are of the same age (A. KLINEC 1966), (Fig. 10). 

Radiometric ages of 93—140 m. y. determined on granite pebbles in the Palaeo

gene Proč conglomerates of the Klippen Belt in eastern Slovakia indicate a fairly 
large extent of Palaeoalpine granitoids also in the crystalline basement of the 
northern units of the West Carpathians. The pebbles are probably derived from the 
'cordillera' situated either in the central or northern marginal part of the geosyncline 
of the Klippen Belt. 

Palaeoalpine granitoids are more abundant at the western and partly also eastern 
margins of the SerboMacedonian massif (F. KocKELet al. 1971), in the Southern 
Rhodope Mts., in the eastern block of the Srednogorie Mts. in Bulgaria and in the 
Pelagonian massif, i.e. in the areas strongly affected by Late Cimmerian and 
Palaeoalpine remobilizations (Fig. 9). Granite dykes that penetrate the South 
Bulgarian granitoids of Hercynian age in the horst of the Srednogorie anticlinonum 
and the Sakar anticline gave radiometric ages of 130—135 and 140—160 m. y.(S. 
BOYADJIEV—P. LILOV 1971). These are obviously the dates of Cimmerian regenera
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tion related with metamorphic phenomena observed in the Mesozoic of the Sakar 
Mts. In Greece there are extensive occurrences even of synkinematic granitoids of 
this age. Some minor bodies at the eastern margin of the Serbo-Macedonian massif 
in Ogražden block were dated radiometrically at 124 m. y. 

Of Late Jurassic to Early Cretaceous age are the minor granite intrusions with 
syenite dykes at the western limit of the Serbo-Macedonian massif (Gurnicet, 
Borkula, Furka — 167—156 m. y., Serta, Štip, Lojane — 120 m. y. after G. DELEON 
1966). The same author records the Rb/Sr ages of Palaeo-alpine granitoids from the 
Pelagonian massif: the bodies of Babuna 148 and 121 m. y., Krušovo 148 m. y., 
Kajmakčalan 110 m. y., Seleška 131 and 99 m. y. and Prilep 97—170 m. y. The age 
values about 80—70 m. y. were determined on the granodiorite intrusions Kopaonik 
and Zelir. This rather wide range of dates suggests that activation of the pre-Alpine 
basement occurred in several stages in the southern parts of the Alpides. 

Granitoids produced by sialic mobilization lack altogether in the Dinarides 
developed from the Palaeo-alpine eugeosyncline. At several places there are albite 
granites — differentiates of the gabbro-plagiogranite formation, which accompany 
and are comagmatic with the Middle Triassic pillow lavas (V. ALEXIC—N. KALE-

Nic—N.PANTIC—E. HADŽI 1974). Quartz diorites, diorites, plagiogranites and 
granites genetically associated with the Jurassic volcanics of the Mirdita unit in the 
Albanides are similar (BicoKuet al. 1974). 

More characteristic for the Meso-alpine evolution stage of the Alpides are the 
'b a n a t i t e s' of Upper Cretaceous, Palaeocene to Lower Eocene age. On the basis of 
geotectonic position and petrographic character two areas can be differentiated: the 
Timok (including Banat) — Srednogorie area in the south (1) and the Poiana Ruscä 
— Apuseni area in the north (2) (Fig. 14b). 

1. The southern area is distinguished by geosynclinal-graben structures filled with 
volcano-sedimentary complexes and abundant flysch sequences. The plutons are 
elongated, and in most cases emplaced in deep boundary faults of grabens or faults 
running near the margins of grabens and graben-synclinoria. In the Timok graben 
diorite, syenite-diorite, syenite, monzonite, gabbrodiorite and gabbro bodies are 
more numerous in its northern part, mainly along the up to 180 km long Ridan — 
Krepoljin fault line. They are dated as post-Late Cretaceous (70—50 m. y., 
Laramide to Palaeogene — S. KARAMATA 1974). 

Major intrusive masses and hypabyssal bodies occur in Bulgaria (Fig. 6) chiefly 
between Sofia and Plovdiv along the Marica deep fault at the boundary between the 
Srednogorie and the Rhodope Mts. Large fissure plutons of Vitoša, Plana and Gucal 
show a uniform internal structure. They were formed at the epizonal level under low 
pressure-temperature conditions. In the central part of the Srednogorie Mts. several 
plutons are situated along the boundary between the Panagiurište synclinorium and 
the Srednogorie anticlinorium. In the eastern part of the Srednogorie, plutons are 
found in the Strandža anticlinorium and small bodies at the southern limitation of the 
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Burgas synclinorium. In these eastern areas, which in Mesozoic-Alpine times were 
rich in polygenetic volcanoes of central type, the transition from lava and pyroclastic 
facies to subvolcanic and even abyssal bodies of this age is particularly clear. In the 
Timok-Srednogorie area granites, granodiorites, syenite-diorites and monzonites, 
members of the gabbro-monzonite-granite formation (according to E. DiMiTROVAet 
al. 1975) and gabbros form the accompaniment of the rhyolite-andesite-basalt and 
trachyte-trachyandesite-picrite volcanism. Big plutons, such as Vitoša-Plana, gave 
radiometric ages 70—90, but also 55 m. y. (Senonian dacites yielded 86—88 m. y., 
S. BOYADJIEV 1974). This would suggest a Late Cretaceous age of the plutons and 
their direct genetic association with the Late Cretaceous volcanism. The Upper 
Cretaceous fillings of grabens together with the marginal plutons were incorporated 
in the Alpine structural pattern through the effects of the Meso-alpine folding and 
formed its upper structural level. 

2. In the Poiana Rusca (Fig. 5) area in the more northerly part of the Rumanian 
South Carpathians and in the Apuseni Mts. (Fig. 4), the plutons cut transversely the 
Palaeo-alpine structures, being associated with the transverse superimposed structu
res, elongated in the meridional direction. The plutons are late-tectonic and only 
slightly affected by folding processes. The intrusives of the banatite association 
belong to diorites, granodiorites and subordinately to granites and aplites; they are 
generally believed to be post-Laramide in age (M. BLEAHU 1974). They are less 
varied in composition, more acidic and with less Na than similar rocks in the southern 
area (1). In the Mure§ range in Rumania, especially in the Drocea Mts., small bodies 
were intruded into the ophiolite complex. They are accompanied by rhyolites, 
whereas farther north granodiorite and diorite bodies are linked with andesites, 
dacites and with dykes of granodiorite-porphyry and rhyolite. 

Granites, granodiorites and diorites also build up the complex Vlädeasa body 
emplaced in a graben (up to 45 km long and about 30 km broad), which is elongated 
in the N-S direction and superimposed on the crystalline and Mesozoic basement of 
the Bihor autochthon of the Apuseni Mts. The accompanying granodiorite porphyri-
tes and granophyres make a connecting link between the intrusives and effusive 
andesites, dacites and rhyolites. 

Granitoid rocks, known as tonalites, accompany the Periadriatic zone. The 
tonalite bodies of the Karawanken display the radiometric values 29±6 mil. y. or 
28±4 mil. y. (on biotite). Interesting is, however, that the accompanying granodiori
te porphyry from the Eisenkappel area displays the values 244±8 mil. y. (on 
pyroxenes) and diorites 227±7 mil. y. (on biotite — E. FANINGER 1976). 

The N e o - a l p i n e g r an i t o id s form hypabyssal subvolcanic bodies connected 
with late orogenic geosynclinal rhyolite-andesite volcanism. They occur in three 
areas and differ accordingly in both the age and geotectonic conditions. The areas of 
their occurrence are (1) the Rhodope massif, (2) Neotisia including the West and 
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Fig. 5 Geotectonic position of magmatites in the South Carpathian Mts. (Compiled on the 
basis of the CBGA Tectonic Map — edit. M. Maheľ, 1973, and the Geological Map of 
Rumania) 

T e c t o n i c un i t s 

1. Moesian platform 
2. Danubicum a) interior zone — Stará Planina 
3. Geticum 
4. Saska-Gornjac tectonic slice — Kraishtides 
5. Ultrageticum — Morava—Penkovski nappe 
6. Serbo-Macedonian Massif 
7. Vardar Zone 
8. Foredeep a) inner b) outer 
9. Flysch Belt of the Carpathians; Koula Zone 

10. Severin nappe; Ceahláu 
11. Fore-Balkan 
12. Metalliferous Zone (Mures.) 
13. Meso-alpine volcano-sedimentary grabens (Timok type) 
14. Depressions a) Palaeogene b) Neogene 

M a g m a t i t e s 

15. Pre-Alpine granitoids a) synkinematic 
16. Palaeo-alpine granites a) synkinematic 
17. Banatites a) subvolcanic and hypabyssal bodies, b) volcanics, c) pyroclastics 
18. Neovolcanics a) volcanics, b) hypabyssal bodies, c) pyroclastics 
19. Ultrabasic rocks 
20. a) basic intrusive rocks, b) spilite-diabases-keratophyres-porphyroites 
21. Pre-Permian basites 
22. Permian quartz porphyries 
23. Pre-Permian a) spilite-diabases, b) porphyroids 
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Rg. 6 Geotectonic position of mag-

matites in the Balkan Mts. (Compiled 
on the basis of the CBGA Tectonic 
Map — editor M. Maheľ, 1973, and 
the works of E. Bončev et al.) 

Tectonic units 

1. Moesian platform 
2. ForeBalkan 
3. Stará Planina 
4. Kotel Zone 
5. Luda Kamčia Zone 
6. Srednogorie a) Strandja 
7. Rhodope Massif 
8. SerboMacedonian Massif 
9. Kraishtides 

10. Depressions a) Neohercynian, 
b) NeoalpinePalaeogene, 

c) Neogene 
11. Kraina unit a) Koula Zone 
12. Crustal deep faults, cryptoruptu

res, faults 
13. Axes of anticlines 
14. Overthrust lines 
15. Strikeslip faults 
Magmatites 

1. Prealpine granitoids a) Prehercy

nian (synkinematic), b) Stará Pla

nina type (mostly synkinematic), 
c) Hercynian (?) — South Bul

garian, d) Alkalic intrusives, e) 
Struma diorite formation 

2. Palaeoalpine granites a) synkine

matic 
3. Banatites a) intrusives, b) volca

nics, c) prevailingly pyroclastics 
4. Early lategeosynclinal a) predo

minantly andesites, b) prevail

ingly rhyolites, c) pyroclastics, 
d) subvolcanic bodies, c) dykes 

5. Basalts 
6. Serpentinites 
7. Basic volcanics (predominantly 

basalts) 
8. Neohercynian volcanics a) quartz 

porphyries, b) melaphyres 
9. PreUpperCarboniferous volca

nics, a) metabasites, amphiboli

tes, d) porphyroids 



East Carpathians, the Apuseni and the Hungarian Mid-Mountains, (3) the marginal 
parts of the Serbo-Macedonian massif (Fig. 2) 

1. In the Rhodope massif the plutonic rocks are found at hypabyssal to subvolca-
nic levels of the former volcanoes and in the crystalline basement of the Eastern 
Rhodope Mts. The Madžarovo, Zvezda-Galenica, Jolendere, Lozen and other 
plutons are of Late Oligocene and sporadically Early Miocene age, as evidenced by 
radiometric values of 36—45 m. y. (S. BOYADJIEV 1974) (Fig. 6). 

2. In Neotisia there are minor, most frequently subvolcanic granitoid bodies, 
located in the centres of Miocene eruptions. In the West Carpathians of Slovakia 
(Fig. 3) (around Banská Štiavnica, in the Polana and Javorie Mts.) granodiorite -
porphyry, granodiorite and diorite laccoliths, radiometrically dated at 2.5 ±0.8 —15 
m. y. (V. KONEČNÝ—J. SLÁVIK 1974) are present. Minor diorite bodies follow linear 
faults in the Tisovec area, amidst the Veporide crystalline zone. 

In the Transcarpathian Ukraine (U.S.S.R.) diorite-porphyrites, granodiorites and 
microgranites (14.2—8.2 m. y.) occur chiefly in the Vyškov, Vinograd, Veliká 
Dobroň, Perečin and Slavjansk areas (B. V. MERLIC—S. M. SPITKIVSKAJA 1974). In 
the Rumanian young volcanic areas diorites form major bodies in the Härghita and 
Cälimäni Mts.; the diorite body in the Cälimäni caldera is of unusually large size. At 
the northern margin of the Hungarian massif, in the Reczk-Lahóca area in the Matra 
Mts., occur Upper Eocene hypabyssal and subvolcanic diorites and diorite porphyri-

tes along the Darnó line, which is one of the major deep faults of NNW-SSE trend (T. 
ZELENKA 1974). 

3. Along the margins of the Serbo-Macedonian massif and at the interior margin 
of the Vardar zone a number of Late Oligocene and Miocene quartz monozite and 
granodiorite bodies are situated (Fig. 9),being accompanied by andesite-dacite lavas 
and pyroclastics. These bodies occur in the boundary zone between the crystalline 
Serbo-Macedonian massif and the Mesozoic eugeosynclinal area rich in ophiolite 
volcanism. G. DELEON (1968) reported Rb/Sr ages for some major bodies, such as 
Jastrebac (37 m. y.), Surdulica (25±2 m. y.), Kremenici, Vrsač (29 m. y.), Motajica 
23—17 m. y.), Cer (10.8 m. y.) and Bukulja (23.5—13.1 m. y.). Some of them gave 
even higher age values (e.g. 36 m. y. — S. BOYADJIEV 1974). 

Discuss ion 

From this overview of granitization in the Alpides several conclusions can be 
drawn: 

a) Most granitoids of the Alpides are of the Hercynian age; 
b) the granitoids, particularly those of Hercynian age developed during a wide 

time interval, which points to a polyphasal and polycyclic granitization process; 
c) there is a direct relationship between the position of granitoid bodies and the 

tectonic style; 
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d) the granitization is distributed unevenly not only in the Alpide segments but 
also in the individual zones of one segment. 

a) The Pre-alpine granitoids usually occur amidst higher-metamorphosed crystal
line complexes, most of which are dated as pre-Hercynian. Since they are frequently 
connected with their mantle rocks through migmatites, they were until recently 
thought to be of pre-Palaeozoic (pre-Hercynian) age. Radiometric ages, however, 
have shown that most of the granitoid bodies date from the Hercynian period. The 
palaeontologically evidenced Early Palaeozoic age of the rocks forming the mantle 
of these bodies also suggests their Hercynian age. As a result, the views have so 
changed in recent years that, for example, only a smaller part of granitoids of the 
West Carpathians are thought to be of pre-Palaeozoic age. 

The Hercynian granitoids accompany the Hercynian geosynclinal troughs in the 
central Alpide (Rhodope, Serbo-Macedonian, Pelagonian and East Hungarian) 
massifs. They are also abundant in the adjacent Bohemian Massif. The Hercynian 
granitization along with the formation of the granite-gneiss layer of the earth's crust 
is of wider, maybe global character. In the Alpide region of Europe, the Hercynian 
granitization was connected with the most relevant pre-AIpine palaeogeographic 
changes in the history of the Alpides, i.e. the formation of the Hercynian mountain 
ranges and of longitudinal depressions filled with the first, late Hercynian molasses. 

Hercynian granitization and the resulting consolidation of the earth's crust within 
the present-day Alpide region were not uniform. 

Granite bodies formed in the Alpine orogenic cycle, especially those associated 
with the Alpide folding, i.e. with the consolidation of the earth's crust are rather rare 
and are confined to a limited number of zones. Only granitoids linked closely with 
andesite and rhyolite Alpide volcanism are of greater extent. 

In the pre-AIpine and Alpine ophiolite zones especially of the Dinaride and 
Hellenide segments, minor granitoid bodies occur as differentiates of the basic 
magma. 

b) The wide time-range of granitization process is specially noteworthy for the 
present-day Alpine region. The Hercynian granitoids gave ages from 340 (320—300 
most frequently) m. y. to 220 (200) m. y. The granitization process would thus cover 
the whole Late Palaeozoic, beginning in the Late Devonian at some places. This 
interval roughly coincides with the duration of the Hercynian folding, from its first 
(Bretonian) phase towards the end of the Devonian to the Pfalzian phase at the end 
of the Permian. The period of Hercynian diastrophism of about 100 m. y. is long 
compared with the preceding Palaeozoic quiescent eugeosynclinal history (the 
Ordovician or Late Cambrian to the end of the Devonian). At the same time, one 
cannot omit the signals heralding the Caledonian folding, perhaps also with 
manifestations of granitization process (E. JÁGER 1973,1. HAJDUTOV 1971). 

Also at the eastern margins of the Serbo-Macedonian massif, granitization of the 
Alpine cycle accompanied by high-pressure metamorphism was active in several 
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phases within the time range from 170 to 40 m. y. (F. KOCKEL—H. MOLLAT—H. W. 
WALTHER 1971), i.e. from the beginning of the Jurassic ('late Cimmerian' folding) 
through Middle Cretaceous to Late Eocene times (J. AUBOUIN 1964). In the 
Penninicum of the Alps granitization persisted until the beginning of the Oligocene 
and, surprisingly, together with high-temperature metamorphism. This clearly 
shows that Alpine granitization also covered a long interval relative to the quiescent 
Alpine geosynclinal stage in the Triassic and Lower to Middle Jurassic lasting only 
80—100 m. y. However, it should be stressed that granite-forming processes of 
Alpine age were limited only to narrow zones. Extensive areas affected by these 
processes occur in the southern parts of the Alpides, i.e. in the Pelagonian massif, 
southern parts of the Serbo-Macedonian and Rhodope massifs and in the Sakar and 
Strandža blocks. The Hercynian and even earlier granitoid bodies of these areas 
yielded radiometric ages mainly of 160—97 m. y., which obviously point to the 
Alpine regeneration and reworking of the crystalline basement. The Alpine 
reworking also led to the metamorphism of Triassic, Jurassic and Lower Cretaceous 
series. Some older granitoid bodies of these areas gave even smaller radiometric ages 
50 to 30 m. y., which correspond to the Priabonian-Oligocene and in places to the 
Lower Miocene magmatic activation (S. BOYADJIEV 1974). 

The stage evolution, which is so striking in Alpine and Hercynian foldings, is less 
conspicuous in granite-forming processes. The three major stages in the Alpine cycle 
(in the sense of M. MAHEĽ 1974) are the Palaeoalpine (including Late Cimmerian) 
stage — Upper Jurassic to Middle Cretaceous; Mesoalpine stage — the latest 
Cretaceous to the end of the Eocene (or the beginning of the Oligocene), and the 
Neoalpine stage (for the most part Neogene). Only two first stages are accompanied 
by granite generation. 

The Hercynian cycle includes the BretonianSudetic, AsturianSaalian and Pfal

zian stages (M. MAHEĽ 1975). The first is often termed as the early stage with the 
radiometric date range 350—305 m. y. (S. BOYADJIEV 1974) and the other two as late 
stages (Dimitrova et al. 1975) with dates 280—230 m. y. The origin of migmatites 
and synkinematic granitoids in the Alpine region is often placed in the first stage, that 
of late and postkinematic granitoids in the second stage and the formation of aplites, 
pegmatites, albite granites and subalkalic granites in the third stage (A. K. BOJKO 
1975). This evolution trend of the Hercynian granitoids and migmatites associated 
with them is perceptible chiefly in the West Carpathians and the Balkan Mts.; it is in 
agreement with the proceeding consolidation of the earth's crust during Hercynian 
diastrophism. However, it is not of general validity, as synkinematic granitoids 
radiometrically dated as Permian with ages about 270—230 m. y. (e.g. granite

gneisses in the Nerešnički body, South Carpathians of Jugoslavia, or migmatites 
from the High Tatra in the West Carpathians) and some pegmatites from the Low 
Tatra with age values of ca. 330 m. y. can hardly be regarded as exceptions to the 
rule. Within the framework of the above-mentioned evolution, the synkinematic, 
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Fig. 7 Sketch showing differences in the Hercynian consolidation in relation to the type of Triassic development 
and to alpine magmatites 
Regions of different Hercynian consolidation: 1. Regions of intensive Hercynian consolidation, 2. 
Regions of slighter Hercynian consolidation. Types of Triassic development: 
3. Quasi-platform type (continental type of crust), 4. Austro-alpine type, mobile shelf with basins, 5. 
Dinaride-paraliogeosynclinal type, 6. Tauride Flysch type (with flysch tectofacies). Magmatites: 
7. Hercynian granitoids, a) synkinematic, b) alkalic, 8. Permian melaphyres (in nappe position), a) quartz 
porphyries, 9. Ultrabasites a) small bodies — mostly in nappe position, b) alkalic, 10. Gabbros (predominantly 
accompanied by diabases), 11. a) Spilites-diabases, partly the hybrid association b) diabase-porphyrite-quartz 
porphyrite, keratop hyre, 12. Triassic diabase-porphyrites, keratophyres-quartz porphyrites. 



late or post-kinematic types of granitoids depend also on the depth and the pressure 
and temperature conditions under which they originated. The most intensive 
granitization of the Alpine orogenic era giving rise to the synkinematic granitoids in 
the Penninicum took place as late as the end of the Eocene. All these findings suggest 
that in the general tendency of the evolution of granitoids from synkinematic types to 
aplite-pegmatite dykes there were marked variations due to evolutionary peculiari
ties of individual zones, both Hercynian and Alpine. Consequently, the variety in 
evolution, composition and structure of the zones is a highly characteristic feature of 
the European Alpides. 

Many authors assume not only a polyphasal but also polycyclic formation of 
granitoid bodies (M. D. DIMITRIEVIČ 1967, S. KARAMATA 1974,1. ZAGORCEV 1975, E. 
SZÁDECKYKARDOSS 1967, S. BOYADJIEV 1967). This concerns especially the large 
granitoid bodies in the Rhodope and Srednogorie Mts. of South Bulgaria, the 
granitoids in the SerboMacedonian and Pelagonian massifs and partly also those in 
the South Carpathians, where radiometric dates indicate preHercynian, more often 
Hercynian and even Alpine ages (e.g. in the Bujanovac pluton in the SerboMacedo

nian massif, in the Belogradčik pluton in the Balkanides, in the Pelagonicum or in the 
Mecsek Mts.). 

c) In the Alpine area there is a striking difference between the Hercynian and the 
Alpine orogenic cycles in the granitization — folding relationship. Hercynian 
diastrophism was accompanied by deepseated processes, i.e. by extensive granitiza

tion and metamorphism. The Alpine folding process gave rise to weak granitization 
and limited extent of metamorphism, in deeper layers accompanied by diaphthore

sis. These manifestations are centred mainly to relatively narrow zones, such as the 
Penninicum of the Alps. On the whole, the Alpine folding is of nearsurface 
character with a dominance of nappe structures. The differences between the 
Hercynian and Alpine orogenic cycles also concern the structure and type of the 
earth's crust. 

The differences in the degree of metamorphism and granitization in the Alpide 
segments and even in individual zones of one segment are also reflected in different 
tectonic styles. To lend support to this contention, three examples of Hercynian 
structures will be given: In the High Tatra Mts. of Slovakia and Poland (Fig. 3), 
where occur extensive granitoid bodies, there are broad Hercynian anticlines and 
synclines. Domal structures are typical of the Alpine areas with huge granitoid 
batholiths, fox example, in the Rhodope Mts. (I. BOJANOV 1973,1. ZAGORČEV 1975) 
and in the SerboMacedonian massif (M. D. DIMITRIEVIČ 1967). On the other hand in 
the Kraklová zone of the Veporides and in the Čierna hora Mts. in Slovakia (S. JACKO 
1971) tight compressed Hercynian folds were established in the micaschist zones, 
where granitoid bodies are small, rare or absent altogether. G. H. KRÁUTNER (1937) 
reported even Hercynian nappes from the East Carpathian areas containing 
a negligible amount of Hercynian granitoids (Fig. 11a). The majority of granitoid 

29 



domes and cupola-shaped bodies are mostly without any relationship to faults. 
Although their position is not necessarily conformable with the mantle, most often 
the mantle is adapted to their contours. The margins of cupolas are steep, often with 
a narrow zone of migmatite-transition to the mantle. At the margin of granitoid 
bodies gneissose-granite textures are found. Late tectonic granites form dykes, often 
of boudinage structure, which occasionally run transversely to the mantle. 

d) From the differences in the types and distribution of granitoids in individual 
segments, and particularly in the proportion of Hercynian and Alpine granitoids in 
their structure, some features of wider significance can be inferred: 

In the West Carpathians (Fig. 3), the abundance of Hercynian synkinematic 
granitoids (including migmatites) and late kinematic granitoids, aplites and pegmati
tes in the Tatride and Veporide crystalline basement is striking. It is a granodiorite-
granite association of relatively low variety in composition. High-temperature 
conditions and injections of granitoids not only into pre-Palaeozoic but also 
Palaeozoic sequences have been evidenced. The uneven grade of Hercynian 
metamorphism (from greenschist facies to amphibolite facies in the zones of higher 
granitization) is obviously related genetically with the extent and type of Hercynian 
granitization. Large granitoid bodies are distributed only in two zones, i.e. in the 
Tatride zone and the southern part of the Veporide zone; the north Veporide is poor 
in Hercynian granitoids. A Permian molasse graben rich in quartz porphyry is 
superimposed on it. The southerly parts of the West Carpathians — the Gemerides 
— were affected by Hercynian granitization to a lesser extent. A substantial 
proportion of basites and ultrabasites in the Upper Carboniferous and the beginning 
of the early (Triassic) activation leading to the formation of the Alpine geosyncline 
might correspond to the slight granitization in the Gemeride zone. In the West 
Carpathians even the distribution of Hercynian granitoids reflects a distinct zona-

- tion (Fig. 16). 
In the Apuseni Mts. (Fig. 4) Hercynian granitoids are most extensive in the 

extreme north, in the Bihor autochthon with the big Muntele Mare body. They are 
sparsely distributed in the more southern nappe units. Of a different type are the 
granitoids of the banatite association, which do not show any pronounced geotecto-
nic relationship to the preceding Palaeo-alpine sedimentary trough, but extend 
transversely to the Palaeo-alpine structure. The East Carpathians contain a small 
amount of both Hercynian and Alpine granitoids, apart from the extensive alkalic 
Diträu body, whose genesis and character are still unclear. The greater distribution 
of basites in the Upper Carboniferous can be accounted for by the minor formation 
of the Hercynian granitoids. A small amount of Upper Palaeozoic (including 
Permian) molasses is probably due to a weak dissection of the Upper Palaeozoic 
relief, which (according to our experience) indicates lack of granitoid bodies. The 
Palaeozoic sequences are in most cases affected only by lower-grade Hercynian 
metamorphism. Some authors, however, believe that metamorphism is of uneven 
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character also in the East Carpathians and that the upper parts of higher metamor
phosed gneiss and mica-schist series, such as the Bretila Raräu and Rebra-Barnar 
Formations, are of Palaeozoic age, too (A. K. BOJKO 1975). Major granitoid bodies 
occur in the northern areas partly covered by the nappes translated from the 
southern crystalline zones. The smaller depth at which the Hercynian folding 
occurred in the southern zones and the absence of large granitoid bodies is also 
demonstrated by the presence of Hercynian nappes (H. G. KRÄUTNER 1975), i.e. by 
the structural forms distinctive of the near-surface folding. 

In the South Carpathians the synkinematic granitoids are (Fig. 5) relatively 
extensive both in the Geticum and Danubicum and the bodies of alkalic character are 
more numerous, particularly in the Danubicum. Of interest is the difference in the 
geotectonic type of 'banatite' bodies: in the southern part of the South Carpathians 
they are interorogenic, near to those of the Srednogorie of Bulgaria, and in the north 
they are late orogenic associated with the superimposed structures. This difference 
can be accounted for by more intensive folding subsequent to the Late Cretaceous in 
the southern parts. The change in the geotectonic type of banatite bodies is 
accompanied by changes in the petrochemistry of volcanics, i.e. by a decrease in 
alkalic types in the northern zone. 

In the Balkanides (Fig. 6), the granitoids are of a large extent and a great variety of 
geotectonic types and petrography. The largest bodies are in the Rhodope Mts. 
North of the South Bulgarian granitoid zone extends the Balkanide type with 
elongated bodies of the gabbrodiorite-granodiorite association in the Stará Planina 
Mts., which displays an appreciably more varied petrographic composition. No less 
varied are the diorite Struma Formation with intrusives ranging from ultrabasites to 
acid granites, the Permian gabbro-syenite association and the Meso-alpine gabbro-
monzonite-granite association. This unusual variety is apparently the result of a high 
palaeotectonic differentiation of the area bearing linear geosynclines (after E. 
BONČEV 1966) disposed between the zones of a thicker earth's crust. Major plutonic, 
hypabyssal and subvolcanic bodies of granite, monzonite, syenite and gabbro in the 
Oligocene and Lower Miocene volcanic areas and the crystalline basement of the 
Rhodope massif are genetically associated with the regeneration of its ancient 
basement. 

The Dinarides are distinguished by a lack of Hercynian and Alpine granitoids 
(Fig. 9), except for the bodies in the marginal sectors, which testifies to the presence 
of the granitic layer. The occurrences of granitic differentiates of basic and ultrabasic 
magma are more numerous. Outstanding Alpine granitization and metamorphism at 
the contact with the Pelagonian and the SerboMacedonian massifs, the frequency of 
young granodiorite and monzonite bodies at the western margin of the SerboMace

donian massif, i.e. in the boundary zone between it and the Vardar eugeosyncline, 
are other noteworthy features of the Dinarides. 

The peculiar characters of granitoids in the individual segments of the Alpides 
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have been shown to be connected with the specific history and structure of these 
segments or their separate zones. The following chapters discuss the influence of the 
Hercynian granitization on the distribution of late Hercynian geosynclinal volcanics 
and of the Alpine ophiolite zones in the Mesozoic (Fig. 7). 

2. Late Hercynian geosynclinal volcanics 

Late Hercynian volcanics are a geotectonically particular type, associated genetically 
with the late Hercynian molasse grabens. They are usually represented by quartz 
porphyries (palaeo-rhyolites; predominantly pyroclastics) accompanied in places by 
porphyrites (palaeo-andesites) and by melaphyres (palaeo-basalts). These volcanics 
are distributed unevenly in the Alpide segments. 

In the Eastern Alps, the occurrences of quartz porphyry and its tuff are sparse and 
those of melaphyre sporadic (near Hallstat). In the Southern Alps the ignimbrites of 
quartz porphyry are known from the Pohorje Mts. (Jugoslavia). Major quartz 
porphyry layers in the Carnic Alps separate the lower (conglomerate) horizon from 
the upper detrital sequence of the Permian Grôden Formation (H. V. FLUGEL 1975). 

In the West Carpathians, the late Hercynian volcanics (Fig. 3, Fig. 8) are widely 
distributed in several Hercynian molasse grabens. They are less extensive in the 
northern zones; quartz porphyries occur in the Považský Inovec, Tríbeč and 
Branisko Mts. Quartz-porphyry tuffs and lava flows are more frequent in the 
marginal grabens of the Veporides, in the northern Ľubietová zone and in the contact 
zone between the Veporides and Gemerides. In the southern part of the North 
Veporide graben there is metamorphosed Permian with metabasites, melaphyres 
and porphyrites (A. KLINEC 1966). 

Quartz-porphyry is accompanied by porphyrites at the southern margin of the 
Čierna hora Mts., at the contact with the Gemerides, amidst the Permian molasse (S. 
JACKO 1971). Dykes of quartz porphyry are known from several places in the Tatride 
and Veporide Crystalline. The middle part of the North Gemeride Permian contains 
very thick quartz porphyry layers (predominantly tuffs and tuffites) above the basal 
Verrucano conglomerates and breccias. Quartz porphyry lava flows predominate in 
the lower parts of the volcanogenic sequence and pyroclastics are dominant higher 
up. Porphyrites, quartz porphyrites and dioriteporphyrites are subordinate. 

The Choč nappe in the Slovakian West Carpathians differs in the type of its 
volcanics from other units. A several thousand metres thick Permian molasse which 
encloses melaphyre bodies, was obviously originally located along a fault zone, 
several hundred kilometers long. The huge subaqueous melaphyre effusions occur

red in two phases (J. VOZÁR 1971); the former (probably Lower Permian) is more 
acidic (up to 62 % Si02) with a negligible proportion of explosive material, the latter 
is of Upper Permian age, of higher basicity (44—54 % Si02) and richer in 

32 



Fig. 8 Zones of different Hercynian stabilization and the distribution of Permian types in the West 
Carpathians 

1. Klippen Belt 
2. Zones of intensive granitization and intensive Hercynian folding, a) predominantly autochthonous 

(Tatrides, Hungarian mass), b) most commonly parautochthonous-allochthonous (South Veporides) 
3. Granitoid massifs a) on the surface, b) in the basement of Neogene mantle 
4. Zones of intensive Hercynian folding but without large-scale granitization (North Veporides) 
5. Zones of minor Hercynian stabilization a) with a small portion of Hercynian granitoids, b) very 

slightly folded and lacking granitoids 
6. Permian a) melaphyres (in nappe position), b) quartz porphyries 
7. Permian a) terrestrial type; T = Tatride, SV = North Veporide, JV = South Veporide, Z = Zem

plín, b) of the Choč nappe 
8. North Gemeride Permian 
9. Permian, partly marine, marginal RožňavaZelezník type and Biikk type 
0. Ophiolites a) ultrabasites, b) intrusive basites, c) diabases, d) quartz porphyrieskeratophyres

diabases 

pyroclastics. Melaphyre bodies are accompanied by diorite and gabbrodiorite

porphyrite dykes, channelways and subvolcanic diorite bodies. The volcanics were 
probably ascending on the longitudinal faults, which also controlled the formation of 
Permian grabens. Lower Triassic quartz porphyries are reported from the neighbou

ring Vernár and Drienok units. 
In the Rumanian Apuseni Mts. the Permian volcanics are prevalently components 

of the nappe systems. Noteworthy is the increase in the basic volcanics (melaphyres) 
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southwards. In the Finis-Girda nappe quartz porphyries — ignimbrites, tuffs and 
agglomerates overlie the Permian conglomerate sequence. Volcanics of a somewhat 
higher basicity and melaphyre character form, for example, the upper parts of the 
Dieva nappe in the Codru Mts., its lower parts consisting of more acidic quartz-por
phyry type. In some sections the sequence with quartz porphyry is divided into a lower 
and an upper part by basic volcanics (M. BLEAHU 1974). Melaphyre and melaphyre 
tuff predominate over quartz porphyries in the more southerly Moma nappe (Fig. 4). 

In the northern (Rumanian) part of the South Carpathians, agglomerates, tuffs 
and tuffites of quartz porphyry occur mainly in the Lower Permian. Quartz porphyry 
effusions, in the upper part of porphyrite type, are more frequent in the southern 
(Jugoslavian) part of the South Carpathians. 

Major occurrences of Neohercynian volcanics in the Balkanides are genetically 
allied with the Stephanian-Permian depressions. In the western block, melaphyre 
and porphyrite (palaeobasalt and palaeo-andesite) lava flows with a minimum 
amount of tuffs and tuffaceous breccias predominate. The more acid porphyrites to 
quartz porphyrites alternating with tuffaceous breccias and tuffs forming part of the 
Belogradčik and Central-Balkan anticlinoria are somewhat younger, predominantly 
of Lower Permian and partly probably of Upper Stephanian age. The volcanics of the 
third phase (Lower Permian), which are present mainly in the eastern block, 
including the Srednogorie, and less in the western part of the Balkanides, are most 
extensive. Small basins are filled with tuffaceous breccias, tuffs, tuffites accompanied 
by quartz porphyry and quartz porphyrite (palaeodacite to palaeorhyolite) lava 
flows. The appreciable part of Permian magmatites are of volcanic type: subvolcanic 
domal bodies and microgranite and granite-porphyry dykes are also known. The 
Upper Carboniferous-Permian volcanism of the Balkanides is broadly of linear 
character, being confined to longitudinal faults that controlled the formation of 
depressions (D. ČUNEV—P. BONEV 1975). 

In the Dinarides, Permian and perhaps also Upper Carboniferous quartz porphy

ries are sporadic in the Central Bosnian mountain range (S. KARAMATA 1974). 
Quartz porphyries of great thickness and abounding in pyroclastics, which are 

accompanied by porphyrites and assigned to the intraPermian diastrophism, occur 
in the eastern block of the Hungarian MidMountains, in the ranges Mecsek and 
Villány. The aplite dykes that cut across the Upper Carboniferous complex in the 
Mecsek are probably genetically associated with the quartz porphyries (B. JANTSKY 
1976). In the western block sporadic quartz porphyries are in the Permian of the 
Balaton area (E. SZÁDECKYKARDOSS et al. 1967). 

Discus s ion 

1. Lategeosynclinal late Hercynian volcanics, predominantly of Permian and 
partly Upper Carboniferous age (Balkanides, South Carpathians) accompany the 
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complexes of upper, mainly red (lagoon-terrestrial) molasse filling the longitudinal 
depressions. The formation of the depressions or grabens and of volcanics was 
controlled by deep faults and connected with the epeirogenic extension of the crust 
and the genesis of rifts, which completed the Hercynian geosynclinal process. 

2. The Neohercynian volcanics are little varied in composition: quartz porphyries 
with a small amount of pyroclastics predominate and melaphyres are relatively 
abundant. The transitional intermediate rock types between these two boundary 
members are strikingly few and are not distributed uniformly in all segments of the 
Alpides. 

In the Balkan region, basic melaphyres give way to the more acid types, whilst in 
the Apuseni Mts. an opposite trend is observed. A difference also exists between 
their northern zones (quartz porphyries) and southern zones (melaphyres). In the 
West Carpathians, melaphyres are characteristic of the Choč graben intervening 
between the quartz porphyry zones (the Veporide zone in the north and the North 
Gemeride zone in the south). In all cases, however, the geotectonic type is broadly 
the same, associated with molassefilled grabens bounded by faults. Therefore, they 
can be reasonably assigned to the same basaltrhyolite formation in both the Balkan 
(E. DIMITROVA et al. 1975) and the West Carpathians regions (D. HOVORKA 1965). 
The more basic volcanics are possibly linked with a thinner crust or a greater depth of 
the faults, on which the magma was ascending. 

Melaphyres cannot at all be regarded as analogous volcanics to ophiolites, i.e. as 
initial volcanics in the sense of Stille (1948), see J. VOZAR (1972). Melaphyres exert 
only little influence on the type of sedimentation and are not associated with the 
early stage of geosyncline development as is the ophiolitic suite, but with the molasse 
stage at the transition from the Hercynian to the Alpine cycle. However, the opinion 
that they are the final member of the Hercynian volcanic suite is not convincing 
either, since they occur chiefly in the southern zones, which were less affected by the 
Hercynian folding. 

The slight alkalic trend of melaphyres in the Choč nappe of the West Carpathians 
(J.VOZAR) would suggest a weaker cratonization of the crust. In the West Carpathians 
and Apuseni Mts., however, the melaphyres are associated with grabens, which 
indicate the beginning of the Alpine structuralfacies zones. 

3. A striking feature is the dominantly acid character of the Neohercynian 
volcanics. The time coincidence of their emplacement with the last phases of 
granitoid intrusions and dyingout Hercynian metamorphism is also noteworthy. 
This would suggest a relationship between the acid volcanics and the last Hercynian 
granitization stages, but no direct evidence for a volcanoplutonic formation is 
available. Subvolcanic (microgranite) bodies are known especially from the Balkani

des. The distribution of the volcanics in marginal grabens, usually adjacent to the 
zones with granitoid intrusions, rather indicate an indirect relationship. They 
presumably represent effusions from the marginal parts of major magma reservoirs. 
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A slight metamorphic alteration of Permian complexes and the abundance of vein 
quartz suggest an aftermath of hydrothermal activity. The sedimentary formations of 
molasse type as well as the waning of volcanism and metamorphism point to the 
terminal stage of the cycle. When the Permian volcanism died out, a quasi-platform 
regime set in in the prevaling part of the Alpides. This is another reason why the 
melaphyres can hardly be regarded as the products of initial volcanism. 

A quite different situation existed in the southernmost zones of most Alpide 
segments and in the greater part of the Dinarides. The Permian of predominantly 
marine type is there diversified only by interlayers of continental facies; late 
geosynclinal volcanic manifestations are also isolated. The Hercynian geosyncline 
was passing into the Alpine geosyncline, undergoing minor changes. 

3. Pre-alpine eugeosynclinal volcanics 

Most of the pre-Carboniferous series of the Alpide region are volcano-sedimentary 
sequences including geosynclinal volcanics of basic character. Most of them have 
been converted into amphibolites and in the oldest series of some segments (in the 
Rhodope, the Serbo-Macedonian and Pelagonian massifs) into eclogites. They are 
accompanied by plutonic bodies of gabbro and diorite and quite often also of 
ultrabasites. Acid volcanics metamorphosed to porphyroids occur to a small or 
greater extent in some sequences. The study of the stratigraphic position and the 
regional distribution of the volcanics in the individual segments of the Alpides 
enabled us to recognize some rules governing their evolution and the peculiarities of 
individual areas and zones. 

Amphibolites, predominantly gabbros, are abundant in the Crystalline of the 
Eastern Alps. Serpentinites are also present. Basic volcanics of the spilite-diabase 
association are frequent in the Lower Palaeozoic, mainly Ordovician complexes 
(Gurtaler Decke, Saualpe, Grazer Paleozoik — P. BECK-MANNAGETTA 1974). Acid 
and intermediate volcanics, particularly quartz porphyries occur in the Lower 
Palaeozoic) of some zones (Gurtaler Decke, Grauwackenzone, Zieberger Paleo
zoic), but they are more frequent in the Upper Ordovician to Lower Silurian (H. V. 
FLÚGEL 1975). Basic volcanics are more abundant in the Lower Devonian, for 
example, in the northern Grauwackenzone. 

In the Karawanken and the Carnic Alps, the earlier Palaeozoic sedimentary 
(pelitic-psammitic) series enclose fairly frequent basite bodies, even serpentinized 
pyroxenites. Quartz porphyries, up to 500 m in thickness, occur in the Ordovician. 
Basic and acid volcanics are also found in the Lower Carboniferous flysch, which 
replaced the carbonate sedimentation (H. V. FLÚGEL 1975). 

The pre-Hercynian and especially Lower Palaeozoic sequences of the West 
Carpathian Crystalline contain amphibolites derived from diabases, diabase tuffs 
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and tuffites accompanied by intrusive gabbros and diorites. Metabasites build up 
conformable, lens-shaped, tabular and even slabby bodies amidst the metasediments 
(D. HOVORKA 1976). The sequences rich in amphibolites are often affected by 
anatexis (i.e. penetrated by migmatites), which is related to deep faults on which the 
magma was ascending; such are, for example, the upper gneiss complex in the High 
Tatra Mts. and the broad migmatite zone of the Ďumbier, Ľubietová and Kohút 
crystalline complexes of central Slovakia. D. HOVORKA (1976) reports frequent 
occurrences of migmatitic amphibolites with an increased content of elements typical 
of granitoids. Granitization processes strongly affected gabbros near Dobšiná and in 
the Devonian Rakovec Group in the Gemerides during the Hercynian (L. ROZLOŽ

NIK 1974) and Alpine orogenies (P. GRECULA 1973). Metabasites are unusually 
abundant in the Lower Palaeozoic PezinokPernek Formation of low to medium 
metamorphic grade in the Little Carpathian Crystalline, in the Kraklová zone of 
mediumgrade metamorphism in the Hron Formation of the Veporide Crystalli

ne (A. KLINEC 1966). Quartz porphyrites altered to porphyroids occur in the upper 
Devonian) part of this Formation. Metamorphosed acid volcanics are also found in 

lower layers of the Hron Formation. According to radiometric dating (zircon) their 
age value is 370 mil. y. (B. CAMBEL et al. 1977). In the North Veporide Crystalline 
particularly in the Kraklová zone, there is a number of metaultrabasite bodies 
showing the character of serpentinetremolitetalcchloritic rocks or of peridotites 
Ihese members of a gabbroperidotite suite represent ultrabasic differentiates of 
a tholeimc type (D. HOVORKA 1976). The spilitediabase formation of the Veporides 
and Tatndes is close to tholeiitic to Alrich basalts in its chemical composition (D 
HOVORKA 1976); probably an oceanic type of crust is concerned. They are less 
frequent in the Tatride Crystalline. In the Veľká Lúka massif of the Malá Fatra Mts 
hornblende pendotite occurs amidst a hybridgranitoid mass (D. HOVORKA 1965) 
and minor serpentinite bodies of lherzoliteharzburgite type are known from the 
southerly Kohut zone of the Veporide Crystalline. The position of ultrabasites in the 
micaschist complexes of the Kohút Crystalline near the deep Lubeník fault suggests 
that they may be later Alpine protrusions of the upper mantle, but a direct 
association with the Mesozoic was nowhere proved (Fig 10) 

In the southern zones of the Veporide and the Branisko crystalline complexes are 

ľoZ T / " ' K
 8"e iSSeS Í n d Í C a t Í n g t h 3 t a d d e f f u s i v e s m ay b e P r e s e n t (L KAMENICKY 

1973). Metabasites forming sheetlike bodies, often only several cm thick but of 
considerable strike length, amidst the Muráň granite-gneisses instil the idea that the 
whole complex ,s of an effusive-sedimentary origin. Since the granite-gneisses may 
be a complementary member to basites in the spilite-quartz-keratophyre suite (D 
HOVORKA 1976) it can be inferred that the Carpathian Crystalline contains 
a subordinate spihte-keratophyre or even more acidic association in addition to the 
spihte-diabase suite. 

The presence of acid volcanics is characteristic particularly of the greater part of 
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the Gemeride Palaeozoic — of the Cambrian-Silurian Gelnica Group (Fig. 10). 
Radiometric data display the values (zircon) of 420 mil. y. from Dobšiná, 370 mil. y. 
from Mníšek (B. CAMBELCI al. 1977). Acid low-metamorphosed volcanics form 
several superposed layers. In addition to quartz porphyries and their abundant tuffs 
and tuffites, subordinate quartz keratophyres, quartz porphyrites and their pyroclas-
tics, metadiabases and their tuffs and even gabbrodiorite bodies have been identi
fied. . 

Unlike the Gelnica Group, the younger Devonian Rakovec Group abounds in 
basic volcanics (diabases, spilites and subordinate quartz porphyries, quartz kera
tophyres and more acidic porphyrite types), which represent subaqueous effusions of 
linear type.and occasional pillow lavas in the lower part. Volcanics in the central part 
of the Rakovec Group are of a more pronounced spilitic character (S. BAJANÍK 
1975) • they accompany gabbro, gabbrodiorite and quartz diorite intrusions in both 
the western (near Dobšiná) and eastern parts of the Gemerides. In the Klátov body, 
a marked transition from gabbros to diabase and diabase-porphynte facies is seen. 
The Devonian-Lower Carboniferous Harmónia Formation in the Little Carpathians 
in south-western Slovakia contains a lower amount of basites. 

Peculiar magmatites of the West Carpathians are the basites and ultrabasites in the 
Namurian (Viséan?)-Westphalian of the Gemerides; they are distinguished by 
a wide differentiation range, varied modes of occurrence and chiefly by the differing 
molassoid type of the formation in which they are situated. The formation comprises 
diabase tuffs, tuffites and diabase and diabase porphyrite bodies; submarine 
effusions dykes and hypabyssal bodies of gabbro, gabbro-amphibolite, gabbrodior
ite and diorite; bodies of serpentinized lherzolite, which are even of large size such as 
Borčok near Breznička and Ploské (D. HOVORKA 1965). Minor bodies are more 
numerous in the area of Železník — Turčok (M. MAHEĽ 1953). 

Early geosynclinal amphibolites occur in the Devonian of the eastern part of the 
Hungarian MidMountains; in the western part of this block, in the IgalBukk 
geosynclinal trough, diabases and subordinate quartz porphyries are known from the 
Ordovician and Silurian sequences (G. WEIN 1969). 

The following metamorphosed formations of the Apuseni Mts. are rich in acid 
volcanic rocks: the Upper ProterozoicLower Cambrian Arada Formation in the 
Bihor autochthon has a higher content of metakeratophyres and quartz porphyrites; 
the synchronous Biharia Formation in the Codru nappe system contains more 
orthoamphibolitemetadiorites and metagabbros  and the Muncel Formation 
bears metamorphosed quartz porphyrites and metadiorites. In the Southern Apuse

ni area amphibolites predominate in the Precambrian sequences and a wide range of 
volcanics from metadiabases to porphyroids, keratophyres with their tuffs and 
gabbros are present in the Palaeozoic complexes (Paiuseni Formation, M. BLEAHU 
1974) (Fig. 4). 

In the Eastern Carpathians, amphibolites are frequent in the mesometamorpho
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sed Proterozoic Bretila-Raräu Formation and the Upper Proterozoic-Lower Cam
brian medium- to low-metamorphosed Rebra-Barnar Formation (H. G. KRAUTNER 
1972). In essentials, the formations are of spilite-diabase type with a dyke suite and 
subvolcanic bodies of basic to intermediate character. The gabbroid magma was 
slightly akali-calcic. The Lower Palaeozoic Tulghes, Formation of great thickness 
contains chiefly acid metatuffs, porphyroids, quartz porphyrites and keratophyres 
and in the upper part quartz porphyries and quartz keratophyres (A. SÄNDULES-
cu—I. BERCIA—H. G. KRAUTNER 1974). The volcanics are accompanied by stocks of 
granite-porphyry and granodiorite-porphyry (G. RUDAKOV 1971). Basic volcanic 
rocks and tuffs form only several layers in the middle part of the Tulghes, Formation. 
They also occur (mainly metadiabases and their tuffs) in the later low-metamorpho
sed formations; in the Devonian-Lower Carboniferous Repedea Formation they 
occur together with the metamorphosed sequences of the Lower Carboniferous 
Rusaia Formation of detrital character. Other basite occurrences have been found 
amidst the limestones and dolomites of the Lower Carboniferous Tibäu Formation 
(chiefly in its upper part) and in the Upper Carboniferous molassoid complex of the 
Argestru Formation and in the Radomirova zone. 

The gneiss and mica-schist complexes of the oldest South Carpathian formations 
(Fig. 5) also show a volcano-sedimentary character. Spilite tuffs, tuffites and 
amphibolites are unusually abundant in the Baikalian complexes of the Geticum and 
Suprageticum.The gneiss complexes of the Poiana Ruscä Formation contains besides 
metadiorites and metagabbros also metaperidotite. Magmatic consanguinity of these 
ultrabasites and basites is apparent (O. MAIER et al. 1975). Serpentinites occur 
together with gabbros also in the gneiss-mica-schist Ielova Formation and in the 
Mraconia body of the Danubicum. The presence of acid tuffs has been proved in 
some gneiss and mica-schist complexes as, for example, in the Lotru and Sebe§ 
Formations of the Geticum. Several layers of acid metatuffs are interlaid in the 
Crystalline of the Danubicum but the amphibolites predominate. 

Basic volcanics, usually with an abundance of tuffs and tuffites are also in the 
Palaeo-hercynian formations. The Cambrian epimetamorphosed Corbu Formation 
of the Danubicum unit is rich in metadiabases and acid tuffs, lamprophyres, 
porphyries, gabbros and gabbrodiorites. The serpentinite bodies are of small 
dimensions, only the Tisovifa body is of more importance (O. MAIER et al. 1975). 

Among the varied volcanics of the Devonian epimetamorphosed series, chiefly in 
the Poiana Ruscä zone, predominate metadiabases and their tuffs over lamprophy
res, acid tuffs and granodiorites (O. MAIER 1975). Acid pyroclastics are also found in 
the Devonian Lescovi{ Formation together with the basic tuffogenic rocks (J. 
BERCIA—E. BERCIA 1975). Ultrabasic rocks are particularly frequent in the Ordovi-
cian to Silurian low-metamorphosed aspidic and flyschoid sequences in the south of 
the South Carpathians. In the Porečka zone in Jugoslavia, for example, there are 
diabases and gabbros accompanied by ultramafic rocks. Acid metatuffs, quartz 
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keratophyres and quartz porphyry dykes are more numerous in the Lower Carboni
ferous (M. SÄNDULESCU—S. NÄTÄSEANU—H. G. KRAUTNER 1974). 

In the Rhodope massif, amphibolite layers occur in the basal Lower Proterozoic 
(to Archean) complexes and especially in the Upper Proterozoic crystalline 
sequences. They are accompanied by serpentinized pyroxenites, peridotites, dunites, 
gabbrodiorites and rare acid volcanics. The age and position of the ultrabasic rocks 
are difficult to establish. Some of them are closely associated with pre-Palaeozoic 
complexes but some serpentinite bodies at the northern margin near Plovdiv and at 
the eastern boundary of the West Rhodopean block follow the tectonic lines. Their 
contact is pronouncedly tectonic with both the pre-Palaeozoic complexes and the 
diabase-phyllitic series. The low-grade metamorphism of the serpentinites indicates 
a younger, possibly even Mesozoic age. The origin and amount of acid volcanics in 
the Rhodope Crystalline are uncertain; it is difficult to decide whether the 
orthogneisses are the product of anatexis or were primarily acid volcanics (I. 
BOJANOV 1974, S. BOYADJIEV 1967). Leptite gneisses would speak in favour of the 
latter hypothesis. 

The crystalline complex of the Serbo-Macedonian massif having extensive basic 
volcanics and diapiric structures of basic and ultrabasic rocks shows a similar 
character (M. D. DIMITRIEVIČ 1967). 

Basic volcanic rocks markedly affected the character of younger sequences 
distributed in the marginal parts of the Rhodope and SerboMacedonian massifs, in 
the Krajištides and Balkanides, i.e. the Upper ProterozoicLower Cambrian Vlasina 
and Osogovo Formations and the CambrianSilurian diabasephyllitic series 
(Fig. 6). Diabases, spilites and their tuffs are predominant; keratophyres, albitophy

res and pyroclastics are subordinate and accompanied by gabro intrusions and 
serpentinized peridotites and pyroxenites. The pre Carboniferous spilitediabases 
in the Balkans display a distinct sodium tendency (E. DIMITROVA et al. 1975). Quartz 
porphyries of RipheanCambrian age occur at the eastern margin of the SerboMa

cedonian massif (S. KARAMATA 1974). The socalled Struma (diorite) Formation 
with gabbro, diorite and leucocratic granite bodies is genetically related to the 
diabasephyllite series (I. HAJDUTOV 1971). 

A particular complex of the Balkanides is the lowmetamorphosed f lysch Rajano

vici Formation, which contains not only diabases but also porphyrites (I. HAJDUTOV 

1971). 
In the Dinarides (Fig. 9), the proportion of volcanics in the Palaeozoic complexes 

is larger in the inner units, mainly in the Vardar zone. The volcanic rocks are 
represented by diabases, partly spilites and gabbros, porphyrites, keratophyres and 
quartz porphyrites; the accompanying gabbrodiorites, gabbros and serpentinized 
ultrabasites are also frequent. In the Lower Carboniferous diabases and tuffs are of 
a small extent (S. KARAMATA 1974). 

In the Hellenides, chiefly in the Mirdita zone and less frequently in the Korab 
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zone, the Silurian-Devonian complexes contain diabases and subordinately porphy
rites, quartz porphyries and porphyries. They are (genetically) associated with 
gabbros and diorites. The diabases are pierced by plagiogranite and pegmatite dykes 
(T. BicoKuetal. 1974). 

Discussion 

1. The predominant part of pre-Palaeozoic and Early Palaeozoic formations of 
the area under discussion are of sedimentary-volcanogenic type with a prevalence of 
basic volcanics. These are represented by the spilite-diabase and spilite-keratophyre 
associations, frequently accompanied by intrusive bodies of gabbro, diorite, serpen
tinized peridotite, pyroxenite and dunite. Acid effusive rocks, quartz porphyries and 
their pyroclastics and subordinately keratophyres occasionally occur as separate 
associations but usually form the accompaniment of other rock types. 

Basic volcanics are particularly abundant in the Proterozoic (e.g. the Vlasina and 
Lisec-Osogovo Formations in the Rhodope and Serbo-Macedonian massifs, the 
Biharia Formation in the nappe units of the Apuseni Mts., Proterozoic sequences in 
the South Carpathians). Many Early Palaeozoic formations also contain a large 
amount of diabases (e.g. the diabase-phyllite formation in the Balkanides, the 
Devonian phyllite-diabase formation in the Gemeride Palaeozoic of the West 
Carpathians, the Repedea Formation in the East Carpathians, the Devonian-Lower 
Carboniferous Paiuseni Formation in the nappe units of the Apuseni). 

In most instances the series are of volcanic-plutonic type and they contain even 
major intrusive bodies, sills or small stocks. In some zones the intrusives are greatly 
diversified. The presence of the granitoid rocks is in many cases attributed rather to 
the later granitization (e.g. in the phyllite-diabase series of the West Carpathians), 
but at many localities the genetic relationship between granitoids and basic rocks can 
be more intimate. 

2. At many places also the ultrabasite bodies are constituent parts of the 
volcano-plutonic suite. Their magmatic consanguinity with the basic rocks is evident, 
for example, in the South Carpathian pre-Palaeozoic sequences at Poiana Ruscä, in 
the Geticum, the Ielova Formation and the Mraconia body in the Danubicum (O. 
MAIER et al. 1975) as well as in the Palaeozoic sequences as, for example, in the 
Corbu Formation in the Danubicum. J. JOVCEV et al. (1971) reported major 
ultrabasic bodies genetically associated with basites from the pre-Palaeozoic com
plexes of the Rhodope massif. A close relationship between minor serpentinized 
pyroxenite bodies and gabbros and gabbrodiorites is apparent in the Balkanides (I. 
HAJDUTOV 1971). The conformable ultrabasite bodies in the areas with concentrated 
amphibolite occurrences as, for example, in the West Carpathian Palaeozoic (Hron 
Formation in the Kraklová zone of the Veporides) are explained more reasonably as 
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syngenetic components of the volcano-plutonic association than in terms of subse
quent protrusions along the faults. This alternative, however, cannot be fully 
excluded in some cases, e.g. at the southern margin of the Veporide Crystalline. 

3. Of interest is the occurrence of basic and ultrabasic rocks in the Lower 
Carboniferous (e.g. the Paiu§eni Formation in the southern units of the Apuseni 
Mts., the Tibäu Formation in the East Carpathians, the Lower to Middle Carbonife
rous flysch in the Dinarides) and even in the molassoid Namurian-Westphalian 
complexes of the Gemeride Palaeozoic (West Carpathians) and the Middle Carboni
ferous Argestru Formation (East Carpathians). In all the above-mentioned seg
ments of the Alpides the Hercynian folding, granitization and metamorphism and 
consequently also the formation of the granite-gneiss layer of the earth's crust, began 
at the commencement of the Carboniferous or towards the end of the Devonian. 
However, it can be postulated that the earth's crust remained thinner in the 
structural-tectonic zones distinguished by Carboniferous basites and ultrabasites. 
Most of these zones were evidently less consolidated by the Hercynian folding. The 
presence of basic volcanics in the Carboniferous of some zones can thus be regarded 
as evidence of marked regional differences in the granite-gneiss layer of the earth's 
crust existing still during the Hercynian folding. 

4. Acid volcanics accompany the basites in a number of formations, being 
prevalent and characteristic in some of them. Their proportion in the geosynclinal 
complexes is difficult to determine in the pre-Palaeozoic complexes because of 
extensive anatexis and higher-grade metamorphism. Leptite gneisses in the Rhodo
pe Mts. (I. BOJANOV—D. KOZUCHAROV 1968), the Serbo-Macedonian massif (M. D. 
DIMITRIEVIČ 1967) and in the Kohút zone of the West Carpathian Crystalline (L. 
KAMENICKÝ 1973) are often placed in this group. The metakeratophyre and quartz 
porphyrite Arada Formation of the Upper ProterozoicLower Cambrian age in the 
Apuseni Mts. deserves to be mentioned in this context. Quartz porphyries and their 
tuffs altered to porphyroids are more frequent in the Lower Palaeozoic epimeta

morphosed series of flyschoid to flysch character, as are the Gelnica Formation in the 
West Carpathian Gemerides and the Tulghes, Formation in the East Carpathians. In 
the southern nappe units of the Apuseni Mts. the Cambrian Muncel Formation is 
fairly rich in intermediate and acid volcanics, quartz porphyrites and metamorpho

sed quartz porphyries. Interlayers of acid volcanics occurring together with basites 
are reported from the Precambrian complex of the South Carpathians and from the 
RipheanCambrian sequences of the SerboMacedonian massif. Layers of quartz 
porphyry and subordinate quartz keratophyre of great thickness are dated as 
Ordovician. The quartz porphyries in the Eastern Alps are placed at the Ordovician

Silurian boundary (H. V. FLÚGEL 1975) similarly as those in the IgalBiikk syncline 
in northeastern Hungary (K. BALOCH—L. KÓRÔSSY 1968). This implies that the 
frequent occurrences of quartz porphyries are often associated with the Caledonian 
or late Baikalian folding. However, it should be stressed that they accompany clearly 
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geosynclinal formations, frequently of diastrophic character with a predominance of 
claystones and sandstones. Numerous layers of basic rocks and both lateral and 
vertical alternation of acid and basic volcanics lend support to this view. 

The larger amount of acid volcanics in the upper layers of the Proterozoic-Cam-
brian sequences or in the lower part of the Ordovician-Silurian complexes can be 
explained most logically as the result of the differences in the thickness of the crust, 
which were caused by the Baikalian, usually late Baikalian or early Caledonian 
folding. However, no essential change in the geosynclinal character of the complexes 
took place at that time. 

The Devonian-Lower Carboniferous sequences often contain layers of quartz 
porphyry. In the upper part of the Devonian Hron Formation (West Carpathians), 
for example, acid and basic effusives alternate. In the East Carpathians, the 
low-metamorphosed Tibäu Formation amidst a complex of limestones, dolomites, 
phyllites and conglomerates, contains not only basic rocks but also acid metatuffs, 
similarly as the Devonian-Lower Carboniferous Repedea Formation in the north. In 
the Apuseni Mts. the Devonian-Lower Carboniferous Päius,eni Formation bears 
basic rocks, more acid metaquartz porphyrites, keratophyres, quartz porphyries and 
their tuffs together with phyllites, quartzites and conglomerates. In the Danubicum 
of the South Carpathians, the tuffs of quartz keratophyre and quartz porphyry are 
more frequent in the Lower Carboniferous sandstone-shale sequences. The Upper 
Devonian-Lower Carboniferous sandstone-shale complex of the Balkanides also 
contains pyroclastics of quartz keratophyre and quartz porphyry. 

The above instances show that acid volcanics accompany the basites also in the 
Upper Devonian and Lower Carboniferous. The differences in the thickness of the 
crust, which account for their presence, must have been considerable already 
towards the end of the pre-Hercynian sedimentary cycle and were associated with 
the first manifestations of the Hercynian orogeny. During this period, the differen
tiation of the crust in the East and South Carpathian areas into depressions and 
ridges was also more pronounced. The thicknesses of sequences greatly vary. The 
limestone and dolomite complexes are very thick as, for example, the Tibäu and 
Repedea Formations in the East Carpathians and the Pades, Formation in the 
Suprageticum of the South Carpathians (up to 3000 m, H. G. KRAUTNER 1972). 

5. Both the sedimentary and volcanogenic pre-Upper Carboniferous formations 
are relatively little differentiated. The predominance of diabases with abundant tuffs 
and accompanied by grauwacken, flysch and aspidic series, as well as the presence of 
more acid volcanics indicate a specific type of associations, which can hardly be 
compared to ophiolites; a small proportion of ultrabasites and silicites is an 
additional contraindication. They obviously represent another crustal type, far less 
differentiated into structural-facies zones characteristic of the Alpine cycle in the 
Alps, Carpathians and Dinarides. The differentiation intensified at the end of the 
Proterozoic or at the beginning of the Early Palaeozoic in result of the Baikalian or 
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Caledonian folding, but even then the quartz porphyries were closely linked with the 
spilite-diabase association, which is most characteristic for the pre-Carboniferous 
period of the Alpide region in south-eastern Europe. 

4. Mesozoic ophiolites and basites 
* 

In contrast to the pre-Hercynian complexes, the Mesozoic sediments in the most 
Alpide segments contain a small portion of basic and ultrabasic magmatites (Fig. 2). 
The interior zones of the Dinarides and Hellenides, and part of the Southern 
Apuseni Mts. (the Metalliferous zone) regarded as a branch of the Dinaride Vardar 
zone, are exceptions to this rule, but even there the basites and ultrabasites are 
confined to a limited number of structural zones. It is usually an association of 
gabbro, spilite and diabase bodies amidst the abyssal sedimentary rocks, particularly 
cherts (radiolarites). This association has been long known under the term the 
'ophiolite series' or 'ophiolite complex'. The association is often incomplete, isolate 
occurrences of some of its members are more frequent. In view of the plate tectonics 
theory, the basic and ultrabasic rocks of the Mesozoic sequences are of particular 
importance for the recognition of the type of the earth's crust and its changes. 

The classical areas of ophiolites are the Dinarides and Hellenides with a Triassic 
and a Jurassic series (Fig. 9). The 'porphyrite-chert' series of Triassic, mainly Middle 
Triassic age, is a typical spilite-keratophyre association, which consists of the 
following members (J. PAMIC 1974): a) normal subalkalic volcanics including 
diabases (palaeo-basalts), porphyrites (palaeo-andesites), porphyries (palaeo-daci-
tes), quartz porphyries (palaeo-rhyolites) with transitional types and pyroclastics; b) 
the albite-rich volcanics — spilites, keratophyres (palaeo-trachytes) and quartz 
keratophyres with transitional types and pyroclastics; c) dykes of quartz albitite, 
albite granite-porphyry and albite diabase (palaeo-basalt) penetrating the volcanic 
bodies; d) an intrusive group emplaced amidst the earlier rocks and composed of 
gabbros, granodiorites, diorites, and albite granites. The volcano-sedimentary 
character of the spilite-keratophyre association is apparent mainly in the Ladinian. 
At some places, particularly in Albania, volcanism was active already in the Late 
Werfenian stage (T. BICOKU et al. 1974). The volcanic associations occur in 
a complex of slates, silicites, cherts, limestones and claystones. Pillow lavas, 
abundant amygdaloid types, volcanic breccias and pyroclastics alternating with 
sedimentary rocks provide evidence of submarine volcanism. Intrusive bodies 
emplaced in the earlier rocks are contemporaneous with the volcanics. 

An especially clear picture of the changes in the character of magmatism is evident 
from detailed studies in the Crna gora (V. KNEŽEVIČ1976). 

The first magmatic manifestations appeared at the end of the Werfenian in the SE 
part of the region. Highly hybrid acid magmatites, i.e. quartz keratophyres and 
keratophyres forming flows and submarine sills date from that time. 
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More extensive magmatic manifestations are as late as Middle Triassic, following 
the deposition of Lower Anisian limestones in the Sinjajevina, the Durmitor and 
the Ljubišnja Mts. (in Bosnia-Herzegovina even of those of Ladinian age). Quartz 
keratophyres, keratophyres and porphyrites are the main rock types. They are 
genetically linked to a system of deep-seated, more or less parallel faults of NW-SE 
direction. 

Effusions are more frequent in the Ladinian, being accompanied by breccias. 
A continuous Budva-Zukali trough-depression was filled with fairly thick basaltoid, 
dominantly spilite lavas. The volcano-sedimentary series built up the porphyrite 
chert formation (B. ČIRIČ 1954). In the marginal parts of the trough (at the margin 
of the carbonate platform) there are andesites and agglomerates in addition to 
basalts. 

The volcanic manifestations persisted to the Carnian (mainly in the NW part of the 
Crna gora in the Zukali-Budva Zone — to the end of the Triassic); in the SE part 
magmatic activity was fading out already towards the end of the Ladinian. 

Typical features of Triassic volcanics in the Dinarides are the hybrid character, 
particularly distinct in the first stages, the increase in basicity and the presence of 
pillow lavas and volcanic agglomerates in the Ladinian, and the concentration of 
volcanics in zones that correspond to developing sedimentary troughs, which are 
separated one from another by broad ridges bearing shallow-water carbonate 
sediments with a small portion of volcanics. S. Karamata (1974) presumes that this 
formation was a product of a thermal 'dome', which formed beneath the Dinaric 
plate at the beginning of the Triassic. This dome was the source of strongly 
contaminated magma, which extruded along its opening fissures in Middle Triassic 
time. 

A characteristic formation of the Upper Jurassic and Lower Cretaceous is the 
'diabase-chert formation' distributed in the interior zones of the Dinarides (Vardar 
and Ophiolite zones) and in the Mirditazone of the Hellenides (Subpelagonicum). It 
includes spilites and diabases (palaeo-basalts), rare keratophyres (palaeo-trachy-

tes), radiolarites, cherty limestones, pelagic limestones and clays as well as gabbros 
and rare syenites and plagiogranites. Minor or large peridotite and lherzolite bodies 
are numerous. Some geologists (B. ČIRIČ 1962,1974, J. AUBOUIN 1964, J. A. BRUNN 
1960) believe it to be an ophiolite sequence with ultrabasites at the base and diabase 
rocks higher up; intrusive gabbro bodies intervene between them. Radiolarites and 
pelagic cherty limestones make up the top part. 

The composition of the ophiolite association in the Dinarides and Hellenides 
essentially agrees with the theoretical profile through the crust of present-day 
oceans. It is therefore not surprising that the Dinarides and Hellenides are in the 
centre of interest of 'global tectonists' and not only Jugoslavian. Primary attention is 
paid to the large ultrabasic bodies, their composition and particularly their tectonic 
position (M. D. DIMITRIEVIC 1974, S. KARAMATA—J. PAMIČ 1972). The ultrabasic 
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bodies in the Vardar zone are formed dominantly of harzburgites and in the ophiolite 
zone prevalently of lherzolites; peridotites and dunites form dykes and lenses (S. 
KARAMATA—J. PAMIČ 1972). Large serpentinite bodies in the Mirdita zone in 
Albania (Tropojé, Bulquzi, Krrabé, Gramsh, Vallamaré) are composed of harzbur

gites and to a minor extent of earlier dunites and pyroxenites. The ultrabasite bodies 
are pierced by gabbro and gabbrodiorite dykes (T. BICOKU et al. 1974). The present 
position of most major ultrabasic bodies is pronouncedly tectonic, with clearcut 
zones (in places up to 100 m thick) of mylonitized serpentinites and a mixture of 
frequently schistose serpentinites, amphibolites and sedimentary rocks. The major 
serpentinite bodies themselves are either anticlinal diapirs or blocks uplifted on 
faults and accompanied by metamorphic phenomena. 

The huge bodies of ultrabasites as, for example, those of Brezovica or Zlatibor, are 
difficult to interpret because of thick amphibolite masses being frequently folded 
together with serpentinites. This suggests that the rocks of these two types originated 
jointly at great depths and were brought tectonically into the present position. The 
great difference in the metamorphic grade of these masses relative to the Jurassic 
'diabasechert formation' showing only occasional low metamorphism, and their 
predominantly tectonic contact indicate that the major serpentinite bodies with 
amphibolites, gabbros and gabbrodiorites are possibly older. Some authors (M. ILIC 
1967) date them as Palaeozoic but with regard to the presence of Palaeozoic 
metamorphosed limestones in the tectonic melange even the prePalaeozoic age is 
admitted. Serpentinites are also regarded as shreds torn from the earth's mantle (J. 
PAMIČ 1971), the same as the gabbros and amphibolites belonging to the Precam

brian crust of the Jurassic Tethys ocean, which was laid bare owing to the spreading 
of the granitic layer before the formation of the 'diabasechert formation' (A. L. 
KNIPPER 1975). The greater part of the ancient oceanic crust was subducted and 
partly buried by large nappes such as the Pelagonian and SerboMacedonian massifs. 

The Ophiolite zone of the Dinarides is interpreted as a zone of ophiolite 
olistostromes deposited along the oceanic margin subject to subduction. In the 
cherty matrix are enclosed blocks of basites, ultrabasites, red siltstones, sandstones 
and limestones of Permian to Jurassic age. Bodies of Triassic and Jurassic limestones 
accumulated by gravity slumping from the immediate slopes are of a particularly 
large size (M. D. DIMITRIEVIČ 1974). The presence of Senonian sediments in the 
melange of the Vardar zone is explained in terms of dextral transcurrent movements 
at the boundary between the Dinarides and the SerboMacedonian massif. The 
subduction itself, the closing of the 'Zvornik ocean' and the formation of the 
ophiolite olistostrome is thought to be an older process, initiated in the Late Jurassic 
(M. D. DIMITRIEVIČ 1974). 

The relationship between serpentinites and gabbros on the one hand and the 
effusivesedimentary series on the other is complicated and difficult to recognize. 
The intricacy of the problem is enhanced by the distribution of the ophiolite series in 
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two (Ophiolite and Vardar) zones, which are separated by the Central Dinaric zone 
with the Palaeozoic Drina-Ivanjica belt (M. D. DIMITRIEVIČ 1974) and with the 
Mesozoic shallowwater carbonate facies, which are closely connected with the 
volcanosedimentary 'diabasechert formation' (B. ČIRIČ 1962, J. AUBOUIN 1970, J. 
RAMPNOUX 1972). This suggests a differentiation of the ocean floor into troughs and 
ridges and of the corresponding parts of the earth's crust into zones of small and 
greater thickness. 

The ophiolite,effusives and intrusives of gabbro, gabbrodiorite, diorite and even 
ultrabasic types also occur in the Southern Alps. They are most abundant in the 
Ladinian, comprising diabases, melaphyres (palaeobasalts), quartz porphyries 
(palaeorhyolites), kersantites, essexites, nepheline syenites, bostonites, camptoni

tes, diabaseporphyrites, gabbros, pyroxenites and peridotite. In the Ladinian 
Wengen Formation of the Alps volcanic breccias, tuffites and porphyry, porphyrite 
and melaphyre lavas are frequent; quartz porphyry tuffs and tuffites (palaeorhyoli

tes) occur in the Carnian Buchenstein Formation. 
The proportion of Mesozoic ophiolites is smaller in the remaining segments of the 

Alpides, with the exception of the Biikk Mts. (the southernmost unit of the West 
Carpathians) and the Mures, zone in the Apuseni Mts. Many authors regard these 
two ranges as branches of the Dinarides. 

In the Eastern Alps volcanic occurrences, rarely of one metre thickness, are known 
from the Upper Anisian and Ladinian of the Oberostalpin upper nappes. They occur 
mainly in association with the Reifling Limestone and are represented by porphyrite 
tuffs and tuffites (palaeoandesites) and keratophyre tuffs (trachyteandesites); 
melaphyres and spilites are sporadic, occurring mainly in the Cordevolian. A small 
serpentinite body is known from the Werfenian of Hohe Wand (V. J. DIETRICH 
1976). Layers up to 120 m in thickness formed prevalently of pyroclastics with 
layered porphyrites (palaeoandesites) and melaphyres (palaeobasalts) are in the 
Ladinian of the Gailtaler Alpen and in the Lienzer Dolomites. Traces of quartz

porphyry tuffites derived from rather distant areas occur in association with the 
Jurassic cherts (V. J. DIETRICH 1976). Augite porphyrites, melaphyres and their tuffs 
are known from many places in the Northern Calcareous Alps, e.g. from the Liassic 
mottled marlstones and in the Neocomian marly Aptychi limestones and marlstones 
of the northern nappes (A. TOLLMANN 1961). In the latter sequence lamprophyre 
dykes and sills are also found. The AlbianCenomanian 'Randkonglomerať in the 
Frankenfels nappe contains diabase, porphyry and quartz porphyry pebbles. 

The ophiolite association is characteristic of the Penninicum. The differences in 
the type of ophiolite associations are in the Alps, and particularly Western Alps, very 
prominent; they reflect the existence of two oceanic troughs separated by the 
Brianconais ridge. In the northern 'Waliser Biinderschiefer Trog' zone, in addition 
to the schists (Bunder Schiefer) there are only small bodies of basic rocks, such as 
dolerite and gabbro sills and dykes, pillow lavas, hyaloclasts, serpentinite relics and 
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rare gabbro occurrences (V. J. DIETRICH 1976). The oceanic crustal type was not very 
marked in this trough. The southern Penninicum or Piemontian zone is characterized 
by siliceous slates, cherts, marlstones, shales and fairly rich pillow-lavas and 
pillow-breccias. In the GroB Glockner area in the Hohe Tauern Mts., amphibolites, 
eclogites, prasinites and serpentinites are from the Triassic (radiometric age 170 
m.y.). 

The metamorphism of the ophiolite zones of the Alps (of blue schist and eclogite 
types) is generally thought to be associated with subduction. From the radiometric 
ages of 80—60 m. y. (on micas and alkalic amphibolites) it can be inferred that 
crustal shortening already occurred in the Late Cretaceous. The main subduction 
phase is placed at the end of the Eocene and connected with the termination of flysch 
sedimentation. 

Of particular interest is the occurrence of ophiolites with serpentinites (probably 
of Cretaceous age) at the eastern end of the Alps in the neighbourhood of the West 
Carpathians. They are part of the metamorphosed Rechnitz Formation composed 
predominantly of calcareous phyllites with greywacke and quartzite-phyllite inter-
layers (P. BECK—MANNAGETTA 1974), which is considered to be the continuation of 
the Penninicum (A. TOLLMANN 1967). 

Fragments of serpentinite, gabbro, diabase, pillow-basalt and hyaloclasts occur 
with Jurassic cherts and Aptychi limestone and the Tithonian-Neocomian marlsto
nes in the Klippen Belt near St. Veit. Ophiolite detritus is abundant in the clastic 
rocks of the Flysch Zone of the Eastern Alps and in the Gosau Cretaceous until the 
Campanian (V. J. DIETRICH 1976). 

In the West Carpathians, the ophiolite rock type is known only in their southern
most units — the Biikk Mts., the Rudabanya area and the Meliata Formation in the 
Slovakian Karst (Fig. 10). 

In the Anisian, Upper Ladinian and Lower Carnian of the Bukk Mts. in Hungary, 
diabases (palaeobasalts), diabase-porphyrites and gabbro-porphyrites, quartz por
phyries and their tuffs occur together with cherty limestones and siliceous shales (E. 
SZADECKY-KARDOSS—G. PANTÓ—K. SZEPESHAZY 1967). Some magmatites have 
a higher content of alkalies (spilites, essexites). Massive and layered flows of basic 
lava alternate with pillow lavas and hyaloclast interlayers. The alternating lava flows 
and tuffs attain a thickness of several hundred m in the Biikk Mts., in the Rudabanya 
area thicknesses are smaller (development closest to the Meliata Group). Diabase 
dykes transect the complex at a greater depth. 

The gabbro, harzburgite and peridotite (serpentinite) intrusions, which comple
ment the above association are also believed to be Late Jurassic.The ophiolite 
formation was metamorphosed under the pumpelyite-prehnite-quartz facies condi
tions (P. ARKAI 1973). The gabbro-peridotites scattered over a distance of 150 km 
and the accompanying diabase-spilites follow the Darnó line. They are genetically 
associated with an ancient fault that bounds a narrow intrageosynclinal ridge (T. 
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Fig. 10. Tectonic Map of the southern zones of the West Carpathians; 
magmatite occurrences accentuated 
Tectonic units 
1. Meso to katametamorphites of the Veporides, predominantly Early 

Palaeozoic, partly Proterozoic 
2. Hladomorne dolina Group Early Palaeozoic episeries of the Vepo

rides 
3. Early Palaeozoic episeries of the Gemerides 
4. Devonian of Szendrô 
5. Carboniferous a) of the Biikk Mts., b) North Gemerides 
6. Veporide Permian 
7. North Gemeride Permian 
8. RožňavaŽelezník Group — Permian 
9. Permian of the Biikk Mts. 

10. Krížna unit 
11. Struženík unit (Lower Triassic to Jurassic) — envelope of the Vepo

rides 
12. North Gemeride Mesozoic a) Lower Triassic 
13. Silica nappe a) Lower Triassic 
14. Meliata Group (partly ophiolitic) — Triassic 
15. Biikk Group 
16. Jurassic of the Gemerides 
17. Upper Cretaceous 
18. Palaeogene depressions 
19. Neogene depressions 
Magmatites 
20. Granitegneiss of Muráň type 
21. Hercynian granitestrondhjemites 
22. Palaeoalpine granites 
23. Granodiorites a) Eocene, b) Neoalpine 
24. Gabbros and diorites a) Mesozoic gabbros accompanied by ultrabasi

tes and diabases 
25. Minor bodies of Mesozoic ultrabasites a) of uncertain age, b) preAl

pine, c) ultrabasites at depth 
26. Diabases, porphyrites, quartz porphyries (Triassic) 
27. Neovolcanics a) predominantly andesites, b) rhyolites, c) pyroclastics 
28. Basalts 
29. Permian quartz porphyries 
30. Palaeozoic a) diabases, b) porphyroids 
Principal fault l ines: B — Balaton, D — Darnó, R — Rožňava, L — 
Lubeník, M — Margecany, Mu — Muráň, P — Pohorela, J — Jelšava 
deepseated fault, Š — Štítnik fault, H — Hornád fault 



Fig. 9 Geotectonic position of magmatites in the Dinarides and the 
northern part of the Hellenides (After the Tectonic Map of the 
Carpathian-Balkan Regions and Adjacent Areas — editor M. 
Maheľ) 
Tectonic units 

1. Istrian platform 
2. Hungarian massif (V — Villány, M — Mecsek) 
3. SerboMacedonian massif 
4. Pelagonian massif 
5. Korab Zone 
6. Vardar Zone 
7. Inner Dinaric units a) outcrops of the Palaeozoic 
8. Flysch Belt — Durmitor (J3—K2) 
9. Outer zones of the Dinarides a) of the Hellenides and Adriatic 

Zone 
10. BudvaZukali 
11. Superimposed foredeep, a) major Palaeogene inner depres

sions, b) Neogene depressions 
12. Latetectonic flysch 
Magmatites 
13. Hercynian and older granitoids, a) synkinematic 
14. Palaeoalpine granites, a) synkinematic 
15. Palaeogene granites 
16. Neovolcanics, a) pyroclastics, b) subvolcanic granites and gra

nodiorites 
17. Basalts (Pliocene) 
18. Spilitekeratophyre association (Triassic) 
19. Spilitediabase association (JurassicLower Cretaceous) 
20. Basic intrusive rocks, a) metamorphosed 
21. Ultrabasic rocks, a) metamorphosed 
22. Permian quartz porphyries and porphyrites 
23. PrePermian spilitediabases 
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ZELENKA 1974). In the south-east they join the south-eastern spur of the Bákony 
Mts., where the Ladinian and Lower Carnian complexes of cherty limestones and 
pelites enclose diabase tuffs and tuffites of fairly great thickness. 

The basic rocks, diabases (palaeo-basalts) with subordinate basalt tuffs and 
keratophyres (palaeo-trachytes) occur at the northern margin of the Slovakian Karst 
in the Meliata Formation, which is composed of dark shales, radiolaritic shales and 
radiolarites (J. KANTOR 1955). Hematite layers, in places with traces of sulphidicCu 
ores are genetically associated with them. The presence of tuffs, spilitic rocks and 
pillow-lavas indicates a rapid congealing of lavas. The plastically deformed xenoliths 
of cherty rocks, the volcanogenic material in the Triassic crystalline limestones and 
layers of glaucophane to sericite quartzites in glaucophanites are evidence that 
submarine effusions were synchronous with sedimentation (P. REICHWALDER 1970). 
The diabases are linked up with glaucophanites through transitional types and are 
related to them in chemistry. J. KAMENICKY (1957) .explains the formation of 
glaucophanites by alkaline metasomatism of diabases and P. REICHWALDER (1970) 
thinks it to be the result of Alpine dynamometamorphism; the radiometric age 
values about 80 m. y. support the latter opinion (Upper Cretaceous — personal 
communication of J. Kantor). In the Triassic complexes of the Meliata Formation 
there are also minor serpentinite bodies (e.g. near Borka, Jelšava, Držkovce), which 
obviously represent the deeper members of the ophiolite formation (M. MAHEĽ 
1975). The association with the basites of the Meliata Formation should be regarded 
as being analogous to the Middle Triassic-Carnian volcanics of the Biikk Mts (H 
KOZUR—R. MOCK 1974). 

Several minor serpentinite bodies are located in the proximity of the Rožňava 
fault-line so that their ascents are placed in this deep fault. Some geologists think the 
structurally anomalous Rožňava line to be the root zone of the Gemeride nappe (P. 
GRECULA 1973), and the ultrabasites to be fragments of the simatic basement 
squeezed into the present position by intense tectonic processes (D. HOVORKA 1965). 
A large body of serpentinized peridotites to serpentinites with accompaniment of 
dunitic to pyroxenitic rocks near Hodkovce is situated at the crossing of the Rožňava 
and Darnó fault lines. 

Minor serpentinite bodies are also found in the Triassic complexes of the North 
Gemeride synclinal zone, chiefly in the Dobšiná and Jaklovce (J. KAMENICKY 1957) 
areas. Similarly as the South Gemeride serpentinites, they form subhorizontal 
lenticles and steep tabular tectonic slices or dyke swarms; they belong to the 
lherzolite-harzburgite association (J. KAMENICKY 1956, D. HOVORKA—J. ZLOCHA 
1974). In places they are accompanied by diabasic rocks and keratophyres situated 
amidst the Middle-Upper Triassic sequences. The presence of serpentinites in 
pebbles of the Upper Cretaceous conglomerates near the Dobšiná ice cave, and 
contact metamorphism they produced in the Middle to Upper Triassic sediments of 
this area (M. MAHEĽ 1957) suggest that at least part of them are of younger, probablv 
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Late Jurassic age. The considerable amount of radiolarite pebbles is puzzling as 
radiolarites are unkown from the North Gemeride Mesozoic. They occur in the 
Triassic of the Meliata Formation and in the Malm of the Slovakian Karst. The 
fragmentary data that are available on the ultrabasites of the West Carpathian 
southern zones indicate that some bodies (mainly those in the Meliata Formation) 
might be related genetically to the thin crust of the Meliata trough and its deep-sea 
sediments (black shales and radiolarites). Most of the ultrabasites of the Slovakian 
Karst and the North Gemeride synclinal zone seem to be Upper Jurassic. The former 
are connected with the Rožňava deep fault and the latter with the deep fault 
bordering the North Gemeride synclinal zone (M. MAHEĽ 1957).Thinlayersof tuffs, 
tuffites, porphyrite and quartz porphyry are known from the limestonedolomite 
complexes of the ranges Stratenská hornatina, Galmuské pohorie (M. MAHEĽ 1957, 
1967) and of the Slovakian Karst (Silica nappe). They most frequently occur 
together with the Upper Anisian chert limestones of Steinalm type and Lower 
Ladinian dark cherty limestones of Reifling type, i.e. the deepsea facies, which 
indicate a diversified relief of the Triassic sedimentary area. 

The Drienok Formation, which forms the southernmost part of the Strážov nappe, 
contains(a) small bodies of porphyrites (palaeoandesites), orthofelsites (palaeotra

chytes), quartz porphyry (palaeorhyolite) and their tuffs amidst the Campilian 
marlstones (M. SLAVKAY1973) and (b) biotite picrites, diabases (palaeobasalts) and 
keratophyres (alkalic palaeotrachytes — personal communication by D. Hovorka) 
amidst the dolomites and Reifling Limestone (D. HOVORKA—M. SLAVKAY 1966). 
These rocks are not 'ophiolites' but volcanics of a hybrid type, which indicate the 
beginning of fracturing and differentiation of the crust after its Hercynian consolida

tion. 
Small basic bodies, chiefly of augitites and their tuffs and tuffites  emplaced in the 

Neocomian and Lower Albian marlstone complex are particularly frequent in the 
mountain ranges Strážovská hornatina, Veľká Fatra, Malá Fatra, and in the Low 
Tatra and Little Carpathians (M. MAHEĽ 1967) (Fig. 3). With regard to that they 
follow after a strong deepening of the sedimentary area evidenced by the Dogger

Malm radiolarites, and that they occur together with the pelagic marls, the genesis of 
the volcanics can be justifiably related to the thinness of the crust in the Krížna— 
Zliechov sedimentary trough. The basites in the lower part of the pref lysch Albian in 
some envelope units (e.g. the Malé Karpaty Formation — M. MAHEĽ 1967) are of the 
same type. The frequent presence of basite 'exotic' pebbles of intraformational 
conglomerates, which accompany pref lysch complexes suggests that they originated 
in the period of a more intense differentiation of the earth's crust. In the 
shallowwater (cordillera) sequences the basic rocks are scarcer. The most important 
are large bodies of limburgite and limburgite tuffs and tuffites occurring together 
with neritic TithonNeocomian limestones at Osobitá in the High Tatra Mts. In the 
Trangoška syncline in the Low Tatra, amygdaloidal augitites are located as 
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hypabyssal bodies amidst the Werfenian sedimentary complex and the Triassic 
limestones and dolomites. They are of Early Cretaceous age and the whole asso
ciation may be designated (after D. HOVORKA) as "alkalic olivine basalts to basani-
tes". The occurrence of basites in the Mesozoic of cordillera complexes indicates 
that the earth's crust was disrupted and of diverse thickness during the Late Jurassic 
and Early Cretaceous. 

Palaeo-alpine basic rocks often form minor necks in the Klippen Belt and 
abundant pebles of the Upper Cretaceous and Eocene exotic conglomerates. In the 
Peri-klippen area and in the Klippen Belt there is a wide stratigraphic range of 
magmatites. In the Peri-klippen area, the Valanginian, Aptian and Albian contain 
augitite tuffs and lavas, and from the Klippen Belt tuffs and tuffites, basites and 
ultrabasites (picrites), picrite interlayers in the Albian and picrite interlayers in the 
Cenomanian-Turonian (in Vienna) are known. The magmatites make up minor 
bodies, necks and dykes. The pebble material of conglomerates, which are mainly 
Upper Cretaceous (beginning with the Albian) in the west and prevalently Palaeo
gene in the east, contains magmatites of unusually great variety: limburgites, augite 
porphyries, spilites, melaphyres, porphyrites (palaeo-andesites), quartz porphyrites 
(palaeo-dacites) and quartz porphyries (palaeo-rhyolites) (V. ZOUBEK 1931, T. 
WIESER 1958). Of particular interest are the occurrences of glaucophanites, serpenti-
nite fragments and chromite in the Aptian limestones (M. MIŠÍK 1976). The Klippen 
Belt, including the narrow adjacent Peri-klippen zone, was evidently a specially 
favourable area for volcanic protrusions during the Early and Late Cretaceous. The 
variety and contrasts in the material composition — from serpentinites to plagiogra-
nites and from limburgites to quartz porphyries (palaeo-rhyolites)—seem to be 
allied with the contrasting palaeogeography of the Klippen Belt embracing deep 
troughs (e.g. the Pieniny-Kysúca trough) and the Czorsztyn ridge and Klape 
cordillera. The changes in the type of volcanic activity with time should also be 
considered. The serpentinite protrusions date probably from the Early Cretaceous, 
but the quartz porphyry and quartz porphyrite tuffs in the Branisko Formation of the 
Pienides indicate that intermediate volcanism was later, possibly Late Cretaceous, 
Turonian and even younger. The quartz porphyry (palaeo-rhyolite) and albite 
porphyry pebbles in the Albian conglomerates are of uncertain age (Permian? — 
Lower Cretaceous?). The occurrences of glaucophanites are the first signs of 
metamorphic processes associated with the construction of the basement of the 
Klippen Belt and subduction. Are not we concerned with oceanic crust subduction of 
a broad trough in extension of the Penninicum to the east? An especially varied 
spectrum of magmatites is found in Paleogene conglomerates of the Periklippen area 
and Klippen Belt in eastern Slovakia: augite porphyries, augitites, limburgites, 
dacites, kersantites, quartz porphyries, keratophyres, granite porphyries and grani
tes (R. MARSCHALKO—M. MIŠIK—L. KAMENICKY 1976). 

From the initial, predominantly pre-flysch geosynclinal stage of the Silesian unit 
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(in the Flysch Belt of the West Carpathians) date the Lower Cretaceous lava flows, 
domes, dykes and necks of picrite and teschenite and their tuffs and tuffites (Z. Roth 
in T. BUDAY et al. 1967), and effusions and hypoabyssal bodies of pronouncedly 
alkalic rocks (A. MAHMOOD 1973). Picrite lava flows and dykes are also known from 
the Puchov Marls of the Cenomanian-Turonian of the Biele Karpaty unit in the 
basement of the Vienna Basin, where they are located along faults that separate the 
Magura flysch trough from the Klippen Belt cordillera (M. ELIÁŠ 1976). No surface 
occurrences of ophiolites analogous to those of the Sinaia Beds of the East 
Carpathians are known in the West Carpathian Flysch, but their existence at depth is 
probable to the east of the Lednice line. The Zlín, Istebná and Godula Formations 
(Z. ROTH in T. BUDAY et al. 1967) bear interlayers of Upper Cretaceous to 
Palaeogene andesite tuff. Similarly as in the East Carpathians, the basic and 
ultrabasic magmatites are gradually replaced by intermediate volcanics in the Upper 
Cretaceous of the Flysch Belt. 

In the Mecsek Mts. in Hungary, there are Lower Cretaceous submarine effusions 
of alkalic basaltic diabase ('basalt-trachydolerite') and alkalic diabase ('trachydoleri-
te') and the occurrences of their pyroclastics, hyaloclastites and diabase porphyrite 
(E. SZÁDECKY—KARDOSS et al. 1967). Volcanic activity began in the pelagic to neritic 
environment at the beginning of the Berriasian, synchronously with the deposition of 
marly limestones. Pillow lavas and pillow breccias are frequent. In the course of 
volcanic activity, the shallowing of the basin, which began along its margin in the 
Hauterivian, extended to its central parts in the Barremian. Basic volcanism 
completed the sedimentary cycle in the Mecsek Mts., which was characterized by 
a prominent subsidence in the Dogger and Malm (G. WEIN 1969). Dykes and sills cut 
trough the Mesozoic and the underlying Permian complex, several thousand metres 
thick. The ascent of volcanics is placed in the NE-SW fault which was revived during 
late Cimmerian orogeny (J. BILÍK 1974). 

Spilite diabases (palaeo-basalts) with radiolarites were struck by boring also south 
of the Mecsek Mts., in the basement of the Neogene filling of the Drava valley. They 
are less frequent in the Villány Mts. On the basis of the boreholes sunk into the 
basement of the Neogene filling of the Great Hungarian Basin and of geophysical 
studies, a NE-SW ophiolite zone with trachydolerites and basic diabases (palaeo-ba
salts) is presumed to run in the area between the Danube and the Tisza, particularly 
between Nagykórôs and Szandaszolos (K. SZEPESHÁZY 1973) (Fig. 13). Jurassic 
radiolarites and Lower Cretaceous turbidites are its sedimentary components. The 
zone extends along the western limit of the Upper Cretaceous-Eocene Szolnok 
flysch zone; in the SW it is linked with Lower Cretaceous volcanics of the Mecsek 
Mts. and stretches as far as the Transcarpathian region in the NE, where spilites and 
diabases (palaeo-basalts) were encountered by boring amongst the Jurassic sedi
ments south of the Klippen Belt (C. N. DOLENKO—L. G. DANILOVIČ 1976). In the 
opinion of some authors the present distribution of basic magmatites in this belt 
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follows the Cretaceous zone of subduction (A. JUHASZ—G. VASS 1974). Jurassic and 
Lower Cretaceous dykes and sills, as well as lava flows of basic rocks and their 
agglomerates and tuffs are also found beneath the flysch of the Szolnok trough, 
accompanied by claystones, marlstones and radiolarian and pelagic limestones. They 
mainly consist of diabases (palaeo-basalts, partly alkalic), basaltic porphyrites and 
porphyrites (palaeo-andesites; K. SZÉPESZHÁZY 1973). 

In the Southern Apuseni Mts. (Fig. 4) the ophiolite association is characteristic of 
the Metalliferous zone (200 km long and 40 km broad). The pre-Oxfordian complex 
contains basalt pillow lavas and bodies of gabbro and peridotite with radiometric age 
of max. 180 m. y. (H. SAVU-L. NICOLAE 1974). The Oxfordian-Neocomian ophiolite 
complexes are of submarine-effusive nature with lava flows and stratovolcanoes. 
The magmatites are of extreme variety: limburgites, diabases (palaeo-basalts), 
oligophyres, orthophyres (palaeo-trachytes), porphyrites (palaeo-andesites) and 
their pyroclastics, quartz porphyrites (palaeo-dacites), dykes and sills of quartz 
porphyry (palaeo-rhyolite), albite porphyry and oligophyre. The Barremian-Aptian 
spilitized diabases (palaeo-basalts) are accompanied by gabbro, gabbrodiorite and 
diorite intrusions (H. SAVU 1967, H. SAVU—G. UDRESCU 1973). Ophiolite volcanics 
are found together with pelagic facies of jasper limestone, Aptychi limestone 
(Tithonian-Lower Albian in the Drocea-Cris, unit), the Tithonian siliceous and 
Aptychi limestones in the Mures, unit and its Albian wildflysch, and the Lower and 
Middle Albian flysch complexes of the Bucium unit. Part of the ophiolites, however, 
is accompanied by shallow-water limestones in both the Jurassic and Neocomian as, 
for example, in the south-west of the Metalliferous zone (H. SAVU—I. NICOLAE 
1974). The ultrabasic differentiates of the above association represent a tholeiitic 
magma type. Ophiolite magmatic activity occurred in three stages: Pre-Oxfordian 
with basic rocks (basalts, gabbros), Oxfordian-Neocomian with neutral and acid 
rocks (andesites, dacites and rhyolites) and Barremian-Aptian with basic rocks. The 
volcanics, mainly of the second stage, represent two differentiation lines of initial 
magma: calc-alkalic (andesite-dacite-rhyolite) and alkalic (oligophyre-albitophyre-
trachyandesite-orthophyre). The products are considered to be differentiates of 
magmas originated in the subduction zone (I. BERBELAC 1975). 

In the East Carpathians the basic and ultrabasic rocks are present in several zones, 
the oldest being in the southernmost zones. The Ladinian basites and ultrabasites in 
the Transylvanian nappe occur together with the pelagic facies of nodular Hallstatt 
limestones and cherty and radiolarite limestones. In the Per$ani Mts. in Rumania the 
basic and ultrabasic rocks occur in an allochthonous position in the Barremian-Be-
doulian wildflysch zone above the Triassic limestones. According to some authors 
(G. CioFLicAet al. 1966), diabase pillow lavas and bodies of gabbrodolerite, gabbro 
and serpent ina are Middle Triassic in age and porphyrites (palaeo-andesites), 
oligophyres, bostonitic porphyries and orthophyres (palaeo-trachytes) are some
what younger (Late Triassic). In the palaeogeographical schemes the ophiolites are 
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placed in an at least 300 km long zone, extending in the northern part of the 
Transylvanian basin, which is regarded as the root zone of the Transylvanian nappe 
(M. SÄNDULESCU 1973). 

The Middle Liassic to Dogger volcanics that are known from the Coldea 
depression, the Brašov area and the southern parts of the Persani Mts. were derived 
from the more northerly Bukovina nappe. They comprise granite-porphyries, 
orthophyres (palaeo-trachytes), keratophyres (alkalic palaeo-trachytes), porphyri
tes (palaeo-andesites) and diabases (palaeo-basalts). They were synchronous with 
the subsidence of the sedimentary area and the deposition of cherty limestones. 
Radiolarites and radiolarian limestones correspond to the maximum subsidence in 
the Oxfordian. 
The eugeosynclinal zone of the East Carpathians migrated gradually northwards: it 
occurred in the root area of the Transylvanian nappe group in the Triassic, in the 
Bukovina area in the Jurassic (M. SÄNDULESCU 1973), and towards the end of the 
Jurassic and in the Early Cretaceous the northerly flysch eugeosyncline was 
incorporated in it. 

In the Eastern Carpathians the ophiolite formation is characteristic of the Malm 
and Lower Cretaceous of the boundary zone between the Inner and Outer 
Carpathians, represented by the 'Black flysch' (Kamenný potok), and the Ceahläu-
Rachovo unit (D. RÄDULESCU—M. SÄNDULESCU 1973, M. G. LOMIDZE 1968). In the 
Black flysch unit, diabases, spilites and their tuffs occur together with silicates, 
argillites and siltstones and, in its upper members, also with limestones. In the 
Ceahläu — Rachovo unit the magmatites are found in the carbonate flysch of the 
Sinaia Formation (Fig. 11a). 

The volcanogenic complexes of the boundary zones were studied in greater detail 
on the Soviet territory. They were divided into the spilite-diabase and the spilite-ke-
ratophyre associations. In the former, spilites and porphyritic diabases (palaeoba-
salts) are accompanied by gabbro-porphyrites, gabbros and serpentinites (harzbur-
gites and lherzolites), and in the latter, diabases (palaeo-basalts), keratophyres 
(palaeo-trachytes), volcanic breccias and tuffs are found. Major bodies of gabbro 
and peridotite are thought to occur at depth (M. G. LOMIDZE 1975, E. K. LAZARENKO 
et al. 1973). The volcanic rocks are accumulated at the northern margin of the 
Marmaroš massif (M. G. LOMIDZE 1968) in tectonic slices, which consist of fragments 
of the Oxfordian-Lower Cretaceous, up to 750 m thick volcanogenic-sedimentary 
sequence. A strong tectonic reworking in the frontal part of the Marmaroš nappe 
gave rise to a belt of melange (M. C. LOMIDZE 1968). The Jurassic to Lower 
Cretaceous ophiolitic volcanism was related to the disruption of the crust along the 
Marmaroš suture towards the end of the Jurassic and to the formation of a trough 
with the oceanic crust. The trough was filled with thick carbonate flysch complexes of 
the Ceahläu-Rachovo unit (M. G. LOMIDZE 1968, M. SÄNDULESCU 1973). On the 
Rumanian side, diabases, melaphyres and their agglomerates and tuffs are also 
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abundant in the Barremian-Aptian wildflysch at the southern margin of the ophiolite 
zone (M. SÄNDULESCU 1973). Minor basalt effusions are known from the Tithonian-
Neocomian of the more southerly Klippen Belt (M. G. LOMIDZE 1975). 

Weak volcanic activity took place at the end of the Early Cretaceous and in the 
Late Cretaceous and Palaeogene in the Flysch Belt of the East Carpathians, even in 
their exterior units. This volcanism, however, was not of basic type; it was 
represented by polyphasal andesite-dacite effusions located in several zones amidst 
the flysch sequences (for details see p. 72—73). 

In the South Carpathians the carbonate flysch of the Severin zone is accompanied 
by diabases, gabbros and serpentinites, particularly in the Tithonian-Lower Neoco-
mian Sinaia Formation (Fig. 5). Minor volcanic occurrences extend to the Danubi-
cum. Volcano-sedimentary complexes of small thickness are known from the 
Jurassic of the Presacina zone and from the Cenomanian-Turonian wildflysch: 
diabases, partly spilitized keratophyres, alkalic palaeo-trachytes (H. SAVU 1967). In 
the Jugoslavian part of the South Carpathians, basic rocks occur in the deep-sea 
sequences of the Greben zone; the gabbro bodies (near Deli Jovan) bear layers of 
serpentinized ultrabasites in the lower part and diabase-porphyrite and diabase 
dykes higher up. Superjacent are diabases alternating with sedimentary rocks. Some 
geologists think these magmatites to be relics of the oceanic crust (A. GRUBIC 1974) 
of the 'Danubian ocean', which extended between the Moesian platform (including 
the greater part of the Danubicum) and the island zone, which is represented by the 
Geticum and the Serbo-Macedonian massif. The relics of this Tithonian-Lower 
Cretaceous ocean, closed in the Aptian to Albian, are the dominantly flysch 
Severin-Kraina unit and the adjacent parts of the Danubicum and Geticum with the 
deep-sea facies (A. GRUBIČ 1974). 

In the Balkan Mts., the TithonianLower Cretaceous flyschoid complex at 
Strandža is accompanied by submarine volcanics such as spilites and diabases 
(palaeobasalts), keratophyres (ultrabasic palaeotrachytes) and hypabyssal picrite

porphyrites and diabaseporphyrites (S. BOYADJIEV 1967, E. BONČEV 1955). The 
whole sequence is affected by slight regional metamorphism. The serpentinite bodies 
along the Marica fault at the northern boundary of the Rhodope massif and the 
bodies on the transverse faults along the eastern margin of the West Rhodopean 
crystalline blocks are very likely Alpine in age (E. DiMiTRovAet al. 1975) (Fig. 6). 

Discus s ion 

1. Basic volcanics accompanied by gabbro, gabbrodiorite and serpentinite occur

rences and termed ophiolites are in the Alpides associated genetically with the 
following facies: 

— the relatively deepwater facies of Triassic pelagic limestones and shales with 
radiolarite interbeds, e.g. the Budva and Zukali zones, the Biikk Mts., the Meliata 
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Formation in the Slovakian Karst, the Transylvanian nappe group in the Eastern 
Carpathians; 

— the deep-sea facies of radiolarites, siltstones, Calpionella and Nannocon 
limestones of Upper Jurassic and Lower Cretaceous age, e.g. the Ophiolite and the 
Vardar zones in the Dinarides, the Krížna unit in the Central Carpathians, the 
Bukovina unit in the East Carpathians, lower members in the Mures, zone of the 
Apuseni Mts., and the ophiolite formation beneath the Neogene of the Great 
Hungarian Plain west of the Szolnok flysch trough; 

— the pre-flysch marlstone-limestone and pelitic complexes, e.g. the 'Black 
flysch' unit and the Sinaia Formation in the Ceahläu-Rachovo unit; 

— in the Mures, zone and partly in the Vardar zone the ophiolite associations 
characterize both the Jurassic carbonate-radiolarite facies and the Lower Creta
ceous flysch complexes, the same as in the Penninicum of the Alps. 

In all instances mentioned above, the association of the ophiolites with the stages 
of maximum subsidence of the geosynclinal zones is clear. It is not only a palaeogeo-
graphical relationship but primarily palaeotectonic, which can be reasonably inter
preted as due to the relative thinness of the crust in the ophiolite-bearing zones. 

The basic rocks, dominantly of alkalic character (augitites, limburgites) often 
occur together with shallow-water facies of submarine ridges, especially in the 
marginal faulted sectors as are, for example, Tatrides, the Peri-klippen area in the 
West Carpathians and partly the Mecsek Mts. They appeared in the Upper Jurassic 
and Lower Cretaceous during the most intense basic magmatism in the Alpides. 

The Upper Jurassic and Lower Cretaceous basic, frequently alkalic magmatites 
often accompany the faults bounding Cordilleras, ridges or depressions in the flysch 
geosyncline. Such are, for example, the teschenites in the Silesian unit, basalts and 
augitites in the Barremian-Albian flysch sequences of the Bukovina and Sub-Buko-
vina nappes, or diabases (palaeobasalts) in the Jurassic limestones of the Presacina 
zone (South Carpathians) at the margin of the flysch trough, and augitites in the 
Carpathian Klippen Belt. The presence of basite pebbles in the wildflysch conglome
rates, e.g. in the Albian of the Metalliferous zone, in the Barremian-Aptian at the 
northern margin of the Marmaroš massif, in the Cretaceous conglomerates of the 
Klippen Belt in the West Carpathians and in the intraformational conglomerates in 
the Albian pre-flysch envelope units of the West Carpathians, point to an intimate 
relationship between the genesis of basic rocks and the differentiation of the crust. 

As is seen, the distribution of basic magmatites in the Mesozoic sequences clearly 
depends on the local thickness of the crust, the differentiation of the Alpine 
geosynclinal belt and on the increased dynamics of the crust during magmatic 
processes. The basites are predominantly associated with the troughs having thin 
crust and deep faults that separate the troughs from the ridges of the sea floor or 
cordilleras. 

The basic magmatites reached the maximum extent in the Late Jurassic and Early 
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Fig. 11a Geotectonic position of magmatites in the East Carpathians 
(Compiled on the basis of the CBG A Tectonic Map—edit. M. Maheľ 1974, 
and the Geological Map of Rumania) 

T e c t o n i c un i t s 

1. Bretila unit — Biely potok 
2. Sub-Bucovina nappe 
3. Bucovina nappe 
4. Group of Transylvanian nappes 
5. Getic nappe 
6. Zemplín „island" 
7. Krížna nappe 
8. a) Gemerides b) Veporides 
9. Klippen Belt 

10. „Black Flysch" (Kamenný potok) nappe 
11. Ceahläu (Rachovo) nappe and Baraolt nappe 
12. Flysch Belt (nappes of middle and external groups) 

13. Foredeep a) inner, b) outer 
14. a) Late-tectonic Bucceci paramolasse, b) Late-tectonic Transcarpa-

thian flysch 
15. Neogene depressions 
16. Overthrust lines a) Strike-slip faults 
17. Faults a) inferred (determined by geophysical methods) 

M a g m a t i t e s 

18. Pre-Hercynian and Hercynian granitoids a) synkinematic 
19. Alkalic plutons (detroites) 
20. Neovolcanics a) predominance of pyroclastics, b) granites, granodiori-

tes — small intrusions 
21. Pliocene basalts 
22. Ophiolites a) basalts, b) spilite-keratophyre association 
23. Ulrrabasites a) small bodies 
24. Permian quartz porphyries 
25. Pre-Permian a) metabasalts, amphibolites, b)porphyroids 



Cretaceous, in the period of maximum differentiation and tectonic accentuation of 
the sea-floor relief of the Mesozoic geosynclines and of the most pronounced 
oceanization in the Alpides. 

2. The distribution of ophiolites and their types are related to the differentiation 
of the Alpine sedimentary area into troughs (trenches) and ridges (cordilleras). The 
ophiolite zones show particular features in each segment, only some of them pass 
from one segment into another but never in quite the same character. 

In the Eastern Alps, the Triassic facies show a markedly deeper-water character 
only in the southernmost zones which are connected with the Southern Alps; in the 
Jurassic and Cretaceous, the Penninic trough and the basic and ophiolite zones are 
distinctive. 

In the Triassic of the West Carpathians, the zones of the Biikk Mts. and the Meliata 
Formation in the Slovakian Karst are of pelagic character and contain ophiolites. In 
the Jurassic, the Zliechov trough is more pronounced and specific for the West 
Carpathians together with the Kysuca trough in the Klippen Belt. In both of them 
and in the marginal parts of the neighbouring ridges are basic magmatites. The 
differentiation of the Tatride ridge is reflected in the frequent Lower Cretaceous 
necks of alkalic limburgites and augitites. The teschenites in the Flysch Belt are also 
confined to the boundaries between the ridges (or cordilleras) with a thick crust and 
troughs (or trenches) with a thinner crust. 

The distribution of the ophiolite association in the East Carpathians shows an 
analogous trend. The deeper-water Triassic facies of the southernmost Transylva
nian unit are those of the ophiolite zone. In the Jurassic and Early Cretaceous, the 
most marked subsidence and thinning of the crust was in the northern part of the 
Central zone and somewhat later, in the Tithonian — Early Cretaceous in the 
Ceahláu-Rachovo zone. The troughs (trenches) are also there the sites of ophiolites 
(M. SÄNDULESCU 1973, D. RÄNDULESCU—M. SÄNDULESCU 1973). 

In the Apuseni Mts. the ophiolite association occurs in the Metalliferous trough, 
whose crust was partly thin and of oceanic type during the Jurassic and the Early 
Cretaceous flysch interval. In the marginal parts of this trough the earth's crust is of 
continental character. 

The Szolnok flysch trough and the neighbouring ophiolite trough, which in the 
south-west joins the Mecsek zone (in the Jurassic of trough type — E. SZÁDECKY-
KARDOSS K. SZEPESHÁZY 1973), are outstanding features of the Hungarian Massif. 

In the Mesozoic of the South Carpathians, the Severin and Svinjica Greben zones 
became the centres of ophiolite or basite occurrences (A. GRUBIČ 1974, D. 
RÄDULESCU—M. SÄNDULESCU 1973). 

The Strandža unit with preflysch complexes and ophiolites is one of the peculiar 
features of the pre-flysch Mesozoic of the Balkan (E. BONČEV 1976). 

The Triassic of the Dinarides is of varied composition; it contains deep-water 
facies, especially in the Budva and Zukali zones, and volcanics that are already in 
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part basic. The differentiation is stronger in the Jurassic; the troughs originated 
mainly in the Ophiolite zone, in the Subpelagonicum and the Vardar zone and were 
filled with the rocks of the diabase-chert ophiolite association. The deep-water 
sedimentation persisted from the Triassic to the Cretaceous in some areas, just the 
same as the distribution of ophiolites (M. D. DIMITRIEVIČ 1974, S. KARAMATA 1974). 

From the above it follows that in the Alpides of south-eastern Europe the extent 
and distribution of ophiolites are related directly to the differentiation of the 
Mesozoic geosynclinal belt, particularly in the interval of the Middle Triassic-Early 
Cretaceous. 

3. Although the majority of European Alpide segments is poorer in ophiolites, 
they are instructive from the point of view of new global-tectonic principles, in 
several respects: a great palaeotectonic diversity, especially in Late Jurassic and 
Early Cretaceous times, the demonstrable transitions between shallow- and deep-

water sequences, and the existence of several zones with a contrasting-crustal 
thickness. These features reveal that the Jurassic-Lower Cretaceous ocean differed 
from the type of present-day oceans. In the West Carpathians, for example, at least 
four zones with a crust of a smaller thickness must be differentiated in the Jurassic 
sea, which were separated by ridges or cordilleras where the crust was of a greater 
thickness (M. MAHEL 1975). The sequences consisting of mixed shallow- and 
deep-water facies are particularly prominent in the Klippen Belt, between the 
Czorsztyn and Kysuca facies types. 

All this indicates that the model of the present Atlantic Ocean cannot be applied to 
the former deep-sea Alpide regions. The basins in the Alpine geosynclinal belt did 
not represent wide, little differentiated oceanic depressions but narrow sea troughs 
or trenches. The abrupt transition of deep-sea facies into those of shallow-water type 
is not in keeping with the opinion that such a contact should result primarily from an 
exceptionally great reduction of space or a tectonic overlapping. 

The presence of basic and ultrabasic rocks as early as the Triassic indicates the 
onset of tensional faulting, i.e. the formation of grabens and troughs, thinning of the 
crust and, possibly (N. HERZ—H. SAVU 1974), the renting of the granite-gneiss layer 
and drifting apart of the lithospheric plates. 

4. The ophiolite series are believed to represent areas with the oceanic crustal 
type. The Tethys itself is identified mainly with the ophiolite series in the Dinarides 
and Hellenides, but even there the microplate of the Drina — Ivanjica — Pelagonian 
massif divided the ocean into two parts: the Zvornik ocean (Vardar zone) in the east 
and a western part represented by the Ophiolite zone and the Subpelagonicum (M. 
DIMITRIEVIČ 1974). The Triassic ophiolite series in the Biikk Mts. are regarded as 
a branch of the Tethys joining the Dinarides (E. SZÁDECKY—KARDOSS 1973). The 
Meliata Formation in the West Carpathians is only the northern rim of this 
ofiolite series. 

The basic rocks struck by boring in the basement of the Alfóld Neogene, in basal 
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sequences of the Szolnok flysch trough (and west of it), which are thought to belong 
to the ophiolite series, represent another branch of the Tethys extending from the 
Vardar zone. 

In the Alps the ophiolite series of the Penninicum represent the deposits of a more 
northerly ocean, with a tentative oceanic ridge in their piedmont branch (V. 
DIETRICH 1976); it was presumably divided by the Brianconais plate in the Western 
Alps. The crust in the northern Valais branch is supposed to have been of nearly 
oceanic (suboceanic) type. 

The. ophiolite associations in the East Carpathians and the Apuseni Mts. are 
interpreted as two intrasialic basins having oceanic crust (D. RÄDULESCU—M. 
SÄNDULESCU 1973). The northern basin is today represented by the ophiolite series in 
the Ceahläu and 'Black flysch' units and by the basites of the Bukovina nappe. The 
ophiolite series of the Transylvanian nappe and particularly that of the Metalliferous 
zone were derived from the southern basin. According to some authors, this ocean 
situated between the Northern Apuseni and South Carpathians and called the Siret 
or Mures. Sea, connected the Tethys with the Dobrogea — Crimea — Caucasus 
ocean (N. HERZ—H. SAVU 1974). To the south-west it joined the Tethys, which is 
represented by the Vardar zone. 

The ophiolites in the Severin zone and basic complexes extending to the Greben 
zone in the South Carpathians are considered to be representatives of the former 
'Danubian' ocean, which spread between the Moesian plate (including the western 
part of the Danubicum) and the Geticum with the Serbo-Macedonian massif; the 
latter is thought to have been an island zone between the 'Danubian' ocean and the 
Tethys (A. GRUBIČ 1974). The 'Danubian' ocean was part of the Meso-Paratethys, 
i.e. the Upper Jurassic-Lower Cretaceous ocean, which separated the Eurasian 
platform from the island arc of the Central Alps, Central Carpathians, Pannonides, 
Getides, Rhodopides and Anatolides (A. GRUBIC 1974). 

There is a gap in our knowledge relating to the position of the 'Northern' ocean in 
the West Carpathian region, where the true ophiolite association does not crop out at 
the surface. The anomalous structural character of the Klippen Belt, particularly 
a belt of tectonic breccia along the internal margin of the Flysch Belt closely tied with 
it, tempts the geologists to regard it as a communication between the Penninic ocean 
and the northern oceanic basin of the East Carpathians (J. DEWEY et al. 1974, E. 
SZÄDECKY-KARDOSS1973, A. GRUBIČ 1974). However, the Klippen Belt was rather 
an internal marginal island zone with the Czorsztyn and Klape partial ridges, 
separated by a narrow Kysuca-Pieniny trench. The broad oceanic trough itself was 
obviously the internal zone of the Flysch Belt bounded by two deep, geophysically 
evidenced fault lines: the Lednice or Pericarpathian, (zone of gravimetric minimum 
along the tie-line of Hodonin — Valašské Klobouky — Kysucké Nové Mesto — 
Nový Targ — Domoradz) and the Peripieninian lineament (the zone of the 
Carpathian block, after W. ŠIKORA 1973); metamorphosed flysch is presumed to 
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Fig. l ib Palaeogeographical sketch-map of the Inner West Carpathians in the Jurassic and Lower 
Cretaceous and junction with the Eastern Aops (M. Maheľ 1978) 

1. West Carpathian ridge subsequently rebuilt tectonically: A. into nappes: a) of Vysoká group, b) 
Manin nappe; B. into Tatride units, mostly parautochthonous; la. western continuation of the West 
Carpathian ridge into the Eastern Alps: A. Mittelostalpin, B. Unterostalpin; 2. Cordillera of the 
Klippen Belt island zone: a) accompanying trench; 3. Trough with thick continental crust: its marginal 
near-ridge part; 4. Trough with thinner continental (suboceanic) crust: a) its submarginal part; 5. Trough 
with oceanic crust, a) with thin suboceanic to oceanic crust; 6. Depressions at the intraoceanic margin: SG 
— South Gemeride, TD — Transdanubian; 7. Intraoceanic margins 

occur in the deeper layers of the latter. In the West Carpathians this zone is roughly 
identical with the area of the Magura unit and is usually considered to be a strongly 
reduced root zone of the Flysch Belt nappes, but in the west its internal border 
follows the western margin of the Little Carpathians, at least 30 km south-east of the 
surface occurrences of the Klippen Belt. In this way, the West Carpathian zone 
presumably containing the ophiolite association approaches the easternmost surface 
occurrence of the Penninicum in the Rechnitzer window. Even in this conception, an 
at least 30 km displacement of the West Carpathians to the north-west must be 
postulated in the basement of the Vienna Basin, which is the most prominent 
transverse superimposed structure at the boundary between the Eastern Alps and 
the West Carpathians (Fig. l ib). 

The ophiolite associations representing the 'North Tethydian' sea continue from 
the Alpine Penninicum through the lower structural layers of the Magura nappe to 
the Black flysch-Ceahläu zone in the East Carpathians, hence through the Severin 
unit and the adjacent eastern margin of the Geticum in the Greben syncline to the 
zone of Trajan Flysch, and further eastwards through or along the Kotel zone. 
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The southern Tethydian basin is represented by the ophiolite zones of the 
Dinarides, Hellenides and of Taurides farther east. This scheme presuming the 
existence of two oceans in Jurassic and Early Cretaceous times is similar to the 
models developed by the experts acquainted with the ophiolite zones of other 
continents (J. DEWEY—J. BIRRD 1970, A. L. KNIPPER 1975) and by some students of 
the Alps (e.g. M. BoccALETiiet al. 1974). 

Both parts of the Tethys were subdivided by islands having a thick continental 
crust as, for example, by the Brianconais island in the Penninicum sea and the 
Drina-Ivanjica-Pelagonicum island in the southern Tethys. The oceans also encroa
ched upon a broad intervening belt of landmass, dividing it into microplates. Such 
were the Biikk gulf between the Central Alps and the eastern Hungarian block, the 
Szolnok gulf between the Northern Apuseni and the Geticum of the South 
Carpathians. The differentiation of the Tethys can be partly explained by disruption 
of intraoceanic plates with continental crust into microplates or minor fragments, 
combined with drifting apart and rotation of the plates, during the development of 
the Carpathian mountain arc (E. SZÁDECKY-KARDOSS 1973, V. ALEXičet al. 1974). It 
is, however, hardly possible to regard the Villány and Mecsek Mts. as part of the 
original Inner Carpathian belt (P. HORVÄTH—L. STEGENA—B. GÉCZY 1974, M. 
BLEAHU 1974) either from the correlation of the succession of the Mesozoic 
tectofacies (not isolated facies!) or from the grade of Palaeo-alpine deformation. 
The Mesozoic complexes of the Villány and Mecsek Mts. lack such markedly Inner 
Carpathian tectofacies as are the Keuper and chiefly the Albian-Cenomanian flysch. 
The two mountain ranges were also very little affected by the Palaeo-alpine folding, 
incomparably less than the West Carpathian units. 

In considering the distribution of the basins or troughs with the oceanic crust, also 
some sequences that cannot be designated as ophiolitic should be taken into account. 
These are bathyal to abyssal facies with Jurassic-Lower Cretaceous sediments as an 
essential component; they are analogous to the sediments of the ophiolite sequences 
but are accompanied with only rare basites and ultrabasites. They are characteristic 
of the Pieniny — Kysuca unit of the Klippen Belt, the Krížna nappe in the West 
Carpathians, the Frankenfels nappe and its analogues in the west of the Northern 
Calcareous Alps, the Bukovina nappe in the East Carpathians, and partly of the 
Zukali unit and of the Ionic unit in the Hellenides. During the Jurassic and Early 
Cretaceous, the Alpides were apparently differentiated into zones with the oceanic 
crust and into deep troughs with continental but very likely thinned crust. In 
addition, there was a number of zones with a predominance of shallow-water facies, 
which were not of epicontinental but of geosynclinal type; they were not platform 
fragments but geosynclinal ridges with a thicker crust (J. AUBOUIN 1964). 

It is difficult for a geologist who many years studied the Mesozoic of the West 
Carpathians and I venture to say that even for those who worked in the Oberostalpi-

nicum or the Southern Alps, to accept the idea that these areas, situated between the 
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Northern and Southern Tethys, behaved as slightly active plates showing an 
epicontinental development, especially in Jurassic and Early Cretaceous times. To 
restrict the activity of the Alpides only to the ophiolite zones seems to me to be far 
more schematic than was the division into eu- and miogeosynclines, which had to be 
extended later by a number of other geosynclinal types. The difficulties met with in 
trying to incorporate the West Carpathian units in these two basic geosynclinal types 
on the Tectonic Map of Eurasia (N. ŠATSKIJ—A. BOGDANOV 1964) still stick deep in 
our memory. The first step in establishing the principles for the Tectonic Map of the 
Carpathians, Balkan and Dinarides (on 1:1,000,000 scale) was to determine 
a peculiar type of the Alpide geosynclines; they should not be characterized by the 
thickness of sediments or by the proportion of magmatites, particularly basic and 
ultrabasic, but by its differentiation, i.e., an increased dynamics during its history, 
which was reflected in the number of the structural-facies zones. The increased 
dynamics was also manifested by an unusual spatial shortening, by the formation of 
numerous nappes and zones of contraction. We have labelled this geosynclinal type 
as the Alpine type. Soon afterwards the term 'aristogeosyncline' was coined by A. 
TOLLMANN. The differentiation of the geosyncline and its variability in the individual 
stages are shown on the Tectonic Map of the Carpathians, Balkan and Dinarides by 
tectonogroups, i.e. groups of tectofacies, which define the palaeotectonic character 
of the area where a given tectonic unit originated (M. MAHEL 1973). For details see 
the Explanatory Text to the Tectonic Map (M. MAHEL et al. 1974). The areas with 
outstanding ophiolite and basite occurrences are denoted as specific types of 
tectonogroups — specific types of troughs. There are several trough types analo
gously to various types of ridges, which occur between troughs or swells and link the 
troughs with the platform. The Penninicum troughs have recently been divided into 
the Valaisian, Piemontian and Ligurian types. The Dinaric troughs could also be 
divided at least into the Vardar type and the Subpelagonian type proper. 

The individual ophiolite troughs differ not only in the accompanying type of 
sediments, abundance of magmatites but also in the type of ophiolites. Characteristic 
of the Jurassic-Lower Cretaceous troughs of the Dinarides are abundant diabases 
and large bodies of gabbro and ultrabasites, products of little differentiated tholeiitic 
magma, occurring besides pelagic carbonates, cherts and pelites. Distinctive of the 
Mures trough is the varied succession of magmatites of the ophiolite type: a) in the 
Jurassic of simatic character, predominantly basalts, less gabbros and ultrabasi
tes, accompanied by silicites of great thickness; b) in the uppermost Jurassic the 
abundance of differentiated hybrid magmatites from basalts to quartz porphyry (also 
alkalic keratophyres and orthophyres) in accompaniment of pelitic carbonates 
(mainly marlstones); c) in the Aptian and Albian spilites accompanied by heteroge
neous flysch (varied in facies). More abundant serpentinites are in the unit of the 
'Black Flysch' in the East Carpathians with predominantly aleuritic flysch. The rare 
diabase volcanism and scarce ultrabasites are also in the Ceahläu-Severin-Kraina 
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trough of carbonate flysch. For the Krížna trough with pelagic carbonates, radiolari
tes of the Jurassic and Lower Cretaceous and with Albian-Cenomanian flysch scarce 
augitites are characteristic. In the Mecsek trough with more deep-water carbonate 
facies of the Dogger and Malm (with shallowing to the end of the Jurassic) Lower 
Cretaceous alkalic diabases are abundant. 

There are obviously several types of troughs, differing in the stratigraphic range of 
filling; in the type of sedimentary facies and their changes throughout history; in the 
amounts and type of ophiolites and thus different also in type of crust (the oceanic, 
suboceanic, thinned sialic crust). 

The different types of troughs were greatly controlled by the differences in their 
position in the individual segments of the geosynclinal system of the Alpides and by 
the differences in the dynamics of the crust. But as is evident from the course of the 
Northern and Southern Tethydian troughs, the nonuniform oceanic troughs are 
obviously of regional character. The troughs with the oceanic crust are geotectonic 
elements of a higher order of magnitude connnecting several segments, whilst the 
troughs with a thinner continental crust (e.g. the Krížna trough) are usually 
characteristic of one Alpide segment only. The global character of these oceanic 
troughs is also suggested by their opening during the Jurassic synchronously with the 
formation of the Atlantic Ocean between North America and North Africa (J. 
DEWEY et al. 1970). 

To disregard the differences in the dynamic state of the crust in the individual 
Alpide zones means to omit the basic character of the development history of the 
Alpides. 

The palaeo-tectonic model of the Alpides during the Alpine cycle was extremely 
complicated, changing in time and space not only within single sectors but also in 
single evolution stages. The most prominent and inseparable component of this 
model from the Middle Triassic to the folding phase were the troughs, some with 
ophiolites and some with deep-water facies sequences accompanied by basites or 
ultrabasites. 

The zonal and at the same time selective distribution of ophiolite associations and 
their connection with the troughs result from the differentiation and prominent 
diversity of the Alpine geosyncline and are associated with the 'oceanization' of the 
crust in intercontinental conditions. Longitudinal deep faults, which separated ridges 
and troughs of the Alpine geosyncline, were paths of ascent of basites and 
ultrabasites from the deeper parts of the crust and were significant factors in the 
extension of the crust, thinning of its granite-gneiss layer and occasionally in drifting 
apart of the plates. Another factor that influenced the development of the Alpides, 
the distribution of ridges and troughs and even the dynamics of the crust, and which 
should not be forgotten, is the non-uniform Hercynian granitization (Figs. 7, 12a, 
12b). 

Another characteristic feature of the Alpides is a great, in some zones even 

63 



enormous shortening and the formation of often rootless nappes. Particularly the 
zones with ophiolite associations and those with a thinner continental crust (troughs) 
have been deformed into extensive nappes. Under these conditions the allochtho-
nous, mostly nappe position of the ophiolite associations and basites accompanied by 
deep-water sediments is understandable. 

5. Two tectonically contradictory events of primary importance in the history of 
the fold mountains are connected with the ophiolite zones: 

— extension of the crust, drifting apart of the plates, i.e. the origin of oceanic 
basins with ophiolite associations or at least crustal thinning and the origin of troughs 
with basic rocks; 

— shortening of space, closing of troughs, subduction of the oceanic crust and its 
submerging to the deeper crustal parts, re-melting of the oceanic and even 
continental crust, which implies the interference with the deep-seated processes. 

The extension processes of continental crust represent a new approach to the 
understanding of the history of fold mountains, and in the Alpine system to a more 
dynamic interpretation of the development of the geosynclinal systems. They show 
the differences in the width of the geosynclinal system and in the diversity and type of 
the crust during its development more distinctly. In the European Alpides it is of 
particular importance that the geosynclinal development before the Palaeo-alpine 
folding (often called the carbonate stage) can be, as a result, divided into two stages 
— the Triassic and Jurassic-Lower Cretaceous. 

The shortening of geosynclines was so far associated with the periods of folding. 
The shortening due to subduction of the oceanic crust, which is regarded as 
a long-term process, usually preceding folding, opened a new concept. The margins 
(mainly internal) of the ophiolite zones are thought to be Benioff seismic zones 
involved in subduction and the basic evolutional activity of fold mountains is 
ascribed to them. The frequent metamorphism in the ophiolite series, olistostrome 
melanges and olistoliths are often used as evidence of a long-lasting subduction and 
activity in the contact zones between the ophiolite troughs and the marginal 
lithospheric plates. 

Some of the ophiolite zones show a more or less intensive metamorphism of 
prehnite-quartz subfacies as, for example, the Meliata Formation, the Biikk Mts., 
the Strandža, Vardar and Fraška gora zones, and the Penninicum in the Eastern 
Alps. Strikingly, all of them are interior zones, except for the Penninicum, which 
occupies an interior position only in the Western Alps. It also shows a higher grade of 
metamorphism, but in the Alpides the metamorphism of Mesozoic formations is not 
a characteristic feature. The classics of the nappe theory had long ago interpreted 
metamorphism as an indicator of the root zones. Metamorphism is also known from 
the Mesozoic non-ophiolitic associations, more frequently in trough zones (root 
zones of nappes, e.g. the Veľký Bok Formation, rear part of the Krížna nappe in the 
West Carpathians) than in the zones of strong Alpine compression (e.g. the 
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Fig. 12a Sketchmap showing 
manifestations of Alpine fol

ding periods in relation to 
magmatites in the Carpathian 
— Balkan system. 
Magmatites 
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Fig. 12b Geotectonic position of granitoids 

1. Prealpine granitoids a) synkinematic, b) alkalic 
2. a) Palaeo-alpine granites, b) synkinematic 
3. Meso-alpine banatites— interorogenic 
4. Subvolcanic and intrusive bodies a) early late-geo

synclinal (Priabonian — Oligocene), b) late-geosynclinal 
(Miocene —Pliocene) 

5. Foredeep 
6. Flysch Belt of the Carpathians, Eastern Alps, 

outer zones of the Dinarides-Hellenides and Balkans 
7. a) Klippen Belt, b) Gresten Zone, c) Kotel Zone 
8. a) inner zones, b) late-tectonic (back-arc) Flysch 
9. Intrageosynclinal massifs 

10. Inner depressions 
11. Principal tectonic lines a) strike-slip faults 
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Fig. 13a Sketchmap showing the distribution of Upper 
JurassicLower Cretaceous oceanic troughs in relation to 
ophiolites 

1. Central massifs a) Palaeozoic exposed in the Dinarides 
2. Areas with thin crust (quasioceanic) in the Triassic 
3. Troughs with oceanic crust in the Upper Jurassic and 

Lower Cretaceous a) with thick silicites, b) with pre

flysch, c) with silicites and preflysch 
4. a) Troughs with thinner continental crust with pelagic 

carbonates and silicites b) ridges accompanying the 
troughs 

5. Depressions with pelagic carbonates on plates (mostly 
along margins), with thicker continental crust 

6. Ultrabasites a) small bodies, mostly in nappe position, 
b) alkalic 

7. Gabbros, accompanied by diabases a) alkalic basites 
8. Spilitesdiabases a) underlying the Tertiary basin filling 
9. Triassic diabases (accompanied by minor intrusive bo

dies), in lower parts the hybrid association: diabase 
porphyritekeratophyrequartz porphyry 



Fig. 13b The presumed course of Jurassic troughs 
For explanations see Fig. 13a 



Struženik Formation of ridge type in the South Veporides). It should be emphasized 
that shortening in the Alpide realm is not confined only to the ophiolite zones. In the 
West Carpathians, all zones including the Tatride zone which is considered to be 
autochthonous, show at least locally a nappe structure. The nappes in the High Tatra 
Mts. have been known for some time and thrust faults, overthrusts and minor nappes 
have recently been identified even in the crystalline basement as, for example, in the 
Považský Inovec Mts. In addition to a total shortening, some zones, particularly 
trough zones with a thinner continental crust, were affected by particularly strong 
shortening. This relates mainly to the root zones of the Krížna nappe in the North 
Veporides and the zone south of the Veporides, which is connected with the Lubeník 
suture (the root zone of the Choč and higher nappes). 

In the Klippen Belt of the West Carpathians, which is rather a marginal zone of the 
island arc and narow oceanic trough, the long-term shortening is reflected in the 
wildflysch conglomerates. In the West Slovakian part of the Klippen Belt polymictic 
conglomerates occur from the Albian to the Palaeocene and monomictic from the 
Palaeocene to the Lower Eocene; in its East Slovakian part the polymictic 
conglomerates are found from the Maastrichtian to the Lutetian (R. MARSCHALKO et 
al. 1976). The pebble material contains varied exotic magmatites, including basites 
and even glaucophanites. The most abundant limestone pebbles are derived from 
several geotectonically contrasting sequences. The changes in the pebble material 
very likely reflect the changes in the palaeogeographical pattern and in the source 
areas and suggest the existence of a 'Ultrapieninian exotic ridge' and its subsequent 
engulfing (D. ANDRUSOV 1968). It should be stressed that the conglomerates occur in 
the flysch sequence without any marked interruption of sedimentation. 

The great shortening of the Klippen Belt, which was (30 to 40 times) greater than 
shortening of any other Alpide area, was a long-lasting process. The same also holds 
for the folding process in the Alpides. 

A detailed analysis of folding in the Carpathians (especially West Carpathians), 
the Balkan Mts. and Dinarides shows that it was active for a long time and in several 
phases. For this reason, on the Tectonic Map of the Carpathians, Balkan and 
Dinarides the units are divided according to the period of folding (Palaeo-, Meso-

and Neo-alpine) and not according to their formation in shorter phases. The 
shortening of troughs with the oceanic crust is the only and long-term type of the 
shortening of a geosyncline. 

6. In the neighbourhood of the ophiolite zones were deposited thick flysch 
complexes along the mobile margins of the continental plates, or in troughs at the 
boundary between these areas with an oceanic crust and the ophiolite zones 
(Fig. 14). The distribution of some ophiolite zones adjacent to and in lateral 
extension of the flysch zones is given as a piece of evidence for the applicability of the 
global tectonics to the Alpides (E. SZÁDECKY-KARDOSS 1973, N. HERZ—H. SAVU 
1974). Since the flysch is extremely abundant in some Alpide segments, e.g. in the 
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Alps, East and West Carpathians, Dinarides and Hellenides, the relationship 
between the flysch and the ophiolite associations is of primary importance. 

We have mentioned above that some ophiolite associations grade upwards into 
flysch associations containing basic and even ultrabasic rocks (the Vardar zone, 
Metalliferous zone, Penninicum, the 'Black flysch' unit, Strandža). The Preflysch, 
which is the initial stage of the flysch troughs, contains more basites and ultrabasites. 
At the same time they alternate chronologically with the ophiolite associations, 
usually occurring in the neighbourhood (Sarajevo and Vermos along the margin of 
the Ophiolite and Mirdita zones, Severin at the margin of the Greben, Ceahläu zone 
at the margin of the 'Black flysch' unit). 

The complexes of mature flysch represent another dynamic crustal type than that 
of the ophiolite zones. It is the type which replaces the period of dilatation, of ocean 
opening. The Triassic ophiolites (the Biikk Mts., Meliata Formation) lack flysch 
accompaniment. In the Budva and Zukali units there are flysch complexes of a fairly 
great thickness but they belong to trough formations characterized by a spilite-kera-
tophyre association. 

As is seen, there is a time relation between the ophiolite associations and the flysch 
complexes in the Alpides. The complexes of mature flysch with predominating flysch 
s.s. and coarse flysch usually begin in the Middle Cretaceous and lack the ophiolites. 
The rather rare magmatites are of intermediate to acid character (for details see 
p. 72—73). 

In the structural-facies zones where the carbonate sequences replace the flysch 
complexes as late as in the Albian, the basites and ultrabasites are more frequent in 
the transitional (Preflysch) period (the Krížna and Tatride units). This period of the 
maximum subsidence and the thinnest crust is evidently connected with the 
occurrence of basites and sporadic ultrabasites in the pebble material of the 
conglomerate interlayers in the flysch complexes. 
< 
Fig. 14a Sketch-map showing the distribution of ophiolites in relation to flysch tectonogroups 
Flysch tectonogroups 
1. Upper Cretaceous-Palaeogene Flysch Belt a) in places superimposed on pre-flysch zones. Units: 

M = Magura, Si = Silesian, K = Kruja, J = Ionian 
2. Tithonian-Lower Cretaceous flysch (predominantly pre-flysch) a) underlying the later Flysch: So — 

Szolnok, Bn — 'Black Flysch', C — Ceahläu, Se — Severin,T—Trojan, SS— Strandja, Sr — Sarajevo, 
V — Vardar Zone, Mu —Mures., Z — Zukali 

3. Upper Cretaceous volcanogenic flysch showing relationship to banatites 
4. Flysch to flyschoid of back-arc type a) underlying the molasse filling 
5. Ultrabasites a) small bodies, mostly in nappe position, b) alkalic 
6. Gabbros (accompanied by diabases) 
7. Spilites-diabases, (subordinately the hybrid association a) underlying the Tertiary basin filling, b) 

alkalic 
8. Triassic diabases accompanied by small intrusives; in lower parts the hybrid association: diabase-

porphyrite-keratophyre-quartz porphyry 
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The distribution of flysch complexes and its time range in most of the Alpide 
segments point to an orogenetic polarity (J. AUBOUIN 1964,1964, M. MAHEĽ 1974), 
which is one of the characteristics of the Alpides in the Alpine cycle. It is this time 
sequence that shows that not only flysch but also ophiolite complexes fit in the 
evolution line of the Alpine geosyncline. 

7. The ophiolites show the petrochemical character of tholeiitic magma in the 
zones with oceanic or thin sialic crust and of more alkalic type (augitites, limburgites) 
in the zones with a thicker crust (e.g. in the West Carpathians — D. HOVORKA 1965, 
1976). The character of magmatites of the ophiolite association also changes with 
time. The Triassic ophiolites contain more acid rocks, even quartz porphyries as, for 
example, in the Anisian of the Biikk Mts., keratophyres in the Meliata Formation in 
the Slovakian Karst, quartz keratophyres in the Anisian and Ladinian of the 
Dinarides and in the Ladinian of the South Carpathians. The petrochemical type of 
magma corresponds to the first stage of differentiation of the crust leading to 
a marked crustal thinning. More frequent extrusions are accounted for by a diapir

like ascent of contaminated magma (S. KARAMATA 1974). 
In the Jurassic and Lower Cretaceous, which represent the period of most 

pronounced oceanization, basic rocks predominate and ultrabasic rocks are fre

quent. In the Middle and Upper Cretaceous, when flysch sedimentation prevailed, 
the intermediate rock types with more frequent but minor bodies of porphyrites 
(palaeoandesites) and quartz porphyrites (palaeodacites) became more abundant, 
e.g. the Flysch Belt of the East Carpathians — M. G. LOMIDZE 1968; the Flysch Belt 
of the West Carpathians; Mures zone). The type of the magma obviously corres

ponds to the changes in the crustal type, as they proceeded from the Hercynian 
consolidation and granitization through the early Alpine differentiation and crustal 
thinning to the leptogeosynclinal stage with most extensive oceanization and to the 
Neoalpine consolidation. 

5. Mesoalpine interorogenic magmatites 
(the banatite association) 

In the Srednogorie zone in the Balkan Mts., in the Timok and Poianä Rusca zones in 
the South Carpathians and in the Apuseni Mts. there is a volcanoplutonic formation 
known from the literature under the label 'banatites'. On the Tectonic Map of the 
CarpathianBalkan Region (M. MAHEĽ 1973) this formation is assigned to the 
Mesoalpine interorogenic magmatites with regard to its being affected by Mesoal

pine folding and to its postPalaeoalpine age (Fig. 12a). Each of the areas 
mentioned above shows, of course, some particularities in geotectonics and the 
petrological character of magmatites (Fig. 2). 

In the Srednogorie (Bulgaria) these volcanics make up a considerable part of the 
filling of grabensynclinoria, which shows a different character in the eastern part 
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from that in the west of the Srednogorie (Fig. 6). A flysch filling of a great thickness 
(Turonian to Maastrichtian) predominates in the east. The magmatites are distribu
ted above the Turonian carbonate flysch and underlie the Upper Senonian flysch, 
which contains a considerable proportion of marlstones, marly limestones and 
sandstones with interbeds of andesite tuffs and tuffites (J. JovčEvet al. 1971). The 
TuronianMaastrichtian volcanosedimentary complex is up to 3000 m thick, with 
a prevalence of andesite tuffs, effusions of small thickness and subvolcanic andesite 
bodies. This alkalicalcic andesitebasalt association comprises basalts, andesiteba
salts, andesites, dacites, rhyodacites and intrusive bodies of gabbro, gabbrodorite, 
diorite, quartz diorite and plagiogranite. In the Upper Senonian, the flysch complex 
is in places substituted laterally by the alkalic olivine basalt formation consisting of 
picrites, olivine basalts, basanites, analcimebearing basalt, limburgites, augitites, 
trachybasalts, trachyandesites, trachytes and intrusive monzonites and syenites (G. 
STANISEVA—VASIUEVA 1973). 

In this eastern part of the Balkanides the 'banatite' magmatites occur to a less 
extent also in the northerly Luda Kamčija flysch zone under the CampanianMaas

trichtian (Emin) flysch. They are more widely distributed south of the Burgas 
synclinorium in the Strandža area (mainly in the Campanian) and involve tuffs, 
tuffites, lava flows, small subvolcanic and hypabyssal bodies and numerous dykes of 
trachyandesite composition. The numerous dykes are most often 2—3 km long, 
striking along the axes of the main structures of the Burgas synclinorium 
(100—120°) but also transversally (30—40°) (T. T. VELCHEvet al. 1975). 

In the western part of the Srednogorie Mts. a ConiacianSantonian volcanosedi

mentary complex of unusually great thickness is in the Panagjurište synclinorium. It 
overlies a Turonian coalbearing sandstoneconglomerate sequence. The Upper 
Santonian variegated marly limestones (Couches rouges f acies) are also interbedded 
with tuffs and tuffites. The overlying thick flysch complex of Maastrichtian age is 
devoid of volcanics. B. BOGDANOV (1973) reports the following succession of 
volcanic effusions: a) andesites accompanied by their agglomerates and tuffs, b) 
dacites and their tuffs and agglomerates (both andesites and dacites are accompanied 
by diorites and granites), c) dykes and subvolcanic bodies of dacites, d) subvolcanic 
dioriteporphyrites and e) trachyandesites and basalts filling the joints. 

In the Sofia area the stratigraphic range of magmatites is wider. They already 
appear in the Turonian flysch and in the Senonian sequence. Major plutons 
constitute subvertical to vertical bodies distributed on faults along the margins of the 
synclinoria, in places tens of kilometres away from the Upper Cretaceous sedimenta

ryvolcanogenic filling of synclinorial basins. Opinions on their age differ; many 
authors believe them to be younger than the bulk of the volcanic mass associated 
with the Laramide orogeny. The contact metamorphism of the Upper Cretaceous 
complexes lends support to this view (e.g. in ancient Vitoša volcano). The above 
succession of magmatites (G. STANISEVA—VASIUEVA 1973, B. BOGDANOV 1973), as 
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Fig. 14b Sketch showing the geotectonic position of banatites 

Platforms (M = Moesian) and central massifs (SM = Serbo-Macedonian, R = Rhodope) 
Bihor autochthon 
Nappe units of Northern Apuseni Mts. 
Zones with ophiolites: M = Metalliferous, V = Vardar a) Trojan Flysch zone (Tithon.an - Lower 
Cretaceous) 

5. a) Zones of pre-flysch with accompaniment of basites an ultrabasites: C = Ceahläu, S - Severin, 
SS = Strandja, b) Trojan flysch (Tithonian — Lower Cretaceous) 

6 a) Flysch Zone of the Balkanides = FB, b) BFC = the main flysch zone of the East Carpathians 
7. Upper Cretaceous complexes accompanying banatites a) flysch, b) various volcanic-sedimentary 

facies, c) Gosau type, little affected by folding 
8. Banatites a) major effusive bodies, b) subvolcanic and plutonic bodies 
9. Subduction zones 



well as the radiometric ages (70—80 m. y. — S. BOYADJIEV 1974) and occasional 
contact metamorphic effects (e.g. of the Plana intrusion) only in the lower Upper 
Cretaceous sedimentary complex suggest that part of the plutonic rocks is Upper 
Cretaceous in age and syngenetic with the volcanics. The volcano-sedimentary 
complex of the Srednogorie is intensely folded together with the sedimentary filling 
of the synclinoria. 

In the South Carpathians (Figs. 5,14b) the volcanics form part of the filling of the 
Timok synclinorium-graben, having a stratigraphic range of Cenomanian — 
Eocene. The up to 3000 m thick filling consists of unusually varied rocks: the 
shallow-water conglomerates, breccias, sandstones (Cenomanian, Maastrichtian, 
Danian), organogenic limestones (Maastrichtian), deeper-water pelites (Inocera-
mian marlstones — Turonian and Senonian) and volcanics. Andesites already 
appear in the lowest Cenomanian complex of conglomerates, breccias and sandsto
nes. Hornblende andesites are more abundant in the Lower Senonian and pyroxene 
andesites and andesite-basalts in the Upper Senonian. Trachyte-andesites, latites 
and granite, diorite, quartz diorite, grandiorite, monzonite and syenite intrusions are 
post-Late Cretaceous (P. STEVANOVičet al. 1967). The products of high-temperature 
volcanism—andesites and dacites accompanied by quartz diorites and granodiorites 
— are the oldest; low-temperature latites, quartz latites, granodirites and quartz 
monzonites are younger, which indicates a palingenetic character of magma (S. 
KARAMATA). Frequent bodies of monzonite, diorite, syenite, syenite-diorite, grano-

diorite and also gabbro, diorite-porphyrite and monzonite-porphyrite occur 
particularly in the northern part of the Timok graben. The intrusions and alkalic 
volcanics, mainly K-rich andesites and dacites, and basalts and nepheline basalts are 
located predominantly along the longitudinal Ridan-Krepoljin deep-fault system. 
They are mainly attributed to the Laramide to Pyrenean orogenic movements (S. 
KARAMATA et al. 1967, S. KARAMATA 1974). Subvolcanic bodies, sills and dykes of 
granite to gabbro composition also accompany the Knjaževac-Pirot tectonic line (in 
the Majdanpek area of Jugoslavia) to which the andesite and basalt flows and their 
pyroclastics are related. This line acted as a controlling factor in the evolution of the 
Timok graben. 

In the northern part of the South Carpathians, in the Rusca Montana basin, 
Maastrichtian andesite pyroclastics, agglomerates and tuffs occur amidst the Campa-

nian to Danian detrital coal-bearing complex (D. GIUSCÄ—G. CIOFLICA—H. SAVU 
1966). The dykes of basaltoid andesite trend from west to east. The Eocene 
sequence is represented by andesites, dacites and rhyolites accompanied by diorites, 
granodiorites and aplites. At the eastern margin of the Semenic range, quartz diorite, 
diorite and grandiorite porphyry dykes penetrate the crystalline complex along an up 
to 25 km long tectonic line. 

The banatites in the Apuseni Mts. (Fig. 4) show a specific geotectonic position. 
Minor diorite and granodiorite massifs accompanied by rhyolite and andesite 
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occurrences are found especially in the southern Metalliferous zone. They penetrate 
not only the crystalline schists but also a complex of Mesozoic ophiolites and the 
Jurassic and Lower Cretaceous sediments (Fig. 14b). They are distributed mainly 
along two NE-SW fault zones. Both the major Sävärsjn and Casanesti bodies in the 
west and the more eastern linearly arranged minor quartz diorite, diorite, grandiorite 
and granite-porphyry bodies with aplite and pegmatite veins are connected with the 
basins of Upper Cretaceous beds to the north. This shows their genetic association 
with the development of the Upper Cretaceous structural pattern (D. GIUSCÄ—G. 
CIOFLICA—H. SAVU 1966). The intrusions produced intensive contact metamorph-
ism: marblization and skarnization of Jurassic, Neocomian and Senonian limesto
nes and formation of silicites at the contact with crystalline rocks and basalts of the 
Palaeo-alpine ophiolite association. 

In the Northern Apuseni Mts. (Fig. 4) the banatites make up the extensive 
Vlädeasa mass; it is located in a complex, roughly NE-SW trending graben and for 
the most part composed of andesite flows cut across by dacite and rhyolite dykes. 
Agglomerates, tuffs and tuffites, andesites, dacites and rhyolites alternate with 
sedimentary rocks of the Senonian — Ypresian Gosau facies. The Upper Cretaceous 
sediments are contact-metamorphosed in places. The lower part of the Vlädeasa 
mass consists of basalt, andesite, rhyodacite and granite-porphyry dykes and diorite, 
granodiorite and granite bodies (M. BLEAHU 1974). Granodiorite-porphyries, peg
matites and aplites are also present. At the south-western margin of the mass the 
granodiorite bodies are penetrated by rhyolite dykes of NW-SE strike (D. Gius-
cA—G. CIOFLICA—H. SAVU 1966). Volcanism was obiously active to a small degree 
even after the banatite intrusion, probably in the Palaeocene. The volcanic bodies 
maintain the basic NE-SW strike also in the north of the Apuseni Mts., in the 
Padurea Craiului range, both in minor basins of Upper Cretaceous sediments 
(Borod, Cornätel) and in the neighbouring crystalline complexes (Cincea area). 

In the south-western part of the Apuseni Mts., however, (Biharia massif), 
numerous dykes, sills and bodies of granodiorite, granodiorite porphyry, andesite, 
dacite and rhyolite, which pierce the crystalline, Permian, Triassic, Jurassic and 
occasionally Campanian to Maastrichtian sedimentary complexes are arranged not 
only in the NE-SW but also in the NW-SE direction. 

The volcano-plutonic banatite association in the Apuseni Mts. shows a minor 
material variety than the banatites of the South Carpathians and the Srednogorie 
Mts. Alkaline rock types — syenites, monzonites and essexites are very subordinate 
(G. CIOFLICA 1967, 1973). 

The presence of banatites of a similar type to that of the Apuseni (including the 
Vlädeasa mass) is assumed beneath the thick cover of the Hungarian basin (N. 
HERZ—H. SAVU 1974). The Upper Eocene diorite and diorite porphyry bodies 
occurring together with subvolcanic and effusive andesites in the Matra Mts. (near 
Reczk, T. ZELENKA 1974) are believed to belong to them (for details see p. 85). L. 
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ROZLOŽNÍK (1976) postulates analogous banatite bodies to occur also in the 
Slovenské stredohorie Mts. (e.g. the Hodruša body). This author interprets their 
appreciably lower radiometric age values (about 15. m. y.) in terms of reheating by 
the later Badenian-Sarmatian magmatites. 

Some geologists extend the occurrence of the banatite association north-west
wards into the Klippen and Peri-klippen areas (E. K. LAZARENKO et al. 1973). In 
support of their view they give the finds of andesite breccias and especially the 
abundance of alkaline granites with radiometric ages of 88—130 m. y. in the Upper 
Cretaceous (beginning with the Albian) and Palaeogene conglomerates (S. S. 
KRUGLOV—A. K. BOJKO—B. B. ZAJDIS 1974, M. KRIVÝ 1969, L. KAMENICKÝ 1973). 
They include in the banatite association also the stocks and dykes of grandiorite-
porphyry and syenite-porphyry in the Rumanian part of the Marmaroš massif and 
lamprophyres in the Čivčinske gory Mts. in the Ukraine. 

Towards the end of the Early Cretaceous and in the Late Cretaceous, volcanism 
was active in the Flysch Belt of the East Carpathians. Andesite-dacite effusions are 
concentrated in several zones amidst the flysch sequences. The volcanic activity 
occurred in several phases and was genetically associated with the diversification of 
the flysch geosyncline into troughs and Cordilleras. Tuffs and bentonites are known 
from the Barremian of the Silesian unit, from the Barremian-Aptian of the 
Subsilesian unit, from the Aptian-Albian of the Audia unit, from the Albian-Turo- . 
nian of the Tarcäu unit (Lupchianu Beds), in the.Turonian of the Audia unit and in 
the Čorna hora and the Skibowa tectonic units The andesite-dacite tuffites in the 
Late Senonian of the Dukla, Čorna hora, Subsilesian tectonic units and in the 
Boryslav-Pokuty folds represent the later phase. 

Traces of volcanic activity also exist in the Palaeogene sequences. In the Slovakian 
part of the East Carpathians, for example, the tuffs and tuffites of acid and 
intermediate rocks date from the Middle Eocene (Zlin Formation), and Late Eocene 
to Early Oligocene (Malcov Beds and Menilitic Complex; B. LEŠKoet al. 1958). 
Volcanic breccias and andesites occur in the Palaeogene of the Curbicortale unit (M. 
SÄNDULESCuet al. 1974). Acid tuffs and tuffites are widely distributed in the lower 
layers of the Oligocene complexes; they reflect the Pyrenean diastrophism and are 
connected with the palaeogeographical rebuilding of the Flysch Belt at the Eocene/ 
Oligocene boundary. 

Discuss ion 

1. The interorogenic magmatites (the banatite association) are analogous to the 
late geosynclinal Late Tertiary volcanics in their petrographic and partly volcanolo-

gical character. They were generated after the main Palaeo-alpine folding and are 
tied with the superimposed structures of the new Meso-alpine structural pattern. For 
this reason they are usually considered to be subsequent or early subsequent (H. 
STILLE 1953, A. TOLLMANN 1967, D. GiuscA—G. GIOFLICA—H. SAVU 1966, M. 
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BLEAHU 1974). The principal associations are rhyolite-andesite and trachyte-andesi-
te-latite, showing an explosivity of up to 90 %, similarly as the late geosynclinal 
volcanics. In addition to volcanogenic formations of Mediterranean type they 
contain alkalic rocks such as limburgites, picrites, olivine basalts and trachytes, 
whose explosivity is often only 40 %. The Cretaceous-Palaeocene volcanics differ 
from young volcanics not only in age but also in their position within the geotectonic 
cycle. They are interorogenic, formed after intense Palaeo-alpine folding but 
affected by Meso-alpine (Laramide-Pyrenean) folding. Except for the banatites of 
the Apuseni Mts., all magmatites are situated in the graben-synclines, which are 
generally parallel to the Palaeo-alpine structures. The early molasse and mainly the 
flysch fades are sedimentary components of the graben-syncline filling. The volcanic 
complexes are the product of polygenic submarine volcanoes of central type and are 
characterized by typical volcanics (lavas and pyroclastics) grading to subvolcanic and 
hypabyssal bodies (G. STANIŠEVA—VASIUEVA 1973). The volcano-plutonic comple
xes are very abundant and varied, comprising gabbro, gabbrodiorite, diorite, granite, 
monzonite, syenite, syenite^granite and granodiorite-granosyenite bodies and dykes 
of porphyrite, diorite porphyrite, granite porphyry and lamprophyre. As is seen, 
a distinctive feature of the banatite association is the pronounced volcano-plutonic 
character with a high proportion of subvolcanic bodies: sphenoliths, intrusions of 
mantle type and abundant cupolas, sills, dykes and necks. Shield volcanoes were 
formed characteristically by the alkalic olivine diabase and trachyte-andesite 
formations. The lava flows of shield volcanoes were usually aligned zonally, parallel 
to the axes of the structures (e.g. in the Burgas synclinorium). 

2. Volcanic activity began in the Cenomanian and Turonian to attain its maximum 
in the Senonian and persisted till the Early Eocene. It is thus typical of the 
Meso-alpine stage. The Upper Cretaceous is characterized by andesite effusions and 
extrusions of their pyroclastics, by rhyolites, dacites and their pyroclastics and 
ignimbrites. These volcanics are part of the volcano-sedimentary fillings of the 
graben-synclinoria and other early depressions. The intrusives are for the most part 
regarded as post-Cretaceous, connected with the Laramide paroxysm (S. KARAMA-
T A 1 9 7 4 , M. BLEAHU 1974, D. GiuscA—G. GIOFLICA—H. SAVU 1966, D. RADULES-
cu—M. SÄNDULESCU 1973, N. HERZ—H. SAVU 1974), but the radiometric age values 
yielded by the Vitoš and Plana plutons in the Srednogorie of Bulgaria (S. Boyadjiev 
1974) and contact-metamorphism indicate the Late Cretaceous date. The analysis of 
the magmatism in the Srednogorie in particular (G. STANIŠEVA—VASIUEVA 1973, B. 
BOGDANOV 1973) has shown a close chronological connection of the volcanics with 
plutonic rocks; the latest are probably Palaeocene rhyolite and dacite dykes. The 
younger, post-Upper Cretaceous age of plutonic rocks in the South Carpathians, and 
chiefly in the Apuseni Mts. is connected with a different dynamic state of the crust 
and with the disparate manifestations of the Laramide diastrophism (this would be 
also testified by radiometric data — 60 m. y). 
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The banatites of the Apuseni Mts. also differ in a less varied composition and very 
small amount of alkalic rocks. The greater compositional variety of banatites in the 
South Carpathians and Srednogorie is explained by the more pronouncedly oceanic 
type of the subducted crust (D. RÄDULESCU—M. SÄNDULESCU 1973, BoccALEmet al. 
1974). The different geotectonic character of the structures in which the banatites 
were formed and their different position in the structural plan are conspicuous. In the 
South Carpathians and Srednogorie Mts. they are confined to geosynclinal grabens, 
parallel to the principal features of the structural pattern and controlled by the 
mobility of the basement. This mobility is expressed not only by the presence of 
Meso-alpine folding but also by the presence of flysch complexes (Fig. 14). The up to 
hundreds of kilometres long graben-synclinoria rimmed by deep faults, more or less 
parallel to the major structures of the Palaeo-alpine plan of the South Carpathians 
and Srednogorie Mts., a smaller thickness of the crust than in the adjacent zones 
(about 29 km), the alignment of intrusive bodies, the distribution of earlier 
sediments in the marginal parts of grabens and the presence itself of extensive 
magmatic masses — all these facts suggest that the banatites and the Late Cretaceous 
thinning of the crust are genetically tied with the zone of increased crustal 
permeability (A. ANTONJEVIC—A. GRUBIC—M. DJORDJEVIČ 1974). 

In the Apuseni Mts. the magmatites occur only in the late geosynclinal, more or less 
posttectonic depressions, oriented obliquely to the basic features of the Palaeoalpi

ne structural plan. Fillings of these depressions probably derive from the early stage 
of the lategeosynclinal period. The small depth of Upper Cretaceous depressions in 
the Apuseni Mts. throws doubt on the potential origin of banatites by subsidence 
palingenesis (as assumed by H. STILLE 1953). 

Geotectonically, the banatites of the Apuseni Mts. represent a connecting link 
between banatites of the Southern Carpathians, Srednogorie and the Carpathian Late 
Tertiary volcanics. The Eocene volcanics of the Hungarian MidMountains are 
another member of this genetic series, which stands nearer to the latter. 

Spatially the banatites form an arc (R. DIMITRESCU 1966) (Fig. 14b), which is more 
or less parallel to the course of the Paleoalpide structures in their principal area, in 
the Balkanides and South Carpathians. This leads to the opinion of genetic relation 
of banatites to subduction zones with ophiolites of the Vardar Zone and its eastern 
continuation (V. BOCCALETTI et al. 1973). The Rhodope and SerboMacedonian 
massifs, in such a conception, formed an island arc in the Upper Cretaceous, and the 
zone of Srednogorie — Timok a marine basin of backarc type with strong volcanic 
activity. 

The northern part of the banatite arc (in the northern part of the South 
Carpathians and in the Apuseni Mts.) — was running diagonally to the Palaeoalpine 
structures. Here the banatites display also conspicuous geotectonic and petrochemi

cal differences. Interpretation of the origin of magma from subducted ophiolite 
zones is not unambiguous, even from the aspects of global tectonics. Some authors 
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put the genesis of banatites into connection with the subduction zone of the East 
Carpathians (D. RADULESCU—M. SANDULESCU 1973), others with the subduction of 
the Metalliferous Zone (N. HERZ—H. SAVU 1974, M. BLEAHU 1974). 

Banatites are present in these segments of the Alpides which do not show a distinct 
polarity-migration of folding. Actually, the renewal of the geosynclinal stage did not 
take place in juxtaposition but the two main stages of the geosyncline were 
superimposed, being separated by the molasse period, which preceded magmatic 
activity. This was evident mainly in the western Srednogorie after the termination of 
the Palaeo-alpine stage, i.e.after deposition of the Cenomanian-Turonian molasse 
and before the geosynclinal stage of the younger f lysch geosyncline. No banatites are 
in the West Carpathians, Eastern Alps, Dinarides and Hellenides, where the 
geosyncline of the 'carbonate' Triassic to Middle Cretaceous stage and the flysch 
Cretaceous to Eocene (to Oligocene) geosyncline existed broadly side by side, being 
linked to each other in time and space. 

6. Late geosynclinal volcanics (neovolcanics) 

The late-geosynclinal volcanics are arranged chronologically into two stages: 1. 
Eocene — Oligocene and 2. Miocene, mainly Badenian — Pliocene. Both groups are 
linked up with depressions, thinning of crust and disintegration. Their spatial 
distribution is, however, usually different. Eocene — Oligocene volcanics are 
characteristic of the inner, intrageosynclinal masses — Rhodope and Hungarian 
massifs. In time they represent the beginning of the late-geosynclinal stage in the 
geosynclinal system and rejuvenation and tectonic activation of masses. Appropriate 
for them is thus the designation early late-geosynclinal. Miocene-Pliocene 
neovolcanics are mainly restricted to intramontane depressions, in the inner zones of 
geosynclinal systems. In the time scale they correspond tothelate-geosynclinal 
stage. The two types are linked with each other spatially in contact areas of 
intrageosynclinal masses with inner zones of the geosynclinal system. 

Of particular interest are three geotectonically different areas of their distribu
tion : a) the Hungarian Mid-Mountains with the neighbouring zones of the West and 
East Carpathians, b) the Rhodope Mts. and c) a narrow zone of activation in the 
Serbo-Macedonian massif and in the internal Dinarides (Figs. 2, 15a, b). 

The classical area of young volcanics is the Hungarian Mid-Mountains with the 
adjacent zones of the West and East Carpathians and the Apuseni Mts. forming 
a uniform crustal block called Neotisia (J. SLÁVIK 1971) (Fig. 15), where volcanism 
was active from the Eocene to Pliocene. During this 50 million years long period, 
volcanism showed a definite relationship to the type of depressions. In the Neotisia 
area the depressions evolved in stages and the orogenic and volcanic manifestations 
migrated from its central part outwards into the peripheral Carpathian areas. As 
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a result, the individual parts of Neotisia differ in the chronological distribution of 
volcanic phases and partly also in the types of volcanic rocks. 

In the Hungarian massif, young volcanism began as early as in the Eocene. 
Andesite and their tuffs in the Zala basin reaching a thickness of up to 500 m are for 
the most part buried under younger sedimentary rocks (K. BALOGH—L. KÔRÓSSY 
1968). The Middle and Upper Eocene effusions, cumulo-domes and pyroclastics are 
known from the Budai Mts., from the northern part of the Velence Mts. and the 
Gerecze Mts. In the Late Eocene, andesite effusions took place in the Matra Mts. 
Diorite and diorite porphyry accompanied by copper deposits near Reczk-Lahóca 
along the Darnó line of NNW-SSE trend are connected with the stratovolcanic 
structure. Radiometric age (37 m. y.) and finds of nummulites (Nummulites fabiani) 
in sedimentary interlayers within the andesite complex indicate a Late Eocene age 
(C. BAKSA—J. CSILLAG—J. FÔLDÔSSY 1974, T ZELENKA 1974). Eocene effusive 
rocks are also found in the Mecsek Mts. near Komló. 

In the areas adjoining the Hungarian massif, the Eocene volcanism left only rare 
traces, such as sporadic interlayers of dacite tuffs in the Upper Lutetian of the 
Central-Carpathian Palaeogene round Banská Štiavnica in the West Carpathians (L. 
ROZLOŽNÍK—O. SAMUEL—S. JACKO 1974). More frequent layers of dacite and 
rhyodacite tuffites in various stages of bentonitization are known from Podhale 
north of the High Tatra Mts. (P. RONIEWICZ—J. WESTWALEWICZ—E. MOGILSKA 
1974). 

In the Oligocene, volcanic activity was confined to the South Slovakian-North 
Hungarian basin. Layers of andesite and acid pyroclastics occur mainly amidst the 
Egerian sediments. Andesites, their tuffs and rhyodacites are also known from the 
Pilis and Borszony Mts. (G. NAGY 1976). 

A new volcanic stage (I. KUBOVICS 1974) began in the Early Miocene (Eggenbur-
gian-Ottnangian) in the northern parts of the Hungarian massif and the adjacent 
sectors of the Carpathians. Rhyolites and rhyodacites by far prevail and are of great 
thickness in the Visegrad and Borszôny Mts. They also occur in the Matra Mts. and 
the Transdanubian region. A series of minor necks, dykes, small domes and 
cumulo-domes are traceable from Košice to the Cibles area in Rumania. Rhyolite 
and rhyodacite pyroclastics extend in the neighbourhood of the Klippen Belt from 
Prešov (eastern Slovakia) to the Transylvanian depression. Pyroclastic deposits 
cover vast areas. 

In the Badenian, thick effusions of andesites (chiefly pyroxene bearing) are at first 
substituted by dacite tuffs and dacite domes (G. VARGA et al. 1975) in northern 
Hungary, the adjacent part of the West Carpathian and the Slovenské Stredohorie 
Mts. Andesite stratovolcanoes and submarine lava flows together with rhyolite 
effusions build up the predominant part of the Pilis, Borszony, Cserhát, Matra and 
Biikk mountain ranges. In the central part of the Hungarian massif, especially 
between Kopovar and Nyiregyház, huge masses of ignimbrite up to 1500 m thick 
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were emplaced during the Badenian and until the Sarmatian. With the exception of 
the north-eastern area, the Hungarian block was largely without volcanic activity in 
the Late Sarmatian and Pliocene. 

The alignment of the North Hungarian young volcanic mountain chains along the 
inner (south-eastern) margin of the Inner Carpathians suggests that the genesis of 
the bulk of volcanic masses, chiefly of Badenian andesites was associated with the 
rifts of ENE-WSW trend (G. VARGA et al. 1975). 

There is no direct evidence of such a rift. Noteworthy is, however, spatial 
distribution of Miocene neovolcanics of northern Hungary which overlie the 
Oligocene basin, obviously with a thinned crust but without more distinct older 
faults. More important manifestations of volcanism above this thinned crust 
appeared as late as the Miocene and are related to transversal faults. The effusive 
centres of lower rhyolite ignimbrites were narrow grabens mostly of NW-SE 
direction (obviously genetically linked to Lower Miocene Carpathian transversal 
downwarps — Vienna basin, Jablonica, Dačov lom zones). At the time of deposition 
of the middle rhyolite tuff (Karpatian) the NESW directions of fault lines were 
already evident (oral communication by G. Hámor). 

In the Badenian, volcanic activity in northern Hungary is linked genetically with 
the ancient NESW fault system, which controlled the structural pattern of the 
Hungarian massif and the Inner West Carpathians. Extensive volcanism of terres

trial type is restricted to horsts bounded by faults of several trends (NWSE, WEor 
WNW, ESE, NESW and partly also NNWSSE). In .the west, mainly in the 
Borszony Mts., it is the NNESSW to NS Revúca fault system (G. NAGY 1976) 
affected the transverse downwarp of the Slovenské stredohorie, the structure of the 
Cserhát and Matra Mts. (G. VARGA et al. 1975, G. PANTO 1970) and the easternmost 
Tokaj Mts. The NWSE trending faults had subordinate influence in the more 
westerly volcanic mountain ranges. The impact of this faulting on the volcanic 
activity in the Tokaj Mts. was more important. 

In the West Carpathians (Fig. 3), neovolcanics are cumulated at the southern 
margin adjoining the Hungarian massif and particularly at the Central Slovakian 
transverse downwarp. There they make up the mountain groups Štiavnické hory, 
Poľana, Javorje, Pohronský Inovec, Vtáčnik and Kremnické hory, included under 
the name the Slovenské Stredohorie Mts. Volcanism of pyroxeneandesite type 
began in Badenian time in the Štiavnické pohorie, Javorje and Poľana and to a lesser 
extent in the Pohronský Inovec and Kremnické pohorie. It persisted until the 
Pliocene. The time sequences of the individual associations of volcanic rocks are as 
follows (V. KONEČNÝ—J. SLÁVIK 1974): 

— products of andesite volcanism — Lower Badenian (southern peripheryma

rine environment) 
— products of andesite volcanism — Middle BadenianSarmatian (major part of 

stratovolcanic complexes, including intrusive complexes and differentiated rocks) 
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— products of rhyolite volcanism — Lower Sarmatian (Poľana) 
— products of andesite volcanism—Upper Sarmatian-Pannonian (upper parts of 

the complexes of the Vtáčnik — Kremnické hory Mts.) 
— products of rhyolite volcanism — Upper SarmatianPannonian (Štiavnické 

vrchy, Kremnické pohorie, Vtáčnik, Inovec Mts.) 
— basaltoid andesites — Pannonian. 
The pyroxene andesite is the principal member of the volcanic suite, dacite and 

rhyolite are subordinate and basalt andesite is the youngest. The rhyolites are more 
abundant in the northern part of the Štiavnické pohorie and in the south of the 
Kremnické hory, being located along the NS faults. In central Slovakia, the volcanic 
centres are shifted progressively to the northwest and linked with the NESW, NS 
and NWSE fault systems. The central Slovakian transverse downwarp with the 
inner depressions is genetically associated with the NS and NWSE systems of 
faults. The spectrum of volcanic forms and products is extremely wide: submarine 
domes, cumulodomes, central volcanoes, extensive lava fields, big extrusions with 
coarseclastic breccias, agglomerates, tuffs and tuffites, but also necks and subvolca

nic sills, intrusions of andesite porphyrite and quartz diorite porphyry and hypabys

sal intrusions of diorite and granodiorite. 
Andesites and basalts form short dykes and occasional laccoliths also in the Outer 

West Carpathian zones: in the Biele Karpaty unit of the Flysch Belt of Moravia (near 
Bojkovice and Bánov) and in the Pienides of Poland. According to the radiometric 
age the andesite from Bojkovice (40 m. y.*) shows that these volcanics differ from 
those of central and eastern Slovakia not only in age but also in genesis. They rather 
resemble volcanic bodies in the East Carpathian Flysch Belt, which appear there 
from the Upper Cretaceous (see p. 73). Dykes of andesites occur amidst the 
Paleogene flysch also at the northern margin of the Pieniny Mts. near the contact of 
the Klippen Belt and Magura nappe. The older of them are more or less parallel 
(striking WE or WNWESE) with this tectonic line of first order; the younger ones 
are oriented obliquely to it (K. BIRKENMAJER—A. E. NAIR 1968). 

During the Neogene the eastern part of the Hungarian massif was connected with 
the East Slovakian Plain and the Transcarpathian basin (J. SLÁVIK 1971). Compared 
with the western part, this area including the Tokaj Mts. and the Vihorlat range was 
affected by volcanism mainly at the end of the Badenian and in the Sarmatian to 
Pliocene. In eastern Slovakia the sequence of volcanic products is as follows (V. 
KONEČNÝ—J. SLÁVIK 1974): 

— products of rhyolite volcanism — Badenian 
— products of andesite volcanism — Upper Badenian 
— products of rhyolite volcanism — Lower Sarmatian 
— products of andesite volcanism — Sarmatian (including intrusive and differen

tiated types) 
* Ora! communication. 
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— products of rhyolite volcanism — Upper Sarmatian-Lower Pannonian 
— products of andesite volcanism — Pannonian 
— products of basalt-andesite volcanism — Pannonian. 
The principal petrological types are andesites, predominantly pyroxene-bearing, 

and rhyolites and their tuffs, which form several overlying layers. The more acid 
character of young volcanics is also apparent from the type of subvolcanic bodies, the 
presence of microgranites, granodiorites and diorite porphyries (B. V. MERLIČ—S. 
M. SPITKOVSKAJA 1974). Frequent volcanic bodies are in the Guttin Mts. It is 
noteworthy that volcanic activity extended as far as the Klippen Belt. There is 
a definite a close genetic relationship between volcanism on the one hand and the 
subsidence of depressions and their small crustal thickness (in places 25 km), on the 
other. In the whole area, rhyolite and later dacite eruptions prevailed in the first 
Miocene and Badenian phases. Only in the Sarmatian and Pannonian predominated 
andesites, which constituted a continuous volcanic Vihorlat — Guttin chain of 
NW-SE trend, consisting of stratovolcanoes, lava domes, volcano-sedimentary 
formations with ignimbrites and cupolas. Dykes and subvolcanic bodies are also 
numerous and cupolas abound in the Bela hora — Mukačevo area. Volcanic activity 
was governed chiefly by NWSE trending faults, and in the Prešov—Tokaj Moun

tains by faults of NS direction. The major fault system in the Guttin Mts. strikes 
NESW but the NS faults are also frequent. 

In the Apuseni Mts. (Fig. 4) young Tertiary volcanism was active between the 
Early Badenian and Pliocene. In the Early Badenian, rhyolite and rhyodacite 
volcanism, partly of ignimbrite type, was dominant and andesite volcanism in the 
Late Badenian (D. RÄDULESCU—M. BORCOS 1967, M. BORCOS 1974). More basic, 
especially basaltoid andesites and their pyroclastics, as well as dacites are subordina

te. Neovolcanics are distributed in the depressions of the southern parts of the 
mountain range, particularly in the WNWESE to NWSE, WE trending fault zone, 
which cuts across the southern part of the Northern Apuseni Mts. and the 
Metalliferous zone. In some areas the neovolcanics follow the NESW directions 
(old reactivated faults). 

The CälimaniHärgitha (Fig. 11a) mountain range following the contact of the 
Transylvanian basin with the interior zone of the East Carpathians is the longest 
continuous andesite chain (140 km) and the youngest volcanic mountains of the 
Carpathians. The Badenian volcanism was of minor extent and is represented only 
by tuffs, predominantly andesitic. The substantial part of the mountain range is built 
up of volcanics of the Pannonian age among which andesites prevail over basaltan

desites and dacites (M. BORCOS 1974). Some diorite and quartz diorite bodies are 
known. The craters of stratovolcanoes are well preserved. Compound volcanic 
structures are aligned in the NWSE or NNWSSE, and subordinately EW 
directions. 
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The neovolcanics occupy particularly extensive areas in the Rhodope Mts. 
(Fig. 6), especially in the Eastern Rhodope. Over the area of 4000 km2, they make 
up the upper part of the filling of the East Rhodopean Palaeogene basin, whose 
lower part consists of flysch complexes; submarine and terrestrial effusions of lavas 
and tuffs alternate with tuffites (R. IVANOV 1965). Volcanic activity was centred to 
three graben-synclines and exhibited specific features in each of them. Three 
volcanogenic sectors — the Borovište volcanogenic area, the Momčilgrad volcano

genie area and the Ardino volcanogenic zone — were formed. Complex groups of 
volcanic occurrences, volcanic centres, dykes and small plutons are aligned along the 
major fault line, mainly along the Marica fault (90—120°). The Tvardica or Arven 
fault system (15—35°) played a minor role in the Madžarovo and other areas (I. 
BOJANOV—D. KOŽUCHAROV 1968). Abundant dykes of andesites and subvolcanic 
bodies of andesites and diorite porphyrites, 2—3 km long, are mostly of WE 
direction. Comagmatic plutonites are of the character of small intrusions (T. T. 
VELČEV et al. 1976. The oldest slight volcanic activity represented by andesite tuff 
interlayers is of Middle Priabonian age. More intensive andesite, trachyandesite and 
trachyte volcanism is of Late Priabonian and Early Oligocene date. The volcanic 
cycle ends with the acid rhyolite volcanism in the Early Oligocene. Late Priabonian 
and Early Oligocene are subvolcanic and hypabyssal microgranitoids (B. MAVRUD

ČIEV 1965). The Kamaran intrusion and diorite porphyrites of the Lozen intrusion 
are best known. In the Oligocene andesite effusions receded to trachyande*sites and 
rhyolites forming dykes in the gabbromonzonitegranite formation. 

The minor Bracit, Dospat, Persen, Smoljan and Vitin depressions in the western 
part of the Rhodope massif are located on the faults of the Krajištide NNWSSE 
trending system. The volcanic rocks constitute only a small part of the depression 
filling. Rhyolites (nevadites) with a small portion of pyroclastics dating from the 
latest Eocene and Early Miocene are predominant. The effusive bodies are 
connected with the subvolcanic bodies through dykes and sills. Effusions occurred in 
two phases: the first was characterized by extensive rhyolite effusions and the second 
by the formation of calderas and additional effusions. 

At the end of the Oligocene and the beginning of the Miocene, intrusions of 
hypabyssal and subvolcanic magmatites occurred in the Rhodope Mts., some of them 
being situated at deeper levels of volcanic bodies, at the crossings of faults, often in 
the crystalline basement. Of the norite, gabbro, monzonite, syenite and granite 
intrusions the best known are the Madžarovo, Zvezdel, Galenica, Pesnopoiska and 
Malko Gruševo intrusions in the East Rhodopean block and the Zorniška intrusion 
in the West Rhodope block (B. MAVRUDČIEV 1965). 

The Tertiary Rhodope volcanics have relatively little potassium; they are trans

itional between alkalicalcic and potassiumalkalic types. Latiteandesites, rhyolites 
and trachytes prevail over normal andesites, basalts and dacites (R. IVANOV 1960, 
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1965). The composition changes with the geological position of the volcanics; in the 
upheaved central part of the Rhodope massif occur only rhyolites, whereas a more 
varied association is present along its periphery. 

The genetic association of neovolcanics with the tectonic activation of the 
Rhodope massif is demonstrated not only by their emplacement along the faults that 
divide the massif into uplifted and sunken blocks but also by radiometric dating. The 
ages obtained from the crystalline rocks and Hercynian granitoids of the Pirin horst 
and the central and eastern blocks of the Rhodope massif — 30—50 m. y. (S. 
BOYADJIEV—P. LILOV 1971) correspond to the interval Late Eocene — Middle 
Oligocene. In Greece, where the neovolcanics are later, radiometric ages of 13—27 
m. y. (Middle Miocene — Oligocene) indicate the regeneration of the crystalline 
basement. 

At the western margin of the Serbo-Macedonian massif, in the centre and in the 
zone of the North Dinaride horsts in Jugoslavia as far as the Pohorje, the Savin Alps 
and Karawanken, extends a belt of scattered major and minor volcanic centres: 
(Figs. 9,5) Rožden, Mariovo, PehčevoDelčevo, KratovoZletovo, Surdulica, Lece, 
Novo Brdo, Trebča, Kopaonik, Rogozna, Golija, Kotlenik, Rudnik, Zajaca and 
Kolnik. They are represented by granodiorite bodies and extrusions of andesite, 
dacite and rhyolite and their pyroclastics. Quartz latites of Upper Miocene to 
Quaternary age are often components of the filling of limnic basins. The whole zone 
was subject to Neoalpine activation accompanied by differential uplifts and 
subsidences of crustal blocks amounting up to 2000 m. The presence of abundant 
mineral springs also indicates a strong tectonic unrest. 

Numerous rhyolite, dacite and andesite dykes of Late Cretaceous to Late 
Oligocene age are also known from the Austroalpine and South Alpine Crystalline 
in the southwestern Tirol. At the southern border of the Alps, the Maastrichtian

Palaeocene 'scaglia rossa' complex near Trento is overlain by basalt pillow lavas and 
breccias and hyaloclasts, partly marine and partly subaerial, which extend up to the 
upper part of the Middle Eocene. Basaltic tuffs are known from the flysch of Belluno 
with radiometric age of 4 9 ^ 0 m. y. In the South Alps there are numerous 
occurrences of rhyolite dacite and andesite radiometrically dated at 33—30 m. y., 
mainly east of Pohorje. The SlovenianCroatian volcanics of the Karawanken is also 
of Oligocene age. The intrusive bodies of gabbro, diorite, syenite, granodiorite and 
tonalite along the Periadriatic lineament are of the same age (45—30 m. y., J. 
DIETRICH 1976). Their genesis is explained as being related to the subduction of the 
northern zones of the Alps (G. O. GATTO 1976), mainly the Penninicum. 

The mentioned bodies of diorites and diorite porphyries in the ReczkLahoca 
area, resemble tonalites and accompanying volcanics distributed along the Periad

riatic lineament not only in their age (around 37 mill, y.) but also in geotectonic 
position. They are genetically linked with the Darnó fault line, which actually is an 
offspring of the Periadriatic lineament. Several bodies of granodiorites and granites, 
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accompanied by andesites and dacites of Upper Eocene age, have been found also in 
the Zala area in southwestern Hungary, in the zone of the supposed continuation of 
the Darnó fault line towards the Periadriatic fault zone. Thus in northern Hungary, 
the fault system should be regarded rather as a prolongation of the Insurbic, 
Periadriatic zone than of the Banatite zone.. The Rožňava fault zone is also one of 
the branches of this system and analogous magmatite bodies may be presumed to 
occur along it and its accompanying faults. 

Discussion 
1. The neovolcanics are limited to the system of late geosynclinal posttectonic 

depressions, forming part of their filling (Fig. 15a, b). The complex tectonomagma

tic structures (volcanotectonic grabens and horsts, calderas) are associated with 
faults which controlled the formation of depressions. Young volcanics are thus 
structurally a component of the Neoalpine structural pattern, without a direct 
relationship to the Palaeo or MesoAlpine structures. From the above it follows that 
the late orogenic volcanism differs essentially from the CretacousPalaeocene 
interorogenic volcanism in both the position and structural forms, although the 
volcanogenic rock associations are analogous; they are specific for the late geosync

linal evolution stage of the Alpides of southeastern Europe. 
The extent of neovolcanic occurrences is not uniform in all segments of the 

Alpides. They are very scarce in the Alps, virtually absent in the South Carpathians 
and rather infrequent in the Dinarides, except for the areas adjoining the Hungarian 
and SerboMacedonian massifs. In contrast, young volcanics cover extensive areas in 
the Hungarian MidMountains, particularly in its northern part and in the adjacent 
interior zones of the West and East Carpathians. Another such centre is the 
Transylvanian basin, accompanied by young volcanics at the eastern margin of the 
Apuseni Mts. and chiefly in the innermost part of the Rumanian East Carpathians. 
The Rhodope massif, particularly its eastern, central and southern parts and the 
sectors neighbouring on the SerboMacedonian massif were likewise places of 
extensive lateorogenic volcanism. The neovolcanics are densely distributed in the 
zones stabilized by preAlpine folding (central massifs) and extended into the 
adjacent areas, which were consolidated by Palaeoalpine folding (Fig. 12a). After 
Mesoalpine folding these sectors formed antipolar areas to the zones folded by later 
Neoalpine foldings. They were the sites of intensive downfaulting, crustal thinning 
(they show the smallest thickness of the crust) and tectonic regeneration. A classical 
example is the Hungarian Massif, which underwent activation since the Mesoalpine 
folding. Together with the neighbouring interior orogenic zones it constituted 
a specific crustal block — the Neotisia (J. SLÁVIK 1971) with active volcanism during 
the Eocene — Pliocene interval. 

Another area of intensive Neoalpine activation is the Rhodope massif with an 
abundance of posttectonic depressions and neovolcanics. The depression filling 
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begins with flyschoid to flysch facies, substituted gradually by molasses. It was, 
however, not a new geosynclinal cycle in the Rhodope Mts. (B. MAVRUDČIEV 1965) 
but a late geosynclinal stage of the Balkanides extended to the Rhodope massif (the 
same as in the case of the Carpathians—Hungarian massif). Consequently, not even 
here can the intrusives be reasonably regarded as syntectonic, but as a component of 
the volcano-plutonic formation. 

2. The analysis of the relationship between neovolcanics and the Inner Molasse 
sediments provides evidence that the periods of maximum volcanicity coincide with 
those of block subsidence, and the individual volcanic phases with the periods of the 
formation of basins (J. SLÁVIK 1971) (Fig. 15a, b). Palaeogeographical and volcanic 
conditions have revealed that the longitudinal trends, i.e. parallel trends to the 
margins of the folded geosyncline played an important role. In the west of Hungary 
and Slovakia it is primarily the NE-SW trend and in eastern Slovakia, north-eastern 
Hungary, Transcarpathian Ukraine and Rumania the NW-SE trend (J. SLÁVIK 1971, 
V. KONEČNÝ—J. SLÁVIK 1974) (Fig. 3). The Neogene Inner Molasses sank on faults, 
particularly longitudinal, even a few thousand metres. The orientation of a number 
of volcanic mountain ranges (Vihorlat — Guttin and Härghita— Cälimani) is 
connected with these fault systems. No less important are the transverse faults, for 
example, in Hungary and in the Rhodope massif, where they controlled the 
formation of the Neo-alpine basins. In Hungary, the principal volcanic centres in the 
Borszony Mts. follow the NE-SW and NNE-SSW to N-S trends, in the Visegrádi 
Mts. NW, in the Cerhat-Mátra NW to W-E and in the Tokaj area N-S and NW-SE 
strikes. The maximum volcanic activity in the Neotisia area falls in the Badenian-

Sarmatian, in the period of the most intensive disintegration of the interior zones of 
the West Carpathians, the Apuseni Mts. and of the Hungarian massif into a system of 
minor basins, in the formation of which the transverse faults were the primary 
controlling factors. 

Unusually interesting is the relationship between tectonics and volcanism in 
central Slovakia, where the origin of interior depressions and the distribution of 
volcanic centres were governed not only by faults of NE (i. e. West Carpathian) trend 
but also by NW-striking faults and particularly those trending N-S (Kremnické 
hory, Vtáčnik Mts.). It was essentially the N-S fault system that gave rise to the 
transverse downwarp, in which the Central Slovakian neovolcanic area developed. 
Also the N-S trending Hornád fault zone influenced the distribution of volcanic 
occurrences in the Prešov—Tokaj region. Numerous volcanic bodies are situated at 
the crossing of fault lines differing in trend, genesis, age and orientation (the 
Štiavnické hory, Bôrzsôny Mts.) (Fig. 15a, b). 

3. The composition of intermediate magmatites is varied. In Neotisia they are 
represented by a petrochemically complete differentiation series from rhyolites to 
basaltoid andesites and basalts. It is a pure alkali-calcic province. The alkalictype of 
volcanics is represented by alkali basalts produced in a separate later volcanic phase. 
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This feature suggests a geotectonically homogeneous development of the orogenic 
region within an interval of about 40 m. y. The spectrum of rock bodies is varied, 
including all types from intrusions through subvolcanic and hypabyssal bodies and 
a broad scale of effusive and explosive rocks, from near-crater facies to redeposited 
rocks of distant volcano-sedimentary facies. The central parts of volcanic edifices in 
the uplifted areas indicate the presence of intrusions that are linked up with 
volcanism both in structure and time, but their proportion is smaller than in the 
banatite association. In the Carpathians this concerns the granodiorite-porphyrites, 
diorites, granodiorites and granites. In the Rhodope Mts., however, the volcanics 
represent a transitional type between alkali-calcic to alkalic rocks with a high 
K-content, the andesite-trachyandesite-rhyolite formation is characteristic of this 
region. The accompanying plutonites are denoted as the gabbro-monzonite associa
tion (E. DIMITROVA et al. 1975). 

4. The established presence of major hypabyssal bodies of Palaeogene age mainly 
in the Matra Mts. (Figs. 10, 15) (the Reczk body) has promoted the tendency to 
divide the volcanic activity in the Hungarian Mid-Mountains into the Palaeogene 
and the Neogene phases (I. KUBOVICZ 1974, T. ZELENKA 1974) by analogy with the 
Apuseni, where the Upper Cretaceous-Palaeocene early subsequent magmatic 
phase and the Neogene late subsequent magmatic phase have been differentiated 
(D. GIUCA et al. 1966, M. BLEAHU 1974). The existence of banatite bodies in the 
West Carpathians is being considered, especially in the Banská Štiavnica area in the 
Slovenské stredohorie (L. ROZLOZNÍK 1976). Let us analyse the soundness of these 
opinions for several Alpide segments: 

The Rhodope Mts. (Fig. 6) provide a classical example that shows the indepen
dence of Neo-alpine magmatism (beginning with the Late Eocene) of the Late 
Cretaceous — Meso-alpine (banatite) magmatism and, on the other hand, the 
connection between the former (Late Eocene — Oligocene) with the Neogene 
magmatism. On page 73 we have pointed out that the banatites and neovolcanics are 
associated with sharply different geotectonic structures: the banatites occur in 
taphrogeosynclines whose flysch filling was affected by Illyrian-Pyrenean and partly 
Laramide foldings, whereas the neovolcanics are located in transverse late tectonic 
depressions filled with molasses. In the Rhodope Mts. the two rock associations also 
differ in spatial distribution: the banatites occur in the Srednogorie zone and the 
neovolcanics in the Rhodope massif, in the south. However, the time continuity of 
magmatism in the Balkan cannot be overlooked even if the type and localization 
change. The post-Pyrenean tectonic and magmatic activation of the Rhodope massif 
was linked with the Meso-alpine activity in the Srednogorie. 

The geotectonic differences between the banatite association and the neovolcanics 
are not so great in the Apuseni Mts. (p. 75). The banatites are there also developed 
on transverse structures, deep faults and early depressions, which are filled 
predominantly with slightly folded Cretaceous and Palaeocene beds of Gosau type. 
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Essentially analogous depressions, although of small extension, are in the southern 
zones of the West Carpathians; their Upper Cretaceous sedimentary filling can be 
denoted as early molasses. The post-Palaeo-alpine model of the Northern Apuseni 
Mts. obviously resembled more the model of the West Carpathians than that of the 
Balkan, but the West Carpathians differ from the Northern Apuseni in the type of 
their hinterland. 

The West Carpathians are adjoined in the south by the Hungarian massif and the 
Apuseni Mts. by their southern part — the Metalliferous zone with a different 
Palaeo-alpine development and the more mobile crust in the Meso-Alpine stage. 
The Apuseni became a constituent part of the large Neotisia region as late as in the 
Neogene; the neovolcanics have many features in common with those of the Inner 
West Carpathians and in the adjacent part of the Hungarian massif. 

The Late Eocene (and in part Oligocene) magmatism developed in the Hungarian 
massif and in the southernmost part of the West Carpathians, has so far not been 
proved to exist at a larger extent in the Apuseni Mts. and, in turn, the Upper 
Cretaceous-Palaeocene magmatism so widely distributed in the Apuseni has not 
been evidenced either in the Hungarian massif or the West Carpathians, although 
minor Upper Cretaceous depressions do exist in both areas. There is a question 
whether the differences in the time intervals of the Upper Cretaceous and Palaeoge
ne magmatism are not caused by the diversity of the hinterland of the Apuseni Mts. 
and West Carpathians and whether the difference between these two Alpide 
segments is not due to the origin of Neo-alpine activation. The Hungarian massif as 
the hinterland of the Inner Carpathians was 'activated' after weak Palaeo-alpine 
folding at first slowly and only during the Illyrian-Pyrenean tectonic phase the 
activation increased and extended gradually to the north. The southern part of the 
Apuseni Mts. — the Metalliferous zone — affected by intensive Palaeo-alpine 
folding was the source of relatively strong tectonic activity, which called forth 
intensive Laramide and Illyrian diastrophism also in the adjacent northern part of 
the Northern Apuseni. The Neo-alpine activation of the Northern Apuseni conditio
ned by the formation of depressions and Neogene volcanic activity, was linked with 
the preceding intense diastrophism analogous to that of the Rhodope Mts. but with 
another vergency. The source of Neo-alpine activation of the Rhodope and Apuseni 
Mts. is obviously different from that of the Hungarian massif and the Inner West 
Carpathians. The Recsk-Mátra area (equally as the area of Pohorje with Paleogene 
tonalites south of the Periadriatic lineament in the Southern Alps), represents in the 
historical profile a connecting link between early late-geosynclinal Priabonian-Oli-
gocene volcanics of Balkan type and late geosynclinal Carpathian neovolcanics. 
Genetic relationship of the Recsk area in the Matra Mts. with the Balkan volcanics is 
also stressed by the equal type of porphyry copper ore formation. 

5. A close genetic association of the neovolcanics with the late geosynclinal 
interior depressions is evident from the comparison of the age of the basins and of 
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young volcanics (Fig. 15). In the Rhodope Mts. the Priabon-Oligocene basins 
predominate over those of Miocene age and the same is true of volcanic bodies. At 
the same time, the greater extent of Miocene basins in the southern parts of the 
Rhodope Mts. in Greece is reflected in the greater extent of the Miocene volcanism. 

The Hungarian median mass is characterized by extensive Eocene depressions, 
chiefly in the south-western part. The great extent of post-Styrian (Badenian-Sar-
matian) basins in this region and the adjacent Carpathian areas coincides with a great 
extent of neovolcanics. 

In Neotisia, volcanic activity migrated from the centre outwards, and from west to 
east with time (mainly as the volumes of eruptive masses are concerned), analogous
ly to the advance of orogeny (J. SLÁVIK 1968,1971, V. KONEČNÝ—J. SLÁVIK 1974). 
Volcanic activity persisted from the Eocene to the Early Sarmatian in the Hungarian 
MidMountains, from the Badenian to Sarmatian and Early Pannonian in the 
Slovenské stredohorie, from the Late Badenian to Pliocene in eastern Slovakia and 
the Transcarpathian Ukraine, and was more intensive only during the Pliocene in the 
CälimäniHärghita zone. It is possible to assume a causal connection between 
orogeny and volcanism. 

The formation of the neovolcanics of the Carpathians (including the Hungarian 
median mass) was presumed to be associated with the Neoalpine subduction in the 
outer Carpathian zones already by H. STILLE(1953) . In the East Carpathians most of 
the neovolcanics in the VihorlatGuttin and CälimäniHärghita zones form continu

ous belts subparallel to the Neoalpine structures of the Flysch Carpathians, i.e. to 
the presumed zones of subduction. It is not surprising that the primary genetic 
relationship between the Neoalpine subduction and the genesis of volcanics is 
advocated by the supporters of the new global tectonics (e.g. D. RÄDULESCU—M. 
SÄNDULESCU 1973, M. BLEAHuet al. 1973, N. HERZ—H. SAVU 1974, J. SLÁVIK 1971, 
M. BOCCATELLI et al. 1974, E. SZÁDECKY—KARDOSS 1973), who believe the interme

diate magmas to be derived from the subducted plates. The distribution of the 
volcanics in the Apuseni Mts. and the central Slovakian area can hardly be 
considered subparallel to the assumed zones of subduction. In the period of 
maximum volcanicity during the BadenianSarmatian, the volcanics were distribu

ted in two divergent trends in the North Hungarian massif (with the WE dominant 
trend) and in central Slovakia, where the volcanics are aligned in SWNE and NS 
directions. Noteworthy is also the lack of volcanism after the Savian subduction, 
which is the most characteristic for the West Carpathians. 

In the last years, according to similarity in magmatic activity and distribution of heat 
flow values, crust thickness, thickness and type of sedimentary filling, a character of 
ensimatic and ensialic "backarc" basin is ascribed to the Pannonian basin (M. 
BOCCALETTI et al. 1976; L. STEGENA et al. 1975). The main factors of basin 
development were spreading and active mantle diapirism, probably evoked by 
subduction of the lithosphere along the island arc. 
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In the Carpathians there is a,striking non-uniform distribution of rocks: the 
dominantly acid rocks are in the central part of the basin and the intermediate to basic 
rocks occur along the margins of the irregular discontinuous volcanic arc. The 
majority of rhyolitic rocks have lower K 20 and higher Si02 in relation to the 
extrapolated differentiation trends of intermediate rocks, which is obviously the 
result of anatexis of the sialic crust. 

The youngest volcanics at the margins of the Carpathian arc show higher alkalinity 
and a lower content of incompatible elements (J. LEXA 1978). 

The above findings indicate that the neovolcanics possess very close relations to 
the structural development of the basins and that the manifestations of volcanism are 
linked in space and time with block tectonics, in part with subsidence, and with the 
migration of tectonic mobility of the basins, which is also expressed by the changes in 
the type of basin filling. Although the neovolcanics are of great material variety, they 
do not display changes in chemical composition or closer relations to the structure of 
the presumed subduction zones, in the West Carpathians to the Klippen Belt. 
Moreover, in the Carpathian arc they are 5—20 m.y. younger than the presumed 
subduction (J. LEXA). 

A direct relationship between the assumed subduction and young volcanism 
cannot be visualized either for the Rhodope Mts., since the volcanic areas often 
extend transversely to the contraction, mainly to the subduction zones. However, the 
relations between the contraction of the outer zones and the initiation of depressions 
and, consequently, the volcanic activity cannot be omitted. Alternation of compres
sive movements causing the nappe structure in the Externides in the Flysch 
Carpathians and relasing movements leading to the formation of interior and 
intermontane depressions is evident (M. MAHEL 1973), but the interrelations are 
obviously more complex. There is no such alternation of compression and dilatation 
in the Rhodope Mts. The solution of this problem can be facilitated by clearing up the 
formation of the depressions in the Hungarian median mass in terms of crustal 
thinning caused by subcrustal diapirism (P. HORVÁTH 1974, L. STEGENA—B. GECZY). 
The formation of the diapir is thought to have been stimulated by dying-out 
subcrustal horizontal movements, which until the Neogene controlled the evolution 
of the geosynclinal system and to have been closed with the turning point in the 
evolution; the vertical movements set in gradually, extended to the central part of 
the Carpathians and eventually dominated the evolution of the Carpathian system as 
a whole. It meant not only alternation of compression and dilatation but also of 
horizontal and vertical movements. 

The accompanying volcanism developed only under suitable geotectonic condi
tions. There is a striking abundance of neovolcanics in the areas with a relatively thin 
crust as are, for example, the areas of northern Hungaria (with the crustal thickness 
of about 27—30 km), central Slovakia (ca. 32—34 km) and eastern Slovakia and 
Transcarpathia (20—24 km). The dependence of the neovolcanics on the crustal 
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thickness is particularly pronounced in the Rhodope Mts.; in the central block with 
abundant volcanics the crust is up to 30—40 km thick, whilst it is 40—50 km thick in 
the western block with a small amount of neovolcanics (B. BOGDANOV 1973). In the 
Vardar zone, strongly differentiated by young tectonics, and in the Serbo-Macedo-
nian massif the crustal thickness varies around 30 km. 

Major interior basins and extensive neovolcanic bodies did not originate in those 
Alpide segments in the hinterland of which was not a stabilized faulted block that 
could disintegrate into areas of uplift and subsidence (e.g. the Eastern Alps). 

Volcanism was active in the periods (mainly in the Miocene) and in the areas when 
and where deep relieving faults were active, causing crustal expansion. The periods 
of subsidence of the basins independent of the function of deep faults, as it was in 
Oligocene time in the North-Hungarian-South Slovakian and the Pannonian basins 
and in the Great Hungarian Plain with the Danube Lowland .were devoid of major 
volcanic events. 

7. Final volcanics — alkalic basalts 

The opinion on the specific geotectonic position of the alkali basalts is accepted 
almost universally (Figs. 2, 15). They are of Pliocene-Pleistocene age in all Alpide 
segments, as in the areas where the andesite and rhyolite volcanism was terminated 
at the end of the Oligocene or in the Early Miocene (e.g. in the Rhodope Mts..), so in 
those where it persisted until the Pliocene (e.g. in the East Carpathians). In the latter 
areas the final basalt volcanism obviously was linked up with the late geosynclinal 
volcanism. Minor basalt occurrences are present in all Alpide segments, even where 
the andesite-rhyolite volcanic phenomena were minimal or absent altogether as, for 
example, in the South Carpathians and Eastern Alps. In the Hungarian median mass 
basalt eruptions along the NW, NE and N-S trending faults at the Pliocene-Pleisto
cene boundary followed after an about 10 m. y. interval of relative volcanic 
quiescence. They are distributed over an extensive area, particularly north-west of 
Balaton and in the Salgótarján area. In the West Carpathians they are frequent in the 
LučenecFilákovo area, around Banská Štiavnica and Nova Baňa in Slovakia; in the 
East Carpathians they are known from the Pers,ani Mts. and in the South Carpathians 
from Poiana Rusca. 

Basalt dykes often occur in the Eastern Rhodope Mts. and less frequently in the 
western Rhodope block and in the Srednogorie. Subvolcanic bodies of lamprophyre

basalt, plagiobasalt and dolerite traverse the Rhodope massif, the Balkanides and 
the Moesian platform from north to south (Fig. 6). 

In the Dinarides, the Boranje basalts and minor basalt bodies in Slovenia are 
known. In the Eastern Alps, where neovolcanics are extremely rare (HelvetianLo

wer Tortonian andesites and dacites in Štyria and traces in the Vienna Basin), basalts 
and their tuffs occur in the Upper Pannonian of the Lavanthal area. 

89 



The volcanics are invariably alkalic or subalkalic, mostly olivine basalts and their 
nepheline-bearing varieties and limburgite-basanites. They are often less than one 
million years old. Their alkalic character and position generally along the boundaries 
of the arcuately distributed Carpathian basins are explained as the result of the 
transition from island-arc volcanism to the inter-arc type of volcanism (M. BLEAHuet 
al. 1973). Minor bodies of little structural and tectonic importance originated every
where only with termination of intense sinking (e.g. in the Alfóld), in the period 
when besides sinking movements also uplifts of the individual blocks had begun.The 
finds of upper mantle spinel peridotites forming xenoliths (up to 25 sm in size) in 
alkali basalts of Slovakia (near Fiľakovo) may point to the derivation of magma from 
the upper mantle; the xenoliths represent its unmelted relicts (D. HOVORKA 1978). 
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III. Some general conclusions 

1. Basic geotectonic characterization of magmatites 

The described magmatite types — granitoids, late Hercynian late geosynclinal 
volcanics, pre-Alpine early geosynclinal volcanics, Alpine ophiolites, interorogenic 
Meso-alpine volcanics, Neo-alpine late geosynclinal volcanics and final volcanics 
differ from one another not only in association and partly also in the type of principal 
rocks but even in their structural position and share in the structure of the earth's 
crust. This follows from the differences in the geotectonic conditions of their origin 
and in the crustal type. 

a) The granitoid rocks are usually associated genetically with deep-seated folding 
processes and the consequent accretion of the crust thickness. However, the maturity 
of the crust achieved in the individual orogenic cycles, as well as the granitization 
manifestations were diverse. 

The pre-Hercynian granitoids generated in the Baikalian and earlier folding cycles 
are dominantly synkinematic and closely connected with migmatites, anatectites and 
intensive regional metamorphism. 

The Hercynian granitoids are most numerous and most important in the evolution 
and structure of the Alpides (Fig. 2). They are distinguished by a great variety in 
tectonic position, a wide time interval of genesis and a relatively narrow range of 
material differentiation. Synkinematic granitoids linked up closely with their mantle 
rocks are in some zones the oldest and occasionally the deepest products of the 
Hercynian granitization. Major batholiths and phacoliths are most numerous; they 
are associated genetically not only with folding and thus with the general structural 
pattern but also with the morpho-tectonic diversity of the area. In many instances, 
the diapiric ascent up to the erosion level is their characteristic feature. The 
granodiorite-granites relatively little differentiated are most abundant. Higher 
differentiated granitoids and of more different associations occur in the Balkanides, 
i.e. in the part of the Alpide geosynclinal belt that shows greater diversification, as 
seen by numerous linear geosynclinal troughs (E. BONCEV1967). In addition to the 
granodiorite-granite association, also the gabbro-plagiogranite, gabbrodiorite-gra-
nodiorite and alkalic gabbro-syenite associations occur there (E. DIMITROVA et al. 
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1975). Aplites, pegmatites and minor bodies of leucocratic granites of Permian age 
are frequent everywhere. 

The granites of Alpine age (Fig. 2) played a small part in the formation of the 
Alpine structural pattern. They are represented dominantly by minor bodies, 
strongly reworked by Palaeo-alpine to Meso-alpine folding and confined to the 
zones of the pre-Alpine Crystalline. Major bodies of synkinematic granitoids are 
chiefly in the more southerly parts of the Serbo-Macedonian massif, in the areas 
strongly affected by Cimmerian orogeny. The granitoid bodies forming part of 
volcano-plutonic Meso-alpine formations (banatite association) had a greater share 
in the structure of the Alpides. The amount of intrusive and hypabyssal bodies and 
the size of some of them were obviously influenced by the state of the crust, which 
was governed by recurrent crustal compression (Laramide and Illyrian or Pyrenean). 
Minor, particularly hypabyssal bodies of granite and granodiorite occurred still in 
association with neovolcanics. They originated as a result of the late geosynclinal 
stress relief in the crust and processes of dilatation. 

b) The late Hercynian volcanics are genetically linked with the Neohercynian, 
mainly Permian grabens and depressions filled with molasses. They are a belated 
superficial manifestation of differentiation during extensive Hercynian granitization 
of the crust. They are more abundant in the grabens that separate zones of marked 
Hercynian granitization and at the interior margins of areas consolidated in 
Hercynian time. In these areas, the deep faults enabled subaqueous effusions of 
melaphyre, whose sills are accompanied by melaphyre-porphyrite and porphyrite 
dykes (e.g. the Melaphyre series of the Choč nappe of the West Carpathians and the 
Permian of the Codru nappe in the Apuseni). The molasse fillings of the Upper 
Palaeozoic depressions of the more northerly Alpide zones contain only a small 
amount of volcanic rocks (quartz porphyry) (Fig. 8). 

c) The preAlpine eugeosynclinal volcanics are characteristic of the substantial 
part of geosynclinal series predating the Hercynian granitization. They form 
a component of the aspidic, partly diastrophic sedimentaryvolcanic complexes and 
belong dominantly to the spilitediabase and spilitekeratophyre associations. 
Intrusives of gabbroleucogranite and peridotitepyroxenite associations accompa

ny them. Nonuniform distribution of basic magmatites and the greater extent of acid 
types in some Upper Proterozoic (e.g. Arada Formation) and Lower Palaeozoic, 
mainly CambrianOrdovician and Ordovician units (e.g. the Grauwackenzone of the 
Eastern Alps, Gelnica Group in the West Carpathians, the Muncel Formation in the 
Apuseni Mts. and the Tulghes, Formation in the East Carpathians) indicate partial 
differentiation of the crust during the Baikalian orogeny. It should be stressed, 
however, that these acid volcanics, mainly quartz porphyries and quartz keratophy

res, are components of subaqueous geosynclinal sequences related to the island arcs, 
i.e. to the areas where the oceanic crust passes into continental crust of greater 
thickness and which are distributed in the marginal parts of geosynclines. 
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d) Mesozoic ophiolites occur in the zones which from the presence of deep-sea 
fades are considered to be trough belts with a thin, occasionally disrupted sialic crust 
of continental to oceanic type. The ophiolites appear as early as the Triassic, 
particularly in the Ladinian, often together with shallow-water limestones. At first 
the intermediate-hybrid type with the predominance of spilites and keratophyres 
prevails, dating from the interval of crustal breaking and differentiation. As the 
troughs gradually expanded in the Ladinian and Carnian, being filled with deeper-
water fades of carbonates, radiolarites and pelites, the amount of basites also 
increased and ultrabasites made their appearance. In most segments of the Alpides 
the Triassic magmatites are confined to the innermost zones of the Alpine 
geosynclinal system, i.e. to the zones which were less consolidated by the Hercynian 
granitization. It is the Meliata Formation in the Slovakian Karst of the West 
Carpathians, an analogous formation in the Biikk Mts., the Vascäu Formation in the 
Apuseni Mts., the Sakar Formation in the Balkan and the Transylvanian nappes in 
the East Carpathians. In the Dinarides the volcanics of ophiolite type occur in the 
Triassic in the interior (e.g. Vardar and Ophiolite) zones and in some exterior zones 
as well (chiefly the Budva-Zukali zone). A lower intensity of Hercynian folding and 
granitization in the Dinarides, where marine fades predominate even in the 
Permian, is responsible for this feature. 

The basic and ultrabasic volcanics forming part of the ophiolite assodation are 
more abundant in the Jurassic and Lower Cretaceous troughs distinguished by 
marlstone-radiolarite fades. They are mainly distributed in the central zones of the 
Tnternides' as (Fig. 12a) for example, the Krížna and Kysuca troughs in the West 
Carpathians, the Bukovina troughs in the East Carpathians, Penninicum troughs in 
the Alps and the Mures, zone in the Apuseni Mts. In the Dinarides and Hellenides 
ophiolites occur predominantly in the interior zones (the Vardar and Ophilite zones 
in the former and the Mirdita zone in the latter). Ophiolites also frequently 
accompany thick pre-flysch fades of Tithonian-Early Cretaceous age (e.g. in the 
Ceahläu-Rachovo tectonic unit in the East Carpathians, the Severin-Kraina tectonic 
unit in the South Carpathians and the Strandža and Sakar units in the Balkan Mts.). 
In the Mures and Vardar zones the ophioliter occur in the Upper Jurassic deepsea 
carbonate-silidte fades and the flysch sequences as well. 

e) The Meso-alpine intra-orogenic volcanics and assodated plutonic rocks of the 
banatite assodation in the Srednogorie Mts. and the Timok zone of the South 
Carpathians are genetically linked up with the longitudinal graben-synclinoria 
(Fig. 14b). These are filled with 'pre-molasse' complexes of varied, dominantly 
marine facies, which are often accompanied by flysch. It is of interest that the 
occurrence of volcanics increases with the proceeding 'oceanization' of the sedimen
tary filling. The flysch complex of great thickness is often underlain by volcanics. The 
grabens having a thinner crust follow the interblock boundaries. The highly 
differentiated volcanic rocks (rhyolites — dadtes, trachytes, andesites, alkali 
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basalts) form part of the volcano-sedimentary filling of grabens and graben-syn-
clinoria. Abundant subvolcanic and plutonic bodies of equally wide composition 
range (picrites, gabbros, diorites, monzonites, gabbrosyenites, granosyenites, grani
tes, diorite porphyries and granite-porphyries) mostly rim the synclinoria, 
demonstrating the increased dynamics of the crust. These volcanic-plutonic forma
tions were at first alkali-calcic and later subalkalic to alkalic. In the Apuseni Mts. the 
banatites prevalently represent deeper-seated low differentiated bodies (granodiori-
tes and granites with subordinate volcanics). The banatite association shows 
a different tectonic position, as it is not related to longitudinal graben-synclines but 
to a transverse deep-fault system. Dating from the beginning of the late geosynclinal 
stage, the bodies were not affected by major foldings. 

f) The late-geosynclinal Tertiary young volcanics (neovolcanics) are linked with 
young both longitudinal and transverse basins superimposed on the interior zones, 
which were stabilized in Palaeo-alpine times, and with the hinterland of these zones 
— the median mass affected subsequently by crustal thinning (Fig. 15). The molasse 
filling of the basins contains an appreciable amount of pyroclastics. The neovolca
nics, predominantly of intermediate composition (predominantly andesites with 
a large amount of rhyolites) participate in the sedimentary-volcanic formations and 
also make up volcano-tectonic structures (stratovolcanoes, calderas). Volcanism 
became an important factor in the history of the basins, particularly in their 
progressive isolation from one another, as it influenced the morphology of the 
landscape. The effect of hypabyssal bodies was slighter. 

g) The final Pliocene-Pleistocene basalt volcanism of minor extent, mostly 
subalkaline to alkaline, is representative of the following evolution stage of the 
geosyncline, when crustal stretching and intense vertical movements played an 
important role (Fig. 15). 

2. The evolution of the alpine geosynclinal system and the role of magmatites 

The type and distribution of magmatites are directly related to the evolution of the 
geosynclinal system and to the crustal type, as are all basic geological processes, i.e. 
sedimentation, folding, metamorphism and magmatism (Figs. 17—19). 

Until the onset of the Hercynian granitization, folding and metamorphism in the 
Carboniferous period, the fades variety in the Alpides was rather small. The 
pre-Carboniferous formations are prevalently greywackes, sandstones, siltstones 
and claystones, partly of diastrophic (flysch) and partly of aspidic nature. This holds 
broadly for the whole Crystalline of the Alpide zone (M. MAHEĽ 1974). Relative to 
other Alpide segments, the Crystalline of the West Carpathians is noteworthy for 
a very small portion of carbonates. In addition to the metamorphic grade, it is the 
volcanic suite that causes the differentiation of the metamorphosed sedimentary 
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complexes of the Hercynian Crystalline within the Alpide zone. Most of the 
pre-Carboniferous complexes contain abundant magmatites, mainly of the spilite-
diabase and subordinately of spilite-keratophyre associations, which were for the 
most part converted to amphibolites. Gabbros, gabbrodiorites and comagmatic 
ultrabasites are fairly frequent; porphyroids (quartz porphyries and their tuffs) are 
found only in some sequences, usually of Ordovidan but also of Devonian and Early 
Carboniferous age. The only major difference in the composition of the Lower 
Palaeozoic and pre-Palaeozoic complexes is that the orthogneisses and migmatites 
are more abundant and more intensely metamorphosed in the Proterozoic comple
xes. This implies that the Caledonian orogeny did not produce any relevant changes 
either in sedimentary or magmatic conditions. The changes occurred at deeper levels 
without pronounced morpho-structural manifestations. The more abundant quartz 
porphyries in the Upper Proterozoic and particularly in Ordovician geosynclinal 
complexes indicate the differentiation of the crust, formation of the island arcs and 
possibly of the zones with a greater crustal thickness (M. MAHEĽ 1974). 

The pre-Carboniferous complexes in the Pelagonian and Rhodope massifs differ 
in the presence of voluminous carbonate masses, often accompanied by basic rocks. 
They are thought to be of Proterozoic age, because they show a higher grade of 
metamorphism than the adjacent Lower Palaeozoic diabase-phyllite formation. The 
distribution of these sequences side by side and the surprising lack of Lower 
Palaeozoic complexes of platform type in the massif raise the question whether at 
least part of the carbonate sequence is not a Lower Palaeozoic shallow-water type 
linked up with the massif. 

The presence of quartz porphyries in the Devonian and Lower Carboniferous 
geosynclinal sequences (the Hron Formation in the West Carpathians, Paiuseni 
Formation in the Apuseni Mts., some complexes in the South Carpathians), a greater 
difference in their thicknesses and the occurrences of thicker limestone and dolomite 
complexes (Repedea, Tibäu and Pade§ Formations) indicate the effects of the crustal 
differentiation in the initial stage of the Hercynian orogeny. The sedimentation was 
not everywhere continuos in the Early Palaeozoic; the unconformities and changes 
in the palaeogeographical pattern are known from the Middle Cambrian (Serbian 
phase), at the end of Cambrian (Sardinian phase), at the end of the Ordovician 
(Taconian) and of the Silurian (Ardenian). In the Balkanides and chiefly in the South 
Carpathians the separation of the Caledonian cycle from the Hercynian cycle is 
expressed not only by basal conglomerates and weak unconformities but also by 
a lower-grade metamorphism (S. NÄSTÄSENAU 1975). However, no marked change 
in the structural or palaeotectonic pattern, neither in the type of magmatites nor in 
sedimentary formations are observed either after the Cadomian orogeny or after 
Caledonian diastrophic manifestations. The frequent radiometric values around 
400—300 m. y. rather point to a 'thermal event' (H. J. ZWART 1976). The 
eugeosynclinal near-to-oceanic crustal type remained unchanged until the Hercy-
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nian folding, which was the first to change the character of sedimentation. In Late 
Palaeozoic times the superimposed basins filled with marine and later with continen
tal molasses appeared for the first time in the Alpide zones. 

The formation of huge batoliths and phacoliths and their gradual diapiric rising 
induced a peculiar tectonic style: large-amplitude folds and major anticlinal domes 
developed, for example, in some 'Core mountains' of the West Carpathians and 
brachyanticlines in the Rhodope and Serbo-Macedonian massifs. In areas that were 
less affected by Hercynian granitization formed narrow constricted folds and thrust 
faults (e.g. in the Crystalline of the Čierna hora in the West Carpathians, Bystrica 
nappe group in the East Carpathians, H. G. KRAUTNER 1972). As is seen, the 
Hercynian folding together with the formation of granitoid bodies was an important 
factor in the development of the structural pattern. 

Major granitoid bodies showing a rising tendency were also morphostructural 
agents. The domes became source areas of sediments which filled the adjacent 
troughs rimming or intervening between the granitoid bodies. The rapid uplift of 
granitoid bodies in the Late Palaeozoic, their rising often up to the erosion level is 
conspicuous. It may be a consequence of diapiric squeezing out in result of 
compression. The cause of the rapid terminal rise may also be a steep geothermal fall 
of magma. 

The Hercynian granitization was a longlasting process. It was active since the end 
of the Devonian to the end of the Permian, culminating in the folding stages. The 
structureforming effects were connected with the earlier stages and the morpho

structural effects with the later phases, when the grabens and depressions were filled 
with the molasse and volcanic deposits. In the less granitized zones, the early and 
later molasse encloses Permian basites, in the West Carpathian Gemerides even 
small ultrabasic bodies. In the zones of more intensive granitization, abundant quartz 
porphyries occur in the later continental molasses, which are synchronous with the 
last phase of granitization in the adjacent rising areas. A close genetic association of 
quartz porphyries with granitoids is indicated by the presence of graniteporphyries 
(e.g. in the North Veporide graben in the West Carpathians) and by the acidic nature 
of quartz porphyries and Permian aplites, pegmatites and leucocratic granites. 

From the above it follows that the Permian quartz porphyries are superficial 
products of magmatism connected with strongly subsiding grabens (Fig. 8). In the 
southern zones, melaphyres are found in the Permian upper molasses, but because of 
a small amount of their pyroclastics they did not markedly affect sedimentary 
conditions in the basins. As the melaphyre zones do not bear signs of greater 
subsidence and are not genetically linked with deeperwater fades, their ascent 
cannot be ascribed to the crustal thinning but to the breakup ofthe crust and 
opening of the conduits to a greater depth. The melaphyres predominantly occur as 
sills and alternate with quartz porphyries in some areas as, for example in the Čierna 
hora Mts. (West Carpathians), in the Balkanides or in the Codru unit of the Apuseni. 
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The Hercynian granitization is genetically associated with metamorphism of 
variable intensity. In most areas it is synkinematic and does not exceed the isograde 
of biotite. Only in some areas, in Lokva, Poiana Ruscä and Paring in the South 
Carpathians, in Rodna in the East Carpathians (H. G. KRAUTNER 1972) and in the 
West Carpathians (to a larger extent in the Tatrides and Veporides) it reaches even 
the almandite and amphibolite isogrades. The intensity of metamorphism during the 
Hercynian orogeny progressively decreased, the last weak effects are observable still 
in the Permian. Metamorphism of recrystallization type and granitization point to 
a deep-seated character with a high thermal flow. The principal result of the 
Hercynian folding, granitization and metamorphism was the crustal thickening — 
sialization, which heralds a dedsive change in the evolution of the area of the future 
Alpine geosynclinal system. This implied the beginning of a new cycle and of a new 
geosynclinal type showing fundamental changes in sedimentation, folding and 
metamorphism. 

As the Hercynian granitization and consolidation was not uniform in the indivi
dual areas and zones, the Alpine geosynclinal belt showed diversity and complexity 
in its further history (Fig. 7). 

The Alpine cycle begins with the Triassic transgression. The Triassic system is 
often thought to be of quasiplatform character in the Alpides; this period is also 
denoted as an interregnum between the Hercynian cycle and the Alpine cycle, which 
according to some authors begins only with the Jurassic. It is true that shallow-water 
facies predominate in the Triassic — detrital in the Lower and carbonate in the 
Middle and Upper Triassic — but a definite facies-structural zonation was already 
developed, particularly in the southern zones and even deep-water facies and 
sequences with ophiolitic basites appeared. As examples, the Meliata Formation (H. 
KOZUR—R. MOCK 1974) in the Slovak Karst, the deep-water volcano-sedimentary 
members in the Biikk Mts. (West Carpathians) (Fig. 16), the Transylvanian nappes 
in the East Carpathians (D. RÄDULESCU—M. SÄNDULESCU 1973) and the Wengener 
and Cassiana Beds in the Southern Alps can be dted. The presence of basic and 
ultrabasic rocks amidst radiolarites chert and dark shales, and of glaucophanites, as 
well as the type of metamorphism suggest the crust to be near-to-oceanic or oceanic 
(M. MAHEU 1975). These zones are distributed especially in the southern parts of the 
Carpathians, Balkanides and Dinarides (Figs. 3,4,6,9,11). All of them were slightly 
consolidated in Hercynian times, as is shown by weak granitization and folding. 
Activation of the Alpine geosyncline proceeded from the inner zones outwards. In 
the Dinarides the magmatites near to the ophiolite type also occur in the external 
Budva-Zukali zone. The differentiation of the crust began in the Triassic, when it 
affected even the northern area of the West Carpathians; the deep-water crustal 
type namely built up the basement of the Klippen Belt area (Z. ROTH 1974, M. MIŠÍK 
1976). Of Triassic age may be also some volcanic rocks in the Cretaceous 
conglomerates of the West Carpathians. This implies that the individual types of 
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Triassic fades that were so far regarded as palaeogeographic — German, Austroal-
pine, Dinaride types, are actually palaeotectonic, i.e. trough and ridge types, or types 
with thick and thinner crust, similarly as is accepted for the Jurassic and Cretaceous 

_ facies. 
The Alpide sedimentary fades show a great variety and sharp contrasts mainly in 

the Jurassic and Lower Cretaceous complexes. The deep-water sequences are 
usually accompanied by basic and ultrabasic magmatites, such as augitites; they are 
deep-trough facies.(e.g. the Zliechov and Kysuca troughs in the West Carpathians 
(Fig. 16), the Frankenfels trough in the Eastern Alps). Ophiolite associations are 
frequent in the Bukovina nappe of the East Carpathians, and particularly extensive 
in the Penninicum of the Alps and in the Vardar, Mures,, Ophiolite and Mirdita zones 
in the Dinarides and Hellenides. The West Carpathians, although their Jurassic and 
Lower Cretaceous complexes are poor in ophiolites, can serve as a suitable model of 
palaeogeographical differentiation and of palaeotectonic contrasts in the leptogeo-
synclinal stage, which displays the most marked differences in the crustal thickness in 
the Alpides. Lateral transitions between trough and ridge facies and abrupt vertical 
changes of deep- to shallow-water facies are observable in a number of sequences. 
For example, in the Carpathian Klippen Belt, many sequences described as separate 
series consist of mixed deep- and shallow-water or transitional facies. These 
instances suggest that the sea floor during the Jurassic-Neocomian was highly 
differentiated into relatively narrow troughs and ridges. The occurrences of limbur-
gite in shallow-water sequences, for example, in the Tithonian of the High-Tatra 

« 
Fig. 16 Model of geotectonic history of the West Carpathians (compiled by M. Maheľ, 1977) 
1. Upper Mantle 
2. Granite-gneiss layer 
3. Nappe units 
4. Occurrences of high-temperature and high-pressure metamorphism 
5. Subduction zones; manifestations of high-pressure and low-temperature metamorphism 
6. a) Granitoid intrusions, b) diapiric ascents 
7. Volcanic manifestations a) with predominance of quartz-porphyries, b) predominance of spilite-dia-

bases; melaphyres 
8. Ophiolites and "ophiolitoid" magmatites 
9. Thick radiolarites 

10. Facies of troughs, predominantly marls 
11. a) Flysch, b) coarse flysch 
12. a) Shelf detrital sediments, predominantly clayey rocks, b) sandstones 
13. a) Carbonates of shelf and ridges, b) of intrageosynclinal ridges, c) pelagic carbonates of basins 
14. Molasses 
15. Ascents of basic and ultrabasic magmas 
16. Overthrust lines; deep faults 
17. Zones of crust spreading 
Deep faults: B — Balaton line, D — Darnó line, R — Rožňava line, L — Lubeník line, M — Muráň 
fault, C — Čertovica line, Po — Peripieninian lineament, Le — Lednica line 
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tectonic unit in the West Carpathians, evidence the dissection of the Alpide 
geosyncline. Not even the ophiolite zones are necessarily indicators of the former 
vast oceans and, consequently, of large-scale spreading of the ocean floor and 
drifting apart of continental plates. The distribution of ophiolites in several narrow 
zones separated by zones with Jurassic and Lower Cretaceous shallow-water facies 
demonstrates the differentiation and contrasts in the Mesozoic geosyncline, particu
larly during its leptogeosynclinal stage. Is it not more adequate to consider the zones 
with ophiolites as extreme types of troughs in the system of geosynclines ? 

An appreciable part of ophiolites is genetically tied with the initial stage of flysch 
troughs, all of which are of Tithonian-Early Neocomian age. It is the Silesian trough 
in the West Carpathians, the Ceahläu trough in the East Carpathians, the Severin 
trough in the South Carpathians, the Niž-Trojan, and Strandža troughs in the 
Balkanides, the Sarajevo trough in the Dinarides and the Gramos trough in the 
Hellenides (M. MAHEL 1973) (Fig. 13). Their filling begins invariably with pre-
flysch. The presence of ophiolites or basic and ultrabasic rocks (e.g. in the 
Ceahläu-Rachovo tectonic unit) indicates that the crust was of oceanic or near to 
oceanic type (Fig. 11). Some troughs with ophiolites associated with the leptogeo
synclinal carbonate stage developed into flysch troughs; such were the Vardar and 
Mures, zones and the Penninicum. Other ophiolite troughs are linked up even with 
the flysch troaghs (Szolnok, Severin, Sarajevo, Gramos). 

The Alpides are distinguished by an abundance of Cretacous-Palaeogene flysch 
sequences, which differ from similar sequences of the earlier cycles in the following 
features: 

Fig. 17 Table presenting geotectonic history of the West Carpathians. Compiled by M. Maheľ 1977 

1. a) Granitoid intrusions, b) diapiric ascents 
2. Pre-alpine aspidic to flyschoid and flysch formations 
3. a) Quartz porphyries, b) spilite-diabases; melaphyres 
4. Bodies of a) of basic intrusives, b) of alkalic basites and ultrabasites 
5. Andesites and rhyolites, a) basalts 
6. Sandstones, quartzites, a) Carpathian Keuper. 
7. a) Shallow-marine detrital sediments, b) with predominance of clayey rocks 
8. a) Shelf limestones, b) dolomites 
9. Carbonates of intrageosynclinal a) ridges, b) basins, troughs 

10. Trough facies a) prevailingly marls, b) marly limestones 
11. Thick radiolarite layers 
12. a) Flysch, b) coarse flysch 
13. a) Shelf and riges sediments with predominance of clayey rocks, b) sandstones 
14. Molasses 
15. a) Manifestations of high-temperature and high-pressure metamorphism, b) subduction zones; 

manifestations of high-pressure and low-temperature metamorphism » 
16. Overthrusts 
17. Reverse faults; manifestations of folding 
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— a great facies variety (M. MAHEĽ 1974), represented by finerhythmical flysch 
s.s., coarse flysch, wildflysch, subflysch, cryptoflysch (most frequently couches 
rouges), carbonate flysch, flysch with shallowwater limestone beds; 

— the presence of numerous structuralfacies zones; 
— the polarity in the distribution of flysch in the progress of folding and in 

differences concerning, its geotectonic position; 
— a wide time interval of flysch formation: from the Tithonian through Albian

Cenomanian (typical flysch) until the Early Miocene in some segments (late flysch 
grading into molasses — West Carpathians, East Carpathians, Hellenides). Sedi

mentation of diastrophic type thus predominated from the onset of Palaeoalpine 
orogeny to the beginning of the Neoalpine folding processes. During flysch 
sedimentation crustal contraction was obviously the main dynamic process; 

— a small proportion of magmatites. 
As far as the volcanic rocks are present, they are of limited extent and intermediate 

type (tuffs, tuffites and brecdas of andesite and dacite). Their eruptions were 
synchronous with the differentiation of the crust and with its palaeogeographical and 
palaeotectonic rebuilding and were located in the pericordillera faults. 

A peculiar palaeotectonic feature developed after the Palaeoalpine orogeny is the 
system of grabensynclinoria in the TimokSrednogorie zone in the South Carpat

hians and Balkan (Fig. 14), characterized by intensive intermediate volcanism of 
rifttype, which followed the deposition of early molasse with coal seams in the 
CenomanianTuronian. During the volcanic activity, especially after the main 
effusion phases, a thick flysch complex was deposited, containing only thin volcanic 
layers. In the final stages of flysch sedimentation intrusive bodies were emplaced 
along the margins of grabens. In the flysch geosyncline itself, represented in the 
Balkan by the Luda Kamdja zone farther north, volcanic activity was weak. 

In the Alpine cycle numerous depressions of several geotectonic types and with 
different types of magmatites originated (Fig. 15a, b): 

— depressions of the foredeep, genetically linked up with the flysch tectonic units 
in space and time; volcanic phenomena are almost absent; 

— intramontane depressions superimposed on the internal Alpide zones, more or 
less consolidated by Palaeoalpine orogeny; 

— interior depressions along the inner margin of the geosynclinal system, 
extending onto the adjacent inner massifs (Hungarian, Transylvanian and Rhodope 
massifs). 

The two lastnamed types are of multiphasal development and are fairly rich in 
magmatites. The development phases of these depressions in the West Carpathians 
and in the Hungarian massif alternated with the formation of nappes in the 
Carpathian Flysch Belt. The folded Savian, Early Styrian and Late Styrian nappe 
units correspond to the depressions of the same age. As a consequence of the polarity 
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of folding the Neo-alpine stage produced crustal shortening and thickening in the 
outer zones of the geosynclinal system, and in the inner zones crustal stretching, 
thinning and splitting, accompanied by subsidence and volcanism took place. The 
stage of inner molasses is designated as late geosynclinal, which term seems therefore 
appropriate even for the synchronous volcanic rocks. 

The abundance of flysch and molasse complexes reflects increased crustal mobility 
and the changes in their facies and geotectonic types reflect the changes in the Alpine 
orogenic process. Its stage-evolution connected with the rebuilding of the palaeo-
geographical and structural patterns as well as its multiphase character in each of 
three main (Palaeo- Meso- and Neo-alpine) periods were combined with orogenic 
polarity, which extended the original geosynclinal polarity. Polarity is obviously 
a hereditary characteristic of the Alpine geosynclinal system, and the substitution of 
the ophiolite troughs by flysch troughs and of flysch complexes by molasses in 
vertical and lateral directions is the result of it. The zones with ophiolites as members 
of the geosyncline systems are involved in the polarity (Figs. 16, 17). 

The alternation of compressive movements causing the crustal shortening in the 
outer Alpine zones and dilatation leading to the origin of depressions is remarkable 
in the West Carpathians (Fig. 15b). 

The synchroneity of subsidence of the basins and of the volcanic activity in the 
interior zones and the Hungarian hinterland with compression on the outer border of 
the Carpathians indicates their relationship to the subcrustal processes within the 
entire width of the geosynclinal system. The changes provoked by subsidence and 
rooting of the crustal parts during folding very likely induced the ascent of 
a magmatic diapir in the interior zone. The diapiric intrusion is namely thought to be 
responsible for crustal thinning and this in turn for subsidence, the formation of 
basins and the ascent of volcanics. All these processes in the inner zones are 
controlled predominantly by vertical movements, which also produced all the 
morphostructures. It was the late geosynclinal effusive volcanics that took part in 
their formation and no longer the granitoid bodies as they did during the late 
Hercynian stage. 

The Alpine orogeny is characterized by a strong crustal shortening and a variety of 
tectonic styles (Fig. 16). The latter results from the different thickness and physical 
properties of the sediments filling the individual structural-fades zones. The most 
striking manifestations of the crustal shortening are near-surface and subsurface 
nappes, zones of intense compression and zones of melange indicating subduction. 
Granitization and metamorphism which had been characteristic of the Hercynian 
orogeny were confined to narrow zones during the Alpine cycle. 

The evolution of the Alpides was completed by an abrupt uplift or subsidence of 
their individual parts and in result of it the morphostructural pattern initiated before 
by the formation of basins, became still more expressive. The distinctive alkalic type 
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of final (basalt) volcanism, which was of a small extent but active in all Alpide 
segments, shows that the Pliocene-Quaternary period was a separate evolution stage 
of the Alpides. 

The evolution trend of the Alpides as described above reveals the differences 
between the geosyncline preceding the Hercynian granitization and the geosynclinal 
system of the Alpine cycle. Whereas the former was relatively little differentiated, 
the latter was strongly diversified in vertical and lateral directions and in time as well, 
and displayed many structural-facies zones. The geosynclinal and orogenic polarity 
caused the differences in the evolution of individual zones, which are most striking 
between the inner and outer units. The differences are particularly striking in the 
Tertiary development. While fold structures and Neo-alpine nappes developed in 
the outer zones, the late geosynclinal stage with the formation of basins was initiated 
in the inner zones. 

The more dynamic character and diversity of the Alpine geosynclinal system 
compared to those of the pre-Alpine geosyncline, caused the differences in the 
distribution and type of the magmatites. Therefore Stille's division of magmatites 
into initial, orogenic and subsequent seems rather schematic for the geosynclines of 
the Alpides. 

The submitted evolution trend of the Alpine geosynclinal system relates primarily 
to the Eastern Alp — West Carpathian — East Carpathian region. The Dinarides 
show some differences in their development caused mainly by the differences in the 
primary state of the crust, the greater part of which was less consolidated by 
Hercynian orogenic processes. 

3. Specific features of magmatism in the individual Alpide 
areas and segments 

Although the magmatism of the Alpide system shows a uniform evolution trend, the 
quantities of the magmatite types and the times of magmatic phases in the individual 
segments widely differ. These differences are caused mainly by the unequal crustal 
consolidation during Hercynian orogeny and unequal portion of Hercynian grani
toids. They are reflected in the diversity of the Permian and Triassic facies, in the 
differentiation of the Mesozoic Alpine geosynclinal system and the dates and extent 
of ophiolitic and other magmatic types. Each segment of the Alpides shows some 
specific features in this respect (Fig. 2): 

a) The Dinarides (Figs. 9,12b) are distinguished by a small amount of Hercynian 
granitoids, which are concentrated to the margins of the Pelagonian and Serbo-Ma-
cedonian massifs. The small extent of Hercynian granitization and a minor intensity 
of Hercynian folding (Fig. 7) resulted in a lower consolidation of the crust and its 
smaller thickness. This obviously accounts for the predominantly marine develop
ment of the Permian, an increased perviousness of the crust in the Triassic and 
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abundant basic magmatism even in the external zones (e.g. in the Budva-Zukali 
zone). At first, i.e. in the Anisian, the magmatites were of hybrid character with 
a greater portion of acid rock types, such as porphyrites, quartz keratophyres, 
keratophyres and quartz porphyries. Beginning with the Ladinian the basicity of 
magmatism gradually increased; basaltic pillow lavas became more frequent. 
Sedimentation of trough type with cherts, siliceous limestones and claystones was 
more extensive. 

None of the Alpide segments described is so rich in ophiolites and contains so 
many .and so large serpentinite bodies as the Dinarides and Hellenides (Fig. 13a). 
The ophiolite associations occur in two zones: in the eastern Vardar zone and the 
western Ophiolite and Mirdita zones (Subpelagonicum). They are separated by the 
Drina — Ivanjica — Pelagonian massif (with the Korab zone) belt, in which the 
continental crust is of a greater thickness. Each of these zones shows a different 
stratigraphic range and content of the ophiolite associations, each of them represents 
an oceanic trough of another type. The above differences also exist within one trough 
as, for example, in the Mirdita zone the ophiolite association follows the Triassic 
volcanogenic series, but in the greater part of the more northerly Ophiolite zone the 
magmatites are Upper Jurassic. On the other hand, in the north-western extension of 
the Ophiolite zone in the Southern Alps the ophiolite association is missing and only 
Triassic hybrid magmatites are there present. Ophiolite melanges of great thickness 
and transitions of deep-sea ophiolite sequences into shallow-sea sequences are 
distinctive of the Dinarides and Hellenides, even if they show some peculiarities in 
each major zone. 

The two oceanic ophiolite troughs differ in their relationship to the flysch 
sequences. In the Vardar zone the flysch complex overlies the ophiolite association 
and its lower members contain magmatites of the ophiolite type. In the Ophiolite and 
Mirdita zones the flysch trough of Sarajevo-Vermos developed since the Tithonian 
along the western margin of the ophiolite trough and after the extinction of the latter 
it extended westwards as the Durmitor zone. 

A characteristic feature of the Dinarides and Hellenides is a strong tectonic 
activation of their contact zones and of the Serbo-Macedonian and Pelagonian 
massifs in the east. Syenite dykes and granodiorite bodies (in the Hellenides even 
synkinematic) became more abundant; their ages have been determined as early 
Cimmerian (167—156 m. y.), late Cimmerian (148—120 m. y.) and Middle Creta
ceous (110—90 m. y.). 

The Neo-alpine activation is also responsible for the existence of numerous minor 
neovolcanic bodies with occasional small volcanic edifices (andesites, dacites, 
rhyolites, quartz latites) and frequent subvolcanic bodies (granodiorites and quartz 
monzonites). The volcanoes are generally situated at the crossing of fault systems; 
where they accompany depressions, these are of small extent. The zone of activation 
is highly diversified with outstanding uplifts of minor blocks (M. ARZOVSKI 1961). 
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The period of volcanic activity was relatively long, lasting from the Oligocene to the 
Sarmatian (37 m. y. — 10.8 m. y. B.P.). 

b) The Balkan (Fig. 6) and South Carpathians (Fig. 5) are characterized by 
extensive Hercynian granitization, which affected virtually their entire areas. In the 
South Carpathians and the Balkanides, both pre-Palaeozoic and Hercynian grani
toids are comparatively abundant. Alkalic granitoids are frequent in the South 
Carpathians, especially in the Danubicum. The Balkanides are distinguished by an 
unusual variety of geotectonically differing types of granitoids. In addition to the 
South Bulgarian granodiorites and granites of the Rhodope massif and the Sredno-
gorie Mts., mention should be made of the Stará Planina gabbrodiorite-granodiorite 
association, the Struma ssociation ranging from acid granites to ultrabasites and the 
Permian gabbro-syenite association. The Hercynian granitization and folding and, 
consequently, the consolidation of the crust were there far more intensive than in any 
other Alpide segment described, so that the Triassic of the South Carpathians and 
Balkanides can be most aptly denoted as being of quasiplatform type (Fig. 7). The 
heterogeneity of the pre-Alpine development in the Balkanides, reflected in the 
great variety of granitoid types, also manifested itself by the formation of the first 
geosynclinal troughs with a thinner crust in the eastern part of the Balkanides, which 
are represented by the Sakar zone in the south and the Kotel zone in the north. 
A marked segmentation of the geosyncline began in the Tithonian, simultaneously 
with the formation of flysch sequences. Ophiolite occurrences linked up with the 
Tithonian preflysch trough are sparse: Strandža and Sakar areas in the Balkan, 
serpentinites along the boundary faults of the Rhodope massif, chiefly along the 
Marica fault and the Severin-Kraina trough in the South Carpathians. 

Longitudinal faults such as the Upper Cretaceous Timok-Srednogorie rift, played 
an important role in the tectonic history of this area. The fault system accompanying 
the graben-synclinoria and the volcano-plutonic banatite association is of the same 
kind; it roughly follows the boundary between the Geticum and Danubicum in the 
South Carpathians and between the Balkanides and the Rhodope massif in the 
Balkan. 

The neovolcanics of the Balkan are linked mainly with the Rhodope massif, which 
constituted the hinterland to the Balkanides, with interior basins in the rear part of 
the geosyncline. This linkage is demonstrated by the stratigraphic range of 
magmatites and of depressions, which in the Bulgarian area is Priabonian to 
Oligocene and in Greece up to Miocene (Fig. 15). The activation in the rear of the 
geosyncline in the Rhodope massif had evidently a southern trend. The South 
Carpathians lack young Tertiary volcanics and major interior basins. The only 
exception is the Krajištide area in the south, which both genetically and structurally 
is tied with the Balkanides. 

c) In the Apuseni Mts. (Fig. 4) the East (Fig. 11a) and West Carpathians (Fig. 3) 
and in the Eastern Alps the Hercynian granitization and intense Hercynian folding 

106 



mainly affected the northern sectors. The Palaeo-alpine granites are typical of the 
Gemeride zone of the West Carpathians (Fig. 10). 

In all these mountain ranges, thick complexes of quartz porphyry were emplaced 
at the beginning of the Palaeozoic as a result of the Baikalian crustal differentiation. 
The Hercynian crustal differentiation (Fig. 7) is reflected in the differences between 
the Permian facies, diversified especially at the transition to the Moma zone, where 
melaphyres appear in addition to quartz porphyries. In the extreme south, the 
Permian is of marine type. Even the Triassic is represented there by varied carbonate 
sequences and several facies-structural zones expressing a characteristic crustal 
differentiation of the Alpine geosynclinal system. Besides basic rocks, ophiolite 
associations occur more frequently in the Transylvanian units of the East Carpat
hians, in the Slovakian Karst (Meliata Formation) and in the Biikk Mts. of the West 
Carpathians. The distribution of basites in the southern zones of the Eastern Alps is 
restricted to sporadic occurrences in the higher nappes of the Calcareous Alps and 
ophiolite bodies in the Middle Triassic of the Drauzone. This may be the reason why 
the Biikk Mts. differing from these Alpine zones in the marine type of the Permian 
and the Triassic rich in volcanics has long been regarded as a branch of the Dinarides 
linking them with the inner zones of the West Carpathians (K. BALOGH—L. KÓRÓSZY 
1968). The establishment of an analogous ophiolite series (Meliata Formation) and 
other 'southerly' features of the Slovakian Karst provides evidence that the Biikk 
Mts. is an inseparable part of the West Carpathians. Together with'the Slovakian 
Karst it constitutes the innermost zone called the 'Bukovicum' comprising several 
tectonic subunits (M. MAHEĽ 1975). This southern ophiolitebearing zone is boun

ded by the Rožňava fault line (at the northern margin of the Slovakian Karst) and the 
Balaton fault line (at the southern margin of the Biikk Mts.).These two lines along 
with the Darnó line (at the northern margin of the Biikk Mts.) are probably northern 
branches of the Insubric line, which does not only bifurcate to the northeast but also 
changes its geotectonic character. There is no geosynclinal segment to the east of it, 
as are the Dinarides and the Southern Alps, but the Hungarian massif. 

The geosynclinal system of the West and East Carpathians and the Eastern Alps 
shows a marked differentiation reflected by unusual variety of fades and sequences 
in the Jurassic and Early Cretaceous leptogeosynclinal stage, particularly in the 
central and northern Alpide zones. Basic rocks and incomplete ophiolite series are 
frequent (e.g. in the Zliechov and Kysuca troughs in the West Carpathians, the 
Bukovina trough in the East Carpathians). Characteristic of the West Carpathians 
are abundant small augitite and limburgite occurrences in shallowwater facies, 
which are obviously connected with the faults separating submarine ridges. Their 
frequency is probably due to the block structure of the Inner West Carpathians. An 
important ophiolite association of the Alps appears in the Penninicum, including the 
Rechnitz tectonic window in the east. In the East Carpathians, a well known 
ophiolite series dating from the initial stage of the flysch trough is in the CeahläuRa
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chovo tectonic unit, at the boundary between the outer and inner Carpathian zones. 
In the Flysch Belt of the West Carpathians the ophiolites and basic rocks in general 

occur in a small amount and particularly along the margins of troughs and cordilleras 
(for example the teschenites). Minor bodies at the margin of the Klippen cordillera 
suggest a plausible presence of major ophiolite masses in the root zone of the Magura 
nappe, with regard to the proximity of the Rechnitz Formation. In contrast to the 
Eastern Alps, the West Carpathians have a hinterland — the Hungarian Massif, 
which substantially affected their history in its late geosynclinal stage. 

The neovolcanics, which are characteristic of the West and East Carpathians 
(Fig. 15), are absent in the Eastern Alps as a result of the missing hinterland and 
a lack of interior basins. The Carpathians were obviously connected with the 
Hungarian median mass during the Tertiary. The West Carpathians were disrupted 
by transverse faults and the Central Slovakian transverse graben was the site of 
extensive volcanism. As the rear depression in the East Carpathians extended up to 
the Klippen and Flysch Belts at the southern boundary of the Outer Carpathians, the 
belt of neovolcanics overlaps a large part of the inner zones. 

Characteristic of the Hungarian massif south-east of the Balaton line is a thick 
Permian complex with quartz porphyries. By analogy with the West Carpathians, the 
differentiation of the crust caused by Hercynian folding, metamorphism and 
granitization and the formation of a Permian trough along or between Hercynian 
granitoid zones may be considered. The alkalic character of Lower Cretaceous 
basites in the Mecsek and Villány Mts., resembling the teschenite association of the 
outer zones of the West Carpathians, and the 'northern' type of the Mesozoic suggest 
that the south-eastern block of the Hungarian massif might belong to the northern 
zone of the Alpides, either as a tectonic window or as a block shifted south-west
wards. The drawback to this consideration is the lack of Palaeo-alpine tectonic 
disturbance in the Mecsek and Villány Mts., and of Lower and Middle Cretaceous 
flysch sequences, which are so characteristic of the northern West Carpathian zones. 
It appears that the 'northern' type of the Mesozoic basites and Early Cretaceous 
alkalic basites are related with the tectonic type of the crust which was relatively thick 
but broken at that time. It represents most likely a prolongation of the Serbo-Ma-
cedonian massif. 

From the basites obtained by boring into the basement of the Neogene of the 
Hungarian Plain (including Transcarpathian region) the presence of ophiolites is 
assumed west of the Szolnok flysch trough (E. SZÁDECKY—KARDOSS et al. 1967, G. 
N. DOLENKO—L. G. DANILOVIČ 1976). The ophiolite-filled trough together with the 
Szolnok trough separate the Apuseni Mts. from the West Carpathians; they extend 
nearly parallel to the Balaton line and other major structures of the Hungarian 
massif. The ophiolite trough shows an analogous position to that of the Mures, 
ophiolite zone; both of them are branches of the Vardar zone penetrating deep 
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between the blocks of the Alpine mountain system. The Vardar zone itself separates 
the Serbo-Macedonian massif from the Pelagonian massif. 

The northern part of the Apuseni Mts. recalls the Inner West Carpathians in 
having major bodies of Hercynian granitoids in the north and abundant Permian 
complexes with thick quartz porphyry and melaphyre layers in the south. The 
structural-facies diversity of the Triassic increases southwards as well as the number 
of 'southern' types. Their Neo-alpine volcanics are distributed over an area which 
forms part of the Neotisia including the inner zones of the West and East Carpathians 
and the Hungarian Massif. During the Jurassjc to Eocene, however, the Apuseni 
area underwent a development in common with the Mures, ophiolite zone, which is 
an extension of the Vardar zone structurally linked with the North Apuseni. This 
mountain range is in turn allied to the South Carpathians by the presence of Upper 
Cretaceous-Palaeocene banatites. The Apuseni is a median block, which during the 
Alpine cycle was affected by the volcanism-controlling tectonic features extending 
there from the neighbouring areas. Their effects overlapped in time at some places. 
These were the ophiolite zone of Mures, (in the south and east) and the tentative 
ophiolite zone at the western margin of the Szolnok flysch trough (west of the 
Apuseni), together with the drawn-out Klippen Belt and its appendage in the Poiana 
Ruscä to the east. The divergency of these structures and of the Apuseni Mts. 
indicate a shift and rotation of this block, probably in result of crustal thinning and 
stretching during the initiation of the ophiolite troughs. 

4. Notes on terminology 

In describing the magmatite groups in the text above we intentionally avoided the 
commonly used terms of initial, orogenic and subsequent magmatism. It does not 
imply, however, that the cyclic evolution is denied. The magmatism displays 
a cyclicity but within a wider global scope. It directly depends on the type and 
thickness of the crust and tectonic processes which act in cycles. The Alpide system 
provides an example how the type, extent and intensity of folding change from one 
cycle to another (M. MAHEĽ 1975), the same as the crustal type and magmatism. 

The granitoids, which represent magmatites genetically associated with folding, 
have a different share in the formation of the continental crust and of the structures 
in individual cycles. In the prePalaeozoic cycles the granitization was manifested by 
anatexis and high metamorphism and probably a long period of 'heat flow', but less 
marked effects on the structural pattern. The Hercynian cycle was distinguished by 
the emplacement of vast batholiths and phacoliths, a slighter anatexis, differential 
metamorphism and extensive crustal consolidation. On account of orogenic multi
stage movements and development of the structural pattern it was an important 
structural and morphostructural factor. In the Alpine cycle, synorogenic magma
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tism was represented only by minor bodies of granite within narrow zones and its 
effect on the formation of the structural pattern was minimum. 

The changes in the so-called subsequent magmatism from one cycle to the other 
are most striking. In all three last cycles the magmatism was of acid or intermediate 
character, but its geotectonic position and genetic type were different in each cycle. 
Quartz porphyries are components of geosynclinal sequences subsequent to the 
Baikalian orogeny; they grade into basic igneous rocks both laterally and vertically. 
Acid volcanics reflect the differentiation of the crust and the formation of zones of 
greater crustal thickness — the island arc zones. 

The term 'subsequent' does not fit either the late Hercynian volcanics. They 
followed the main Hercynian granitization and folding, but correspond in age to the 
latest granites, replacing them laterally. They are confined to grabens with molasse 
filling, occasionally of the rift type, i.e. the negative morpho-structural forms. 
Consequently, they are not a consolidating element as are granitoids. Although they 
complete the geosynclinal cycle, they signify the differentiation of crust before the 
foundation of the Alpine geosyncline. 

The Meso-alpine (Upper Cretaceous-Palaeocene) interorogenic magmatites cal
led 'banatites' (in the literature often denoted as early subsequent—H. STILLE 1953) 
and neovolcanics (called late subsequent) differ from the Upper Palaeozoic magma
tites in a broad differentiation range, and structural and volcano-tectonic forms. In 
the Srednogorie and Timok areas, which are classical areas of their occurrence, the 
banatites are folded but do not show a direct relationship to the foregoing 
Palaeo-alpine orogeny; their volcano-plutonic character is a sign of their close 
connection with the increased dynamics of the crust. As they formed subsequently 
only to the first Alpine orogenic stage, they are more conveniently termed as 
interorogenic or Meso-alpine (on account of their close association with the 
Meso-alpine stage) than early subsequent. 

The designation 'subsequent' is not very apt either for the neovolcanics. Their 
distribution in the zones that had been consolidated during the Palaeo-alpine or 
earlier orogenic processes bears witness against their subsequence to folding and 
granitization. The young volcanics are characteristic products of the late geosynclinal 
stage and simultaneously of the activation of geological processes in the parts of the 
geosynclinal system that were stabilized in earlier times or not fully incorporated in 
the system. The volcanics of the geosynclinal system itself, i.e. of the West and East 
Carpathians and the Apuseni Mts. can be labelled as late geosynclinal, but those of 
the massifs (e.g. Rhodope and Pannonian) are better to be called the volcanics of 
activation zones. Even in this case, however, they represent the late geosynclinal 
stage of the Alpine geosyncline whose part they form. The young volcanics and the 
superimposed basins of the Hungarian massif and Rhodope should be regarded as 
components of the Carpathian or Balkan system, as part of the backdeep just as the 
foredeep, which is also an activated part of the platform. 
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The 'initial' type of magmatites predating the Middle Carboniferous is distributed 
in almost all geosynclinal complexes both at the beginning of the cycle and prior to 
the folding phase. The large amount of basic magmatites is due to a small thickness 
and permeability of the crust. A more fitting term would be therefore 'early 
geosynclinal' or 'immature' or 'pre-Alpine geosynclinal' type of volcanics. 

The Mesozoic basites have a higher proportion of ultrabasites and less pyroclastics 
and more frequently accompany deep-sea sediments, such as pelagic limestones and 
silicites, in several evolution stages of the geosyncline. They are found in the Triassic, 
Jurassic and Lower Cretaceous carbonate stages of the geosynclinal history as well as 
in the pre-flysch stage of the later (Cretaceous) flysch geosyncline. The term 'initial' 
is not suitable for these magmatites also because they are confined only to some, 
usually narrow zones of the geosyncline — to the troughs having a thin oceanic or 
nearly oceanic crust. 
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Michal Mahel 

Geotektonické postavenie magmatitov v Karpatoch, 
na Balkáne a v dínaridách 

Resume anglického textu 

Charakteristika geotektonických typov magmatitov 

Sledovanie štruktúrneho, a hlavne geotektonického postavenia magmatitov v jednotlivých 
vývinových cykloch alpíd nás viedlo k ich rozdeleniu do siedmich skupín (obr. 1,2): 

— granitoidy — úzko späté s procesmi vrásnenia a s utváraním štruktúrnych plánov, 
— neohercýnske neskorogeosynklinálne vulkanity — geneticky priamo nadväzujúce na 

hercýnske granitoidy, sprevádzajúce molasové výplne brázd a prepadlín, 
— predalpínske eugeosynklinálne vulkanity — v asociácii s predkarbónskymi sériami 

alpíd, 
— mezozoické ofiolity a bázické horniny viazané na úzke, osobitné, štruktúrne pásma, 
— mezoalpínske magmatity intraorogénneho typu vulkano-plutonickej formácie banati-

tov v sprievode tektonických prepadlín vyplnených zväčša flyšom, čiastočne i včasnými 
molasami, 

— neskorogeosynlinálne neovulkanity — geneticky späté s treťohornými kotlinami, ktoré 
sú vyplnené molasami, 

— finálne vulkanity — späté s poorogénnym štádiom dotvárania morfoštruktúry alpíd. 

1. Granitoidy 

Väčšina granitoidných telies vystupuje uprostred najstarších, zväčša vyššie metamorfovaných 
komplexov, zaraďovaných medzi predpaleozoické útvary. Preto prevažovala mienka, že sa 
vznik väčšiny granitoidov spája predovšetkým so starším predbajkalským a bajkalským 
vrásnením. V posledných rokoch sa rádiometrickým štúdiom získali hodnoty ukazujúce, že 
staré granitoidy sú tu síce prítomné, ale ich podstatná časť geneticky súvisí s hercýnskym 
vrásnením. Väčšina granitoidov sa vekové radí do karbónu aj preto, že sa metamorfované 
komplexy, v rámci ktorých vystupujú, zaradili vdaka biostratigrafickým metódam (najmä 
palinologickým) do staršieho paleozoika. 

Predhercýnske granitoidy, viazané geneticky na bajkalské a staršie vrásnenia, sú zväčša 
synkinematické, úzko súvisia s migmatitizáciou, anatexiou a s výraznou regionálnou meta

morfózou (M. MAHEĽ 1974). Sú to, napr. séria Grobgneiss vo Východných Alpách, žuloruly 
a migmatity v ľubietovskom a kohútskom pásme veporíd, niektoré migmatity v kryštaliniku 
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Nízkych Tatier a Čiernej hory, migmatity a anatektity v pohorí Moragy v južnom Maďarsku 
(rádiometrické údaje okolo 505 mil. r.); ďalej žuloruly a migmatity v príkrove Codru 
a v príkrovovom systéme Biharia v Apusenách a v Južných Apusenách sprevádzajúce sériu 
Baia de Aries (s rádiometrickými hodnotami okolo 508 mil. r.); žuloruly a okaté ruly v sérii 
Bretila Barnau vo Východných Karpatoch. Početnejšie synkinematické granitoidy sú v Juž

ných Karpatoch, kde tvoria aj väčšie plutóny (napr. Poneasca a Sichevita v getiku, plutóny 
Sús,ita a Tismana v danubiku — rádiometrické hodnoty 556—520 mil. r. — obr. 5). Väčšie 
telesá predhercýnskych synkinematických granitoidov sú aj v Srbskomacedónskom masíve 
(rádiometrické údaje okolo 450 mil. r.), sú však zväčša hercýnsky remobilizované; ďalej sú 
v Pelagónskom masíve (dokonca s hodnotami 1140, 838, 609 — 577 mil. r.; G. Gedeon 
1968). Pre rodopský masív sú zvlášť charakteristické synkinematické lessovské granitoidy 
vystupujúce uprostred ultrametamorfitov, považovaných za archaické (I. BOJANOV—D. 
KOŽUCHAROV 1966; obr. 6). 

Najpočetnejšie a čo do vývoja a stavby alpíd najvýznamnejšie sú hercýnske granitoidy. 
Príznačná je pre ne štruktúrnotektonická pestrosť, široké časové rozpätie a neveľká 
rôznorodosť obsahu. 

Synkinematické hercýnske granitoidy,úzko späté s plášťom,predstavujú obvykle najhlbšie 
pásma hercýnskej granitizácie (napr. južné časti ďumbierskeho kryštalinika Západných 
Karpát (obr. 3). Charakteristické sú i pre niektoré zóny s osobitým tektonickým postavením, 
napr. klisúrsky a stakevský masív v Starej Planine na Balkáne — súčasť zóny granitizácie 
pozdĺž rozsiahleho prehybu severne od rodopského masívu (včítane Srednogorja; E. BONČEV 
1975). Hercýnske granitoidy tvoria veľké telesá batolitov a fakolitov, a to nielen vo vlastných 
alpidách, ale i v priľahlých masívoch (srbskomacedónskom, rodopskom), ktoré štruktúrne 
spájajú s vyvrásneným systémom. 

Rozsiahlejšie telesá batolitov podmieňujú vytváranie širokých antiklinál a synklinál, napr. 
vo Vysokých Tatrách (A. GOREK 1967, Š. KAHAN 1968), alebo aj formovanie dómovitých 
štruktúr, typických najmä pre rodopský masív (I. BOJANOV 1973,1. ZAGORČEV 1975), ale 
i pre srbskomacedónsky masív (M. D. DIMITRIEVIČ 1967). 

Najmladšie sú zväčša permské intrúzie malých granitoidov, ktoré majú prevažne charakter 
pňov (stokov). Častejšie sa vyskytujú na Balkáne a v rodopskom masíve, ale nájdu sa aj 
v iných oblastiach, napr. v ľubietovskej zóne Západných Karpát nadväzujúcej geneticky tesne 
na neohercýnske vulkanity (kremenné porfýry; V. ZOUBEK 1931). 

Pozoruhodné je široké časové rozpätie granitotvorných procesov; hercýnske granitoidy 
vykazujú hodnoty od 340, najčastejšie 320 až 220 (200) mil. r. (J. BURCHARD 1970, J. 
KANTOR, 1959, B. CAMBEL 1976, M. DIVIUAN^S. DIVIUAN 1967, M. D. DIMITRIEVIČ 1967, 
S. BOYADJIEV 1974,1967). Tieto procesy prebiehajú približne v tom istom období ako účinky 
hercýnskeho vrásnenia počnúc jeho prvými prejavmi koncom devónu (bretónskymi) až po 
koniec permu (falcskými). Toto obdobie hercýnskeho diastrofizmu, celkove asi 120 mil. r., je 
veľmi dlhé v porovnaní s etapou prevažne pokojnejšej paleozoickej eugeosynklinálnej 
sedimentácie (ordovik resp. vrchné kambrium—koniec devónu). Pritom nemožno opomenúť 
náznaky kaledónskeho diastrofizmu, azda so sprievodnou granitizáciou (E. JÄGER 1973,1. 
HAJDUTOV 1971) — časté rádiometrické údaje okolo 400 mil. r. značia najskôr „termálnu 
udalosť" (H. ZWART 1976). 

Hercýnske vrásnenie i súčasná granitizácia majú 3 výrazné štádiá: bretónskosudetské, 
astúrskosaalske a falcské štádium (M. MAHEĽ 1975). Prvé štádium sa často označuje ako 
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rané (rádiometrické údaje o granitoidoch 340—305 mil. r. —S. BOYADJIEV 1974), ďalšie dve 
sú označované ako neskoré štádiá (E. DIMITROVA et al. 1975 — rádiometrické údaje 
o granitoidoch okolo 280—250 mil. r.). Migmatity a synkinematické granitoidy sa zvyknú 
spájať s prvým štádiom, neskorokinematické granitoidy s druhým a vznik aplitov, pegmatitov, 
aplitických granitov a subalkalických granitov sa obvykle spája s tretím štádiom (A. K. BOJKO 
1975). Naznačená tendencia vývoja hercýnskych granitoidov je bežná najmä v Západných 
Karpatoch a na Balkáne; je v zhode s postupnou stabilizáciou kôry počas hercýnskeho 
diastrofizmu. Nemožno však hovoriť o všeobecne platnom pravidle. Niektoré synkinematické 
granitoidy s rádiometrickými hodnotami permu okolo 270—230 mil. r. sotva možno 
považovať len za výnimky v rámci pravidla (napr. žuloruly v Južných Karpatoch v masíve 
Nerešnički, alebo migmatity, napr. z Vysokých Tatier s hodnotami 250 mil. r., a naopak 
niektoré pegmatity z Nízkych Tatier v Západných Karpatoch s hodnotami 330 mil. r.). I keď 
zaznamenávame iba všeobecnú tendenciu vývoja granitoidov, nezávisí ich typ len od 
vývojového štádia, ale aj od hĺbky ich vzniku. Všeobecná tendencia vývoja granitoidov od 
synkinematických k aplitickopegmatitickým žilám má výrazné odklony vo vývoji jednotli

vých areálov a zón. Je známe, že rozmanitosť vývoja, stavby i obsahu jednotlivých zón je 
príznačná najmä pre alpidy. 

Častejšie sa objavujú názory nielen o polyfázovosti, ale aj o polycykličnosti vývoja 
granitoidných telies (M. D. DIMITRIEVIČ 1967, S. KARAMATA 1974,1. ZAGORČEV 1975,1. 
DIMITRESCU 1976, E. SZÁDECKY—KARDOSS 1967, S. BOYADJIEV 1967). Ide hlavne o veľké 
telesá južnobulharských granitoidov (v Rodopách a Srednogorji), granitoidov v srbskoma

cedónskom a v pelagónskom masíve, sčasti aj v Južných Karpatoch; rádiometrické údaje tu 
poukazujú na predhercýnsky, častejšie na hercýnsky, ale aj na alpínsky vek (napr. v plutóne 
Bujanovac v Srbskomacedónskom masíve, či v belogradčickom plutóne v balkanidách, 
v Pelagónskom masíve, v magmatitoch pohoria Mecsek atd.). 

Hercýnske granitoidy predstavuje predovšetkým formácia granodioritovogranitová. Bo

hatší látkový obsah a viac formácií granitoidov majú balkanidy, t. j . oblasť geosynklinálne 
členitejšia s lineamentnými geosynklinálami (E. BONČEV 1966). Tu je popri granodioritovo

granitovej formácii vyvinutá aj formácia gabroplagiogranitová, gabrodioritovágranodiorito

vá a alkalická gabrosyenitová formácia (E. DIMITROVA et al. 1975). Všade sú hojné aplity 
a pegmatity, ale i menšie telesá najmä permských leukokrátnych granitov. 

Rozdiely v stupni metamorfózy a granitizácie v jednotlivých úsekoch alpíd, ale aj 
v jednotlivých zónach toho istého segmentu, sa prejavujú i odlišnosťou tektonických štýlov. 
Uvedieme príklady z hercýnskych štruktúr. Vo Vysokých Tatrách, kde sú rozsiahle telesá 
granitoidov, boli preukázané hercýnske štruktúry — antiklinály a synklinály širokého rozpätia 
(A. GOREK 1959, Š. KAHAN 1969). Dómovité štruktúry sú zvlášť typické pre oblasti s veľkými 
batolitmi granitoidov, napr. Rodopský masív (I. BOJANOV 1974, I. ZAGORČEV 1975) 
a Srbskomacedónsky masív (M. D. DIMITRIEVIČ 1967). V kraklovskom pásme veporíd 
a v Čiernej hore na Slovensku (S. JACKO 1971) boli v svorových zónach s malým podielom 
granitoidov, resp. bez granitoidov preukázané úzke stlačené hercýnske vrásy. Z Východných 
Karpát sa uvádzajú aj hercýnske príkrovy s nepatrným podielom hercýnskych granitoidov (H. 
G. KRÄUTNER 1972). 

Podiel granitoidov v alpínskom cykle je neveľký (obr. 2). Týka sa to hlavne granitoidov 
súvisiacich s vrásnením, a teda aj so stabilizáciou kôry. Sú zastúpené len menšími telesami, 
ktoré sa viažu na zóny predalpínskeho kryštalinika, sú silne prepracované paleoalpínskymi, 
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niektoré až mezoalpínskymi vrásneniami. Telesá alpínskych synkinematických granitoidov sú 
rozšírené hlavne v južnejších častiach Srbskomacedónskeho masívu, v oblastiach už silne 
postihnutých kimerským vrásnením. Pritom sa v alpínskom cykle, pri východných okrajoch 
Srbskomacedónskeho masívu, granitizácia spolu s vysokotlakovým metamorfizmom prejavi

la viacfázovo, v časovom rozpätí 170—40 mil. r. (E. KOCKEL—H. MOLLAT—H. J. WALTHER 
1972), t. j . od začiatku strednojurského „mladokimerského" cez strednokriedové až po 
vrchnoeocénne vrásnenia (J. AUBOUIN 1964, obr. 9). V penniniku Álp siaha granitizácia až 
do začiatkov oligocénu a i tu sa spája s vysokotermálnou metamorfózou. Je teda zrejmé, že 
i alpínske granitotvorné procesy majú široké časové rozpätie, ak ich porovnáme s pokojným 
geosynklinálnym obdobím triasu a spodnej až strednej jury (len 80—100 mil. r.). Pri alpínskej 
granitizácii treba zdôrazniť, že sa prejavuje skromne a viaže sa iba na úzke zóny. Rozsiahlejší 
areál postihnutý týmito procesmi predstavujú južné oblasti alpíd, hlavne pelagónskeho 
masívu; južné oblasti srbskomacedónskeho masívu, rodopského masívu a bloky sakarský 
a strandžanský. V týchto oblastiach sú u starších granitoidov časté rádiometrické hodnoty 
okolo 160—97 mil. r. Ide zrejme o alpínsku regeneráciu kryštalického podkladu. Pravda, 
v niektorých granitoidoch sa zistili aj hodnoty 50—30 mil. r., čo je späté s magmatickou 
priabónskooligocénovou, miestami až spodnomiocénovou aktivizáciou (S. BOYADJIEV 
1974). 

V Západných Karpatoch (obr. 10) sú výrazným predstaviteľom paleoalpínskych granitoi

dov telesá granitov a granitporfýrov uprostred kambrosilúrskej gelnickej episérie v Spišsko

gemerskom rudohorí (rádiometrický vek (K/Ar) 93—103 mil. r. — J. KANTOR 1960). 
Granitotvorný proces bol tu azda viacfázový a vyvrcholil malými intrúziami. Výstup žulových 
telies i priebeh zón kontaktnej metamorfózy je pásmový, súbežný s priebehom hlavných 
paleoalpínskych štruktúr (P. GRECULA 1973). Malé telesá sa viažu na oslabené poloblúkovité 
zóny pri okrajoch megaantiklinória Volovca (L. ROZLOŽNIK 1972). V gemeridách je 
závažnou otázkou vzťah granitových telies k príkrovu prvého rádu, k násunu gemeríd na 
veporidy. Skutočnosť, že sa preukázali šmyky s násunom krýh bez kontaktnej metamorfózy na 
kryhy rovnakého zloženia, ale kontaktne metamorfované (napr. v prešmyku Jedlovec), vedie 
k názoru o príkrovovej pozícii granitových telies i geneticky s nimi zviazaných rudných ložísk 
(P. GRECULA 1973). Výraznejšie prejavy granitizácie plášťa s novovzniknutými minerálmi, 
ako je „dymový" kremeň, živce, biotit, muskovit, ktoré boli zistené hlbokými vrtmi (P. 
GRECULA 1973), naznačujú podľa môjho názoru skôr „zakorenenosť" žulových telies. Pri 
riešení tohto problému poslúžia menšie masívy hlavne biotitických granitov, ktoré vystupujú 
na styku hercýnskych granitoidov masívu Bujanovej a cez metamorfný, alpínsky silne 
prepracovaný plášť v Čiernej hore, severne od gemeríd. Tieto masívky granitoidov sú často 
poprerastané systémom aplitovych žíl a hojných trhlín s výplňou turmalínu, hematitu, 
molybdénu, kremeňa, pyritu a kalcitu. Niektoré zo spomínaných telies prerážajú cez oslabené 
zóny permu veporidného obalu. Na Spálenom vrchu teleso dioritu preráža i presunutú kryhu 
gemeridného karbónu a permu (J. ŠALÁT 1954). Pozícia tohto telesa a len slabý tektonický 
zásah do najmladšieho systému dislokácií sv.—jz. smeru (S. JACKO 1971) nasvedčujú, 
rovnako ako u gemeridných granitov, že ich intrúzia časové spadá i do neskorších procesov 
paleoalpínskeho vrásnenia. 

Popri veľkých hercýnskych telesách granitoidov v kryštaliniku veporíd, ktoré je silne 
alpínsky zvrásnené, vystupujú na význačných tektonických líniách granitoidy s rádiometrický

mi hodnotami 107—115 mil. r. (J. KANTOR 1960), napr. Muránska Zdychava 107 mil. r., 
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Hrončok 110—115 mil. r. (A. K. BOJKO 1975), ktoré patria k starším prejavom paleoalpín

skeho vrásnenia. Sú tam však i telesá albitických granitov s hodnotami okolo 86—90 mil. r. 
Alpínske granity sú hojnejšie pri južnom okraji veporidného kryštalinika v zónach zvlášť 
intenzívne zasiahnutých alpínskym vrásnením. Taký vek vykazujú i malé žily a masívky 
aplitov a pegmatitov sv.—jz. smeru, ktoré prerážajú prevažne svorovú hronskú sériu 
v kraklovskom pásme veporíd (A. KLINEC 1966, obr. 10). 

Rádiometrické hodnoty 93 až 140 mil. r. získané z granitov valúnového materiálu 
v paleogénnych pročských zlepencoch bradlového pásma východného Slovenska (R. MARS

CHALKO et al. 1976) naznačujú prítomnosť paleoalpínskych granitoidov i v kryštalickom 
podklade severnejších jednotiek Západných Karpát. Valúny spomínaných granitov pochá

dzajú pravdepodobne z kordiliery uprostred geosynklinály bradlového pásma, alebo pri jej 
severnom okraji. 

Granitoidné horniny, známe pod názvom tonality, sprevádzajú periadriatickú zlomovú 
zónu. Rádiometrické údaje z telesa tonalitov z Karavaniek vykazujú hodnoty 29+6 mil. r., 
resp. 28 +4 mil. r. (z biotitu). Zaujímavé je však, že sprievodné granodioritové porfýry 
z oblasti Eizenkappel sú zrejme hercýnske s hodnotami 24±8 mil. r. (z pyroxénov) a diority 
s hodnotami 227±7 mil. r. (z biotitu) (E. FANINGER 1976). 

Dôležitejšiu úlohu v stavbe alpíd majú telesá granitoidov, tvoriace súčasť vulkanoplutonic

kých formácií mezoalpínskeho banatitového typu (bližšie viď na str. 139). Ich vznik súvisí so 
stavom kôry, striedavo ovplyvňovaným kompresnými pohybmi laramskými a ilýrskymi, resp. 
pyrenejskými (obr. 6). 

Vo vzťahoch medzi vrásnením a granitizáciou je nápadný rozdiel medzi hercýnskym 
a alpínskym tektonomagmatogénnym a metamorfným cyklom. Zatiaľ čo je pre hercýnsky 
diaftorizmus príznačná hlbinná metamorfóza a rozsiahla granitizácia, charakteristickým 
znakom alpínskeho vrásnenia je obmedzený rozsah metamorfózy, ktorá nastala v plytších 
zónach a prejavila sa ako progresívna metamorfóza mladšieho paleozoika a mezozoika a ako 
lokálna diaftoréza kryštalinika. Alpínske vrásnenie sprevádzajú aj drobné intrúzie granitov. 
Celkove má však pripovrchový charakter s prevahou príkrovov (M. MAHEĽ 1974). 

2. Mladohercýnske neskorogeosynklináine vulkanity 

Neskorogeosynklinálne mladohercýnske vulkanity, prevažne permské, sčasti už i vrchno

karbónske (balkanidy, Južné Karpaty) sprevádzajú komplexy vrchnej, lagunárne suchozem

skej molasy, uloženej v pozdĺžnych žľaboch. Vznik žľabov, tektonických prepadlín i vulkani

tov je dôsledkom hlbokých zlomov, sprevádzajúcich epiorogénne roztiahnutie, niekde 
i riftogenézu završujúcu geosynlinálny proces. 

Neohercýnske vulkanity majú pomerne jednotvárny obsah, najčastejšie sú kremenné 
porfýry; vertikálne i laterálne ich miestami zastupujú melafýry. Medzi obidvoma krajnými 
typmi týchto vulkanitov sú síce prechody, no i tak je podiel intermediárnych vulkanitov, 
porfyritov a kremenných porfyritov nápadne malý. Vzťahy medzi melafýrmi a kremennými 
porfýrmi sú v niektorých segmentoch rozdielne. Na Balkáne možno pozorovať prechod od 
bázickejších melafýrov ku kyslejším (P. ČUNEV—P. BONEV 1975); v Apusenách je to skôr 
naopak (M. BLEACHU 1974). V severnejších zónach výrazne prevažujú kremenné porfýry, 
v južnejších zónach výrazne melafýry. V Západných Karpatoch sú melafýry charakteristické 
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pre chočský žľab, rozložený medzi zónami s kremennými porfýrmi, severnejšou veporidnou 
a južnejšou severogemeridnou. Geotektonické postavenie melafýrov a kremenných porfýrov 
je v podstate rovnaké. Preto je logické i ich zaradenie do jednej bazaltovoryolitovej formácie 
na Balkáne (E. DIMITROVA et al. 1975) ako i v Západných Karpatoch (D. HOVORKA 1965). 
Lineárny charakter erupcií bázického vulkanizmu v niektorých zónach spôsobuje tenšia kôra, 
ale i hlbšie siahajúce zlomy, ktoré slúžili ako prívodné kanály výlevov. V nijakom prípade 
nemožno melafýry považovať za vulkanity, analogické s ofiolitmi, teda za iniciálne vulkanity 
v ponímaní H. STILLEHO (1953)—(J. VOZÁR 1971). Melafýry totiž len málo ovplyvňujú 
sedimentáciu a nesúvisia s prehĺbením geosynklinály ako ofiolity, resp. ofiolitoidy, ale 
s molasovým štádiom prechodu od hercýnskej geosynklinály k alpínskej. Slabý alkalický trend 
melafýrov v chočskom príkrove Západných Karpát (J. VOZÁR 1972) síce dáva podnet 
k úvahám o slabšej kratonizácii kôry.melafýry v Západných Karpatoch i v Apusenách sú však 
viazané na grabeny, ktoré znamenajú začiatky alpínskych štruktúrnofaciálnych zón. 

Lenže ani zaradenie melafýrov ako finálnych článkov hercýnskeho vulkanického sledu (D. 
HOVORKA 1976) nie je presvedčivé, a to preto, že melafýry sa spájajú najmä s južnejšími 
zónami alpíd, menej stabilizovanými hercýnskym vrásnením. 

Prevažne kyslý charakter neohercýnskych vulkanitov a ich časová zhoda s poslednými 
štádiami granitoidných intruzií, ako aj prejavy doznievajúceho hercýnskeho metamorfizmu, 
naznačujú úzky vzťah neskorogeosynklinálnych vulkanitov ku granitotvorným procesom. 
Niet však priamych dôkazov, že by išlo o vulkanickoplutonickú formáciu, i keď subvulkanic

ké telesá povahy mikrogranitov sú známe napr. z balkaníd. Vulkanity sú rozložené v okrajo

vých tektonických prepadlinách spravidla vedľa zón s granitoidnými intruzívami; to naznaču

je skôr nepriamu väzbu na granitizáciu. Ide azda o výlevy magmy v okrajových častiach 
väčších tumorov a možno ich považovať za oneskorené povrchové prejavy rozsiahlej 
hercýnskej sializácie kôry. Slabšie metamorfovaný perm a hojný žilný kremeň v tomto útvare 
znamenajú asi dozvuky tepelných prejavov. Molasové sedimentárne formácie, doznievajúci 
vulkanizmus a metamorfizmus svedčia o zavŕšovaní hercýnskeho cyklu. 

Mladohercýnske neskorogeosynklinálne vulkanity sú hojnejšie v brázdach, oddeľujúcich 
pásma výraznejšej hercýnskej granitizácie, a pri vnútorných okrajoch hercýnsky stabilizova

ných areálov (obr. 8). V týchto priestoroch došlo vďaka hlbokosiahajúcim zlomom aj 
k subakválnym výlevom melafýrov, zväčša sillov, v sprievode dajok melafýrporfyritov 
a porfyritov (napr. melafýrová séria chočského príkrovu Západných Karpát a perm v jednotke 
Codru v Apusenách). Vrchnopaleozoické depresie severnejších oblastí alpíd majú molasové 
výplne, s malým podielom vulkanitov, kremenných porfýrov, ich tufov a tufitov. 

3. Predalpínske eugeosynklinálne vulkanity 

Väčšina predkarbónskych sérií v alpidách predstavuje série vulkanosedimentárne s geosynkli

nálnymi prevažne bázickými vulkanitmi. Tieto sú zväčša metamorfované na amfibolity, 
v najstarších sériách niektorých oblastí (Rodopy, Srbskomacedónsky, Pelagónsky masív) až 
na eklogity. Prevládajú bázické vulkanity spilitovodiabázovej a spilitovokeratofýrovej 
formácie. Často ich sprevádzajú intrúzie gabier a dioritov, ale aj serpentinizovaných 
peridotitov, pyroxenitov, dunitov. Kyslé efuzíva sú obyčajne len sprievodných javom, 
prípadne charakterizujú jednotlivé formácie. Ide zväčša o kremenné porfýry a ich pyroklasti

ká, menej o kremenné keratofýry. 
126 



Bázické vulkanity sú zvlášť hojné v sériách proterozoika, napr. vo vlasínskej a lisecko-oso-
govskej sérii na okraji rodopského masívu a v srbsko-macedónskom masíve (M. DIMITRIEVIČ 
1967), v sérii Bihariav príkrovových jednotkách Apusén (R. DIMITRESCU 1966), v protero
zoických sériách Južných Karpát, v sérii Poiana Rusca, Ielová, Lotru, Sebes v Južných 
Karpatoch (O. MAYER et al. 1975 — obr. 4, 5). 

Aj celý rad staropaleozoických sérií má vysoký podiel diabázov, napr. diabázovofylitová 
séria balkaníd, devónska fylitovodiabázová séria v gemeridnom paleozoiku Západných 
Karpát, séria Repedea vo Východných Karpatoch, devónskospodnokarbónska séria Paiuse

ni v príkrovových jednotkách Apusén, série Corbu, Lescovita v Južných Karpatoch (M. 
SANDULESCU—S. NATASEANU—H. G. KRÄUTNER 1974). Vo väčšine sérií ide o vulkanicko

plutonickú formáciu, v niektorých prípadoch dokonca s väčšími telesami intruzív. Tieto 
vytvárajú najčastejšie žily, prípadne menšie pne. Rôznorodosť intruzívnych telies je 
v niektorých oblastiach zvlášť veľká. Týka sa to predovšetkým strumskej dioritovej formácie 
na Balkáne, ktorú tvoria gabrá, diority, ale aj plagiogranity (J. JovčEvet al. 1971). Pravda, 
prítomnosť granotoidných hornín sa vo viacerých prípadoch pripisuje skôr neskorším 
granitoidným procesom (napr. vo fylitovodiabázovej sérii Západných Karpát). V mnohých 
prípadoch sú však genetické vzťahy granitoidov k bázickým horninám nejasné. 

Súčasťou vulkanickoplutonickej formácie sú vo väčšine prípadov i ultrabázické telesá. Ich 
magmatická príbuznosť s bázickými horninami je zjavná napr. v Južných Karpatoch v predpa

leozoických sériách v Poiana Rusca, v getiku v sérii Jelova a v masíve Mrakonia v danubiku 
(O. MAYER et al. 1975), ale aj v paleozoických sériách napr. v sérii Corbu v danubiku. 
Genetický vzťah medzi väčšími ultrabázickými a bázickými telesami sa zistil v predpaleozoic

kých komplexoch Rodop (J. JovčEvet al. 1971). Spätosť menších telies serpentinizovaných 
pyroxenitov s gabrami a gabrodioritmi je zjavná v balkanidách (I. HAJDUTOV 1971). 
V priestoroch nahustenia amfibolitov (napr. v západokarpatskom paleozoiku hronskej série, 
v kraklovskej zóne veporíd) je logickejšie vysvetľovať prítomnosť ložných ultrabázických 
telies ako syngenetických. Sú súčasťou vulkanickoplutonickej formácie a ich výstupy možno 
spájať s protrúziami pozdĺž zlomov. Spilitovodiabázová formácia veporíd i tatríd je chemic

kým zložením blízka toleitickým, na hliník bohatým bazaltom (D. HOVORKA 1976); ide 
pravdepodobne o oceanický typ kôry. V niektorých prípadoch, napr. pri južnom okraji 
veporidného kryštalinika, rozloženie ultrabázických telies nevylučuje v kohútskej zóne ani 
túto druhú možnosť (D. HOVORKA 1976; obr. 10). 

Zaujímavý je výskyt bázických, ba v niektorých prípadoch dokonca aj ultrabázických telies 
v spodnom karbóne (napr. séria Paiuseni v južnejších jednotkách Apusén, séria Tibau so 
značným podielom vo Východných Karpatoch, spodnokarbónsky až strednokarbónsky flyš 
dinaríd), ba i v molasoidných sériách namurwestfalu gemeridného paleozoika Západných 
Karpát, v strednokarbónskej sérii Argestru vo Východných Karpatoch (M. SANDULESCU et al. 
1974). Vo všetkých spomenutých oblastiach alpíd sa začína hercýnske vrásnenie, granitizácia, 
metamorfóza a s tým spojené vytváranie rulovožulového sloja už začiatkom karbónu, ba 
miestami už koncom devónu. Zrejme však v tých štruktúrnotektonických zónach, v ktorých 
sú karbónske bázické prípadne i ultrabázické telesá, bola kôra tenšia. Ide zväčša o zóny slabšie 
zasiahnuté hercýnskym vrásnením. Prítomnosť bázických vulkanitov v karbóne možno 
považovať za dôkaz výraznejšej diferenciácie pri utváraní žulovorulového sloja počas 
hercýnskeho vrásnenia. 

Bázické vulkanity v celom rade predkarbónskych sérií asociujú aj s kyslými vulkanitmi. 
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Tieto v niektorých sériách prevládajú a sú pre ne charakteristické. V predpaleozoických 
komplexoch sa pre rozsiahlejšiu anatexiu a vyššiu metamorfózu ťažko stanovuje ich podiel na 
tvorbe geosynklinálnych sérií. Za také sa často považujú leptitové ruly, napr. v Rodopách 
(I. BOJANOV—D. KOŽUCHAROV 1968), v Srbskomacedónskom masíve (M. DIMITRIEVIČ 
1967), v kohútskej zóne západokarpatského kryštalinika (L. KAMENICKÝ 1974). Zaujímavá 
je v tejto súvislosti metakeratofýrová a kremitoporfýrová episéria Arada, vrchnoprotero

zoického — spodnokambrického veku. Častejšie sú kremenné porfýry a ich tufy, zmenené na 
porfyroidy v staropaleozoických flyšoidných až flyšových episériách, ako je gelnická séria 
v gemeridách Západných Karpát a séria Tulges vo Východných Karpatoch. V južnejších 
príkrovových jednotkách Apusén má séria Muncel (kambrium) častejšie intermediárne 
a kyslé vulkanity, kremenné porfyrity a kremenné porfýry. I v proterozoických komplexoch 
Južných Karpát sa zistili kyslé vulkanity poväčšine ako polohy v sprievode bázických 
vulkanitov; sú známe aj v rifejskokambrijských sériách Srbskomacedónskeho masívu. 
Hrubé polohy kremenných porfýrov, menej kremenných keratofýrov, zodpovedajú hlavne 
ordoviku. Vo Východných Alpách sa kremenné porfýry kladú na rozhranie ordoviku— silúru 
(H. V. FLUGEL 1975), obdobne ako v igalskobukkskej synklinále v Maďarsku. Častejšie sa 
teda spája hojnejší výskyt kremenných porfýrov s účinkami kaledónskeho vrásnenia. Treba 
však zdôrazniť, že sa združujú s geosynklinálnymi formáciami s prevahou ílovcov a pieskov

cov, často diastrofického charakteru, teda s formáciami výrazne geosynklinálnymi. Zvýrazňu

jú to i častejšie polohy bázických telies, prípadne laterálne a vertikálne striedanie kyslých 
a bázických vulkanitov. 

Väčší podiel kyslých vulkanitov vo vrchnejších polohách proterozoickokambrijských sérií, 
príp. v spodnejších polohách ordovickosilúrskych sérií, možno logicky vysvetliť ako dôsledok 
rôznej hrúbky kôry, čo spôsobilo bajkalské, najčastejšie neskorobajkálske, príp. ranoka

ledónske vrásnenie. Tu treba zdôrazniť, že hoci má kôra rozličnú hrúbku, obsah sérií ani ich 
geosynklinálny charakter sa podstatne nemenia. Kyslé vulkanity geneticky súvisia s ostrovný

mi oblúkmi, resp. s oblasťami hrubšej prechodnej subkontinentálnej kôry. 
Kremenné porfýry často asociujú aj s devónskospodnokarbónskymi sériami. Napr. vo 

vrchných polohách hronskej série (devón) sa kyslé efuzívne telesá striedajú s bázickými (A. 
KLINEC 1966). Vo Východných Karpatoch má slabometamorfovaná séria Tibau uprostred 
série vápencov a dolomitov, fylitov a zlepencov nielen bázické telesá, ale i kyslé metatufy; 
v severnejších zónach je to devónskospodnokarbónska séria Repedea (H. G. KRÁUTNER 
1972). V Apusenách devónskospodnokarbónska séria Paiuseni má okrem bázických telies 
i kyslejšie kremenné dioritové porfyrity, keratofýry, ale i kremenné porfýry a ich tufy; aj 
v tejto sérii sa popri fylitoch a kremencoch vyskytujú aj zlepence (R. DIMITRESCU 1966). 
V Južných Karpatoch, v danubiku, sú tufy kremenných keratofýrov a kremenných porfýrov 
častejšie v spodnokarbónskych pieskovcovobridličnatých sériách. Rovnako i v balkanidách 
obsahuje vrchnodevónskospodnokarbónsky pieskovcovobridličnatý komplex pyroklastické 
kremenné keratofýry a kremenné porfýry. Uvedené príklady naznačujú, že i vo vrchnom 
devóne a spodnom karbóne sprevádzajú kyslé vulkanity bázické vulkanity. Dá sa to logicky 
vysvetliť ako dôsledok rozličnej hrúbky kôry. Rozdiely v hrúbke kôry boli zrejme veľmi 
výrazné i koncom staropaleozoického sedimentačného cyklu a súvisia s prvými prejavmi 
nastupujúceho hercýnskeho vrásnenia. 

Rovnako ako predvrchnokarbónske sedimentárne komplexy aj vulkanogénne formácie sú 
pomerne málo diferencované a najčastejšie ich sprevádzajú intruzívne telesá. Sú to zrejme 
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produkty nevyzretej kôry, včasných geosynklinál. Náznaky výraznejšej diferenciácie koncom 
proterozoika, prípadne začiatkom staršieho paleozoika sú dôsledkom bajkalského, prípadne 
kaledónskeho vrásnenia. 

4. Mezozoické ofiolity a bázické horniny 

Na rozdiel od predhercýnskych sérií je podiel bázických a ultrabázických telies v mezozoic

kých komplexoch vo väčšine segmentov alpíd malý. Výnimku tvoria vnútorné zóny dinaríd 
a heleníd a čiastočne i Južné Apuseny, považované za odnož dinaríd (vardarskej zóny (obr. 2, 
13) ale i v týchto areáloch sa viažu iba na niektoré štruktúrne zóny. Spravidla ide o asociáciu 
ultrabázických telies, gabier, spilitov, diabázov v sprievode hlbokomorských sedimentárnych 
hornín, hlavne rádiolaritov. Už dávnejšie sa pre túto asociáciu používa označenie „ofiolitová 
séria" či „ofiolitový komplex". Táto asociácia býva neúplná a hojnejší je ojedinelý výskyt 
niektorých jej článkov. Jednako nadobúdajú bázické a ultrabázické telesá v mezozoických 
sériách vzhľadom na tektonickú teóriu litosfériských platní osobitný význam najmä pri 
určovaní typov a zmien kôry. 

Bázické vulkanity, častejšie spolu s gabrami a serpentinitmi, inde s keratofýrmi a porfyritmi 
až kremennými porfýrmi, sa v mezozoických sériách alpíd viažu na: a) hlbokovodné fácie 
stredného triasu (hlavne ladinu), sčasti vrchného triasu (hlavne kárnu); b) hlbokovodné fácie 
vrchnej jury a spodnej kriedy; c) súvrstvie preflyšu, hlavne titónskospodnokriedového; d) 
kompletnejší sled pelagických vápencov, rádiolaritov (ale i flyšu), s časovým rozpätím od 
strednej jury po strednú kriedu. 

a) V triase sa vulkanity nachádzajú spravidla s pelagickými vápencami a bridlicami 
s polohami rádiolaritov. 

— V jednotke Budva — Zukali v dinaridách a v helenidách: diabázy, kremenné porfyrity, 
kremenné porfýry, keratofýry, kremenné keratofýry a uvedené pyroklastické výlevné horni

ny, ďalej granitporfýry, gabrá, gabrodiority, diority, granity (J. PAMIČ 1964; obr. 9). 
— V pohon Búkk sú kremenné porfýry, diabázy a ich pyroklastické produkty, diabázpor

fyrity, gabroporfyrity, gabrá, harzburgity a peridotity (obr. 10). 
— V meliatskej sérii v Slovenskom krase sú diabázy a ich tufy, podradné keratofýry, 

glaukofanity, serpentinity. 
— V transylvánskych príkrovoch vo Východných Karpatoch sú diabázy, gabrodolerity, 

gabrá (v ladine), porfyrity, oligofýry, ortofýry (vo vrchnom triase; G. CIOFLIKA et al. 1966). 
— V Južných Karpatoch sú diabázy, kremenné porfýry a ich pyroklastické produkty, 

diabázporfyrity, gabrá, nefelinické syenity, pyroxenity, peridotity. 
— Vo vyšších príkrovoch oberostalpinika v severných vápencových Alpách sú menšie 

výskyty tufov, tufitických porfyritov, keratofýrov (hlavne vo vrchnom anise a v ladine), 
melafýrov (hlavne v kordevole). V drauzóne sú porfyrity a melafýry — hlavne ich pyroklastic

ké produkty (A. TOLLMAN 1967). 
b) V sprievode hlbokovodných fácií rádiolaritov, slieňovcov a pelagických kalpionelových 

a nanokonových vápencov vrchnej jury a spodnej kriedy sú známejšie výskyty bázických 
telies, prípadne i ofiolitových asociácií. 

— Vo vardarskej zóne a v ofiolitovej zóne dinaríd i v zóne Mirdita v helenidách sú diabázy, 
zriedka keratofýry, gabrá, gabrodiority, syenity a plagiogranity; peridotity, Iherzolity, dunity 
(B. ČIRIČ 1962 J. AUBOIN 1968, J. PAMIČ 1964; obr. 9). 
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— V bukovinských príkrovoch Východných Karpát sú diabázy, porfyrity, ortofýry, 
keratofýry). 

— V Maďarskom masíve v podloží neogénu Veľkej maďarskej nížiny západne od 
flyšového solnockého trógu a v jeho vrchnojurskospodnokriedovom súvrství sú diabázy, 
bazaltické porfyrity a porfýry (G. N. DOLENKO—L. G. DANILOVIČ 1976, E. SZÁDECKY

—KARDOSS et al. 1967, K. SZEPESHÁZY 1973). 
— V krížňanskom príkrove Západných Karpát sú augity a ich pyroklastické produkty (D. 

HOVORKA 1976; obr. 3). 
— Vo frankenfelskom a v ďalších severnejších príkrovoch Severných vápencových Álp sú 

augitporfyrity, melafýry a ich tufy. 
c) V slieňovcovovápencových a pelitických súvrstviach preflyšu sú známe bázické horni

ny, niekde aj úplná ofiolitová asociácia: 
— V jednotke CeahläuRachov vo Východných Karpatoch a v jednotke čierneho flyšu — 

Kamenný potok sú diabázy, gabroporfyrity, gabrá, serpentinity (harcburgity a lherzolity), ale 
i keratofýry; často tufobrekcie a tufy (M. G. LOMIDZE 1968, D. RADULESCU—M. SANDULES

CU 1973; obr. 11a). 
— V severínskom príkrove Južných Karpát sú diabázy, gabrá, serpentinity, menej 

keratofýry, diabázporfyrity (H. SAVU 1967). 
— V jednotke Strandža na Balkáne sú diabázy, keratofýry pikritporfyrity, diabázporfyrity 

(E. DIMITROVA et al. 1975; obr. 6). 
— V penniniku, vrátane série Rechnitzer sú diabázy, gabrá, serpentinity. 
— V tatridných celkoch i v krížňanskej jednotke a v pribradlovej oblasti Západných 

Karpát vo vrchnoneokómskom až albskom preflyši sú diabázy, augity a pikrity. 
d) V zóne Mureš a čiastočne i vo vardarskej zóne charakterizuje ofiolitová asociácia, 

podobne ako v penniniku tak jurské karbonátovorádiolaritové fácie, ako i mladšie flyšové 
komplexy spodnej kriedy (obr. 4). Pestrejšie zoskupenie magmatitov je hlavne v Mureši. 
V jure sú diabázy, gabrá a peridotity; vyššie vo vrchnej jure a v spodnom neokóme sú 
limburgity, ale i ortofýry, porfyrity, kremenné porfyrity, oligofýry; v apte znova prevládajú 
bázickejšie magmatity; diabázy, gabrodiority až diority a gabrá (H. SAVU—C. UDRESCU 
1973, H. SAVU 1967). 

Vo všetkých uvedených prípadoch je zreteľná väzba ofiolitov na štádiá najväčšieho 
prehĺbenia jednotlivých geosynklinálnych zón. Nejde však len o väzbu paleogeografickú, ale 
aj o prejav aktivity, teda o väzbu predovšetkým paleotektonickú, ktorá logicky súvisí s tenšou 
kôrou ofiolitových zón a zón s bázickými magmatitmi a hlbokovodnejšími fáciami. 

Bázické až ultrabázické telesá, prevažne alkalického charakteru (augitity, limburgity) sú 
častejšie i v sprievode plytkovodných fácií prahového typu, hlavne v okrajových, zlomami 
porušených častiach, napr. v tatridách (Vysoké Tatry) a v pribradlovej oblasti Západných 
Karpát, a to vo vrchnej jure a spodnej kriede. V tomto období sa najväčšmi uplatnila činnosť 
bázického magmatizmu v alpidách. 

Podrobnejšie prejavy vrchnojurského a spodnokriedového bázického až ultrabázického 
magmatizmu často alkalického charakteru, sa viažu na zlomy obmedzujúce kordiliery, 
prípadne prahy a prehĺbeniny. Známe sú z flyšovej geosynklinály, napr. tešinity v sliezskej 
jednotke, diabázy a augitity vo flyšových barémskoalbských súvrstviach bukovinského 
a podbukovinského príkrovu, prípadne pri okrajoch flyšových trógov, napr. diabázy v jur
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ských vápencoch v zóne Presečina v Južných Karpatoch, ale i augitity v bradlovom pásme 
Karpát. 

Alkalické sú i spodnokriedové podmorské výlevy v pohorí Mecsek v Maďarsku, alkalické 
diabázy („bazalttrachydolerity") v sprievode pyroklastických produktov a diabázporfyritov 
(E. SZÁDECKY—KARDOSS et al. 1967). Bázickým vulkanizmom, ktorý sa začína v morskom 
pelagickom až neritickom prostredí, sa začína splytčovanie, až sa napokon sedimentačný 
cyklus skončil (J. FÚLÓP 1968). 

V zlepencoch wildflyšu, napr. v albe v zóne Metaliferes, či v baréme —apte pri severnom 
okraji marmarošského masívu, v kriedových zlepencoch bradlového pásma Západných 
Karpát, ale i v intraformačných zlepencoch uprostred albského preflyšu obalových jednotiek 
Západných Karpát sa vyskytujú valúny bázických hornín, čo ukazuje na ich genetický vzťah 
k diferenciácii kôry. 

Táto závislosť je zrejmá i z rozšírenia bázických telies v mezozoických sériách, ale tu hrá 
úlohu i členitosť geosynklinály a zvýšená dynamika pohybov kôry v období magmatických 
prejavov. Bázické telesá sú sprievodným javom hlavne prehĺbenia tenkej kôry a hlbokosiaha

júcich zlomov oddeľujúcich prehĺbeniny a prahy, prípadne kordiliery. 
Najväčší rozsah bázických a ultrabázických magmatitov je vo vrchnej jure a v spodnej 

kriede, t. j . v období najväčšej členitosti a najväčšej paleotektonickej kontrastnosti mezozoic

kých geosynklinál, ale i najvýraznejšej oceanizácie v alpidách. 
Rozloženie ofiolitov a ich typ závisia od členenia sedimentačnej oblasti na trógy (prehĺbeni

ny) a prahy (príp. kordiliery). Tak ako má členitosť každého segmentu svoje osobitnosti, majú 
ich aj ofiolitové zóny. Len niektoré z nich prechádzajú z jedného segmentu do druhého, aj to 
s určitými odlišnosťami. 

Vo Východných Alpách majú fácie hlbinnejší charakter v triase len v najjužnejších zónach 
nadväzujúcich na Južné Alpy; v jure a v kriede je výrazný severnejší penninský tróg. 

Rovnako je to i s rozložením zón s bázickými horninami a ofiolitových zón. Ofiolitová 
asociácia v Alpách je práve charakteristická pre penninikum. Rozdiely v type ofiolitových 
asociácií sú v Alpách zvlášť výrazné, a to hlavne v Západných Alpách, kde sú dve vetvy 
oceánskych trógov, ktoré oddeľuje briansonský prah. V severnej zóne, označovanej ako 
„Waliser Bunderschiefer Trog" v sprievode bridlíc (Búnder Schiefer) sú len menšie výskyty 
bázických hornín, a to doleritické a gabrové žily, poduškové (pillow) lávy, hyaloklasty, relikty 
serpentinitov, zriedkavé gabrá (V. DIETRICH 1976). Ide o tróg s málo výrazným oceanickým 
charakterom kôry, skôr o typ suboceanický. Južnú penninskú, či piemontskú zónu charakteri

zujú : kremité bridlice, rádiolarity, slieňovce, bridlice, ktoré sprevádzajú výrazne poduškové 
lávy a poduškové bazaltové brekcie. 

V oblasti Glockner vo Vysokých Tatrách amfibolity, eklogity, prasinity a serpentinity 
vykazujú rádiometrický vek 170 mil. rokov. 

Úlomky serpentinitov, gabier, diabázov, poduškových bazaltov a hyaloklastov sa nájdu aj 
v spoločenstve hlbokomorských jurských rádiolaritov a aptychových vápencov i slieňovcov 
titónskoneokómskeho veku v bradlovom pásme pri St. Veit (V. DIETRICH 1976). Hojný 
ofiolitový detrit je pozoruhodný v klastikách flyšového pásma Východných Álp, ba i v gosau

skej kriede až po kampán (V. DIETRICH 1976, R. HESSE—A. BUTT 1976). Tieto severnejšie 
výskyty bázických a ultrabázických telies súvisia zrejme so severnejšou vetvou ofiolitového 
trógu, geneticky zviazanou s flyšovým pásmom. Výstupy ofiolitov v tektonickom okne 

131 



Rechnitzer predstavujú s najväčšou pravdepodobnosťou južnú vetvu penninika (A. TOLL

MANN 1967). 
V Západných Karpatoch v triase majú hlbokomorský charakter najjužnejšie zóny Bukk, 

rudabanské pásmo a meliatska séria v Slovenskom krase; len tieto zóny majú triasové báziká 
a ultrabáziká (obr. 10). V sprievode rohovcových vápencov, silicitických bridlíc, rádiolaritov 
i tmavých ílovcov, vystupujú vo vrchnom anise až spodnom kárne diabázy, porfýry a ich tufy. 
Nájdu sa aj spility a esexity. V Bukku dosahujú komplexy lávových prúdov miestami hrúbku 
niekoľko sto metrov (P. ARKAY 1973). Sprievodné gabrá, harcburgity a peridotity sú podľa 
niektorých autorov vrchnojurské (C. BAKSA—J. CZILAG—J. FÔLDESZI 1974); pravdepodob

nejšia je však ich genetická väzba s triasovýrhi vulkanitmi. 
V jure je pre Západné Karpaty výraznejší špecifický zliechovský a kysucký tróg. V ich 

okrajových častiach na styku so susednými prahmi, napr. kordilierami sú bázické telesá. 
Členitosť tatridného pruhu sa odráža v častejších alkalických spodnokriedových prienikoch 
limburgitov a augititov. I tešinity sú vo flyšovom pásme späté s rozhraniami hrubšej kôry 
prahov a tenšej kôry prehĺbenín (M. ELIÁŠ 1976). 

Ofiolitovú zónu možno predpokladať v spodnej štruktúrnej etáži magurského príkrovu 
v Západných Karpatoch (obr. 3, 13). Predstavuje pokračovanie flyšového pásma Východ

ných Álp (Z. ROTH 1964) i s nimi geneticky zviazaného penninika (s ofiolitmi) a na východe 
nadväzuje svojou račianskobystrickou časťou na jednotku RachovoCeahlau s ofiolitmi a na 
sprievodnú ofiolitovú sériu „čierneho flyšu" (rozloženú pri vnútornej strane flyšovej zóny 
a v podloží presunutého marmarošského masívu). 

Svedectvom existencie článkov ofiolitovej série sú šupiny pri styku magurskej jednotky 
s bradlovým pásmom, miestami blízke typom známym z Východných Álp i z Východných 
Karpát. Takými sú predovšetkým posidóniové vrstvy (M. ELIÁŠ 1976) i členy série 
Grajcarka pri severnom okraji (posidóniové vrstvy, rádiolarity — malm, vápence typu 
biancone — titón — spodný neokóm, čierny flyš — spodná — stredná krieda). Azda z tejto 
„skrytej" ofiolitovej série pochádzajú početné bázické a ojedinelé ultrabázické útvary: 
melafýry, diabázové porfyrity, augitové porfýry, augitity, limburgity, gabrodioritovodiabá

zové porfyrity, ale ojedinelé i dacity, kersantity, kremenné porfýry, keratofýry, granitové 
porfýry a granity s rádiometrickými hodnotami (stanovenia J. Kantora) 140—98,3 mil. r. Ide 
o valúnový materiál z kriedových zlepencov bradlového pásma v jeho západnom úseku. Zvlášť 
pestrá paleta magmatitov je v paleogénnych zlepencoch pribradlovej oblasti s bradlového 
pásma na východnom Slovensku: augitové porfýry, augitity, limburgity, melafýry, diabázové 
porfyrity, gabrodioritovodiabázové porfyrity, dacity, kersantity, lcremité porfýry, keratofýry, 
granitové porfýry a granity (R. MARSCHALKO—M. MIŠÍK—L. KAMENICKY 1976). 

Polarita v rozložení ofiolitovej asociácie sa vyskytuje aj vo Východných Karpatoch. 
Hlbokovodné fácie triasu s hojnými, hlavne bázickými i ultrabázickými magmatitmi sú aj 
v príkrovoch transylvánskej skupiny, pôvodom najjužnejších. Najvýraznejšie prehĺbenie 
a stenčenie kôry jurských a spodnokriedových členov sa javí u bukovinských príkrovov (zo 
severných častí centrálneho pásma) a o niečo neskôr v titóne a v spodnej kriede jednotiek 
„čierny flyš" — Kamenný potok a Ceahlau. Aj tu sú preíbeniny zónami ofiolitov (M. 
SANDULESCU 1973, D. RADULESCU—M. SANDULESCU 1973; obr. 11). 

Pre Apusény je charakteristická ofiolitová asociácia v zóne Metalif eres — typu trógu sčasti 
s tenkou, azda oceanickou kôrou s mocnými rádiolaritmi a so sedimentáciou pestrých 
(heterogénnych) typov flyšu sčasti v jure i počas obdobia spodnej kriedy; obr. 4). V okrajo
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vých častiach má kôra kontinentálny charakter so sedimentáciou plytkovodných vápencov. 
Osobitosťou maďarského masívu je predovšetkým solnocký flyšový tróg so sprievodnými 

bázickými telesami; tento tróg smerom k Z nadväzuje na pásmo pohoria Mecsek (E. 
SZÁDECKY—KARDOSS 1973). Vrchnojurské až spodnokriedové diabázy, alkalické diabázy 
a porfyrity vystupujú v pelitickokarbonátovom súvrství so sprievodom silicitov v podloží 
flyšu aj západnejšie od flyšového trógu. Jurské a spodnokriedové dajky, silly a lávové prúdy 
diabázov (sčasti alkalických), bazaltických porfyritov a porfýrov sa nachádzajú v sprievode 
ílovcov, slieňovcov, rádilaritov a pelagických vápencov (K. SZEPESHÁZY 1973; obr. 13). 

Osobitosťou Južných Karpát v mezozoiku je tróg s ofiolitmi v jednotke Severín a v prebie

hajúcej vnútornej zóne danubika, v zóne Svinjica — Greben (D. RADULESCU—M. SANDU

LESCU 1973; obr. 5). 
K osobitostiam Balkánu v období predflyšového štádia mezozoika patrí jednotka Strandža 

s preflyšom obsahujúcim ultrabázické a bázické horniny (E. BONČEV 1976; obr. 6). 
Dinaridy majú pestrý trias s hlbokovodnými fáciami hlavne v zóne Budva (s vulkanitmi 

sčasti bázickými už v triase; obr. 9). V jure je členitosť ešte výraznejšia s prehĺbeninami hlavne 
v jednotkách ofiolitovej zóny — subpelagoniku a vo vardarskej zóne, s charakteristickou 
diabázsilicitovou formáciou. V niektorých priestoroch pokračuje hlbokomorský typ sedimen

tácie od triasu až do kriedy tak ako zastúpenie ofiolitov (M. DIMITRIEVIČ 1974, S. KARAMATA 
1974). Ofiolitová zóna dinaríd sa interpretuje ako ofiolitová melanž, zóna olistostrómov, 
ktoré sedimentovali pri okraji oceánu s prepadávajúcou sa kôrou. Matrix tvoria silicity; bloky 
predstavujú bázické, ultrabázické horniny, červené aleurolity, pieskovce a vápence od 
permských po jurské. Zvlášť veľké sú telesá triasových a jurských vápencov, gravitačné 
skíznutých z bezprostredného susedstva (M. D. DIMITRIEVIČ — 1967). Účasť senónskych 
sedimentov v melanži vardarskej zóny sa vysvetľuje ako dôsledok mladších dextrálnych 
transkurentných pohybov na rozhraní dinaríd a srbskomacedónskeho masívu. Vlastná 
subdukcia, pohltenie „oceánu Zvornik" so vznikom ofiolitového olistostrómu sa považuje za 
starší proces, počínajúci vrchnou jurou (M. D. DIMITRIEVIČ 1974). 

Ako vidíme z uvedených skutočností, môžeme v alpidách hovoriť o priamej závislosti 
rozsahu i rozloženia ofiolitov od členitosti mezozoickej geosynklinály, hlavne v časovom 
rozpätí stredný trias — spodná krieda. 

I keď je vo väčšine segmentov európskych alpíd menej ofiolitov, pre aplikáciu princípov 
novej globálnej tektoniky má význam najmä ich veľká paleotektonická členitosť, hlavne vo 
vrchnej jure a spodnej kriede a ich preukázateľné prechody z hlbokomorských sekvencií do 
plytkovodných. Majú viaceré zóny s tenkou kôrou a zóny s hrubšou kôrou. Jurskospodno

kriedový tetýdny oceán sa líšil od dnešných oceánov. Napr. v jure Západných Karpát treba 
rozlíšiť najmenej 4 zóny s tenšou kôrou, ktoré sú oddelené prahmi (príp. kordilierami) 
s hrubšou kôrou (M. MAHEĽ 1975; obr. 13,1 lb). Vrstevné sledy so zmiešanými plytkovodný

mi a hlbokovodnými fáciami sú zvlášť výrazné v bradlovom pásme, v pásme azda najvýraznej

šej kontrastnosti medzi czorsztýnskym a kysuckým typom. Všetko poukazuje na to, že model 
dnešného Atlantického oceánu nemožno aplikovať na alpidy. Jednotlivé prehĺbeniny nikdy 
nedosahovali takú šírku ako Atlantik a neboli tak málo členené. Boli to oceánske priehlbne, 
úzke trógy. Náhly stratigrafický a bočný prechod hlbokomorských fácií do plytkovodných nie 
je v súlade s názorom, podľa ktorého styk antagonistických hlbokomorských sekvencií 
s plytkovodnými by mal byť dôsledkom zvlášť veľkého tektonického skrátenia priestoru, 
prípadne tektonického prekrytia. 
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Prítomnosť bázických a ultrabázických hornín naznačuje začiatok rozťahovacej zlomovej 
aktivity, vznik tektonických prepadlín, stenčenie kôry už v triase a podlá niektorých autorov 
(N. HERZ—H. SAVU 1974) je dôkazom toho, že sa roztrhla žulovorulová kôrová vrstva a že 
sa rozostúpili litosférické platne. 

Ofiolitové série jury a spodnej kriedy sa považujú za oblasti s oceánickým typom kôry. 
Vlastná tetýda sa stotožňuje hlavne s ofiolitovými sériami v dinaridách a helenidách. I tu však 
litosférická mikroplatňa Drina — Ivanjica a Pelagónsky masív členia „oceán" na dve vetvy: 
východnú — oceán Zvornik (vardarská zóna) a západnú, reprezentovanú ofiolitovou zónou 
a subpelagonikum (M. D. DIMITRIEVIČ 1974). Triasové ofiolitové série v pohorí Biikk sa 
považujú za odnož tetýdy, nadväzujúcu na dinaridy (E. SZÁDECKY—KARDOSS 1973). 
Meliatska séria v Západných Karpatoch je len severným okrajom tejto „dinaridnej" odnože. 
Bázické telesá navŕtané v podloží neogénu Alfoldu západne od solnockého flyšového trógu 
a jeho spodnej štruktúrnej etáže, považované za článok ofiolitovej asociácie, tvoria ďalšiu 
vetvu členitej tetýdy, rozloženej medzi východomadarským blokom a Apusénami (A. 
JUHASZ—G. VASZ 1974). Ofiolitové série na Balkáne v Sakare a v Strandži sa považujú za 
severný výbežok tetýdy, pokračujúcej z vardarskej zóny do tauríd (P. GOCEV 1976). 

V Alpách ofiolitové série penninika predstavujú „severnú tetýdu", v piemontskej časti 
dokonca s predpokladaným oceánickým chrbtom (V. DIETRICH 1976), v Západných Alpách 
rozčlenenú briansonskou platňou (Brianconnais). Pritom u severnej Valaiskej vetvy 
(Búnderschiefer) sa predpokladá suboceanický typ kôry. 

Ofiolitové asociácie vo Východných Karpatoch spolu s Apusénami sú interpretované ako 
dva intrasialické bazény s oceanickou kôrou (D. RADULESCU—M. SANDULESCU 1973). 
Severný bazén predstavujú dnes ofiolitové série v jednotke Ceahläu a v jednotke „čierneho 
flyšu", ale i bázické telesá bukovinského príkrovu; južný bazén zastupuje ofiolitová séria 
transylvánskeho príkrovu a hlavne ofiolity pásma Murešu (Metaliferes). Podľa niektorých 
autorov tento „oceán", nazývaný Siretský, prepája tetýdu s oceánom Dobrudža — Krym — 
Kaukaz (N. HERZ—H. SAVU 1974). K juhozápadu sa tento „oceán", rozložený medzi 
Severnými Apusénami a Južnými Karpatmi — nazývaný tiež murešský — spája s tetýdnym 
„oceánom", ktorý reprezentuje vardarská zóna. 

Ofiolity v zóne Severín a bázické telesá, zasahujúce i do zóny Svinjica — Greben v Južných 
Karpatoch sa ponímajú ako reprezentanti bývalého „danubijského" oceánu rozloženého 
medzi Moezijskou platňou (vrátane západnej časti danubika) a zónou getika spolu so 
srbskomacedónskym masívom, považovaným za ostrovnú zónu medzi „danubickým oceá

nom" a tetýdou. 
Zostáva medzera v rozložení „severného oceánu", a to v Západných karpatoch, kde je 

pravá ofiolitová asociácia na povrchu neznáma. Pre svoj anomálny štruktúrny charakter, 
bradlové pásmo (pásmo tektonickej brekcie) rozložené pri vnútornom okraji s ním užšie 
zviazaného flyšového pásma — považujú niektorí autori za spojku penninského ocánu 
a severného oceanického bazénu Východných Karpát (J. DEWEY et al. 1978, E. SZÁDECKY

—KARDOSS 1973). Je to však skôr vnútorná okrajová zóna s kordilierovým ostrovným 
pásmom czorsztýnskym a klapským, oddelenými úzkou kysuckopieninskou prehĺbeninou. 
Vlastný „oceanický" tróg zrejme predstavovala vnútorná zóna flyšového pásma, zovretá 
medzi dvoma hlbinnými, geofyzikálne preukázanými líniami: lednickou či perikarpatskou 
peripieninskou, čiže zónou karpatského bloku v zmysle W. ŠIKORU (1976) S predpokladaným 
metamorfovaným flyšom v hlbších polohách. V Západných Karpatoch sa taká zóna, ktorú 
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možno považovať i za domovskú, silne redukovanú oblasť príkrovov flyšového pásma, zhruba 
stotožňuje s rozsahom magurskej jednotky. Ale smerom na západ prebieha jej vnútorný okraj 
po západnom okraji Malých Karpát — teda aspoň 30 km jv. od povrchových výstupov 
bradlového pásma. Tým sa toto pásmo s predpokladanou ofiolitovou asociácou v Západných 
Karpatoch približuje ku krajnému východnému výstupu penninika v okne Rechnitzer(obr. 3, 
13). Z toho vyplýva predpoklad, že na rozhraní Východných Álp a Západných Karpát, 
v podloží viedenskej panvy — najvýznačnejšej priečnej naloženej štruktúry medzi dvoma 
segmentmi — sa Západné Karpaty posunuli najmenej o 30 km k SZ. 

Ofiolitové asociácie — predstavitele „oceánu" severná tetýda pokračujú tak z penninika 
Álp cez spodné štruktúrne etáže magurského príkrovu do zóny „čierny flyš" — Ceahláu (obr. 
13) vo Východných Karpatoch, cez jednotku Severín (a priľahlý západný okraj danubika 
Svinjica — Greben) do zóny trojanského flyšu a cez zónu Kotel, resp. pn jej okraji ďalej na 
východ. Južný bazén tetýdy predstavujú ofiolitové zóny asociácie dinaríd a heleníd a ďalej na 
východ tauridy. Taká schéma s dvoma oceánmi v jure a v spodnej kriede je blízka vzorovým 
modelom znalcov ofiolitových zón z iných kontinentov (J. DEWEY—J. BIRD 1970, A. 
KNIPPER 1975), ale i niektorých alpských geológov (M. BOCCALETTI et al. 1973 a i.). 

Samotné „oceány" a to tak severná,ako aj južná tetýda boli rozčlenené ostrovmi s hrubou 
kontinentálnou kôrou; napr. briansonský ostrov v oceáne penninika, Drina — Ivanjica—pe

lagonikum v južnej tetýde. Výbežky „oceánov" však zasahujú i do širokého pásma rozložené

ho medzi nimi a členia ho na malé mikroplatne: búkkský „záliv" medzi centrálnymi Alpami 
a východným panónskym blokom, solnocký medzi týmto blokom a severnými Apusénami, 
murešský medzi severnými Apusénami a getikom Južných Karpát. Členitosť tetýdy možno 
síce sčasti vysvetliť rozlámaním intraoceánskych platní s kontinentálnou kôrou na mikroplat

ne, či menšie fragmenty kontinentálnej kôry, ktoré sa navzájom vzďaľujú a otáčajú hlavne pri 
vytváraní karpatského oblúka (E. SZADECKY—KARDOSS 1973, V. ALEXicetal. 1974). Sotva 
však možno považovať Villany i Mecsek za súčasť pôvodného vnútrokarpatského pásma (P. 
HORVÁTH—L. STEGENA—B. GÉCZY 1974, M. BLEAHU 1976), a to ani na základe porovna

nia sledu mezozoických tektofácií (nie ojedinelých fácií!) a už vonkoncom nie na základe 
stupňa paleoalpínskej deformácie. V mezozoiku v pohorí Villány a Mecsek chýbajú také 
výrazné vnútrokarpatské tektofácie ako keuper a hlavne albskocenomanský flyš; zásah 
paleoalpínskym vrásnením je u oboch malý, neporovnateľný so západokarpatskými jednot

kami. 
Pri uvažovaní o rozložení bazénov a trógov s oceanickou kôrou nemožno opomenúť ani 

sekvencie, ktoré nemožno označiť za ofiolitové. Ich podstatnou zložkou sú jurskospodno

kriedové sedimenty, batyálne až abysálne fácie analogické so sedimentami ofiolitových 
sekvencií, ale sprevádzané iba skromnými výskytmi bázických alebo ultrabázických telies. 
Charakteristické sú pre pieninskokysuckú jednotku bradlového pásma, krížňanský príkrov 
v Západných Karpatoch, frankenfeldský príkrov a západnejšie analogické príkrovy v Sever

ných vápencových Alpách, bukovinský príkrov vo Východných Karpatoch, čiastočne i pre 
jednotku Budva — Zukali a jurskospodnokriedové časti jónskej jednotky v helenidách. 
Alpidná geosynklinála hlavne v období jury a spodnej kriedy bola zrejme rozčlenená na 
prehĺbeniny s oceanickou kôrou a na hlbokovodné trógy s kontinentálnou kôrou, ale 
pravdepodobne stenčenou. Medzi tým je niekoľko zón s prevahou plytkovodných fácií 
geosynklinálneho typu. Nejde o platne, útržky platformy, ale o zóny s hrubšou kôrou, o prahy 
geosynklinály (J. AUBOUIN 1964). 
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Pre geológa, ktorý roky spracúval mezozoikum vnútorných Západných Karpát a azda aj pre 
toho, kto pracoval v oberostalpiniku, prípadne v Južných Alpách, je ťažké zmieriť sa 
s názorom, že oblasti, rozložené medzi „severnou" a „južnou" tetýdou, predstavovali hlavne 
v priebehu jury a spodnej kriedy málo aktívne platne s epikontinentálnym vývojom. Zužovať 
aktivitu alpíd len na ofiolitové zóny je schematizácia dokonca väčšia, ako bolo členenie na 
eugeosynklinály a miogeosynklinály, ktoré bolo treba rozšíriť o celý rad ďalších typov 
geosynklinál. V živej pamäti máme ešte ťažkosti, s akými sme sa stretávali pri úlohe začleniť do 
rámca týchto dvoch základných geosynklinálnych typov jednotky Západných Karpát na 
tektonickej mape Euroázie 1:2 500 000 (N. ŠATSKIJ—A. BOGDANOV 1964). Prvým krokom 
pri rozpracovaní princípov pre tektonickú mapu Karpát, Balkánu a Dinárskeho pohoria 
v mierke 1:1 000 000 bolo vyčlenenie geosynklinály alpíd ako osobitného typu, pre ktorý nie 
je charakteristická hrúbka sedimentov, ani väčší či menší podiel magmatitov, hlavne 
bázických a ultrabázických telies, ale členitosť meniaca sa v priebehu vývinu, teda zvýšená 
dynamika počas vývoja charakterizovaného početnosťou štruktúrnofaciálnych zón. Zvýšená 
dynamika sa prejavila i v neobyčajnom skrátení priestoru, v tvorbe početných príkrovov zón 
kontrakcie. Tento typ geosynklinály sme nazvali alpínskym typom. Skoro nato sa objavilo 
zvučnejšie pomenovanie — aristogeosynklinála (A. TOLLMANN 1967). Členitosť geosynkliná

ly a jej menlivosť v jednotlivých štádiách je znázornená na Tektonickej mape Karpát, 
Balkánu, Dinárskeho pohoria a priľahlých oblastí tektonogrupami; grupy tektofácií bližšie 
dokumentujú paleotektonický charakter priestoru, v ktorom vznikla daná tektonická jednot

ka či oblasť (M. MAHEĽ 1973). Bližšie je to rozvedené vo Vysvetlivkách k tektonickej mape 
(M. MAHEĽ et al. 1974). Oblasti s výraznejšími prejavmi ofiolitov a bázických telies sú 
vyznačené ako osobitné typy tektonogrúp — osobitné typy trógov. Jestvuje niekoľko typov 
trógov a prahov rozložených medzi nimi a taktiež aj šelfov. Osobitný typ predstavujú trógy 
penninika. V poslednom období sa rozlišujú 3 typy: valaiský, piemontský, ligurský. Aj 
v Dinarskom pohorí sa vyčleňuje niekoľko typov: vardarský a subpelagonský. Pásmo Ceahläu 
a Severín s preflysom predstavuje iný typ ofiolitových trógov než typ murešský obsahové 
heterogénny. Ani typy trógov s tenšou sialickou kôrou nie sú jednotné stratigrafickým 
rozsahom, ani obsahom vo vývoji. Napr. krížňanský typ s hlbokovodnými fáciami od liasu po 
cenoman, s augititmi v neokóme a v spodnom albe sa výrazne líši od typu Mecsek. Od 
vrchného liasu po spodnú kriedu sa v ňom striedajú sedimenty plytkomorské a hlbokomorske, 
spodnokriedové magmatity pohoria Mecsek majú alkalický charakter (alkalické bazaltdia

bázy a alkalické diabázy). . , 
Rozdiely v typoch trógov vyplývajú do značnej miery z odlišnosti postavenia v jednotlivých 

segmentoch geosynklinálneho systému alpíd, z rozdielov v členitosti, ale i v dynamike kôry. 
Pritom však členité trógy s oceanickou kôrou majú zrejme regionálny charakter, ako to 
vyplýva z priebehu „severnej tetýdy": penninikum — spodná etáž magurského príkrovu — 
Ceahláu  Severín  pásmo Kraina trojanského flyšu  Kotel, ale i priebeh južnej tetýdy: 
vnútorné dinaridy  vnútorné helenidy — taundy. Trógy s oceánickým typom kôry su najskôr 
geotektonickým prvkom vyššieho rádu — spojkami viacerých segmentov; trógy s tenšou 
kontinentálnou kôrou, ako je napr. krížňanský typ, sú charakteristické len pre niektoré 
segmenty alpíd. Paleotektonický model alpíd bol počas alpínskeho cyklu zrejme zloz.ty 
a menil sa v jednotlivých úsekoch i v jednotlivých vývinových štádiách v čase i priestore. 
Neoddeliteľnou a najvýraznejšou súčasťou tohto modelu, a to od stredného triasu az po 
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vyvrásnenie, boli trógy s ofiolitmi, prípadne s hlbokovodnými sekvenciami fácií v sprievode 
bázických, prípadne ultrabázických hornín. 

Členitosť a výrazná paleotektonická protikladnosť alpínskej geosynklinály — najvýraznej

šia vo vrchnej jure a v spodnej kriede — je jedným z charakteristických znakov alpínskej 
geosynklinály. Dokazuje to zonárne a pritom selektívne rozmiestnenie ofiolitových asociácií 
a ich väzba na trógy. Súvisí to zrejme s „oceanizáciou" kôry v interkontinentálnych 
podmienkach. Výraznú úlohu zohrali aj pozdĺžne hlbinné zlomy, ktoré oddeľovali v alpínskej 
geosynklinále prahy a prehĺbeniny, resp. trógy. Po nich dochádzalo k výstupu hlbinných 
bázických i ultrabázických magmatitov, ktoré zohrali význačnú úlohu pri rozťahovaní kôry, pri 
stenčovaní jej žulovorulového sloja a miestami aj pri rozostupovaní platní. Nemožno však 
zabúdať, že vo vývoji alpíd i v rozložení trógov a prahov, ako aj v dynamike kôry zohrala 
významnú úlohu nerovnomernosť hercýnskej granitizácie (obr. 7). 

Ďalším charakteristickým znakom alpíd je ich veľké, v niektorých zónach enormné 
skrátenie, často s „nezakorenenými" príkrovmi. Zvlášť zóny s ofiolitovými asociáciami 
a zóny s tenšou kontinentálnou kôrou — trógy — vytvárajú rozsiahle príkrovy. Za takých 
okolností je logická štruktúrna pozícia ofiolitových asociácií a bázických telies so sprievodný

mi hlbokovodnými sedimentmi zväčša v alochtónnej príkrovovej pozícii. 
S ofiolitovými zónami sa v histórii pásmových pohorí spájajú dva tektonicky protichodné 

procesy prvoradého významu a to: 
— roztiahnutie kôry, rozostúpenie platní, čiže vznik oceánskych bazénov s ofiolitovými 

asociáciami, alebo aspoň stenčenie kôry, vznik trógov s prítomnosťou bázických telies 
— skracovanie priestoru, zanikanie trógov, pohlcovanie oceánskej kôry, jej ponáranie pod 

kontinentálne platne, čiže subdukcia, pokles častí kôry do hĺbky, pretavenie oceánskej 
i kontinentálnej kôry, čo znamenalo zásah do hlbinných procesov. 

Procesy rozťahovania kontinentálnej kôry sú novým prvkom v chápaní vývoja pásmového 
pohoria a v alpínskom systéme znamenajú dynamickejší prístup k poňatiu vývoja geosynkli

nálnych systémov. Zvýrazňujú rozdiely v šírke geosynklinálneho systému, rozdiely v členitosti 
a type kôry v jeho jednotlivých vývinových štádiách. Pritom je v európskych alpidách osobitne 
cenným prvkom zvýraznenie rozdielov medzi triasom a jurou, čiže rozčleňovanie obdobia 
geosynklinálneho vývoja pred paleoalpínskym vrásnením, často známeho pod pojmom 
karbonátové štádium, na dve štádiá: triasové a jurskospodnokriedové (M. MAHEĽ 1973). 

Proces skracovania geosynklinálneho priestoru sa doteraz spájal s obdobiami vrásnenia. 
Novým prvkom je skracovanie priestoru subdukciou oceánskej kôry, pričom ho považujeme 
za dlhodobý proces obvykle predchádzajúceho vrásnenia. Súčasne okraje ofiolitových zón, 
hlavne vnútorné, s ktorými sa spája subdukcia, považujeme za seizmicky aktívne zóny, ako 
zóny Benioffove. S nimi sa často spája základná aktivita vývoja pásmového pohoria. 

Podrobnejšia analýza prejavov vrásnenia v Karpatoch, na Balkáne, Dinarskom pohorí 
a v Západných Karpatoch (M. MAHEĽ 1973) ukazuje, že tento proces, s ktorým sa spája 
predovšetkým skrátenie geosynklinálneho priestoru, mal viac štádií, a teda bol dlhodobý. 
Preto sme na tektonickej mape Karpát, Balkánu a Dinárskeho pohoria vyčlenili jednotky 
sformované v periódach vrásnenia (paleoalpínske, mezoalpínske, neoalpínske), a nie v krát

kodobých fázach. Skrátenie trógov s oceánskou kôrou je iba jedným typom dlhšie prebiehajú

ceho skrátenia geosynklinály. Treba však zdôrazniť, že skrátenie priestoru v alpidách nie je 
charakteristické len pre ofiolitové zóny. V Západných Karpatoch majú všetky zóny, dokonca 
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i zóna tatríd považovaná za autochtón, menšie príkrovy. Z nich sú dávnejšie známe príkrovy 
vo Vysokých Tatrách a v posledných rokoch boli zistené prešmyky, presuny a menšie príkrovy 
v kryštalickom podloží, napr. v Považskom Inovci. Popri všeobecnom skrátení boli najviac 
postihnuté niektoré zóny s tenšou kontinentálnou kôrou, najmä trógy. Týka sa to predovšet
kým severných veporíd — koreňovej zóny krížňanského príkrovu i zóny južne od veporíd, 
spájanej s lubeníckou jazvou (koreňovej zóny chočského príkrovu a vyšších príkro vo v—obr.' 

V bradlovom pásme sa dlhodobé skracovanie odráža v hojnosti wildflyšu, a to v jeho 
západnej časti s polymiktnými zlepencami od albu po paleocén, monomiktnými od paleocénu 
do spodného eocénu; vo východoslovenskej časti sú polymiktné zlepence veku maastricht až 
lutét (R. MARSCHALKO et al. 1976). Pritom chýba akákoľvek výraznejšia diskordancia 
i prerušenie sedimentácie. Je zrejmé, že 30- až 40-násobné skrátenie bradlového pásma (D. 
ANDRUSOV 1968) bolo dlhodobým procesom. 

Rozloženie niektorých ofiolitových zón v susedstve a v laterálnej nadväznosti na flyšové 
zóny, slúži ako jeden z dôkazov platnosti zásad novej globálnej tektoniky v alpidách (E. 
SZÁDECKY—KARDOSS 1974, N. HERZ—H. SAVU 1974). Keďže v niektorých segmentoch 
európskych alpíd je hypertrofia flyšu, posúdenie vzťahu f lyšu k ofiolitovým asociáciám má širší 
význam (obr. 14a). 

Už predtým sme poukázali na to, že v niektorých zónach prerastajú ofiolitové asociácie do 
flyšových, v ktorých sú bázické a ultrabázické telesá (vardarská zóna, zóna Metaliferes, 
penninikum, jednotka „čierneho" flyšu). Bázické a ultrabázické telesá často vystupujú 
v preflyši. V iných prípadoch vystupujú flyšové bazény v susedstve ofiolitových zón, napr. 
sarajevský flyšový tróg a Gramos pri západnom okraji ofiolitového pásma dinaríd a pásma 
Merdita-subpelagonikum. Severínsky flyšový tróg vytvára okraj zóny Greben, flyšové pásmo 
Ceahláu severný okraj jednotky „čierny" flyš. Ako vidieť, medzi ofiolitovými asociáciami 
a flyšom sú v alpidách popri laterálnych väzbách aj väzby vertikálne. 

V zónach, kde karbonátové sekvencie zamieňa flyš až v albe, sú bázické a ultrabázické 
telesá častejšie práve v období striedania týchto fácií, v období reprezentovaného preflyšom 
(krížňanská jednotka a tatridné jednotky Západných Karpát). 

Ofiolity v triase buď nemajú flyšový sprievod (Biikk, meliatska séria), alebo flyš u nich 
vystupuje ako sprievodný článok, napr. v jednotke Zukali. 

Rozloženie flyšu a jeho časový rozsah je spravidla ukazovateľom orogenetickej polarity (J. 
AUBOUIN 1964, M. MAHEĽ 1974), jedného z najcharakteristickejších znakov alpíd. A tak 
vzájomná časová a priestorová spätosť ofiolitových asociácií a flyšu ukazujú, že obidve 
formácie sú súčasťou vývojového rádu alpínskej geosynklinály. 

Flyšové komplexy „zrelého" štádia s prevahou flyšu s.s. a hrubého flyšu sú spravidla 
chudobné na magmatity, častejšie sa v nich vyskytujú vulkanity intermediárneho až kyslého 
charakteru. Tieto flyšové komplexy vznikli zrejme za iného dynamického stavu kôry ako 
ofiolity (obr. 3,11b). 

Popri zmenách petrochemického charakteru ofiolitov, pôvodne s magmatitmi toleitového 
typu v zónach oceánskej, pripadne tenkej sialickej kôry a s alkalickými typmi (augitity, 
limburgity) v zónach s hrubšou kôrou, je zaujímavá zmena charakteru magmatitovofiolitovej 
formácie v časovom slede. Triasové ofiolity častejšie obsahujú kyslé horniny, ba i kremenné 
porfýry (napr. v anise Bukových hôr, keratofýry v gemeridách Západných Karpát i v meliat-

skej sérii, kremenné keratofýry v anise, v ladine dinaríd a v ladine Južných Karpát). 
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Petrochemický typ ich magmy zodpovedá začínajúcej diferenciácii kôry a výraznejšiemu 
stenčeniu v niektorých zónach. Častejšie sa výstup tejto magmy spája s diapirom bohatým na 
kontaminované magmy (S. KARAMATA 1974). V jure a v spodnej kriede, t. j . v čase 
najvýraznejšej oceanizácie, prevládajú hlavne bázické a časté sú ultrabázické telesá toleitové

ho typu magmy. V strednej a vrchnej kriede, t. j . v období prevahy flyšovej sedimentácie, je 
výrazný prechod k intermediárnym typom magmatitov s častejšími, rozsahom veľmi obme

dzenými porfyritmi a kremennými porfyritmi (napr. flyšové pásmo Východných Karpát; M. 
G. LOMIDZE 1968; flyšové pásmo Západných Karpát; Metaliferes). Typ magmy zrejme 
zodpovedá zmenám v type kôry v priebehu vývinu alpínskej geosynklinály od hercýnskej 
granitízácie a konsolidácie cez relatívnu diferenciáciu kôry a jej stenčenie až po leptogeosyn

klinálne štádium s najrozsiahlejšou oceanizáciou pôvodnej sialickej kôry až k neoalpínskej 
konsolidácii. 

5. Mezoalpínske ínterorogénne vulkanity, „banatitový typ" 

V zóne Srednogorje na Balkáne, v timockej zóne, v Poiana Rusca v Južných Karpatoch 
a v Apusenách vystupuje vulkanoplutonická formácia, známa v literatúre pod názvom 
banatity (obr. 2). 

Svojím petrografickým, sčasti vulkanologickým charakterom sú analogické s neskorooro

génnymi treťohornými vulkanitmi, preto sú spravidla ponímané ako subsekventné, resp. 
včasné subsekventné (H. STILLE 1953, A. TOLLMANN 1969). Ich základnými formáciami sú 
ryolitovoandezitová, trachyandezitovolatitová formácia s explozivitou až 90 %. Popri 
týchto vulkanogénnych formáciách mediterárneho typu obsahujú banatity aj alkalické 
formácie: (limburgity, pikrity, olivinické bazalty a trachyty) s menšou explozivitou, často len 
asi 40 %. Kriedovopaleocénne vulkanity sa líšia od neovulkanitov nielen vekom, ale aj 
postavením v geotektonickom cykle — sú interorogénne. Vznikli po silnom paleoalpínskom 
vrásnení, ale aj samy boli zasiahnuté mezoalpínskym vrásnením (M. MAHEĽ 1973 — obr. 12). 
Charakteristická je aj ich tektonická väzba s prepadlinovými synklinálami, zväčša paralelnými 
s pozdĺžnymi paleoalpínskymi štruktúrami. Vulkanické komplexy banatitov sú podmorské, 
objavujú sa s postupnou oceanizáciou kôry. Na ich báze sú obvykle vyvinuté včasné molasy, 
nad nimi leží hrubý flyš. 

Pre banatity sú charakteristické predovšetkým polygénne vulkány centrálneho typu 
s prechodom od typických vulkanických fácií (lávovej a pyroklastickej) k subvulkanickým 
formám až hypoabysálnym telesám (G. STANISCHEVA—VASSILEVA 1973). Súvisí to s počet

nosťou a pestrosťou vulkanoplutonických komplexov banatitov, s hojnosťou telies gabier, 
gabrodioritov, dioritov i granitov, ale i monzonitov, syenitov (syenitgranitov a granodiorit

granosyenitov) i s dajkami porfyritov, dioritových porfyritov agranitporfýrov a lamprofýrov. 
Jedným z typických znakov banatitov je ich výrazný vulkanoplutonický charakter s veľkým 
podielom hlbinných telies. V Južných Karpatoch (obr. 5) a v bulharskom Srednogorji (obr. 6) 
sa banatity viažu na lineamentné geosynklinálne prepadliny, súbežné s paleoalpínskou 
štruktúrou. Mobilitu podložia vyjadruje nielen mezoalpínske vrásnenie, ale i flyšové komple

xy. Priebeh týchto prepadlinových synklinórií lemovaných hlbokosiahajúcimi zlomami 
v dĺžke niekoľko sto km (hrúbka kôry tenšia než u susedných zón — okolo 29 km), lineárny 
priebeh intruzívnych telies, rozloženie starších sedimentov najmä v okrajových častiach 

139 



predliny a prítomnosť rozsiahlych vulkanických más vnútri — to všetko naznačuje genetickú 
väzbu banatitov so zónou vrchnokriedového stenčenia kôry a zvýšenej magmatickej priepust

nosti (A. ANATONJEVIČ—M. GRUBIČ—M. DJORDJEVIČ 1974). 
Banatitové vulkanoplutonické formácie sú v prvých štádiách alkalickovápenaté, neskôr 

subalkalické až alkalické. Pre alkalické vulkanity (olivíndiabázovej a trachytandezitovej 
formácie) sú charakteristické tzv. štítové vulkány. Lávové prúdy sú usporiadané obvykle 
zonálne, v smere osi štruktúr (napr. v burgasskom synklinóriu). Osi tektonických štruktúr 
sledujú i početné kanály, malé kupoly, silly, necky a dajky. 

Vulkanizmus sa začína prejavovať už v cenomane a v turóne, vrcholí v senóne a siaha až do 
eocénu. Je teda typický pre mezoalpínske štádium. Intruzívne články sa často považujú za 
mladšie ako vulkanity — za pokriedové (S. KARAMATA 1974, M. BLEAHU 1974, D. 
RADULESCU—M. SANDULESCU 1973, N. HERZ—H. SAVU 1974). Rádiometrické údaje 
uvádzané z plutónov Vitoš a Piana v Srednogorji (S. BOYADJIEV 1974) však ukazujú na ich 
vrchnokriedový vek. 

V Apusenách (obr. 4) zastupujú banatity prevažne hlbinné subvulkanické telesá menšej 
diferenciačnej škály: granodiority a granity s podradnejším zastúpením vulkanitov. Sú 
sprievodným javom plytkých neskorogeosynklinálnych depresií, diagonálne orientovaných 
k paleoalpínskej štruktúre s väzbou na hlbinný priečny zlomový systém. Nezasiahlo ich 
výraznejšie vrásnenie. Neskorotektonické výplne týchto depresií, a teda i magmatity považu

jeme za včasné neskorogeosynklinálne. Z geotektonického hľadiska tvoria medzičlánok 
interorogénnych typov banatitov Južných Karpát a balkánskeho Srednogorja a neovulkanitov 
Karpát. Eocénne vulkanity maďarského medzihoria sú ďalším článkom tejto genetickej reťaze 
(bližším k neovulkanitom). 

Priestorové vytvárajú banality oblúk (I. DIMITRESCU 1966, obr. 14b), ktorý je viacmenej 
súbežný s paleoalpínskymi štruktúrami v hlavnom areáli ich rozšírenia na Balkáne a v Južných 
Karpatoch. To zvádza k názoru, že je tu genetický vzťah medzi banatitmi a subdukciou zón 
s ofiolitmi. Ide o vardarskú zónu a jej východné pokračovanie (V. BOCCALETTI et al. 1973). 
Rodopský a Srbskomacedónsky masív v takom ponímaní predstavovali vo vrchnej kriede 
ostrovný oblúk a pásmo Srednogorje — Timok zasa morský bazén s bohatou vulkanickou 
činnosťou typu backarc. 

Severná časť banatitového oblúku (v severnej časti Južných Karpát a v Apusenách) 
prebieha diagonálne k paleoalpínskym štruktúram. Tu vykazujú banatity i výrazne geotekto

nické ale i petrochemické odlišnosti. Pôvod magmy nemožno jednoznačne vysvetľovať zo 
subdukovaných ofiolitových zón, a to ani z hľadisiek globálnej tektoniky. Jedni spájajú genézu 
banatitov so subdukciou Východných Karpát (D. RADULESCU—M. SANDULESCU 1973), iní 
so subdukciou pásma Metaliferes (N. HERZ—H. SAVU 1974, M. BLEAHU 1976). Pravda, ani 
staršie vysvetlenie vzniku banatitov subsidenčnou palingenézou (H. STILLE 1953) nie je 
presvedčivé vzhľadom na pomerne malú hrúbku vrchnokriedových depresií v Apusenách. Je 
zaujímavé, že banatity vystupujú v tých segmentoch alpíd, ktoré nevykazujú výraznejšiu 
polaritu a mladšia prepadlinová synklinála či tatrogeosynklinála je naložená na paleoalpínske 
štruktúry. 

140 



6. Neskorogeosynklinálne vulkanity 

Neovulkanity sú geneticky späté s neskorogeosynklinálnymi neoalpínskymi depresiami 
(obr. 15) a to ako súčasť ich výplne, prípadne ako súčasť zložitých vulkanotektonických 
prepadlín a hrastí; ako kaldery a stratovulkány viazané na zlomy, ktoré určovali vývoj 
depresií. V štruktúrnom zmysle sú teda neovulkanity súčasťou neoalpínskeho štruktúrneho, 
ale i neskoršieho morfoštruktúrneho plánu a nemajú bezprostredný vzťah k štruktúram 
paleoalpínskymi či mezoalpínskym (obr. 12a). Štruktúrnymi formami i postavením sa teda 
neskoroorogénny vulkanizmus zásadne líši od kriedovopaleocénneho interorogénneho 
banatitového vulkanizmu, i keď vulkanogénne formácie sú v oboch prípadoch analogické; 
neovulkanity zodpovedajú osobitnému vývinovému štádiu alpíd — neskorogeosynklinál

nemu. 
Neskorogeosynklinálne vulkanity sú zoradené v časovom rozmere do dvoch štádií: 1. 

eocénoligocén a 2. miocén, hlavne bádenpliocén. Obidve skupiny sú viazané na depresie, 
stenčenie kôry a dezintegráciu. Ich priestorové rozloženie je však spravidla odlišné. Eocénno

oligocénne vulkanity sú charakteristické pre vnútorné intrageosynklinálne masívy — rodop

ský a maďarský masív. Časové predstavujú začiatok neskorogeosynklinálneho štádia v geo

synklinálnom systéme a omladenie, či tektonické oživenie masívov. Je teda priliehavé označiť 
ich ako včasné neskorogeosynklinálne. Miocénnopliocénne neovulkanity sa viažu hlavne na 
vnútrohorské depresie vo vnútorných zónach geosynklinálnych systémov. V časovom meradle 
zodpovedajú pokročilejšiemu neskorogeosynklinálnemu štádiu. Obidva typy sa priestorové 
prekrývajú v stykových oblastiach intrageosynklinálnych masívov s vnútornými zónami 
geosynklinálneho systému. 

Tri areály ich rozšírenia sú geotektonicky odlišné, a to: 
1. Maďarské medzihorie s priľahlými vnútornými zónami Západných a Východných 

Karpát, tzv. neotisia (obr. 2, 15); 
2. Rodopy (obr. 6); 
3. úzka zóna aktivizácie v Srbskomacedónskom masíve a vo vnútorných dinaridách 

(obr. 5, 9). 
Analýza vzťahu neovulkanitov k sedimentom vnútorných molás nasvedčuje, že maximum 

vulkanickej aktivity splýva s obdobiami blokovej subsidencie a jednotlivé vulkanické periódy 
s periódami formovania panví (J. SLAVIK 1971; obr. 15). Úzka genetická spätosť neovulkani

tov s neskorogeosynklinálnymi vnútornými depresiami je očividná z porovnania veku panví 
a neovulkanitov. Názorným príkladom toho je Rodopský masív s priabónskooligocénnymi 
panvami; miocénne panvy sú podradnejšie, to isté platí i o veku rodopských neovulkanitov. 
Väčší význam miocénnych panví v južných častiach Rodop (na gréckom území) sa prejavuje 
väčším rozsahom miocénneho vulkanizmu. U neovulkanitov a u depresií je priama väzba na 
pozdĺžne a priečne zlomy. Pri pozdĺžnych zlomoch zohrali zvlášť významnú úlohu smery 
paralelné s okrajom vrásnenej geosynklinály. V západnej časti Maďarska a na strednom 
Slovensku je to hlavne smer JZS^f v severovýchodnom Maďarsku, v Zakarpatskej Ukrajine 
a v Rumunsku sú to smery SZJV (J. SLAVIK 1971, V. KONEČNÝ—J. SLAVIK 1974; obr. 15). 
Pozdĺž týchto okrajových zlomov zaklesávali neogénne vnútorné depresie miestami i o nie

koľko tisícov metrov. S týmito systémami súvisí orientácia celého radu vulkanických pohorí, 
najvýraznejšie v reťaziach; Vihorlat — Gutin a Hargita — Calimani. Výraznú úlohu zohrali 
i zlomy priečne, napr. v Maďarsku hlavné vulkanické centrá sledujú línie: v pohorí Bôrzsôny 
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SV-JZ a SSV-JJZ až SJ; vo Višegrade smer SZ; v pohorí Cserhát — Matra SZ až ZV 
a v tokajskej oblasti SJ. Najhojnejšia vulkanická činnosť v neotisii je v bádene až sarmate, t. j . 
v období najväčšieho rozpadu vnútorných zón Západných Karpát, Apusén a maďarského 
masívu na systém menších panví, pri formovaní ktorých zohrali najvýznačnejšiu úlohu priečne 
zlomy. Významne sa podielali aj na formovaní neoalpínskych panví v Rodopskom masíve. 

V stredoslovenskej oblasti zohrali osobitnú úlohu pri vzniku vnútorných depresií i pri 
rozložení vulkanických centier popri tzv. západokarpatských zlomoch sv.—jz. smeru i zlomy 
sz.—jv. a sj. smerov, najmä zlomy sj. smeru (Kremnické hory, Vtáčnik). Práve posledne 
uvedený systém zlomov vytvoril priečnu zlomovú zónu, na ktorú sa viaže i stredoslovenská 
neovulkanická oblasť. Pri rozložení vulkanitov v oblasti Slanských vrchov a Tokaja zohral 
ďôTézitu úlohu systém zlomov sj. smeru, tzv. hornádske zlomové pásmo. Mnohé vulkanity 
vystúpili v tektonických uzloch, kde dochádzalo ku kríženiu disjunktívnych línií rôznych 
smerov, genézy a veku (Štiavnické hory, Bôrzsóny; obr. 15). 

Látkové zloženie neovulkanitov je pestré. V neotisii ich predstavuje úplný diferenciačný 
rad od ryolitov po bazaltoidné andezity až bazalty. Je to alkalickovápenatá provincia. 
Alkalický typ vulkanitov predstavujú až bazalty viazané na mladšie samostatné štádium 
vulkanizmu. Svedčí to o geotektonickej homogenite vývoja orogénnej oblasti v rozpätí asi 
50 mil. rokov. Pestrá je paleta typov magmatických telies, od intrúzií cez subvulkanické tele

sá, prikráterové efuzíva a explozíva až po distálne vulkanosedimentárne fácie. Denudované 
centrálne časti vulkanických aparátov obnažujú vo vyzdvihnutých oblastiach intrúzie, štruk

túrne i časovo späté s vulkanizmom. Podiel intrúzií je však menší ako u banatitov. 
V Karpatoch sú to granodioritové porfyrity, diority, granodiority, granity. V rodopskom 
masíve predstavujú vulkanity prechodný typ od vápenatoalkalických k alkalickým, s vyso

kým podielom kalia (R. IVANOV 1960, 1965); charakteristická je tu andezittrachyandezit

ryolitová formácia. Sprievodné plutonity sú zaraďované k gabromonzonitovej formácii (E. 
DiMiTROVAet al. 1975). 

Zistenie, že sa, hlavne v Matre, nachádzajú väčšie hypoabysálne telesá, a to dokonca 
paleogénneho veku (teleso Reczk), vyvolalo tendenciu rozčleniť vulkanickú činnosť v maďar

skom medzihorí na dve etapy — na etapu paleogénnu a neogénnu (1. KUBOVICS 1974; T. 
ZELENKA' 1974). Hľadajú sa paralely s Apusénami, kde sa odlišuje vrchnokriedovopaleocén

na etapa včasné subsekventného magmatizmu a neogénna etapa neskorosubsekventného 
magmatizmu (D. GIUSCA et al. 1966, M. BLEAHU 1973). O prítomnosti mezoalpínskych 
banatitov, teda magmatických telies staršej etapy, sa uvažuje i v Západných Karpatoch, 
hlavne v banskoštiavnickej oblasti slovenského stredohoria (L. ROZLOŽNÍK 1976). Pokúsme 
sa posúdiť opodstatnenosť takých názorov. 

Rodopy (obr. 6) sú klasickým príkladom nezávislosti neoalpínskeho magmatizmu počnúc 
vrchným eocénom na vrchnokriedovom — mezoalpínskom — banatitovom magmatizme a sú 
naopak príkladom súvislosti medzi vrchnoeocénnooligocénnym a neogénnym magmatiz

mom. Už na str. 139 sme poukázali na výrazné rozdiely väzby banatitov a neovulkanitov na 
geotektonické štruktúry. U „banatitov" pozorujeme väzbu na pozdĺžne prepadliny či 
tafrogeosynklinály prevažne s flyšovou výplňou zasiahnutou ilýrskopyrenejským, sčasti 
laramským vrásnením; u neovulkanitov sa banatity viažu na priečne neskorotektonické 
depresie, vyplnené molasami. Na Balkáne je rozdielne aj priestorové postavenie obidvoch 
typov: banatity sú v zóne Srednogorja, neovulkanity v južnejšom rodopskom masíve. 

142 



Popyrenejská tektonická a magmatická aktivizácia Rodopského masívu nadväzuje na me-
zoalpínsku aktivitu Srednogorja. 

V Apusenách nie sú geotektonické rozdiely medzi banatitovou asociáciou a neovulkanitami 
také veľké (str. 140 ; obr. 4) ako na Balkáne. I banatity v Apusenách sa viažu na priečne 
orientované depresie (vyplnené hlavne gosauským typom kriedy a paleocénu, ktoré sú len 
slabo zvrásnené). V podstate rovnaké geotektonické pomery sú aj vo vnútorných Západných 
Karpatoch; vrchnokriedové sedimenty predstavujú výplň pásma menších depresií, ktorú 
možno označiť ako včasné molasy. Popaleoalpínsky model severných Apusén je zrejme bližší 
modelu Západných Karpát než popaleoalpínsky model Balkánu. Rozdiely medzi Západnými 
Karpatmi a severnými Apusénami sú v type ich zázemia. K vnútorným Západným Karpatom 
sa primyká z juhu maďarský masív, k severným Apusenám ich južná časť — zóna Métaliferes 
s odlišným, paleoalpínskym vývojom, s dynamickejším stavom kôry v mezoalpínskej etape. 
Až počas neogénu sa Apuseny stali súčasťou širokého areálu neotisie a vývoj neovulkanitov 
v nich nadobudol spoločné znaky s vývojom vo vnútorných Západných Karpatoch i v priľahlej 
časti maďarského masívu. 

Vrchnoeocénny a sčasti oligocénny magmatizmus rozšírený v maďarskom masíve nie je 
zatiaľ preukázaný v širšom rozsahu ani v Západných Karpatoch, ani v Apusenách. Naopak, 
vrchnokriedovopaleocénne magmatické prejavy, rozšírené v Apusenách, nie sú zatiaľ 
dokázané ani v maďarskom masíve, ani v Západných Karpatoch, i keď v obidvoch týchto 
areáloch sú menšie vrchnokriedové depresie. Nesúvisia rozdiely v časových prejavoch 
vrchnokriedového i paleogénneho magmatizmu práve so spomínanými odlišnosťami zázemia 
Apusén a Západných Karpát ? Nie je rozdiel medzi týmito dvoma celkami alpíd v zdroji 
neoalpínskej aktivizácie ? Maďarský masív ako zázemie vnútorných Karpát sa „aktivizuje" po 
slabom paleoalpínskom vrásnení pomaly, výraznejšie až počas pyrenejských pohybov. Vlna 
aktivity sa v ňom postupne šíri smerom na sever. Južný prívesok Apusén —zóna Métaliferes, 
intenzívne zvrásnená paleoalpínskym vrásnenírn,zostala pohyblivejšia a vyvolala výraznejší 
mezoalpínsky (laramský a ilýrsky) diastrof izmus i v priľahlej severnej časti Apusén. Neoalpín

ska tektonická aktivizácia severných Apusén, ktorej prejavom je vznik depresií a neovulka

nická činnosť, nadväzuje na intenzívny mezoalpínsky diastrofizmus, analogický ako v Rodo

pách, ale s inou vergenciou. Zdroj neoalpínskej aktivizácie Rodop a Apusén je zrejme iný ako 
v maďarskom masíve a vo vnútorných Západných Karpatoch. 

V maďarskom medzihorí je nápadná geotektonická nadväznosť eocénneho vulkanizmu na 
zónu zlomov, ktoré možno považovať za vetvy periadriatického zlomového pásma. Týka sa to 
predovšetkým línie Darnó, na ktorej leží i známe hypoabysálne teleso dioritov v oblasti Reck. 

Rozsah neovulkanitov v jednotlivých segmentoch je nerovnomerný a ich typy nie sú všade 
rovnaké. Ich podiel v Alpách je rudimentárny, v Južných Karpatoch prakticky chýbajú, 
neveľký rozsah majú i v Dinárskom pohorí, s výnimkou oblastí priľahlých k maďarskému 
medzihoriu a v srbskomacedónskom masíve. Mocné komplexy rozložené na veľkých 
priestranstvách, budujú neovulkanity v maďarskom medzihorí, hlavne v jeho severnej časti 
a v priľahlých zónach Západných i Východných Karpát. Analogickú „centrálnu" pozíciu ako 
maďarské medzihorie má i transylvánska panva sprevádzaná neovulkanitmi pri východnom 
okraji Apusén a hlavne pri jej severnom okraji v najvnútornejšej časti rumuských Východ

ných Karpát. I rodopský masív, hlavne jeho východná, stredná a južná časť, i časti priľahlé 
k srbskomacedónskemu masívu, sú oblasťami rozsiahlej činnosti neskoroorogénneho vulka
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nizmu. Rozsiahle neovulkanity sú — ako vidieť — viazané na zóny stabilizované už 
predalpínskym vrásnením (centrálne masívy), rozšírené o priľahlé oblasti stabilizované 
paleoalpínskym vrásnením. Tieto oblasti po mezoalpínskom vrásnení vytvorili antipólové 
areály zónam, vyvrásneným mladšími neoalpínskymi vrásneniami. V týchto zónach dochádza

lo k rozsiahlym poklesom, stenčeniu kôry (vykazujú najnižšie hodnoty hrúbky kôry) a nastalo 
tektonické oživenie. Klasické postavenie má v tom smere maďarský masív, ktorý sa 
aktivizoval už od mezoalpínskeho vrásnenia. Spolu s priľahlými vnútornými zónami orogénov 
vytvára osobitný krustálny blok — neotisiu (J. SLAVIK 1971) S časovým rozpätím vulkanizmu 
od eocénu po pliocén. 

Výraznou oblasťou neoalpínskej aktivizácie je i rodopský masív s hojnosťou potektonic

kých depresií s neovulkanitmi. Výplň depresií sa začína flyšoidnými až flyšovými fáciami, 
ktoré postupne vystriedali molasy. Nejde tu však o nový geosynklinálny cyklus (B. MAVRUD

ČIJEV 1965), ale o neskorogeosynklinálne štádium balkaníd (rovnako ako v prípade Karpát 
a maďarského masívu). Preto i tu sotva možno považovať intruzívne telesá za synorogénne, ale 
za súčasť vulkanoplutonickej formácie. 

V neotisii sú zjavné prejavy migrácie vulkanizmu z jej centrálnej časti k okrajom a od 
západuTnä východ (hlavne pokiaľ ide o objemy eruptívnych hmôt), t. j . analogické s postupom 
orogenézy (J. SLAVIK 1968. V. KONEČNÝ—J. SLÁVIK 1974). V maďarskom medzihorí je totiž 
vulkanizmus od eocénu po spodný sarmat (E. SZADECKY—KARDOSS et al. 1967), v Sloven

skom stredohorí od bádenu po vrchný sarmat až spodný panón, vo východoslovenskej oblasti 
a v Zakarpatskú od vrchného bádenu po pliocén (B. V. MERLIČ—S. M. SPITKOVSKAJA 1974) 
a v CalimaniHargita je hlavný vulkanizmus až pliocénny (M. BORKOS 1974). Medzi 
orogenézou a vulkanizmom je zrejme určitá súvislosť. 

Výrazná polarita neovulkanitov v maďarskom medzihorí a flyšových príkrovoch Karpát už 
dávnejšie vedie k vysvetľovaniu vzniku neovulkanitov neoalpínskou subdukciou litosféry vo 
vonkajších pásmach Karpát (H. STILLE 1953). K takému vysvetleniu nabádajú i súvislé pásma 
vulkanitov vo Východných Karpatoch, kde pásma Vihorlat — Gutin, ale hlavne Calimani

Hargita sú subparalelné s neoalpínskymi štruktúrami flyšových Karpát, teda i s predpoklada

nými zónami subdukcie. Nečudo, že zástancami priamej genetickej súvislosti medzi neoalpín

skou subdukciou a vznikom neovulkanitov sú pod vplyvom globálnej tektoniky hlavne 
rumunskí geológovia (D. RADULESCU—M. SANDULESCU 1974, M. BLEAHU et al. 1974, N. 
HERZ—H. SAVU 1975, ale i ďalší — J. SLÁVIK 1971, Z. ROTH 1957, V. BOCCALETTI et al. 
1973, E. SZADECKY—KARDOSS 1973), ktorí odvodzujú vznik intermediárnych magiem od 
pohltených častí kôry. Lenže rozloženie vulkanitov Apusén i stredoslovenskej oblasti sotva 
možno považovať za subparalelné s predpokladanými subdukčnými zónami. Pritom v období 
vrcholiacej vulkanickej činnosti v bádene až sarmate sa smery rozloženia vulkanitov 
v susedných areáloch výrazne rozchádzajú; v severomadarskom areáli s dominantným 
smerom Z—V a v stredoslovenskom areáli s dominantným smerom JZ—SV a S—J. Zdôrazniť 
treba i nedostatok vulkanizmu po sávskej subdukcii, azda najvýraznejšej pre Západné 
Karpaty. Priamy vzťah medzi subdukciou a neovulkanitmi nie je ani v rodopskom masíve, kde 
sú vulkanické areály často rozložené priečne na pyrenejské štruktúry a sú zväčša mladšie. Tým 
nevylučujeme vzťahy medzi orogenézou vonkajších zón na jednej strane a založením depresií 
a s nimi spätého vulkanizmu na strane druhej. Evidentná je alternácia kompresných pohybov 
so vznikom príkrovov vo flyšových Karpatoch a uvoľňovacích pohybov spojených so vznikom 
vnútorných a medzihorských depresií (M. MAHEĽ 1973). Vulkanizmus sa uplatnil len 
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v obdobiach činnosti hlbokých zlomov, ktoré rozťahovali kôru. V obdobiach, keď sa formovali 
prehybové panvy bez výraznejšej činnosti hlbších zlomov, (napr. v oligocéne severomaďar

skojužnoslovenská panva a v panóne Veľká maďarská nížina s Podunajskou nížinou) 
neprebiehala výraznejšia vulkanická činnosť (D. VASS 1966). K vyjasneniu vzťahov medzi 
vulkanizmom a tektonikou sa azda dostaneme, keď objasníme vznik depresií v Maďarskom 
medzihorí, ich subsidencie stenčením kôry spôsobeným subkrustálnou eróziou vyvolanou 
podkôrovým diapirom (P. HORVÁTH—L. STEGENA—B. GÉCZY 1974). Vznik diapiru mohli 
stimulovať doznievajúce horizontálne podkôrové a kôrové pohyby, ktoré až do neogénu 
usmerňovali vývoj geosynklinálneho systému. Vznik diapiru je viazaný so zvratom vo vývoji, 
keď vertikálna zložka pohybov sa rozšírila i na centrálne časti Karpát a usmerňovala 
formovanie celého systému. 

Z uvedeného teda vyplýva, že neovulkanity vykazujú veľmi úzke vzťahy k štruktúrnemu 
vývoju bazénov a prejavy vulkanizmu sú viazané priestorovo i časovo na blokovú tektoniku, 
sčasti subsidenciu a na migráciu tektonickej mobility bazénov, vyjadrenej i zmenami typu 
panvovej výplne. I pri svojej látkovej pestrosti neovulkanity nevykazujú zmeny chemického 
zloženia, prípadne užšieho vzťahu k štruktúre predpokladaných subdukčných zón, v Západ

ných Karpatoch k bradlovému pásmu. Pritom sú v karpatskom oblúku 5—20 mil. rokov 
mladšie ako predpokladané subdukcie (J. LEXA). 

Rozloženie neovulkanitov v alpidách naznačuje, že staré masívy uprostred alpínskej 
geosynklinály — panónsky, transylvánsky, srbskomacedónsky, rodopský — poskytujú 
vhodné geotektonické podmienky pre väčší rozsah neovulkanitov. Všetky tieto masívy sú na 
rozhraní alpínskych vetví odlišnej vergencie. Zrejme hrali dôležitú úlohu pri usmerňovaní 
hlbinných procesov počas vývinu geosynklinály, hlavne v jej neskorom štádiu. Vtedy sa 
vertikálne podkôrové pohyby menili na horizontálne a práve pod starými masívmi sa dvíhal 
podkôrový diapir a v dôsledku toho sa omladili a užšie včlenili do alpínskeho systému. V tých 
častiach alpíd, ktoré nemali v zázemí ani stabilizovaný blok, rozčlenený zlomami, schopný 
rozpadu na kryhy, ani diferenciácie na časti vystupujúce a klesajúce (napr. Východné Alpy) 
nevznikli ani väčšie vnútorné panvy, ani rozsiahlejšie neovulkanity. 

7. Finálne vulkanity — alkalické bazalty 

Všeobecne sa prijíma názor o zvláštnom geotektonickom postavení alkalických bazaltov 
(obr. 2, 15). Vo všetkých častiach alpíd majú zhruba rovnaký vek; pliocénpleistocén, často 
vek mladší ako 1 mil. rokov. Platí to tak pre areály, kde vulkanická činnosť andezitov 
a ryolitov skončila už koncom oligocénu, resp. v spodnom miocéne — napr. v Rodopách, ako 
aj pre oblasti, kde siaha až do pliocénu napr. vo Východných Karpatoch. V posledne 
uvedených prípadoch nadväzuje finálny bazaltový vulkanizmus na vulkanizmus neskorooro

génny. Menšie výskyty bazaltov sa nájdu vo všetkých segmentoch alpíd, a to i v takých, kde 
boli prejavy andezitovoryolitového vulkanizmu minimálne alebo žiadne, napr. v Južných 
Karpatoch, vo Východných Alpách. V maďarskom medzihorí boli erupcie bazaltov až vo 
vrchnom panóne a na hranici pliocénu a pleistocénu, pozdĺž zlomov sz.—jv., sv.—jz. a sj. 
smerov. Predchádza im 8 až 10 mil. rokov dlhé obdobie bez výraznejšej vulkanickej činnosti. 
Bazalty sú rozšírené na rozsiahlej ploche najmä sz. od Balatonu a v šalgotarjánskej oblasti, sú 
v Západných Karpatoch hojné v lučenskofiľakovskej oblasti, v okolí Banskej Štiavnice, 
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Novej Bane, vo Východných Karpatoch v pohorí Persani a v Južných Karpatoch v Poiana 
Rusca. 

Hojné žily bazaltov sú vo východných Rodopách (E. DIMITROVA et al. 1975), nájdu sa však 
i v západnom bloku a v Srednogorji. Subvulkanické telesá lamprobazaltov, plagiobazaltov 
i doleritov presekávajú naprieč v meridionálnom smere nielen rodopský masív a balkanidy, 
ale i moesijskú platformu (obr. 6). 

V dinaridách sú známejšie bazalty Boranje a malé telesá v Slovenii (S. KARAMATA 1974). 
Ba i vo Východných Alpách, kde sú neovulkanity zastúpené len rudimentárne (helvet — 
spodnotortónske andezity a dacity v Štajerskú a stopy vo viedenskej panve) sa vyskytujú 
bazalty a ich tufy vo vrchnom panóne v oblasti Lavanthal (P. BECK—MANNAGETTA 1974). 

Všade ide o alkalické, resp. subalkalické vulkanity, najčastejšie o olivinické bazalty a ich 
variety (obyčajne s nefelínom) a o limburgitové bazanity. Alkalická povaha, ale i poloha 
zväčša na hraniciach veľkých karpatských panví zvádza k tomu, aby sa ich genéza vysvetľovala 
ako dôsledok prechodu od vulkanizmu typu ostrovného oblúka k vulkanizmu medzioblúko

vého typu (M. BLEAHU et al. 1974). Všade ide o menšie telesá štruktúrnotektonicky málo 
významné, ktoré vznikli až pri ukončení intenzívneho klesania (napr. v Alfôlde), v období, 
keď sa začali uplatňovať popri poklesových pohyboch i zdvihové pohyby jednotlivých krýh. 

Nálezy vrchnoplášťových spinelových peridotitov ako xenolitov (veľkosti do 25 cm) 
v slovenských alkalických bazaltoch poukazujú azda na to, že sa alkalické bazalty vytavili 
z vrchného plášťa, zatiaľ čo xenolity predstavujú jeho nevytavený relikt (D. Hovorka v tlači). 

Niektoré zovšeobecnenia 

1. Základná geotektonické charakteristika magmatitov 

Opísané typy magmatitov — granitoidy, mladohercýnske neskorogeosynklinálne vulkanity, 
predalpínske včasné geosynklinálne vulkanity, alpínske ofiolity a interorogénne mezoalpín

ske vulkanity, neoalpínske neskorogeosynklinálne vulkanity a finálne vulkanity sa od seba 
líšia nielen súborom a sčasti i typom hlavných hornín, ale aj ich štruktúrnym postavením 
a úlohou v stavbe kôry. Vyplýva to z rozdielnych geotektonických podmienok vzniku 
i z odlišného typu kôry (obr. 2). 

a) Granitoidné horniny sú geneticky späté zväčša s hlbinným vrásnením a s procesom 
hrubnutia kôry. Prejavy granitizácie sú v jednotlivých cykloch odlišné. 

Predhercýnske granitoidy, geneticky viazané na bajkalské a staršie vrásnenia, sú zväčša 
synkinematické, úzko späté s migmatitizáciou s anatexiou i s vysokým stupňom regionálnej 
metamorfózy. 

Najpočetnejšie a v stavbe alpíd najdôležitejšie sú hercýnske granitoidy. Príznačná je pre ne 
štruktúrna pestrosť, široké časové rozpätie medzi ich výstupmi a neveľká diferenciačná škála. 
Synkinematické granitoidy (úzko späté s plášťom) predstavujú spravidla najstaršie a najhlbšie 
prejavy hercýnskej granitizácie. Najhojnejšie sú batolity a fakolity. Ich vznik úzko súvisí 
s vrásnením a hercýnskym štruktúrnym plánom, ale i s mladšou morfotektonickou členitosťou, 
ktorú do značnej miery spôsobili. Charakteristický je pre ne diapirický výstup, a to až po 
eróznu úroveň. 
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Najhojnejšie sú granodiority a granity. Petrograficky i vekom rozmanitejšie sú granitoidy 
v balkanidách v oblasti geosynklinálne členitejšej, s lineamentnými geosynklinálami (E. 
BONČEV 1966). Popri granodioritovogranitovej asociácii je v balkanidách asociácia gabro
plagiogranitová, gabrodioritovogranodioritová a alkalická gabrosyenitová (E. DIMITROVA et 
al. 1975). Hojné aplity a pegmatity, ale i menšie telesá leukokrátnych granitov sú často 
permského veku. 

Účasť alpínskych granitov pri formovaní alpínskej štruktúry je malá (obr. 2). Sú to 
prevažne len menšie telesá, obmedzené na zóny predalpínskeho kryštalinika, silne paleoalpín

sky až mezoalpínsky prepracované. Väčšie telesá, a to i synkinematických alpínskych 
granitoidov sa nachádzajú v južnejších častiach srbskomacedónskeho masívu, už silne 
zasiahnutých kimerským vrásnením. Význačnejšiu úlohu v stavbe alpíd majú telesá mezoal

pínskych granitoidov, ktoré tvoria súčasť vulkanoplutonickej banatitovej formácie. Podiel 
intruzív a ich veľkosť súvisia so stavom kôry, zasiahnutej striedajúcimi sa kompresnými 
pohybmi (laramskými a ilýrskymi, resp. pyrenejskými). Menšie telesá granitov a granodiori

tov, hlavne hypoabysálne, sprevádzajú aj neovulkanity. Ich výstup je viazaný na uvoľnenie 
napätia v kôre (obr. 1). 

b) Neskorogeosynklinálne mladohercýnske vulkanity sa geneticky viažu na neohercýnske 
(zväčša permské) žľaby a depresie vyplnené molasami. Sú oneskoreným povrchovým 
prejavom rozsiahlej hercýnskej sializácie kôry. Hojnejšie sú v žľaboch, ktoré oddeľujú pásma 
výraznejšej hercýnskej granitizácie a pri vnútorných okrajoch hercýnsky stabilizovaných 
areálov. Tam (vďaka hlbokosiahajúcim zlomom) došlo aj k subakválnym výlevom melafýrov 
zväčša typu sillov, sprevádzaných dajkami melafýrovporfyritov a porfyritov (napr. melafýro

vá séria chočského príkrovu Západných Karpát a perm v príkrove Codru v Apusenách). 
Vrchnopaleozoické depresie severnejších zón alpíd majú molasové výplne len s malým 
podielom vulkanitov (kremenných porfýrov); obr. 8. 

c) Predalpínske eugeosynklinálne vulkanity sú charakteristické pre podstatnú časť sérií 
geosynklinálnych štádií starších ako hercýnska granitizácia. Predstavujú súčasť sedimentárno

vulkanických aspidných komplexov, sčasti diastrofických. Patria prevažne spilitovodiabázo

vej, spilitovokeratofýrovej formácii a sprevádzajú ich aj intruzíva gabrodioritovoleukogra

nitovej a peridotitovopyroxenitovej formácie. Nerovnomerné priestorové rozloženie bázic

kých vulkanitov a väčší rozsah kyslých vulkanitov v niektorých vrchnoproterozoických sériách 
(napr. séria Arada), predovšetkým staropaleozoických, hlavne kambriumordovických, resp. 
ordovických (napr. zóna Grauwacken vo Východných Alpách, gelnická séria v Západných 
Karpatoch, séria Muncel v Apusenách. séria Tulges vo Východných Karpatoch) naznačujú 
čiastočnú diferenciáciu kôry počas bajkalského vrásnenia. Treba však zdôrazniť, že tieto kyslé 
vulkanity, prevažne kremenné porfýry a kremenné keratofýry, sú súčasťou geosynklinálnych 
sérií. Geneticky súvisia s ostrovnými oblúkmi, resp. s oblasťami hrubšej prechodnej subkonti

nentálnej kôry, rozloženými v okrajových častiach geosynklinál. 
d) Mezozoické ofiolity vystupujú v pásmach, ktoré zaraďujeme na základe prítomnosti 

hlbokovodných fácií ako trógové, s tenkou, prípadne roztrhanou sialickou subkontinentálnou 
resp. paraoceanickou kôrou. Objavujú sa už v triase (hlavne v ladine), často v sprievode 
plytkovodných vápencov. Spočiatku (v anise) predstavujú hybridný, prevažne intermediárny 
typ s prevahou spilitov a keratofýrov, geneticky spätých s lámaním a diferenciáciou kôry. 
S postupným narastaním trógov v ladine, a hlavne v kárne sú pre ne typické hlbokomorské 
karbonáty, rádiolarity a pelity. Rastie aj podiel bázickejších hornín a objavujú sa ultrabázické 
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telesá. U väčšiny segmentov alpíd sa triasové vulkanity viažu na najvnútornejšie zóny 
alpínskeho geosynklinálneho systému, t. j . na zóny slabšie konsolidované hercýnskou graniti

záciou. V Západných Karpatoch je to meliatska séria v Slovenskom krase, analogická séria 
v pohorí Bukk, séria Vascau v Apusenách, na Balkáne Sakar, vo Východných Karpatoch 
transylvánske príkrovy. V dinaridách sa už v triase vulkanity ofiolitového typu viažu nielen na 
vnútorné zóny (napr. vardarská a ofiolitová), ale sčasti i na vonkajšie zóny (hlavne 
Budva—Zukali). Súvisí to s menšou intenzitou hercýnskeho vrásnenia i granitizácie v dinari

dách, kde má dokonca i perm prevažne morské fácie. 
Hojnejší výskyt bázických a ultrabázických vulkanitov je ako súčasť ofiolitovej asociácie 

viazaný na jurské a spodnokriedové trógy, charakterizované slieňovcovorádiolaritovými 
fáciami. Sú rozložené hlavne v stredných pásmach interníd (obr. 13), napr. krížňanský 
a kysucký tróg Západných Karpát, bukovinský tróg Východných Karpát, trógy penninika Álp, 
v Apusenách zóna Mureš. V dinaridách a helenidách sú ofiolity viazané hlavne na vnútorné 
zóny (vardarskú, ofiolitovú, Mirdita — subpelagonikum). Častejšie sprevádzajú ofiolity 
i mocné preflyšové fácie (titón — spodná krieda, napr. v jednotkách Rachov — Ceahläu vo 
Východných Karpatoch, Severín — Kraina v Južných Karpatoch, Strandža na Balkáne). 
V Mureši a vo vardarskej zóne siaha ofiolitová séria od hlbokovodných vrchnojurských 
karbonatickosilicitických fácií do flyšových. 

e) Mezoalpínske intraorogénne vulkanity a sprievodné plutonity banatitového typu sú 
v balkánskom Strednogorí a v timockej zóne Južných karpát geneticky späté s pozdĺžnymi 
prepadlinovými synklinóriami (obr. 14b), vyplnenými predmolasovými, prevažne morskými 
sériami, so značným podielom flyšu. Pritom je príznačné, že sa vulkanity objavujú s postupnou 
oceanizáciou typu sedimentov. Pod mocnými vulkanickými komplexmi sú včasné molasy, nad 
nimi hrubý flyš. Vulkanity širokej diferenciačnej škály (ryolity — dacity, trachyty, andezity, 
alkalické bazalty) sa podieľajú na vulkanosedimentárnej výplni priekopových prepadlín a 
synklinórií. Popri nich vystupujú hojne, najmä pri okrajoch synklinórií, subvulkanické 
i hlbinné telesá rovnako širokého petrochemického rozpätia (pikrity, gabrá, diority, monzoni

ty, gabrosyenity, granosyenity, granity, dioritové porfyrity a granitporfýry). Ide o vulkano

plutonické formácie, v prvých štádiách alkalickovápenaté, neskôr subalkalické až alkalické. 
V Apusenách zastupujú banatitovú formáciu prevažne hlbinné telesá (granodiority a granity 
s podradnejším zastúpením vulkanitov). Neviažu sa na výraznú pozdĺžnu tektonickoprepad

linovú synklinálu, ale na hlbinný priečny zlomový systém. Nezasiahlo ich ani výraznejšie 
vrásnenie (obr. 4). 

f) Neskorogeosynklinálne treťohorné neovulkanity sa viažu na mladé (pozdĺžne i priečne) 
depresie, naložené na vnútorné, paleoalpínsky stabilizované zóny a hlavne na ich zázemie 
(medzihorie), neskôr tektonicky oživené pri súčasnom stenčení kôry (obr. 15). Vysokým 
podielom neovulkanických pyroklastík je výrazne ovplyvnená molasová výplň depresií. 
Charakteristickou črtou neouvlkanitov (s prevahou intermediárnych hornín, hlavne andezi

tov a so značným podielom ryolitov) sú vulkanotektonické formy, hlavne stratovulkány, 
kaldery. Vulkanizmus sa uplatňuje v postupnej izolácii panví a výrazne sa prejavuje 
geomorfologicky. Podiel sprievodných hlbinných telies je malý. 

g) Finálne pliocénnopleistocénne bazalty menšieho rozsahu, zväčša subalkalické až 
alkalické, sú produktom osobitného štádia vo vývine geosynklinály, keď výrazne pôsobilo 
rozťahovanie kôry pri zvýšenom účinku vertikálnych pohybov (obr. 2). 
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2. Vývinový trend alpínskej geosynklinály a pozícia magmatitov 

Typy a rozloženie magmatitov sú v priamom vzťahu s vývinom alpínskej geosynlinály a kôry, 
čo sa odráža v geologických procesoch (v sedimentácii, vrásnení, metamorfizme i magmatiz

me; obr. 16, 17). 
Až do karbónu, t. j . do nástupu hercýnskej granitizácie a metamorfózy sa formácie 

vyznačujú menšou faciálnou pestrosťou. Predkarbónske sedimentárne série mali prevahu 
grauwackov, pieskovcov, aleurolitov a ílovcov, sčasti diastrofického (flyšového), častejšie 
však aspidného charakteru. Platí to v podstate pre celé kryštalinikum alpíd (M. MAHEĽ 1974). 
Pre Západné Karpaty je príznačný malý podiel karbonátov v kryštaliniku. Hlavným činiteľom 
spôsobujúcim pestrosť monotónnych sedimentárnych komplexov sú popri metamorfóze 
vulkanity. U väčšiny predkarbónskych sérií sú hojne zastúpené vulkanické horniny hlavne 
spilitovodiabázovej, podradné spilitovokeratofýrovej formácie, zmenených zväčša na amfi

bolity. Častejšie sú gabrá, gabrodiority, ale i komagmatické ultrabázické telesá. Len v niekto

rých sériách sú hojnejšie porfyroidy (kremenné porfýry a ich tufy), najčastejšie v ordoviku, 
zriedkavejšie i v devóne. Pritom niet výraznejších rozdielov v zložení medzi staropaleozoic

kým komplexom a staršími komplexmi, azda s tou výnimkou, že v proterozoických a v starších 
komplexoch sú častejšie ortoruly a migmatity a spravidla vyššia metamorfóza. V podstate to 
znamená, že kadomské, resp. bajkalské vrásnenie nespôsobilo výraznejšie zmeny ani 
v podmienkach sedimentácie, ani v magmatizme. Toto vrásnenie vyvolalo skôr zmeny 
hlbinného charakteru bez výraznejších morfoštruktúrnych prejavov. Hojnejšie kremenné 
porfýry v geosynklinálnych sériách koncom proterozoika, hlavne však v ordoviku, sú azda 
prejavom diferenciácie kôry (napr. vytvorenia ostrovných zón, prípadne zón s hrubšou kôrou 
(M. MAHEĽ 1974). 

Odlišný charakter majú predkarbónske komplexy v pelagónskom a hlavne v rodopskom 
masíve i prítomnosťou mocných más karbonátov častejšie s bázickými telesami. Považujú sa 
za proterozoické, a to vďaka vyššej metamorfóze, hlavne v porovnaní so spodnopaleozoickou 
diabázovofylitoidnou sériou. Rozloženie týchto sérií prevažne vedia seba a nepochopiteľný 
nedostatok staropaleozoických sekvencií patfomného typu v uvedených masívoch vnucuje 
otázku, či karbonátový komplex nepredstavuje aspoň sčasti typ plytkovodných staropaleo

zoických sledov. 
Prítomnosť kremenných porfýrov (spravidla v sprievode bázických telies) v geosynklinál

nych sériách devónu až spodného karbónu (hronská séria vo veporidách Západných Karpát, 
niektoré série v Južných Karpatoch) poukazuje na účinky diferenciácie kôry, ktorá prebiehala 
súčasne s nástupom hercýnskeho vrásnenia. Sedimentácia v starom paleozoiku nebola všade 
plynulá. Sú známe diskordancie i paleogeografické zmeny i nielen uprostred vrchného 
proterozoika (kadomská fáza), ale i uprostred kambria (srbská fáza), koncom kambria 
(sardinská fáza), koncom ordoviku (takonská fáza) i koncom silúru (ardenská fáza). 
Oddelenosť kaledónskeho a hercýnskeho cyklu na Balkáne a v Južných Karpatoch sa 
prejavuje nielen bazálnymi zlepencami, diskordanciami, ale oproti starším sériám i slabšou 
metamorfózou (S. NASTASEANU 1975). Lenže ani po kadomskom vrásnení, ani po prejavoch 
kaledónskeho diastrofizmu sa neprejavuje výraznejšia zmena v type kôry. Eugeosynklinálny 
typ, blízky oceanickému, pretrváva až do hercýnskeho vrásnenia. Až toto vrásnenie, 
sprevádzané rozsiahlym výstupom granitoidných telies, mení charakter sedimentácie (v 
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mladšom paleozoiku sa prvýkrát objavujú v alpidách naložené depresie vyplnené molasami, 
spočiatku morskými, včasnými, neskôr kontinentálnymi) a kôry. 

Následkom tvorby veľkých batolitov a fakolitov i ich pozvoľného diapirického vystupova

nia, vzniká osobitný tektonický štýl. Vytvárajú sa široké vrásy, megaantiklinálne klenby 
(napr. v tatridách v niektorých jadrových pohoriach Západných Karpát, brachyantiklinály 
rodopského a srbskomacedónskeho masívu). Oblasti menej zasiahnuté granitizáciou sa 
vyznačujú zónami úzko stlačených vrás i prešmykov (napr. v kryštaliniku Čiernej hory 
v Západných Karpatoch, v bystrickej skupine príkrovov vo Východných Karpatoch; H. G. 
KRÄUTNER 1972). Hercýnske vrásnenie sa spolu s tvorbou granitoidných telies výrazne 
uplatňovalo pri formovaní celkového štruktúrneho plánu. 

Väčšie granitoidné telesá s tendenciou k zdvihu sú dlhodobým morfoštruktúrnym činite

ľom. Klenby sa stávajú znosovými oblasťami. Klastické horniny z nich vyplňujú priľahlé žľaby 
sformované pri okraji, resp. medzi zónami granitoidných telies. 

Hercýnska granitizácia má rozpätie od konca devónu do konca permu; je však sústredená 
hlavne v jednotlivých orogenetických štádiách hercýnskeho vrásnenia. Štruktúrnotvorné 
prejavy súvisia so strašími štádiami, morfoštruktúrne prejavy zasa s mladšími štádiami, t. j . 
s tvorbou molasových žľabov a depresií s vulkanitmi. V sprievode spodnej molasy, v pásmach 
slabšie zasiahnutých hercýnskou granitizáciou, sú v karbóne časté bázické telesá, v gemeri

dách dokonca i drobné telesá ultrabázické. V oblastiach intenzívnejšie zasiahnutých granitizá

ciou sú kremenné porfýry v sprievode mladšej (suchozemskej) molasy. Časové sa kryjú 
s najmladšími prejavmi granitizácie v priľahlých zdvihových oblastiach. Úzku genetickú 
nadväznosť kremenných porfýrov na granitoidy naznačuje prítomnosť granitporfýrov (napr. 
v severoveporidnom žľabe Západných Karpát), ale i kyslejší charakter magmy (kremenných 
porfýrov, permských aplitov, pegmatitov a leukokrátnych granitov, napr. v Rodopskom 
masíve a v balkanidách — E. DIMITROVA et al. 1975). 

Permské kremenné porfýry sú teda povrchovým prejavom magmatizmu, viazaným na 
tektonické prepadliny s výraznou tendenciou klesania (obr. 8). V južnejších zónach v perme 
vystupujú v sprievode vrchných molás i melafýry. Následkom slabej produkcie pyroklastík sa 
melafýry podielajú na sedimentačnej výplni panví oveľa menšou mierou. Zóny s melafýrmi 
nevykazujú známky výraznejšieho prehĺbenia. Nejde o stenčenie kôry pri ich výstupe, ale o jej 
roztrhuntie, otvorenie prívodných kanálov do hlbších častí. Nasvedčuje tomu i charakter telies 
typu sillov, i striedanie melafýrov a kremenných porfýrov v niektorých oblastiach, napr. 
v Čiernej hore v Západných Karpatoch, v balkanidách, hlavne však v Apusenách (v jednotke 
Codru). 

Hercýnska granitizácia geneticky úzko súvisí s metamorfózou nerovnomernej intenzity. 
Napr. v Západných Karpatoch, v zónach výraznejšej granitizácie, je staršie paleozoikum 
metamorfované do fácie amfibolitov, zóny menej postihnuté granitizáciou sú metamorfované 
len do fácie zelených bridlíc. Intenzita metamorfózy od štádia k štádiu počas hercýnskeho 
vrásnenia klesá, jej slabšie prejavy sú badateľné ešte i v perme. Rekryštalizačná metamorfóza 
a granitizácia svedčia o hlbinnom charaktere hercýnskeho vrásnenia. Pritom sa však vytvorila 
zložitá viacetážová štruktúra so zjavnými diskordanciami. Hlavným dôsledkom hercýnskeho 
vrásnenia, granitizácie a metamorfizmu je však zhrubnutie kôry—jej sializácia, a to znamená 
zásadný zvrat vo vývine geosynklinálneho systému. Pritom treba zdôrazniť nerovnomernosť 
hercýnskej granitizácie i stabilizácie v jednotlivých areáloch i zónach, čo sa stáva základom 
odlišnosti a do značnej miery i členitosti neskoršej alpínskej geosynklinály (obr. 7). 
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Začiatok alpínskeho cyklu sa spája s transgresiou triasu, útvaru, ktorému sa často pripisuje 
v alpidách kvázi platformný charakter (V. CHAIN 1972), príp. sa nazýva štádiom interregna 
medzi hercýnskou a alpínskou etapou, ktorá sa podľa niektorých autorov začína až jurou. 
V triase prevládajú fácie plytkovodné — v spodnom triase detritické, v strednom a vrchnom 
triase hlavne karbonatické. V južných zónach je už výrazná štruktúrnofaciálna zonálnosť 
a objavujú sa i fácie a celé sledy s prevahou hlbokovodných fácií s bázickými vulkanitmi 
ofiolitového typu, napr. meliatska séria (H. KOZUR—R. MOCK 1974), hlbokomorské 
vulkanosedimentárne členy v pohorí Biikk (obr. 16) a v transylvánskych príkrovoch Východ

ných Karpát (D. RADULESCU—M. SANDULESCU 1973). Prítomnosť bázických a ultrabázic

kých telies v sprievode rádiolaritov a tmavých bridlíc, glaukofanity a prejavy metamorfózy, to 
všetko naznačuje oceanický resp. paraoceanický typ kôry (M. MAHEĽ 1975). Pozoruhodné je 
rozloženie týchto zón v južných oblastiach Karpát i Balkánu, v dinaridách (obr. 3,4,6,9,11 a) 
sú i v niektorých vonkajších jednotkách — Budva—Zukali. V každom prípade ide o zóny bez 
výraznejšej hercýnskej granitizácie a výraznejšieho hercýnskeho vrásnenia, teda o zóny 
hercýnsky menej konsolidované. Z tých sa šíri aktivizácia geosynklinály a postupuje smerom 
von. Už v triase teda pozorujeme diferenciáciu v type kôry. 

Hlbokomorské sledy jury sú spravidla sprevádzané početnými prejavmi bázického a ultra

bázického vulkanizmu, napr. augititmi. Často sa totiž viažu na hlbokovodné fácie trógov, ako 
je napr. zliechovský a kysucký tróg v Západných Zarpatoch, frankenfeldský tróg vo 
Východných Alpách (obr. 16). Častejšie sú bázické vulkanity v bukovinskom príkrove 
Východných Karpát, hlavne však v dinaridách a helenidách. Západné Karpaty môžu poslúžiť 
ako model paleogeografickej členitosti, ale i paleotektonickej kontrastnosti s najvýraznejšími 
rozdielmi v hrúbke kôry v jure. Preukázateľné vzájomné laterálne prechody prehĺbeninových 
a prahových sledov a rýchle vertikálne zmeny hlbokovodných a plytkovodných fácií sú napr. 
v bradlovom pásme Karpát. Je tam celý rad sledov opisovaných ako osobitné výviny, so 
zmiešanými hlbokomorskými i s prechodnými fáciami. Obdobná situácia je v krížňanskom 
príkrove, kde je vyvinutý hlbokovodný zliechovský i plytkovodný vysocký typ sledov. Išlo 
teda o silne členité more s pomerne úzkymi žľabmi a prahmi. Ofiolitové zóny nemusia 
predstavovať široké oceány a nie sú samy osebe svedectvom ďalekosiahlych zblížení krýh 
kontinentálnej kôry, sú však svedectvom členitosti mezozoickej geosynklinály, hlavne v jej 
leptogeosynklinálnom štádiu. 

Značná časť ofiolitov je geneticky spätá so začiatočným štádiom flyšových trógov. Zrejme 
je dosť všeobecným javom, že sú mnohé titónskospodnokriedového veku: ceahláu — 
rachovský tróg vo Východných Karpatoch, severínsky tróg v Južných Karpatoch, nižskotro

janský a strandžanský na Balkáne, sarajevský tróg v dinaridách, Gramos v helenidách (M. 
MAHEĽ 1973; obr. 13). Všetky sa začínajú preflyšom. Prítomnosť ofiolitov, prípadne 
bázických a ultrabázických telies (napr. v jednotke CeahláuRachov) svedčí o tom, že ide 
o oceanický typ kôry, prípadne jemu blízky (obr. 14a). Už sme uviedli, že niektoré tr^ v 
s ofiolitmi leptogeosynklinálneho štádia prerastajú vo flyšové. Napokon takým je i pent, .u

kum Alp popri vardarskej zóne dinaríd a zóne Mureš v Apusenách. Diastrofický typ 
sedimentácie (flyš s.s. a hrubý flyš) prevláda v alpidách od nástupu paleoalpínskych procesov 
vrásnenia až po začiatočné neoalpínske pohyby (M. MAHEĽ 1973). Sprevádza ho len malý 
podiel magmatitov. Počas sedimentácie flyšu dynamicky pôsobila v kôre hlavne kontrakcia. 
Pokiaľ sú prítomné vulkanity, ide o slabšie prejavy intermediárneho vulkanizmu; tufy, tufity 
a brekcie andezitov i dacitov. Ich erupcie sú viazané hlavne na prikordilierové zlomy. 
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Osobitným paleotektonickým typom vytvoreným po paleoalpínskom vrásnení je sústava 
prepadlinových synklinórií: Timok-Srednogorje v Južných Karpatoch a na Balkáne (obr. 14b). 
Tento typ je sprevádzaný hrubým mezoalpínskym, látkové pestrým intermediárnym magma-
tizmom. Treba však zdôrazniť, že ide o osobitný typ vulkanitov viazaný na paleoalpínsky 
intenzívne zvrásnené podložie po uložení včasnej molasy (t. j . po cenomane — turóne so 
slojmi uhlia). V priebehu vulkanickej činnosti, hlavne po výlevoch lávy, nastupuje hrubý flyš 
s menšími polohami vulkanitov pri okrajoch tektonických prepadlín s intruzívnymi telesami. 
Vo vlastnej flyšovej geosynklinále, ktorú predstavovala na Balkáne susedná severnejšia 
ludokamčijská zóna, sú však prejavy tohto vulkanizmu len slabé. 

Alpínsky cyklus alpíd sa vyznačuje i hojnosťou depresií viacerých geotektonických typov: 
— depresie pásma čelnej predhlbne, ktoré nadväzujú časové, priestorové a geneticky na 

flyšové jednotky: sú bez výraznejších prejavov vulkanimu; 
— depresie vnútrohorské, naložené hlavne v priečnych prelomoch vnútorných zón alpíd, 

konsolidovaných prevažne už paleoalpínsky; 
— depresie vnútorné (pri vnútornom okraji geosynklinálneho systému), presahujúce na 

priľahlé vnútorné masívy v zázemí (maďarský, transylvánsky, rodopský). 
Obidva posledne uvedené typy depresii sa vyznačujú častými vulkanitmi a štadiálnosťou 

vývoja. Tá v Západných Karpatoch a maďarskom masíve časové alternuje so vznikom 
príkrovových jednotiek vo flyšových Karpatoch. Tak, ako vyvrásnené jednotky sávske, 
staroštajerské, mladoštajerskč, i depresie sú rovnakého veku. Neoalpínsku etapu v geosynkli

nálnom systéme charakterizuje vo vonkajších pásmach skracovanie a hrubnutie kôry, vo 
vnútorných oblastiach roztiahnutie, lámanie a stenčenie kôry, subsidencia a vulkanická 
činnosť. Vznik vnútorných molás sa považuje za neskorogeosynklinálny, preto je azda 
priliehavý i názov neskorogeosynklinálne vulkanity (obr. 15a, 15b). 

Hojnosť útvarov, ktoré vznikli pri zvýšenej pohyblivosti kôry, ich faciálna i geotektonická 
pestrosť, sú odrazom štadiálnosti alpínskeho vrásnenia, spojenej s prestavbou paleogeografic

kého i štruktúrneho plánu a s viacaktnosťou paleoalpínskych, mezoalpínskych a neoalpín

skych prejavov. Táto štadiálnosť alpínskeho vrásnenia je kombinovaná s orogenetickou 
polaritou, ktorá je zrejme genetickým znakom alpínskej geosynklinály. Jej dôsledkom je 
postupné vertikálne i laterálne vystriedanie flyšu molasami (obr. 17). 

Súčasnosť poklesov v depresiách, ale i súhra vulkanickej činnosti vo vnútorných zónach 
a v zázemí s kompresnými procesmi na vonkajšej strane Karpát, signalizuje určité vzťahy 
podkôrových procesov v celej šírke geosynklinálneho sytému. Zmeny spôsobené zahlbením, 
zakotvením kôrových častí pri vrásnení vyvolávali zrejme výstup magmatického diapiru na 
vnútornej strane (P. HORVÁTH—L. STEGENA—B. GÉCZY 1974). S diapirom sa totiž spája 
stenčenie kôry podkôrovou eróziou, v dôsledku toho poklesy a vznik depresií i výstup 
vulkanitov. Všetky tieto pohyby vo vnútorných pásmach sú ovládané prevažne vertikálnymi 
pohybmi, ktoré utvárajú i celkovú morfoštruktúru. Neskorogeosynklinálny vulkanizmus sa 
svojimi vulkanotektonickými i morfologickými formami podieľa i na tomto procese. Teda nie 
granitoidy — ako v mladohercýnskej etape — ale efuzívne neovulkanity sa z alpínskych 
magmatitov najviac podieľajú na formovaní morfoštruktúrneho plánu. 

Alpínske vrásnenie sa vyznačuje rozsiahlym skrátením kôry, pestrosťou tektonických štýlov 
(dôsledok členitosti a rozdielnosti hrúbky a mechanických vlastností látkovej výplne jednotli

vých sedimentačných zón) (obr. 16). Najvýraznejším prejavom tohto skrátenia sú pripovr

chové i hlbinné príkrovy, intenzívne stlačené zóny, zóny štruktúrnych anomalít, tektonických 
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brekcií a melanží, naznačujúce subdukciu. Granitizácia a metamorfóza, také charakteristické 
prejavy hercýnskeho vrásnenia, sa obmedzujú v alpínskom cykle len na úzke zóny. Prejavy 
alpínskeho vrásnenia majú zrejme výraznejší pripovrchový charakter. 

Uvedený vývinový trend geosynklinály sa vzťahuje predovšetkým na oblasť Východných 
Alp, Západných Karpát a Východných Karpát. V dinaridách má určité odlišnosti, spôsobené 
hlavne iným východiskovým stavom kôry, v areáli Južných Karpát — Balkánu sú tieto 
odlišnosti ešte výraznejšie. 

3. Osobitostí magmatizmu v jednotlivých oblastiach a segmentoch 

Napriek jednotnému vývinovému trendu magmatizmu sú medzi jednotlivými segmentmi 
alpíd značné rozdiely v kvantite jednotlivých typov magmatitov i v jeho časových prejavoch. 
Príčinou toho je hlavne nerovnomerná hercýnska konsolidácia kôry (vrátane nerovnakého 
podielu hercýnskych granitoidov). Odráža sa to v odlišných typoch permu a triasu, a hlavne 
v členitosti geosynklinály v mezozoiku, v čase a množstve prejavov ofiolitového vulkanizmu 
i ostatných typov magmatitov. Ako osobitné typy alpínskych geosynklinál, odlišné zastúpením 
a rozložením jednotlivých skupín magmatitov možrio vyčleniť tri areály (obr. 2). 

Dinaridy. Vyznačujú sa malým podielom hercýnskych granitoidov, ktoré sú sústredené 
pri okrajoch v pelagónskom a srbskomacedónskom masíve (obr. 9). 

Malý rozsah hercýnskych granitoidných telies a menšia intenzita hercýnskeho vrásnenia 
mali za následok nižšiu konsolidáciu kôry a zrejme i jej menšiu hrúbku. S tým zrejme súvisí aj 
prevažne morský vývin permu a zvýšená priedušnosť kôry v triase, hojnejšie prejavy 
bázického magmatizmu, a to i vo vonkajších zónach, v Budva—Zukali. Spočiatku (anis) majú 
magmatity hybridný charakter s väčším podielom kyslejších typov: porfyrity, keratofýry, 
kremenné keratofýry, ba i kremenné porfýry. Postupne však (ladin) dochádza k zvyšovaniu 
bázicity. Častejšie sú bazaltové poduškové lávy typu „pillow"; výraznejšie sa prejavuje 
i trógový typ sedimentácie so silicitmi, kremitými vápencami a ílovcami. 

Nijaký z opisovaných segmentov alpíd nevykazuje také rozsiahle zastúpenie ofiolitovej 
asociácie, a hlavne toľko a takých veľkých telies serpentinitov ako dinaridy a helenidy 
(obr. 13). Pritom sú rozložené v dvoch pásmach: východnom vo vardarskej zóne a v západ

nom v ofiolitovej zóne a v zóne Mirdita (subpelagonikum), oddelených pásmom hrubšej 
kontinentálnej kôry: Drina — Ivanjica — pelagónsky masív so zónou Koráb. Každé z týchto 
pásiem má osobitosti v stratigrafickom rozpätí ofiolitovej asociácie i v obsahu; každé 
predstavuje v podstate oceanický tróg odlišného typu. Uvedené odlišnosti sa však menia 
i v jednotlivých úsekoch toho istého trógu, napr. v zóne Mirdita nadväzuje of iolitová asociácia 
na vulkanogénnu sériu triasu, kým v podstatnej časti severnejšej ofiolitovej zóny sú 
magmatity až vrchnojurské. naopak, v severozápadnom pokračovaní ofiolitovej zóny v Juž

ných Alpách ofiolitová asociácia chýba a zastúpené sú len hybridné triasové magmatity. 
Mocné ofiolitové melanže (M. DIMITRIEVIČ 1974), ale i vzájomné prechody hlbokomorských 
ofiolitových sledov do sledov plytkomorských patria k osobitostiam dinaríd a heleníd, opäť 
s odlišnosťami v dvoch hlavných zónach. 

Dve opisované ofiolitové oceanické trógy dinaríd majú odlišnosti vo vzťahu k flyšovým 
sekvenciám (obr. 14a). Vo vardarskej zóne nadväzuje flyš vertikálne na ofiolitovú asociáciu. 
Pritom jeho spodné členy obsahujú magmatity ofiolitového typu. V ofiolitovej zóne a v zóne 
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Mirdita sa flyšový tróg Sarajevo — Gramos vyvíja od titónu pri západnom okraji ofiolitového 
koryta — laterálne naň nadväzuje a v neskoršom období sa po zániku ofiolitového trógu 
rozširuje na západ ako zóna Durmitor. 

Charakteristická pre dinaridy a helenidy je výrazná alpínska tektonická aktivizácia ich 
stykovej zóny a východného Srbskomacedónskeho a pelagónskeho masívu. Častejšie sú 
syenitové dajky a granodioritové telesá, a to i synkinematické (v helenidách, starokimerské 
167—156 mil. r., mladokimerské 148—120 mil. r., ale i strednokriedové 110—90 mil. r.). 

Vnútorný okraj dinaríd, vrátane srbskomacedónskeho masívu, hlavne jeho západného 
okraja je i zónou rozloženia početných menších telies neovulkanitov s menšími vulkanickými 
aparátmi (andezity — dacity, ryolity, kremenné latity) zato s početnými subvulkanickými 
telesami (granodiority a kremenné monzonity) sú viazané na zónu výraznej neoalpínskej 
aktivizácie. Jednotlivé vulkány sú častejšie na križovatkách viacerých zlomových systémov. 
Miestami sprevádzajú menšie depresie. Ide o zónu aktivizácie, veľmi členitú, s výraznými 
zdvihmi menších krýh (M. ARSOVSKI 1961). Pritom interval vulkanickej činnosti je pomerne 
dlhý (37 mil. r. — 10,9 mil. r., t. j . oligocén — sarmat). 

Balkán a Južné Karpaty. Pre túto oblasť je prakticky v celom rozsahu príznačná 
hercýnska granitizácia, ktorá ich spája s rodopským a srbskomacedónskym masívom 
(obr. 5,6). Tak v Južných Karpatoch, ako i na Balkáne sú pomerne značne zastúpené 
synkinematické granitoidy, a to predpaleozoické i hercýnske. V Južných Karpatoch, hlavne 
v danubiku, sú časté i granitoidy alkalického charakteru. Pre Balkán je zvlášť charakteristická 
pestrosť formačných, geotektonicky odlišných typov granitoidov. Popri južnobulharských 
granodioritoch a granitoch, hojných v rodopskom masíve a v bulharskom Stredohorí, sú to: 
staroplaninská gabrodioritovogranodioritová asociácia, strumská asociácia s petrografickým 
rozpätím od kyslých granitov až po ultrabázické telesá, permská gabrosyeintová asociácia. To 
poukazuje na väčšiu geotektonickú členitosť Balkánu v priebehu paleozoika. 

Hercýnska granitizácia i vrásnenie, čiže konsolidácia kôry bola intenzívnejšia než vo 
všetkých opisovaných segmentoch alpíd, takže práve pre Južné Karpaty a balkanidy je 
najpriliehavejšie hovoriť o kvázi platformnom type triasu (obr. 7). Heterogénnosť predalpín

skeho vývoja na Balkáne, vyjadrená pestrosťou typov granitoidov, sa však prejavila v triase 
vznikom prvých geosynklinálnych trógov — oblastí s tenšou kôrou vo východnej časti 
Balkánu, a to na juhu v zóne Sakar, severnejšie v zóne Kotel. 

Pre alpínsky vývojový cyklus Balkánu a Južných Karpát je príznačná členitosť geosynkliná

ly v titóne pri nástupe flyšových formácií. S nimi súvisí prítomnosť serpentinitov pri okrajoch 
rodopského masívu a v Strandži (hlavne pozdĺž marického zlomu) a v trógu SeverínKraina (v 
Južných Karpatoch). 

V magmatickom vývoji tohto areálu osobitnú úlohu zohrali pozdĺžne zlomy (vrchnokriedo

vý rift Timok — Srednogorje) i sprievodný systém prepadlinových synklinórií s banatitovou 
vulkanickoplutonickou formáciou, ktorý sleduje rozhranie dvoch základných blokov v Juž

ných Karpatoch: (getika a danubika), na Balkáne zlomové rozhranie balkaníd a rodopského 
masívu. 

Pre Balkán sú príznačné neovulkanity spojené s rodopským masívom (vytváral balkanidám 
zázemie) a s vnútornými kotlinami (v priľahlej tylovej časti geosynklinály). Túto zviazanosť 
dokumentuje stratigrafický rozsah vulkanitov i výplne depresií (v bulharskej časti hlavne 
priabón — oligocén, na gréckom území i miocén (obr. 15). Tylová aktivizácia geosynklinály sa 
v rodopskom masíve zrejme šírila na juh. V Južných Karpatoch je nedostatok neovulkanitov 
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i významnejších vnútorných kotlín. Výnimkou je južná časť Východných Karpát — Krajštidy, 
ktoré zdieľali osud balkaníd, resp. rodopského masívu. 

Západné Karpaty (obr. 3), Východné Alpy, Východné Karpaty (obr. 11a) a Apuseny 
(obr. 4). Hercýnska granitizácia a intenzívnejšie hercýnske vrásnenie postihli hlavne severné 
zóny tohto areálu. Pre Západné Karpaty (gemeridy) sú typické paleoalpínske granity 
(obr. 10). Areál vykazuje určitú jednotnosť čo do zastúpenia kremenných porfýrov zo 
začiatku paleozoika (dôsledok bajkalskej diferenciácie kôry v Západných Karpatoch, Vý

chodných Alpách, Východných Karpatoch i v Apusenách). Rôzny stupeň hercýnskej konsoli

dácie sa odráža v značnej rozmanitosti fácií permu, ktorý obsahuje nielen kremenné porfýry, 
ale i melafýry (obr. 7). Najjužnejšie oblasti vykazujú morský typ permu a faciálne pestrý 
karbonatický trias. Možno to pokladať za prejav diferenciácie kôry. V týchto južných zónach 
sú častejšie bázické telesá, ba i ofiolitové série už v období triasu, a to v transylvánskej skupine 
príkrovov Východných Karpát, v Slovenskom krase (meliatska séria), v pohorí Bukk 
v Západných Karpatoch. Azda i preto sa pohorie Bukk (na rozdiel od južnejších zón 
Severných vápencových Álp s morským typom permu a triasu a hojnými vulkanitmi) považuje 
za odnož dinaríd, ktorá nadväzuje na vnútorné zóny Západných Karpát (K. BALOGH—L. 
KÔRÓSSY 1968). Po preukázaní analogického ofiolitového sledu v Slovenskom krase (meliat

ska séria) a celého radu ďalších „južnejších" znakov Slovenského krasu, je však zrejmé, že 
pohorie Bukk je neoddeliteľnou časťou Západných Karpát a spolu so Slovenským krasom 
predstavuje ich najvnútornejšiu zónu, zv. bukovikum, s niekoľkými čiastkovými jednotkami 
(M. MAHEĽ 1975). Rožňavská línia (pri severnom okraji Slovenského krasu) a balatonská 
línia (pri južnom okraji pohoria Bukk) sú hraničnými líniami tejto južnej zóny s of iolitmi. Obe 
spolu s líniou Darnó (pri severnom okraji pohoria Bukk) predstavujú severné odnože 
insubricko drávskej línie. Táto línia sa však smerom na SV nielen rozvetvuje, ale mení aj 
svoje postavenie a význam. Južne (jv.) od nej nie je ďalšia geosynklinálna vetva, ako sú 
v západnej časti dinaridy a Južné Alpy, ale maďarský masív. 

Vo Východných Alpách je rozsah bázických telies v južných zónach obmedzený na 
ojedinelé výskyty vo vyšších príkrovoch vápencových Álp a na polohy v strednom triase 
v „Drauzóne". 

Zvlášť výrazná diferenciácia kôry vnútri geosynklinálneho systému Západných Karpát, 
Východných Álp a Východných Karpát bola v jure a v spodnej kriede, t. j . v leptogeosnykli

nálnom štádiu hlavne v stredných až severnejších zónach alpíd. V trógoch sú početné bázické 
telesá, ale i nekompletné ofiolitové sledy (ofiolitoidy): (zliechovský a kysucký tróg v Západ

ných Karpatoch, bukovinský tróg vo Východných Karpatoch). Pre Západné Karpaty sú 
charakteristické hojné drobné výskyty augititov a limburgitov v plytkovodných fáciách 
(vysokotatranská jednotka v Osobitej, výskyty v obale Nízkych Tatier), zrejme zviazaných so 
zlomami oddeľujúcimi prahy. Súvisia azda s blokovitou stavbou vnútorných Západných 
Karpát. V Alpách je známa výrazná ofiolitová formácia v penniniku (vo východnej časti Álp 
v sérii Rechnitz). Vo Východných Karpatoch sú ofiolity charakteristické pre preflyšové 
štádium jednotiek rozložených severne od Marmarošského masívu, t. j . pre jednotky „čierny" 
flyš a Ceahláu — Rachovo. 

Podiel ofiolitov a vôbec bázických telies vo flyšovom pásme Západných Karpát je 
obmedzený, viazaný hlavne na okraje trógov s kordilierami (tešinity). Drobné výskyty 
ultrabázických telies sú v bradlovom pásme a pravdepodobne sú výskyty ofiolitov v koreňovej 
časti magurského príkrovu. 
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Pre Západné a Východné Karpaty sú zvlášť charakteristické neovulkanity, vo Východných 
Alpách, zrejme v dôsledku nedostatku zázemia i nedostatku vnútorných tylových depresií 
chýbajú (obr. 15). Úzke spojenie Karpát s maďarským masívom (medzihorím) v treťohorách 
je evidentné. Priečne zlomy Západných Karpát sa prejavujú rozsiahlym vulkanizmom 
viazaným hlavne na stredoslovenský prelom. Vo Východných Karpatoch následkom zásahu 
tylovej depresie až k južnej hranici vonkajších Karpát (k bradlovému a flyšovému pásmu) 
prekrývajú neovulkanity podstatnú časť vnútorných zón. 

K osobitostiam maďarského masívu jv. od balatonskej línie rátame mocný vývoj permu 
s kremennými porfýrmi. Zo skúseností v Západných Karpatoch možno uvažovať o diferenco

vanosti kôry už pri hercýnskom vrásnení, metamorfóze a granitizácii, o vzniku permských 
žľabov pri okrajoch, resp. medzi blokmi s výraznejšími zónami granitoidov. Alkalický 
charakter spodnokriedových bázických telies (pripomínajúcich tešinity vonkajších zón Zá

padných Karpát) v pohoriach Mecsek a Villány, rovnako ako „severný" typ mezozoika dáva 
podnet k úvahám o príslušnosti jv. bloku maďarského masívu k severným zónam alpíd, a to 
buď v postavení tektonického okna (P. HORVÁTH—L. STEGENA—B. GÉCZY 1974), alebo 
v postavení bloku posunutého k juhozápadu (M. BLEAHU 1976). Slabinou týchto úvah je 
nedostatok nielen výraznejšieho tektonického paleoalpínskeho zásahu v pohorí Mecsek 
a Villány v Maďarsku, ale i nedostatok už spodnokriedových, prípadne strednokriedových 
flyšových sledov — znakov charakteristických pre severné zóny Západných Karpát. Zrejme 
tak „severný" typ triasu, ako i alkalické bázické telesá spodnej kriedy súvisia s paleotektonic

kým typom kôry maďarského masívu, ktorá bola v triase až v spodnej kriede pomerne hrubá. 
Na základe nálezov bázických telies (z vrtných jadier z podložia neogénnej výplne 

Maďarskej nížiny vrátane Zakarpatská) predpokladá sa pásmo ofiolitov (K. SZEPESHÁZY 
1973, E. SZÁDECKY—KARDOSS et al. 1967, G. N. DOLENKO—L. G. DANILOVIC 1976) 
západne od solnockého flyšového koryta i v jeho spodných predflyšových horizontoch. 
Obidva oddeľujú Apuseny od Západných Karpát lemovaných klinom maďarského masívu. 
Pásmo s bázickými útvarmi rovnako ako solnocké flyšové pásmo je zhruba súbežné 
s balatonskou líniou. Má pozíciu analogickú s murešskou ofiolitovou flyšovou zónou. Obidve 
tieto ofiolitové korytá predstavujú odnože vardarskej zóny vnikajúce hlboko na sever medzi 
bloky karpatského systému. Takúto medziblokovú pozíciu má i vardarská zóna, ktorá 
oddeľuje Srbskomacedónsky a pelagónsky masív. 

Severné Apuseny pripomínajú vnútorné Západné Karpaty hlavne rozložením väčších telies 
hercýnskych granitoidov, hojnosťou permu s mocnými kremennými porfýrmi a s melafýrmi 
v južnejších zónach. Ich neoalpínske vulkanity sú súčasťou okrajovej časti neotisie, ktorá 
zahrňuje vnútorné zóny Západných Karpát i Východných Karpát a maďarský masív. 
V priebehu jury až eocénu prekonali Apuseny vývoj, ktorý ich zviazal s dinaridami, a to vďaka 
vzniku ofiolitovej zóny Mureš. Tá je totiž paleogeograficky predĺžením vardarskej zóny, ale 
štruktúrne súčasťou Apusén (M. LUPU 1975). Prítomnosť vrchnokriedovopaleocénnych 
banatitov zväzuje Apuseny s Južnými Karpatmi. Apuseny teda predstavujú medziblok, na 
ktorom sa počas alpínskeho cyklu uplatňovali a miestami časové prekrývali vplyvy zo 
susedných areálov, ktoré usmerňovali magmatickú činnosť. Pásmo ofiolitov v Mureši, pásmo 
(predpokladaných) ofiolitov pri západnom okraji solnockého flyšového trógu v. od Apusén, 
spolu s príveskom (apendixom) bradlového pásma v oblasti Poiana Rusca a divergencia 
štruktúr Apusén naznačujú pohyb k V a rotáciu tohto bloku v smere hodinových ručičiek, 
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azda i v súvislosti so stenčovaním a rozťahovaním kôry v období zakladania ofiolitových 
trógov. 

Vysve t l ivky k o b r á z k o m 

Obr. 1 Schéma hlavných tektonických jednotiek Východných Álp, Karpát, Balkánu a dinaríd 

1. platformy, 2. čelná predhlbeň, 3. flyšové pásmo Východných Álp a Západných a Východných Karpát, 
a) vnútorné jednotky, 4. neskorotektonický flyš, 5. bradlové pásmo Karpát a) grestenská zóna Východ

ných Álp, b) zóna Kotel, 6. peninikum, 7. vnútorné masívy, 8. neovulkanity, 9. väčšie kotliny 

t e k t o n i c k é j e d n o t k y 

V ý c h o d n é A l p y : Oo — vrchnévýchodoalpinikum,NG — severnáGrauwackenzóna,UO — spodné 
východoalpinikum, GR — gracké paleozoikum, CK — východoalpské kryštalinikum, DR — zóna Drávy, 
NK — severné Karavanky 

V n ú t o r n é Z á p a d n é K a r p a t y : TS — tatridné jednotky a subtatranské príkrovy (križňanský, 
chočský, strážovský), V — veporidné jednotky, NG — severogemeridná jednotka, SG — juhogemeridné 
jednotky, BU — Bukové hory, FC — vnútrokarpatský flyš 

V n ú t o r n é V ý c h o d n é K a r p a t y : ZO — zemplinikum, BR — Bretilla jednotka, BC — bukovinské 
a subbukovinské príkrovy, T — transylvánske príkrovy, FT — transkarpatský flyš 

A p u s e n y : B — zóna Bihor, CA — príkrov CodruAriesani, BH — Biharia, MC — príkrov Muncel, MS 
— zóna Metaliferes, TS — príkrov Traskau, CM — centrálny masív 

J u ž n é K a r p a t y : DN — danubikum, G — getikum, SG —jednotka SaskaGornjak, KE — Krajštidy, 
SG — supragetikum, S — príkrov Severin (Kraina) 

Balkan : TR — prechodná zóna (severný okraj) Predbalkánu, FB — vlastný Predbalkán, SP — Stará 
planina, LK — Luda Kamčija, SR — Srednogorje, SS — Strandža — Sakar, R — rodopský masív 

Dinar idy — h e l e n i d y : JV — Venetské.JulskéaSavinskéAlpy,SF—vrásyoblastiSávy,HG — zóna 
hrastí a priekopových prepadiín, VZ — vardarská zóna, O — ofiolitová zóna, CD — centrálnodinárska 
zóna, MD — Mirdita príkrov, SC — subpelagónsky príkrov, D — zóna Durmitor, VK príkrov Vysoký Krš, 
DA — zóna dalmatínskych vrás, B V — jednotka Budva, KC — Krasta — jednotka Zukali, PI — jednotka 
Pindos, KJ — jednotka Kruja, SD — južnoadriatická jednotka, 1A — jónska jednotka, SZ — sazanská 
jednotka, IS — istrijská platforma 

C e n t r á l n y maďarský masív a j e h o v ý b e ž k y : MH — madarskéstredohorie,MK — Mecsek,VY 
— Villány 

N e o v u l k a n i c k é p o h o r i a : SM — Slovenské stredohorie, BÔ — Bórzsóny, CS — Cserhát, MA — 
Matra, PT — Prešovskotokajské vrchy, VG — Vihorlatskogutinské hory, CH — CalimanHargita 

Obr. 2 Mapa magmatitov Karpát, Balkánu a dinaríd 

1—4. ofiolity, 1. ultrabáziká — väčšie telesá a) malé telesá zväčša v príkrovovej pozícii, b) alkalické, 2. 
gabrá v sprievode diabázov, 3. spility — diabázy a) miestami hybridná asociácia: diabázporfyritkerato
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fýr-kremenný porfyrit, b) v podloží treťohornej panvovej výplne, 4. triasové diabázy (v sprievode menších 
intruzívnych telies); v spodnejších polohách hybridná asociácia: diabázporfyritkeratofýrkremenný 
porfýr, 5. predalpínske granitoidy a) synkinematické, 6. paleoalpínske granity a) synkinematické, 7. 
banatity a) intruzíva, b) vulkanity, c) prevažne pyroklastiká, 8. včasné neskorogeosynklinálne (priabón

oligocén) a) prevažne pyroklastiká, b) malé intruzíva, 9. a) neovulkanity (miocénpliocén), b) prevažne 
pyroklastiká, c) malé intruzíva, 10. bazalty (pliocénkvartér) 

Obr. 3 Geotektonické postavenie magmatitov Západných Karpát a východnej časti Východných Álp 

t e k t o n i c k é j e d n o t k y 

1. čelná predhlbeň, 2. flyšové pásmo, 3. bradlové pásmo Karpát, 4. grestenské bradlové pásmo, 
5. jadrové pohoria: tatridné kryštalinikum, a) jeho mezozoický obal TA; príkrovy: KA — krížňanský, 
CH — chočský.S — strážovský,6. veporidya) východoalpskékryštalinikum,7. gemeridnépaleozoikum, 
Grauwacken zóna a) paleozoikum Szendró, 8. severogemeridné mezozoikum — NG a) Severné vápen

cové Alpy — NA, 9. juhoslovenský kras (silický príkrov) — SG, 10. ofiolitoidná séria Búkku a meliatskej 
série, a) ofiolity peninika, 11. zemplínsky permokarbón, 12. gracké paleozoikum, 13. gosavská vrchná 
krieda, 14. centrálnokarpatský paleogén, 15. naložené depresie (oligocén — miocén) 

m a g m a t i t y 

16. predalpínske granitoidy a) synkinematické, 17. paleoalpínske granity, 18. eocénne granodiority, 
19. neovulkanity a) prevažne pyroklastiká, b) subulkanické a hypoabysálne telesá, c) vulkanické centrá, 
20. čadiče (pliocén — kvartér), 21. ultrabáziká a) väčšie „skryté" telesá, b) malé mezozoické telesá, 
c) predalpínske, d) neznámeho veku, 22. bázické intruzíva, 23. alkalické báziká až ultrabáziká, 
24. permské: kremenné porfýry a) melafýry, 25. predpermské báziká (diabázy) a) porfyroidy, 26. presu

nové línie, 27. hlbinné zlomy (geofyzikálne určené) a) zóny subdukcií 

význačne j š i e t e k t o n i c k é l ínie 

Pozdĺžne: B — balatonská, D — Darnó, R — rožňavská, L — lubenická, M — margecianska, Mu — 
muránska, P — pohorelská, Č — čertovická, Pp — peripieninský lineament, Le — lednická 

P r i e č n e z l o m y : Š — štítnický zlom, My — mytniansky zlom, Ja — jelša vský zlom, H — hornádsky zlom 

Obr. 4 Geotektonické postavenie magmatitov Apusén (zostavené na základe Tektonickej mapy KBO — 
edit. M. Maheľ 1974 a geologickej mapy Apusén — edit. M. Borcos. et al. 1976) 

t e k t o n i c k é j e d n o t k y 

1. neogénne panvy, 2. senóngosauský typ, 3. bihorský autochtón, 4. systém jednotiek Codru, 5. systém 
jednotiek Baia de Aries. (Biharia), 6. zóna Metaliferes, 7. ultragetikum 

m a g m a t i t y 

8. granitoidy hercýnske a staršie a) synkinematické, b) alkalické, 9. banatity: granity a granodiority 
a) vulkanity (andezitdacitryolit), 10. neovulkanity a) pyroklastiká, 11. serpentinity (peridotity) sčasti 
gabrá, 12. a) prevažne bazalty, b) spilityortofýrykeratofýryporfyrity, 13. permské vulkanity a) kre

menné porfýry, b) melafýry, 14. predvrchnokarbónske vulkanity a) metabazalty, amfibolity, b) porfy

roidy 
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Obr. 5. Geotektonická pozícia magmatitov Južných Karpát (zostavené na základe Tektonickej mapy 
KBO —editor M. Maheľ 1973 a geologickej mapy Rumunska) 

tektonické jednotky 

1. moeztjská platforma, 2. danubikum a) vnútorná zóna — Stará Planina, 3. getikum, 4. tektonická 
šupina SaskaGornjakKrajštidy, 5. ultragetikummoravskopenkovský príkrov, 6. srbskomacedónsky 
masív, 7. vardarská zóna, 8. predhlbeň a) vnútorná, b) vonkajšia, 9. flyšové pásmo Karpát, zóna Koula, 
10. severínsky príkrov, Ceahläu, 11. Predbalkán, 12. zóna Metaliferi (Mureš), 13. mezoalpínske vulka

nickosedimentárne priekopové prepadliny (typu Timok), 14. depresie a) paleogénne, b) neogénne 

magmatity 

15. predalpínske granitoidy a) synkinematické, 16. paleoalpínske žuly a) synkinematické, 17. banatity 
a) subvulkanické a hypoabysálne telesá, b) vulkanity, c) pyroklastiká, 18. neovulkanity a) vulkanity, 
b) hypoabysálne telesá, c) pyroklastiká, 19. ultrabázické horniny, 20. a) bázické intruzívne horniny,' 
b) spilitdiabázykeratofýryporfyrity, 21. predpermské báziká, 22. permské kremité porfýry, 23. pred
permské a) spilitdiabázy, b) porfyroidy 

Obr. 6 Geotektonická pozícia magmatitov na Balkáne (zostavené na základe Tektonickej mapy KBO — 
edit. M. Maheľ 1973 a prác E. Bončeva a kol.) 

tektonické jednotky 

1. moezijská platforma, 2. predbalkán, 3. Stará Planina, 4. zona Kotel, 5. ludakamčijská zóna, 6. Sred

nogorje a) Strandža, 7. rodopský masív, 8. srbskomacedónsky masív, 9. Krajštidy, 10. depresie a) neo

hercýnske, b) neoalpínskepaleogénne, c) neogénne, 11. jednotka Kraina a) zóna Koula, 12. hlbinné 
kôrové zlomy, kryptoruptúry, zlomy, 13. osi antiklinál, 14. presunové línie, 15. posuny 

magmatity 

1. predalpínske granitoidy a) predhercýnske (synkinematické), b) typ Stará Planina (zväčša synkinema

tické), c) hercýnske (?) — južnobulharské, d) alkalické intruzíva, e) strunská dioritová formácia, 
2. paleoalpínske granity a) synkinematické, 3. banatity a) intruzíva, b) vulkanity, c) prevažne pyroklasti

ká, 4. včasné neskorogeosynklinálne a) prevažne andezity, b) prevažne ryolity, c) pyroklastiká, d) sub

vulkanické telesá, e) dajky, 5. čadiče, 6. serpentinity, 7. bázické vulkanity (prevažne bazalty), 8. neoher

cýnske vulkanity a) kremenné porfýry, b) melafýry, 9. predvrchnokarbónske vulkanity a) metabázity, 
amfibolity, b) porfyroidy 

Obr. 7 Skica rozdielov hercýnskej konsolidácie vo vzťahu k typu triasu a k alpínskym magmatitom 

regióny rozdielnej hercýnskej konsolidácie 

1 regióny intenzívneho hercýnskeho vrásnenia, 2. regióny slabšej hercýnskej konsolidácie 

typy triasu 

3. kvaziplatformný typ (kontinentálny typ kôry), 4. austroalpínsky typ triasu (členitý šelf), 5. dinaridný 
tvP — paraliogeosynklinálny typ, 6. tauridný typ (s flyšovou tektofáciou) 
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magmatity 

7. hercýnske granitoidy a) synkinematické, b) alkalické, 8. permské melafýry (v príkrovovej pozícii), 
a) kremenné porfýry, 9. ultrabáziká a) malé telesá — zväčša v príkrovovej pozícii, b) alkalické, 10. gabrá 
(prevažne v sprievode diabázov), 11. a) spility — diabázy; sčasti asociácie; b) diabázporfyritkremenný 
porfyrit, keratofýr, 12. triasové diabázporfyrity, keratofýry — kremenné porfyrity 

Obr. 8 Skica zón rozdielnej hercýnskej stabilizácie a rozloženie jednotlivých typov permu v Západných 
Karpatoch 

1. bradlové pásmo, 2. zóny intenzívnej granitizácie a intenzívneho hercýnskeho vrásnenia a) prevažne 
autochtónne (tatridy a maďarský masív), b) v pozícii zväčša parautochtónnej až alochtónnej (južné 
veporidy), 3. masívy granitoidov a) na povrchu, b) v podloží neogénneho pokryvu, 4. zóny intenzívnejšie

ho hercýnskeho vrásnenia, ale bez rozsiahlejšej granitizácie (severné veporidy), 5. zóny menšej 
hercýnskej stabilizácie a) s malým podielom hercýnskych granitoidov, b) veľmi slabo postihnuté vrásne

ním a bez granitoidov, 6. perm a) melafýry, (v príkrovovej pozícii, b) kremenné porfýry, 7. perm 
a) suchozemského typu, T = tatridný; SV — severoveporidný; JV — južnoveporidný; Z —zemplínsky, 
b) chočského príkrovu, 8. severogemeridný perm, 9. perm sčasti morský okrajový typ rožňavskoželez

nícky, búkkský typ, 10. ofiolity a) ultrabáziká, b) bázické intruzíva, c) diabázy, d) kremité porfýrykera

tofýrydiabázy 

Obr. 9 Geotektonické postavenie magmatitov dinaríd a severnej časti heleníd (podfa tektonickej mapy 
karpatskobalkánskych regiónov a priľahlých oblastí — edit. M. Maheľ) 

tektonické jednotky 

1. istrijská platforma, 2. maďarský masív (V — Villány, M — Mecsek), 3. srbskomacedónsky masív, 
4. pelagónsky masív, 5. zóna Koráb, 6. vardarská zóna, 7. vnútrodinárske jednotky a) výstupy paleozoi

ka, 8. flyšové pásmo — Durmitor (J3—K2), 9. vonkajšie zóny dinaríd a) heleníd a adriatická zóna, 10. 
BudvaZukali, 11. naložená čelná predhlbeň a) väčšie vnútorné depresie paleogénne, b) neogénne, 
12. flyš neskorotektonický 

magmatity 

13. hercýnske a staršie granitoidy a) synkinematické, 14. paleoalpínske granity a) synkinematické, 
15. paleogénne granity, 16. neovulkanity, a) pyroklastiká, b) subvulkanické granity a granodiority, 
17. čadiče (pliocén), 18. spilitkeratofýrová asociácia (trias), 19. spilitdiabázová asociácia (juraspodná 
krieda), 20. intruzíva bázik a) metamorfované, 21. ultrabáziká a) metamorfované, 22. permské kremen

né porfýry a porfyrity, 23. predpermské spilitdiabázy 

Obr. 10 Tektonická mapa južných zón Západných Karpát so zvýraznením magmatitov 

tektonické jednotky 

1. mezometamorfity až katametamorfity veporíd, prevažne staropaleozoické, sčasti proterozoické, 2. 
séria Hladomornej doliny — staropaleozoická episéria veporíd, 3. staropaleozoická episéria gemeríd, 
4. devón Szendró, 5. karbón a) búkkský, b) severogemeridný, 6. veporidný perm, 7. severogemeridný 
perm, 8. rožňavskoželeznícka séria — perm, 9. perm Búkku, 10. krížňanská jednotka, 11. struženícka 
jednotka (spodný trias až jura) — obal veporíd, 12. severogemeridné mezozikum a) spodný trias, 
13. silický príkrov a) spodný trias, 14. meliatska séria (sčasti ofiolitová) — trias, 15. séria Búkku, 16. jura 
gemeríd, 17. vrchná krieda, 18. paleogénne depresie, 19. neogénne depresie 
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magmat i ty 

20. žulo-ruly muránskeho typu, 21. hercýnske žuly — trondhjemity. 22. paleoalpínske žuly. 23. granodio
rity a) eocénne, b) neoalpínske, 24. gabrá a diority a) mezozoické gábrá v sprievode ultrabázik a diabá-
zov, 25. menšie telesá mezozoických ultrabázik a) neistého veku, b) predalpínske, c) ultrabáziká v hĺbke, 
26. diabázy, porfyrity, kremenné porfýry (trias), 27. neovulkanity a) prevažne andezity, b) ryolity, 
c) pyroklastiká, 28. čadiče, 29. permské kremenné porfýry, 30. paleozoické diabázy a) porfyroidy 

hlavné z lomové l ínie 

B — balatonská, D — Darnó, R— rožňavská, L— lubenícka, M — margecianska, Mu — muránska, P — 
pohorelská, J — hlbinný zlom jelšavský, Š — štítnický zlom, H — hornádsky zlom 

Obr. Ha Geotektonické postavenie magmatitov vo Východných Karpatoch (na podklade Tektonickej 
mapy KBO — edit. M. Maheľ 1974 a geologickej mapy Rumunska 

t e k t o n i c k é j e n o t k y 

1. jednotka Bretila — Biely potok, 2. subbukovinský príkrov, 3. bukovinský príkrov, 4. skupina transyl

vánskych príkrovov, 5. getický príkrov, 6. zemplínsky ostrov, 7. krížňanský príkrov, 8. a) gemeridy, 
b) veporidy, 9. bradlové pásmo, 10. príkrov „Čierny flyš" (Kamenný potok), 11. príkrov Ceahláu 
(Rachovo) spolu s príkrovom Barault, 12. flyšové pásmo (príkrovy strednej a vonkajšej skupiny), 
13. čelná predhlbeň a) vnútorná, b) vonkajšia, 14. a) neskorotektonická paramolasa Bucceci, b) nesko

rotektonickýtranskarpatskýflyš, 15. neogénne depresie, 16. presunovélíniea) posuny, 17. zlomové línie 
a) predpokladané (určené geofyzikálnymi metódami) 

magmat i ty 

18. predhercýnske a hercýnske granitoidy a) synkinematické, 19. alkalické plutóny (detroity), 20. neo

vulkanity a) prevažne pyroklastiká, b) žuly, granodiority — male intruzie,21. pliocénne čadiče,22. ofio

lita) bazalty, b) spilitkeratofýrová asociácia, 23. ultrabazické horniny, a) malé telesá, 24. permské 
kremenné porfýry, 25. predpermske a) metabazalty, amfibolity, b) porfyroidy 

Obr. 11b Paleogeolografická skica vnútorných Západných Karpát počas jury a spodnej kriedy a nad

väznosť na Východné Alpy M. MAHEĽ, 1978) 

1. Západokarpatský intraoceanický prah, neskoršie tektonicky preformovaný v A —príkrovy: a) 
vysockej skupiny, b) manínsky, B — tatridné jednotky zväčša paraautochtonne ; la. západné pokračova

nie západokarpatského intraoceanického prahu do Východných Álp: A — Mittelostalpin, B — 
Unterostalpin; 2. Kordiliery ostrovnej zóny bradlového pjásma; a) sprievodný žľab (trenč); 3. tróg 
s hrubou kontinentálnou kôrou; a) jeho okrajová prahová časť; 4. tróg s tenšou kontinentálnou 
(suboceanickou kôrou; a) jeho príprahová časť; 5. tróg s oceanickou kôrou; a) s paraoceanickou až 
oceanickou kôrou; 6. krátkodobé žľaby na širokom oceanickom prahu: SG — juhogemeridný, TD — 
transdanubijský: 7. široký vnútrooceanický prah 

Obr. 12a Skica vzťahu prejavov alpínskych vrásnivých periód k magmatitom v karpatskobalkánskom 
systéme 

magmat i ty 

1. ultrabáziká a) malé alochtónne telesá, b) alkalické, 2. intruzívne báziká (hlavné gabrá), 3. spility 
a diabázy (jura — spodná krieda) a) v podloží treťohornych sedimentov, b) kremenné porfýry, keratofýry, 
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diabázy, c) alkalické báziká a ultrabáziká, 4. triasové diabázy, porfyrity, kremenné porfýry, keratofýry, 
5. paleoalpínske granitoidy a) synkinematické, 6. mezoalpínske banatity a) vulkanity, b) prevažne py
roklastiká, c) subvulkanické a plutonické telesá, 7. treťohorné vulkanity, A) včasné neskorogeosynkli

nálne (priabónoligocénne), B) neskorogeosynklinálne (miocénpliocén), a) pyroklastiká, b) subvulka

nické a intruzívne telesá, 8. bazalty 

regióny 

9. a) výraznejšie postihnuté kimerským (hlavne neokimerským) vrásnením, b) paleoalpínsky zvrásnené 
(za austrijskej až subhercýnskej fázy), c) len slabo paleoalpínsky postihnuté, 10. mezoalpínsky zvrásnené 
(za laramskej až pyrenejskej fázy), 11. neoalpínsky zvrásnené (za sávskej až štajerskej fázy), 12. nesko

roalpínsky (koncom neogénu a vo štvrtohorách) postihnuté vrásnením 

Obr. 12b Geotektonická pozícia granitoidov 

1. predalpínske granitoidy a) synkinematické, b) alkalické, 2. a) paleoalpínske granity, b) synkinematic

ké, 3. mezoalpínske banatity — interorogénne, 4. subvulkanické a intruzívne telesá a) včasné neskoro

geosynklinálne (priabónoligocén), b) neskorogeosynklinálne (miocénpliocén), 5. čelná predhlbeň, 
6. flyšové pásmo Karpát, Východných Álp, vonkajšie zóny dinaríd, heleníd a Balkánu, 7. a) bradlové 
pásmo, b) grestenská zóna, c) zóna Kotel, 8. a) vnútorné zóny, b) neskorotektonický (backarc) flyš, 
9. intrageosynklinálne masívy, 10. vnútorné depresie, 11. hlavné tektonické línie a) posuny 

Obr. 13a Skica rozloženia vrchnojurskospodnokriedových oceanických žľabov vo vzťahu k ofiolitom 

1. stredné masívy a) výstupy paleozoika v dinaridách, 2. oblasti s tenkou kôrou (kvazioceanickou) 
v triase, 3. žľaby s oceanickou kôrou vo vrchnej jure a v spodnej kriede, a) s mocnými silicitmi, 
b) s preflyšom, c) so silicitmi a s preflyšom, 4. a) žľaby s tenšou kontinentálnou kôrou s pelagickými 
karbonátmi a so silicitmi, b) sprievodné prahy, 5. priehlbeniny s pelagickými karbonátmi na platniach 
(zväčša na okrajoch) s hrubšou kontinentálnou kôrou, 6. ultrabáziká, a) malé telesá zväčša v príkrovovej 
pozícii, b) alkalické, 7. gabrá v sprievode diabázov a) alkalické báziká, 8. spility — diabázy a) v podloží 
terciérnej výplne bazénov, 9. triasové diabázy (v sprievode menších intruzivnych telies); v spodnejších 
polohách hybridná asociácia: diabázporfyritkeratofýrkremenný porfýr 

Obr. 13b Predpokladaný priebeh trógov. Vysvetlivky pozri pri obr. 13a. 

Obr. 14a Skica rozloženia ofiolitov vo vzťahu k flyšovým tektonogrupám 

flyšové tektonogrupy 

1. vrchnokriedovopaleogénne flyšové pásmo a) miestami naložené v pásmach preflyšu; jednotky: 
M = magurská, Si = sliezska, K = Kruja, J = jónska, 2. titónspodnokriedový flyš (prevažne preflyš) 
a) v podloží mladšieho flyšu: So — solnocký, BN — „čierny flyš", C — Ceahláu, Se — Severin, T — 
Trojan, SS — Strandža, Sr — Sarajevo, V — vardarská zóna, Mu — Mureš, Z — Zukali (Gassau), 
3. vrchnokriedový vulkanogénny flyš so vzťahmi k banatitom, 4. flyš až flyšoid typu backarc a) v podloží 
molasovej výplne, 5. ultrabáziká a) malé telesá, zväčša v príkrovovej pozícii, b) alkalické, 6. gabrá (v 
sprievode diabázov), 7. spility — diabázy; v menšej miere hybridná asociácia a) v podloží treťohornej 
výplne bazénov, b) alkalická, 8. triasové diabázy v sprievode menších intruzív; v spodnejších polohách 
hybridná asociácia diabázporfyritkeratofýrkremenný porfýr 
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Obr. 14b Skica geotektonického postavenia banatitov 

1. platformy (M = moesijské) a stredné masívy (SM = srbsko-macedónsky; R — rodopský), 2. bihor-
ský autochtón, 3. príkrovové jednotky severných Apusén, 4. ofiolitové zóny: M = Metaliferes; V = var-
darská, a) trojanská flyšová zóna (titón — spodná krieda), 5. a) zóny preflyšu so sprievodom bázik 
a ultrabázik: C = Ceahläu, S = Severin, SS = Strandža, b) trojanský flyš (titón — spodná krieda), 
6. a) flyšové pásmo balkaníd = FB, b) BFC = hlavné flyšové pásmo východných Karpát, 7. vrchnokrie-
dové formácie sprevádzajúce banatity, a) flyš, b) pestré vulkanosedimentárne fácie, c) gosauský typ málo 
postihnutý vrásnením, 8. banatity a) väčšie telesá efuzív, b) subvulkanické a plutonické telesá, 9. zóny 
subdukcie 

Obr. 15a Geotektonická pozícia neskorogeosynklinálnych vulkanitov 

1A — včasné neskorogeosynklinálne vulkanity (vrchný eocén — oligocén) a) pyroklastiká, b) hypoaby

sálne a intruzívne telesá IB — neskorogeosynklinálne vulkanity (miocén — pliocén) a) pyroklastiká, 
b) hypoabysálne a intruzívne telesá, 2. bazalty (pliocén — kvartér), 3. väčšie podpovrchové telesá 
spodnomiocénnych vulkanitov, 4. čelná predhlbeň, 5. flyšové pásmo Karpát, Východných Álp, vonkajšie 
zóny dinarídheleníd a Balkánu, 6. a) bradlové pásmo, b) grestenská zóna, c) zóna Kotel, 7. a) vnútorné 
zóny, b) neskorotektonický (backarc) flyš, 8. intrageosynklinálne masívy, 9. vnútorné depresie, 10. 
hlavné tektonické línie a) posuny 

Obr. 15b Mapa neskorogeosynklinálnych vulkanitov a tektonických jednotiek 

1. paleogénne (priabón — oligocén) panvy, 2. posávske panvy a) príkrovové jednotky, 3. poštýrske 
panvy a) príkrovové jednotky, 4. pliocénne panvy, 5. čelná predhlbeň a) vnútorná — zasiahnutá 
neskoroštýrskym až valašským vrásnením, b) vonkajšia, 6. včasné neskorogeosynklinálne vulkanity 
(vrchný eocén — oligocénne) a) malé hypoabysálne a intruzívne telesá, 7—8. neskorogeosynklinálne 
vulkanity a) hypoabysálne telesá), 7. prevažne miocénne (hlavne bádensarmat), 8. prevažne pliocénne, 
sčasti až kvartérne, 9. väčšie podpovrchové telesá miocénnych vulkanitov 

Obr. 16 Vývojový model Západných Karpát — zostavil M. Maheľ 1977 

1. plášť, 2. ruložulový sloj, 3. príkrovové komplexy, 4. prejavy vysokotermálnej a vysokotlakovej 
metamorfózy, 5. zóny subdukcie vysokotlakovej a nízkotermálnej metamorfózy, 6. a) preniky granitoi

dov, b) diapirické výstupy, 7. prejavy vulkanizmu s prevahou kremenných porfýrov s prevahou spilitov, 
diabázov; melafýrov, 8. ofiolity a ofiolitoidné magmatity, 9. mocnejšie radiolarity, 10. trógové fácie, 
prevažne slieňovce, 11. a) flyš, b) piesčitý, 12. šelfové detritiká s prevahou pelitov a) pieskovcov, 
13. a) šelfové a prahové karbonáty, b) intrageosynklinálnych prahov, c) pelagické karbonáty bazénov, 14. 
molasy, 15. výstupy bázickej až ultrabázickej magmy, 16. presunové línie; hlbinné zlomy, 17. zóny 
roztiahnutia kôry 

hlbinné zlomy 

B — balatonská línia, D — Darnó línia, R — rožňavská línia, L — lubenícka línia, M — muránsky zlom, 
C — čertovická línia, Pp — peripieninský lineament, Le — lednická línia 
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Obr. 17 Tabuľka ukazujúca vývoj Západných Karpát — zostavil M. Maheľ 1977 

l.a)preniky granitoidov, b) diapirické výstupy, 2. aspidná až flyšoidná, sčasti flyšová formácia, 
3. a) kremenné porfýry, b) spilitdiabázy; melafýry, 4. telesá ultrabázik a) bázických intruzív, b) alkalic

kých bázik a ultrabázik, 5. andezity a ryolity a) čadiče, 6. pieskovce, kremence a) karpatský keuper, 
7. a) plytkomorské detritické sedimenty, b) s prevahou pelitov, 8. a) šelfové vápence, b) dolomity, 
9. karbonáty intrageosynklinálnych a) prahov, b) bazénov až trógov, 10. trógové fácie a) prevažne 
slieňovce, b) slienité vápence, 11. mocnejšie rádiolarity, 12. a) flyš, b) piesčitý, 13. šelfové a prahové 
sedimenty s prevahou pelitov, a) pieskovcov, 14. molasy, 15. a) prejavy vysokotermálnej a vysokotlako

vej metamorfózy, b) zóny subdukcie; vysokotlakovej a nízkotermálnej metamorfózy, 16. presuny, 
17. prešmyky; prejavy vrásnenia 
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Mnxaji Marejib 

reoTeKTOHHHecKa» IHHHUHH MarMaTHTOB B KapnaTax, 
Ha EajiKaHe H B /Xmiapiiflax 

Pe3K)Me 

B B e a e H H e 

TeKTOHHHecKaa KapTa KapnaTO-6a;iKaHCKHx peraoHOB 1 : 1 0 0 0 0 0 0 (M. MArEjib 
1973) noKa3biBaeT HeKOTOpbie xapaKTepHbie nepTbi no3HHHH MarMaTHTOB B B O C -
TOHHbix Ajibnax, KapnaTax, Ha BajiKaHe H B flHHapHflax. TaKHMH nepTaMH HBJIH-
KJTCH: 

- H3o6HJiHe nacTO KpyriHbix Teji rpaHHTOHflOB «oajibnHHCKHx H TOJibKO He6ojib-
uiHe, nacTO cnopajrHHecKHe TeJia ajibnHHCKHx rpaHHTOHrjoB; 

- conpOBOxaeHHe jrpeBHeňuiHx HeorepqHHCKHX MOJiacc (BepxHHH KapôoH -

nepMb) ByjiKaHHTaMH npeHMymecTBeHHO KHCjibiMH, ocoôeHHO KBapueBbiMH nop-

cpnpaMH; 
- MHoroHHCJieHHbie ByjiKaHHTbi (npeHMymecTBeHHO ocHOBHbie) B jTOKap6oH-

CKHX KOMnjieKcax H HX opraHHHeHHoe pacnpocrpaHeHHe B ajibnHHCKHx KOMII-
jieKcax; 

- Hpxaa B) JiKaHO-njiyTOHHMecKaH cpopMaunH MOKOporeHHwecKoro THna, reHe-

THHeCKH CBH3aHHa» C AOMOJiaCCOBblMH BbinOJIHeHHHMH npoflojibHbix rpaôeHOB Ha 
BannaHe, B KbKHbix KapnaTax H AnyceHax (oaHaTHTOBaa cpopMauHa); 

- oôniHpHbie TpeTHHHbie ByjiKaHHTbi c npeHMymecTBOM aHae3HTOB, conpoBO>K-

flaeMbie pHOJIHTaMH, CBH3aHHbIMH C MOJIOflblMH aenpeccHHMH; 
- MHoroHHCJieHHbie, HO HeóojibuiHe Tejia njiHoueHOBO-weTBepraHHbix 6a3ajib-

TOB, paCCeHHHbie OCOÔeHHO B HHTepHHflHblX 30Hax. 
C TOHKH 3peHHH reoTeKTOHHKH, onnpaacb Ha BbimenpHBeneHHbie naHHbie, Mar-

MaTHTbi BbiflejiaiOTCH B cjiejryiomHe rpynnbi : 
- rpaHHTOHflbi, TecHO cB«3aHHbie c npoueccaMH CKnajiHaTOo6pa30BaHHH 

n c (popMHpoBaHHeM crpyKTypHbix njiaHOB; 
- HeorepuHHCKHe no3flHereocHHKJiHHajibHbie ByjiKaHHTbi, TecHO reHeranecKH 

CB$naHHbie c rpaHHTonriaMH H conpoBOKjraiomHe MOJiaccoBbie BbinojiHeHHH >Kejio-
6 O B H flenpeccHň; 

- floajibnHHCKHe 3BreocHHKJiHHajibHbie ByjiKaHHTbi - conpoBOKfleHHe rjoKap-
60HCKHX CBHT ajibnHfl; 

- Me30ajlbnHHCKHe OCpHOJIHTbl H 6a3ajIbTOHflbI, CBH3aHHbie C OTfleJIbHbtMH 
cTpyKTypHbiMH noacaMH; 

- Me3oajibnHHCKHe MOKoporeHHHecKHe MarMaTHTbi ByjiKaHO-njiyTOHHHecKHe 
(6aHaTHTbi) B conpoBoxfleHHH rpaôeH-CHHKJiHHopHeB H rpaôeHOB, BbinojiHeHHbix 
OTiacTH ajibnHHCKHMH MOjiaccaMH, B ôojibuiHHCTBe cjiynaeB cpjiHineM; 

- no3flHereocHHKJiHHajibHbie HeoByjiKaHHTbi, reHeTHHecKH CB$i3aHHbie c Tpe-

THHHblMH flenpeCCHHMH, BbinOJIHeHHblMH MOJiaCCaMH HeCKOJIbKHX CTaflHH pa3BHTHH, 
CTaflHH OKOHMeHHfl Mop(pocTpyKTypHoro njiaHa; 

- (pHHajibHbie ByjiKaHHTbi, CB$i3aHHbie c nocneoporeHHHecKoň craflHen ajibrmri. 
B 3TOM nopaflKe Mbi H 6yaeM MarMaraTaMH 3aHHMaTbca. 
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a) TpaHHTOHflHbie nopof lb i B 6ojibuiHHCTBecjiyMaeBreHeTHMecKHCBa3aHbi 
c npoueccaMH cKJiaflKOo6pa30BaHHa 6oJiee rjiyÔHHHoro xapaKTepa H C HHMH 
BbBBaHHbIM npOUeCCOM paCTeHHa TOJIIUHHbl KOpbl. OflHaKO, COCTOaHHe 3pejIOCTH 
KOpbl B OTfleJIbHblX UHKJiaX pa3BHTHH pa3JIHHHO. Pa3JIHMHbI TaKace npOHBJieHH5I 
rpaHHTH3aiIHH B OTflejlbHblX UHKJiaX. 

florepuHHCKHe rpaHHTOHflbi, CBa3aHHbie reHeTHHecKH c 6aňKajicKOH H ôojiee 
ApeBHHMH cKJiannaTOCTaMH, B 6ojibiiiHHCTBe cjiynaeB HBJTHKJTCH CHHKHHeMaTHMec

KHMH, TeCHO CB«3aHHbIMH C MHrMaTHTH3aH,Heťí, aHaTCKCHCOM H HpKHM peľHOHaJlb

HblM MeTaMOp(pH3MOM. 
CaMbiMH nacTbiMH M TaKxe no CBoeMy 3HaHeHHio B pa3BHTHH H crpoemiH ajibnnfl 

caMbiMH Ba>KHbiMH aBJíaioTca repuHHCKHe rpaHHTOHflbi. fljia HHX xapaKTepHO 
uinpoKoe crrpyKTypHoe TeKTOHHMecKoe pa3Hoo6pa3He, mnpoKHH flnana30H BpeMe

HH, cpaBHHTejibHO He6ojibiuaa ujKajia n.H(p<pepeHU,HanHH coflepacaHHa. CHHKHHeMa

THHecKHe rpaHHTOHflbi, TecHO cBa3aHHbie c MaHraeň B HeKOTopbix 30Hax, npeflcraB

jiaioT COÔOH o6biKHOBeHHo caMbie flpeBHHe H OTMacra caMbie rjiyÔHHHbie npoaBJíe

HHa repnHHCKOH rpaHHTH3auHH. Mame scero BcrpeMaioTca 6ojibuiHe Tejia ôaTOJín

TOB H o>aKOJiHTOB, OKa3braaiomHe TecHyio reHeTHHecKyio CBa3b He TOJibKO c npo

ueccaMH cKJiaflKoo6pa30BaHHa ,HO, cjieflOBaTejibHO, TaKace co CTpyKTypHbiM njia

HOM. B ôojibuioM KOJiHMecTBe cnyMaeB flJia HHX xapaKTepHO flHannpoBoe noflHarae, 
flOCTHraioinee ypoBHa apo3HH. 

Bjiaroflapa o6pa30BaHHaM óojibiiiHX 6aTOJiHTOB H cpaKOJíHTOB H HX nocreneHHO

My noflHaTHio, flnannpoBOMy noflbeMy, B03HHKaeT oco6biň TeKTOHHMecKHH crajib. 
06pa3yioTca cmiaflKH uinpoKoro pacnpocTpaHeHHa, MeraaHTHKJiHHajibHbie CBOflbí, 
Hanp. B HeKOTopwx KepHOBbix ropHbix MaccHBax 3anaflHbix KapnaT B TaTpnflax, 
6paxHaHTHKJiHHajiH PofloncKoro MaccHBa H CepÔHHCKOMaKeflOHCKoro MaccHBa. 
PerHOHbi, MeHee 3aTpoHyrbie rpaHHTH3anHeň, BbiaBJíaioT 30Hbi y3KO OKaTbix 
CKJiaflOK H HaflBHroB (Hanp. B KpHCTajiJiHHecKOM ocHOBaHHH MepHoň ropw B3anafl

Hbix KapnaTax; cHcreMa 6HCTPHHKOH rpynnbi noKpoBOB B BocTOHHbix KapnaTax) 
(KPEHTHEP 1972). TepuHHCKaa cKJiaflMaTOCTb paflOM c o6pa30BaHHeM rpaHHTOHfl

Hbix Teji, noBHflHMOMy, npoaBJíaeTca oneHb apKO npn (popMHpoBamiH cTpyKTypHO
ro njiaHa. 

Bojiee KpynHbie rpaHHTOHflHbie Tejia c TeHfleHHHeň K noflHaraio HBJíaioTca TaK*e 
MopcpocTpyKTypHbiM fleaTejieM. CBOflbí cTaHOBaTca MaTepnajioM CHOca, Bbinojma

IOIHHM npnjieraiowHe xejioôbi , ccpopMHpoBaHHbie BflOJib OKpaHH HJIH ace Me>Kfly 
30H8MH rpaHHTOHflHblX Teji. 

r ipouecc repHHHCKoň rpaHHTH3an,HH npoxoflHJi B IHHPOKOM npoMexyTKe BpeMe

HH, c KOHna neBOHa «o KOHna nepMH H OH cocpeflOTOHHJica ocoôeHHO Ha OTfleJibHbix 
CTaflnax repHHHCKoň cKJiaflMaTOCTH. OrpyKTypocpopMHpyíomHe npoaBJíeHHa CBa

3aHbi c 6ojiee npeBHHMH, MopcpocTpyKTypHbie c 6ojiee MOJioflbiMH CTaflHaMH 
c o6pa30BaHHeM MOJiaccoBbix >KCJIO6OB H flenpeccHH, conpoBoacflaeMbix ByjiKaHH

TaMH. B conpoBO>KfleHHH 6ojiee flpeBHeň HJIH HHJKHCH MOJiaccbi B noacax MeHee 
nocTHrHyTbix repHHHCKoň rpaHHTH3an,Heň B nepMH BCTpenaioTca Mame ocHOBHbie 
nopoflbí, B reMepHflax fla>Ke B conpoBoacfleHHH HeôojibiiiHX yjibTpaocHOBHbix Ten. 
B 30Hax ôojiee HHTCHCHBHO 3aTpoHyTbix rpaHHTH3au,Heň Macro BcrpeMaioTca 
KBapueBbie nopcpnpbi B conpoBOXfleHHH ôojiee MOJIOAOH cyxonyraoH MOJiaccbi. 
B TO >Ke BpeMa OHH CHHxpoHHbi c caMbiMH MOJioflbiMH npoaBJíeHHaMH rpaHHTH3aUHH 
B npHMbiKaiouíHx peraoHax noflHaTHH. O TecHoň reHeranecKOH CBa3H KBapueBbix 
nopcpnpoB H rpaHHTOHflOB cBHfleTejibCTByeT npHcyTCTBHe rpaHHTnopcpnpoB Hanp. 
B ceBepoBenopHflHOM *e j io6e 3ana«Hbix KapnaT, HO Taicxe H 6oJiee KHCJIWH 
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xapaKTep MarMbi KBapiieBbix nopcpnpoB H nepMCKHX anjíHTOB, nerMaTHTOB H Jieň-
KOKpaTOBblX rpaHHTOB. 

KflapqeBbie nopcpnpbi nepMH aBJíaioTca, cjieflOBaTejibHo, noBepxHocTHbiM 
npoHBjieHHeM MarMaTH3Ma, CBa3aHHbiM c rpaôeHaMH c apKoň TeHfleHirneH onycKa-

Hna. B 6ojiee K»KHbix 30Hax B nepMH B conpoBO>KfleHHH BepxHHX MOJiacc BcrpeMa-

K)Tca TaiOKe Mejia(pHpbi. H o 6jiaroflapa He6ojibinoMy npncyTCTBHK) nHpoKJiacTH-

MecKoro MaTepnajia OHH B flajieKO MeHbmeň creneHH ynacTByiOT BO BJinaHHH Ha 
ocaflKOHaKonjieHHe. H o 3TH 3OHW c MejiacpnpaMH He OKa3biBaK5T npH3HaKOB ôojiee 
apKoro nporjiyôjieHHa. PeMb HfleT He 06 yTOMHeHHH Kopw BO BpeMa HX noflHaTHa, 
a o ee npepBaHHH, o pacKpbiTHH noflBOflHbix KaHajiOB B ôojiee rjiyôoKHe MacTH. O 6 
STOM CBHfleTejibCTByeT TaK*e xapaKTep Teji ™na CHJIJIOB H TaKxe MepeflOBaHHe 
MejiacpHpoB H KBapqeBbix noptpnpoB B HeKOTopbix peraoHax, Hanp. B HepHOH rope 
B 3anaflHbix KapnaTax, B BajiKaHHflax, HO OCOÔCHHO B AnyceHax B eflHHHqe Koflpy. 

TepnHHCKaa rpaHHTH3au,Ha reHeTHMecKH TecHO CB»3aHa c MeTaMop(pH3MOM He-

paBHOMepHoň HHTeHCHBHOCTH. HanpHMep B 3ana«Hbix KapnaTax B 30Hax 6ojiee 
apKoň rpaHHTH3auHH ôojiee flpeBHHH najieo3oň noflBeprHyTMeTaMopcpH3My BnjioTb 
flo (paqHH aM(pH6ojiHTOB, 30Hbi MeHee nocTHrHyTbie rpaHHTH3aqHeň MeTaMopcpH-

30BaHbi TOJibKo flo (paqnn 3ejieHbix cjiaHqeB. HHTeHCHBHOCTb MeTaMop<pH3Ma BO 
BpeMa repHHHCKoň CKJiaflMaTOCTH Ha KaacflOH creneHH noHHxaeTca, 6ojiee cjiaôbie 
ee npoaBJíeHna MOXHO HaôjnoiiaTb flaace B nepMH. MeTaMop<pH3M nepeRpncrajuiH-

3aqHOHHoro xapaKTepa H rpaHHTH3aqHa CBHfleTejibCTByiOT o rjiyÔHHHOM xapaKTepe 
repuHHCKOH CKJiaflMaTOCTH. H o npn STOM o6pa30Bajica cjioacHbiň crpyKTypHbiň 
njiaH 6anee 3Ta>KHbiH, c aBHbiMH HecorjiacHaMH. H o rjiaBHbiM pe3yjibTaTOM r e p -

IIHHCKOH CKJiaflMaTOCTH, rpaHHTH3au,Hn H MeTaMoprpH3Ma aBJíaeTca yrojiiiieHHe 
Kopbi - ee CHajiH3aqna, MTO 3HaMHT cymecTBeHHbiň nepeBopoT B pa3BHTHH ajibnHH-

CKOH reOCHHKJIHHajIbHOH CHCTeMbI, HaMajIO HOBOľO UHKJia, HO OflHOBpeMeHHO 
H HOBoro Tnna reocHHKjiHHajín c cymecrBeHHbiMH H3MeHeHHaMH B rjiaBHbix npouec-

cax B ceflHMeHTauHH, CKJiaflMaTOCTH H B MeTaMopcpH3Me. H o HeoôxoflHMO noflMepK-

Hyrb HepaBHOMepHOCTb repirHHCKoň rpaHHTH3au,HH H CTa6HJiH3aiiHH B OTflejibHbix 
npocTpaHCTBax H 30Hax, oóycjiOBHBiuyio pa3JiHMne H B 3HaMHTejibHoň creneHH 
TaioKe pacMJieHeHHOCTb ajibnHHCKoň reocHHKJiHHajiH BO BpeMa ee flajibHeňmero 
pa3BHTHa. 

Mame Bcero BcrpeMaiOTca rpaHOflnopHT-rpaHHTbi c 6ojiee y3Koň uiKajioň flncp-

(pepeHUHaqHH. Bojiee innpoKoe BemecTBeHHoe coflepacaHHe H ôojibiuee KOJIHMCC-

TBO (popMaqHH rpaHHTOHflOB BcrpeMaeTca B 6ajiKaHHflax H B oojiacrn reocHHKJin-

HajibHo 6ojiee pacMjieHeHHoň (E. BOHMEB 1967), rfle paflOM c rpaHOflHopHT-rpaHHT-

HOH acconnaiiHeň BcrpeMaiOTca Toace B 6ajiKaHHflax ra66po-njiarHorpaHHTHaa, 
ra66poflHopHT-rpaHOflHopHTOBaa H mejioMHaa raôôpo-CHeHHTOBaa accounairHH (E . 
JJHMHTPOBA Hflp. 1975). Be3fle Macro BcrpeMaiOTca anjíHTbi H nerMaTHTbi, HOTaKace 
H MeHbiiiHe Tejia JieňKOKpaTOBbix rpaHHTOB, Macro OTHOcamnxca K nepMCKOMy 
B03pacry. 

YnacTHe ajibnHHCKHx rpaHHTOB B (popMHpoBaHHH ajibnHHCKoro CTpyKTypHoro 
njiaHa Heôojibinoe. 3 T O rjiaBHbiM o6pa30M HeôojibuiHe Tejia, orpaHHMeHHbie 
30HaMH floajibnHHCKoro KpHCTajijiHMecKoro ocHOBaHHa H CHJibHO oôpaôoTaHHbie 
najieo- BnjioTb flo Me3oajibnHHCKoň CKjiaflMaTocraMH. Bojiee KpynHbie Tejia TaKJKe 
CHHKHHeMaTHMeCKHX rpaHHTOHflOB BCTpeMaiOTCa, TJiaBHblM o6pa30M, B ôojiee 
K»KHbix Macrax CepÓHHCKO-MaKeflOHCKoro MaccHBa B o6jiacrax y * e 3HaMHTejibHo 
nOCTHľHyTblX KHMMepHHCKOH CKJiaflMaTOCTbK}. AjIbnHHCKaa CKJiaflMaTOCTb OTJIH-

MaeTca oôuiHpHbiM coKpaiqeHHeM Kopw H pa3Hooôpa3HeM TCKTOHHMCCKHX crajieň 
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(pe3yjibTaT pacMJieHeHHocrn H pa3JiHMna TOJiiqHHbi H MexaHHMecKHX KaMecTB 
BemecTBeHHoro BbinojiHeHHa oTflejibHbix 30H ceflHMem-aqHH). CaMbiM apKHM 
npoHBJieHHeM 3Toro coKpaiqeHHa aBJíaKvrca noKpoBbi npnnoBepxHOCTHbie H ôojiee 
rjiyÔHHHbie, 30Hbi HHreHCHBHoro oKaraa H 30Hbi MejiaH>KeH, cBHneTejibCTBytounie 
o cyôflyKHHH. TaKne xapaKTepHbie npoaBJieHHa, KaK rpaHHTH3aqHa H MeTaMop-
cpH3M, cBa3aHHbie c repqHHCKOH CKJiaflMaTOCTbK), B ajibnnňcKOH CKJiaflMaTOCTH 
HaBepHO HMeiOT ôojiee 3HaMHTejibHbiň npnnoBepxHocrHbiH xapaKTep. reocHHKJin-

Hajib ajibnHHCKoro Tnna OTJiHMaeTca ôojiee 3HaMHTejibHoň flHHaMHKoň H, rjiaBHbiM 
o6pa30M, pacMjieHeHHOCTbK), MeM reocHHKJiHHajib floajibnHHCKaa, H STO npHBOflHT 
TaKMCe K OCHOBHbIM pa3JlHMHaM B paCnpOCTpaHeHHH H THne MarMaTHTOB. IloSTOMy 
pacnpocTpaHeHHoe pacMJieHeHHe MarMaTHTOB no IilTHJiJie Ha HaMajibHbie, oporeHH-

MecKne H cyôceKBeHTHbie c 6ojiee innpoKOH rjioôajibHoň CHJIOH aBJiaeTca CJIHUJKOM 
cxeMaTHMecKHM fljia reocHHKJiHHajiH ájibnnfl. 

Bojiee Ba>KHyio pojib B crpoeHHH ajibnnfl nrpaioT Tejia rpaHHTOHflOB, o6pa3y-

loiqne cocTaBHyio MacTb ByjiKaHO-njiyTOHHMecKHx (popMaqnfi Me3oajibnHHCKHX 
(6aHaTHTOBbiH THn). Aojia HHTpy3HH H rnnaÔHCcajibHbix Ten H BejiHMHHa HeKoro-

pbix HaBepHO HMeiOT CBa3b c cocToaHneM Kopbi, o6ycjioBJieHHbiM MepeflyroiUHMHca 
OKHMaiOUIHMH flBH>KeHHaMH (jiapaMHHCKHMH H HJIHpHHCKHMH HJIH >Ke nHpeHeHCKH-

MH). MeHburne Tejia rpaHOflnopHTOB, ocoGeHHO rnnaÔHCcajibHbie, conpoBO>KflaioT-

ca TaK>Ke HeoByjiKaHHTaMH. Mx B03HHKHOBeHHe CBa3aHO c ocjiaôJieHHeM Hanpa>Ke-

Hvia B Kope. 
6) Moj iof lo repqHHCKHe no3flHereocHHKJiHHajibHbie ByjiKaHHTbi re -

HeTHMecKH cBa3aHbi c HeorepuHHCKHMH, rjiaBHbiM o6pa30M nepMCKHMH >Kejio6aMH 
H flenpeccnaMH, BbinojiHeHHbiMH MOJiaccaMH. O H H aBJíaioTca 3ano3flajibiM noBepx-

HocTHbiM npoaBJieHHeM ooiunpHOH repqHHCKOH CHajiH3aqnn Kopbi. Haiqe Bcero 
OHH BcrpeMaiOTca: a) B >KeJio6ax, OTflejiaromnx noacbi ôojiee 3HaMHTejibHoň 
repUHHCKOH rpaHHTH3aUHH, 6) BflOJIb BHyTpeHHHX OKpaHH repHHHCKH CTa6HJIH3H-

poBaHHbix npocTpaHCTB. Bjiaroflapa rjiy6oKO 3aTparHBaioinHM pa3JioMaM TaM 
npoH3oniJiH T a o c e noflBOflHbie H3Bep*eHHa MejiacpnpoB, B ôojibiiiHHCTBe cjiyMaeB 
Tuna CHJIJIOB, conpoBoacflaeMbix flaŕÍKaMH Mejiacpnp-nopcpHpHTOB H nopcpnpHTOB 
(Hanp. McnacpHpoBaa CBHTa xoMCKoro noKpoBa 3anaflHbix KapnaT H nepMb B noKpo-

Be Koflpy H AnyceHax). BepxHenajieo3oňcKHe flenpeccnn 6ojiee ceBepHbix 3OH 
ajibnnfl HMCIOT MOJiaccoBbie BbinojiHeHHa TOJibKO c He6ojibiuoň noneň ByjiKaHHTOB, 
a HMeHHO KBapueBbix noptpnpoB. 

B) Aoaj ibnnHCKHe 3BreocHHKJiHHajibHbie ByjiKaHHTbi xapaKTepHbiflJia 
cymecTBeHHOH MacrH reocHHKJiHHajibHbix CBHT 6ojiee flpeBHHX craflHH, MeM repqHH-

CKaa rpaHHTH3anna. O H H npeflcraBJiaioTcocraBHyioHacTbocaflOMHO-ByjiKaHHMec-

KHX KOMnjieKCOB acnnflHbix, OTMacTH flHacrpotpHMecKHX. O H H oraocaTca npeHMy-

uiecTBeHHO K cnHJiHT-flHa6a30BOH, cnHJiHT-KepaTocpnpoBOH (popMaqnaM H conpo-

BO>KflaioTCH HHTpy3naMH ra66pon,HopHT-JieHKorpaHHTHOH H nepHflOTHT-nnpoKce-

HHTOBOH cpopMaqnH. HepaBHOMepHoe npocTpaHCTBeHHoe pacnpocrpaHeHne oc-

HOBHbix ByjiKaHHTOB H 6oJibiuee pacnpocrpaHeHne KHCJibix ByjiKaHHTOB B HCKOTO-

pwx BepxHenpoTepo30HCKHX CBHTax (Hanp. Apafla CBHTa), npe>Kfle Bcero flpeBHena-

Jie030HCKHX, OCOÔeHHO KeMÔpHH-OpflOBHKCKHX HJIH OpflOBHKCKHX (Hanp. 30Ha 
TpayBaKKeH BocTOMHbix Ajibn, rejibHHqKaa CBHTa B 3anaflHbix KapnaTax, CBHTa 
MyHqejib B AnyceHax, CBHTa Tyjireui B BocroMHbix KapnaTax) CBHfleTejibcrByiOT 
o MacTHMHOH flHCpcpepeHqHaqHH Kopbi, cBa3aHHoň c no3flHe6aňKajicKOH CKJiaflMa-

TOcrbK). H o cJieflyeT noflMepKHyTb, MTO 3TH KHCJibie ByjiKaHHTbi (npeHMyiqecTBeH-

HO KBapqeBbie nopcpnpbi, KBapqeBbie KepaTOtpnpbi) aBJíaioTca cocTaBHOH MacTbio 
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nOflBOflHblX reOCHHKJIHHajIbHblX CBHT. TeHeTHMeCKH OHH CBa3aHbI C OCTpOBHblMH 
flyraMH, HJIH xce c pernoHaMH ôojiee MOUIHOH nepexoflHoň cyÔKOHTHHeHTajibHoň 
Kopbi, pacnojioxeHHbiMH B KpaeBoň Macro reocHHKJiHHajieň. npHcyTCTBHe KBapqe-

Bbix nopcpHpoB B reocHHKjiHHajibHbix CBHTax fleBOHa (rpoHCKaa CBHTa B Benopnflax 
3anaflHbix KapnaT, HeKOTopwe CBHTbi B K)>KHbix KapnaTax) CBHfleTejibCTByeT 
o nocjieflCTBHax flHCpcpepeHqHaqHH Kopbi, CBa3aHHoň c HanajioM repqHHCKOH CKjiafl-

MaTocTH. npaBfla, ceflHMeHTaqna B flpeBHeM najieo3oe He obrna Bcerjia ôecnpe-

pblBHOH. 
r) M e 3 0 3 o ň c K H e ocpHOJiHTbi H 6a3ajibTOHflbi BCTpeMaK)Tca B noacax, 

npnypoMeHHbix Ha ocHOBe npHcyTCTBHa rjiyôoKOBOflHbix cpaqnn KTporoBbiM CTOH-

KOH HJIH )Ke npepBaHHOH cnajiHMecKOH Kopoň cyÔKOHTHHeHTajiHOH HJIH >Ke cyô-

OKeaHHMecKOH. O H H noaBJiaioTca y x e BO BpeMa Tpnaca, rjiaBHbiM o6pa30M jiaflHHa, 
nacro B conpoBO>KfleHHH 6ojiee MeJiKOBOflHbix H3BecTHaKOB. CHaMajia OHH npefl-

craBJiaioT npeHMyiqecrBeHHO HHTepMeflHajibHbiň — rnôpHflHbiH Tnn c npeoôjiafla-

HHeM cnnjiHTOB H KepaTocpHpoB, reHeTHMecKH CBa3aHHbix c yTOHHeHHeM, flpoôjie-

HneM H flHCpcpepeHqHaqHeH Kopbi. C nocreneHHbiM HapacraHHeM TporoB BO BpeMa 
jiaflHHa H ocoôeHHO Kap«a - fljia KOTopbix xapaKTepHbi ôojiee rjiyôoKOMopcKHe 
cpaqHH KapôoHaTOB, HO TaK>Ke H paflHOJiapHTOB H nejuiHTOB - HapacraeT TaKxe 
flOJia 6ojiee ocHOBHbix nopofl H noaBJiaioTca Toace yjibTpaocHOBHbie nopoflbi. 
B ôojibuiHHCTBe cerMeHTOB ajibnnfl ByjiKaHHTbi Tpnaca CBa3aHbi c caMbiMH BHyT-

peHHHMH 30HaMH ajIbnHHCKOH reOCHHKJIHHaJIbHOH CHCTeMbl, T.C C 30HaMH, cjiaoo 
cra6HJiH3HpoBaHHbiMH repqHHCKOH rpaHHTH3aqHeň. B 3anaflHbix KapnaTax TaKH-

MH aBJíaioTca MejinaTCKaa CBHTa B CjioBaqKOM Kapcre H aHajiorHMHaa CBHTa 
B ByKOBbix ropax, eflHHHqa BauiKay B AnyceHax, a Ha BajiKaHe CaKap H B BOCTOM-

Hbix KapnaTax TpaHCHJibBaHCKHe noKpoBbi. B flHHapnflax y5Ke BO BpeMa Tpnaca 
ByjiKaHHTbi OCpHOJIHTOBOrO THna CBa3aHbI He TOJIbKO C BHyTpeHHHMH 30HaMH 
(HanpnMep BapflapcKaa H ocpnojiHTOBaa), HO oTMacm TaioKe c 30HaMH BHCIHHHMH 
(ocoôeHHO ByflBa-3yKajiH). 3 T O aBJiaeTca pe3yjibTaTOM MeHbuien HHTCHCHBHOCTH 
repqHHCKOH CKJiaflMaTOCTH H rpaHHTH3aqHH B flHHapnflax rjiaBHbiM o6pa30M B flpeB-

HerepqHHCKHX Tporax, rfle fla>Ke B nepMH BcrpeMaiOTca npeHMymecTBeHHO MopcKHe 
cpaqnn. 

Bojiee Macro BcrpeMaeMbie ocHOBHbie H yjibTpaocHOBHbie nopoflbi B KaMecTBe 
cocTaBHOH Macro OCJÍHOJIHTOBOH accoqnaqHH CBa3aHbi c TporaMH iopbi H HH>KHero 
Mejia, fljia KOTopbix xapaKTepHbi MeprejiHcro-paflHOJiapHTOBbie cpaqHH; HanpnMep 
Kpn>KHaHCKHH H KHcyqKHH TporH 3anaflHbix KapnaT, éyKOBHHCKHH Tpor BOCTOM-

Hbix KapnaT, Tporn neHHHHKyMa Ajibn, 30Ha ľvlypeui B AnyceHax, B flHHapnflax 
OCpHOJIHTbl CBa3aHbI OCOÔeHHO C BHyTpeHHHMH 30HaMH (BapflapCKOH H OCpHOJIHTO-

BOH), a B rejieHHflax c 3OHOH MnpflHTa (cyônejiaroHHKyM). Hatue Bcero ocpnojiHTbi 
conpoBO>KflaK)Tca TaioKe MorqHbiMH flocpJinuieBbiMH cpaqnaMn (THTOH - HH)KHHH 
Meji - Hanp. B eflHHHqax PaxoB - Heaxjiay B BocroMHbix KapnaTax, CeBepHH -

KpanHa B KbKHbix KapnaTax, CTpaHflxa Ha BajiKaHe). B Mypeure H BapflapCKOH 
30He ocpnojiHTOBaa CBHTa pacnojiaraeTca OT rjiyôoKOBOflHbix BepxHeiopcKHx Kap-

ôoHaTHO-CHJinqHTOBbix cpaqnn BnjioTb flo cpjinmeBbix. 
Bo Bcex npnBefleHHbix anynaax BHflHMa CBa3b ocpHOJiHTOB co craflHeH caMoro 

ôojibiuoro yrjiyôJieHHa OTflejibHbix reocHHKjiHHajibHbix 30H. H o 3TO He TOJibKO 
CBa3b najieoreorpacpHMecKaa, HO TaKxe H npoaBJieHHe aKTHBHOCTH H cjieflOBaTeJib-

HO TaioKe CBa3b npexfle Bcero naJieoTeKTOHHMecKaa, jiornMecKH CBa3aHHaa c ôojiee 
TOHKOH KOpOH 30H OCpHOJIHTOB H 30H C npHCyTCTBHCM 6a3ajIbTOHflOB H ÔOJiee 
rjiyôoKOBOflHbix cpaqHH. 
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OcHOBHbie nopoflbi, npeHMyiqecTBeHHO mejioMHoro xapaKTepa (aBrnroTbi, JIHM-
6yprHTbi), Marqe Bcero BcrpeMaiOTca B conpoBO>KfleHHH MejiKOBOflHbix cpaqnn rona 
noporoB, ocoôeHHO B KpaeBbix, HapymeHHbix pa3JioMaMH Macrax, HanpnMep B TaT-
pnflax (BbicoKne TaTpbi) H B npnyTecoBOM pernoHe 3anaflHbix KapnaT, a HMCHHO 
BO BepxHeň iope H HHHCHCM MeJiy. 

Bojiee MHCJieHHbie npoaBJieHna BepxHeiopcKoro H HHHCHeMejiOBoro OCHOBHOTO 
MarMaTH3Ma, Macro mejioMHoro xapaKTepa, CBa3aHbi c pa3JioMaMH, orpaHHHaioiqH-

MH Kopflnjibepbi, HJIH ace noporn H npornôbi . H3BecTHbi OHH H3 cpjinnieBon 
reocHHKJiHHajin, Hanp. TeuiHHHTbi B cnjie3CKoň eflHHHqe, flna6a3bi n aBľHTHTbi BO 
cpjinmeBbix 6appeM-ajib6cKHx CBHTax ôyKOBHHCKoro H cyôôyKOBHHCKoro noKpo-

BOB, HJIH ace Ha OKpanHax cpjinmeBbix TporoB (HanpnMep flna6a3bi) B iopcKHx 
H3BecTHaKax B 30He npecaMHHa B KbKHbix KapnaTax. 

II],ejiOMHOH xapaKTep HMCKDT TaK»ce HHJKHeMejioBbie noflBOflHbie H3JiHaHna B rop-

HOM MaccHBe MeneK B BeHrpnH; iqeJioMHbie flna6a3bi («6a3ajibT-TpaxHflOJiepHTbi») 
B conpoBoacfleHHH nHpoKJiacTOMecKHx nopofl n flna6a3-nopcpnpHTOB ( 3 . CAAEUKH-

-KAPÍIOUI n flp. 1967). 
BnflHMa 3aBHCHMOCTb pacnpocrpaHeHHa ocHOBHbix nopofl B MC303OHCKHX CBnrax 

OT TOJIľqHHbl KOpbl, HO TaiOKe OT paCMJieHeHHOCTH reOCHHKJIHHaJIH n OT noBbimeH-

HOH flHHaMHKH KOpbl BO BpeMH MaľMaTHMeCKHX npOaBJíeHHH. Ba3ajIbTOHflbI aBJía-

lOTca conpoBoacflaioniHM aBJieHHeM, rjiaBHbiM oôpa30M, B npornôax c TOHKOH 
Kopoň H B rjiyôoKO 3aTparHBaK>rqHX pa3JiOMax, OTjiejiaiorqHX flpyr OT flpyra 
nporaôbi H noporn HJIH x e Kopflnjibepbi. CaMoe ôojibinoe pacnpocTpaHeHHe 
6a3ajibTonflOB HaÔJiioflaeTca BO BepxHeň rope n B HHJKHCM Mejiy, T.e. BO BpeMa 
caMoň ôojibujon paCMJieHeHHOCTH H caMoro ôojibnioro najieoTeKTOHHMecKoro 
npoTHBopeMna MC303OHCKHX reocHHKJiHHajieň, HO TaKace n caMoň 3HaMHTejibHoň 
OKeaHH3aqHH B ajibnHflax. 

PacnojioaceHne ocpHOJíHTOB H 6a3ajibTOHflOB n nx ron 3aBncaT OT pacMJieHeHHa 
pernoHa ocaflKOHaKonjieHna Ha Tporn (npomôbi ) H noporn (HJIH ace Kopflnjibepbi). 
nofloÔHO, KaK pacMjieHeHHOCTb y Kaacfloro cerMeHTa HMeeT CBOH ocoóbie MepTbi, 
3TOMy n y 3OH ocpnojíHTOB. TojibKO HeKOTopbie H3 HHX nepexoflaT H3 oflHoro 
cerMeHTa B flpyroň, n STO Toxce c onpeflejieHHbiMH OTjinMnaMH. 

XoTa B ôojibiHHHCTBe cerMeHTOB eBponeňcKnx ajibnnfl BCTpeMaeroa MeHee ocpno-

JIHTOB, fljia npHMeHeHHH npnHqHnoB HOBOH rjioôajibHoň TBKTOHHKH 3HaMeHHe 
HMeeT ocoôeHHO nx ôojibiuaa najieoTeKTOHHMecKaa pacMjieHeHHOCTb, rjiaBHbiM 
oôpa30M BO BpeMa BepxHeň iopbi n HHäCHero Mejia H HX flOKa3biBaeMbie nepexoflbí 
OT rjiyôoKOBOflHbix K MejiKOBOflHbiM ceKBeHqnaM. B HHX HaôjnoflaiOTca HecKOJibKO 
30H c TOHKOH Kopoň H 30Hbi c ôojiee MOUIHOH Kopoň. HanpHMep B 3anaflHbix 
KapnaTax BO BpeMa lopbi cjieflyeT OTjiHMHTb no KpaňHeň Mepe MeTbipe 30Hbi 
c ôojiee TOHKOH Kopoň, OTflejieHHbie flpyr OT flpyra noporaMH (HJIH ace KopflHJibepa-

MH) C ôojiee MoruHon Kopoň (M. MArEJib 1975). CeKBeHqHH c nepeMeuraHHbiMH 
cpaqnaMH MejiKO- H rjiyôoKOBOflHbiMH BbiaBJíaioTca ocoôeHHO apKO B noace yrecoB, 
npoaBJiaiorqeM HaBepHO caMoe ôojibiuoe nporoBopeMne Meacfly MopuiTbiHCKHM 
n KHcyqKHM THnaMH. Bce CBHfleTejibCTByeT o TOM, MTO MOflejib Hacroarqero 
ATJiaHTHMecKoro OKeaHa Hejib3a npnMeHHTb B ajibnnflax. OTflejibHbie npornôbi 
HHKorfla He flOCTHrjin TaKOH urnpoTbi, KaK ATjiaHTHMecKHH OKeaH, a npoaBJíajín 
ôojibuiyK) pacMjieHeHHOCTb. 3 T O ôbiJiH OKeaHHMecKne npornôbi , y3Kne Tporn. 
BHe3anHbiň crpaTHrpacpHMecKHH n ÔOKOBOH nepexofl rjiyôoKOBOflHbix cpaqHH 
B MejiKOBOflHbie He cooTBeTcrayeT npeflCTaBJíeHHio, corjiacHO KOTopoMy aHTaro-

HHCTHMeCKHH K0HT8KT TJiyÔOKOBOflHblX C MeJIKOBOflHbIMH CeKBeHqHH flOJIXeH ÔbITb 
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pe3yjibTaTOM ocoôeHHO ôojibiuoro TeKTOHHMecKoro coKpaiqeHHa npocrpaHCTBa, 
HJIH x e TeKTOHHMecKoro nepeKpbiTna. 

Paccyacflaa o pacnpocTpaHeHnn ôacceňHOB HJIH TporoB c OKeaHHMecKoň Kopoň, 
Hejlb3a ynyCTHTb H3 BHfly CeKBeHHHH, KOTOpbie HCB03MOXCHO Ha3BaTb OCpHOJIHTOBbl-

MH. Hx cyiqecTBeHHoň cocTaBHoň MacTbio aBJíaioTca K>pcKO-HH>KHeMejiOBbie ocaji-

KH, ôaTHajibHbie BnjioTb «o aÔHCcajibHOH cpaqHH noflOÔHbie ocaflKaM OCPHOJIHTOBMX 
ceKBeHUHň, HO conpoBOXflaeMbie TOJibKO HeôoJibniHMH npoaBJíeHHaMH OCHOBHWX 
HJIH x e yjibTpaocHOBHbix nopofl. 

CyiqecTByiOT Tporn ôojibinero KOJinMecTBa THHOB, TaioKe KaK H noporn HecKOJib-

KHX TnnoB (pacnojioaceHHbie Meacfly TporaMn) H uiejibcpbi. Ocoôbiň THn npeflcraB-

jiaioT coôon Tporn neHHHHKyMa, y KOTopwx BbiflejiaiOTca Tpn rona: Bajie3CKHH, 
nbeMOHTCKHň, jiHrypcKHH ( n . Hy*APflH H «p. 1976). B flHHapcKOMTnne TaioKe Haflo 
BbiflejíHTb HecKOJibKO ronoB: ron BapflapcKnň H coôcTBeHHbiň THn cyônejiaroH-

CKHH. Iloacbi Maxjiay n CeBepnH c npecpJiHHieM npeflcraBjíaioT flpyron THn ocpno-

jinTOBbix TporoB.MeM THn Mypem, c TOMKH 3peHHa coflepxaHHa reTeporeHHbiň. 
Tnnbi TporoB c TOHKOH cnajiHMecKoň Kopoň, xoTa 6e3 MOIUHMX 6a3ajibTonflOB, 
Taicace He aBJíaioTca yHHCpHqHpoBaHHbiMH HH no CBoeMy CTpararpacpHMecKOMy 
pacnpocrpaHeHHio, HH no coflepxaHHio H pa3BHTHK>. HanpnMep KpnjKHaHCKHH 
Tpor c rjiyôoKOBOflHbiMH cpaqnaMH OT jieňaca.flo ceHOMaHa, c aBraroTaMH B HCOKO-

Me H HHXHeM ajibôe, apKO OTjiHMaeTca OT rana MeMeK. B HeM c BepxHero jieňaca flo 
HHJKHero Mejia MepeflyioTca ycjiOBna ocaflKOHaKonjieHHa Tpora c nopora H HHiKHe-

MejioBbie MamaraTbi HMeiOT rqeJioMHOH H ocoôbiň neTpojiorHMecKnň xapaKTep 
(TpaxnflOflepHTbi, cpoHOJíHTbi H iqejioHHbie flnaôa3bi). 

Pa3JiHMHa B THnax TporoB oôycjiOBJíeHbi B 3HaMHTejibHoň Mepe oTJiHMnaMH 
no3Hqnn B OTflejibHbix cerMeHTax reocHHKJiHHajibHoň cncTeMbi ajibnnfl, OTJiHMnaMH 
B paCMJieHeHHOCTH, HO TaKJKe H flHHaMHKe KOpbl. n p n 3TOM TpOľH C OKeaHHMeCKOH 
Kopoň HaBepHO HMeiOT pernoHajibHbiň xapaKTep, KaK STO BbiaBJíaeT Tpor «CeBep-

Hbiň TeTHC»: neHHHHKyM - HHJKHHH 3Tax MarypcKoro noKpoBa - Maxjiay -

CeBepnH - noac KpaHHa - TpoaHCKHH cpjinm - KoTejib H npocTHpaHHe K)>KHbiH 
TeTHc: BHyTpeHHHe flHHapnflbi-rejieHHflbi-TaypHflbi. TporH c OKeaHHMecKHM TnnoM 
Kopbi Bepoaraee Bcero aBJíaioTca reoTeKTOHHMecKHM SJICMCHTOM Bbicmero nopafl-

Ka - coeflHHeHnaMn HecKOJibKHX cerMeHTOB; Tporn c ôojiee TOHKOH KOHraHeHTajib-

HOH KOpOH, KaK HanpnMep KpHXHaHCKHH TpOľ, XapaKTepHbi TOJIbKO flJia HeKOTO-

pbix cerMeHTOB ajibnnfl. najieoTeKTOHHMecKaa MOflejib BO BpeMa ajibnnncKoro 
qnKJia ôbiJia HaBepHO CJIOJKHOH H H3MeHajiacb BO BpeMeHH H npocrpaHCTBe Ha 
OTflejibHbix 3Tanax H craflnax pa3BHTna. HeoTflejinMon n caMoň 3HaMHTejibHoň 
COCTaBHOH MaCTbK) 3TOH MOfleJIH, a HMeHHO OT CpeflHeľO TpHaCa flO OKOHMeHHa 
CKJiaflMaTOCTH, ÔbIJIH TpOm C OCpHOJIHTaMH HJIH C rJiyÔOKOBOflHblMH CeKBeHqHHMH 
cpaqnn, conpoBOXflaeMbie 6a3ajibTonflaMH HJIH x e yjibTpaocHOBHbiMH nopoflaMH. 

fl) Me3oajibnHHCKHe MejKoporeHHMecKne ByjiKaHHTbi H conpoBOKflaioume HX 
njiyTOHHTbi ôaHaTHTOBoro rana B CpeflHeropbe H B THMOUJCOH 30He K)>KIH.IX 
KapnaT reHeTHMecKH CBa3aHbi c npoflOJibHbiMH rpaôeHaMH H cnHKJiHHopHaMH, 
BbmojiHeHHbiMH CBHTaMH pa3Hoo6pa3Hoň cpaqnajibHOH najíHTpbi npenMyuiecTBeH-

HO MopcKHX cpaqnn, co 3HaMHTejibHOH flojieň cpjinuia. n p n TOM xapaKTepHO, MTO 
ByjiKaHHTbi noaBJiaioTca c nocTeneHHOH OKeaHH3aqHeH ocaflKOB. Ilofl Mou^HbiMH 
cpJiHuieBbiMH KOMnjieKcaMH 3ajieraiOT paHHne MOJiaccbi, HaflHHMHMorqHbiHCpJinui. 
Bojiee TOHKaa Kopa rpaôeHOB, pacnojioxeHHbix B ôojibinnHCTBe cjiynaeB Ha 
npeflejiax ÔJIOKOB, HanoMHHaeT pnc})TOBbie 30Hbi. PaflOM c ByjiKaHHTaMH UIHPOKOH 
uiKajibi flHCpcpepeHqHaqHH (PHOJIHTW -flaqHTbi, TpaxHTbi, anfle3HTbi, rqeJiOMHbie 6a-
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3aJibTbi), yHacTByioiqHMH B ByjiKaHO-ocaflOMHOM BbinoJiHeHHH rpaôeHOB n rpaôeH-
CHHKJiHHopneB, npoaBJiaioTca ocoôeHHO Macro Ha OKpaHHax CHHKJIHHOPHCB cyôByji-
KaHHMecKHe H rjiyÔHHHbie Tejia oflHHaKOBO mnpoKoro BernecTBeHHoro flHana30Ha 
(nHKpnTbi, raôôpo, flnopHTbi, MOHqoHHTbi, raôôpo-cneHHTbi, rpaHocneHHTbi, rpa-
HHTbi, flnopnTOBbie nopcpnpnTbi n rpaHHT-nopcpnpbi) B KaMecTBe npoaBjieHHa 
noBbimeHHOH flHHaMHKH Kopw. PeMb HfleT o ByjiKaHO-njiyTOHHMecKHX cpopMaqnax 
Ha nepBbix craflnax mejioMHO-H3BecTKOBbix, no3xe cyôiqejioMHoro BnjioTb «o 
uiejioMHoro rana. B AnyceHax ôaHaroTbi npeflCTaBJiaiOT npeHMyrqecTBeHHO ôojiee 
rjiyÔHHHbie Tejia c MeHbineň niKajioň flHCpcpepeHqHaqHH (rpaHOflnopHTbi n rpaHHTbi 
c He3HaMHTejibHbiM npoaBjíeHneM ByjiKaHHTOB). O T cpeflHeropcKnx OHH OTJWMaiOT
ca reoTeKTOHHMecKoň nosnqneň; CBa3aHbi He co 3HaMHTeJibHoň HOJITOTHOH rpa
ôeHcHHKJiHHajieň, HO C cncTeMoň rjiyÔHHHbix nonepeMHbix pa3JiOMOB. 3TH paHHe
no3flHereocnHKJiHHajibHbie Tejia He noflBeprjincb 3HaMHTeJibHoň CKJiaflMaTOCTH. 

npocrpaHCTBeHHO ôaHaTHTbi oôpa3yiOT flyry (P. HMMHTPECKY 1965 ; pne. 146), 
ôojiee HJIH MeHee napajijieJibHyio c npoTeKaHneM najieoajibnnncKHX CTpyKTyp 
B rjiaBHon oôjiacro HX pacnpocrpaHeHna, Ha BajiKaHe n B KbKHbix KapnaTax. Ha 
ocHOBe 3Toro JierKO MOJKHO CKJiOHHTbca K BbiBOfly o reHeTHMecKoň CB83H ôaHara
TOB K cy6flyKqnn 30H C ocpHOJinraMH, a HMCHHO BapflapCKOH 30HM H ee BocroMHoro 
npofloJixeHna (B. EOKAJIETTH H flp. 1973). PofloncKnň n CepÔHHCKOMaKeflOHCKHH 
MaccHBbi B TaKOM noHaTHn BO BpeMa BepxHero Mejia npeflcraBJíajín coôon oerpo
BHyio flyry n noac CpeflHeropbe  THMOK  MopcKoň 6acceňH c ôojibinoH ByjiKaHH
MecKon fleHTejibHOCTbio Tnna ôairxapK. 

CeBepHaa MacTb flyrn ÔaHaTHTOB (B ceBepHoň MacTn K)>KHbix KapnaT H B Anyce
Hax) npoTeKaeT flnaroHajibHO K najieoajibnnncKHM crpyKTypaM. BaHaraTbi 3flecb 
npoaBJíaioT 3HaMHTejibHbie oTjiHMHa reoTeKTOHHMecKHe, HO TaiOKe H neTpoxnMH
MecKne. OflHH coeflHHaiOT reHe3nc ôaHaTHTOB c cy6flyKqneň BocroMHbix KapnaT, 
(fl. PAflyjiECKyM. CAHflyjiECKy 1973), npyrne CBa3biBaioT ee c cyôflyKqnen noaca 
MeTajincpepec (H. T E P H  H . CABY 1974, M. BJIEAXY 1976). OflHaKO, HH npeflbifly
mne oÔT>acHeHHa B03HHKHOBeHna ÔaHaTHTOB cyôcnneHqHOHHbiM najiHHreHe3ncoM 
( r . UITHJIE 1953) H33a cpaBHHTejibHO Majion MOUIHOCTH BepxHeMejioBbix flenpec
cnň B AnyceHax He yôejíHTejibHbi. JlioôonbiTHO, MTO ôaHaTHTbi BCTpeMaioTca B Tex 
cerMeHTax ajibnnfl, KOTopbie He BbiaBJíaioT 3HaMHTejibHoň nojiapHOCTH n ôojiee 
Mojioflaa rpaôeHCHHKJiHHajib HJIH ace TacpporeocHHKJiHHajib HajioxeHa Ha na
jieoajibnHHCKHe crpyKTypbi. 

e) no3flHereocHHKJiHHajibHbie TperoMHbie ByjiKaHHTbi CBa3aHbi c MOJioflbiMH 
npoflOJibHbiMH H nonepeMHbiMH flenpeccnaMH, HajioxeHHbiMH Ha najieoajibnHHCKHe 
CTaônjiH3HpoBaHHbie 30Hbi H ocoôeHHO Ha HX TbiJioByio 30Hy  Mexropbe, no3>Ke 
TeKTOHHMecKH aKTHBH3HpoBaHHoe n33a yTOHMeHHa Kopw. BbicoKaa flojia nnpoK
jiacTHMecKoro MaTepnana 3HaMHTejibHO BJIHHCT Ha MOJiaccoBoe BbinojiHeHne flen
peccHH. KpoMe yMacroa B oôpa30BaHnn ocaflOMHOByjiKaHHMecKHx cpopMaqHH 
3HaMHTejibHoň MepTofl no3flHereocHHKJiHHajibHbix ByjiKaHHTOB (c npeoôJiaflaHHeM 
HHTepMeflnajibHbix nopofl, ocoôeHHO aHfle3HTOB, n c ôojibuion flojieň PHOJIHTOB), 
aBJíaioTca coôcTBeHHbie ByjiKaHTeKTOHHMecKHe cpopMbi, rjiaBHbiM oôpa30M CTpa
TOByjiKaHbi n Kajibflepbi. ByjiKaHH3M npoaBJíaeTca B pa3BHTHH ôacceňHOB, B HX 
nocTeneHHoň H30JiaqnH n cTaÔHJiH3aqnH, H Taicace B reoMopcpojiornH. flojia conpo
Boxflaioiqnx ôojiee rjiyônHHbix Teji Heôojibuiaa. 

PacnpocTpaHeHHe no3flHereocHHKJiHHajibHbix ByjiKaHHTOB B oTflejibHbix cerMeH
Tax HepaBHOMepHO H HX THnw He Be3fle oflHHaKOBbi. Hx AOJIH B Ajibnax pyflHMeH
TapHa, B FOacHbix KapnaTax OHH noMTn coBceM OTcyrcTByioT, Heôojibmoe pacnpoc
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TpaHeHHe y HHX B flHHapnflax, 3a HCKJUOMCHHCM oojiacren, npHMbiKaioinnx K BeH-
repcKOMy MexropbK^H B CepônňcKOMaKeflOHCKOM MaccnBe. MouiHbie KOMnjieK

cw, pacnojioxeHHbie Ha ôojibumx npocrpaHCTBax, crpoaT ByjiKaHHTbi B BeHrep

CKOM Mexropbe, ocoôeHHO B e ro ceBepHon MacTH H B npHMbiKaiouinx 30Hax 
3anaflHbix H BocroMHbix KapnaT. AHajiorHMHa «qeHTpajibHaa» no3Hqna KaK 
y BeHrepCKoro Mexcropba, TaK y TpaHcnjibBaHCKoro oaccenHS, conpoBoacflaeMoro 
ByjiKaHHTaMH Ha BOCTOMHOH OKpanHe AnyceH n ocoôeHHO Bflojib nx ceBepHon 
oKpaHHbi B caMoň BHyTpeHHen MacTn pyMbiHCKnx BocroMHbix KapnaT. T o x e 
PofloncKHH MaccHB, ocoôeHHO ero BOcroMHaa, cpeflHaa n K»KHaa Macro, n yMacTKH 
npHMbiKaiomne K CepônňcKOMaKeflOHCKOMy MaccHBy, aBJíaioTca oôJiacTaMH 06

uiHpHon fleaTejibHOCTH no3flHeoporeHHMecKoro ByjiKaHH3Ma. Bojibuioe KOJIHMCC

TBO ByjiKaHHTOB, nOBHflHMOMy, CBa3aHO C 30HaMH, CTaÔHJIH3npOBaHHbIMH y x e 
floajibnnncKon CKJiaflMaTOCTbK) n pacmnpeHHbiMn npHMbiKaiomnMn oÔJiacraMH, 
CTaÔHJIH3HpOBaHHbIMH naJieOajIbnHHCKOH CKJiaflMaTOCTbK). 

llo3flHereocnHKjiHHajibHbie ByjiKaHHTbi oroeceHbi K flByM CTaflnaM: 1. soqeH

ojiHroqeHOBon H 2. ôafleHnjinoqeHOBoň. Oôe rpynnbi CBa3aHbi c flenpeccnaMH, 
yTOHHeHHeM Kopbi n fle3HHTerpaqHeň. Ho HX npocrpaHCTBeHHoe pacnojio>KeHHe, 
KaK npaBHJio, pa3JiHMHO. 3oqeHojiHroqeHOBbie ByjiKaHHTbi xapaKTepHbi fljia BHyr

peHHHx HHTpareocHHKjiHHajibHbix MaccHBOB PofloncKoro H BeHrepCKoro. C TOMKH 
3peHna BpeMeHH OHH npeflcraBJiaioT HaMajio no3flHereocHHKJWHajibHOH craflnn 
H OMOJIO>KeHHe, HJIH TeKTOHHMeCKyK) aKTHBH3aqHK) MaCCHBOB. ToMHoe Ha3BaHne 
fljia HHX  paHHeno3flHereocHHKJiHHajibHbie. MnoqeHnjinoqeHOBbie HeoByjiKa

HHTbi CBa3aHbi rjiaBHbiM oôpa30M c BHyTpnropHbiMH, HHTpaMOHTaHHbiMH flenpec

cnaMH H BO BHyTpeHHHX 30H8X reOCHHKJIHHajIbHblX CHCTeM OHH OTBeMaiOT no3flHe

reocHHKJiHHajibHOH craflnn. Oôa rona npocTpaHCTBeHHO nepeKpbiBaioTca Bperno

HaX KOHTaKTa HHTpareOCHHKJIHHajIbHblX MaCCHBOB C BHyTpeHHHMH 30HaMH reocHH

KJiHHajibHon cncreMbi, Hanp. B MaccnBe MaTpa B BeHrpHn. B nopajiKe BpeMeH 06a 
rona CBa3biBaiOT HHXHeMHoqeHOBbie pnojinTbi, rjiaBHbiM oôpa30M, Tnna HIHHM

ôpwTOB, pacnpocrpaHeHHbie ocoôeHHO B BeHrepcKOM MaccnBe. 
PacnpocrpaHeHne no3flHereocHHKJiHHajibHbix ByjiKaHHTOB B ajibnnflax CBHfle

TejibCTByeT o TOM, MTO flpeBHHe MaccnBbi B cepeflHHe ajibnnňcKOH reocnHKJiHHajin: 
BeHrepcKHH,TpaHCHjibBaHCKHH, cepÔHHCKOMaKeflOHCKHH n pofloncKHH npeflocraB

jiaioT noflxoflarqne reoTeKTOHHMecKHe ycnoBHa fljia ôojibuiero pacnpocTpaHeHna 
ByjiKaHHTOB. Bee 3TH MaccnBbi HaxoflaTca Ha pyôexe ajibnHHCKHx BeTBen pa3JiHM

HOH BepreHqnH. O H H HaBepHO Cbirpajin BaxHyio pojib B HanpaBJieHnn rjiyÔHHHbix 
npoqeccoB B TeMeHne pa3BHTna reocnHKJinHajiH, ocoôeHHO Ha ee no3flHereocnH

KJiHHajibHOH craflnn. Torfla npn 3aMemeHnn ropn30HTajibHbix noflKopHbix flBnxe

HHH BepTHKajibHbiMH npoH30ui jio TaKxe noflHaTne noflKopHoroflHannpa HMCHHO nofl 
ApeBHHMH MaccHBaMH H cjieflOBaTejibHO n HX OMOJioxeHHe, KOTopoe npnBejio K HX 
npnypoMeHHio K ajibnnňcKOH cncreMe. B Tex cerMeHTax ajibnnfl, y KOTopbix 
B TbIJIOBOH OÔJiaCTH OTCyTCTBOBaJI CTa6njin3npoBaHHbiň ÔJIOK, pacMJieHeHHbiň 
pa3jioMaMH H cnocoocTByiournn pacnafly Ha ÔJIOKH HJIH flncpcpepeHqnaqnH Ha 
noflHHMaiomneca n onycKaioiqneca yMacTKH (Hanp. BocTOMHbie Ajibnbi), He BO

3HHKJIH HH ôojibuine BHyTpeHHne ôacceňHbi, HH ôojiee pacnpocrpaHeHHbie no3flHe

reocHHKJiHHajibHbie ByjiKaHHTbi. 
3) <I>HHajibHbie njinoqeHnjiencToqeHOBbie 6a3ajibTbi Heôojibuioro paenpocrpa

HeHna, rjiaBHbiM oôpa30M cyôtqejioMHbie BnjioTb flo mejioMHbix, aBJíaioTca npefl

CTaBHTejiaMH HOBOH craflnn B pa3BHTnn reocnHKJiHHajin c apKHM npoaBjieHneM 
pacTHxeHna Kopbi npH B03BbimeHHOM flencTBnn BepTHKajibHbix flBHxeHHH. 
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