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V edicii Zapadné Karpaty séria geologia doteraz vysli tieto prace:

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

Geoldgia 1:

Marschalko, R. — Misik, M. — Kamenicky, L.: Petrographie der Flysch-Konglomerate
und Rekonstrukzion ihrer Ursprungszonen (Paldaogen der Klippenzone  und der angrenzen-
den tektonischen Einheiten der Ostslowakei) — Petrografia flySovych konglomeratorov a re-
konstrukcia ich zdrojovych zon (paleogén bradlového pasma a prilahlych tektonickych
jednotiek vychodného Slovenska (117 stran, 13 obr. v texte, 41 fotogr. tab.)

Hanaéek, J.: Nové poznatky o triase strazovského a choéskeho prikrovu v strazovskej hor-
natine — Information on the Triassic of the Strazov and Cho¢ nappes in the Strazovska
hornatina Mts, (26 stran, 1 fareb. pril., 9 fotogr. tab.)

Janaéek, J.: Prispévek k problematice priizkumu zivic v predmiocennim podkladu jihoza-
padni &asti videnské panve — Beitrag zur Problematik der Erkundung von Bitumina in dem
vormiozanen Untergrund des siidwestlichen Teiles des Wiener Beckens (30 stran)

Marusiak, |. — Lizon, I.: Geotermické pole Zapadnych Karpat — Geothermal field of the
West Carpathians (25 stran, 5 obr. v texte)

Geolbgia 2:

Plané&ar, J. et al.: Geofyzikalna a geologicka interpretacia tiazovych a magnetickych ano-
malii v Slovenskom rudohori — Geophysical and geological interpretation of gravity and
magnetic anomalies in the Slovenské rudohorie mountain range (138 stran, 53 obr. v texte,
17 fareb. priloh) .

Vass, D.: Pribelské vrstvy, ich sedimentarne textury a genéza — The Pribelce formation, its
sedimentary structures and origin (53 stran, 16 obr. v texte, 10 fotogr. tab.)

Geoldgia 3:

Planderova, E.: Microflorizones in Neogene of Central Paratethys — Mikrofloristické zény
v neogéne centralnej paratetydy (28 stran, 1 obr. v texte, 18 fotogr. tab.)

Nemé&ok, J.: Deformacie flySovych sedimentov ako odraz dynamiky podloZzia — Deforma-
tions of Flysch sediments as a reflection of dynamics of the basement (24 stran, 7 obr. v texte)

Jacko, S.: Litologicko-struktirna charakteristika centralnej casti pasma Ciernej Hory — Litho-
logical-structural charakteristics of the central part in the Cierna hora region (22 stran,
1 obr. v texte)

Forgag, J. — Pulec, M.: Vyvoj vulkanosedimentarneho a vulkanogénneho komplexu v cen-
tralnej Gasti stredoslovenskych neovulkanitov — History of volcanic-sedimentary and volca-
nogenic complexes in middle part of Central Slovakian neovolcanic region (20 stran, 5 obr.
v texte, 2 fotogr. tab.) i
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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.
MaHEL’ 1973) has revealed that the distribution of magmatites in the Eastern Alps,
Carpathians, Balkan and Dinarides shows some characteristic features, such as:

— Abundant, for the most part large bodies of pre-Alpine 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 pre-Carboniferous volcanics (prevalently basites) and a limited
distribution of the Alpine volcanics;

— a prominent volcano-plutonic association of Alpine inter-orogenic magmatic
rocks associated with the pre-molasse 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 Pliocence-Quaternary basalts scattered particu-
larly in the interior zones of the Alpides.

The editorial work on the Tectonic Map of the Carpatho-Balkan regions and the
preparation of synthetizing chapters in its Explanatory text (M. MAHEL 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 south-eastern 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 lay-out of this paper is presented on the attached maps (Figs. 1,2).
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Fig. 1 Scheme showing the principal tectonic units of the Eastern Alps, Carpathians, Balkans and
Dinarides
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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 — Northern Grauwacken Zone, UO — Unterostalpin, GR —
Palaeozoic of Graz, CK — East Alpine Crystalline, DR — Drauzug, NK — Northern Karawanken

Inner West Carpathians: TS — Tatrides and Subtatric nappes (Krizna, Cho¢, Strazov), V —
Veporide units, NG — North Gemeride unit. SG — South Gemeride unit, BU — Biikk, 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— Bihor Zone, Ca — Codru-Ariesani nappe, BH — Biharia, MC — Muncel nappe, MS —
Metalliferous Zone, TS — Trascdu 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 —
Stara 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 — Opbhiolitic Zone, CD — Central Dinaric Zone, MD —
Mirdita nappe, SC — Subpelagonic nappe, D — Durmitor Zone, VK — Visoki Kr§ nappe, DA — Zone of
Dalmatian Folds, BV — Budva unit, KC — Krasta-Zukali unit, P — Pindos unit, KJ — Kruja unit, SD —
South Adriatic unit, IA — Ionian unit, SZ — Sazan unit, IS — Istriar platform

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

Neovolcanic mountain ranges: SM — Slovakian Mid-mountains (Slovenské stredohorie), BO —
Borszony Mts., CS — Cserhat Mts., MA — Matra Mts., P-T — Presov-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.




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) Pre-alpine granitoids 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 582452 m.y. obtained for the granite-gneiss at the eastern
margin of the Alps in the Sopron Mts. in Hungary (E. SzApEcky-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. JAGer 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. FLUGEL 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 24416 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 Povazsky 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,
STibica, southern part of the Branisko). For the most part the rocks are biotite
granodiorites, trondhjemites and quartz diorites (the Dumbier type). The bodies of
autometamorphic coarser-grained to porphyritic granite show a more pronounced
differentiation (the Prasiva type : J. KaAMENICKY in M. MAHEL' et 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
(Lubietova) zone, granite-gneisses, 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. Zousek 1931). The more southerly (Kraklova) zone (with a prevalence of
mica-schists and phyllites and rich in basites) encloses minor allochthonous granitoid
bodies. These represent nappe outliers translated from the Krédlova 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 (Kohiit) zone
of the Veporides is distinguished by a variety of granitoids (granite-gneisses.
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 Kohiit 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 of
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. Bosko 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 Lubietova and Kohiit zones of the Veporides, and some
migmatites in the crystalline complexes of the Tatrides in the High Tatra Mts., the
Dumbier crystalline complex of the Low Tatra Mts. and the Cierna hora Mts.

Radiometric ages of West Carpathian granitoids range mostly from 320 to 280
m.y. (J. KANTOR 1959a, J. BURCHART 1970, A. K. Boiko 1975), but even the dates of
230-220 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. Bosko et al. 1965): biotite
granite (Dumbier type —on biotite) 305—296 m.y. ; autometamorphic granodiorite
(PraSiva type — on biotite ) 305—288 m.y. and 280 m.y. on feldspars ; pegmatites
320—315 m. y. (on muscovite) ; synkinematic granitoids (Kralicka 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 Murai gneissose granites show
the radiometric values 360 m. y. (zircon) (B. CamBEL et 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 Pezinok-Pernek 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 contact-metamorphism of the Devo-
nian-Lower Carboniferous Harménia Group, yielded radiometric ages of 333 to 232
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m. y., leucocratic granite 222 m. y. (A. K. Boikoet al. 1974 ; G. P. BAGDAsARIAN et
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
(Hroné&ok type), which unitl recently were dated by some authors as latest Permian
or Palaeo-alpine, gave the value 370 m. y. (zircon),260m. y. but also 113—110(92)
m. y. (feldspars and biotite). The latter date was 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 (Murén) and the Low Tatra Mts. (Kralicka — Srdiecko)
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.
KAMENICKY).

In the Mecsek Mts. in Hungary (i.e. in the eastern sector of the Hungarian massif
consolidated by pre-Palaeozoic 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. SzApecky-Karposs 1973). Microgranite-aplite sills and
dykes of the Mecsek Mits. 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) granite-gneisses and migmatites probably
of pre-Hercynian age accompany the pre-Cambrian, 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 Proterozoic-Cam-
brian Arada micaschist-phyllite 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. Dmitrescu 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 Mits.
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Tectonic units

1. Neogene basins 5. System of Baia de Aries units (Biharia series)
2. Senonian, Gosau type 6. Metalliferous Zone
3. Bihor autochthon 7. Ultrageticum

4. System of Codru units

Magmatites
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-orthophyres-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 Marmaro$ 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 - L. BERCIA 1974),
the same as the Haghimas diorites and granites in the mountains of the same name.
K/Ar dating yielded values 517 m. y. but also 443—409, 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. MURESAN et al. 1975).

Radiometric values for granite-gneisses of the Civéinske gory Mts. (in the
Ukrainian Carpathians) amounting to 330£35 m. y. and 305%+20 m. y. and the ages
of 339+ 12 m. y.for small granitoid bodies (on biotite — A. K. Boiko 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. Boskoet al. 1974) from
the Lower Palacozoic epimetamorphosed (Tulghes, Repedea) and the older and
higher-metamorphosed formations such as the Bely Potok or Bretila-Rardu 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 Civéinske gory
Mountains are regarded by some authors as members of the gabbro-plagiogranite
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 SiO; (G. Rubakov 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. Rupakov 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 plutonin
the Fagdrag 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, Susita
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. MinzATuU et al. 1975): The
Munte Mic granite pluton in the Danubicum, which is generally considered to be
a synkinetic body of Baikalian age (H. Savuet 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. MinzaTuet 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. DiviLiaAN—S. DiviLIAN 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. Bovapbsiev 1974). Granite-gneisses and synkinematic granitoids and
diorites in the Belasica and Ograzden 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 Stala¢ — 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 Selecko 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. KArRAMATA 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. Bosanov—D. KozucHarov 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. A

Minor bodies of these ’South Bulgarian® diorites, granodiorites and granites are
also in the more easterly Sakar and Strandza 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. (Boyapnev—P. LiLov 1971; S. Bovabpiev 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. ZAGORCEV
1975).

In the Stara 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. Bovapsiev 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. DimitRovaA et al. 1975). The Stara 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.
Bonc¢ev 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 Krajistides, 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. Hasputov 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 Moslavocka 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 Palaeo-alpine granitoids 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
Penninicum, 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 represented
by granite and granite-porphyry bodies in the Cambrian — Silurian Gelnica Group
in the Spissko-gemerské rudohorie Mits. (K/Ar age 87+4 Zlata Idka, 94+3 Cuéma
but also 141+1 mil. y. (Cuéma) (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, H,, a high
background of Sn, W, Be, U and Mo, and low Sr and Ba (J. KAMENICKY—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. Grecura 1973). Small granitoid bodies follow the semiarcuate
weakened zones rimming the Volovec major anticlinorium in the SpiSsko-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. Grecura 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 Bujanova body and its metamorphosed mantle rocks, strongly
reworked by Alpine tectogenesis, in the Cierna hora Mits. 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 Spéleny vrch Hill a diorite body breaks through the overthrust slice of the
Gemeride Carboniferous and Permian (J. SALAT 195<). The position of the diorite
body and its slight disturbance only by the latest fault system of NE-SW trend
indicate that these bodies originated (like the youngest Gemeride granites) in the
later phases of the Palaeo-alpine folding processes.

Granitoids with radiometric ages of 107—115 m. y. (J. KANTOR 1960), such as
Murarska Zdychova (107 m. y.) or Hroncok intrusive bodies (110—114m. y.—A.
K. Boiko 1975), which correspond to earlier Palaeo-alpine 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 NE-SW trend that cut
across the predominantly mica-schits Hron Formation in the Kraklova 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 Pro¢ conglomerates of the Klippen Belt in eastern Slovakia indicate a fairly
large extent of Palaeo-alpine 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.

Palaeo-alpine granitoids are more abundant at the western and partly also eastern
margins of the Serbo-Macedonian massif (F. KockeL et 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
Palaeo-alpine remobilizations (Fig. 9). Granite dykes that penetrate the South
Bulgarian granitoids of Hercynian age in the horst of the Srednogorie anticlinorium
and the Sakar anticline gave radiometric ages of 130—135 and 140—160 m. y.(S.
Boyapiev—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
Mits. 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 Ograzden 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, Stip, 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., KruSovo 148 m. y.,
Kajmakcalan 110 m. y., Seleska 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. Hapz1 1974). Quartz diorites, diorites, plagiogranites and
granites genetically associated with the Jurassic volcanics of the Mirdita unit in the
Albanides are similar (Bicoku et al. 1974).

More characteristic for the Meso-alpine evolution stage of the Alpides are the
‘banatites‘ of Upper Cretaceous, Palacocene 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 Rusca
— 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 Palacogene — 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 Vitosa, 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 Panagiuriste synclinorium and
the Srednogorie anticlinorium. In the eastern part of the Srednogorie, plutons are
found in the Strandza 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. DiMiTROVA et
al. 1975) and gabbros form the accompaniment of the rhyolite-andesite-basalt and
trachyte-trachyandesite-picrite volcanism. Big plutons, such as Vitosa-Plana, gave
radiometric ages 70—90, but also 55 m. y. (Senonian dacites yielded 86—88 m. y.,
S. Boyabiiev 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. BLEanu 1974). They are less
varied in composition, more acidic and with less Na than similar rocks in the southern
area (1). In the Mures 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 Vlddeasa 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 Neo-alpine granitoids 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 10. Severin nappe ; Ceahldu
basis of the CBGA Tectonic Map — edit. M. Mahel, 1973, and the Geological Map of 11. Fore-Balkan
Rumania) 12. Metalliferous Zone (Mures)
T 3 / 13. Meso-alpine volcano-sedimentary grabens (Timok type)
ectonic units 14. Depressions a) Palacogene b) Neogene
I 5 Moesia.n pladom \ Magmatites
2. Danubicum a) interior zone — Stara Planina
3. Geticum : Sl 15. Pre-Alpine granitoids a) synkinematic
4. Saska-Gornjac tectonic slice — Kraishtides 16. Palaeo-alpine granites a) synkinematic >
5. Ultrageticum — Morava—Penkovski nappe 17. Banatites a) subvolcanic and hypabyssal bodies, b) volcanics, c) pyroclastics
6. Serbo-Macedonian Massif 18. Neovolcanics a) volcanics, b) hypabyssal bodies, c) pyroclastics
7. Vardar Zone 19. Ultrabasic rocks
8. Foredeep a) inner b) outer 20. a) basic intrusive rocks, b) spilite-diabases-keratophyres-porphyroites
9. Flysch Belt of the Carpathians ; Koula Zone 21. Pre-Permian basites

. 22. Permian quartz porphyries
23. Pre-Permian a) spilite-diabases, b) porphyroids
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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 Madzarovo, 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. Bovapiev 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 Banska Stiavnica, in the Polana and Javorie Mts.) granodiorite-
porphyry, granodiorite and diorite laccoliths, radiometrically datedat 2.5+0.8 — 15
m. y. (V. KoNecNY—. SLAvIK 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 Vyskov, Vinograd, Velika
Dobro, Perecin and Slavjansk areas (B. V. MErLIC—S. M. SpiTkivskaia 1974). In
the Rumanian young volcanic areas diorites form major bodies in the Harghita and
Caliméni Mts. ; the diorite body in the Caliméni caldera is of unusually large size. At
the northern margin of the Hungarian massif, in the Reczk-Lahdca area in the Matra
Mits., occur Upper Eocene hypabyssal and subvolcanic diorites and diorite porphyri-
tes along the Darno 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, Vrsaé¢ (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. Bovyapsigev 1974).

Discussion

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 ;

¢) 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-Alpine palacogeographic
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-Alpine 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. JAcer 1973, 1. Haiputov 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. Ausouin 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
StrandZa 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. Boyapneyv 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. MaHEL 1974) are the Palaeo-alpine (including Late Cimmerian)
stage — Upper Jurassic to Middle Cretaceous; Meso-alpine stage — the latest
Cretaceous to the end of the Eocene (or the beginning of the Oligocene), and the
Neo-alpine stage (for the most part Neogene). Only two first stages are accompanied
by granite generation.

The Hercynian cycle includes the Bretonian-Sudetic, Asturian-Saalian and Pfal-
zian stages (M. MaHEL 1975). The first is often termed as the early stage with the
radiometric date range 350—305 m. y. (S. Bovapinev 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 placedin the first stage, that
of late and post-kinematic granitoids in the second stage and the formation of aplites,
pegmatites, albite granites and subalkalic granites in the third stage (A. K. Boiko
1975). This evolution trend of the Hercynian granitoids and migmatites associated
with them is perceptible chiefly in the West Carpathians and the Balkan Mts. ;itisin
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 Neresnicki 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. DiMiTRIEVIC 1967, S. KARAMATA 1974, 1. ZAGORCEV 1975, E.
SzApeckY-KARDOSS 1967, S. Boyapsiev 1967). This concerns especially the large
granitoid bodies in the Rhodope and Srednogorie Mts. of South Bulgaria, the
granitoids in the Serbo-Macedonian and Pelagonian massifs and partly also those in
the South Carpathians, where radiometric dates indicate pre-Hercynian, more often
Hercynian and even Alpine ages (e.g. in the Bujanovac pluton in the Serbo-Macedo-
nian massif, in the Belograd¢ik pluton in the Balkanides, in the Pelagonicum or in the
Mecsek Mts.).

¢) Inthe 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 deep-seated 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 near-surface
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. Bosanov 1973, 1. Zacor¢ev 1975)
and in the Serbo-Macedonian massif (M. D. DiMiTrIEVIC 1967). On the other hand in
the Kraklové zone of the Veporides and in the Cierna hora Mts. in Slovakia (S. Jacko
1971) tight compressed Hercynian folds were established in the mica-schist zones,
where granitoid bodies are small, rare or absent altogether. G. H. KRAUTNER (1937)
reported even Hercynian nappes from the East Carpathian areas containing
a negligible amount of Hercynian granitoids (Fig. 11a). The majority of granitoid
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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
Palacozoic 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
extréme 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
Ditrau 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
Palacozoic 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 Rardu and Rebra-Barnar
Formations, are of Palaeozoic age, too (A. K. Bosko 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. KRAUTNER 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 Mits.
North of the South Bulgarian granitoid zone extends the Balkanide type with
elongated bodies of the gabbrodiorite-granodiorite association in the Stara Planina
Mits., 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.
Boncev 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 Serbo-Macedonian massifs, the frequency of
young granodiorite and monzonite bodies at the western margin of the Serbo-Mace-
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 Groden 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 PovaZsky Inovec, Tribe¢ and
Branisko Mts. Quartz-porphyry tuffs and lava flows are more frequent in the
marginal grabens of the Veporides, in the northern Lubietova 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
Cierna 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 diorite-porphyrites are subordinate.

The Choé 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. VozAr 1971); the former (probably Lower Permian) is more
acidic (up to 62 % SiO,) with a negligible proportion of explosive material, the latter
is of Upper Permian age, of higher basicity (44—54 % SiO;) and richer in
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Fig. 8 Zones of different Hercynian stabilization and the distribution of Permian types in the West
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- Zones of minor Hercynian stabilization a) with a small portion of Hercynian granitoids, b) very

slightly folded and lacking granitoids

. Permian a) melaphyres (in nappe positian), b) quartz porphyries

. Permian a) terrestrial type; T = Tatride, SV = North Veporide, JV = South Veporide, Z = Zem-
plin, b) of the Cho¢ nappe

. North Gemeride Permian
. Permian, partly marine, marginal RozZiava-Zeleznik type and Biikk type
- Ophiolites a) ultrabasites, b) intrusive basites, c) diabases, d) quartz porphyries-keratophyres-

-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 Vernar and Drienok units.

of

In the Rumanian Apuseni Mts. the Permian volcanics are prevalently components
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 asomewhat
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
Belograd¢ik 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. Cunev—P. Bongv 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 intra-Permian diastrophism, occur
in the eastern block of the Hungarian Mid-Mountains, in the ranges Mecsek and
Villany. 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. SzApEcky—KARDOSss et al. 1967).

Discussion

1. Late-geosynclinal 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 Cho¢ 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 molasse-filled grabens bounded by faults. Therefore, they
can be reasonably assigned to the same basalt-rhyolite 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 Cho¢ 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 structural-facies 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 dying-out 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 volcano-plutonic 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. BEeck-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.
FLuGEL 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. FLUGEL 1975).

The pre-Hercynian and especially Lower Palacozoic 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 Dumbier, Lubietova and Kohuit
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 Dobgin4 and in
the Devonian Rakovec Group in the Gemerides during the Hercynian (L. RozLoz-
NIk 1974) and Alpine orogenies (P. GrRecuLa 1973). Metabasites are unusually
abundant in the Lower Palacozoic Pezinok-Pernek Formation of low to medium
metamorphic grade in the Little Carpathian Crystalline, in the Kraklova zone of
medium-grade metamorphism in the Hron Formation of the Veporide Crystalli-
ne (A. KuiNec 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 Kraklové zone, there is a number of meta-ultrabasite bodies
showing the character of serpentine-tremolite-talc-chloritic rocks or of peridotites.
These members of a gabbro-peridotite suite represent ultrabasic differentiates of
a tholeiitic type (D. Hovorka 1976). The spilite-diabase formation of the Veporides
and Tatrides is close to tholeiitic to Al-rich 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 Velk4 Lika massif of the Mala Fatra Mts.,
hornblende peridotite occurs amidst a hybrid-granitoid mass (D. Hovorka 1965)
and minor serpentinite bodies of Iherzolite-harzburgite type are known from the
southerly Kohiit zone of the Veporide Crystalline. The position of ultrabasites in the
mica-schist complexes of the Kohtit Crystalline near the deep Lubenik 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
even leptynite gneisses indicating that acid effusives may be present (L. KAMENICKY
1973). Metabasites forming sheet-like bodies, often only several cm thick but of
considerable strike length, amidst the Muras granite-gneisses instil the idea that the
whole complex is 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 spilite-keratophyre or even more acidic association in addition to the
spilite-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 Dobsina, 370 mil. y.
from MniSek (B. CamseL et 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. BAJANIK
1975) ; they accompany gabbro, gabbrodiorite and quartz diorite intrusions in both
the western (near Dobsind) and eastern parts of the Gemerides. In the Klatov body,
a marked transition from gabbros to diabase and diabase-porphyrite facies is seen.
The Devonian-Lower Carboniferous Harménia 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 Iherzolite, which are even of large size such as
Boréok near Breznicka and Ploske (D. Hovorka 1965). Minor bodies are more
numerous in the area of Zeleznik — Turcok (M. MAHEL 1953).

Early geosynclinal amphibolites occur in the Devonian of the eastern part of the
Hungarian Mid-Mountains; in the western part of this block, in the Igal-Biikk
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 Proterozoic-Lower 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
ortho-amphibolite-metadiorites 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 meso-metamorpho-
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sed Proterozoic Bretila-Rarau 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. SANDULES-
cu—IL. BerciA—H. G. KRAUTNER 1974). The volcanics are accompanied by stocks of
granite-porphyry and granodiorite-porphyry (G. Rupakov 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 Tibiu 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 Rusci 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 Sebes
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 Ruscd 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 (.
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 Porecka 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. SANDULESCU—S. NATASEANU—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.
Bosanov 1974, S. BoyapJiev 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. DimiTRIEVIC 1967).

Basic volcanic rocks markedly affected the character of younger sequences
distributed in the marginal parts of the Rhodope and Serbo-Macedonian massifs, in
the Krajistides and Balkanides, i.e. the Upper Proterozoic-Lower Cambrian Vlasina
and Osogovo Formations and the Cambrian-Silurian diabase-phyllitic 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 spilite-diabases
in the Balkans display a distinct sodium tendency (E. DiMiTrOvA etal. 1975). Quartz
porphyries of Riphean-Cambrian age occur at the eastern margin of the Serbo-Ma-
cedonian massif (S. KarRaMATA 1974). The so-called Struma (diorite) Formation
with gabbro, diorite and leucocratic granite bodies is genetically related to the
diabase-phyllite series (I. Haiputov 1971).

A particular complex of the Balkanides is the low-metamorphosed flysch Rajano-
vici Formation, which contains not only diabases but also porphyrites (I. Haiputov
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. Bicoku et al. 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 Rusci, 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.
Haiputov 1971). The conformable ultrabasite bodies in the areas with concentrated
amphibolite occurrences as, for example, in the West Carpathian Palaeozoic (Hron
Formation in the Kraklova 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 Piiuseni Formation in the southern units of the Apuseni
Mts., the Tibiu 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-Palacozoic complexes because of
extensive anatexis and higher-grade metamorphism. Leptite gneisses in the Rhodo-
pe Mits. (1. Bosanov—D. KozucHArov 1968), the Serbo-Macedonian massif (M. D.
DiMiTRIEVIC 1967) and in the Kohiit zone of the West Carpathian Crystalline (L.
KAMENICKY 1973) are often placed in this group. The metakeratophyre and quartz
porphyrite Arada Formation of the Upper Proterozoic-Lower 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
Riphean-Cambrian sequences of the Serbo-Macedonian 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. FLUGEL 1975) similarly as those in the Igal-Biikk syncline

in north-eastern Hungary (K. BaLogH—L. Korossy 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 Tibdu 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 Paiuseni 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 Tibdu 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. Pami¢ 1974): a) normal subalkalic volcanics including
diabases (palaeo-basalts), porphyrites (palaeco-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. KNezevi¢1976).

The first magmatic manifestations appeared at the end of the Werfenianin 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 LjubiSnja 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. Ciric 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 partof 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 Mirdita zone 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. Ciric 1962, 1974, J. Ausouin 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. Pami¢ 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.
KArRAMATA—J. Pamic¢ 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 clear-cut
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
*diabase-chert 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. ILi¢
1967) date them as Palaeozoic but with regard to the presence of Palaeozoic
metamorphosed limestones in the tectonic mélange even the pre-Palaeozoic age is
admitted. Serpentinites are also regarded as shreds torn from the earth’s mantle (J.
Pamic¢ 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 "diabase-chert 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 Serbo-Macedonian 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 J urassic limestones
accumulated by gravity slumping from the immediate slopes are of a particularly
large size (M. D. Dimrtrievic 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 Serbo-Macedonian 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. DiMITRIEVIC 1974).

The relationship between serpentinites and gabbros on the one hand and the
effusive-sedimentary 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. DimiTriEVIC 1974) and with the
Mesozoic shallow-water carbonate facies, which are closely connected with the
volcano-sedimentary "diabase-chert formation* (B. Ciri¢ 1962, J. Ausouin 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 (palaeo-basalts), quartz porphyries
(palaeo-rhyolites), kersantites, essexites, nepheline syenites, bostonites, camptoni-
tes, diabase-porphyrites, 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 (palaeo-rhyoli-
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 (palaco-andesites) and keratophyre tuffs (trachyte-andesites);
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 (palaco-andesites) and melaphyres (palaeo-basalts) 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 Albian-Cenomanian 'Randkonglomerat‘ 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
Briangonais ridge. In the northern "Waliser Biinderschiefer Trog® zone, in addition
to the schists (Biinder 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 Mits., 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 Biikk 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. PANTO—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. Arkal 1973). The gabbro-peridotites scattered over a distance of 150 km
and the accompanying diabase-spilites follow the Darno 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. Hladomorné dolina Group- Early Palaeozoic episeries of the Vepo-
rides
Early Palaeozoic épiseries of the Gemerides
. Devonian of Szendro
Carboniferous a) of the Biikk Mts., b) North Gemerides
. Veporide Permian
. North Gemeride Permian
. Roziava-Zeleznik Group — Permian
. Permian of the Biikk Mts.
10. KriZna unit
11. StruZenik 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. Granite-gneiss of Muraii type
21. Hercynian granites-trondhjemites
22. Palaeo-alpine granites
23. Granodiorites a) Eocene, b) Neo-alpine
24. Gabbros and diorites a) Mesozoic gabbros accompanied by ultrabasi-
tes and diabases
25. Minor bodies of Mesozoic ultrabasites a) of uncertain age, b) pre-Al-
pine, ¢) 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 lines: B — Balaton, D — Darné, R — Roziava, L —
Lubenik, M — Margecany, Mu — Muriii, P — Pohoreld, ] — Jel§ava
deep-seated fault, § — Stitnik fault, H — Hornad 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.
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ZFLENKA 1974). In the south-east they join the south-eastern spur of the Békony
Mits., 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 sulphidic Cu
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. REICEWALDER 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, Jelsava, Drzkovce), which
obviously represent the deeper members of the ophiolite formation (M. MAHEL
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 Roznava
fault-line so that their ascents are placed in this deep fault. Some geologists think the
structurally anomalous RoZfiava line to be the root zone of the Gemeride nappe (P.
Grecura 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 RozZnava
and Darno fault lines.

Minor serpentinite bodies are also found in the Triassic complexes of the North
Gemeride synclinal zone, chiefly in the Dobsina and Jaklovee (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—IJ. ZLoCHA
1974). In places they are accompanied by diabasic rocks and keratophyres situated
amidst the Middle-Upper Triassic sequences. The presenog of serpentinites in
pebbles of the Upper Cretaceous conglomerates near the Dobsina ice cave, and
contact metamorphism they produced in the Middle to Upper Triassic sediments of
this area (M. ManEL 1957) suggest that at least part of them are of younger, probably
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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 Roznava deep fault and the latter with the deep fault
bordering the North Gemeride synclinal zone (M. MAHEL 1957). Thin layers of tuffs,
tuffites, porphyrite and quartz porphyry are known from the limestone-dolomite
complexes of the ranges Stratenské hornatina, Galmuské pohorie (M. MaHEL 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 deep-sea facies, which
indicate a diversified relief of the Triassic sedimentary area.

The Drienok Formation, which forms the southernmost part of the StrdZov nappe,
contains(a) small bodies of porphyrites (palacoandesites), orthofelsites (palaco-tra-
chytes), quartz porphyry (palaeo-rhyolite) and their tuffs amidst the Campilian
marlstones (M. SLAvkaY1973) and (b) biotite picrites, diabases (palaco-basalts) and
keratophyres (alkalic palaeo-trachytes — personal communication by D. Hovorka)
amidst the dolomites and Reifling Limestone (D. HovorkaA—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 StraZovska hornatina, Velkd Fatra, Mala Fatra, and in the Low
Tatra and Little Carpathians (M. Manet 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 Krizna—
Zliechov sedimentary trough. The basites in the lower part of the pre-flysch Albianin
some envelope units (e.g. the Malé Karpaty Formation — M. MAHEL 1967) are of the
same type. The frequent presence of basite “exotic pebbles of intraformational
conglomerates, which accompany pre-flysch complexes suggests that they originated
in the period of a more intense differentiation of the earth’s crust. In the
shallow-water (cordillera) sequences the basic rocks are scarcer. The most important
are large bodies of limburgite and limburgite tuffs and tuffites occurring together
with neritic Tithon-Neocomian limestones at Osobita in the High Tatra Mts. In the
Trangoska 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 (palaco-andesites), quartz porphyrites
(palaeo-dacites) and quartz porphyries (palaeo-rhyolites) (V. Zousek 1931, T.
WiEseR 1958). Of particular interest are the occurrences of glaucophanites, serpenti-
nite fragments and chromite in the Aptian limestones (M. Misik 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 palaecogeography of the Klippen Belt embracing deep
troughs (e.g. the Pieniny-Kysiica 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. Misik—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. Bupay et al. 1967), and effusions and hypoabyssal bodies of pronouncedly
alkalic rocks (A. Maumoob 1973). Picrite lava flows and dykes are also known from
the Pichov 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. EL1A$ 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 s
probable to the east of the Lednice line. The Zlin, Istebna and Godula Formations
(Z. Rotu in T. Bupay et al. 1967) bear interlayers of Upper Cretaceous to
Palacogene 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. SzApEckY—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. WEIN1969). 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. BiLik 1974).

Spilite diabases (palaco-basalts) with radiolarites were struck by boring also south
of the Mecsek Mts., in the basement of the Neogene filling of the Dravavalley. They
are less frequent in the Villiny 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 (palaco-ba-
salts) is presumed to run in the area between the Danube and the Tisza, particularly
between Nagykoros and Szandaszolos (K. SzEPESHAZY 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
Mits. 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. DANILOVIC 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.Junasz—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 (palaco-basalts, partly alkalic), basaltic porphyrites and
porphyrites (palaeo-andesites ; K. SzereszuAzy 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 (palaco-basalts) are accompanied by gabbro, gabbrodiorite and
diorite intrusions (H. SAvu 1967, H. SAvu—G. Ubrescu 1973). Ophiolite volcanics
are found together with pelagic facies of jasper limestone, Aptychi limestone
(Tithonian-Lower Albian in the Drocea-Crig 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 Persani 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. CrorLica et al. 1966), diabase pillow lavas and bodies of gabbrodolerite, gabbro
and serpentinite' 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. SANDULEscU 1973).

The Middle Liassic to Dogger volcanics that are known from the Coldea
depression, the Brasov 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. SANpULEscU 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‘ (Kamenny potok), and the Ceahlau-
Rachovo unit (D. RApuLEscu—M. SAnpuLEscu 1973, M. G. Lomipze 1968). In the
Black flysch unit, diabases, spilites and their tuffs occur together with silicites,
argillites and siltstones and, in its upper members, also with limestones. In the
Ceahldu — 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 (palacoba-
salts) are accompanied by gabbro-porphyrites, gabbros and serpentinites (harzbur-
gites and lherzolites), and in the latter, diabases (palaeco-basalts), keratophyres
(palaeo-trachytes), volcanic breccias and tuffs are found. Major bodies of gabbro
and peridotite are thought to occur at depth (M. G. Lomipze 1975, E. K. LAZARENKO
et al. 1973). The volcanic rocks are accumulated at the northern margin of the
Marmaro$ massif (M. G. Lominze 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 Marmaros nappe
gave rise to a belt of mélange (M. C. Lomipze 1968). The Jurassic to Lower
Cretaceous ophiolitic volcanism was related to the disruption of the crust along the
Marmaro$ 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 Ceahliu-Rachovo unit (M. G. Lomipze 1968, M. SANDULEsScU 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. SANDULEScU 1973). Minor basalt effusions are known from the Tithonian-
Neocomian of the more southerly Klippen Belt (M. G. Lomibze 1975).

Weak volcanic activity took place at the end of the Early Cretaceous and in the
Late Cretaceous and Palacogene 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. Grusic 1974).

In the Balkan Mts., the Tithonian-Lower Cretaceous flyschoid complex at
StrandZa is accompanied by submarine volcanics such as spilites and diabases
(palaeo-basalts), keratophyres (ultrabasic palaeotrachytes) and hypabyssal picrite-
porphyrites and diabase-porphyrites (S. Boyapsev 1967, E. BoNCEV 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. Dimitrova et al. 1975) (Fig. 6).

Discussion

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 deep-water 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, €.g. the Ophiolite and the
Vardar zones in the Dinarides, the Krizna 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 Ceahldu-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. Itis 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 (palacobasalts) in the J urassic 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 Marmaros 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 CBGA Tectonic Map — edit. M. Mahel 1974,
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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
Ceahliu-Rachovo zone. The troughs (trenches) are also there the sites of ophiolites
(M. SAnpuLEscu 1973, D. RANDULESCU—M. SANDULESCU 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. SzADECKY-
Karposs K. SzepestAzy 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. Grupi¢ 1974, D.
RADULEScU—M. SANDULESCU 1973).

The StrandZa unit with preflysch complexes and ophiolites is one of the peculiar
features of the pre-flysch Mesozoic of the Balkan (E. Boncev 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. Dimrtrievic 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. Maser 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.
DimiTriEVIC 1974). The Triassic ophiolite series in the Biikk Mts. are regarded as
a branch of the Tethys joining the Dinarides (E. SzApecky—Karposs 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 Alféld 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 Briangonais 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. RApULEscU—M.
SAnpuLEscu 1973). The northern basin is today represented by the ophiolite series in
the Ceahldu 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. Grusi¢c 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. Grusic 1974).

There is a gap in our knowledge relating to the position of the 'Northern‘ oceanin
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. DEwEey et al. 1974, E.
SzADECKY-KARDOSs1973, A. Grusic 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 — Valasské Klobouky — Kysucké Nové Mesto —
Novy Targ — Domoradz) and the Peripieninian lineament (the zone of the
Carpathian block, after W. Sikora 1973); metamorphosed flysch is presumed to
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Fig. 11b Palaeogeographical sketch-map of the Inner West Carpathians in the Jurassic and Lower
Cretaceous and junction with the Eastern Aops (M. Mahel 1978)

1. West Carpathian ridge subsequently rebuilt tectonically: A. into nappes: a) of Vysoka 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. 11b).

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-Ceahldu 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. BIrrp 1970, A. L. Knipper 1975) and by some students of
the Alps (e.g. M. BoccaLET et al. 1974).

Both parts of the Tethys were subdivided by islands having a thick continental
crust as, for example, by the Briangonais 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. SzApEcky-KaRDOss 1973, V. ALexicetal. 1974). It
is, however, hardly possible to regard the Villiny and Mecsek Mts. as part of the
original Inner Carpathian belt (P. HorvATH—L. STEGENA—B. GEczy 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 Villiny 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 — Kysica unit of the Klippen Belt, the Krizna 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. Satsku—A. BoGpaNov 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.
TorLmann. 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. Maser 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) ; ¢) 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 Ceahldu-Severin-Kraina
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trough of carbonate flysch. For the KriZna 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 Krizna 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 {d.
DEewey 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
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‘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 Palaco-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
mélanges 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 StrandZa, Vardar and Fru$ka 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 Velky Bok Formation, rear part of the KriZzna nappe in the
West Carpathians) than in the zones of strong Alpine compression (e.g. the
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. 12b Geotectonic position of granitoids

. Prealpine granitoids a) synkinematic, b) alkalic

. a) Palaeo-alpine granites, b) synkinematic

. Meso-alpine banatites — interorogenic

. Subvolcanic and intrusive bodies a) early late-geo-

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

. Foredeep :
. Flysch Belt of the Carpathians, Eastern Alps,

outer zones of the Dinarides-Hellenides and Balkans

. a) Klippen Belt, b) Gresten Zone, ¢) Kotel Zone
. a) inner zones, b) late-tectonic (back-arc) Flysch
. Intrageosynclinal massifs

. Inner depressions

. Principal tectonic lines a) strike-slip faults
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Fig. 13a Sketch-map showing the distribution of Upper
Jurassic-Lower Cretaceous oceanic troughs in relation to
ophiolites

1. Central massifs a) Palaeozoic exposed in the Dinarides

2. Areas with thin crust (quasi-oceanic) 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 pre-flysch

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. Spilites-diabases a) underlying the Tertiary basin filling

9. Triassic diabases (accompanied by minor intrusive bo-
dies), in lower parts the hybrid association: diabase-
porphyrite-keratophyre-quartz porphyry
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Fig. 13b The presumed course of Jurassic troughs
For explanations see Fig. 13a




Struzenik 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
Povazsky 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 Krizna nappe in the North

Veporides and the zone south of the Veporides, which is connected with the Lubenik -

suture (the root zone of the Cho¢ 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. ANpruUsov 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. SzApecky-Karposs 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, Strandza). 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, Ceahliu 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 KriZna 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-Palacogene Flysch Belt a) in places superimposed on pre-flysch zones. Units:
M = Magura, Si = Silesian, K = Kruja, J = lonian
2. Tithonian-Lower Cretaceous flysch (predominantly pre-flysch) a) underlying the later Flysch: So —
Szolnok, Bn — ‘Black Flysch’, C — Ceahldu, Se — Severin, T — Trojan, SS— Strandja, Sr — Sarajevo,
V — Vardar Zone, Mu —Mures, Z — Zukali
. Upper Cretaceous volcanogenic flysch showing relationship to banatites
. Flysch to flyschoid of back-arc type a) underlying the molasse filling
. Ultrabasites a) small bodies, mostly in nappe position, b) alkalic
. Gabbros (accompanied by diabases)
- 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. MaHEL 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
(palaeo-andesites) and quartz porphyrites (palaeo-dacites) became more abundant,
e.g. the Flysch Belt of the East Carpathians — M. G. Lomipze 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
Neo-alpine consolidation.

5. Meso-alpine interorogenic magmatites
(the banatite association)

In the Srednogorie zone in the Balkan Mits., in the Timok and Poiand Rusca zones in
the South Carpathians and in the Apuseni Mts. there is a volcano-plutonic formation
known from the literature under the label *banatites‘. On the Tectonic Map of the
Carpathian-Balkan Region (M. MasEet 1973) this formation is assigned to the
Meso-alpine interorogenic magmatites with regard to its being affected by Meso-al-
pine folding and to its post-Palaeo-alpine 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 graben-synclinoria, 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. Jov¢ev et al. 1971). The
Turonian-Maastrichtian volcano-sedimentary complex is up to 3000 m thick, with
a prevalence of andesite tuffs, effusions of small thickness and subvolcanic andesite
bodies. This alkali-calcic andesite-basalt association comprises basalts, andesite-ba-
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, analcime-bearing basalt, limburgites, augitites,
trachybasalts, trachyandesites, trachytes and intrusive monzonites and syenites (G.
STANISEVA—VASILIEVA 1973).

In this eastern part of the Balkanides the banatite* magmatites occur to a less
extent also in the northerly Luda Kaméija flysch zone under the Campanian-Maas-
trichtian (Emin) flysch. They are more widely distributed south of the Burgas
synclinorium in the Strandza 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. VELCHEV et al. 1975).

In the western part of the Srednogorie Mts. a Coniacian-Santonian volcano-sedi-
mentary complex of unusually great thickness is in the Panagjuriste synclinorium. It
overlies a Turonian coal-bearing sandstone-conglomerate sequence. The Upper
Santonian variegated marly limestones (Couches rouges facies) are also interbedded
with tuffs and tuffites. The overlying thick flysch complex of Maastrichtian age is
devoid of volcanics. B. BoGpanov (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
diorite-porphyrites 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-
ry-volcanogenic 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 Vito$a volcano). The above
succession of magmatites (G. STANISEVA—VasILIEVA1973, 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 (Tithonian — Lower

Cretaceous)

5. a) Zones of pre-flysch with accompaniment of basites an ultrabasites: C = Ceahldu, 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
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well as the radiometric ages (70—80 m. y. — S. Bovapnev 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. STEvanovicet 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 (8.
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 KnjaZevac-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. GiuscA—G. CiorLica—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 Sdvarsin 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. GiuscA—G.
CiorLicaA—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
Vlideasa 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 Vlddeasa
mass consists of basalt, andesite, rhyodacite and granite-porphyry dykes and diorite,
granodiorite and granite bodies (M. BLEanu 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. CiorLicA—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, Cornétel) 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. CiorLica 1967, 1973). :

The presence of banatites of a similar type to that of the Apuseni (including the
Vliddeasa 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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RozLoznik (1976) postulates analogous banatite bodies to occur also in the
Slovenské stredohorie Mts. (e.g. the Hodrusa 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. LAzARENKoO 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.
KrucLov—A. K. Boiko—B. B. Zaipis 1974, M. Krivy 1969, L. KaMENICKY 1973).
They include in the banatite association also the stocks and dykes of grandiorite-
porphyry and syenite-porphyry in the Rumanian part of the Marmaro$ massif and
lamprophyres in the Civéinske 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 Tarcdu unit (Lupchianu Beds), in the Turonian of the Audia unit and in
the Corna hora and the Skibowa tectonic units The andesite-dacite tuffites in the
Late Senonian of the Dukla, Corna hora, Subsilesian tectonic units and in the
Boryslav-Pokuty folds represent the later phase.

Traces of volcanic activity also exist in the Palacogene 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. Lesko et al. 1958).
Volcanic breccias and andesites occur in the Palaeogene of the Curbicortale unit (M.
SANDULESCU et 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 palaecogeographical rebuilding of the Flysch Belt at the Eocene/
Oligocene boundary.

Discussion

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. ToLimann 1967, D. GiuscA—G. GiorLica—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 facies 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. STaNISEVA—VasILIEVA 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-
TA1974, M. BLEAHU 1974, D. GruscA—G. GiorLicaA—H. Savu 1966, D. RADULES-
cu—M. SANpULEscU 1973, N. HErz—H. Savu 1974), but the radiometric age values
yielded by the Vitos 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. STANISEVA—V AsiLIEVA 1973, B.
Bocpanov 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. RApuLeEscuU—M. SANDULEscU 1973, BoccALETTIEt 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. DjorpIEVIC 1974).

In the Apuseni Mts. the magmatites occur only in the late geosynclinal, more orless
posttectonic depressions, oriented obliquely to the basic features of the Palaeo-alpi-
ne structural plan. Fillings of these depressions probably derive from the early stage
of the late-geosynclinal period. The small depth of Upper Cretaceous depressionsin
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 Mid-Mountains 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. BoccaLerm et al. 1973). The Rhodope and Serbo-Macedonian
massifs, in such a conception, formed an island arc in the Upper Cretaceous, and the
zone of Srednogorie — Timok a marine basin of back-arc 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 Palaeo-alpine
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. RapuLescu—M. SanpuLescu 1973), others with the subduction of
the Metalliferous Zone (N. HErz—H. Savu 1974, M. BLEanu 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 flysch 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 tothe late-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. SLAvik 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. KOorossy
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 Métra Mits.
Diorite and diorite porphyry accompanied by copper deposits near Reczk-Lahéca
along the Darné 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. CsiLag—J. FoLpossy 1974, T. ZeLenka 1974). Eocene effusive
rocks are also found in the Mecsek Mts. near Komlo.

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 Banska Stiavnica in the West Carpathians (L.
RozLoznik—O. SamMueEL—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. Nacy 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 Borszony 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 KoSice to the Cibles area in Rumania. Rhyolite
and rhyodacite pyroclastics extend in the neighbourhood of the Klippen Belt from
PreSov (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. VARrGa 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, Cserhat, Matra and
Biikk mountain ranges. In the central part of the Hungarian massif, especially
between Kopovar and Nyiregyhdz, 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, Dacov lom zones). At the time of deposition
of the middle rhyolite tuff (Karpatian) the NE-SW directions of fault lines were
already evident (oral communication by G. Hamor).

In the Badenian, volcanic activity in northern Hungary is linked genetically with
the ancient NE-SW 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 (NW-SE, W-Eor
W-NW, E-SE, NE-SW and partly also NNW-SSE). In,the west, mainly in the
Borszony Mts., it is the NNE-SSW to N-S Rewica fault system (G. Nagy 1976)
affected the transverse downwarp of the Slovenské stredohorie, the structure of the
Cserhét and Matra Mts. (G. Varca et al. 1975, G. PAnT6 1970) and the easternmost
Tokaj Mts. The NW-SE 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 Stiavnické hory,
Polana, Javorje, Pohronsky Inovec, Vta¢nik and Kremnické hory, included under
the name the Slovenské Stredohorie Mts. Volcanism of pyroxene-andesite type
began in Badenian time in the Stiavnické pohorie, Javorje and Polana and to a lesser
extent in the Pohronsky Inovec and Kremnické pohorie. It persisted until the
Pliocene. The time sequences of the individual associations of volcanic rocks are as
follows (V. KoNe¢Ny—]. SLAvVIK 1974):

— products of andesite volcanism — Lower Badenian (southern periphery-ma-
rine environment)

— products of andesite volcanism — Middle Badenian-Sarmatian (major part of
stratovolcanic complexes, including intrusive complexes and differentiated rocks)
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— products of rhyolite volcanism — Lower Sarmatian (Polana)

— products of andesite volcanism — Upper Sarmatian-Pannonian (upper parts of
the complexes of the Vtaénik — Kremnické hory Mits.)

— products of rhyolite volcanism — Upper Sarmatian-Pannonian (Stiavnické
vrchy, Kremnické pohorie, Vtaénik, 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 Stiavnické pohorie and in the south of the
Kremnické hory, being located along the N-S faults. In central Slovakia, the volcanic
centres are shifted progressively to the north-west and linked with the NE-SW, N-S
and NW-SE fauit systems. The central Slovakian transverse downwarp with the
inner depressions is genetically associated with the N-S and NW-SE systems of
faults. The spectrum of volcanic forms and products is extremely wide : submarine
domes, cumulo-domes, central volcanoes, extensive lava fields, big extrusions with
coarse-clastic 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 Banov) 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 W-E or WNW-ESE) with this tectonic line of first order ; the younger ones
are oriented obliquely to it (K. BIRKENMAJER—A. E. NaIRr 1968).

During the Neogene the eastern part of the Hungarian massif was connected with
the East Slovakian Plain and the Transcarpathian basin (J. SLAvik 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.
KONEC¢NY—IJ. SLAVIK 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)

* Oral 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. MERLIC—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 — Mukacevo area. Volcanic activity
was governed chiefly by NW-SE trending faults, and in the PreSov—Tokaj Moun-
tains by faults of N-S direction. The major fault system in the Guttin Mts. strikes
NE-SW but the N-S 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. RApuLEscu—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 WNW-ESE to NW-SE,W-E 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 NE-SW directions
(old reactivated faults).

The Cilimani-Hargitha (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 basalt-an-
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 NW-SE or NNW-SSE, and subordinately E-W
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 km?, 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 Boroviste volcanogenic area, the Momcilgrad volcano-
genic 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 MadZarovo and other areas (1.
Bosanov—D. KozucHarov 1968). Abundant dykes of andesites and subvolcanic
bodies of andesites and diorite porphyrites, 2—3 km long, are mostly of W-E
direction. Comagmatic plutonites are of the character of small intrusions (T. T.
VELCEV 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-
¢1ev 1965). The Kamaran intrusion and diorite porphyrites of the Lozen intrusion
are best known. In the Oligocene andesite effusions receded to trachyandesites and
rhyolites forming dykes in the gabbro-monzonite-granite 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 KrajiStide NNW-SSE
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 Madzarovo, Zvezdel, Galenica, Pesnopoiska and
Malko Grusevo intrusions in the East Rhodopean block and the ZorniSka intrusion
in the West Rhodope block (B. MAVRUDCIEV 1965).

The Tertiary Rhodope volcanics have relatively little potassium ; they are trans-
itional between alkali-calcic and potassium-alkalic types. Latite-andesites, rhyolites
and trachytes prevail over normal andesites, basalts and dacites (R. Ivanov 1960,

81




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.
Bovapiev—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) Rozden, Mariovo, Peh¢evo-Delcevo, Kratovo-Zletovo, Surdulica, Lece,
Novo Brdo, Trebéa, 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 Neo-alpine 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 Austro-alpine and South Alpine Crystalline
in the south-western 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 499—40 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 Slovenian-Croatian volcanics of the Karawankenis 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. Garro 1976), mainly the Penninicum.

The mentioned bodies of diorites and diorite porphyries in the Reczk-Lahoca
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 Darno 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 Darno 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 Roznava 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 post-tectonic
depressions, forming part of their filling (Fig. 15a, b). The complex tectono-magma-
tic structures (volcano-tectonic grabens and horsts, calderas) are associated with
faults which controlled the formation of depressions. Young volcanics are thus
structurally a component of the Neo-alpine structural pattern, without a direct
relationship to the Palaeo- or Meso- Alpine structures. From the above it follows that
the late orogenic volcanism differs essentially from the Cretacous-Palacocene
inter-orogenic 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 south-eastern 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 Serbo-Macedonian massifs. In contrast, young volcanics cover extensive areas in
the Hungarian Mid-Mountains, 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 Serbo-Macedonian massif were likewise places of
extensive late-orogenic volcanism. The neovolcanics are densely distributed in the
zones stabilized by pre-Alpine folding (central massifs) and extended into the
adjacent areas, which were consolidated by Palaeo-alpine folding (Fig. 12a). After
Meso-alpine 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 Meso-alpine
folding. Together with the neighbouring interior orogenic zones it constituted
a specific crustal block — the Neotisia (J. SLAvik 1971) with active volcanism during
the Eocene — Pliocene interval.

Another area of intensive Neo-alpine activation is the Rhodope massif with an
abundance of post-tectonic 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. MAVRUDCIEV 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. SLAvik 1971) (Fig. 15a, b). Palaecogeographical 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. SLAVIK 1971,
V. KonecNY—IJ. SLAVIK 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 Harghita— Calimani) 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 Mits. follow the NE-SW and NNE-SSW to N-S trends, in the Visegradi
Mts. NW, in the Cerhat-Matra 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, Vtaénik 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 Hornad fault zone influenced the distribution of volcanic
occurrences in the PreSov—Tokaj region. Numerous volcanic bodies are situated at
the crossing of fault lines differing in trend, genesis, age and orientation (the
Stiavnické hory, Borzsony 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 alkalic type 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 Mits., 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. DimiTrROVA 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. BLEanu 1974). The existence of banatite bodies in the
West Carpathians is being considered, especially in the Banské Stiavnica area in the
Slovenskeé stredohorie (L. RozLoznik 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
Mits. 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-Palacocene 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 Palacoge-
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
Mits. is obviously different from that of the Hungarian massif and the Inner West
Carpathians. The Recsk-Matra area (equally as the area of Pohorje with Paleogene
tonalites south of the Periadriatic lineament in the Southern Alps), representsin 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 Mits. 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. SLAvik 1968, 1971, V. KoNecNY—1J. SLAVIK 1974).
Volcanic activity persisted from the Eocene to the Early Sarmatian in the Hungarian
Mid-Mountains, 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
Cilimani-Harghita 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 Neo-alpine subduction in the
outer Carpathian zones already by H. StiLLE (1953). In the East Carpathians most of
the neovolcanics in the Vihorlat-Guttin and Célimani-Harghita zones form continu-
ous belts subparallel to the Neo-alpine structures of the Flysch Carpathians, i.e. to
the presumed zones of subduction. It is not surprising that the primary genetic
relationship between the Neo-alpine subduction and the genesis of volcanics is
advocated by the supporters of the new global tectonics (e.g. D. RADULESCU—M.
SANDULEscU 1973, M. BLeanu et al. 1973, N. HErz—H. Savu 1974, J. SLAvIk 1971,
M. BoccaTeLLiet al. 1974, E. SzApEcky—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 Badenian-Sarmatian, the volcanics were distribu-

ted in two-divergent trends in the North Hungarian massif (with the W-E dominant °

trend) and in central Slovakia, where the volcanics are aligned in SW-NE and N-S
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 “back-arc” basin is ascribed to the Pannonian basin (M.
BoccaLett et al. 1976; L. Stecena 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;O and higher SiO; 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 changesin
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 Mits., 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. Masgcr 1973), but the interrelations are
obviously more complex. There is no such alternation of compression and dilatation
in the Rhodope Mits. 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. HorvATH 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. Bogpanov 1973). In the
Vardar zone, strongly differentiated by young tectonics, and in the Serbo-Macedo-
nian massif the crustal thickness varies around 30 km. v

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..), soin
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 Salgétarjan area. In the West Carpathians they are frequent in the
Lugenec-Fildkovo area, around Banska Stiavnica and Nova Baiia in Slovakia ; in the
East Carpathians they are known from the Persani 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 (Helvetian-Lo-
wer Tortonian andesites and dacites in Styria and traces in the Vienna Basin), basalts
and their tuffs occur in the Upper Pannonian of the Lavanthal area.
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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. BLEAHU et
al. 1973). Minor bodies of little structural and tectonic importance originated every-
where only with termination of intense sinking (e.g. in the Alf6ld), 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 Filakovo) 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 ir: 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 Cho¢ 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 pre-Alpine eugeosynclinal volcanics are characteristic of the substantial
part of geosynclinal series predating the Hercynian granitization. They form
a component of the aspidic, partly diastrophic sedimentary-volcanic complexes and
belong dominantly to the spilite-diabase and spilite-keratophyre associations.
Intrusives of gabbro-leucogranite and peridotite-pyroxenite associations accompa-
ny them. Non-uniform distribution of basic magmatites and the greater extent of acid
types in some Upper Proterozoic (e.g. Arada Formation) and Lower Palaeozoic,
mainly Cambrian-Ordovician and Ordovician units (e.g. the Grauwackenzone of the
Eastern Alps, Gelnica Group in the West Carpathians, the Muncel Formationinthe
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
facies 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 facies 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 Vascdu Formationin 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 facies predominate even in the
Permian, is responsible for this feature.

The basic and ultrabasic volcanics forming part of the ophiolite association are
more abundant in the Jurassic and Lower Cretaceous troughs distinguished by
marlstone-radiolarite facies. They are mainly distributed in the central zones of the
‘Internides’ as (Fig. 12a) for example, the KriZzna and Kysica 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 Opbhilite zones
in the former and the Mirdita zone in the latter). Ophiolites also frequently
accompany thick pre-flysch facies of Tithonian-Early Cretaceous age (e.g. in the
Ceahldu-Rachovo tectonic unit in the East Carpathians, the Severin-Kraina tectonic
unit in the South Carpathians and the StrandZa and Sakar units in the Balkan Mts.).
In the Mures and Vardar zones the ophioliter occur in the Upper Jurassic deepsea
carbonate-silicite facies and the flysch sequences as well.

e) The Meso-alpine intra-orogenic volcanics and associated plutonic rocks of the
banatite association 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 — dacites, 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 Palaco-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 facies 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. ManEL 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 Ordovician 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. MaHEL 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, Tibdu and Pades 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. NAsTAseNAU 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 Cierna 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 long-lasting process. It was active since the end
of the Devonian to the end of the Permian, culminating in the folding stages. The
structure-forming 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 granite-porphyries
(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 deeper-water facies, their ascent
cannot be ascribed to the crustal thinning but to the break-up of the 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 Cierna
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 Rusci 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 decisive 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. RApbuLEsScU—M. SANDULEscuU 1973) and the Wengener
and Cassiana Beds in the Southern Alps can be cited. 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. MaHEL 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. Rotn 1974, M. Misik
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 facies that were so far regarded as palaecogeographic — 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 facies 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. Mahel, 1977)

1. Upper Mantle
. Granite-gneiss layer
. Nappe units
Occurrences of high-temperature and high-pressure metamorphism
. Subduction zones ; manifestations of high-pressure and low-temperature metamorphism
. a) Granitoid intrusions, b) diapiric ascents
. 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 — Darn6 line, R — Roziava line, L — Lubenik line, M — Muras
fault, C — Certovica 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 Ceahliu trough in the East Carpathians, the Severin
trough in the South Carpathians, the Niz-Trojan, and StrandZa troughs in the
Balkanides, the Sarajevo trough in the Dinarides and the Gramos trough in the
Hellenides (M. Manec 1973) (Fig. 13). Their filling begins invariably with pre-
flysch. The presence of ophiolites or basic and ultrabasic rocks (e.g. in the
Ceahldu-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. Mahel 1977

. a) Granitoid intrusions, b) diapiric ascents

- Pre-alpine aspidic to flyschoid and flysch formations

. a) Quartz porphyries, b) spilite-diabases ; melaphyres

. Bodies of a) of basic intrusives, b) of alkalic basites and ultrabasites

- Andesites and rhyolites, a) basalts

- Sandstones, quartzites, a) Carpathian Keuper.

- a) Shallow-marine detrital sediments, b) with predominance of clayey rocks

. a) Shelf limestones, b) dolomites

. 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. Mangr 1974), represented by fine-rhythmical flysch
s.s., coarse flysch, wildflysch, subflysch, cryptoflysch (most frequently couches
rouges), carbonate flysch, flysch with shallow-water limestone beds;

— the presence of numerous structural-facies zones;

— the polarity in the distribution of flysch in the progress of folding and in
differences concerning.its geotectonic position ;
~ — awide 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 Palaeo-alpine
orogeny to the beginning of the Neo-alpine 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 breccias 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 peri-cordillera faults.

A peculiar palaeotectonic feature developed after the Palaeo-alpine orogeny isthe
system of graben-synclinoria in the Timok-Srednogorie zone in the South Carpat-
hians and Balkan (Fig. 14), characterized by intensive intermediate volcanism of
rift-type, which followed the deposition of early molasse with coal seams in the
Cenomanian-Turonian. 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 Kam¢ija 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 Palaeo-alpine orogeny;

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

The two last-named 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 (Palaeco- 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-facies zones. The most
striking manifestations of the crustal shortening are near-surface and subsurface
nappes, zones of intense compression and zones of mélange 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 Stara 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: Strandza 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 KrajiStide 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 ]
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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 Triassicis 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. BALogai—L. KO6rROszY
1968). The establishment of an analogous ophiolite series (Meliata Formation) and
other ’southerly* features of the Slovakian Karst provides evidence that the Biikk
Mits. 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. Ma=er 1975). This southern ophiolite-bearing zone is boun-
ded by the Roziiava 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 Darn6 line (at the northern margin of the Biikk Mts.) are probably northern
branches of the Insubric line, which does not only bifurcate to the north-east 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 facies 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 Kysica 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 shallow-water 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 Ceahldu-Ra-
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chovo tectonic unit, atthe 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 Villdny 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 Villany 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. SzAbecky—KAaRrposs et al. 1967, G.
N. DoLenko—L. G. DaniLovi¢ 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 Mureg
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
Ruscd 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. MaHEL 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 pre-Palaeozoic 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 morpho-structural 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-Palacocene) 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 justasthe
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 Balkane a v dinaridach

Resumé anglického textu

Charakteristika geotektonickych typov magmatitov

Sledovanie Struktirneho, a hlavne geotektonického postavenia magmatitov v jednotlivych
vyvinovych cykloch alpid nas viedlo k ich rozdeleniu do siedmich skupin (obr. 1,2):

— granitoidy — tizko spité s procesmi vrasnemia a s utvaranim Struktirnych planov,

— neohercynske neskorogeosynklindlne vulkanity — geneticky priamo nadvizujiice na
hercynske granitoidy, sprevadzajice molasové vyplne brazd a prepadlin,

— predalpinske eugeosynklindlne vulkanity — v asocidcii s predkarbonskymi sériami
alpid,

— mezozoické ofiolity a bazické horniny viazané na tzke, osobitné, §truktirne pasma,

— mezoalpinske magmatity intraorogénneho typu vulkano-plutonickej formécie banati-
tov v sprievode tektonickych prepadlin vyplnenych zvicsa flySom, Ciastoéne i véasnymi
molasami,

— neskorogeosynlindlne neovulkanity — geneticky spiité s trefohornymi kotlinami, ktoré
st vyplnené molasami,

— findlne vulkanity — spité s poorogénnym $tadiom dotvarania morfostruktiry alpid.

1. Granitoidy

komplexov, zaradovanych medzi predpaleozoické utvary. Preto prevazovala mienka, Ze sa
vznik vacSiny granitoidov spaja predovSetkym so star$im predbajkalskym a bajkalskym
vrasnenim. V poslednych rokoch sa radiometrickym $tidiom ziskali hodnoty ukazujiice, ze
staré granitoidy si tu sice pritomné, ale ich podstatna Cast geneticky sivisi s hercynskym
komplexy, v rdmci ktorych vystupujd, zaradili vdaka biostratigrafickym metédam (najmi
palinologickym) do starSieho paleozoika.

Predhercynske granitoidy, viazané geneticky na bajkalské a starsie vrasnenia, su zvicsa
synkinematické, tizko sivisia s migmatitiziciou, anatexiou a s vyraznou regiondlnou meta-
morf6zou (M. MAHEL 1974). Sii to, napr. séria Grobgneiss vo Vychodnych Alpéch, Zuloruly
a migmatity v fubietovskom a kohiitskom pdsme veporid, niektoré migmatity v krystaliniku
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Nizkych Tatier a Ciernej hory, migmatity a anatektity v pohori Moragy v juznom Madarsku
(radiometrické udaje okolo 505 mil. r.); dalej Zuloruly a migmatity v prikrove Codru
a v prikrovovom systéme Biharia v Apusendch a v JuZnych Apusenéach sprevadzajiice sériu
Baia de Aries (s raidiometrickymi hodnotami okolo 508 mil. r.) ; Zuloruly a okaté ruly v sérii
Bretila Barnau vo Vychodnych Karpatoch. PocetnejSie synkinematické granitoidy si v Juz-
nych Karpatoch, kde tvoria aj vicSie plutony (napr. Poneasca a Sichevita v getiku, plutony
Stusita a Tismana v danubiku — radiometrické hodnoty 556—520 mil. r. — obr. 5). Vicsie
teles4 predhercynskych synkinematickych granitoidov si aj v Srbsko-macedénskom masive
(radiometrické udaje okolo 450 mil. r.), si vSak zvacsa hercynsky remobilizované ; dalej si
v Pelagonskom masive (dokonca s hodnotami 1140, 838, 609 — 577 mil. r.; G. Gedeon
1968). Pre rodopsky masiv st zvlast charakteristické synkinematické lessovské granitoidy
vystupujice uprostred ultrametamorfitov, povazovanych za archaické (I. BoiaANOvV—D.
KoZuCcHAROV 1966 ; obr. 6).

Najpocetnejsie a ¢o do vyvoja a stavby alpid najvyznamnejSie si hercynske granitoidy.
Prizna¢na je pre ne Struktdrno-tektonickd pestrost, Siroké Casové rozpitie a nevelka
roznorodost obsahu.

Synkinematické hercynske granitoidy,izko spité s plastom,predstavuji obvykle najhlbsie
pasma hercynskej granitizicie (napr. juzné Casti dumbierskeho krystalinika Zépadnych
Karpit (obr. 3). Charakteristické su i pre niektoré zony s osobitym tektonickym postavenim,
napr. klisirsky a stakevsky masiv v Starej Planine na Balkdne — sicast zony granitizacie
pozdiz rozsiahleho prehybu severne od rodopského masivu (véitane Srednogorja ; E. BONCEV
1975). Hercynske granitoidy tvoria velké telesa batolitov a fakolitov, a to nielen vo vlastnych
alpidéch, ale i v prilahlych masivoch (srbsko-macedénskom, rodopskom), ktoré€ Struktirne
spdjaju s vyvrasnenym systémom.

Rozsiahlejsie telesa batolitov podmiefuji vytvaranie Sirokych antiklindl a synklinal, napr.
vo Vysokych Tatrich (A. GOREK 1967, S. KAHAN 1968), alebo aj formovanie domovitych
Struktir, typickych najmi pre rodopsky masiv (I. BosaNov 1973, I. ZAGORCEV 1975), ale
i pre srbsko-maced6nsky masiv (M. D. DIMITRIEVIC 1967).

Najmladsie st zvacSa permské intrazie malych granitoidov, ktoré maji prevazne charakter
piov (§tokov). Castejie sa vyskytujii na Balkdne a v rodopskom masive, ale ndjdu sa aj
v inych oblastiach, napr. v [ubietovskej zone Zapadnych Karpat nadvizujicej geneticky tesne
na neohercynske vulkanity (kremenné porfyry; V. ZOUBEK 1931).

Pozoruhodné je Siroké Casové rozpitie granitotvornych procesov; hercynske granitoidy
vykazuji hodnoty od 340, najcastejSie 320 az 220 (200) mil. r. (J. BURCHARD 1970, J.
KANTOR, 1959, B. CAMBEL 1976, M. DIVILIAN—S. DIVILJAN 1967, M. D. DIMITRIEVIC 1967,
S. BoYADJIEV 1974, 1967). Tieto procesy prebiehaju priblizne v tom istom obdobi ako G¢inky
hercynskeho vrésnenia poéniic jeho prvymi prejavmi koncom devénu (bretonskymi) az po
koniec permu (falcskymi). Toto obdobie hercynskeho diastrofizmu, celkove asi 120 mil. r., je
velmi dlhé v porovnani s etapou prevazne pokojnejSej paleozoickej eugeosynklinlnej
sedimentécie (ordovik resp. vrchné kambrium —koniec devonu). Pritom nemozno opomeniit
naznaky kaledonskeho diastrofizmu, azda so sprievodnou granitizaciou (E. JAGER 1973, .
Haipurov 1971) — ¢asté radiometrické idaje okolo 400 mil. r. znacia najskor ,,termalnu
udalost* (H. ZWART 1976).

Hercynske vrasnenie i si¢asnd granitizicia maji 3 vyrazné §tadid: bretonsko-sudetskeé,
astirsko-saalske a falcské §tadium (M. MAHEL 1975). Prvé stadium sa Casto oznaCuje ako
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rané (radiometrické udaje o granitoidoch 340—305 mil. r. —S. BoYADJIEV 1974), dalSie dve
si oznacované ako neskoré §tadia (E. DIMITROVA et al. 1975 — radiometrické udaje
o granitoidoch okolo 280—250 mil. r.). Migmatity a synkinematické granitoidy sa zvykni
spdjat s prvym Stadiom, neskorokinematické granitoidy s druhym a vznik aplitov, pegmatitov,
aplitickych granitov a subalkalickych granitov sa obvykle spdjas tretim $tadiom (A. K. Boiko
1975). Naznacena tendencia vyvoja hercynskych granitoidov je bezna najma v Zapadnych
Karpatoch a na Balkdne; je v zhode s postupnou stabiliziciou kory pocas hercynskeho
diastrofizmu. Nemozno v$ak hovorit o vSeobecne platnom pravidle. Niektoré synkinematické
granitoidy s radiometrickymi hodnotami permu okolo 270—230 mil. r. sotva mozZno
povazevat len za vynimky v rdmci pravidla (napr. Zuloruly v Juznych Karpatoch v masive
Neresnicki, alebo migmatity, napr. z Vysokych Tatier s hodnotami 250 mil. r., a naopak
niektoré pegmatity z Nizkych Tatier v Zapadnych Karpatoch s hodnotami 330 mil. r.). I ked
zaznamenavame iba vSeobecni tendenciu vyvoja granitoidov, nezdvisi ich typ len od
vyvojového $tadia, ale aj od hibky ich vzniku. VSeobecna tendencia vyvoja granitoidov od
synkinematickych k apliticko-pegmatitickym Zilim ma vyrazné odklony vo vyvoji jednotli-
vych aredlov a zon. Je zname, Ze rozmanitost vyvoja, stavby i obsahu jednotlivych zon je
prizna¢na najma pre alpidy.

Castejsie sa objavuji ndzory nielen o polyfazovosti, ale aj o polycykliénosti vyvoja
granitoidnych telies (M. D. DIMITRIEVIC 1967, S. KARAMATA 1974, 1. ZAGORCEV 1975, L.
DIMITRESCU 1976, E. SZADECKY—KARDOSS 1967, S. BoYADJIEV 1967). Ide hlavne o velké
telesa juznobulharskych granitoidov (v Rodopéch a Srednogorji), granitoidov v srbsko-ma-
cedonskom a v pelagonskom masive, s€asti aj v Juznych Karpatoch; radiometrické idaje tu
poukazuji na predhercynsky, ¢astejsie na hercynsky, ale aj na alpinsky vek (napr. v plutone
Bujanovac v Srbsko-macedonskom masive, ¢i v belograd¢ickom pluténe v balkanidach,
v Pelagénskom masive, v magmatitoch pohoria Mecsek atd.).

Hercynske granitoidy predstavuje predovSetkym formécia granodioritovo-granitova. Bo-
hatsi latkovy obsah a viac formacii granitoidov maji balkanidy, t. j. oblast geosynklindlne
¢lenitejsia s lineamentnymi geosynklinalami (E. BONCEV 1966). Tu je popri granodioritovo-
granitovej formacii vyvinuta aj formdacia gabroplagiogranitova, gabrodioritova-granodiorito-
va a alkalicka gabrosyenitova formécia (E. DIMITROVA et al. 1975). VSade st hojné aplity
a pegmatity, ale i menSie telesd najma permskych leukokratnych granitov.

Rozdiely v stupni metamorfézy a granitizicie v jednotlivych usekoch alpid, ale aj
v jednotlivych zénach toho istého segmentu, sa prejavuji i odliSnostou tektonickych Stylov.
Uvedieme priklady z hercynskych §truktir. Vo Vysokych Tatrach, kde si rozsiahle telesa
granitoidov, boli preukazané hercynske §truktiry — antiklinaly a synklinaly Sirokého rozpitia
(A. GOREK 1959, S. KAHAN 1969). Démovité Struktiry si zvlast typické pre oblasti s velkymi
batolitmi granitoidov, napr. Rodopsky masiv (I. BojaNov 1974, 1. ZAGORCEV 1975)
a Srbsko-macedénsky masiv (M. D. DIMITRIEVIC 1967). V kraklovskom pasme veporid
a v Ciernej hore na Slovensku (S. JAcko 1971) boli v svorovych zénach s malym podielom
granitoidov, resp. bez granitoidov preukazané tizke stlacené hercynske vrasy. Z Vychodnych
Karpat sa uvddzaji aj hercynske prikrovy s nepatrnym podielom hercynskych granitoidov (H.
G. KRAUTNER 1972).

Podiel granitoidov v alpinskom cykle je nevelky (obr. 2). Tyka sa to hlavne granitoidov
stivisiacich s vrasnenim, a teda aj so stabilizaciou kdry. St zastipené len mensimi telesami,
ktoré sa viazu na zony predalpinskeho krystalinika, sd silne prepracované paleoalpinskymi,
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niektoré aZ mezoalpinskymi vrasneniami. Telesd alpinskych synkinematickych granitoidov si
rozSirené hlavne v juzZnejsich Castiach Srbsko-macedonskeho masivu, v oblastiach uz silne
postihnutych kimerskym vrasnenim. Pritom sa v alpinskom cykle, pri vychodnych okrajoch
Srbsko-macedonskeho masivu, granitizacia spolus vysokotlakovym metamorfizmom prejavi-
la viacfazovo, v asovom rozpiti 170—40 mil. r. (E. KocKEL—H. MoLLAT—H. J. WALTHER
1972), t.j. od zatiatku strednojurského ,,mladokimerského‘ cez strednokriedové az po
vrchnoeocénne vrdsnenia (J. AUBOUIN 1964, obr. 9). V penniniku Alp siaha granitizacia aZ
do zaciatkov oligocénu a i tu sa spdja s vysokotermalnou metamorfézou. Je teda zrejmé, ze
i alpinske granitotvorné procesy maji Siroké ¢asové rozpitie, ak ich porovname s pokojnym
geosynklindlnym obdobim triasu a spodnej aZ strednej jury (len 80—100 mil. .). Pri alpinskej
granitizacii treba zdoraznit, Ze sa prejavuje skromne a viazZe sa iba na tizke zony. Rozsiahlejsi
aredl postihnuty tymito procesmi predstavuji juzné oblasti alpid, hlavne pelagénskeho
masivu; juzné oblasti srbsko-maceddnskeho masivu, rodopského masivu a bloky sakarsky
a strandZansky. V tychto oblastiach si u starSich granitoidov ¢asté radiometrické hodnoty
okolo 160—97 mil. r. Ide zrejme o alpinsku regeneraciu krystalického podkladu. Pravda,
v niektorych granitoidoch sa zistili aj hodnoty 50—30 mil. r., ¢o je spdté s magmatickou
priabonsko-oligocénovou, miestami az spodnomiocénovou aktivizaciou (S. BOYADJIEV
1974).

V Zapadnych Karpatoch (obr. 10) sii vyraznym predstavitefom paleoalpinskych granitoi-
dov telesa granitov a granitporfyrov uprostred kambrosilirskej gelnickej episérie v Spissko-
gemerskom rudohori (rddiometricky vek (K/Ar) 93—103 mil. r. — J. KANTOR 1960).
Granitotvorny proces bol tu azda viacfdzovy a vyvrcholil malymi intriiziami. Vystup Zulovych
telies i priebeh zon kontaktnej metamorfézy je pasmovy, sibezny s priebehom hlavnych
paleoalpinskych Struktir (P. GRECULA 1973). Malé telesé sa viazu na oslabené polobliikovité
zony pri okrajoch megaantiklinéria Volovca (L. ROzZLOZNIK 1972). V gemeridich je
zavaznou otdzkou vzfah granitovych telies k prikrovu prvého radu, k nasunu gemerid na
veporidy. Skuto¢nost, Ze sa preukdzali §myky s ndsunom kryh bez kontaktnej metamorfézy na
kryhy rovnakého zloZenia, ale kontaktne metamorfované (napr. v preSmyku Jedlovec), vedie
k nazoru o prikrovovej pozicii granitovych telies i geneticky s nimi zviazanych rudnych lozisk
(P. GRECULA 1973). Vyraznejie prejavy granitizécie plasta s novovzniknutymi mineralmi,
ako je ,,dymovy“ kremeii, Zivce, biotit, muskovit, ktoré boli zistené hlbokymi vrtmi (P.
GRECULA 1973), nazna¢uji podla mdjho ndzoru skor ,,zakorenenost* Zulovych telies. Pri
rieSeni tohto problému posliZia mensie masivy hlavne biotitickych granitov, ktoré vystupuji
na styku hercynskych granitoidov masivu Bujanovej a cez metamorfny, alpinsky silne
prepracovany plast v Ciernej hore, severne od gemerid. Tieto masivky granitoidov su ¢asto
poprerastané systémom aplitovych Zil a hojnych «trhlin s vypliiou turmalinu, hematitu,
molybdénu, kremena, pyritu a kalcitu. Niektoré zo spominanych telies prerézajii cez oslabené
z6ny permu veporidného obalu. Na Spalenom vrchu teleso dioritu preraza i presunuti kryhu
gemeridného karbonu a permu (J. SALAT 1954). Pozicia tohto telesa a len slaby tektonicky
zasah do najmladSieho systému dislokdcii sv.—jz. smeru (S. JAcko 1971) nasvedéuji,
rovnako ako u gemeridnych granitov, Ze ich intrizia asove spadé i do neskorsich procesov
paleoalpinskeho vrasnenia.

Popri velkych hercynskych telesich granitoidov v krystaliniku veporid, ktoré je silne
alpinsky zvrasnené, vystupuji na vyznaénych tektonickych linidch granitoidy s radiometricky-
mi hodnotami 107—115 mil. r. (J. KANTOR 1960), napr. Murénska Zdychava 107 mil. r.,
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Hroncok 110—115 mil. r. (A. K. Boiko 1975), ktoré patria k star$im prejavom paleoalpin-
skeho vrasnenia. St tam vSak i telesd albitickych granitov s hodnotami okolo 86—90 mil. r.
Alpinske granity si hojnejSie pri juznom okraji veporidného krystalinika v zonach zvlast
intenzivne zasiahnutych alpinskym vrasnenim. Taky vek vykazuju i malé Zily a masivky
aplitov a pegmatitov sv.—jz. smeru, ktoré prerazaji prevaine svorovii hronskd sériu
v kraklovskom pdsme veporid (A. KLINEC 1966, obr. 10).

Radiometrické hodnoty 93 az 140 mil. r. ziskané z granitov valinového materidlu
v paleogénnych procskych zlepencoch bradlového pasma vychodného Slovenska (R. MARs-
CHALKO et al. 1976) naznaCuju pritomnost paleoalpinskych granitoidov i v krystalickom
podklade severnejsich jednotiek Zapadnych Karpat. Valiny spominanych granitov pocha-
dzaju pravdepodobne z kordiliery uprostred geosynklindly bradlového pasma, alebo pri jej
severnom okraji.

Granitoidné horniny, zndme pod ndzvom tonality, sprevadzaji periadriaticki zlomovi
zOnu. Radiometrické udaje z telesa tonalitov z Karavaniek vykazuji hodnoty 29 +6 mil. r.,
resp. 28 +4 mil. r. (z biotitu). Zaujimavé je vsak, Ze sprievodné granodioritové porfyry
z oblasti Eizenkappel st zrejme hercynske s hodnotami 24+8 mil. r. (z pyroxénov) a diority
s hodnotami 22747 mil. r. (z biotitu) (E. FANINGER 1976).

DélezitejSiu dlohu v stavbe alpid maju telesa granitoidov, tvoriace siéast vulkanoplutonic-
kych formécii mezoalpinskeho banatitového typu (blizSie vid na str. 139). Ich vznik stvisi so
stavom kory, striedavo ovplyviilovanym kompresnymi pohybmi laramskymi a ilyrskymi, resp.
pyrenejskymi (obr. 6).

Vo vztahoch medzi vrasnenim a granitiziciou je napadny rozdiel medzi hercynskym
a alpinskym tektonomagmatogénnym a metamorfnym cyklom. Zatial ¢o je pre hercynsky
diaftorizmus prizna¢na hlbinnd metamorféza a rozsiahla granitizicia, charakteristickym
znakom alpinskeho vrasnenia je obmedzeny rozsah metamorfozy, ktord nastala v plytsich
z6nach a prejavila sa ako progresivna metamorf6za mladsieho paleozoika a mezozoika a ako
lokélna diaftoréza krystalinika. Alpinske vrasnenie sprevadzajui aj drobné intruzie granitov.
Celkove mé v§ak pripovrchovy charakter s prevahou prikrovov (M. MAHEL 1974).

2. Mladohercynske neskorogeosynklinilne vulkanity

Neskorogeosynklindlne mladohercynske vulkanity, prevazne permské, s¢asti uz i vrchno-
karbonske (balkanidy, Juzné Karpaty) sprevadzaji komplexy vrchnej, lagunarne suchozem-
skej molasy, uloZenej v pozdlznych Zlaboch. Vznik Zlabov, tektonickych prepadlin i vulkani-
tov je dosledkom hlbokych zlomov, sprevadzajicich epiorogénne roztiahnutie, niekde
i riftogenézu zavr$ujicu geosynlindlny proces.

Neohercynske vulkanity maji pomerne jednotvarny obsah, najcastejSie si kremenné
porfyry ; vertikdlne i lateralne ich miestami zastupuji melafyry. Medzi obidvoma krajnymi
typmi tychto vulkanitov si sice prechody, no i tak je podiel intermediarnych vulkanitov,
porfyritov a kremennych porfyritov napadne maly. Vztahy medzi melafyrmi a kremennymi
porfyrmi si v niektorych segmentoch rozdielne. Na Balkine mozno pozorovat prechod od
bazickejsich melafyrov ku kyslejsim (P. CUNEv—P. BONEV 1975); v Apusenich je to skor
naopak (M. BLEACHU 1974). V severnejSich zonach vyrazne prevazuji kremenné porfyry,
v juznejsich zénach vyrazne melafyry. V Zapadnych Karpatoch st melafyry charakteristické
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pre choésky ZIab, rozlozeny medzi zonami s kremennymi porfyrmi, severnejsou veporidnou
a juznejsou severogemeridnou. Geotektonické postavenie melafyrov a kremennych porfyrov
je v podstate rovnaké. Preto je logické i ich zaradenie do jednej bazaltovo-ryolitovej formacie
na Balkéne (E. DIMITROVA et al, 1975) ako i v Zapadnych Karpatoch (D. HOVORKA 1965).
Linedrny charakter erupcii bazického vulkanizmu v niektorych zénach spdsobuje tensia kora,
ale i hibgie siahajice zlomy, ktoré sliZili ako privodné kandly vylevov. V nijakom pripade
nemozno melafyry povazovat za vulkanity, analogické s ofiolitmi, teda za inicidlne vulkanity
v ponimani H. STILLEHO (1953)—(J. VOZAR 1971). Melafyry totiz len mélo ovplyviiuju
sedimentdciu a nesdvisia s prehibenim geosynklindly ako ofiolity, resp. ofiolitoidy, ale
s molasovym tadiom prechodu od hercynskej geosynklinaly k alpinske;j. Slaby alkalicky trend
melafyrov v choéskom prikrove Zapadnych Karpat (J. VOzAR 1972) sice ddva podnet
k Givahdm o slabiej kratonizacii kory, melafyry v Zapadnych Karpatochiv Apusendch si vSak
viazané na grabeny, ktoré znamenaji zaciatky alpinskych $truktdrno-facialnych zon.

Lenze ani zaradenie melafyrov ako findlnych ¢lankov hercynskeho vulkanického sledu (D.
HovORrkA 1976) nie je presvedCivé, a to preto, ze melafyry sa spajaji najmé s juznejSimi
z6nami alpid, menej stabilizovanymi hercynskym vrasnenim.

Prevazne kysly charakter neohercynskych vulkanitov a ich ¢asova zhoda s poslednymi
§tadiami granitoidnych intruzii, ako aj prejavy doznievajiiceho hercynskeho metamorfizmu,
naznatuju Gzky vztah neskorogeosynklindlnych vulkanitov ku granitotvornym procesom.
Niet v§ak priamych dokazov, Ze by iSlo o vulkanicko-plutonickd forméciu, i ked subvulkanic-
ké telesa povahy mikrogranitov si zndme napr. z balkanid. Vulkanity sii rozlozené v okrajo-
vych tektonickych prepadlinich spravidla vedla zon s granitoidnymi intruzivami ; to naznacu-
je skor nepriamu vizbu na granitizéciu. Ide azda o vylevy magmy v okrajovych Castiach
vi&ich tumorov a mozno ich povaZovat za oneskorené povrchové prejavy rozsiahlej
hercynskej sializécie kory. Slabsie metamorfovany perm a hojny Zilny kremen v tomto utvare
znamenaji asi dozvuky tepelnych prejavov. Molasové sedimentarne formacie, doznievajuci
vulkanizmus a metamorfizmus svedéia o zaviSovani hercynskeho cyklu.

Mladohercynske neskorogeosynklindlne vulkanity sd hojnejsie v brazdach, oddelujicich
pasma vyraznejSej hercynskej granitizacie, a pri vnitornych okrajoch hercynsky stabilizova-
nych aredlov (obr. 8). V tychto priestoroch doslo vdaka hlbokosiahajicim zlomom aj
k subakvalnym vylevom melafyrov, zvicsa sillov, v sprievode dajok melafyr-porfyritov
a porfyritov (napr. melafyrova séria chocského prikrovu Zapadnych Karpata perm v jednotke
Codru v Apusendch). Vrchnopaleozoické depresie severnejsich oblasti alpid maji molasové
vyplne, s malym podielom vulkanitov, kremennych porfyrov, ich tufov a tufitov.

3. Predalpinske eugeosynklindlne vulkanity

Viit§ina predkarbénskych sérii v alpidach predstavuje série vulkanosedimentérne s geosynkli-
nalnymi prevazne bazickymi vulkanitmi. Tieto st zvic§a metamorfované na amfibolity,
v najstarsich séridch niektorych oblasti (Rodopy, Srbsko-macedonsky, Pelagonsky masiv) az
na eklogity. Prevladaji bazické vulkanity spilitovo-diabazovej a spilitovo-keratofyrovej
formécie. Casto ich sprevidzaji intrizie gabier a dioritov, ale aj serpentinizovanych
peridotitov, pyroxenitov, dunitov. Kyslé efuziva si obyéajne len sprievodnych javom,
pripadne charakterizuji jednotlivé formacie. Ide zvitsa o kremenné porfyry a ich pyroklasti-
ké, menej o kremenné keratofyry.
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Bazické vulkanity s zvast hojné v séridch proterozoika, napr. vo vlasinskej a lisecko-oso-
govskej sérii na okraji rodopského masivu a v srbsko-macedénskom masive (M. DIMITRIEVIC
1967), v sérii Biharia v prikrovovych jednotkach Apusén (R. DIMITRESCU 1966), v protero-
zoickych sériach Juznych Karpat, v sérii Poiana Rusca, Ielova, Lotru, Sebes v Juznych
Karpatoch (O. MAYER et al. 1975 — obr. 4, 5).

Aj cely rad staropaleozoickych sérii ma vysoky podiel diabazov, napr. diabazovo-fylitova
séria balkanid, devonska fylitovo-diabazova séria v gemeridnom paleozoiku Zapadnych
Karpat, séria Repedea vo Vychodnych Karpatoch, devénsko-spodnokarbénska séria Paiuse-
ni v prikrovovych jednotkich Apusén, série Corbu, Lescovita v JuZnych Karpatoch (M.
SANDULESCU—S. NATASEANU—H. G. KRAUTNER 1974). Vo vicSine sérii ide o vulkanicko-
plutonickt forméciu, v niektorych pripadoch dokonca s va&§imi telesami intruziv. Tieto
vytvaraji najcastejSie Zzily, pripadne mensie pne. Roznorodost intruzivnych telies je
v niektorych oblastiach zvlast velka. Tyka sa to predovSetkym strumskej dioritovej formacie
na Balkane, ktord tvoria gabra, diority, ale aj plagiogranity (J. JOov¢EV et al. 1971). Pravda,
pritomnost granotoidnych hornin sa vo viacerych pripadoch pripisuje skor neskorsim
granitoidnym procesom (napr. vo fylitovo-diabazovej sérii Zapadnych Karpit). V mnohych
pripadoch si vSak genetické vzfahy granitoidov k bazickym horninim nejasné.

Sucastou vulkanicko-plutonickej formécie si vo vi&ine pripadov i ultrabazické telesa. Ich
magmaticka pribuznost s bazickymi horninami je zjavna napr. v Juznych Karpatoch v predpa-
leozoickych séridch v Poiana Rusca, v getiku v sérii Jelova a v masive Mrakonia v danubiku
(O. MAYER et al. 1975), ale aj v paleozoickych séridch napr. v sérii Corbu v danubiku.
Geneticky vztah medzi va&imi ultrabazickymi a bazickymi telesami sa zistil v predpaleozoic-
kych komplexoch Rodop (J. JOVCEV et al. 1971). Spitost mensich telies serpentinizovanych
pyroxenitov s gabrami a gabrodioritmi je zjavnd v balkanidich (I. HaipuTOV 1971).
V priestoroch nahustenia amfibolitov (napr. v zipadokarpatskom paleozoiku hronskej série,
v kraklovskej zone veporid) je logickejsie vysvetlovat pritomnost loznych ultrabazickych
telies ako syngenetickych. Si si¢astou vulkanicko-plutonickej formacie a ich vystupy mozno
spdjat s protriziami pozdiz zlomov. Spilitovo-diabazova formacia veporid i tatrid je chemic-
kym zloZenim blizka toleitickym, na hlinik bohatym bazaltom (D. HOVORKA 1976); ide
pravdepodobne o oceanicky typ kory. V niektorych pripadoch, napr. pri juznom okraji
veporidného krystalinika, rozloZenie ultrabazickych telies nevylu¢uje v kohiitskej zéne ani
tito druhii moznost (D. HOVORKA 1976 ; obr. 10).

Zaujimavy je vyskyt bazickych, ba v niektorych pripadoch dokonca aj ultrabazickych telies
v spodnom karbéne (napr. séria Paiuseni v juZnejSich jednotkdch Apusén, séria Tibau so
znacnym podielom vo Vychodnych Karpatoch, spodnokarbonsky az strednokarbénsky flys
dinarid), ba i v molasoidnych séridch namur-westfalu gemeridného paleozoika Zapadnych
Karpat, v strednokarbénskej sérii Argestru vo Vychodnych Karpatoch (M. SANDULESCU et al.
1974). Vo vSetkych spomenutych oblastiach alpid sa za¢ina hercynske vrasnenie, granitizicia,
metamorfoza a s tym spojené vytvaranie rulovo-zulového sloja uz za¢iatkom karbénu, ba
miestami uZ koncom devonu. Zrejme viak v tych Struktirno-tektonickych zénach, v ktorych
su karbonske bazické pripadne i ultrabazické teles, bola kora tensia. Ide zvicia o zony slabsie
zasiahnuté hercynskym vrasnenim. Pritomnost bazickych vulkanitov v karbéne mozno
povazovat za dbkaz vyraznejSej diferencidcie pri utvarani Zulovo-rulového sloja pocas
hercynskeho vrasnenia.

Bazické vulkanity v celom rade predkarbénskych sérii asociuji aj s kyslymi vulkanitmi.
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Tieto v niektorych séridch prevladaji a sii pre ne charakteristické. V predpaleozoickych
komplexoch sa pre rozsiahlejsiu anatexiu a vy$Siu metamorfozu tazko stanovuje ich podiel na
tvorbe geosynklindlnych sérii. Za také sa asto povaZzuji leptitové ruly, napr. v Rodopéch
(I. BosaNov—D. KozZucHAROV 1968), v Srbsko-macedénskom masive (M. DIMITRIEVIC
1967), v kohiitskej zéne zdpadokarpatského krystalinika (L. KAMENICKY 1974). Zaujimava
je v tejto sivislosti metakeratofyrova a kremito-porfyrova episéria Arada, vrchnoprotero-
zoického — spodnokambrického veku. Castejsie sii kremenné porfyry a ich tufy, zmenené na
porfyroidy v staropaleozoickych flySoidnych az flySovych episéridch, ako je gelnicka séria
v gemeridach Zépadnych Karpat a séria Tulges vo Vychodnych Karpatoch. V juznejSich
prikrovovych jednotkich Apusén ma séria Muncel (kambrium) Castejsie intermedidrne
a kyslé vulkanity, kremenné porfyrity a kremenné porfyry. I'v proterozoickych komplexoch
Juznych Karpat sa zistili kyslé vulkanity povéacSine ako polohy v sprievode bazickych
vulkanitov; si zndme aj v rifejsko-kambrijskych séridch Srbsko-macedénskeho masivu.
Hrubé polohy kremennych porfyrov, menej kremennych keratofyrov, zodpovedaji hlavne
ordoviku. Vo Vychodnych Alpach sa kremenné porfyry kladd na rozhranie ordoviku — siliru
(H. V. FLUGEL 1975), obdobne ako v igalsko-biikkskej synklindle v Madarsku. Castejsie sa
teda spédja hojnejsi vyskyt kremennych porfyrov s i¢inkami kaledonskeho vrasnenia. Treba
v$ak zdoraznit, Ze sa zdruzuji s geosynklindlnymi formaciami s prevahou ilovcov a pieskov-
cov, ¢asto diastrofického charakteru, teda s formaciami vyrazne geosynklindlnymi. Zvyraziiu-
ji to i Castejsie polohy bazickych telies, pripadne laterdlne a vertikdlne striedanie kyslych
a bazickych vulkanitov.

Vicsi podiel kyslych vulkanitov vo vrchnej$ich polohach proterozoicko-kambrijskych sérii,
prip. v spodnejsich polohach ordovicko-siltrskych sérif, moZno logicky vysvetlit ako dosledok
roznej hribky kory, ¢o sposobilo bajkalské, najcastejSie neskorobajkalske, prip. ranoka-
ledénske vrasnenie. Tu treba zddraznit, Ze hoci ma kora rozliéni hribku, obsah sérii ani ich
geosynklindlny charakter sa podstatne nemenia. Kyslé vulkanity geneticky suvisia s ostrovny-
mi oblikmi, resp. s oblastami hrubsej prechodnej subkontinentdlnej kory.

Kremenné porfyry Casto asociuji aj s devonsko-spodnokarbonskymi sériami. Napr. vo
vrchnych polohéch hronskej série (devon) sa kyslé efuzivne telesa striedaji s bazickymi (A.
KLINEC 1966). Vo Vychodnych Karpatoch mé slabometamorfovana séria Tibau uprostred
série vapencov a dolomitov, fylitov a zlepencov nielen bazické telesa, ale i kyslé metatufy;
v severnejsich zonach je to devonsko-spodnokarbonska séria Repedea (H. G. KRAUTNER
1972). V Apusenach devénsko-spodnokarbonska séria Paiuseni méa okrem bazickych telies
i kyslejsie kremenné dioritové porfyrity, keratofyry, ale i kremenné porfyry a ich tufy; aj
v tejto sérii sa popri fylitoch a kremencoch vyskytuju aj zlepence (R. DIMITRESCU 1966).
V Juznych Karpatoch, v danubiku, si tufy kremennych keratofyrov a kremennych porfyrov
Zastejsie v spodnokarbonskych pieskovcovo-bridli¢natych sériach. Rovnako i v balkanidéach
obsahuje vrchnodevénsko-spodnokarbonsky pieskovcovo-bridli¢naty komplex pyroklastické
kremenné keratofyry a kremenné porfyry. Uvedené priklady naznacujd, Ze i vo vrchnom
devéne a spodnom karbone sprevéadzaji kyslé vulkanity bazické vulkanity. Da sa to logicky
vysvetlit ako désledok rozliénej hribky kory. Rozdiely v hribke kory boli zrejme velmi
vyrazné i koncom staropaleozoického sedimentacného cyklu a suvisia s prvymi prejavmi
nastupujiceho hercynskeho vrasnenia.

Rovnako ako predvrchnokarbénske sedimentédrne komplexy aj vulkanogénne formacie su
pomerne malo diferencované a najéastejsie ich sprevadzaji intruzivne telesd. Su to zrejme
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produkty nevyzretej kory, véasnych geosynklinal. Naznaky vyraznejsej diferenciacie koncom
proterozoika, pripadne zaciatkom starSieho paleozoika si désledkom bajkalského, pripadne
kaledonskeho vrasnenia.

4. Mezozoické ofiolity @ bazické horniny

Na rozdiel od predhercynskych sérii je podiel bazickych a ultrabazickych telies v mezozoic-
a helenid a CiastoCne i Juzné Apuseny, povazované za odnoz dinarid (vardarskejzony (obr. 2,
13) ale i v tychto aredloch sa viazu iba na niektoré §truktirne zony. Spravidla ide o asociaciu
ultrabazickych telies, gabier, spilitov, diabazov v sprievode hlbokomorskych sedimentarnych
hornin, hlavne radiolaritov. Uz davnejsie sa pre tito asociaciu pouziva oznacenie ,,ofiolitova
séria‘ Ci ,,ofiolitovy komplex*. Tato asociacia byva neuplna a hojnejsi je ojedinely vyskyt
niektorych jej ¢lankov. Jednako nadobudaju bazické a ultrabazické telesa v mezozoickych
sériach vzhladom na tektonickd teoriu litosfériskych platni osobitny vyznam najmi pri
urcovani typov a zmien kory.

Bazickeé vulkanity, Castejsie spolu s gabrami a serpentinitmi, inde s keratofyrmia porfyritmi
az kremennymi porfyrmi, sa v mezozoickych sériach alpid viazu na: a) hlbokovodné facie
stredného triasu (hlavne ladinu), s¢asti vrchného triasu (hlavne karnu) ; b) hibokovodné facie
vrchnej jury a spodnej kriedy; c) suvrstvie preflySu, hlavne titonsko-spodnokriedového ; d)

_kompletnejsi sled pelagickych vdpencov, radiolaritov (ale i flySu), s ¢asovym rozpatim od
strednej jury po strednu kriedu.

a) V triase sa vulkanity nachadzaji spravidla s pelagickymi vapencami a bridlicami
s polohami radiolaritov.

— V jednotke Budva -— Zukali v dinaridach a v helenidach : diabazy, kremenné porfyrity,
kremenné porfyry, keratofyry, kremenné keratofyry a uvedené pyroklastické vylevné horni-
ny, dalej granitporfyry, gabra, gabrodiority, diority, granity (J. PAMIC 1964 ; obr. 9).

— V pohori Biikk st kremenné porfyry, diabazy a ich pyroklastické produkty, diabaz-por-
fyrity, gabroporfyrity, gabra, harzburgity a peridotity (obr. 10).

— V meliatskej sérii v Slovenskom krase si diabazy a ich tufy, podradne keratofyry,
glaukofanity, serpentinity.

— V transylvanskych prikrovoch vo Vychodnych Karpatoch su diabazy, gabrodolerity,
gabra (v ladine), porfyrity, oligofyry, ortofyry (vo vrichnom triase ; G. CIOFLIKA et al. 1966).

— V Juznych Karpatoch si diabazy, kremenné porfyry a ich pyroklastické produkty,
diabaz-porfyrity, gabra, nefelinické syenity, pyroxenity, peridotity.

— Vo vyssich prikrovoch oberostalpinika v severnych vapencovych Alpach si mensie
vyskyty tufov, tufitickych porfyritov, keratofyrov (hlavne vo vrchnom anise a v ladine),
melafyrov (hlavne v kordevole). V drauzone su porfyrity a melafyry — hlavne ich pyroklastic-
ké produkty (A. TOLLMAN 1967).

b) V sprievode hlbokovodnych facii radiolaritov, sliefiovcov a pelagickych kalpionelovych
a nanokonovych vapencov vrchnej jury a spodnej kriedy si znamejsie vyskyty bazickych
telies, pripadne i ofiolitovych asociacii.

— Vo vardarskej zone a v ofiolitovej zone dinarid i v zéne Mirdita v helenidach su diabazy,
zriedka keratofyry, gabra, gabrodiority, syenity a plagiogranity ; peridotity, lherzolity, dunity
(B. CIRIC 1962 J. AUBOIN 1968, J. PAMIC 1964 ; obr. 9).
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— V bukovinskych prikrovoch Vychodnych Karpat si diabazy, porfyrity, ortofyry,
keratofyry).

— V Madarskom masive v podlozi neogénu Velkej madarskej niZiny zdpadne od
flySového solnockého trogu a v jeho vrchnojursko-spodnokriedovom stvrstvi su diabazy,
bazaltické porfyrity a porfyry (G. N. DoLENKO—L. G. DANILOVI¢ 1976, E. SZADECKY-
—KARDOSS et al. 1967, K. SZEPESHAZY 1973).

— V krizianskom prikrove Zapadnych Karpat st augity a ich pyroklastické produkty (D.
HovorkA 1976 obr. 3).

— Vo frankenfelskom a v dalsich severnejsich prikrovoch Severnych vapencovych Alp st
augit-porfyrity, melafyry a ich tufy.

¢) V sliefiovcovo-vapencovych a pelitickych sivrstviach prefly$u si zndme bazické horni-
ny, niekde aj iplna ofiolitova asociacia :

— V jednotke Ceahldu-Rachov vo Vychodnych Karpatoch a v jednotke Cierneho flySu —
Kamenny potok sii diabazy, gabroporfyrity, gabré, serpentinity (harcburgity a lherzolity), ale
i keratofyry ; ¢asto tufobrekcie a tufy (M. G. LoMIDZE 1968, D. RADULESCU—M. SANDULES-
cu 1973; obr. 11a).

— V severinskom prikrove Juznych Karpat si diabizy, gabrd, serpentinity, menej
keratofyry, diabaz-porfyrity (H. SAvu 1967).

— V jednotke Strandza na Balkéne sii diabazy, keratofyry pikritporfyrity, diabaz-porfyrity
(E. DIMITROVA et al. 1975; obr. 6).

— V penniniku, vratane série Rechnitzer si diabdzy, gabra, serpentinity.

— V tatridnych celkoch i v krizfianskej jednotke a v pribradlovej oblasti Zapadnych
Karpit vo vrchnoneokémskom az albskom preflysi si diabazy, augity a pikrity.

d) V zéne Mures a Ciastoéne i vo vardarskej zone charakterizuje ofiolitova asocidcia,
podobne ako v penniniku tak jurské karbondtovo-radiolaritové facie, ako i mladsie flySové
komplexy spodnej kriedy (obr. 4). Pestrejsie zoskupenie magmatitov je hlavne v Muresi.
V jure si diabazy, gabrd a peridotity; vys§ie vo vrchnej jure a v spodnom neokome su
limburgity, ale i ortofyry, porfyrity, kremenné porfyrity, oligofyry; v apte znova prevlddaja
bazickejsie magmatity; diabdzy, gabrodiority az diority a gabra (H. Savu—C. UDRESCU
1973, H. Savu 1967).

Vo vietkych uvedenych pripadoch je zretelnd vizba ofiolitov na §tadia najvicSieho
prehibenia jednotlivych geosynklindlnych zon. Nejde vsak len o vizbu paleogeograficku, ale
aj o prejav aktivity, teda o vizbu predovSetkym paleotektonicki, ktora logicky savisi s tenSou
korou ofiolitovych zon a zon s bazickymi magmatitmi a hibokovodnejsimi faciami.

Bizické az ultrabazické telesa, prevazne alkalického charakteru (augitity, limburgity) si
Castejsie i v sprievode plytkovodnych facii prahového typu, hlavne v okrajovych, zlomami
porusenych ¢astiach, napr. v tatridich (Vysoké Tatry) a v pribradlovej oblasti Zapadnych
Karpit, a to vo vrchnej jure a spodnej kriede. V tomto obdobi sa najvacSmi uplatnila Cinnost
bazického magmatizmu v alpidach.

Podrobnejsie prejavy vrchnojurského a spodnokriedového bazického az ultrabazického
magmatizmu ¢asto alkalického charakteru, sa viaZu na zlomy obmedzujice kordiliery,
pripadne prahy a prehibeniny. Zname si z flySovej geosynklindly, napr. teSinity v sliezskej
jednotke, diabazy a augitity vo flySovych barémsko-albskych stvrstviach bukovinského
a podbukovinského prikrovu, pripadne pri okrajoch flySovych trogov, napr. diabazy v jur-
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skych vapencoch v zéne Presecina v Juznych Karpatoch, ale i augitity v bradlovom pasme
Karpat.

Alkalické s i spodnokriedové podmorské vylevy v pohori Mecsek v Madarsku, alkalické
diabazy (,,bazalt-trachydolerity*) v sprievode pyroklastickych produktov a diabaz-porfyritov
(E. SZADECKY—KARDOSS et al. 1967). Bazickym vulkanizmom, ktory sa za¢ina v morskom
pelagickom az neritickom prostredi, sa zacina splytéovanie, aZ sa napokon sedimenta¢ny
cyklus skongil (J. FOLOP 1968).

V zlepencoch wildflySu, napr. v albe v zone Metaliferes, ¢i v baréme — apte pri severnom
okraji marmaro$ského masivu, v kriedovych zlepencoch bradlového pasma Zapadnych
Karpat, ale i v intraformacnych zlepencoch uprostred albského prefly$u obalovych jednotiek
Zapadnych Karpat sa vyskytuji valiny bazickych hornin, ¢o ukazuje na ich geneticky vztah
k diferenciacii kory. .

Tato zavislost je zrejma i z rozsirenia bazickych telies v mezozoickych sériach, ale tu hra
tlohu i ¢lenitost geosynklindly a zvySena dynamika pohybov kéry v obdobi magmatickych
prejavov. Bazické telesé si sprievodnym javom hlavne prehibenia tenkej kory a hibokosiaha-
jucich zlomov oddelujicich prehibeniny a prahy, pripadne kordiliery.

Najvidsi rozsah bazickych a ultrabazickych magmatitov je vo vrchnej jure a v spodnej
kriede, t. j. vobdobi najvicsej Clenitosti a najvécsej paleotektonickej kontrastnosti mezozoic-
kych geosynklindl, ale i najvyraznej$ej oceanizicie v alpidach.

Rozlozenie ofiolitov a ich typ zavisia od ¢lenenia sedimentaénej oblasti na trogy (prehibeni-
ny) a prahy (prip. kordiliery). Tak ako ma ¢lenitost kazdého segmentu svoje osobitnosti, maji
ich aj ofiolitové zony. Len niektoré z nich prechadzajii z jedného segmentu do druhého, aj to
s ur€itymi odli$nostami.

Vo Vychodnych Alpach maji facie hlbinnejsi charakter v triase len v najjuznejsich zénach
nadvizujicich na Juzné Alpy; v jure a v kriede je vyrazny severnejsi penninsky trog.

Rovnako je to i s rozlozenim zon s bazickymi horninami a ofiolitovych zén. Ofiolitova
asociacia v Alpach je prave charakteristickd pre penninikum. Rozdiely v type ofiolitovych
asocidcii su v Alpéach zvlast vyrazné, a to hlavne v Zapadnych Alpach, kde si dve vetvy
oceanskych trégov, ktoré oddeluje briansonsky prah. V severnej zone, oznacovanej ako
,» Waliser Biinderschiefer Trog* v sprievode bridlic (Biinder Schiefer) s len mensie vyskyty
bazickych hornin, a to doleritické a gabrové Zily, poduskové (pillow) lavy, hyaloklasty, relikty
serpentinitov, zriedkavé gabrd (V. DIETRICH 1976). Ide o trég s mélo vyraznym oceanickym
charakterom kory, skor o typ suboceanicky. Juzni penninskd, ¢i piemontski zonu charakteri-
zuju: kremité bridlice, radiolarity, slienovce, bridlice, ktoré sprevadzaji vyrazne poduskové
lavy a poduskové bazaltové brekcie.

V oblasti Glockner vo Vysokych Tatrach amfibolity, eklogity, prasinity a serpentinity
vykazuji rddiometricky vek 170 mil. rokov.

Ulomky serpentinitov, gabier, diabazov, poduskovych bazaltov a hyaloklastov sa najdu aj
v spolocenstve hlbokomorskych jurskych radiolaritov a aptychovych vapencov i sliefiovcov
titonsko-neokémskeho veku v bradlovom pasme pri St. Veit (V. DIETRICH 1976). Hojny
ofiolitovy detrit je pozoruhodny v klastikach flySového pasma Vychodnych Alp, ba i v gosau-
skej kriede az po kampén (V. DIETRICH 1976, R. HESSE—A. BUTT 1976). Tieto severnejsie
vyskyty bazickych a ultrabazickych telies stvisia zrejme so severnejSou vetvou ofiolitového
trogu, geneticky zviazanou s flySovym pasmom. Vystupy ofiolitov v tektonickom okne
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Rechnitzer predstavujd s najvdcSou pravdepodobnostou juzni vetvu penninika (A. ToLL-
MANN 1967).

V Zapadnych Karpatoch v triase maji hibokomorsky charakter najjuznejsie zony Biikk,
rudabanské pasmo a meliatska séria v Slovenskom krase ; len tieto zony ma ju triasové bazika
a ultrabazika (obr. 10). V sprievode rohovcovych vapencov, silicitickych bridlic, radiolaritov
i tmavych ilovcov, vystupujii vo vrchnom anise az spodnom karne diabazy, porfyry a ich tufy.
Najdu sa aj spility a esexity. V Biikku dosahuji komplexy lavovych pridov miestami hribku
niekolko sto metrov (P. ARKAY 1973). Sprievodné gabra, harcburgity a peridotity si podla
niektorych autorov vrchnojurské (C. BAKSA—J. CZILAG—]. FOLDESZI 1974) ; pravdepodob-
nejsia je viak ich genetické vizba s triasovymi vulkanitmi.

V jure je pre Zapadné Karpaty vyraznejsi Specificky zliechovsky a kysucky trég. V ich
okrajovych ¢astiach na styku so susednymi prahmi, napr. kordilierami st bazické telesa,
Clenitost tatridného pruhu sa odraza v Castejsich alkalickych spodnokriedovych prienikoch
limburgitov a augititov. I teSinity si vo flySovom pasme spaté s rozhraniami hrubsej kory
prahov a tensej kory prehibenin (M. ELIAS 1976).

Ofiolitovii zonu mozno predpokladat v spodnej $truktirnej etdzi magurského prikrovu
v Zéapadnych Karpatoch (obr. 3, 13). Predstavuje pokraovanie flySového pasma Vychod-
nych Alp (Z. RoTH 1964) i s nimi geneticky zviazaného penninika (s ofiolitmi) a na vychode
nadvizuje svojou ra¢iansko-bystrickou ¢astou na jednotku Rachovo-Ceahlau s ofiolitmi a na
sprievodnd ofiolitovi sériu ,,Cierneho flySu™ (rozloZeni pri vndtornej strane flySovej zony
a v podloZi presunutého marmaro$ského masivu).

Svedectvom existencie ¢lankov ofiolitovej série si Supiny pri styku magurskej jednotky
s bradlovym pasmom, miestami blizke typom zndmym z Vychodnych Alp i z Vychodnych
Karpat. Takymi si predovietkym posidoniové vrstvy (M. ELIAS 1976) i Cleny série
Grajcarka pri severnom okraji (posidoniové vrstvy, radiolarity — malm, vdpence typu
biancone — titén — spodny neokém, &ierny fly§ — spodnd — stredna krieda). Azda z tejto
,.skrytej* ofiolitovej série pochadzaji pocetné bazické a ojedinelé ultrabazické dtvary:
melafyry, diabazové porfyrity, augitové porfyry, augitity, limburgity, gabrodioritovo-diaba-
zové porfyrity, ale ojedinele i dacity, kersantity, kremenné porfyry, keratofyry, granitové
porfyry a granity s radiometrickymi hodnotami (stanovenia J. Kantora) 140—98,3 mil. r. Ide
o valinovy materidl z kriedovych zlepencov bradlového pasma v jeho zapadnom tseku. Zvlast
pestra paleta magmatitov je v paleogénnych zlepencoch pribradlovej oblasti s bradlového
pasma na vychodnom Slovensku: augitové porfyry, augitity, limburgity, melafyry, diabazové
porfyrity, gabrodioritovo-diabézové porfyrity, dacity, kersantity, kremité porfyry, keratofyry,
granitové porfyry a granity (R. MARSCHALKO—M. Misik—L. KAMENICKY 1976).

Polarita v rozlozeni ofiolitovej asocidcie sa vyskytuje aj vo Vychodnych Karpatoch.
Hibokovodné facie triasu s hojnymi, hlavne bazickymi i ultrabazickymi magmatitmi su aj
v prikrovoch transylvanskej skupiny, pévodom najjuznejSich. Najvyraznejsie prehibenie
a stenéenie kory jurskych a spodnokriedovych ¢lenov sa javi u bukovinskych prikrovov (zo
severnych ¢asti centrdlneho pasma) a o nieco neskor v titone a v spodnej kriede jednotiek
,Gerny fly§* — Kamenny potok a Ceahlau. Aj tu si prefbeniny zonami ofiolitov (M.
SANDULESCU 1973, D. RADULESCU—M. SANDULESCU 1973 ; obr. 1%

Pre Apusény je charakteristickd ofiolitové asocidcia v z6ne Metaliferes— typu trégu scasti
s tenkou, azda oceanickou koérou s mocnymi radiolaritmi a so sedimentéciou pestrych
(heterogénnych) typov flySu scasti v jure i pocas obdobia spodne;j kriedy ; obr. 4). V okrajo-
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vych Castiach md kora kontinentalny charakter so sedimentaciou plytkovodnych vapencov.

Osobitostou madarského masivu je predovietkym solnocky flySovy trog so sprievodnymi
bazickymi telesami; tento tr6g smerom k Z nadvizuje na pasmo pohoria Mecsek (E.
SZADECKY—KARDOSs 1973). Vrchnojurské az spodnokriedové diabazy, alkalické diabazy
a porfyrity vystupuji v peliticko-karbonatovom sivrstvi so sprievodom silicitov v podlozi
flySu aj zépadnejsie od flySového trogu. Jurské a spodnokriedové dajky, silly a lavové prady
diabazov (scasti alkalickych), bazaltickych porfyritov a porfyrov sa nachadzaju v sprievode
iloveov, sliefioveov, rédilaritov a pelagickych vapencov (K. SZEPESHAZY 1973 ; obr. )

Osobitostou Juznych Karpét v mezozoiku je trog s ofiolitmi v jednotke Severin a v prebie-
hajicej vnitornej zéne danubika, v zone Svinjica — Greben (D. RADULESCU—M. SANDU-
LESCU 1973 ; obr. 5).

K osobitostiam Balkdnu v obdobi predflySového tadia mezozoika patri jednotka Strandza
s preflySom obsahujicim ultrabézické a bazické horniny (E. BONCEV 1976 ; obr. 6).

Dinaridy maji pestry trias s hlbokovodnymi faciami hlavne v zéne Budva (s vulkanitmi
sCasti bazickymi uz v triase ; obr. 9). V jure je &lenitost este vyraznejsia s prehibeninami hlavne
v jednotkéch ofiolitovej z6ny — subpelagoniku a vo vardarskej zone, s charakteristickou
diabéz-silicitovou forméaciou. V niektorych priestoroch pokrac¢uje hlbokomorsky typ sedimen-
tacie od triasu az do kriedy tak ako zastipenie ofiolitov (M. DIMITRIEVIC 1974, S. KARAMATA
1974). Ofiolitova zona dinarid sa interpretuje ako ofiolitovd melanz, z6na olistostromov,
ktoré sedimentovali pri okraji ocednu s prepadavajiicou sa kdrou. Matrix tvoria silicity ; bloky
predstavuji bazické, ultrabazické horniny, &ervené aleurolity, pieskovce a vapence od
permskych po jurské. Zvlast velké si telesa triasovych a jurskych védpencov, gravitaéne
skiznutych z bezprostredného susedstva (M. D. DIMITRIEVIC — 1967). Utast sendnskych
sedimentov v melanZi vardarskej zony sa vysvetluje ako ddsledok mladsich dextralnych
transkurentnych pohybov na rozhrani dinarid a srbsko-macedénskeho masivu. Vlastni
subdukcia, pohltenie ,,ocednu Zvornik* so vznikom ofiolitového olistostrému sa povazuje za
starsi proces, pocinajiici vrchnou jurou (M. D. DIMITRIEVIC 1974).

Ako vidime z uvedenych skuto¢nosti, mdzeme v alpidach hovorif o priamej zdvislosti
rozsahu i rozloZenia ofiolitov od &lenitosti mezozoickej geosynklinly, hlavne v &asovom
rozpiti stredny trias — spodna krieda.

I ked je vo vicSine segmentov eur6pskych alpid menej ofiolitov, pre aplikaciu principov
novej globalnej tektoniky ma vyznam najma ich velka paleotektonicka &lenitost, hlavne vo
vrchnej jure a spodnej kriede a ich preukéazatelné prechody z hlbokomorskych sekvencii do
plytkovodnych. Maji viaceré zony s tenkou kérou a zény s hrubsou kérou. Jursko-spodno-
kriedovy tetydny ocedn sa il od dne§nych ocednov. Napr. v jure Zapadnych Karpit treba
rozliSit najmenej 4 zony s tenSou korou, ktoré si oddelené prahmi (prip. kordilierami)
s hrubSou k6rou (M. MAHEL 1975 ; obr. 13, 11b). Vrstevné sledy so zmiesanymi plytkovodny-
mi a hibokovodnymi faciami st zvlast vyrazné v bradlovom pasme, v pasme azda najvyraznej-
Sej kontrastnosti medzi czorsztynskym a kysuckym typom. Vietko poukazuje na to, Ze model
dne$ného Atlantického ocednu nemozno aplikovat na alpidy. Jednotlivé prehibeniny nikdy
nedosahovali taku Sirku ako Atlantik a neboli tak mélo ¢lenené. Boli to ocednske priehlbne,
uzke trgy. Nahly stratigraficky a bo¢ny prechod hlbokomorskych facii do plytkovodnych nie
je v silade s nazorom, podla ktorého styk antagonistickych hlbokomorskych sekvencii
s plytkovodnymi by mal byt dosledkom zvlast velkého tektonického skratenia priestoru,
pripadne tektonického prekrytia.
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Pritomnost bazickych a ultrabazickych hornin naznacuje zadiatok rozfahovacej zlomovej
aktivity, vznik tektonickych prepadlin, stencenie kory uz v triase a podla niektorych autorov
(N. HERz—H. SAvu 1974) je dokazom toho, Ze sa roztrhla 7ulovo-rulova korova vrstva a ze
sa rozostupili litosférické platne.

Ofiolitové série jury a spodnej kriedy sa povazujii za oblasti s oceanickym typom kory.
Vlastna tetyda sa stotozituje hlavne s ofiolitovymi sériami v dinaridach a helenidach. I tu viak
litosféricka mikroplatiia Drina — Ivanjica a Pelagonsky masiv ¢lenia ,,ocean® na dve vetvy:
vychodni — ocedn Zvornik (vardarskd zéna) a zapadnd, reprezentovani ofiolitovou zonou
a subpelagonikum (M. D. DIMITRIEVIC 1974). Triasové ofiolitové série v pohori Biikk sa
povazuji za odnoZ tetydy, nadvizujicu na dinaridy (E. SzZADECKY—KARDOSS 1973).
Meliatska séria v Zapadnych Karpatoch je len severnym okrajom tejto ,,dinaridnej* odnozZe.
Bizické telesa navftané v podlozi neogénu Alfoldu zdpadne od solnockého flySového trogu
a jeho spodnej Struktirnej etaze, povazované za ¢lanok ofiolitovej asocidcie, tvoria dalsiu
vetvu lenitej tetydy, rozlozenej medzi vychodo-madarskym blokom a Apusénami (A.
JUuHASZ—G. VAsz 1974). Ofiolitové série na Balkane v Sakare a v StrandZi sa povaZuji za
severny vybezok tetydy, pokracujicej z vardarskej zony do taurid (P. GOCEV 1976).

V Alpach ofiolitové série penninika predstavuji ,,severnd tetydu®, v piemontske;j Casti
dokonca s predpokladanym oceanickym chrbtom (V. DIETRICH 1976), v Zapadnych Alpéach
rozélenend briansonskou platiiou (Briangonnais). Pritom u severnej Valaiskej vetvy
(Biinderschiefer) sa predpoklada suboceanicky typ kory.

Ofiolitové asocidcie vo Vychodnych Karpatoch spolu s Apusenami si interpretované ako
dva intrasialické bazény s oceanickou korou (D. RADULESCU—M. SANDULESCU 1973).
Severny bazén predstavuji dnes ofiolitové série v jednotke Ceahldu a v jednotke ,,cierneho
flySu*, ale i bazické telesd bukovinského prikrovu; juzny bazén zastupuje ofiolitova séria
transylvanskeho prikrovu a hlavne ofiolity pasma Muresu (Metaliferes). PodIa niektorych
autorov tento ,,ocean‘, nazyvany Siretsky, prepdja tetydu s ocednom Dobrudza — Krym —
Kaukaz (N. HERZ—H. Savu 1974). K juhozdpadu sa tento ,,ocedn”, rozlozeny medzi
Severnymi Apusenami a Juznymi Karpatmi — nazyvany tiez muressky — spdja s tetydnym
,,oceanom**, ktory reprezentuje vardarské zona.

Ofiolity v zéne Severin a bazické telesd, zasahujiice i do zény Svinjica—Greben v Juznych
Karpatoch sa ponimajii ako reprezentanti byvalého ,,danubijského® oceanu rozlozeného
medzi Moezijskou platiiou (vratane zdpadnej Casti danubika) a zonou getika spolu so
srbsko-macedénskym masivom, povazovanym za ostrovnii zonu medzi ,,danubickym ocea-
nom* a tetydou.

Zostdva medzera v rozlozeni ,,severného ocednu®, a to v Zapadnych karpatoch, kde je
prava ofiolitovd asocidcia na povrchu neznima. Pre svoj anomalny Struktirny charakter,
bradlové pasmo (pasmo tektonickej brekcie) rozlozené pri vnitornom okraji s nim uzSie
zviazaného flySového pasma — povazuju niektori autori za spojku penninského ocanu
a severného oceanického bazénu Vychodnych Karpat (J. DEWEY et al. 1978, E. SZADECKY-
—KARDOSS 1973). Je to viak skor vmitornd okrajova zona s kordilierovym ostrovnym
pasmom czorsztynskym a klapskym, oddelenymi uzkou kysucko-pieninskou prehibeninou.
Vlastny ,,oceanicky* trog zrejme predstavovala vnitornd zona flySového pasma, zovreta
medzi dvoma hlbinnymi, geofyzikalne preukdzanymi liniami: lednickou ¢i perikarpatskou
peripieninskou, ¢iZe zonou karpatského bloku vzmysle W. S1koRrU (1976) s predpokladanym
metamorfovanym flySom v hibsich polohach. V Zapadnych Karpatoch sa takd zona, ktori
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mozno povazovat i za domovskd, silne redukovand oblast prikrovov flySového pasma, zhruba
stotoziiuje s rozsahom magurskej jednotky. Ale smerom na zépad prebieha jej vnutorny okraj
po zapadnom okraji Malych Karpat — teda aspoii 30 km jv. od povrchovych vystupov
bradlového pasma. Tym sa toto pasmo s predpokladanou ofiolitovou asocidcou v Zapadnych
Karpatoch priblizuje ku krajnému vychodnému vystupu penninika v okne Rechnitzer (obr. 3,
13). Z toho vyplyva predpoklad, Ze na rozhrani Vychodnych Alp a Zapadnych Karpat,
v podloZi viedenskej panvy — najvyznatnejSej prieénej nalozenej §truktiry medzi dvoma
segmentmi — sa Zapadné Karpaty posunuli najmenej o 30 km k SZ.

Ofiolitové asocidcie — predstavitele ,,ocednu* severna tetyda pokracuju tak z penninika
Alp cez spodné Struktirne etaze magurského prikrovu do zony ,,Gierny fly§* — Ceahlau (obr.
13) vo Vychodnych Karpatoch, cez jednotku Severin (a prilahly zapadny okraj danubika
Svinjica — Greben) do z6ny trojanského flysu a cez zonu Kotel, resp. pr.l jej okraji dalej na
vychod. Juzny bazén tetydy predstavuju ofiolitové zony asocidcie dinarid a helenid a dale jna
vychod tauridy. Také schéma s dvoma ocednmi v jure a v spodnej kriede je blizka vzorovym
modelom znalcov ofiolitovych zon z inych kontinentov (J. DEwey—J. BIrD 1970, A.
KNIPPER 1975), ale i niektorych alpskych geologov (M. BoccALETTI et al. 1973 a i.).

Samotné ,,ocedny* a to tak severnd,ako aj juzna tetyda boli rozélenené ostrovmi s hrubou
kontinentalnou kérou; napr. briansonsky ostrov v ocedne penninika, Drina — Ivanjica—pe-
lagonikum v juznej tetyde. Vybezky ,,ocednov* viak zasahujii i do $irokého pasma rozlozené-
ho medzi nimi a ¢lenia ho na malé mikroplatne : biikksky ,,zliv‘* medzi centrdlnymi Alpami
a vychodnym panénskym blokom, solnocky medzi tymto blokom a severnymi Apusenami,
muressky medzi severnymi Apusenami a getikom Juznych Karpat. Clenitost tetydy mozno
sice scasti vysvetlif rozlamanim intraocednskych platni s kontinentalnou kérou na mikroplat-
ne, ¢i mensie fragmenty kontinentalnej kory, ktoré sa navzajom vzdaluji a otacaji hlavne pri
vytvarani karpatského oblika (E. SZADECKY—KARDOSs 1973, V. ALEXiC et al. 1974). Sotva
vsak moZno povazovat Villany i Mecsek za siicast pdvodného vniitrokarpatského pasma (P.
HORVATH—L. STEGENA—B. GEczy 1974, M. BLEAHU 1976), a to ani na zéklade porovna-
nia sledu mezozoickych tektofécii (nie ojedinelych facii!) a uz vonkoncom nie na ziklade
stupfia paleoalpinskej deformécie. V mezozoiku v pohori Villiny a Mecsek chybaju také
vyrazné vnitrokarpatské tektofacie ako keuper a hlavne albsko-cenomansky flys; zasah
paleoalpinskym vrasnenim je u oboch maly, neporovnatelny so zdpadokarpatskymi jednot-
kami.

Pri uvazovani o rozlozeni bazénov a trégov s oceanickou kérou nemozno opomeniit ani
sekvencie, ktoré nemozno oznacit za ofiolitové. Ich podstatnou zlozkou st jursko-spodno-
kriedové sedimenty, batydlne az abysdlne facie analogické so sedimentami ofiolitovych
sekvencii, ale sprevadzané iba skromnymi vyskytmi bazickych alebo ultrabazickych telies.
Charakteristické st pre pieninsko-kysucki jednotku bradlového pasma, kriznansky prikrov
v Zapadnych Karpatoch, frankenfeldsky prikrov a zapadnejsie analogické prikrovy v Sever-
nych vipencovych Alpéch, bukovinsky prikrov vo Vychodnych Karpatoch, Gastoéne i pre
jednotku Budva — Zukali a jursko-spodnokriedové Casti jonskej jednotky v helenidach.
Alpidna geosynklindla hlavne v obdobi jury a spodnej kriedy bola zrejme rozclenena na
prehibeniny s oceanickou kérou a na hlbokovodné trogy s kontinentdlnou korou, ale
pravdepodobne stenéenou. Medzi tym je niekolko zon s prevahou plytkovodnych facii
geosynklindlneho typu. Nejde o platne, titrzky platformy, ale o zony s hrub$ou kérou, o prahy
geosynklinaly (J. AUBOUIN 1964).
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Pre geoldga, ktory roky spraciival mezozoikum vnitornych Zapadnych Karpat a azda aj pre
toho, kto pracoval v oberostalpiniku, pripadne v JuZnych Alpach, je tazké zmierit sa
s nazorom, Ze oblasti, rozlozené medzi ,,severnou* a ,,juznou'* tetydou, predstavovali hlavne
v priebehu jury a spodnej kriedy malo aktivne platne s epikontinentalnym vyvojom. Zuzovat
aktivitu alpid len na ofiolitové zony je schematizacia dokonca vicsia, ako bolo Clenenie na
eugeosynklinaly a miogeosynklindly, ktoré bolo treba rozsirit o cely rad dalSich typov
geosynklinal. V Zivej paméti mame eSte tazkosti, s akymi sme sa stretavali pri ulohe zaclenit do
ramca tychto dvoch zdkladnych geosynklinalnych typov jednotky Zapadnych Karpét na
tektonickej mape Euroazie 1:2 500 000 (N. SATSKII—A. BoGDANOV 1964). Prvym krokom
pri rozpracovani principov pre tektonicki mapu Karpat, Balkdnu a Dindrskeho pohoria
v mierke 1:1 000 000 bolo vy¢lenenie geosynklinaly alpid ako osobitného typu, pre ktory nie
je charakteristickda hriibka sedimentov, ani vacsi ¢i mensi podiel magmatitov, hlavne
bazickych a ultrabézickych telies, ale ¢lenitost meniaca sa v priebehu vyvinu, teda zvySena
dynamika pocas vyvoja charakterizovaného pocetnostou Struktirno-facialnych zon. Zvysena
dynamika sa prejavila i v neoby¢ajnom skrateni priestoru, v tvorbe pocetnych prikrovov z6n
kontrakcie. Tento typ geosynklinaly sme nazvali alpinskym typom. Skoro nato sa objavilo
zvuénejsie pomenovanie —aristogeosynklinala (A. TOLLMANN 1967). Clenitost geosynklina-
ly a jej menlivost v jednotlivych Stadiach je znazornena na Tektonickej mape Karpat,
Balkanu, Dinarskeho pohoria a prilahlych oblasti tektonogrupami; grupy tektofacii blizSie
dokumentujii paleotektonicky charakter priestoru, v ktorom vznikla dana tektonicka jednot-
ka & oblast (M. MAHEL 1973). Blizsie je to rozvedené vo Vysvetlivkach k tektonickej mape
(M. MAHEL et al. 1974). Oblasti s vyraznejsimi prejavmi ofiolitov a bazickych telies su
vyznaéené ako osobitné typy tektonogrip — osobitné typy trégov. Jestvuje niekolko typov
trégov a prahov rozlozenych medzi nimi a taktieZ aj Selfov. Osobitny typ predstavuju trogy
penninika. V poslednom obdobi sa rozlisuju 3 typy: valaisky, piemontsky, ligursky. Aj
v Dinarskom pohori sa vyélefiuje niekolko typov: vardarsky a subpelagonsky. Pasmo Ceahldu
a Severin s preflySom predstavuje iny typ ofiolitovych trogov neZ typ muressky obsahove
heterogénny. Ani typy trégov s tenSou sialickou korou nie si jednotné stratigrafickym
rozsahom, ani obsahom vo vyvoji. Napr. kriZziansky typ s hibokovodnymi faciami od liasu po
cenoman, s augititmi v neokome a v spodnom albe sa vyrazne lisi od typu Mecsek. Od
vrchného liasu po spodnii kriedu sa v fiom striedaju sedimenty plytkomorské a hibokomorske,
spodnokriedové magmatity pohoria Mecsek maji alkalicky charakter (alkalické bazalt-dia-
bazy a alkalické diabazy).

Rozdiely v typoch trogov vyplyvaji do znacnej miery z odli§nosti postavenia v jednotlivych
segmentoch geosynklindlneho systému alpid, z rozdielov v Elenitosti, ale i v dynamike kory.
Pritom vsak ¢lenité trogy s oceanickou korou maju zrejme regionalny charakter, ako to
vyplyva z priebehu ,,severnej tetydy™: penninikum — spodnd etaz magurského prikrovu —
Ceahldu — Severin — pasmo Kraina trojanského flysu — Kotel, ale i priebeh juznej tetydy:
vnitorné dinaridy — vnitorné helenidy — tauridy. Trogy s oceanickym typom kory s najskor
geotektonickym prvkom vysSieho radu — spojkami viacerych segmentov; trogy s tenSou
kontinent4lnou kdrou, ako je napr. kriZiiansky typ, si charakteristické len pre niektoré
segmenty alpid. Paleotektonicky model alpid bol pocas alpinskeho cyklu zrejme zlozity
a menil sa v jednotlivych dsekoch i v jednotlivych vyvinovych §tadiach v ¢ase i priestore.
Neoddelitelnou a najvyraznej$ou sicastou tohto modelu, a to od stredného triasu az po
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vyvrasnenie, boli trogy s ofiolitmi, pripadne s hlbokovodnymi sekvenciami facii v sprievode
bazickych, pripadne ultrabazickych hornin.

Clenitosf a vyrazna paleotektonicka protikladnost alpinskej geosynklindly — najvyraznej-
§ia vo vrchnej jure a v spodnej kriede — je jednym z charakteristickych znakov alpinskej
geosynklinaly. Dokazuje to zonarne a pritom selektivne rozmiestnenie ofiolitovych asociécii
a ich vazba na trogy. Suvisi to zrejme s ,,oceanizciou* kory v interkontinentalnych
podmienkach. Vyrazn iilohu zohrali aj pozdizne hibinné zlomy, ktoré oddelovali v alpinskej
geosynklinale prahy a prehibeniny, resp. trogy. Po nich dochadzalo k vystupu hlbinnych
bazickych i ultrabazickych magmatitov, ktoré zohrali vyzna¢nu tlohu pri roztahovani kory, pri
stenCovani jej Zulovo-rulového sloja a miestami aj pri rozostupovani platni. Nemozno vSak
zabudat, Ze vo vyvoji alpid i v rozloZeni trogov a prahov, ako aj v dynamike kory zohrala
vyznamnu tlohu nerovnomernost hercynskej granitizacie (obr. 7).

Dal§im charakteristickym znakom alpid je ich velké, v niektorych zonach enormné
skratenie, casto s ,,nezakorenenymi‘ prikrovmi. Zvlast zony s ofiolitovymi asociaciami
a zOny s tenSou kontinentalnou kdrou — trégy — vytvaraju rozsiahle prikrovy. Za takych
okolnosti je logicka Struktirna pozicia ofiolitovych asociacii a bazickych telies so sprievodny-
mi hlbokovodnymi sedimentmi zvacsa v alochtonnej prikrovovej pozicii.

S ofiolitovymi zOnami sa v histérii pasmovych pohori spdjaju dva tektonicky protichodné
procesy prvoradého vyznamu a to:

— roztiahnutie kory, rozostipenie platni, ¢iZze vznik oceanskych bazénov s ofiolitovymi
asocidciami, alebo aspon stencenie kory, vznik trogov s pritomnostou bazickych telies

— skracovanie priestoru, zanikanie trogov, pohlcovanie oceanskej kory, jej ponaranie pod
kontinentdlne platne, &ize subdukcia, pokles ¢asti kory do hibky, pretavenie oceanskej
i kontinentalnej kory, ¢o znamenalo zasah do hlbinnych procesov.

Procesy roztahovania kontinentalnej kory st novym prvkom v chapani vyvoja pasmového
pohoria a v alpinskom systéme znamenaji dynamickejsi pristup k ponatiu vyvoja geosynkli-
nélnych systémov. Zvyraznuju rozdiely v Sirke geosynklinalneho systému, rozdiely v ¢lenitosti
a type kory v jeho jednotlivych vyvinovych Stadiach. Pritom je v europskych alpidach osobitne
cennym prvkom zvyraznenie rozdielov medzi triasom a jurou, ¢iZe roz€lefiovanie obdobia
geosynklindlneho vyvoja pred paleoalpinskym vrasnenim, Casto znameho pod pojmom
karbonatové §tadium, na dve §tadia: triasové a jursko-spodnokriedové (M. MAHEL 1973).

Proces skracovania geosynklinalneho priestoru sa doteraz spdjal s obdobiami vrasnenia.
Novym prvkom je skracovanie priestoru subdukciou oceanskej kory, pricom ho povazujeme
za dlhodoby proces obvykle predchadzajiceho vrasnenia. Sucasne okraje ofiolitovych zon,
hlavne vnitorné, s ktorymi sa spaja subdukcia, povaZzujeme za seizmicky aktivne zony, ako
zOony Benioffove. S nimi sa ¢asto spdja zakladna aktivita vyvoja pasmového pohoria.

Podrobnejsia analyza prejavov vrasnenia v Karpatoch, na Balkane, Dinarskom pohori-

a v Zapadnych Karpatoch (M. MAHEL 1973) ukazuje, Ze tento proces, s ktorym sa spaja
predovsetkym skratenie geosynklindlneho priestoru, mal viac $tadii, a teda bol dlhodoby.
Preto sme na tektonickej mape Karpat, Balkanu a Dinarskeho pohoria vyclenili jednotky
sformované v periddach vrasnenia (paleoalpinske, mezoalpinske, neoalpinske), a nie v krat-
kodobych fazach. Skratenie trogovs oceanskou kdrou je iba jednym typom dlhsie prebiehaju-
ceho skratenia geosynklindly. Treba vSak zdoraznit, Ze skratenie priestoru v alpidach nie je
charakteristické len pre ofiolitové zony. V Zapadnych Karpatoch maju vsetky zony, dokonca
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i z0na tatrid povaZovana za autochton, mensie prikrovy. Z nich si dévnejsie zname prikrovy
vo Vysokych Tatréch a v poslednych rokoch boli zistené presmyky, presuny a mensie prikrovy
v krystalickom podlozi, napr. v Povazskom Inovci. Popri vieobecnom skréteni boli najviac
postihnuté niektoré zony s tenSou kontinentalnou korou, najma trogy. Tyka sa to predovset-
kym severnych veporid — korefiovej zony kriziianského prikrovu i zony juzne od veporid,
spdjanej s lubenickou jazvou (korenovej zony choéského prikrovu a vyssich prikrovov—obr.
15).

V bradlovom péasme sa dlhodobé skracovanie odraza v hojnosti wildflySu, a to v jeho
zépadnej Casti s polymiktnymi zlepencami od albu po paleocén, monomiktnymi od paleocénu
do spodného eocénu ; vo vychodoslovenskej ¢asti si polymiktné zlepence veku maastricht a7
lutét (R. MARSCHALKO et al. 1976). Pritom chyba akakolvek vyraznejsia diskordancia
i prerudenie sedimentécie. Je zrejmé, ze 30- az 40-nasobné skritenie bradlového pasma (D.
ANDRUSOV 1968) bolo dlhodobym procesom.

RozloZenie niektorych ofiolitovych zon v susedstve a v laterdlnej nadviznosti na flySové
zony, slizi ako jeden z dokazov platnosti zasad novej globélnej tektoniky v alpidach (E.
SZADECKY—KARDOsS 1974, N. HERZz—H. SAvu 1974). Kedze v niektorych segmentoch
eur6pskych alpid je hypertrofia flySu, postidenie vztahu flySu k ofiolitovym asocidcidam ma $irsi
vyznam (obr. 14a).

Uz predtym sme poukazali na to, Ze v niektorych zénach prerastaji ofiolitové asocidcie do
flySovych, v ktorych sii bazické a ultrabazické telesa (vardarskd zéna, zona Metaliferes,
penninikum, jednotka ,,Cierneho* flySu). Bazické a ultrabazické telesa casto vystupuji
v preflysi. V inych pripadoch vystupuji flySové bazény v susedstve ofiolitovych z6n, napr.
sarajevsky flySovy tr6g a Gramos pri zapadnom okraji ofiolitového pasma dinarid a pasma
Merdita-subpelagonikum. Severinsky flySovy trog vytvara okraj zény Greben, flySové pasmo
Ceahldu severny okraj jednotky ,,Cierny* flyS. Ako vidief, medzi ofiolitovymi asocidciami
a flySom s v alpiddch popri laterdlnych vizbach aj vizby vertikalne.

V zé6nach, kde karbondtové sekvencie zamiena flys a7 v albe, st bazické a ultrabazické
telesd Castejie prave v obdobi striedania tychto facii, v obdobi reprezentovaného preflySom
(krizianskd jednotka a tatridné jednotky Zapadnych Karpat).

Ofiolity v triase bud nemaji flySovy sprievod (Biikk, meliatska séria), alebo fly$ u nich
vystupuje ako sprievodny ¢lanok, napr. v jednotke Zukali.

RozloZenie flySu a jeho ¢asovy rozsah je spravidla ukazovatelom orogenetickej polarity (J.
AUBOUIN 1964, M. MAHEL 1974), jedného z najcharakteristickejsich znakov alpid. A tak
vzdjomné Casova a priestorova spitost ofiolitovych asocidcii a flysu ukazuji, Ze obidve
formécie sd sicastou vyvojového radu alpinskej geosynklinaly.

FlySové komplexy ,,zrelého* $tadia s prevahou flySu s.s. a hrubého flySu su spravidla
chudobné na magmatity, Castejsie sa v nich vyskytuji vulkanity intermediarneho az kyslého
charakteru. Tieto flySové komplexy vznikli zrejme za iného dynamického stavu kory ako
ofiolity (obr. 3, 11b).

Popri zmenéch petrochemického charakteru ofiolitov, pévodne s magmatitmi toleitového
typu v zénach oceanskej, pripadne tenkej sialickej kory a s alkalickymi typmi (augitity,
limburgity) v zénach s hrubSou kérou, je zaujimavd zmena charakteru magmatitov ofiolitovej
formécie v €asovom slede. Triasové ofiolity astejsie obsahuji kyslé horniny, ba i kremenné
porfyry (napr. v anise Bukovych hor, keratofyry v gemeridach Zapadnych Karpit i v meliat-
skej sérii, kremenné keratofyry v anise, v ladine dinarid a v ladine JuZnych Karpit).
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Petrochemicky typ ich magmy zodpovedd za€inajicej diferenciacii kory a vyraznejSiemu
stenéeniu v niektorych zénach. Castejsie sa vystup tejto magmy spaja s diapirom bohatym na
kontaminované magmy (S. KARAMATA 1974). V jure a v spodnej kriede, t.j. v Case
najvyraznejSej oceanizdcie, prevladaju hlavne bazické a Casté si ultrabazické telesa toleitové-
ho typu magmy. V strednej a vrchnej kriede, t. j. v obdobi prevahy flySovej sedimentacie, je
vyrazny prechod k intermediarnym typom magmatitov s Castej$imi, rozsahom velmi obme-
dzenymi porfyritmi a kremennymi porfyritmi (napr. flySové pasmo Vychodnych Karpat; M.
G. LoMIDZE 1968; flySové pasmo Zapadnych Karpat; Metaliferes). Typ magmy zrejme
zodpoveda zmenam v type kory v priebehu vyvinu alpinskej geosynklindly od hercynske;j
granitizacie a konsolidacie cez relativnu diferencidciu kory a jej stencenie az po leptogeosyn-
klinalne Stadium s najrozsiahlejSou oceanizaciou povodnej sialickej kory azZ k neoalpinskej
konsolidécii.

5. Mezoalpinske interorogénne vulkanity, ,,banatitovy typ*

V zone Srednogorje na Balkane, v timockej zone, v Poiana Rusca v Juznych Karpatoch
a v Apusenach vystupuje vulkanoplutonickd formacia, zndma v literatire pod nazvom
banatity (obr. 2).

Svojim petrografickym, sCasti vulkanologickym charakterom si analogické s neskorooro-
génnymi trefohornymi vulkanitmi, preto si spravidla ponimané ako subsekventné, resp.
vcasne subsekventné (H. STILLE 1953, A. TOLLMANN 1969). Ich zdkladnymi formaciami si
ryolitovo-andezitovd, trachyandezitovo-latitovd formdacia s explozivitou az 90 %. Popri
tychto vulkanogénnych formacidch mediterdrneho typu obsahujui banatity aj alkalické
formdcie : (limburgity, pikrity, olivinické bazalty a trachyty) s mensSou explozivitou, ¢asto len
asi 40 %. Kriedovo-paleocénne vulkanity sa liSia od neovulkanitov nielen vekom, ale aj
postavenim v geotektonickom cykle — su interorogénne. Vznikli po silnom paleoalpinskom
vrasneni, ale aj samy boli zasiahnuté mezoalpinskym vrasnenim (M. MAHEL 1973 — obr. 12).
Charakteristicka je aj ich tektonicka vdzba s prepadlinovymi synklindlami, zvacSa paralelnymi
s pozdiznymi paleoalpinskymi §truktirami. Vulkanické komplexy banatitov si podmorské,
objavuji sa s postupnou oceanizaciou kory. Na ich baze st obvykle vyvinuté vcasné molasy,
nad nimi lezi hruby flys.

Pre banatity si charakteristické -predovietkym polygénne vulkdny centrdlneho typu
s prechodom od typickych vulkanickych facii (lavovej a pyroklastickej) k subvulkanickym
formam aZ hypoabysédlnym telesim (G. STANISCHEVA—VASSILEVA 1973). Sivisi to s pocet-
nostou a pestrostou vulkanoplutonickych komplexov banatitov, s hojnostou telies gabier,
gabrodioritov, dioritov i granitov, ale i monzonitov, syenitov (syenit-granitov a granodiorit-
granosyenitov) i s dajkami porfyritov, dioritovych porfyritov a granit-porfyrov a lamprofyrov.
Jednym z typickych znakov banatitov je ich vyrazny vulkanoplutonicky charakter s velkym
podielom hlbinnych telies. V Juznych Karpatoch (obr. 5) a v bulharskom Srednogorji (obr. 6)
sa banatity viazu na lineamentné geosynklindlne prepadliny, sibezné s paleoalpinskou
Struktirou. Mobilitu podloZia vyjadruje nielen mezoalpinske vrasnenie, ale i flySové komple-
xy. Priebeh tychto prepadlinovych synklinérii lemovanych hlbokosiahajicimi zlomami
v dizke niekolko sto km (hriibka kory tensia nez u susednych zén — okolo 29 km), linedrny
priebeh intruzivnych telies, rozlozenie starSich sedimentov najmi v okrajovych Castiach
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predliny a pritomnost rozsiahlych vulkanickych mas vnitri — to vietko naznacuje genetickd
vizbu banatitov so zonou vrchnokriedového stencenia kory a zvyienej magmatickej priepust-
nosti (A. ANATONJEVIC—M. GRUBIC—M. DJORDJIEVIC 1974).

Banatitové vulkanoplutonické formacie st v prvych §tadiach alkalicko-vapenaté, neskor
subalkalické az alkalické. Pre alkalické vulkanity (olivindiabazovej a trachyt-andezitovej
formécie) su charakteristické tzv. Stitové vulkany. Lavové pridy si usporiadané obvykle
zondlne, v smere osi Struktdr (napr. v burgasskom synklinériu). Osi tektonickych §truktir
sleduju i pocetné kanaly, malé kupoly, silly, necky a dajky.

Vulkanizmus sa zaina prejavovat uz v cenomane a v turéne, vrcholi v senéne a siaha az do
eocénu. Je teda typicky pre mezoalpinske $tadium. Intruzivne &lanky sa &asto povazuji za
mladSie ako vulkanity — za pokriedové (S. KARAMATA 1974, M. BLEAHU 1974, D.
RADULESCU—M. SANDULEscu 1973, N. HERz—H. SAvu 1974). Réadiometrické ddaje
uvadzané z pluténov Vitos a Plana v Srednogorji (S. BOYADJIEV 1974) viak ukazuji na ich
vrchnokriedovy vek.

V Apusendch (obr. 4) zastupuji banatity prevazne hlbinné subvulkanické telesa mensej
diferenciacnej 8kaly: granodiority a granity s podradnej$im zastipenim vulkanitov. Si
sprievodnym javom plytkych neskorogeosynklindlnych depresii, diagonalne orientovanych
k paleoalpinskej $truktire s vizbou na hlbinny prieény zlomovy systém. Nezasiahlo ich
vyraznejsie vrasnenie. Neskorotektonické vyplne tychto depresii, a teda i magmatity povazu-
jeme za vCasné neskorogeosynklindlne. Z geotektonického hladiska tvoria medzi¢lanok
interorogénnych typov banatitov Juznych Karpat a balkanskeho Srednogorja a neovulkanitov
Karpit. Eocénne vulkanity madarského medzihoria si dal§im ¢lankom tejto genetickej refaze
(bliz§im k neovulkanitom).

Priestorove vytvdraju banality oblik (I. DIMITRESCU 1966, obr. 14b), ktory je viac-menej
subezny s paleoalpinskymi §truktirami v hlavnom areali ich rozsirenia na Balkane a v Juznych
Karpatoch. To zvddza k nazoru, Ze je tu geneticky vztah medzi banatitmi a subdukciou zon
s ofiolitmi. Ide o vardarski z6nu a jej vychodné pokracovanie (V. BoCCALETTI et al. 1973).
Rodopsky a Srbsko-macedénsky masiv v takom ponimani predstavovali vo vrchnej kriede
ostrovny oblik a pdsmo Srednogorje — Timok zasa morsky bazén s bohatou vulkanickou
¢innostou typu back-arc.

Severna Cast banatitového obliku (v severnej Casti Juznych Karpit a v Apusenich)
prebieha diagondlne k paleoalpinskym $truktiram. Tu vykazuji banatity i vyrazne geotekto-
nické ale i petrochemické odli$nosti. Povod magmy nemozno jednoznaéne vysvetlovat zo
subdukovanych ofiolitovych zon, a to ani z hladisiek globalnej tektoniky. Jedni spajaji genézu
banatitov so subdukciou Vychodnych Karpat (D. RADULESCU—M. SANDULEScU 1973), ini
so subdukciou pasma Metaliferes (N. HERZ—H. SAvU 1974, M. BLEAHU 1976). Pravda, ani
starSie vysvetlenie vzniku banatitov subsiden¢nou palingenézou (H. STILLE 1953) nie je
presvedcivé vzhladom na pomerne malii hribku vrchnokriedovych depresii v Apusendch. Je
zaujimavé, Ze banatity vystupuji v tych segmentoch alpid, ktoré nevykazuji vyraznejsiu
polaritu a mladsia prepadlinova synklindla ¢&i tatrogeosynklinéla je naloZend na paleoalpinske
Struktiry.
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6. Neskorogeosynklindlne vulkanity

Neovulkanity si geneticky spdté s neskorogeosynklindlnymi neoalpinskymi depresiami
(obr. 15) a to ako sacast ich vyplne, pripadne ako sdéast zloZitych vulkanotektonickych
prepadlin a hrasti; ako kaldery a stratovulkdny viazané na zlomy, ktoré urovali vyvoj
depresii. V Struktirnom zmysle si teda neovulkanity sicastou neoalpinskeho $truktirneho,
ale i neskorSiecho morfostruktirneho planu a nemaji bezprostredny vztah k $truktiram
paleoalpinskymi ¢i mezoalpinskym (obr. 12a). Struktirnymi formami i postavenim sa teda
neskoroorogénny vulkanizmus zisadne li§i od kriedovo-paleocénneho interorogénneho
banatitového vulkanizmu, i ked vulkanogénne formacie si v oboch pripadoch analogické ;
neovulkanity zodpovedaji osobitnému vyvinovému $tadiu alpid — neskorogeosynklinal-
nemu.

Neskorogeosynklindlne vulkanity si zoradené v ¢asovom rozmere do dvoch $tadii: 1.
eocén-oligocén a 2. miocén, hlavne baden-pliocén. Obidve skupiny sd viazané na depresie,
stencenie kory a dezintegraciu. Ich priestorové rozloZenie je vSak spravidla odli$né. Eocénno-
-oligocénne vulkanity si charakteristické pre vnitorné intrageosynklindlne masivy — rodop-
sky a madarsky masiv. Casove predstavuji zaéiatok neskorogeosynklindlneho §tadia v geo-
synklindlnom systéme a omladenie, ¢i tektonické ozivenie masivov. Je teda priliehavé oznaéit
ich ako v€asne neskorogeosynklindlne. Miocénno-pliocénne neovulkanity sa viazu hlavne na
vnitrohorské depresie vo vniitornych zonach geosynklindlnych systémov. V casovom meradie
zodpovedaju pokrocilejsiemu neskorogeosynklindlnemu Stadiu. Obidva typy sa priestorove
prekryvaji v stykovych oblastiach intrageosynklindlnych masivov s vnitornymi zénami
geosynklindlneho systému.

Tri aredly ich rozsirenia si geotektonicky odliSné, a to:

1. Madarské medzihorie s prilahlymi vnitornymi zénami Zapadnych a Vychodnych
Karpat, tzv. neotisia (obr. 2, 15); :

2. Rodopy (obr. 6);

3. tzka zoéna aktivizacie v Srbsko-macedénskom masive a vo vnitornych dinariddch
(obr. 5, 9). :

Analyza vztahu neovulkanitov k sedimentom vnitornych moléds nasved¢uje, Ze maximum
vulkanickej aktivity splyva s obdobiami blokovej subsidencie a jednotlivé vulkanické periody
s periédami formovania panvi (J. SLAVIK 1971 ; obr. 15). Uzka genetickd spitost neovulkani-
tov s neskorogeosynklindlnymi vnitornymi depresiami je oividna z porovnania veku panvi
a neovulkanitov. Nazornym prikladom toho je Rodopsky masiv s priabonsko-oligocénnymi
panvami miooénne - panvy st podradnejﬁie to isté platii o veku rodopskich neovulkanitov
vaésim rozsahom miocénneho vulkanizmu. U neovulkanitov a u depresii je priama vizba na
pozdline a prie¢ne zlomy. Pri pozdfznych zlomoch zohrali zvast vyznamnii Glohu smery
paralelné s okrajom vrasnenej geosynklindly. V zapadnej Casti Madarska a na strednom
Slovensku je to hlavne smer JZ-SZ, v severovychodnomT/ladarsku v Zakarpatskej Ukrajine
a v Rumunsku si to smery SZ-JV (J SLAVIK 1971, V. KONECNY—J. SLAVIK 1974 ; obr. 15).
Pozdliz tychto okrajovych zlomov zaklesdvali neogénne vniitorné depresie miestami i o nie-
kolko tisicov metrov. S tymito systémami stvisi orientacia celého radu vulkanickych pohori,
najvyraznejsie v retaziach ; Vihorlat — Gutin a Hargita — Calimani. Vyrazni tlohu zohrali
i zlomy priecne, napr. v Madarsku hlavné vulkanické centra sleduju linie: v pohon Borzsony
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SV-JZ a SSV-JJZ az SJ; vo Visegrade smer SZ; v pohori Cserhat — Matra SZ az ZV
a v tokajskej oblasti SJ. Najhojnejsia vulkanicka ¢innost v neotisii je v badene az sarmate, t. j.
v obdobi najvicSieho rozpadu vnitornych z6n Zapadnych Karpat, Apusén a madarského
masivu na systém mensich panvi, pri formovani ktorych zohrali najvyznacnejsiu ilohu priecne
zlomy. Vyznamne sa podielali aj na formovani neoalpinskych panvi v Rodopskom masive.

V stredoslovenske;j oblasti zohrali osobitni tlohu pri vzniku vnitornych depresii i pri
rozlozeni vulkanickych centier popri tzv. zapadokarpatskych zlomoch sv.—jz. smeru i zlomy
sz.—jv. a sj. smerov, najmi zlomy sj. smeru (Kremnické hory, Vta¢nik). Prave posledne
uvedeny systém zlomov vytvoril prie¢nu zlomovi zonu, na ktort sa viaZe i stredoslovenska
neovulkanické oblast. Pri rozloZeni vulkanitov v oblasti Slanskych vrchov a Tokaja zohral
dolezit lohu systém zlomov sj. smeru, tzv. hornddske zlomové pasmo. Mnohé vulkanity
vystiipili v tektonickych uzloch, kde dochadzalo ku krizeniu disjunktivnych linii roznych
smerov, genézy a veku (Stiavnické hory, Borzsony ; obr. 15).

_Latkové zloZenie neovulkanitov je pestré. V neotisii ich predstavuje Gplny diferenciacny
rad od ryolitov po bazaltoidné andezity az bazalty. Je to alkalicko-vdpenata provincia.
Alkalicky typ vulkanitov predstavuji az bazalty viazané na mladsie samostatné Stadium
vulkanizmu. Svedéi to o geotektonickej homogenite vyvoja orogénnej oblasti v rozpati asi
50 mil. rokov. Pestré je paleta typov magmatickych telies, od intruzii cez subvulkanické tele-
sa, prikraterové efuziva a exploziva az po distélne vulkanosedimentérne facie. Denudované
centrélne ¢asti vulkanickych aparatov obnazuji vo vyzdvihnutych oblastiach intrizie, Struk-
tirne i Casovo spité s vulkanizmom. Podiel intrizii je vSak mensi ako u banatitov.
V Karpatoch si to granodioritové porfyrity, diority, granodiority, granity. V rodopskom
masive predstavuji vulkanity prechodny typ od vapenato-alkalickych k alkalickym, s vyso-
kym podielom kalia (R. IvANOV 1960, 1965); charakteristickd je tu andezit-trachyandezit-
ryolitova formécia. Sprievodné plutonity sii zaradované k gabro-monzonitovej formacii (E.
DiMITROVA et al. 1975).

* Zistenie, Ze sa, hlavne v Matre, nachddzaji vicSie hypoabysélne telesd, a to dokonca
paleogénneho veku (teleso Reczk), vyvolalo tendenciu roz¢lenit vulkanickd ¢innost v madar-
skom med21hor1 na dve etapy — na etapu paleogénnu a neogénnu (I. Kuovics 1974; T.
ZELENKA 1974). Hladaji sa paralely s Apusenami, kde sa odliSuje vrchnokriedovo-paleocén-
na etapa véasne subsekventného magmatizmu a neogénna etapa neskorosubsekventného
magmatizmu (D. G1usca et al. 1966, M. BLEAHU 1973). O pritomnosti mezoalpinskych
banatitov, teda magmatickych telies starej etapy, sa uvazuje i v Zapadnych Karpatoch,
hlavne v banskostiavnickej oblasti slovenského stredohoria (L. ROZLOZNIK 1976). Pokisme
sa posudit opodstatnenost takych nazorov.

Rodopy (obr. 6) st klasickym prikladom nezavislosti neoalpinskeho magmatizmu pocniic
vrchnym eocénom na vrchnokriedovom — mezoalpinskom — banatitovom magmatizme a s
naopak prikladom stvislosti medzi vrchnoeocénno-oligocénnym a neogénnym magmatiz-

“mom. UZ na str. 139 sme poukdzali na vyrazné rozdiely vizby banatitov a neovulkanitov na
geotektonické Struktiry. U ,banatitov*‘ pozorujeme vazbu na pozdizne prepadliny ¢
tafrogeosynklindly prevazne s flySovou vypliiou zasiahnutou ilyrsko-pyrenejskym, sCasti
laramskym vrasnenim; u neovulkanitov sa banatity viazu na priecne neskorotektonické
depresie, vyplnené molasami. Na Balkdne je rozdielne aj priestorové postavenie obidvoch
typov: banatity si v zéne Srednogorja, neovulkanity v juznejSom rodopskom masive.
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Popyrenejska tektonickd a magmaticka aktivizacia Rodopského masivu nadvidzuje na me-
zoalpinsku aktivitu Srednogorja.

V Apusendch nie st geotektonické rozdiely medzi banatitovou asocidciou a neovulkanitami
také velké (str. 140 ; obr. 4) ako na Balkdne. I banatity v Apusenach sa viaZu na priecne
orientované depresie (vyplnené hlavne gosauskym typom kriedy a paleocénu, ktoré si len
slabo zvrasnen€). V podstate rovnaké geotektonické pomery st aj vo vniitornych Zapadnych
Karpatoch; vrchnokriedové sedimenty predstavuji vypli pdsma mensich depresii, ktort
mozno oznacit ako véasné molasy. Popaleoalpinsky model severnych Apusén je zrejme blizsi
modelu Zapadnych Karpét nez popaleoalpinsky model Balkanu. Rozdiely medzi Zapadnymi
Karpatmi a severnymi Apusenami sii v type ich zazemia. K vnitornym Zapadnym Karpatom
sa primyka z juhu madarsky masiv, k severnym Apusenam ich juzna ¢ast — z6na Métaliferes
s odlisnym, paleoalpinskym vyvojom, s dynamickejsim stavom kory v mezoalpinskej etape.
AZ pocas neogénu sa Apuseny stali sicastou Sirokého arealu neotisie a vyvoj neovulkanitov
v nich nadobudol spolo¢né znaky s vyvojom vo vnitornych Zapadnych Karpatochiv prilahlej
Casti madarského masivu.

Vrchnoeocénny a scasti oligocénny magmatizmus rozsireny v madarskom masive nie je
zatial preukdzany v §irSom rozsahu ani v Zapadnych Karpatoch, ani v Apusenéch. Naopak,
vrchnokriedovo-paleocénne magmatické prejavy, rozsirené v Apusenéch, nie su zatial
dokazané ani v madarskom masive, ani v Zapadnych Karpatoch, i ked v obidvoch tychto
arealoch si mensie vrchnokriedové depresie. Nesivisia rozdiely v ¢asovych prejavoch
vrchnokriedového i paleogénneho magmatizmu prave so spominanymi odli$nostami zazemia
Apusén a Zapadnych Karpit? Nie je rozdiel medzi tymito dvoma celkami alpid v zdroji
neoalpinskej aktivizcie ? Madarsky masiv ako zdzemie vniitornych Karpét sa ,,aktivizuje* po
slabom paleoalpinskom vrasneni pomaly, vyraznejsie az po¢as pyrenejskych pohybov. Vina
aktivity sa v fiom postupne $iri smerom na sever. JuZny privesok Apusén —zona Métaliferes,
intenzivne zvrasnend paleoalpinskym vrasnenim,zostala pohyblivejsia a vyvolala vyrazne;jsi
mezoalpinsky (laramsky a ilyrsky) diastrofizmus i v prilahlej severnej éasti Apusén. Neoalpin-
ska tektonicka aktivizdcia severnych Apusén, ktorej prejavom je vznik depresii a neovulka-
nicka Cinnost, nadvizuje na intenzivny mezoalpinsky diastrofizmus, analogicky ako v Rodo-
pach, ale s inou vergenciou. Zdroj neoalpinskej aktivizicie Rodop a Apusén je zrejme iny ako
v madarskom masive a vo vnitornych Zapadnych Karpatoch.

V madarskom medzihori je ndpadné geotektonickd nadviznost eocénneho vulkanizmu na
z6nu zlomov, ktoré mozno povazovat za vetvy periadriatického zlomového pasma. Tyka sa to
predovSetkym linie Darnd, na ktorej leziizndme hypoabysalne teleso dioritov v oblasti Reck.

Rozsah neovulkanitov v jednotlivych segmentoch je nerovnomerny a ich typy nie s viade
rovnaké. Ich podiel v Alpach je rudimentdrny, v Juznych Karpatoch prakticky chybaji,
nevelky rozsah maji i v Dinarskom pohori, s vynimkou oblasti prifahlych k madarskému
medzihoriu a v srbsko-macedénskom masive. Mocné komplexy rozlozené na velkych
priestranstvach, buduji neovulkanity v madarskom medzihori, hlavne v jeho severnej ¢asti
a v prilahlych zénach Zapadnych i Vychodnych Karpat. Analogicki ,,centralnu® poziciu ako
madarské medzihorie ma i transylvanska panva sprevddzana neovulkanitmi pri vychodnom
okraji Apusén a hlavne pri jej severnom okraji v najvnitornejsej ¢asti rumuskych Vychod-
nych Karpit. I rodopsky masiv, hlavne jeho vychodna, stredné a juzna &ast, i Casti prilahlé
k srbsko-macedonskemu masivu, st oblastami rozsiahlej éinnosti neskoroorogénneho vulka-
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nizmu. Rozsiahle neovulkanity si — ako vidiet — viazané na zony stabilizované uz
predalpinskym vrdsnenim (centrdlne masivy), rozsirené o prilahlé oblasti stabilizované
paleoalpinskym vrasnenim. Tieto oblasti po mezoalpinskom vrasneni vytvorili antipélové
aredlyzénam, vyvrasnenym mlad$imi ncoalpmskyml vrasneniami. V tychto zénach dochddza-
lo k rozsnahlym poklesom, stenceniu kory (vykazuji najnizsie hodnoty hriibky kory) a nastalo
tektonické oZivenie. Klasické postaveniec ma v tom smere madarsky masiv, ktory sa
aktivizoval uz od mezoalpinskeho vrasnenia. Spoluss prifahlymi vnitornymizénami orogénov
vytvara osobitny krustdlny blok — neotisiu (J. SLAVIK 1971) s Casovym rozpitim vulkanizmu
od eocénu po pliocén. g

‘Vyraznou oblastou neoalpinskej aktivizécie je i rodopsky masiv s hojnostou potektonic-
kych depresii s neovulkanitmi. Vypli depresii sa zacina flySoidnymi az flySovymi faciami,
ktoré postupne vystriedali molasy. Nejde tu v§ak o novy geosynklindlny cyklus (B. MAVRUD-
CUEV 1965), ale o neskorogeosynklindlne §tddium balkanid (rovnako ako v pripade Karpat
a madarského masivu). Preto i tusotva moZno povazovat intruzivne telesa za synorogénne, ale
za sucast vulkanoplutonickej formacie.

V neotisii si zjavné prejavy migracie vulkanizmu z jej centrdlnej Casti k okrajom a od
zapadu na vychod (hlavne pokial ide o objemy eruptivnych hmot), t. j. analogické s postupom
orogenézy (J. SLAVIK 1968, V. KONECNY—]. SLAVIK 1974). V madarskom medzihori je totiz
vulkanizmus od eocénu po spodny sarmat (E. SZADECKY—KARDOSS et al."1967), v Sloven-
skom stredohori od badenu po vrchny sarmat az spodny panon, vo vychodoslovenskej oblasti
a v Zakarpatsku od vrchného badenu po pliocén (B. V. MERLIC—S. M. SPITKOVSKAJA 1974)
a v Calimani-Hargita je hlavny vulkanizmus aZ pliocénny (M. Borkos 1974). Medzi
orogenézou a vulkanizmom je zrejme urcitd sﬁvislosf

vonkajsich pasmach Karpat (H. STILLE 1953 ). K takému vysvetleniu nabadaju i stvislé pasma
vulkanitov vo Vychodnych Karpatoch, kde pasma Vihorlat — Gutin, ale hlavne Calimani-
-Hargita sii subparalelné s neoalpinskymi §truktdirami flySovych Karpat, teda i s predpoklada-
nymi z6nami subdukcie. Ne¢udo, Ze zastancami priamej genetickej sivislosti medzi neoalpin-
skou subdukciou a vznikom neovulkanitov si pod vplyvom globélnej tektoniky hlavne
rumunski geolégovia (D. RADULESCU—M. SANDULEScU 1974, M. BLEAHU et al. 1974, N.
HEerz—H. SAvu 1975, ale i dalsi — J. SLAvIK 1971, Z. RoTH 1957, V. BOCCALETTI et al.
1973, E. SZADECKY—KARDOSsSs 1973), ktori odvodzuji vznik intermedidrnych magiem od
pohltenych &asti kory. Lenze rozloZenie vulkanitov Apusén i stredoslovenskej oblasti sotva
mozno povazovat za subparalelné s predpokladanymi subdukénymi zénami. Pritom v obdobi
vrcholiacej vulkanickej ¢innosti v badene aZz sarmate sa smery rozlozenia vulkanitov
v susednych aredloch vyrazne rozchadzaji; v severomadarskom aredli s dominantnym
smerom Z—V a vstredoslovenskom areéli s dominantnym smerom JZ—SV a S—J. Zdoraznit
treba i nedostatok vulkanizmu po sdvskej subdukcii, azda najvyraznejSej pre Zapadné
Karpaty. Priamy vztah medzi subdukciou a neovulkanitmi nie je ani vrodopskom masive, kde
st vulkanické aredly €asto rozlozené prie¢ne na pyrenejské Struktiiry a si zvi¢Sa mladsie. Tym
nevylu¢ujeme vztahy medzi orogenézou vonkajsich zon na jednej strane a zalozenim depresii
a s nimi spatého vulkanizmu na strane druhej. Evidentna je alternécia kompresnych pohybov
so vznikom prikrovov vo flySovych Karpatoch a uvolfiovacich pohybov spojenych so vznikom
vnitornych a medzihorskych depresii (M. MAHEL 1973). Vulkanizmus sa uplatnil len

144



v obdobiach ¢innosti hlbokych zlomov, ktoré roztahovali kru. V obdobiach, ked sa formovali
prehybové panvy bez vyraznejSej €innosti hlbsich zlomov, (napr. v oligocéne severomadar-
sko-juznoslovenska panva a v panéne Velka madarska nizZina s Podunajskou niZinou)
neprebiehala vyraznejsia vulkanicka ¢innost (D. VAss 1966). K vyjasneniu vzfahov medzi
vulkanizmom a tektonikou sa azda dostaneme, ked objasnime vznik depresii v Madarskom
medzihori, ich subsidencie stenenim kory sposobenym subkrustalnou eroziou vyvolanou
podkdrovym diapirom (P. HORVATH—L. STEGENA—B. GEczy 1974). Vznik diapiru mohli
stimulovat doznievajuce horizontalne podkorové a korové pohyby, ktoré az do neogénu
usmernovali vyvoj geosynklindlneho systému. Vznik diapiru je viazany so zvratom vo vyvoji.
ked vertikdlna zlozka pohybov sa rozirila i na centralne Casti Karpat a usmeriovala
formovanie celého systému.

Z uvedeného teda vyplyva, Ze neovulkanity vykazuju velmi uzke vztahy k Struktirnemu
vyvoju bazénov a prejavy vulkanizmu su viazané priestorovo i ¢asovo na blokovi tektoniku,
scasti subsidenciu a na migraciu tektonickej mobility bazénov, vyjadrenej i zmenami typu
panvovej vyplne. I pri svojej latkovej pestrosti neovulkanity nevykazuji zmeny chemického
zloZenia, pripadne uzSieho vztahu k Strukture predpokladanych subdukénych zon, v Zapad-
nych Karpatoch k bradlovému pasmu. Pritom su v karpatskom obliku 5—20 mil. rokov
mladsie ako predpokladané subdukcie (J. LEXA).

RozloZenie neovulkanitov v alpidach naznacuje, Ze staré masivy uprostred alpinskej
geosynklindly — panonsky, transylvansky, srbsko-macedénsky, rodopsky — poskytuji
vhodné geotektonické podmienky pre vaési rozsah neovulkanitov. Vsetky tieto masivy sa na
rozhrani alpinskych vetvi odli$nej vergencie. Zrejme hrali dolezita dlohu pri usmerfiovani
hlbinnych procesov pocas vyvinu geosynklindly, hlavne v jej neskorom stadiu. Vtedy sa
vertikdlne podkorové pohyby menili na horizontalne a prave pod starymi masivmi sa dvihal
podkorovy diapir a v dosledku toho sa omladili a uzie vélenili do alpinskeho systému. V tych
Castiach alpid, ktoré nemali v zazemi ani stabilizovany blok, roz¢leneny zlomami, schopny
rozpadu na kryhy, ani diferencidcie na Casti vystupujuce a klesajice (napr. Vychodné Alpy)
nevznikli ani vdcSie vnatorné panvy, ani rozsiahlejSie neovulkanity.

7. Findlne vulkanity — alkalické bazalty

Vseobecne sa prijima nazor o zvlastnom geotektonickom postaveni alkalickych bazaltov
(obr. 2, 15). Vo vsetkych castiach alpid maji zhruba rovnaky vek ; pliocén-pleistocén, ¢asto
vek mlad§i ako 1 mil. rokov. Plati to tak pre aredly, kde vulkanicka éinnost andezitov
a ryolitov skon¢ila uz koncom oligocénu, resp. v spodnom miocéne — napr. v Rodopach, ako
aj pre oblasti, kde siaha az do pliocénu napr. vo Vychodnych Karpatoch. V posledne
uvedenych pripadoch nadvizuje finalny bazaltovy vulkanizmus na vulkanizmus neskorooro-
génny. Mensie vyskyty bazaltov sa najdu vo vietkych segmentoch alpid, a to i v takych, kde
boli prejavy andezitovo-ryolitového vulkanizmu minimalne alebo Ziadne, napr. v Juznych
Karpatoch, vo Vychodnych Alpach. V madarskom medzihori boli erupcie bazaltov az vo
vrchnom panéne a na hranici pliocénu a pleistocénu, pozdlz zlomov sz.—jv., sv.—jz. a sj.
smerov. Predchddza im 8 az 10 mil. rokov dlhé obdobie bez vyraznejSej vulkanickej €innosti.
Bazalty st rozsirené na rozsiahlej ploche najma sz. od Balatonu a v $algotarjanskej oblasti, st
v Zapadnych Karpatoch hojné v luéensko-filakovskej oblasti, v okoli Banskej Stiavnice,
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Novej Bane, vo Vychodnych Karpatoch v pohori Persani a v Juznych Karpatoch v Poiana

Rusca.

Hojné Zily bazaltov si vo vychodnych Rodopéch (E. DIMITROVA et al. 1975), ndjdusa viak
i v zdpadnom bloku a v Srednogorji. Subvulkanické telesa lamprobazaltov, plagiobazaltov
i doleritov presekdvaji naprie¢ v meridiondlnom smere nielen rodopsky masiv a balkanidy,
ale i moesijski platformu (obr. 6).

V dinaridéach si znamejsie bazalty Boranje a malé telesd v Slovenii (S. KARAMATA 1974).
Ba i vo Vychodnych Alpéch, kde si neovulkanity zastipené len rudimentarne (helvet —
spodnotortonske andezity a dacity v Stajersku a stopy vo viedenskej panve) sa vyskytuji
bazalty a ich tufy vo vrchnom pandne v oblasti Lavanthal (P. BECK—MANNAGETTA 1974).

Vsade ide o alkalické, resp. subalkalické vulkanity, najcastejsie o olivinické bazalty a ich
variety (obycajne s nefelinom) a o limburgitové bazanity. Alkalicka povaha, ale i poloha
zvicSa na hraniciach velkych karpatskych panvizvadza k tomu, aby sa ich genéza vysvetlovala
ako dosledok prechodu od vulkanizmu typu ostrovného obliika k vulkanizmu medziobliiko-
vého typu (M. BLEAHU et al. 1974). Vsade ide o menSie telesd Struktirno-tektonicky mélo
vyznamné, ktoré vznikli aZ pri ukonéeni intenzivneho klesania (napr. v Alfolde), v obdobi,
ked sa zacali uplatiiovat popri poklesovych pohyboch i zdvihové pohyby jednotlivych kryh.

Nilezy vrchnopléstovych spinelovych peridotitov ako xenolitov (velkesti do 25 cm)
v slovenskych alkalickych bazaltoch poukazuju azda na to, Ze sa alkalické bazalty vytavili
z vrchného plasta, zatial o xenolity predstavuji jeho nevytaveny relikt (D. Hovorka v tlaéi).

Niektoré zovseobecnenia

1. Zikladna geotektonicka charakteristika magmatitov

Opisané typy magmatitov — granitoidy, mladohercynske neskorogeosynklinalne vulkanity,
predalpinske vCasne geosynklindlne vulkanity, alpinske ofiolity a interorogénne mezoalpin-
ske vulkanity, neoalpinske neskorogeosynklindlne vulkanity a findlne vulkanity sa od seba
lisia nielen siborom a scasti i typom hlavnych hornin, ale aj ich $truktirnym postavenim
a ulohou v stavbe kory. Vyplyva to z rozdielnych geotektonickych podmienok vzniku
i z odliSného typu kory (obr. 2).

a) Granitoidné horniny si geneticky spité zvicsa s hibinnym vrasnenim a s procesom
hrubnutia kory. Prejavy granitizicie si v jednotlivych cykloch odliné.

Predhercynske granitoidy, geneticky viazané na bajkalské a starSie vrasnenia, si zvicsa
synkinematické, Gzko spité s migmatitizaciou s anatexiou i s vysokym stupiiom regionalnej
metamorfozy.

Najpocetnejsie a v stavbe alpid najdolezitejsie si hercynske granitoidy. Prizna¢na je pre ne
Struktirna pestrost, Siroké ¢asové rozpitie medzi ich vystupmi a nevelka diferenciaén4 skala.
Synkinematické granitoidy (lizko spaté s plastom) predstavuju spravidla najstarsie a najhlbsie
prejavy hercynskej granitizacie. Najhojnejsie si batolity a fakolity. Ich vznik tizko sdvisi
s vrasnenim a hercynskym §truktirnym planom, ale i s mlad$ou morfotektonickou ¢lenitostou,
ktord do znacnej miery sposobili. Charakteristicky je pre ne diapiricky vystup, a to az po
er6znu droven.
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Najhojnejsie si granodiority a granity. Petrograficky i vekom rozmanitejsie st granitoidy
v balkaniddch v oblasti geosynklindlne Clenitejsej, s lineamentnymi geosynklinalami (E.
BONCEV 1966). Popri granodioritovo-granitovej asocidcii je v balkanidach asocidcia gabro-
plagiogranitovd, gabrodioritovo-granodioritova a alkalickd gabrosyenitova (E. DIMITROVA et
al. 1975). Hojné aplity a pegmatity, ale i mensie telesa leukokratnych granitov si ¢asto
permského veku.

Utast alpinskych granitov pri formovani alpinskej $truktiry je mald (obr.2). Sd to
prevazne len menSie telesd, obmedzené na z6ny predalpinskeho krystalinika, silne paleoalpin-
sky az mezoalpinsky prepracované. VicSie telesa, a to i synkinematickych alpinskych
granitoidov sa nachadzaji v juznejsich Castiach srbsko-macedénskeho masivu, uZ silne
zasiahnutych kimerskym vrasnenim. Vyznac¢nejsiu tlohu v stavbe alpid maji telesa mezoal-
pinskych granitoidov, ktoré tvoria sicast vulkanoplutonickej banatitovej formacie. Podiel
intruziv a ich velkost sivisia so stavom kory, zasiahnutej striedajicimi sa kompresnymi
pohybmi (laramskymi a ilyrskymi, resp. pyrenejskymi). Mensie telesa granitov a granodiori-
tov, hlavne hypoabysalne, sprevadzaji aj neovulkanity. Ich vystup je viazany na uvolnenie
napitia v kore (obr. 1).

b) Neskorogeosynklindlne mladohercynske vulkanity sa geneticky viazu na neohercynske
(zvdtsa permské) zlaby a depresie vyplnené molasami. Su oneskorenym povrchovym
prejavom rozsiahlej hercynskej sializacie kory. Hojnejsie sii v ZIaboch, ktoré oddeluji pasma
vyraznejSej hercynskej granitizacie a pri vniitornych okrajoch hercynsky stabilizovanych
aredlov. Tam (vdaka hlbokosiahajiicim zZlomom) doslo aj k subakvalnym vylevom melafyrov
zvacsa typussillov, sprevadzanych dajkami melafyrov-porfyritov a porfyritov (napr. melafyro-
va séria chocského prikrovu Zapadnych Karpit a perm v prikrove Codru v Apusendch).
Vrchnopaleozoické depresie severnejsich zon alpid maji molasové vyplne len s malym
podielom vulkanitov (kremennych porfyrov); obr. 8.

c) Predalpinske eugeosynklindlne vulkanity st charakteristické pre podstatnii ¢ast sérii
geosynklindlnych §tadii starSich ako hercynska granitizacia. Predstavuji sti¢ast sedimentarno-
vulkanickych aspidnych komplexov, scasti diastrofickych. Patria prevazne spilitovo-diabazo-
vej, spilitovo-keratofyrovej formacii a sprevadzaji ich aj intruziva gabrodioritovo-leukogra-
nitovej a peridotitovo-pyroxenitovej formacie. Nerovnomerné priestorové rozlozenie bazic-
kych vulkanitov a vacsi rozsah kyslych vulkanitov v niektorych vrchnoproterozoickych séridch
(napr. séria Arada), predovsetkym staropaleozoickych, hlavne kambrium-ordovickych, resp.
ordovickych (napr. z6na Grauwacken vo Vychodnych Alpach, gelnicka séria v Zapadnych
Karpatoch, séria Muncel v Apusendch. séria Tulges vo Vychodnych Karpatoch) naznaéuji
Ciastocnu diferenciaciu kory pocas bajkalského vrasnenia. Treba vSak zdoraznit, Ze tieto kyslé
vulkanity, prevazne kremenné porfyry a kremenné keratofyry, si sicastou geosynklindlnych
sérii. Geneticky siivisia s ostrovnymi oblikmi, resp. s oblastami hrubsej prechodnej subkonti-
nentalnej kdry, rozloZzenymi v okrajovych Castiach geosynklinal.

d) Mezozoické ofiolity vystupuji v pasmach, ktoré zaradujeme na zaklade pritomnosti
hlbokovodnych fécii ako trégové, s tenkou, pripadne roztrhanou sialickou subkontinentalnou
resp. paraoceanickou kdrou. Objavuji sa uZ v triase (hlavne v ladine), ¢asto v sprievode
plytkovodnych vapencov. Spociatku (v anise) predstavuji hybridny, prevazne intermediarny
typ s prevahou spilitov a keratofyrov, geneticky spatych s ldmanim a diferencidciou kory.
S postupnym narastanim trogov v ladine, a hlavne v karne su pre ne typické hlbokomorské
karbonaty, radiolarity a pelity. Rastie aj podiel bazickejsich hornin a objavuji sa ultrabazické
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telesd. U vacSiny segmentov alpid sa triasové vulkanity viaZzu na najvnitornejsie zony
alpinskeho geosynklinalneho systému, t. j. na zony slabsie konsolidované hercynskou graniti-
zéciou. V Zapadnych Karpatoch je to meliatska séria v Slovenskom krase, analogicka séria
v pohori Biikk, séria Vascau v Apusendch, na Balkane Sakar, vo Vychodnych Karpatoch
transylvanske prikrovy. V dinaridach sa uz v triase vulkanity ofiolitového typu viazu nielen na
vnitorné zoény (napr. vardarskd a ofiolitovd), ale sCasti i na vonkajsie zony (hlavne
Budva—Zukali). Stvisi to s mensou intenzitou hercynskeho vrdsnenia i granitizicie v dinari-
dach, kde ma dokonca i perm prevazne morské facie.

Hojnejsi vyskyt bazickych a ultrabazickych vulkanitov je ako stcast ofiolitovej asocidcie
viazany na jurské a spodnokriedové trogy, charakterizované slienovcovo-radiolaritovymi
faciami. Su rozlozené hlavne v strednych pasmach internid (obr. 13), napr. kriziiansky
akysucky trog Zapadnych Karpat, bukovinsky trog Vychodnych Karpat, trégy penninika Alp,
v Apusendch zéna Mures. V dinaridach a helenidéch si ofiolity viazané hlavne na vniitorné
zény (vardarskd, ofiolitovd, Mirdita — subpelagonikum). Castejsie sprevadzaji ofiolity
i mocné preflySové facie (titon — spodna krieda, napr. v jednotkach Rachov — Ceahldu vo
Vychodnych Karpatoch, Severin — Kraina v Juznych Karpatoch, Strandza na Balkine).
V Muresi a vo vardarskej zone siaha ofiolitova séria od hlbokovodnych vrchnojurskych
karbonaticko-silicitickych facii do flysovych.

e) Mezoalpinske intraorogénne vulkanity a sprievodné plutonity banatitového typu si
v balkdnskom Strednogori a v timockej zone Juznych karpat geneticky spité s pozdiznymi
prepadlinovymi synklinériami (obr. 14b), vyplnenymi predmolasovymi, prevazne morskymi
sériami, so zna¢nym podielom fly$u. Pritom je priznacné, Ze sa vulkanity objavuja s postupnou
oceanizaciou typu sedimentov. Pod mocnymi vulkanickymi komplexmi sii véasné molasy, nad
nimi hruby flys. Vulkanity Sirokej diferenciacnej $kaly (ryolity — dacity, trachyty, andezity,
alkalické bazalty) sa podielaji na vulkanosedimentarnej vyplni priekopovych prepadlin a
synklindrii. Popri nich vystupuji hojne, najmd pri okrajoch synklindrii, subvulkanické
i hlbinné telesa rovnako Sirokého petrochemického rozpitia (pikrity, gabra, diority, monzoni-
ty, gabrosyenity, granosyenity, granity, dioritové porfyrity a granit-porfyry). Ide o vulkano-
plutonické formdcie, v prvych §tadiach alkalicko-vapenaté, neskor subalkalické az alkalické.
V Apusendch zastupuji banatitovii formdciu prevazne hlbinné telesa (granodiority a granity
s podradne;jsim zastipenim vulkanitov). Neviazu sa na vyrazni pozdiZnii tektonicko-prepad-
linovi synklindlu, ale na hlbinny prie¢ny zlomovy systém. Nezasiahlo ich ani vyraznejsie
vrasnenie (obr. 4).

f) Neskorogeosynklindlne tretohorné neovulkanity sa viazu na mladé (pozdizne i prie¢ne)
depresie, naloZené na vnitorné, paleoalpinsky stabilizované zony a hlavne na ich zdzemie
(medzihorie), neskor tektonicky oZivené pri sic¢asnom stenceni kory (obr. 15). Vysokym
podielom neovulkanickych pyroklastik je vyrazne ovplyvnena molasova vypli depresii.
Charakteristickou ¢rtou neouvlkanitov (s prevahou intermediarnych hornin, hlavne andezi-
tov a so znaénym podielom ryolitov) si vulkanotektonické formy, hlavne stratovulkadny,
kaldery. Vulkanizmus sa uplatiiuje v postupnej izoldcii panvi a vyrazne sa prejavuje
geomorfologicky. Podiel sprievodnych hlbinnych telies je maly.

g) Findlne pliocénno-pleistocénne bazalty menSieho rozsahu, zviacSa subalkalické az
alkalické, si produktom osobitného Stadia vo vyvine geosynklindly, ked vyrazne pdsobilo
roztahovanie kory pri zvySenom tc¢inku vertikalnych pohybov (obr. 2).

148



2. Vyvinovy trend alpinskej geosynklinaly a pozicia magmatitov

Typy a rozloZenie magmatitov si v priamom vztahu s vyvinom alpinskej geosynlinaly a kory,
¢o sa odraza v geologickych procesoch (v sedimentécii, vrasneni, metamorfizme i magmatiz-
me; obr. 16, 17).

AZ do karbénu, t.j. do ndstupu hercynskej granitizicie a metamorfozy sa formacie
vyznaCuji mensou facidlnou pestrostou. Predkarbonske sedimentdrne série mali prevahu
grauwackov, pieskovcov, aleurolitov a ilovcov, scasti diastrofického (flySového), Castejsie
vSak aspidného charakteru. Platito v podstate pre celé krystalinikum alpid (M. MAHEL 1974).
Pre Zapadné Karpaty je priznacny maly podiel karbonétov v krystaliniku. Hlavnym ¢initefom
sposobujicim pestrost monotonnych sedimentarnych komplexov si popri metamorféze
vulkanity. U vicSiny predkarbonskych sérii st hojne zastipené vulkanické horniny hlavne it
spilitovo-diabazovej, podradne spilitovo-keratofyrovej formécie, zmenenych zvicsa na amfi-
bolity. Castejsie si gabrd, gabrodiority, ale i komagmatické ultrabazické telesa. Len v niekto-
rych sériach si hojnejsie porfyroidy (kremenné porfyry a ich tufy), najcastejsie v ordoviku,
zriedkavejsie i v devone. Pritom niet vyraznejSich rozdielov v zloZeni medzi staropaleozoic-
kym komplexom a star§imi komplexmi, azda s tou vynimkou, Ze v proterozoickych a v starsich
komplexoch st CastejSie ortoruly a migmatity a spravidla vysSia metamorféza. V podstate to
znamend, Ze kadomské, resp. bajkalské vrasnenie nespOsobilo vyraznejSie zmeny ani
v podmienkach sedimenticie, ani v magmatizme. Toto vrasnenie vyvolalo skor zmeny
hibinného charakteru bez vyraznejSich morfostruktirnych prejavov. HojnejSie kremenné
porfyry v geosynklindlnych séridch koncom proterozoika, hlavne v§ak v ordoviku, st azda
prejavom diferencidcie kory (napr. vytvorenia ostrovnych zon, pripadne zon s hrubSou kérou
(M. MAHEL 1974).

Odlisny charakter maji predkarbonske komplexy v pelagénskom a hlavne v rodopskom
masive i pritomnostou mocnych mas karbondtov €astejsie s bazickymi telesami. Povazuji sa
za proterozoické, a to vdaka vyssej metamorfoze, hlavne v porovnani so spodnopaleozoickou
diabazovo-fylitoidnou sériou. RozlozZenie tychto sérii prevazne vedla seba a nepochopitelny
nedostatok staropaleozoickych sekvencii patfomného typu v uvedenych masivoch vnucuje
otézku, ¢i karbondtovy komplex nepredstavuje aspon scasti typ plytkovodnych staropaleo-
zoickych sledov.

Pritomnost kremennych porfyrov (spravidla v sprievode bazickych telies) v geosynklinal-
nych séridch devonu az spodného karbénu (hronska séria vo veporidach Zapadnych Karpat,
niektoré série v Juznych Karpatoch) poukazuje na i¢inky diferenciacie kory, ktord prebiehala
sucasne s nastupom hercynskeho vrasnenia. Sedimentacia v starom paleozoiku nebola viade
plynuld. Su zname diskordancie i paleogeografické zmeny i nielen uprostred vrchného
proterozoika (kadomska fdza), ale i uprostred kambria (srbskd faza), koncom kambria
(sardinskd faza), koncom ordoviku (takonska fdza) i koncom siliru (ardenska faza).
Oddelenost kaledonskeho a hercynskeho cyklu na Balkdne a v Juznych Karpatoch sa
prejavuje nielen bazilnymi zlepencami, diskordanciami, ale oproti star$im séridm i slabSou
metamorfézou (S. NASTASEANU 1975). Lenze ani po kadomskom vrasneni, ani po prejavoch
kaledénskeho diastrofizmu sa neprejavuje vyraznejsia zmena v type kory. Eugeosynklindlny
typ, blizky oceanickému, pretrvdva az do hercynskeho vrasnenia. AZ toto vrdsnenie,
sprevadzané rozsiahlym vystupom granitoidnych telies, meni charakter sedimentécie (v
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mladSom paleozoiku sa prvykrat objavuji v alpidach naloZené depresie vyplnené molasami,
spociatku morskymi, véasnymi, neskor kontinentalnymi) a kory.

Nasledkom tvorby velkych batolitov a fakolitov i ich pozvoIného diapirického vystupova-
nia, vznikd osobitny tektonicky Styl. Vytvaraju sa Siroké vrasy, megaantiklindlne klenby
(napr. v tatridach v niektorych jadrovych pohoriach Zapadnych Karpat, brachyantiklinaly
rodopského a srbsko-macedonskeho masivu). Oblasti menej zasiahnuté granitizaciou sa
vyznaéuji zénami tzko stladenych vrds i pre$Smykov (napr. v krystaliniku Ciernej hory
v Zapadnych Karpatoch, v bystrickej skupine prikrovov vo Vychodnych Karpatoch; H. G.
KRAUTNER 1972). Hercynske vrasnenie sa spolu s tvorbou granitoidnych telies vyrazne
uplatniovalo pri formovani celkového Struktirneho planu.

VicSie granitoidné telesd s tendenciou k zdvihu si dlhodobym morfostruktirnym &inite-
Tom. Klenby sa stavaji znosovymi oblastami. Klastické horniny z nich vypliuja prilahlé zlaby
sformované pri okraji, resp. medzi zonami granitoidnych telies.

Hercynska granitizacia ma rozpitie od konca devonu do konca permu; je vSak sistredend
hlavne v jednotlivych orogenetickych §tadidch hercynskeho vrasnenia. Struktirnotvorné
prejavy suvisia so strasimi $tddiami, morfostruktirne prejavy zasa s mladsimi Stadiami, t. j.
s tvorbou molasovych zlabov a depresii s vulkanitmi. V sprievode spodnej molasy, v pasmach
slabSie zasiahnutych hercynskou granitizaciou, si v karbone Casté bazické telesd, v gemeri-
dach dokonca i drobné telesa ultrabazické. V oblastiach intenzivnejsie zasiahnutych granitiza-
ciou si kremenné porfyry v sprievode mladsej (suchozemskej) molasy. Casove sa kryji
s najmlad$imi prejavmi granitizicie v prilahlych zdvihovych oblastiach. Uzku genetickii
nadviznost kremennych porfyrov na granitoidy naznacuje pritomnost granitporfyrov (napr.
v severoveporidnom zlabe Zapadnych Karpat), ale i kyslejsi charakter magmy (kremennych
porfyrov, permskych aplitov, pegmatitov a leukokratnych granitov, napr. v Rodopskom
masive a v balkanidach — E. DIMITROVA et al. 1975).

Permské kremenné porfyry si teda povrchovym prejavom magmatizmu, viazanym na
tektonické prepadliny s vyraznou tendenciou klesania (obr. 8). V juznejsich zonach v perme
vystupuji v sprievode vrchnych molas i melafyry. Nasledkom slabej produkcie pyroklastik sa
melafyry podielaji na sedimentacnej vyplni panvi ovela menSou mierou. Z6ny s melafyrmi
nevykazuji znamky vyraznejieho prehibenia. Nejde o stenéenie kory priich vystupe, ale o jej
roztrhuntie, otvorenie privodnych kanalov do hlbsich ¢asti. NasvedCuje tomu i charakter telies
typu sillov, i striedanie melafyrov a kremennych porfyrov v niektorych oblastiach, napr.
v Ciernej hore v Zapadnych Karpatoch, v balkanidach, hlavne viak v Apusenach (v jednotke
Codru).

Hercynska granitizicia geneticky tzko sivisi s metamorf6zou nerovnomernej intenzity.
Napr. v Zapadnych Karpatoch, v zénach vyraznejSej granitizcie, je starSie paleozoikum
metamorfované do facie amfibolitov, zony menej postihnuté granitizéciou si metamorfované
len do fécie zelenych bridlic. Intenzita metamorfézy od $tadia k $tadiu pocas hercynskeho
vrasnenia klesd, jej slabsie prejavy st badatelné este i v perme. Rekrystalizaénd metamorféza
a granitizdcia svedcia o hlbinnom charaktere hercynskeho vrasnenia. Pritom sa vSak vytvorila
zloZita viacetazova Struktiira so zjavnymi diskordanciami. Hlavnym désledkom hercynskeho
vrasnenia, granitizicie a metamorfizmu je vSak zhrubnutie kory — jej sializécia, a to znamen4
zéasadny zvrat vo vyvine geosynklindlneho systému. Pritom treba zdoraznif nerovnomernost
hercynskej granitizacie i stabilizacie v jednotlivych aredloch i zonach, ¢o sa stdva zakladom
odliSnosti a do znacnej miery i ¢lenitosti neskorsej alpinskej geosynklinaly (obr. 7).
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Zaciatok alpinskeho cyklu sa spaja s transgresiou triasu, itvaru, ktorému sa asto pripisuje
v alpidach kvazi platformny charakter (V. CHAIN 1972), prip. sa nazyva $tidiom interregna
medzi hercynskou a alpinskou etapou, ktord sa podla niektorych autorov zadina az jurou.
V triase prevladaju facie plytkovodné — v spodnom triase detritické, v strednom a vrchnom
triase hlavne karbonatické. V juznych zénach je uz vyrazna Struktirno-facidlna zonalnost
a objavuji sa i ficie a celé sledy s prevahou hlbokovodnych facii s bazickymi vulkanitmi
ofiolitového typu, napr. meliatska séria (H. Kozur—R. Mock 1974), hlbokomorské
vulkanosedimentarne ¢leny v pohori Biikk (obr. 16) a v transylvanskych prikrovoch Vychod-
nych Karpit (D. RADULESCU—M. SANDULESCU 1973). Pritomnost bazickych a ultrabazic-
kych telies v sprievode radiolaritov a tmavych bridlic, glaukofanity a prejavy metamorfézy, to
vietko naznacuje oceanicky resp. paraoceanicky typ kory (M. MAHEL 1975). Pozoruhodné je
rozloZenie tychto zon v juznych oblastiach Karpét i Balkdnu, v dinaridach (obr. 3,4,6,9, 11a)
st i v niektorych vonkajsich jednotkach — Budva—Zukali. V kazdom pripade ide 0 zony bez
vyraznejSej hercynskej granitizacie a vyraznejSieho hercynskeho vrasnenia, teda o zény
hercynsky menej konsolidované. Z tych sa §iri aktivizacia geosynklinaly a postupuje smerom
von. UZ v triase teda pozorujeme diferencidciu v type kory.

Hlbokomorské sledy jury sii spravidla sprevadzane pocetnymi prejavmi bazického a ultra-
bazického vulkanizmu, napr. augititmi. Casto sa totiz viazu na hlbokovodné ficie trégov, ako
je napr. zliechovsky a kysucky trég v Zapadnych Zarpatoch, frankenfeldsky trég vo
Vychodnych Alpach (obr. 16). Castejie si bazické vulkanity v bukovinskom prikrove
Vychodnych Karpat, hlavne v§ak v dinaridich a helenidach. Zapadné Karpaty mozu poslizit
ako model paleogeografickej ¢lenitosti, ale i paleotektonickej kontrastnosti s najvyraznej$imi
rozdielmi v hribke kory v jure. PreukédzateIné vzdjomné laterdlne prechody prehibeninovych
a prahovych sledov a rychle vertikdlne zmeny hlbokovodnych a plytkovodnych fécii sii napr.
v bradlovom pasme Karpat. Je tam cely rad sledov opisovanych ako osobitné vyviny, so
zmieSanymi hlbokomorskymi i s prechodnymi faciami. Obdobna situicia je v krizfianskom
prikrove, kde je vyvinuty hlbokovodny zliechovsky i plytkovodny vysocky typ sledov. I§lo
teda o silne Clenité more s pomerne tzkymi zlabmi a prahmi. Ofiolitové zény nemusia
predstavovat Siroké ocedny a nie si samy osebe svedectvom dalekosiahlych zblizeni kryh
kontinentalnej kory, si v§ak svedectvom ¢lenitosti mezozoickej geosynklinély, hlavne v jej
leptogeosynklindlnom $tadiu.

Znatna ¢ast ofiolitov je geneticky spata so zaCiatonym §tadiom flySovych trogov. Zrejme
je dost vSeobecnym javom, Ze si mnohé titonsko-spodnokriedového veku: ceahliu —
rachovsky trég vo Vychodnych Karpatoch, severinsky trog v Juznych Karpatoch, nizsko-tro-
jansky a strandZansky na Balkane, sarajevsky trog v dinaridach, Gramos v helenidach (M.
MAHEL 1973; obr. 13). Vsetky sa zacinaji preflySom. Pritomnost ofiolitov, pripadne
bazickych a ultrabazickych telies (napr. v jednotke Ceahliu-Rachov) sved¢i o tom, Ze ide
0 oceanicky typ kory, pripadne jemu blizky (obr. 14a). Uz sme uviedli, Ze niektoré tr¢ vy
s ofiolitmi leptogeosynklindlneho Stadia prerastaji vo flySové. Napokon takym je i pent .u-
kum Alp popri vardarskej zone dinarid a zone Mure§ v Apusenach. Diastroficky typ
sedimentdcie (flys s.s. a hruby flys) prevlada v alpidach od nastupu paleoalpinskych procesov
vrasnenia aZ po zaciatoéné neoalpinske pohyby (M. MAHEL 1973). Sprevadza ho len maly
podiel magmatitov. Pocas sedimentdcie flySu dynamicky posobila v kore hlavne kontrakcia.
Pokial su pritomné vulkanity, ide o slabsie prejavy intermedidrneho vulkanizmu ; tufy, tufity
a brekcie andezitov i dacitov. Ich erupcie si viazané hlavne na prikordilierové zlomy.
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Osobitnym paleotektonickym typom vytvorenym po paleoalpinskom vrasneni je sistava
prepadlinovych synklinérii : Timok-Srednogorje v Juznych Karpatoch a na Balkane (obr. 14b).
Tento typ je sprevadzany hrubym mezoalpinskym, latkove pestrym intermedidrnym magma-
tizmom. Treba vSak zdoraznif, Ze ide o osobitny typ vulkanitov viazany na paleoalpinsky
intenzivne zvrasnené podlozZie po uloZeni vCasnej molasy (t. j. po cenomane — turone so
slojmi uhlia). V priebehu vulkanickej ¢innosti, hlavne po vylevoch lavy, nastupuje hruby flys
s mens§imi polohami vulkanitov pri okrajoch tektonickych prepadlin s intruzivnymi telesami.
Vo vlastnej flySovej geosynklinale, ktoru predstavovala na Balkane susedna severnejsia
ludokamcijska zona, st v§ak prejavy tohto vulkanizmu len slabé.

Alpinsky cyklus alpid sa vyznacuje i hojnostou depresii viacerych geotektonickych typov:

— depresie pasma Celnej predhlbne, ktoré nadvazuju Casove, priestorove a geneticky na
flySové jednotky: su bez vyraznejsich prejavov vulkanimu;

— depresie vnutrohorské, nalozené hlavne v priecnych prelomoch vnitornych zén alpid,
konsolidovanych prevazne uz paleoalpinsky ;

— depresie vnutorné (pri voutornom okraji geosynklindlneho systému), presahujiice na
prilahlé vnutorné masivy v zazemi (madarsky, transylvansky, rodopsky).

Obidva posledne uvedené typy depresii sa vyznacuji Castymi vulkanitmi a Stadidlnostou

vyvoja. Ta v Zapadnych Karpatoch a madarskom masive Casove alternuje so vznikom
prikrovovych jednotiek vo flySovych Karpatoch. Tak, ako vyvrasnené jednotky savske,
staroStajerské, mladostajerské, i depresie su rovnakého veku. Neoalpinsku etapu v geosynkli-
nalnom systéme charakterizuje vo vonkajsich pasmach skracovanie a hrubnutie kory, vo
vnutornych oblastiach roztiahnutie, lamanie a stencenie kory, subsidencia a vulkanicka
¢innosf. Vznik vnutornych molas sa povazuje za neskorogeosynklindlny, preto je azda
priliehavy i nazov neskorogeosynklindlne vulkanity (obr. 15a, 15b).
~ Hojnost ttvarov, ktoré vznikli pri zvy$enej pohyblivosti kory, ich facilna i geotektonicka
pestrost, sii odrazom §tadialnosti alpinskeho vrasnenia, spojenej s prestavbou paleogeografic-
kého i Struktirneho planu a s viacaktnostou paleoalpinskych, mezoalpinskych a neoalpin-
skych prejavov. Tato Stadidlnost alpinskeho vrasnenia je kombinovana s orogenetickou
polaritou, ktord je zrejme genetickym znakom alpinskej geosynklindly. Jej dosledkom je
postupné vertikalne i laterdlne vystriedanie flySu molasami (obr. 17).

Sicasnost poklesov v depresidch, ale i sihra vulkanickej ¢innosti vo vnitornych zonach
a v zazemi s kompresnymi procesmi na vonkajsej strane Karpat, signalizuje urcité vztahy
podkdrovych procesov v celej Sirke geosynklinalneho sytému. Zmeny sposobené zahibenim,
zakotvenim korovych Casti pri vrasneni vyvoldvali zrejme vystup magmatického diapiru na
vniitornej strane (P. HORVATH—L. STEGENA—B. GEczy 1974). S diapirom sa totiz spaja
stenéenie kory podkorovou eréziou, v dosledku toho poklesy a vznik depresii i vystup
vulkanitov. V3etky tieto pohyby vo vniitornych pasmach sii ovladané prevazne vertikdlnymi
pohybmi, ktoré utvaraji i celkovi morfostruktiru. Neskorogeosynklinalny vulkanizmus sa
svojimi vulkanotektonickymi i morfologickymi formami podiela i na tomto procese. Teda nie
granitoidy — ako v mladohercynskej etape — ale efuzivne neovulkanity sa z alpinskych
magmatitov najviac podielaji na formovani morfostruktirneho pléanu.

Alpinske vrasnenie sa vyznacuje rozsiahlym skratenim kory, pestrostou tektonickych stylov
(dosledok ¢lenitosti a rozdielnosti hribky a mechanickych vlastnosti litkovej vyplne jednotli-
vych sedimentaénych zén) (obr. 16). Najvyraznej$im prejavom tohto skratenia su pripovr-
chové i hibinné prikrovy, intenzivne stlatené zony, z6ny Struktirnych anomalit, tektonickych
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brekcii a melanzi, naznacujice subdukciu. Granitizacia a metamorféza, také charakteristické
prejavy hercynskeho vrasnenia, sa obmedzuji v alpinskom cykle len na tizke z6ny. Prejavy
alpinskeho vrasnenia maju zrejme vyraznejsi pripovrchovy charakter.

Uvedeny vyvinovy trend geosynklindly sa vztahuje predovSetkym na oblast Vychodnych
Alp, Zapadnych Karpat a Vychodnych Karpat. V dinaridach ma urcité odli$nosti, spésobené
hlavne inym vychodiskovym stavom kory, v aredli Juznych Karpat — Balkdnu si tieto
odli$nosti eSte vyraznejsie.

3. Osobitosti magmatizmu v jednotlivych oblastiach a segmentoch

Napriek jednotnému vyvinovému trendu magmatizmu si medzi jednotlivymi segmentmi
alpid znaéné rozdiely v kvantite jednotlivych typov magmatitov i v jeho ¢asovych prejavoch.
Pri¢inou toho je hlavne nerovnomerné hercynska konsolidacia kory (vratane nerovnakého
podielu hercynskych granitoidov). Odraza sa to v odli$nych typoch permu a triasu, a hlavne
v Clenitosti geosynklindly v mezozoiku, v ¢ase a mnoZstve prejavov ofiolitového vulkanizmu
i ostatnych typov magmatitov. Ako osobitné typy alpinskych geosynklinal, odliSn€ zastipenim
a rozlozenim jednotlivych skupin magmatitov mozrio vy¢lenit tri aredly (obr. 2).

Dinaridy. Vyznacuji sa malym podielom hercynskych granitoidov, ktor€ sii sistredené
pri okrajoch v pelagonskom a srbsko-macedonskom masive (obr. 9).

Maly rozsah hercynskych granitoidnych telies a menSia intenzita hercynskeho vrasnenia
mali za ndsledok niz$iu konsoliddciu kory a zrejme i jej menSiu hribku. S tym zrejme stvisi aj
prevazne morsky vyvin permu a zvySend priedusnost kory v triase, hojnejsie prejavy
bazického magmatizmu, a to i vo vonkajsich zénach, v Budva—Zukali. Spo¢iatku (anis) maji
kremenné keratofyry, ba i kremenné porfyry. Postupne viak (ladin) dochddza k zvySovaniu
bazicity. Castejie si bazaltové poduskové lavy typu ,pillow*; vyraznejsie sa prejavuje
i trégovy typ sedimentécie so silicitmi, kremitymi vdpencami a ilovcami.

Nijaky z opisovanych segmentov alpid nevykazuje také rozsiahle zastipenie ofiolitovej
asocidcie, a hlavne tolko a takych velkych telies serpentinitov ako dinaridy a helenidy
(obr. 13). Pritom st rozlozené v dvoch pasmach: vychodnom vo vardarskej zone a v zdpad-
nom v ofiolitovej zéne a v zone Mirdita (subpelagonikum), oddelenych pdsmom hrubsej
kontinentélnej kory : Drina — Ivanjica— pelagonsky masiv so zénou Korab. Kazdé z tychto
pasiem mé osobitosti v stratigrafickom rozpiti ofiolitovej asocidcie i v obsahu; kazdé
predstavuje v podstate oceanicky trog odliSného typu. Uvedené odliSnosti sa vSak menia
i v jednotlivych tisekoch toho istého trogu, napr. vzone Mirdita nadvazuje ofiolitova asocidcia
na vulkanogénnu sériu triasu, kym v podstatnej Casti severnejSej ofiolitovej zény su
magmatity az vrchnojurské. naopak, v severozapadnom pokracovani ofiolitovej zony v Juz-
nych Alpach ofiolitové asocidcia chyba a zastipené su len hybridné triasové magmatity.
Mocné ofiolitové melanze (M. DIMITRIEVIC 1974), ale i vzdjomné prechody hibokomorskych
ofiolitovych sledov do sledov plytkomorskych patria k osobitostiam dinarid a helenid, opit
s odlisnostami v dvoch hlavnych zénach.

Dve opisované ofiolitové oceanické trogy dinarid maji odliSnosti vo vztahu k flySovym
sekvencidm (obr. 14a). Vo vardarskej zone nadvazuje flys vertikdlne na ofiolitovi asocidciu.
Pritom jeho spodné ¢leny obsahujii magmatity ofiolitového typu. V ofiolitovej zone a v zone
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Mirdita sa flySovy trég Sarajevo — Gramos vyvija od titonu pri zdpadnom okraji ofiolitového
koryta — laterdlne naf nadvdzuje a v neskor§om obdobi sa po zéniku ofiolitového trogu
rozsiruje na zapad ako zona Durmitor.

Charakteristickd pre dinaridy a helenidy je vyrazna alpinska tektonicka aktivizdcia ich
stykovej zony a vychodného Srbsko-macedénskeho a pelagénskeho masivu. Castejsie su
syenitové dajky a granodioritové telesd, a to i synkinematické (v helenidach, starokimerské
167—156 mil. r., mladokimerské 148—120 mil. r., ale i strednokriedové 110—90 mil. r.).

Vnitorny okraj dinarid, vratane srbsko-macedénskeho masivu, hlavne jeho zdpadného
okraja je i zonou rozloZenia pocetnych mensich telies neovulkanitov s mensimi vulkanickymi
aparatmi (andezity — dacity, ryolity, kremenné latity) zato s podetnymi subvulkanickymi
telesami (granodiority a kremenné monzonity) sii viazané na z6nu vyraznej neoalpinskej
aktivizdcie. Jednotlivé vulkany su Castejsie na krizovatkdch viacerych zlomovych systémov.
Miestami sprevddzaji mensie depresie. Ide o zonu aktivizcie, velmi &lenitd, s vyraznymi
zdvihmi menSich kryh (M. ArRsovski 1961). Pritom interval vulkanickej ¢innosti je pomerne
dlhy (37 mil. r. — 10,9 mil. r., t. j. oligocén — sarmat).

Balkdn a JuZné Karpaty. Pre tito oblast je prakticky v celom rozsahu priznaéna
hercynska granitizdcia, ktord ich spdja s rodopskym a srbsko-macedénskym masivom
(obr. 5,6). Tak v Juznych Karpatoch, ako i na Balkdne si pomerne znacne zastipené
synkinematické granitoidy, a to predpaleozoické i hercynske. V Juznych Karpatoch, hlavne
v danubiku, si ¢asté i granitoidy alkalického charakteru. Pre Balkén je zvlast charakteristicka
pestrost formacnych, geotektonicky odliSnych typov granitoidov. Popri juznobulharskych
granodioritoch a granitoch, hojnych v rodopskom masive a v bulharskom Stredohori, st to:
staroplaninské gabrodioritovo-granodioritova asocidcia, strumska asocidcia s petrografickym
rozpitim od kyslych granitov aZ po ultrabazické teles4, permské gabro-syeintova asocidcia. To

Hercynska granitizécia i vrasnenie, Cize konsoliddcia kory bola intenzivnejsia nez vo
vietkych opisovanych segmentoch alpid, takZe prave pre Juzné Karpaty a balkanidy je
najprilichavejsie hovorif o kvazi platformnom type triasu (obr. 7). Heterogénnost predalpin-
skeho vyvoja na Balkane, vyjadrend pestrostou typov granitoidov, sa vSak prejavila v triase
vznikom prvych geosynklindlnych trégov — oblasti s tenSou kérou vo vychodnej &asti
Balkdnu, a to na juhu v zéne Sakar, severnejsie v zone Kotel.

Pre alpinsky vyvojovy cyklus Balkdnu a Juznych Karpit je priznaéna ¢lenitost geosynklina-
ly v titéne pri néstupe flySovych formacii. S nimi sivisi pritomnost serpentinitov pri okrajoch
rodopského masivu a v StrandZi (hlavne pozdiZ marického zlomu) a v trégu Severin-Kraina (v
Juznych Karpatoch).

V magmatickom vyvoji tohto areélu osobitnii iloku zohrali pozdiZzne zlomy (vrchnokriedo-
vy rift Timok — Srednogorje) i sprievodny systém prepadlinovych synklinérii s banatitovou
vulkanicko-plutonickou forméciou, ktory sleduje rozhranie dvoch zakladnych blokov v Juz-
nych Karpatoch: (getika a danubika), na Balkane zlomové rozhranie balkanid a rodopského
masivu. :

Pre Balkén sii prizna¢né neovulkanity spojené s rodopskym masivom (vytvaral balkaniddam
zazemie) a s vnitornymi kotlinami (v prilahlej tylovej ¢asti geosynklinaly). Tiito zviazanost
dokumentuje stratigraficky rozsah vulkanitov i vyplne depresii (v bulharskej &asti hlavne
priabon — oligocén, na gréckom tizemi i miocén (obr. 15). Tylova aktivizicia geosynklinaly sa
v rodopskom masive zrejme $irila na juh. V Juznych Karpatoch je nedostatok neovulkanitov
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i vyznamnejsich vnitornych kotlin. Vynimkou je juZna ¢ast Vychodnych Karpat — Krajstidy,
ktoré zdielali osud balkanid, resp. rodopského masivu.

Zapadné Karpaty (obr. 3), Vychodné Alpy, Vychodné Karpaty (obr. 11a) a Apuseny
(obr. 4). Hercynska granitizicia a intenzivnejsie hercynske vrasnenie postihli hlavne severné
zény tohto aredlu. Pre Zipadné Karpaty (gemeridy) si typické paleoalpinske granity
(obr. 10). Aredl vykazuje uriti jednotnost ¢o do zastipenia kremennych porfyrov zo
zaciatku paleozoika (dosledok bajkalskej diferencidcie kory v Zapadnych Karpatoch, Vy-
chodnych Alpach, Vychodnych Karpatoch i v Apusenach). Rozny stupen hercynskej konsoli-
décie sa odraza v znaénej rozmanitosti facii permu, ktory obsahuje nielen kremenné porfyry,
ale i melafyry (obr. 7). Najjuznejsie oblasti vykazuji morsky typ permu a facidlne pestry
karbonaticky trias. MoZno to pokladat za prejav diferencidcie kory. V tychto juznych zénach
st CastejSie bazické telesa, ba i ofiolitové série uZ v obdobi triasu, a to v transylvanskej skupine
prikrovov Vychodnych Karpat, v Slovenskom krase (meliatska séria), v pohori Biikk
v Zapadnych Karpatoch. Azda i preto sa pohorie Biikk (na rozdiel od juznejich zon
Severnych vapencovych Alp s morskym typom permu a triasu a hojnymi vulkanitmi) povazuje
za odnoZ dinarid, ktora nadvizuje na vnitorné zony Zapadnych Karpét (K. BALOGH—L.
KOROssY 1968). Po preukézani analogického ofiolitového sledu v Slovenskom krase (meliat-
ska séria) a celého radu dalSich ,,juznejSich* znakov Slovenského krasu, je viak zrejmé, Ze
pohorie Biikk je neoddelitelnou ¢astou Zapadnych Karpit a spolu so Slovenskym krasom
predstavuje ich najvniitornejsiu zonu, zv. bukovikum, s niekolkymi iastkovymi jednotkami
(M. MAHEL 1975). RoZiavska linia (pri severnom okraji Slovenského krasu) a balatonska
linia (pri juznom okraji pohoria Biikk) st hrani¢nymi liniami tejto juznej zony s ofiolitmi. Obe
spolu s liniou Darné (pri severnom okraji pohoria Biikk) predstavuji severné odnoze
insubricko- -drdvskej linie. T4to linia sa vSak smerom na SV nielen rozvetvuje, ale meni aj
svoje postavenie a vyznam. Juzne (jv.) od nej nie je dalSia geosynklindlna vetva, ako si
v zapadnej Casti dinaridy a Juzné Alpy, ale madarsky masiv.

Vo Vychodnych Alpach je rozsah bazickych telies v juZnych zénach obmedzeny na
ojedinelé vyskyty vo vyssich prikrovoch vapencovych Alp a na polohy v strednom triase
v ,,Drauzone*‘.

Zvlast vyrazna diferencidcia kory vnitri geosynklindlneho systému Zapadnych Karpit,
Vychodnych Alp a Vychodnych Karpét bola v jure a v spodnej kriede, t. j. v leptogeosnykli-
nalnom §tadiu hlavne v strednych az severnejsich zonach alpid. V trégoch si poetné bazické
telesd, ale i nekompletné ofiolitové sledy (ofiolitoidy): (zliechovsky a kysucky trég v Zapad-
nych Karpatoch, bukovinsky trég vo Vychodnych Karpatoch). Pre Zapadné Karpaty su
charakteristické hojné drobné vyskyty augititov a limburgitov v plytkovodnych faciach
(vysokotatranska jednotka v Osobitej, vyskyty v obale Nizkych Tatier), zrejme zviazanych so
zlomami oddelujicimi prahy. Stvisia azda s blokovitou stavbou vnitornych Zépadnych
Karpét. V Alpach je znama vyrazn ofiolitova formécia v penniniku (vo vychodnej &asti Alp
v sérii Rechnitz). Vo Vychodnych Karpatoch si ofiolity charakteristické pre preflySové
§tadium jednotiek rozloZenych severne od Marmaro$ského masivu, t. j. pre jednotky ,,Cierny*
fly$ a Ceahldu — Rachovo.

Podiel ofiolitov a vobec bazickych telies vo flySovom pasme Zapadnych Karpit je
obmedzeny, viazany hlavne na okraje trogov s kordilierami (teSinity). Drobné vyskyty
ultrabazickych telies si v bradlovom pasme a pravdepodobne su vyskyty ofiolitov v korefiovej
Casti magurského prikrovu.
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Pre Zapadné a Vychodné Karpaty si zvlast charakteristické neovulkanity, vo Vychodnych
Alpach, zrejme v dosledku nedostatku zazemia i nedostatku vnitornych tylovych depresii
chybaju (obr. 15). Uzke spojenie Karpét s madarskym masivom (medzihorim) v trefohorach
je evidentné. Prie¢ne zlomy Zapadnych Karpat sa prejavuji rozsiahlym vulkanizmom
viazanym hlavne na stredoslovensky prelom. Vo Vychodnych Karpatoch nésledkom zasahu
tylovej depresie aZ k juznej hranici vonkajsich Karpat (k bradlovému a flySovému pasmu)
prekryvaji neovulkanity podstatnii €ast vniitornych zon.

K osobitostiam madarského masivu jv. od balaténskej linie ratame mocny Vyvoj permu
s kremennymi porfyrmi. Zo skiisenosti v Zapadnych Karpatoch moZno uvazovat o diferenco-
vanosti kory uZ pri hercynskom vrasneni, metamorféze a granitizacii, o vzniku permskych
Zlabov pri okrajoch, resp. medzi blokmi s vyraznej$imi zénami granitoidov. Alkalicky
charakter spodnokriedovych bézickych telies (pripominajicich tesinity vonkajsich zon Za-
padnych Karpat) v pohoriach Mecsek a Villany, rovnako ako ,,severny* typ mezozoika déva
podnet k ivaham o prislusnosti jv. bloku madarského masivu k severnym zénam alpid, a to
bud v postaveni tektonického okna (P. HORVATH—L. STEGENA—B. GECzy 1974), alebo
v postaveni bloku posunutého k juhozdpadu (M. BLEAHU 1976). Slabinou tychto iivah je
nedostatok nielen vyraznejsieho tektonického paleoalpinskeho zdsahu v pohori Mecsek
a Villiny v Madarsku, ale i nedostatok uz spodnokriedovych, pripadne strednokriedovych
flySovych sledov — znakov charakteristickych pre severné zény Zapadnych Karpat. Zrejme
tak ,,severny* typ triasu, ako i alkalické bazické telesa spodnej kriedy sivisia s paleotektonic-
kym typom kéry madarského masivu, ktord bola v triase aZ v spodne;j kriede pomerne hruba.

Na zaklade nalezov bézickych telies (z vrtnych jadier z podloZia neogénnej vyplne
Madarskej niZiny vratane Zakarpatska) predpoklad4 sa pasmo ofiolitov (K. SZEPESHAZY
1973, E. SZADECKY—KARDOSS et al. 1967, G. N. DOLENKO—L. G. DANILOVIC 1976)
zépadne od solnockého flySového koryta i v jeho spodnych predflySovych horizontoch.
Obidva oddeluji Apuseny od Zapadnych Karpét lemovanych klinom madarského masivu.
Pasmo s bazickymi iitvarmi rovnako ako solnocké flySové pasmo je zhruba sibezné
s balatonskou liniou. M4 poziciu analogickid s muresskou ofiolitovou flySovou zénou. Obidve
tieto ofiolitové korytd predstavujii odnoZe vardarskej zony vnikajiice hlboko na sever medzi
bloky karpatského systému. Takito medziblokovii poziciu ma i vardarskd zona, ktord
oddeluje Srbsko-maceddnsky a pelagonsky masiv.

Severné Apuseny pripominajii vnitorné Zapadné Karpaty hlavne rozlozenim vi&sich telies
hercynskych granitoidov, hojnostou permu s mocnymi kremennymi porfyrmi a s melafyrmi
v juznejSich zonach. Ich neoalpinske vulkanity si sicastou okrajovej &asti neotisie, ktord
zahriiuje vnitorné zény Zapadnych Karpat i Vychodnych Karpat a madarsky masiv.
V priebehu jury aZ eocénu prekonali Apusény vyvoj, ktory ich zviazal s dinaridami, a to vdaka
vzniku ofiolitovej z6ny Mures. T4 je totiz paleogeograficky predizenim vardarskej zony, ale
Struktirne sic¢astou Apusén (M. Lupu 1975). Pritomnost vrchnokriedovo-paleocénnych
banatitov zvazuje Apuseny s Juznymi Karpatmi. Apuseny teda predstavuji medziblok, na
ktorom sa pocas alpinskeho cyklu uplatiiovali a miestami éasove prekryvali vplyvy zo
susednych arealov, ktoré usmerifiovali magmatick ¢innost. Pasmo ofiolitov v Muresi, pismo
(predpokladanych) ofiolitov pri zdpadnom okraji solnockého flySového trgu v. od Apusén,
spolu s priveskom (apendixom) bradlového pasma v oblasti Poiana Rusca a divergencia
Struktir Apusén naznacuji pohyb k V 2 rotéciu tohto bloku v smere hodinovych rugiciek,
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azda i v stvislosti so stenéovanim a roztahovanim kory v obdobi zakladania ofiolitovych
trogov.

Vysvetlivky k obrazkom

Obr. 1 Schéma hlavnych tektonickych jednotiek Vychodnych Alp, Karpat, Balkanu a dinarid

1. platformy, 2. éelnd predhlben, 3. flySové pasmo Vychodnych Alp a Zapadnych a Vychodnych Karpat,
a) vnutorné jednotky, 4. neskorotektonicky flys, 5. bradlové pasmo Karpat a) grestenska zona Vychod- f
nych Alp, b) zéna Kotel, 6. peninikum, 7. vnitorné masivy, 8. neovulkanity, 9. va&sie kotliny K

tektonické jednotky

Vychodné Alpy: Oo— vrchné vychodoalpinikum, NG — severna Grauwacken zona, UO — spodné
vychodoalpinikum, GR — gracké paleozoikum, CK — vychodoalpské krystalinikum, DR —zona Dravy,
NK — severné Karavanky

Vnitorné Zapadné Karpaty: TS — tatridné jednotky a subtatranské prikrovy (kriZnansky,
chodsky, strazovsky), V — veporidné jednotky, NG — severogemeridna jednotka, SG — juhogemeridné
jednotky, BU — Bukové hory, FC — vniitrokarpatsky flys

Vniitorné Vychodné Karpaty: ZO — zemplinikum, BR — Bretilla jednotka, BC — bukovinské
a subbukovinské prikrovy, T — transylvanske prikrovy, FT — transkarpatsky flys

Apuseny : B—zéna Bihor, CA — prikrov Codru-Ariesani, BH — Biharia, MC — prikrov Muncel, MS
— z6na Metaliferes, TS — prikrov Traskau, CM — centralny masiv

Juzné Karpaty: DN — danubikum, G — getikum, SG — jednotka Saska-Gornjak, KE — Krajstidy,
SG — supragetikum, S — prikrov Severin (Kraina)

Balkan: TR — prechodna zéna (severny okraj) Predbalkanu, FB — vlastny Predbalkan, SP — Stara
planina, LK — Luda Kaméija, SR — Srednogorje, SS — Strandza — Sakar, R — rodopsky masiv

Dinaridy — helenidy : JV — Venetské, Julské a Savinské Alpy, SF — vrasy oblasti Savy, HG—z6na
hrasti a priekopovych prepadlin, VZ — vardarska zéna, O — ofiolitova zona, CD — centralno-dinarska
z6na, MD — Mirdita prikrov, SC — subpelagonsky prikrov, D — z6na Durmitor, VK prikrov Vysoky Krs,
DA — z6na dalmatinskych vras, BV — jednotka Budva, KC — Krasta — jednotka Zukali, Pl — jednotka
Pindos, KJ — jednotka Kruja, SD — juznoadriaticka jednotka, IA — jonska jednotka, SZ — sazanska
jednotka, IS — istrijska platforma

Centralny madarsky masiv ajeho vybezky : MH — madarské stredohorie, MK — Mecsek, VY
— Villany

Neovulkanické pohoria: SM — Slovenské stredohorie, BO — Borzsony, CS — Cserhat, MA —
Matra, P-T — PresSovsko-tokajské vrchy, V-G — Vihorlatsko-gutinské hory, C-H — Caliman-Hargita

Obr. 2 Mapa magmatitov Karpat, Balkanu a dinarid

1—4. ofiolity, 1. ultrabazika — vacSie telesd a) malé telesa zvicSa v prikrovovej pozicii, b) alkalické, 2.
gabra v sprievode diabazov, 3. spility — diabazy a) miestami hybridna asociacia: diabaz-porfyrit-kerato-
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fyr-kremenny porfyrit, b) v podloZi trefohornej panvovej vyplne, 4. triasové diabazy (v sprievode mensich
intruzivnych telies); v spodnejSich polohach hybridna asocidcia: diabaz-porfyrit-keratofyr-kremenny
porfyr, 5. predalpinske granitoidy a) synkinematické, 6. paleoalpinske granity a) synkinematické, 7.
banatity a) intruziva, b) vulkanity, c) prevazne pyroklastikd, 8. véasne neskorogeosynklindlne (priab6n-
oligocén) a) prevazne pyroklastikd, b) malé intruziva, 9. a) neovulkanity (miocén-pliocén), b) prevazne
pyroklastika, c) malé intruziva, 10. bazalty (pliocén-kvartér)

Obr. 3 Geotektonické postavenie magmatitov Zapadnych Karpat a vychodnej ¢asti Vychodnych Alp

tektonické jednotky

1. Celnd predhlberi, 2. flySové pasmo, 3.bradlové pasmo Karpat, 4. grestenské bradlové pasmo,
5. jadrové pohoria: tatridné krystalinikum, a) jeho mezozoicky obal TA ; prikrovy: KA — kriZiansky,
CH — choésky, S — straZzovsky, 6. veporidy a) vychodoalpské krystalinikum, 7. gemeridné paleozoikum,
Grauwacken zéna a) paleozoikum Szendrd, 8. severogemeridné mezozoikum — NG a) Severné vapen-
cové Alpy — NA, 9. juhoslovensky kras (silicky prikrov) — SG, 10. ofiolitoidna séria Biikku a meliatskej
série, a) ofiolity peninika, 11. zemplinsky permokarbon, 12. gracké paleozoikum, 13. gosavskd vrchna
krieda, 14. centralnokarpatsky paleogén, 15. naloZené depresie (oligocén — miocén)

magmatity

16. predalpinske granitoidy a) synkinematické, 17. paleoalpinske granity, 18. eocénne granodiority,
19. neovulkanity a) prevazne pyroklastikd, b) subulkanické a hypoabysalne telesa, c) vulkanické centra,
20. ¢adice (pliocén — kvartér), 21. ultrabazika a) vacsie ,,skryté* telesa, b) malé mezozoické telesa,
c) predalpinske, d) neznameho veku, 22.bazické intruziva, 23. alkalické bazikd aZ ultrabazika,
24. permské : kremenné porfyry a) melafyry, 25. predpermské bazika (diabazy) a) porfyroidy, 26. presu-
nové linie, 27. hlbinné zlomy (geofyzikalne uréené) a) z6ny subdukcii

vyznacnejdie tektonické linie

PozdiZne: B — balatonska, D — Darné, R — roziavskd, L — lubenicka, M — margecianska, Mu —
muranska, P — pohorelska, C — &ertovicka, Pp — peripieninsky lineament, Le — lednicka

Prieéne zlomy : § —S3titnicky zlom, My — mytniansky zlom, Ja— jelSavsky zlom, H — hornadsky zlom

Obr. 4 Geotektonické postavenie magmatitov Apusén (zostavené na zdklade Tektonickej mapy KBO —
edit. M. Mahel 1974 a geologickej mapy Apusén — edit. M. Borcos et al. 1976)

tektonické jednotky

1. neogénne panvy, 2. senén-gosausky typ, 3. bihorsky autochton, 4. systém jednotiek Codru, 5. systém
jednotiek Baia de Aries (Biharia), 6. zona Metaliferes, 7. ultragetikum

magmatity

8. granitoidy hercynske a starSie a) synkinematické, b) alkalické, 9. banatity: granity a granodiority
a) vulkanity (andezit-dacit-ryolit), 10. neovulkanity a) pyroklastikd, 11. serpentinity (peridotity) sasti
gabra, 12. a) prevazne bazalty, b) spility-ortofyry-keratofyry-porfyrity, 13. permské vulkanity a) kre-
menné porfyry, b) melafyry, 14. predvrchnokarbonske vulkanity a) metabazalty, amfibolity, b) porfy-
roidy
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Obr. 5. Geotektonicka pozicia magmatitov Juznych Karpat (zostavené na ziklade Tektonickej mapy
KBO — editor M. Mahel 1973 a geologickej mapy Rumunska)

tektonické jednotky

1. moezijska platforma, 2. danubikum a) vnitorni zéna — Stara Planina, 3. getikum, 4. tektonicka
Supina Saska-Gornjak-Krajstidy, 5. ultragetikum-moravsko-penkovsky prikrov, 6. srbsko-macedonsky
masiv, 7. vardarska zona, 8. predhlbeii a) vniitorna, b) vonkajsia, 9. flySové pasmo Karpat, zéna Koula,
10. severinsky prikrov, Ceahliu, 11. Predbalkan, 12. z6na Metaliferi (Mures), 13. mezoalpinske vulka-
nicko-sedimentarne priekopové prepadliny (typu Timok), 14. depresie a) paleogénne, b) neogénne

magmatity

15. predalpinske granitoidy a) synkinematické, 16. paleoalpinske Zuly a) synkinematické, 17. banatity
a) subvulkanické a hypoabysalne telesa, b) vulkanity, c) pyroklastika, 18. neovulkanity a) vulkanity,
b) hypoabysalne telesd, c) pyroklastikd, 19. ultrabazické horniny, 20. a) bazické intruzivne horniny,
b) spilitdiabazy-keratofyry-porfyrity, 21. predpermské bazika, 22. permské kremité porfyry, 23. pred-
permské a) spilit-diabazy, b) porfyroidy

Obr. 6 Geotektonicka pozicia magmatitov na Balkane (zostavené na zaklade Tektonickej mapy KBO —
edit. M. Mahel 1973 a prac E. Bonéeva a kol.)

tektonické jednotky

1. moezijska platforma, 2. predbalkan, 3. Stara Planina, 4. zona Kotel, 5. ludakam¢ijska zona, 6. Sred-
nogorje a) StrandZa, 7. rodopsky masiv, 8. srbsko-macedénsky masiv, 9. Krajstidy, 10. depresie a) neo-
hercynske, b) neoalpinske-paleogénne, c) neogénne, 11. jednotka Kraina a) zéna Koula, 12. hlbinné
kérové zlomy, kryptoruptiiry, zlomy, 13. osi antiklinal, 14. presunové linie, 15. posuny

magmatity

1. predalpinske granitoidy a) predhercynske (synkinematické), b) typ Stara Planina (zvi¢Sa synkinema-
tické), c) hercynske (?) — juznobulharské, d) alkalické intruziva, e) strunska dioritova formacia,
2. paleoalpinske granity a) synkinematické, 3. banatity a) intruziva, b) vulkanity, c) prevazne pyroklasti-
kd, 4. véasne neskoro-geosynklindlne a) prevazne andezity, b) prevazne ryolity, c) pyroklastika, d) sub-
vulkanické teles, e) dajky, 5. ¢adice, 6. serpentinity, 7. bazické vulkanity (prevazne bazalty), 8. neoher-
cynske vulkanity a) kremenné porfyry, b) melafyry, 9. predvrchnokarbénske vulkanity a) metabazity,
amfibolity, b) porfyroidy :

Obr. 7 Skica rozdielov hercynskej konsolidécie vo vztahu k typu triasu a k alpinskym magmatitom
regiony rozdielnej hercynskej konsolidacie

1. regi6ny intenzivneho hercynskeho vrasnenia, 2. regiony slabsej hercynskej konsolidacie

typy triasu

3. kvaziplatformny typ (kontinentalny typ kory), 4. austroalpinsky typ triasu (Clenity Self), 5. dinaridny
typ — paraliogeosynklinalny typ, 6. tauridny typ (s flySovou tektofaciou)

159



magmatity

7. hercynske granitoidy a) synkinematické, b) alkalické, 8. permské melafyry (v prikrovovej pozicii),
a) kremenné porfyry, 9. ultrabazikd a) malé telesa —zvacsa v prikrovovej pozicii, b) alkalické, 10. gabra
(prevazne v sprievode diabazov), 11. a) spility — diabazy ; s¢asti asocidcie ; b) diabaz-porfyrit-kremenny
porfyrit, keratofyr, 12. triasové diabaz-porfyrity, keratofyry — kremenné porfyrity

Obr. 8 Skica zon rozdielnej hercynskej stabilizacie a rozloZenie jednotlivych typov permu v Zapadnych
Karpatoch

1. bradlové pasmo, 2. zOny intenzivnej granitizacie a intenzivneho hercynskeho vrasnenia a) prevazne
autochténne (tatridy a madarsky masiv), b) v pozicii zva¢Sa parautochténnej az alochtonnej (juzné
veporidy), 3. masivy granitoidov a) na povrchu, b) v podlozi neogénneho pokryvu, 4. zony intenzivnejsie-
ho hercynskeho vrasnenia, ale bez rozsiahlejSej granitizacie (severné veporidy), 5. zOny mensej
hercynske;j stabilizacie a) s malym podielom hercynskych granitoidov, b) velmi slabo postihnuté vrasne-
nim a bez granitoidov, 6. perm a) melafyry, (v prikrovovej pozicii, b) kremenné porfyry, 7. perm
a) suchozemského typu, T = tatridny; SV — severoveporidny ; JV — juznoveporidny ; Z —zemplinsky,
b) choéského prikrovu, 8. severogemeridny perm, 9. perm s¢asti morsky okrajovy typ rozhavsko-Zelez-
nicky, biikksky typ, 10. ofiolity a) ultrabazika, b) bazické intruziva, c) diabazy, d) kremité porfyry-kera-
tofyry-diabazy

Obr. 9 Geotektonické postavenie magmatitov dinarid a severnej ¢asti helenid (podla tektonickej mapy
karpatskobalkanskych regionov a prilahlych oblasti — edit. M. Mahel)

tektonické jednotky

1. istrijska platforma, 2. madarsky masiv (V — Villany, M — Mecsek), 3. srbsko-macedonsky masiv,
4. pelagonsky masiv, 5. zona Korab, 6. vardarska zona, 7. vnitrodinarske jednotky a) vystupy paleozoi-
ka, 8. flySové pasmo — Durmitor (J;—K3), 9. vonkajsie zony dinarid a) helenid a adriaticka zona, 10.
Budva-Zukali, 11. naloZzena ¢elna predhlbeni a) vidcSie vnutorné depresie paleogénne, b) neogénne,
12. flys neskorotektonicky

magmatity

13. hercynske a starie granitoidy a) synkinematické, 14. paleoalpinske granity a) synkinematické,
15. paleogénne granity, 16.neovulkanity, a) pyroklastika, b) subvulkanické granity a granodiority,
17. ¢adie (pliocén), 18. spilit-keratofyrova asocidcia (trias), 19. spilit-diabazova asocidcia (jura-spodna
krieda), 20. intruziva bazik a) metamorfované, 21. ultrabazik4 a) metamorfované, 22. permské kremen-
né porfyry a porfyrity, 23. predpermské spilit-diabazy

Obr. 10 Tektonicka mapa juznych zon Zapadnych Karpat so zvyraznenim magmatitov

tektonické jednotky

1. mezometamorfity az katametamorfity veporid, prevazne staropaleozoické, s¢asti proterozoicke, 2.
séria Hladomornej doliny — staropaleozoické episéria veporid, 3. staropaleozoicka episéria gemerid,
4. devon Szendrd, 5. karbon a) biikksky, b) severogemeridny, 6. veporidny perm, 7. severogemeridny
perm, 8. roziiavsko-Zeleznicka séria — perm, 9. perm Biikku, 10. krizfianskd jednotka, 11. struzenicka
jednotka (spodny trias az jura) — obal veporid, 12. severogemeridné mezozikum a) spodny trias,
13. silicky prikrov a) spodny trias, 14. meliatska séria (s¢asti ofiolitova) — trias, 15. séria Biikku, 16. jura
gemerid, 17. vrchna krieda, 18. paleogénne depresie, 19. neogénne depresie
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magmatity

20. zulo-ruly muranskeho typu, 21. hercynske Zuly — trondhjemity, 22. paleoalpinske Zuly, 23. granodio-
rity a) eocénne, b) neoalpinske, 24. gabra a diority a) mezozoické gabra v sprievode ultrabazik a diaba-
zov, 25. mensie telesa mezozoickych ultrabazik a) neistého veku, b) predalpinske, c) ultrabazika v hibke,
26. diabazy, porfyrity, kremenné porfyry (trias), 27. neovulkanity a) prevazne andezity, b) ryolity,
c) pyroklastika, 28. ¢adice, 29. permské kremenné porfyry, 30. paleozoické diabazy a) porfyroidy

hlavné zlomové linie

B — balatonska, D — Darnd, R — roznavska, L — lubenicka, M— margecianska, Mu— muranska, P —
pohorelska, J — hlbinny zlom jelsavsky, S — stitnicky zlom, H — hornadsky zlom

Obr. 11a Geotektonické postavenie magmatitov vo Vychodnych Karpatoch (na podklade Tektonicke]
mapy KBO — edit. M. Mahel 1974 a geologickej mapy Rumunska

tektonické jenotky

1. jednotka Bretila — Biely potok, 2. subbukovinsky prikrov, 3. bukovinsky prikrov, 4. skupina transyl-
vanskych prikrovov, 5. geticky prikrov, 6. zemplinsky ostrov, 7. krizniansky prikrov, 8. a) gemeridy,
b) veporidy, 9. bradlové pasmo, 10. prikrov ,,Cierny flys** (Kamenny potok), 11. prikrov Ceahldu
(Rachovo) spolu s prikrovom Barault, 12. flySové pasmo (prikrovy strednej a vonkajSej skupiny),
13. ¢elna predhlben a) vnitorna, b) vonkajsia, 14. a) neskorotektonicka paramolasa Bucceci, b) nesko-
rotektonicky transkarpatsky flys, 15. neogénne depresie, 16. presunové linie a) posuny, 17. zlomové linie
a) predpokladané (uréené geofyzikalnymi metodami)

magmatity

18. predhercynske a hercynske granitoidy a) synkinematické, 19. alkalické plutony (detroity), 20. neo-
vulkanity a) prevazne pyroklastika, b} Zuly, granodiority — malé€ intruzie, 21. pliocénne cadice, 22. ofio-
lita) bazalty, b) spilit-keratofyrova asociacia, 23. ultrabazické horniny, a) malé telesa, 24. permské
kremenné porfyry, 25. predpermské a) metabazalty, amfibolity, b) porfyroidy

Obr. 11b Paleogeolograficka skica vnutornych Zapadnych Karpat pocas jury a spodnej kriedy a nad-
vaznost na Vychodné Alpy M. MAHEL, 1978)

1. Zapadokarpatsky intraoceanicky prah, neskorSie tektonicky preformovany v A — prikrovy: a)
vysockej skupiny, b) maninsky, B — tatridné jednotky zvacsa paraautochtonne ; 1a. zapadné pokracova-
nie zapadokarpatského intraoceanického prahu do Vychodnych Alp: A — Mittelostalpin, B —
Unterostalpin; 2. Kordiliery ostrovnej zony bradlového pjasma; a) sprievodny zlab (trenc); 3. trog
s hrubou kontinentalnou kérou; a) jeho okrajova prahova cast; 4. trog s tenSou kontinentdinou
(suboceanickou korou; a) jeho priprahova ¢ast; 5. trog s oceanickou korou; a) s paraoceanickou az
oceanickou korou; 6. kratkodobé zlaby na Sirokom oceanickom prahu: SG — juhogemeridny, TD —
transdanubijsky ; 7. Siroky vnitrooceanicky prah

Obr. 12a Skica vztahu prejavov alpinskych vrasnivych period k magmatitom v karpatsko-balkanskom
systéme
magmatity

1. ultrabazikd a) malé alochtonne telesa, b) alkalické, 2. intruzivne bazika (hlavné gabra), 3. spility
adiabazy (jura —spodna krieda) a) v podlozi trefohornych sedimentov, b) kremenné porfyry, keratofyry,
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diabazy, c) alkalické bazika a ultrabazikd, 4. triasové diabazy, porfyrity, kremenné porfyry, keratofyry,
5. paleoalpinske granitoidy a) synkinematické, 6. mezoalpinske banatity a) vulkanity, b) prevazne py-
roklastikd, c) subvulkanické a plutonické telesa, 7. trefohorné vulkanity, A) véasne neskorogeosynkli-
nélne (priabon-oligocénne), B) neskorogeosynklinalne (miocén-pliocén), a) pyroklastika, b) subvulka-
nické a intruzivne telesa, 8. bazalty

regiony

9. a) vyraznejsie postihnuté kimerskym (hlavne neokimerskym) vrasnenim, b) paleoalpinsky zvrasnené
(za austrijskej az subhercynskej fazy), c) len slabo paleoalpinsky postihnut€, 10. mezoalpinsky zvrasnené
(za laramskej aZ pyrenejskej fazy), 11. neoalpinsky zvrasnené (za savskej az Stajerskej fazy), 12. nesko-
roalpinsky (koncom neogénu a vo $tvrtohorach) postihnuté vrasnenim

Obr. 12b Geotektonicka pozicia gra;nitoidov

1. predalpinske granitoidy a) synkinematické, b) alkalické, 2. a) paleoalpinske granity, b) synkinematic-
ké, 3. mezoalpinske banatity — interorogénne, 4. subvulkanické a intruzivne telesa a) v€asne neskoro-
geosynklinalne (priabon-oligocén), b) neskorogeosynklindlne (miocén-pliocén), 5. ¢elna predhlben,
6. flySové pasmo Karpat, Vychodnych Alp, vonkajsie zony dinarid, helenid a Balkanu, 7. a) bradlove
pasmo, b) grestenskd zona, c) zona Kotel, 8. a) vnitorné zony, b) neskorotektonicky (back-arc) flys,
9. intrageosynklindlne masivy, 10. vnutorné depresie, 11. hlavné tektonické linie a) posuny

Obr. 13a Skica rozlozenia vrchnojursko-spodnokriedovych oceanickych Zlabov vo vztahu k ofiolitom

1. stredné masivy a) vystupy paleozoika v dinaridach, 2. obiasti s tenkou korou (kvazioceanickou)
v triase, 3.Zlaby s oceanickou korou vo vrchnej jure a v spodnej kriede, a) s mocnymi silicitmi,
b) s preflySom, c) so silicitmi a s preflySom, 4. a) Zlaby s tenSou kontinentalnou kérou s pelagickymi
karbonatmi a so silicitmi, b) sprievodné prahy, 5. priehlbeniny s pelagickymi karbonatmi na platniach
(zvitsa na okrajoch) s hrubSou kontinentalnou korou, 6. ultrabazika, a) mal€ telesa zvacsa v prikrovovej
pozicii, b) alkalické, 7. gabra v sprievode diabazov a) alkalické bazika, 8. spility — diabazy a) v podlozi
terciérnej vyplne bazénov, 9. triasové diabazy (v sprievode mensich intruzivnych telies); v spodnejsich
polohéch hybridna asocidcia: diabaz-porfyrit-keratofyr-kremenny porfyr

Obr. 13b Predpokladany priebeh trégov. Vysvetlivky pozri pri obr. 13a.
Obr. 14a Skica rozlozenia ofiolitov vo vztahu k flySovym tektonogrupam

flySové tektonogrupy

1. vrchnokriedovo-paleogénne flySové pasmo a) miestami nalozené v pasmach preflySu; jednotky:
M = magurska, Si = sliezska, K = Kruja, J = jonska, 2. titon-spodnokriedovy fly$ (prevazne preflys)
a) v podlozi mladsieho fly$u: So — solnocky, BN — ,cierny flys*, C — Ceahldu, Se — Severin, T —
Trojan, SS — StrandZa, Sr — Sarajevo, V — vardarska zéna, Mu — Mures, Z — Zukali (Gassau),
3. vrchnokriedovy vulkanogénny fly$ so vztahmi k banatitom, 4. flys az flySoid typu back-arc a) v podlozi
molasovej vyplne, 5. ultrabazikd a) malé telesd, zvacsa v prikrovovej pozicii, b) alkalické, 6. gabra (v
sprievode diabazov), 7. spility — diabazy; v mensej miere hybridna asociacia a) v podlozi trefohornej
vyplne bazénov, b) alkalicka, 8. triasové diabazy v sprievode mensich intruziv; v spodnejsich polohach
hybridna asocidcia diabaz-porfyrit-keratofyr-kremenny porfyr
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Obr. 14b Skica geotektonického postavenia banatitov

1. platformy (M = moesijsk€) a stredné masivy (SM = srbsko-macedonsky ; R — rodopsky), 2. bihor-
sky autochton, 3. prikrovové jednotky severnych Apusén, 4. ofiolitové zony: M = Metaliferes; V = var-
darska, a) trojanska flySova zona (titon — spodna krieda), 5. a) zony prefly$u so sprievodom bazik
a ultrabazik: C = Ceahlau, S = Severin, SS = Strandza, b) trojansky fly$ (titon — spodna krieda),
6. a) flySové pasmo balkanid = FB, b) BFC = hlavné flySové pasmo vychodnych Karpat, 7. vrchnokrie-
dové formacie sprevadzajice banatity, a) flys,b) pestré vulkanosedimentarne facie, c) gosausky typ malo
postihnuty vrasnenim, 8. banatity a) vacSie telesa efuziv, b) subvulkanické a plutonické telesa, 9. zony
subdukcie .

Obr. 15a Geotektonicka pozicia neskorogeosynklinalnych vulkanitov

1A — vcasne neskorogeosynklinalne vulkanity (vrchny eocén — oligocén) a) pyroklastika, b) hypoaby-
salne a intruzivne telesd 1B — neskorogeosynklindlne vulkanity (miocén — pliocén) a) pyroklastika,
b) hypoabysalne a intruzivne telesa, 2. bazalty (pliocén — kvartér), 3. vacSie podpovrchové telesa
spodnomiocénnych vulkanitov, 4. éelna predhlben, 5. flySové pasmo Karpat, Vychodnych Alp, vonkajsie
zony dinarid-helenid a Balkdnu, 6. a) bradlové pasmo, b) grestenska zona, c) zona Kotel, 7. a) vniitorné
zony, b) neskorotektonicky (back-arc) flys, 8. intrageosynklinalne masivy, 9. vnutorné depresie, 10.
hlavné tektonické linie a) posuny

Obr. 15b Mapa neskorogeosynklinalnych vulkanitov a tektonickych jednotiek

1. paleogénne (priabon — oligocén) panvy, 2. posavske panvy a) prikrovové jednotky, 3. postyrske
panvy a) prikrovové jednotky, 4.pliocénne panvy, 5.celnd predhlben a) vnitorna — zasiahnuta
neskoros$tyrskym az vala$skym vrasnenim, b) vonkajsia, 6. véasne neskorogeosynklindlne vulkanity
(vrchny eocén — oligocénne) a) malé hypoabysalne a intruzivne telesa, 7—8. neskorogeosynklindlne
vulkanity a) hypoabysalne telesd), 7. prevazne miocénne (hlavne baden-sarmat), 8. prevazne pliocénne,
sCasti az kvartérne, 9. vacsie podpovrchové telesa miocénnych vulkanitov

Obr. 16 Vyvojovy model Zapadnych Karpat — zostavil M. Mahel 1977

1. plast, 2. rulozulovy sloj, 3. prikrovové komplexy, 4. prejavy vysokotermalnej a vysokotlakovej
metamorfozy, 5. zony subdukcie vysokotlakovej a nizkotermalnej metamorfozy, 6. a) preniky granitoi-
dov, b) diapirické vystupy, 7. prejavy vulkanizmu s prevahou kremennych porfyrov s prevahou spilitov,
diabazov; melafyrov, 8. ofiolity a ofiolitoidné magmatity, 9. mocnejsie radiolarity, 10. trogové facie,
prevazne slienovce, 11. a) flys, b) piescity, 12. 3elfové detritika s prevahou pelitov a) pieskovcov,
13. a) Selfové a prahové karbonaty, b) intrageosynklinalnych prahov, ) pelagické karbonaty bazénov, 14.
molasy, 15. vystupy bazickej az ultrabazickej magmy, 16. presunové linie ; hibinné zlomy, 17. zony
roztiahnutia kory

hibinné zlomy

B — balatonska linia, D — Darno linia, R — roznavska linia, L — lubenicka linia, M — muransky zlom,
C — gertovicka linia, Pp — peripieninsky lineament, Le — lednicka linia




Obr. 17 Tabulka ukazujiica vyvoj Zapadnych Karpat — zostavil M. Mahel 1977

1. a) preniky granitoidov, b) diapirické vystupy, 2.aspidna az flySoidnd, scasti flySova formacia,
3. a) kremenné porfyry, b) spilit-diabazy ; melafyry, 4. telesd ultrabazik a) bazickych intruziv, b) alkalic-
kych bazik a ultrabézik, 5. andezity a ryolity a) ¢adice, 6. pieskovce, kremence a) karpatsky keuper,
® 7.a) plytkomorské detritické sedimenty, b)s prevahou pelitov, 8. a) Selfové vapence, b) dolomity,
9. karbondty intrageosynklindlnych a) prahov, b) bazénov az trogov, 10. trogové facie a) prevazne
sliefiovce, b) slienité vapence, 11. mocnejsie radiolarity, 12. a) flys, b) pies¢ity, 13. Selfové a prahové
sedimenty s prevahou pelitov, a) pieskovcov, 14. molasy, 15. a) prejavy vysokotermalnej a vysokotlako-
vej metamorfozy, b)zony subdukcie; vysokotlakovej a nizkotermalnej metamorfézy, 16. presuny,
17. pre$myky ; prejavy vrasnenia
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Muxan Marens

I'eoTexToHMYecKas no3unusa marmatuToB B Kapnarax,
na bankane n B [lunapugax

Peszrome

BBenenue

Texronnyeckas xapra Kaprnaro-6ankanckux peruonos 1:1000000 (M. MArenb
1973) nokasbIBaeT HEKOTOPbIE XapaKTEPHbIE YEPThI MO3UIMM MarMaTUTOB B Boc-
TOYHbIX Aubniax, Kapnarax, Ha Bankaxe u B [Junapunax. Takumu yepramu sBisi-
IOTCSA !

— M300MIIME YACTO KPYNHBIX TeJI FPAHUTOMOB 0ANLIMICKUX H TONBKO HEGONb-
1K€, YacTO CIOpaguYECKUe Tela albIUACKUX PAHUTOUOB ;

— CONPOBOXMCHHE [PEBHEMIIMX HEOTEePLUMHCKUX Mojace (BEpXHMM KapOoOH —
MepMb) BYJIIKAHWTAMH NPEMMYILIECTBEHHO KHMCIBIMH, OCOGEHHO KBApLEBLIMHU TIOp-
¢upamu ;

— MHOTOYHCIIEHHbIE BYJIKAHMTBI (NMPEUMYILECTBEHHO OCHOBHbIE) B JOKapOOH-
CKMX KOMIUIEKCaX M MX OPraHMYE€HHOE PACMpPOCTPAHEHHE B AJILIMMCKUX KOMII-
JIeKcax; :

— SIpKas BYJIKAHO-IUTYTOHMYECKask opMalusi MEXXOPOreHHIECKOro TUIIa, FeHe-
THYECKHU CBA3aHHAs C JOMOJIACCOBLIMM BbINOJHEHHSIMU NMPOJOJIbHBIX IPaGeHOB Ha
Bankane, B FOxubix Kapnarax u Anycenax (6anaruroBas opmanms) ;

— OOLIMPHbIC TPETUYHBIE BYJKAHUTbI C IPEMMYLIIECTBOM aHIE3UTOB, COMPOBOXK-
Ia€MBbIE PHOJIUTAMM, CBSI3AHHBIMHU C MOJIOAIbIMHU IETIPECCUSIMM ;

— MHOTOYHMCIICHHbIC, HO HEOOJBLIME TeJla MIHOLEHOBO-YE€TBEPTHYHBIX 0a3ab-
TOB, PacCesiHHbIE OCOOEHHO B MHTEPHUAHBIX 30HAX.

C TOYKHM 3peHusi TEOTEKTOHUKH, OTMPAsICh HA BbIICTIPUBEACHHBIE JAHHbIE, Mar-
MATUTBI BLIIEJISIOTCS B CIEAYIOLINE TPYIIbI :

— TPaHUTOMJBI, TECHO CBf3aHHbIE C MpOLECCAaMH CKJIag4yaTooOpa3oBaHus
¥ ¢ GOPMHUPOBAHMEM CTPYKTYPHBIX IIJIAHOB ;

— HEOTEPUMHCKHE MO3HEr€OCUHKIIMHAJIbHBIE BYJIKAHMTbI, TECHO I'€HETUYECKU
CBSI3aHHBIE C TPAHUTOUJIAMH ¥ COTIPOBOX/AOILME MOJIACCOBBIE BbINOJIHEHUS XKeEO-
6OB M JIeNpeccHii ;

— NOANbIMACKNE IBIEOCHHKIIMHAILHBIE BYJIKAHWTHI — CONPOBOXMAEHHE 0OKap-
GOHCKHMX CBHUT aJIbIH]I ;

— Me30aNblMACKKE O(PUONUTBI M 6a3aibTOMMbI, CBA3AHHBIE C OTHENbLHBIMH
CTPYKTYPHBIMM MOSICAMH ;

— ME30aJIbIIMACKME MEXOPOTEHWYECKHE MArMaTUThl BYJKAHO-TUTyTOHMYECKHE
(6aHaTHTBI) B CONPOBOX/IEHHH IPAGEH-CHHKIMHOPHEB M IPaGEHOB, BbIMOIHEHHbIX
OTYaCTH aNIbIMACKUMHU MOJIaccaMH, B GONBLIMHCTBE Cily4aeB (piuieM ;

— MO3HEr€OCHHKIIMHAJIbHbIC HEOBY/IKAHWTBI, TEHETUYECKH CBS3aHHBbIE C Tpe-
TUHBIMH IENPECCUSIMH, BBITIOJIHEHHBIMU MOJIaCCAMHM HECKOJILKHMX CTAJ{Mi PAa3BUTHS
CTajnii OKOHYEHUSI MOPGOCTPYKTYPHOTO T1/1aHa ;

— (puHaNbHBIE BYIKAHUTBI, CBA3AHHBIE C OCTEOPOTreHHYECKOM CTAHEN aNbnug.

B 3TOM nopsinke MbI 1 GyieM MarMaTUTaMM 3aHUMATHCS.

s
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a) FpaHuTOUAHBIE MOPOABI B GONBLUIMHCTBE CIIyIaEB FEHETUICCKH CBA3AHbI
¢ mpoleccaMu CKIIafkooGpa3oBanust Gonee ryOMHHOTO XapakTepa M C HUMH
BbI3BAHHBIM NPOLIECCOM PACTEHHS TOJIMHBI KOPbI. OIHAKO, COCTOSHUE 3PEIOCTH
KOPbI B OTHEJIbHBIX LMK/IAX Pa3BUTHs PasiuyHO. Pa3nuuHbl Takxke NpOSBICHHA
rpaHUTH3ALMU B OTAEJbHbBIX IMKIAX.

JlorepUMHCKHE TPAHUTOM[bI, CBSI3AHHBIE I'€HETHYECKU C Galkanckon u bonee
[PEBHHMH CKJIaT4aTOCTMH, B GOJILIIMHCTBE CIY4aeB SBISIOTCH CHHKHHEMATHYCC
KMMH, TECHO CBA3aHHBIMM C MUTMATUTH3aLMEH, QHATEKCUCOM U SIPKUM PErHOHATb-
HbIM METAMOP(HU3IMOM.

CaMbIMH YaCTLIMM U TAKXKE IO CBOEMY 3HAYEHMIO B PA3BUTUH M CTPOCHHUHU aJIbITH]L
CaMbIMHM BAaXHBIMH SIBJISIOTCS TEPUMHCKME TpaHMTOMAbL [Lnsi HUX XapakTepHO
LIMPOKOE CTPYKTYPHOE TEKTOHHYECKOE PasHoOOpasue, IIMPOKMI Uana3oH Bpeme-
HM, CPABHUTEJILHO HeOONbIIas IKana AudepeHIrayy COAepKaHMs. CuHKMHEMa-
THYECKUE IPAHUTOU]IbI, TECHO CBA3aHHbIE C MAHTHEH B HEKOTOPBIX 30HAX, PECTAB-
NS0T COBOI OOLIKHOBEHHO CaMbl€ IPEBHUE M OTYACTH CaMble [TyOUHHbIC IPOsiBIIE-
HUS TEPUMHCKON rpaHuTH3aumMu. Halue BCero BCTpeyarores 6oubllme Teaa 6aTonm-
TOB ¥ (PAKOJIMTOB, OKA3bIBAIOIME TECHYIO NFEHETUIECKYIO CBA3b HE TOJILKO C TPO-
LlECCaMM CKITAIKOOOPa30BaHust HO, CNIE[IOBATEIIBHO, TAKXKE CO CTPYKTYPHDLIM Iljla-
HOM. B 60/IBIIIOM KOJIMYECTBE CIYYaeB ISl HUX XapaKTE€PHO UANMPOBOC MOAHATHE,
JlOCTUTAIOLIEe YPOBHS 3PO3HH.

Bnaroyiapst 06pa30BaHUsM GOJIbIIMX OATONUTOB U (haKOJIUTOB U UX IOCTENICHHO-
MY MOJHSATHIO, IUATMPOBOMY MO'bEMY, BO3HMUKACT 0COOBIN TEKTOHNYECKHHA CTHIIb.
OG6pa3ylOTCs CKIAKHU LIMPOKOTO PAaCpOCTPAHEHUS, METaaHTHKIIMHAJILHBIC CBO/BI,
Hamp. B HEKOTOPbIX KEPHOBbIX FOPHBIX MAaCCUBAX Banagubix Kapnar B Tarpuaax,
OpaxuaHTUKIMHANM Poponckoro maccusa u CepOuiCcKO-MaKEJOHCKOTO MaccuBa.
PerMonbl, MeHee 3aTpPOHyTble TPAHWTH3alUMeH, BBISBIAIOT 30HLI y3KO CXKAaTbIX
CKJIalOK ¥ HAJJBUrOB (HAMp. B KPUCTAILIMYECKOM OCHOBaHMH 1epHO¥ ropbI B 3amnan-
ubIx Kapnarax ; cucreMa GMCTPHULIKOM IPYNIbI MOKPOBOB B Bocrounsix Kapnarax)
(KpenTtHEP 1972). I'epupnckast CKIaa4aToOCTh PSioM € 06pa30BaHUEM IPAHUTOU]-
HBIX TeJ1, 10-BUAMMOMY, IPOSIBIISIETCS OYEHb IPKO NP¥ POPMUPOBAHIM CTPYKTYPHO-
ro mJjiaHa.

Bosee KpynHble FPaHATOMIHbIC TEJIa ¢ TEHACHUMEH K NOJHATHIO ABJIAIOTCA TAKKE
MOP(OCTPYKTYPHBIM iesiTenieM. CBOJIbI CTAHOBSATCS MaTEPHANIOM CHOCA, BHITOIHS-
IOIMM TIPHJIETaloLye Kea00bl, CHOPMUPOBAaHHbIEC BIOJIL OKPAHH IIH K€ MEKLY
30HaMU FPAHUTOMIHBIX TEJl.

I1poliecc FepUMHCKO MPAHNTH3ALMK IPOXOIKJ B LIMPOKOM MPOMEXYTKE BpeMe-
HM, C KOHIIA IeBOHA 10 KOHIIA TIEPMHU M OH COCPENIOTOYHIICS OCOGEHHO HA OTACILHBIX
CTaMsIX repuUMHCKOl ckiaggaTocTd. CTpykTypodopMUpyIoLMe NPOSIBICHHSA CBA-
3aHbl ¢ Gonee ApeBHMMH, MOP(OCTPYKTYpHbIE C Gojice MOJIOABIMH CTATUAMH
¢ 06pa30BaHUEM MOJIACCOBBIX XeJI000B 1 JIEMPECCHiA, COTTPOBOXK/AEMbIX BYJIKaHHU-
Tamu. B conpoBoxjeHun 6osiee APEBHEH WK HIDKHEH MOJIAcChl B MOACAX MEHEE
OCTHTHYTBIX T€PLMHCKOM IPAHUTH3ALMEH B IEPMM BCTPEYAKOTCH HAlLe OCHOBHLIC
NOpofibl, B FEMEPHIaX 1aXe B CONPOBOXICHUH HEeOOJBIIMX YJILTPAOCHOBHBIX TEJI.
B 30Hax 6oNee MHTEHCHMBHO 3aTPOHYTHIX TPAaHMTH3ALMEN 4YacTO BCTPEYAIOTCHA
KBapuesble Nophupbl B CONPOBOX/EHUU Gonee MOJIOJIOM CYXOIYTHOM MOJIaCChI.
B TO Xe BpeMsl OHM CHHXPOHHbI C CAMbIMK MOJIOJILIMH NPOSIBIICHASMH IPAHNUTH3ALWH
B [PUMBIKAIOLIMX PErMOHAX TMOJHSATHA. O TecHOM reHEeTHYECKOM CBSI3M KBApLEBbIX
noph1pOB ¥ TPAHATOMIOB CBUACTENLCTBYET NPUCYTCTBHE rpaHuTIOPHUPOB HAMP.
B CeBEPOBENOPHAHOM Xenobe 3anajHbIX Kapnat, HO Takxke ¥ 6ojee KHCIbIi
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XapakTep MarMbl KBapUeBbIX MOPMUPOB U MEPMCKUX ATUIMTOB, IETMATUTOB U NEii-
KOKPaTOBbIX 'PAHUTOB.

KBapuesbie nopgupbl nepmu SBASIOTCH, ClEOBATENBHO, NIOBEPXHOCTHBIM
TPOABIICHUEM MarMaTU3Ma, CBA3aHHBIM C rpaGeHamMM ¢ IPKOH TeHIEHIMEN ONyCcKa-
Husi. B Gostee 10XKHBIX 30Hax B IEPMH B CONPOBOX/ICHUN BEPXHMX MOJIACC BCTpeva-
r0TCA TaKke Menadupbl. Ho Gnaronaps He60MbLUIOMY IPUCYTCTBHIO TUPOKIACTH-
€CKOro Marepuasia OHM B [JAJICKO MEHbUIEH CTENEHH y4YacTBYIOT BO BJIMSHMU Ha
ocajikonakomierue. Ho aTu 30Hb1 ¢ Menaupamu He 0Ka3bIBaIOT IPU3HAKOB Golee
SIPKOTO npornyGieHus. Peus uer He 06 yTOYHEHMH KOPBI BO BPEMSI HX TOJHSITHS,
a0 ee NpepBaHuM, O PaCKPbITHH NOJBOJHBIX KaHAJIOB B 6oJiee riy6okue yactu. 06
9TOM CBUJICTEJILCTBYET TAKXKE XapakTep TeJl TUIA CHIJIOB M TAaKXKe YepelOBAHHe
MesiaupOB ¥ KBapLEBbIX NOPHUPOB B HEKOTOPBIX PETHOHAX, Hanp. B YepHoi rope
B 3anannbix Kapnarax, B Bankaaupax, Ho 0COGEHHO B Anycenax B eiuamte Konpy.

['epumHcKas rpaHUTH3aUMs FEHETUYECKH TECHO CBS3aHAa C METaMOPHU3MOM He-
PaBHOMepHO# uHTeHcuBHOCTH. Hanpumep B 3anaaubix Kapnarax B 30Hax 6onee
SIPKOH I'PaHUTH3ALIMH GoJlee IPEBHAM MAe030i MOJBEPrHYT MeTaMOpGhU3MYy BILIOTh
10 hauun aMprUGOTUTOB, 30HBI MEHEE IOCTUTHYThHIE IpaHuTU3auUend MeTaMopdu-
30BaHbl TOJLKO 0 (halyy 3eNeHbIX ClaHueB. MHTeHCHBHOCTL MeTaMopdu3mMa Bo
BPEMS '€ PLUMHCKOM CKJIa4aTOCTH Ha KaX/O0i CTENEHU MOHMXKaeTcs, 6osiee cabbie
€€ MpOsBJIEHUA MOXKXHO HaGNIOATH laxe B nepMu. Metamopdusm nepekpuctasiiu-
3AlMOHHOTO XapaKTePa U 'PAHUTH3ALIMS CBUIETENLCTBYIOT O IITyGHMHHOM XapakTepe
FepUMHCKON cknagdaToctd. Ho npu 3TomM o6pasoBancs ClOXHbIM CTPYKTYPHBIH
1aH 6ojiee ITaXHbIiH, ¢ ABHBIMK Hecornacusivi. Ho rnaBHbIM pe3yisraTom rep-
LMHCKOW CKJIa4aTOCTH, 'PAHATH3ALMA W MeTaMOphu3Ma SBISETCS YTOJILEHUE
KOPBI — €€ CHaIu3a1us, YTO 3HAYUT CYLIECTBEHHbIH EPEBOPOT B Pa3BUTHHU AJTbIHIi-
CKOW T'EOCHHKIIMHAJILHOM CHCTEMbl, Hayajo HOBOTO LMKJA, HO OJTHOBPEMEHHO
¥ HOBOT'O THITa F€OCMHKJIMHAIIH C CYIIECTBEHHbIMM H3MEHEHUSIMHU B TJIaBHBIX POIIEC-
Cax B CeINMEHTALIMM, CKIIa4aTOCTH M B MeTamopusme. Ho Heo6xoammo noguepk-
HYyTb HEPAaBHOMEPHOCTb M€ PUMHCKOM IPAHUTU3ALMU ¥ CTAOMIIM3ALMU B OTHENBHbIX
NPOCTPAHCTBAX M 30HAX, OOYCIOBUBIIYIO PA3UYME M B 3HAYMTEIBLHOM CTENEHU
TAKXKe paCYJIEHEHHOCThb AJIbIMHCKOM F€OCHHKIIMHAIIM BO BPEMs €€ JalbHEMHIIero
pa3BUTHSL.

Yawe Bcero BCTpeyaroTcsi rpaHOMOPUT-TPAHUTBI ¢ Goliee Y3KO#M 1IKano# aud-
tepenimaumu. Bonee mmpokoe BELECTBEHHOE COflepXKaHUE U GOJIbIIEe KOMUIec-
TBO (POPMalMii TPAHUTOMIOB BCTPEYAETCsl B GaNlKaHWAaX U B 06JIACTH NeOCHHKIIH-
HaJIbHO Gonee pacunenenHoi (E. Bonues 1967), rie psgomc IPaHOMOPHUT-TPAHUT-
HOM accolMalMeii BCTPEYaloTcs TOXKe B GalKaHMgax rabopo-niaaruorpaHuTHas,
rab6pOAMOPHT-TPaHOHOPHTOBAS | LENOYHAs rabOPO-CHEHHTOBAS ACCOLMATIMM (E.
HumutroBA 1 P, 1975). Besne 4acto BCTPEYatOTCs alIMThI ¥ IErMATHTBI, HO TAKKe
M MEHBLIWE TeJa JICHKOKPATOBbIX PAHUTOB, YAaCTO OTHOCSLUMXCS K MEPMCKOMY
BO3pacTy.

Y4acTue anbnuMHCKUX 'PaHUTOB B (POPMHUPOBAHUM ANTBIHIACKOTO CTPYKTYPHOTO
1aHa HeGOoNbloe. ITO IIaBHBIM 06pPa3oM HEGONbIIME TeNa, OrpaHHYeHHbIE
30HaMM [I0ANBITMHACKOTO KPUCTAJIMMECKOTO OCHOBAHMSI W CHIBHO 06PaGOTaHHbIE
Najieo- BILIOTh 10 ME30ANILIIMICKOM CKIag4aTocTsMU. Boniee KpynHbIe Tena TakxKe
CMHKMHEMAaTHYECKMX TDaHUTOMAOB BCTPEYAKOTCH, INIaBHbIM 0Opasom, B Gonee
FOXHBIX 4acTsX CepOUiCKO-MaKeIOHCKOrO MacCHBa B OGIACTAX yKe 3HAYMTENBHO
MOCTUTHYTBIX KUMMEPUHCKON CKJIaA4aTOCThIO. AJILIMACKAS CKIAA4aTOCTh OTIIHU-
4aeTCs OGIIMPHBIM COKPALLIEHHEM KOPbI M Pa3HOOOPa3HeM TEKTOHMYECKUX CTHIIEIH
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(pe3yabTaT pacyIeHEHHOCTH M Pa3jIMyMsl TONIIMHBI M MEXaHWYCCKUX Ka4eCTB
BEIIECTBEHHOTO BbIMOJHEHUs OTHENbHBIX 30H cefuMenTanun). CaMbiM SpKUM
NpPOsiBJIEHUEM ITOTO COKPAILEHHUS SABIISIFOTCS MOKPOBBI NPUNOBEPXHOCTHLIC 1 Gonee
ry6MHHbIE, 30HbI MHTEHCUBHOTO CXKATUS M 30HbI MEJIAHXKEH, CBUIETEILCTBYOIIME
o cybnykumu. Takue xapakTepHbl€ NPOSBICHUS, KaK MPAHUTU3ALMA U METAMOD-
(u3M, CBSI3aHHBIE C TEPUHMHCKOM CKJIa4aTOCThIO, B aJIbIIMMCKOMN CKJIa4aTOCTH
HABEPHO MMEIOT 6OoJlee 3HAUNTENbHBIN IPUNOBEPXHOCTHBIA xapakTep. I'eocHKM-
Hallb AJILIMIACKOTO THMA OTIMYaeTCs Gojiee 3HAUMTENbHOM IMHAMUKOM U, TIABHLIM
06pa30oM, Pac4sIEHEHHOCTBHIO, YEM FEOCHHKIIMHAIb [I0AJIbIUHCKAS, ¥ 3TO IIPUBOJUT
TaKXKe K OCHOBHBIM Pa3/MuusiM B pacipoCTpaHeHnH 1 Tune marmMatutoB. [Toatomy
pacnpocTpaHeHHoe pacyieHeHne MarmaTuToB no [litunne Ha HayaNbHbIC, OPOTCHH-
yecKue ¥ cyGceKBEHTHbIE ¢ Goliee IMPOKOH rNobGabHOM CUITOM ABJISETCS CTUIITKOM
CXEMaTUYECKHUM JIJIsi TEOCHHKITMHAIY ajlbIu/.

Bouiee BaXHYIO POJib B CTPOESHUH AJIBIMJ UIPAIOT Tela FPAHUTOMAOB, 06pasy-
JOIME COCTABHYIO YacTh BYJIKAHO-TUTYTOHHYECKMX (popMaLuil Me30asblMACKUX
(6anaTUTOBLIA THI). [N MHTPY3Ui ¥ rMNIa0MCCANIBHBIX TEJ U BEJIMYMHA HEKOTO-
PbIX HABEPHO UMEIOT CBSI3b C COCTOSIHUEM KOPbI, 00YCIIOB/ICHHBIM Y€PENYIOUMHCH
CKMMAOILIMMM IBIKEHUSIMH (J1apaMMIACKMMK 1 MITMPUICKAMM MITH K€ ITMPEHEACKH-
Mi). MeHblMe Tela rpaHOUOPHTOB, OCOOEHHO rMIabUcCalibHbIE, COMPOBOXIAKOT-
sl TAKXKE HEeOBYNKaHMTaMu. VIX BOSHUKHOBEHHE CBSI3aHO € OC/abieHUeM Harpsike-
HMSI B KOpE.

6) MonoaorepuMHCKHUe MO3AHEr€OCHHKIMHANIBHbBIC BYJTKAHUTDI Te-
HETHYECKHM CBA3aHbI C HEOTEPUMHCKUMH, TJIABHBIM 00GPa30M NEPMCKUMH XKel06aMu
¥ IENPECCUSIMH, BLITIOJHEHHBIMU Moniaccamu. OHM SIBJISIOTCS 3aM103/1aJIbIM MOBEpX-
HOCTHBIM TPOSIBJIEHHEM OOLIMPHON TEPUMHCKOM CHAIN3ALMHA KOPbI. Yame Bcero
OHM BCTPEYalOTCs: a) B KenoOax, OTAENSIOUMX Mosickl Gonee 3HAYUTEIILHOM
repLMHCKOM rPaHNTH3AIMK, 6) BOJIb BHYTPEHHUX OKPanH FepLMHCKU CTaOUIIM3M-
POBaHHbIX TpocTpaHcTB. Bnaromaps riy60Ko 3aTparvBalOlIMM pasiioMam TaM
NPOM3OLLTHA TAKXKE NOJBOJHbIC U3BEPXKEHUs MeNaupOB, B GONBIIMHCTBE CIIy4acs
THNIA CHIUIOB, CONMPOBOX/AEMBIX JaKaMu Meslapup-nopPupuTos 1 nopdupuTos
(sanp. Menacduposas cBUTa XOUYCKOro nokposa 3anajHbix Kapnar unepmb B MOKpo-
Be Kompy m Anycenax). BepxHenaneo3oickue jenpeccuu Gosee CEBEPHbIX 30H
AN UMEIOT MOJIACCOBBIE BBITIOJIHEHUS TOJIBKO C HEGOBILIOM 10JIEW BY/TKAHUTOB,
a UMEHHO KBapLEBbIX NOPGHUPOB.

B) JloanbNUHCKHE IBreOCHHKIMHANIbHBIC BYJIKAHUTBI XapaKTEePHbI [LI4
CyLUECTBEHHOM YaCTH FeOCHHKIIMHAJIbHBIX CBUT G0JIee IPEBHUX CTajiui, YeM re puuH-
ckasi rpanuTH3alms. OHU NPENCTaBISAIOT COCTABHYIO YaCTh OCAJI0MHO-BYIKAHHYEC-
KMX KOMILIEKCOB aCMMAHBIX, OTYAcTH quacTpodudeckux. OHM OTHOCSATCS NpEnmMy-
ILIECTBEHHO K CIHINT-IUa6a30BOM, CIMIUT-KepaToupoBoi opMaLusiM 1 CONpo-
BOX/IAIOTCS MHTPY3USIMU aGOPOUOPUT-NENKOIPAHUTHON U TIEPUIOTUT-TIMPOKCE-
uuToBOM (hopmaumit. HepaBHOMEPHOE NMPOCTPAHCTBEHHOE PACIPOCTPAHEHUE OC-
HOBHBIX BYJIKAHUTOB ¥ OOJIbIIIEE PACTIPOCTPAHEHHE KMCIIBIX BYJIKAHMTOB B HEKOTO-
PhIX BEPXHENPOTEPO3ONCKMX CBUTAX (Hanp. Apajia CBUTa), IPEXIEe BCEro IpeBHena-
NE030MCKMX, OCOOEHHO KeMOPHil-OPIOBUKCKMX WM OPJOBMKCKMX (Hamp. 30Ha
I'payBakkeH BocToubix AJibll, reibHMIKas cBuTa B 3anajubix Kapnartax, cButa
MyHuens B AnyceHax, cButa Tynreum B BocTOYHbBIX Kapnarax) cBUIETEILCTBYIOT
0 YacTHUHOM AuddepeHInalnn KOPbl, CBI3aHHOM C no3He6aKaIcKon CKiagJa-
TocTbio. HO cliefiyeT mouepKHyTh, 4TO 3TH KUCITbIE By TKAHUThI (PEUMYIICCTBEH-
HO KBaplueBbie NOphUpbI, KBapLEBbIe KEPaTOHHUPBI) ABISIOTCH COCTaBHOM YaCThIO

168



MOBOHBIX T€OCHHKJIMHAJILHBIX CBUT. '€eHETMYECKH OHM CBSi3aHbl C OCTPOBHBIMHU
[yraMu, WK e C perMoHaMu 0oJiee MOLIHOW NEPEXOAHON CyOKOHTUHEHTAILHOM
KOpbI, PACIOJIOKEHHLIMH B KPAaeBO# YaCTU reocHHKIMHaznen. [IpucyrcrBue kBapue-
BbIX NOP(HUPOB B reOCHHK/IMHAbHBIX CBUTAX IeBOHA (IPOHCKAs CBUTA B BENIOPHIaX
Banagueix Kapnat, Hekotopbie cBuThl B IOXHbix Kapmarax) cBHAETENbCTBYET
o nocneacTBusx AU epeHIHaluK KOPbI, CBSI3aHHOM C HAYaJIOM IepLUHCKOM CKI1af-
uatoctu. [IpaBpa, ceguMeHTauMs B JPEBHEM Iajieo3oe He Oblia Bcerpa Gecnpe-
PBHIBHOM.

r) Me3o3oiickue OGHONUTH M 6a3aNbTOUABI BCTPEYAIOTCH B MOSCAX,
IPUYPOYEHHBIX HA OCHOBE MPHUCYTCTBHS IIIyOOKOBOAHBIX (alMi K TPOTOBEIM C TOH-
KOM WJIM XK€ IPEepBaHHOM CHUAJIMYECKOM KOPOW CyOKOHTHHEHTAJHOW MM Xe cyO-
okeanndeckou. OHH TOSIBJISIIOTCS YK€ BO BpEMs TpHaca, IIIaBHbIM 00pa3oM JiajiuHa,
4acToO B CONPOBOXJEHUH 60jiee METKOBOAHBIX U3BeCTHSIKOB. CHayana OHM npef-
CTaBJISIOT MPEMMYILECTBEHHO MHTEPMENaIbHbIA — I'MOPUIHBINA TUII C peobnapa-
HUEM CIIWJIUTOB ¥ KEPAaTO(UPOB, FEHETUYECKHU CBA3AHHBIX C YTOHHEHHUEM, 1pOOIIEe-
HueM u nuddepentuanuert Kopsi. C MOCTENEHHbIM HAPACTaHUEM TPOTOB BO BpEMSI
nanMHa U 0COGEHHO KapHa — Il KOTOPBIX XapaKTepHbI 6oJiee riiybOKOMOPCKHE
thanmu KapOOHATOB, HO TAaKXe W PAJUONISPUTOB U MEJUIMTOB — HAPACTAET TaKXe
nosisi G6oJiee OCHOBHBIX MOPOJ M TMOSIBISIOTCA TOXE YIbTPAOCHOBHBIE MOPOJBI.
B GONBIIMHCTBE CETMEHTOB aJIbIMl BYJIKAHUTBI TpUaca CBSI3aHbI C CAMbIMU BHYT-
PEHHMMH 30HAMM AJILIMACKONM F€OCUHKIMHANIBHOM CUCTEMBI, T.€. C 30HaMH, Cl1abo
CTaOUIN3UPOBAHHBLIMY T'ePIMHCKOM rpanuTh3auuei. B 3ananubix Kapnarax raku-
MU SIBJISIFOTCS MenuaTtckas ceura B ClIOBalKOM KapCTe M aHaJOTMYHasi CBHTA
B BykoBbIx ropax, equnuiia bauikay B Anycenax, a Ha Bankane Cakap u B Bocrou-
Hbix Kaprmarax TpaHcuibBaHCKHME MOKPOBBbL. B [MHapupax yxe BO BpeMs Tpuaca
BYJIKAHUTHI O(HUOJMTOBOrO THIA CBS3aHbI HE TOJILKO C BHYTPEHHMMHM 30HaMu
(nanpumep Bappapckasi 1 O(HOIMTOBas ), HO OTYACTH TAKXKE C 30HAMH BHEIIHUMHU
(ocobenno Bynsa-3ykanu). D10 ABASETCS PE3yNbTaTOM MEHbILIEH HHTEHCUBHOCTH
repLMHCKON CKJIa[4aTOCTH ¥ TPAHATU3ALUM B JUHAPU/IAX IT1aBHBIM 00pa3oM B IpEB-
HErepUMHCKMX TPOrax, Ifie Aa’Ke B NePMH BCTPEYaOTCs IPEUMYIIIECTBEHHO MOPCKHE
hanuu.

Bonee 4acTo BcTpeyaeMbie OCHOBHBIE M YJIbTPAOCHOBHBIE MOPOJbI B KaUeCTBE
COCTaBHOM YacTh 0(PHOJIMTOBOM aCCOLMALIUM CBA3aHbI C TPOraMH KOPbI U HUXKHETO
MeJia, IJIst KOTOPbIX XapaKTepHbI MEPTeIMCTO-PaiHOIPUTOBbIE (hALUK ; HATIpUMED
KPWXHSHCKMIA W KUCYLKuit Tporu 3anaanbix Kapnat, 6ykoBuHCKMi Tpor BocTou-
Hbix Kapmar, Tporu nenuHnkyma Anbi, 30Ha Mypeur B AmyceHax, B JUHapUaax
0hHONUTBI CBSI3aHbI OCOGEHHO C BHYTPEHHUMH 30HaMH (Bapaapcko# U opHONUTO-
BOM), a B TeJIEHM/Iax ¢ 30HOM MupauTa (cybnenaronukym). Haie Bcero opuonuTsi
CONMPOBOXAAKOTCS TAKXKe MOIIHBIMA HOMIHIIEBbIMU (hauusiMu (TUTOH — HIXKHHHA
Men — Hanp. B eguuuiax PaxoB — Yeaxnay B Bocrouynsix Kapnarax, Cesepun —
Kpauna B I0xubix Kapnarax, Crpangka Ha Bankaue). B Mypeiie u Bapgapckoit
30He O(PUOIMTOBAS CBUTA PACIIONIAraeTcsl OT r1yOO0KOBOIHBIX BEPXHEIOPCKUX Kap-
GOHATHO-CUITMLIMTOBBIX (palyil BILIOTH 10 (DIHMIIEBbIX.

Bo Bcex npuBEIEHHBIX CyYasXx BHAMMA CBS3b O(HUOIMTOB CO CTAJiHEN CAMOTO
GonbOro yriny6ieHus: OTAeNbHBIX ME€OCHHKIMHANBHBIX 30H. HO 3TO He ToNbKO
CBSI3b najieoreorpacduyeckas, Ho TaKXe U MPOSBIIEHUE AKTUBHOCTH M CJIIEIOBATENb-
HO TaK>Xe CBA3b MPeX/e BCero najle0TeKTOHNYECKas, IOTUYECKH CBsI3aHHas ¢ boiee
TOHKOW KOpO¥M 30H O(HOJUTOB M 30H C MPUCYTCTBUEM 0a3anbTOMAOB M Oojee
rJ1y6GOKOBOIHBIX (halUi.
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OCHOBHbIE MOPOJibI, MPEUMYIIECTBEHHO LIEJI0YHOrO XapakTepa (aBrUTHTBHI, TUM-
GypruThI), Yalle BCEr0 BCTPEYAIOTCs B CONPOBOXKAECHUM MEIIKOBOJHbIX ¢hauyii Tuna
MOPOroB, 0COOEHHO B KPA€BbIX, HAPYLIEHHbIX Pa3JIOMaMH 4acTsX, HallpUMep B TaT-
punax (Bbicokue TaTpsl) 4 B IpuyTecOBOM pernone 3ananueix Kapnar, a uMEHHO
BO BEPXHEH FOPE M HUXKHEM MEITy.

Bosiee YMClIeHHbIE NPOSIBJICHUS] BEPXHEIOPCKOTO M HIKHEMEJIOBOTO OCHOBHOTO
MarmMaTu3ma, 4acTo MeJIOYHOTO XapaKTepa, CBI3aHbI C Pa3JIOMaMH, OrPaHMYatOIIU-
MM KOPJWJILEPBI, WIM X€ MOpOrd M IporuObl. VI3BeCTHbI OHM U3 (IIMILIEBON
T€OCHHKJIMHAJIY, HAIP. TEIIMHUTHI B CUIIE3CKON €[IMHULIE, MUMaba3bl U aBITUTUThI BO
¢umeBbIx 6appeM-anbOCKUX CBUTaX OYKOBHMHCKOTO M CyOOYKOBHHCKOI'O MOKPO-
BOB, MIIM € HAa OKpauHax (hJIMIIEBHIX TPOroB (HampuMep Auaba3bl) B FOPCKUX
u3BecTHsAKax B 30He [Ipecaunna B IOxubix KapnaTax.

IllenoyHOM XapaKTep UMEIOT TAKKE HIKHEMEJIOBBIE MOBOAHbBIE U3NIUSHUSA B FOp-
HOM MaccyBe Meuek B BeHrpuu; miesiouHblie Ana6asbl («06a3aibT-TPaxuaoIePUThI» )
B COMPOBOXK/IEHUY MMPOKIACTHYECKUX NOPOJ U Auada3-noppuputos (3. CAIEUKH-
—Kappow u gp. 1967).

BupuMa 3aBUCMMOCTh PacpoOCTpaHEHUsI OCHOBHBIX ITOPOJ] B ME3030MCKHMX CBUTAX
OT TOJILMHBI KOPBbI, HO TAKXKE OT PACYJICHEHHOCTU F€OCHHKIIMHAIIY ¥ OT MOBbILIEH-
HO¥W IMHAMHMKYU KOPbI BO BpEMSI MarMaTH4EeCKUX NMposiBieHuH. bazanbTouns! sBisi-
IOTCS COMPOBOXJAIOIMM SIBJIEHWEM, TJIaBHbIM 00pa3oM, B NPOrubax ¢ TOHKOM
KOpO#i M B TIIyOOKO 3aTparrMBalOIIMX Ppa3ioMax, OTAENSIOIMX APYr OT Jpyra
nporubbl W MOPOTH WM Xe Kopawibepbl. Camoe 6OJbIIOE pPacnpOCTPaHEHUE
6a3anbTOMAOB HAOMIOAAETCs BO BEPXHEH IOPE U B HUXKHEM Melly, T.€. BO BpeMs
caMOo¥ OOJIBIION PaCYJIEHEHHOCTHM M CaMoro OOJBLIOrO NaneoTEeKTOHUYECKOTO
NPOTHBOPEYMS] ME3030MCKUX I'€OCHHKIIMHAJEH, HO TAKXKE U CaMO# 3HAYUTEJIbHOM
OKeaHW3al|y B aJlbIuAax.

Pacnonoxenue opuoauToB 1 6a3anbTOMAOB M UX TUI 3aBUCAT OT pPacuJICHEHHs
PEruoHa 0caKOHaKOIUIEHUs] Ha TPOTH (IPOrk6bI) ¥ MOPOTH (MK K€ KOPIUIbEPHI).
ITono6HO, KaK pacwIeHEHHOCTh Y KaXA0rO CErMEHTa MMEET CBOM OCOObIE YEPThl,
3TOMYy U y 30H 0(pHONUTOB. TONBKO HEKOTOPBIE W3 HUX MEPEXOAAT U3 OIHOTO
CErMEeHTa B IPYTOM, U 3TO TOXKE C ONPEAETICHHBIMA OTINYUSAMH.

XoTs B 60BIIMHCTBE CETMEHTOB €BPONEMCKUX aNbITH]] BCTPEYaeTcsi MeHee 0pHOo-
JIUTOB, /ISl NMPUMEHEHUS! NPUHLMIOB HOBOW TIN00ANbHOW TEKTOHMKHM 3HAYEHHE
MMeeT OCOOEHHO MX GOoJbIIasi MajeOTEKTOHWYECKasi PaCYJIEeHEHHOCTb, IJIaBHBIM
06pa3oM BO BpeMsl BEpXHEH FOPbI M HIDKHETO MeJla M UX I0Ka3bIBAEMbIE NIEPEXO/IbI
OT riy6OKOBOJHBIX K METKOBOJHBIM CEKBEHIMSIM. B HUX HAaOIIOAaIOTC HECKOIBKO
30H C TOHKOM KOpO# M 30HBI ¢ Gonee MomHON Kopoit. Hanpumep B 3amapHbix
Kapnatax BO BpeMs IOpbI CIEAYET OTAMYMTb MO KpalHEHd Mepe YEThIPE 30HbI
¢ 6oJsiee TOHKOM KOPOH, OTAEIEHHbIE APYT OT PYra MoporaMu (Wi e KOpAuibepa-
MH) ¢ 60siee MommHOM Kopo# (M. MArens 1975). CekBeHIH C nepeMellaHHbIMH
auusiMu MENIKO- ¥ ITyOOKOBOIHBIMM BBISIBJISIFOTCS OCOOEHHO SIPKO B [1OSICE YTECOB,
NPOSIBISIOIIEM HABEPHO caMoe OOJbLIOE MPOTUBOPEYUE MEXAY YOPIITHIHCKMM
U KHCYUKMM THUNaMud. Bce CBUAETENbCTBYET O TOM, YTO MOfEb HACTOSIIErO
ATIaHTMYECKOrO OKeaHa Helb3s MPUMEHUTh B anbnupax. OTaenbHbIe NPOruobI
HHUKOIJIAa HE JOCTHUIJIM TAKOH LIMPOTHI, KaK ATIAHTUYECKUN OKEaH, a MPOSIBIISIM
OGONBUIYIO PacYIEHEHHOCTb. JTO ObUIM OKeaHW4YeCKHe MpPOrudbl, y3KHE TpPOTH.
BHe3anubii crpaTurpaduyeckuii ¥ G0KOBOM Tnepexofi riyOOKOBOAHBIX haimit
B MEJIKOBOJ[HbIE HE COOTBETCTBYET MPEACTABIECHUIO, COTJIACHO KOTOPOMY aHTaro-
HUCTHYECKMIA KOHTAKT IJIyOOKOBOJAHBIX C MEIKOBOAHBIMH CEKBERIINI JOKEH OBIThH
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pe3yNbTaTOM OCOOEHHO GOJBIIOTO TEKTOHWYECKOIO COKpALIECHHUs NMPOCTPAHCTBA,
WJIH K€ TEKTOHMYECKOTO NMEPEKPHITHUS.

Paccyxjiasi O pacnpoCTpaHeHHH GACCEHHOB MIIM TPOTOB C OKEAHUYECKOM KOPOH,
HeJb35 YIyCTUTb W3 BU/ly CEKBEHLIMIA, KOTOPbIE HEBO3MOXHO Ha3BaTh OHUONUTOBbI-
Mu. VIX CylLIeCTBEHHOM COCTaBHOM YaCThIO SBJISIOTCH FOPCKO-HUKHEMETIOBbIE OCaf-
K1, GaTHANbHBIE BIUIOTH 10 abuccanbHOM daiuu mogo6HbIe 0caKaM OPHOIUTOBbIX
CEKBEHIIMI, HO COMPOBOXAEMbIE TOJIBKO HEOOJBLIIMMHU TPOSBIICHUSMU OCHOBHbIX
WIIH K€ YJIBTPAOCHOBHBIX MOPOI.

CyLecTBYIOT TPOTH GOJBIIETO KOJMYECTBA THIIOB, TAKXKE KaK M NOPOTH HECKOJIb-
KMX THTOB (pacnonoXeHHbIe MEX/Y TPOraMu) u menbdbl. OCoObI# THI IPEACTaB-
NS0T cOGOM TPOTM NMEHWHUKYMA, Y KOTOPBIX BIIEIAIOTCS TPH THIIA: BaJI€3CKHH,
nbeMoHTcKkui, urypekuit (IT. Liyoapau v ip. 1976). B iuHapcKoM THIIE TaKXe Hallo
BBIIENUTh HECKOJHKO THIIOB: THIl BAPAAPCKUH U COOCTBEHHBIV THII CyONeIaroH-
ckwmit. [Tosicel Yaxnay u CeBepuH ¢ npedmiieM NpeicTaBasioT ApYro# TvIl opuo-
JINTOBBIX TPOTOB,4YeM TUN Mypell, C TOYKH 3PEHUS] COAEPKAHUS IeTEPOrCHHBIN.
Tunel TPOrOB ¢ TOHKOM CHAIMYECKON KOPOH, XOTsi 6e3 MOIIHBIX 6a3aJbTOMAOB,
TaKXKe He ABJIAIOTCS YHU(DKUMPOBAHHBIMM HU IO CBOEMY CTPaTHUrpau4eckomy
PacpoOCTPAHEHUIO, HU 110 COREPXKaHMIO M pa3BuTHIO. Hanpumep KpHXHSIHCKH#
TPOT ¢ IyOGOKOBOAHBIMY (haHUsIMHU OT JieHaca 10 CCHOMaHa, C aBTUTUTaMU B HEOKO-
Me ¥ HIXKHEM anibbe, IpKo oTimyaeTcs oT Tuna Meyek. B HeM ¢ BepxHero sieiaca 1o
HUKHETO Mejia YepeyIoTCsl YCIIOBHS OCaIKOHAKOIJIEH!sl TPOra C NOpPOra ¥ HUXHe-
MEJIOBbIE MarMaTUThl MMEIOT MIEJIOYHOW M OCOOBIA METPOJOrMYECKHA XapakTep
(TpaxuaonepuThl, (POHONUTHI ¥ IETOYHbIE AMaba3bl).

PazjMuusi B TUNAax TPOroB OOYCIOBJIEHbI B 3HAYATENLHOM MEPE OTINYMAMHU
MO3UIIMK B OTIENBHbIX CETMEHTaX FeOCMHKIMHAIbHOM CUCTEMBI AJIBIH]L, OTIIHYHUAMH
B PaC4IEHEHHOCTH, HO TAKXe ¥ IMHAMUKe KOpbI. [Ipu 3TOM TPOIru ¢ OKeaHMIeCKOM
KOPO#i HABEPHO UMEIOT PETMOHANILHBINA XapaKTep, Kak 3To BhisiB/sAET Tpor «Cesep-
Hplii TeTHC»: NEHMHMKYM — HUKHMM 3TaX Marypckoro nokposa — Yaxmay —
Cesepun — nosic Kpauna — Tposiuckuii ¢y — Korenb u npoctupanue KOXHbIi
TeTucC: BHyTPEHHUE TAUHAPH/bI-TEICHHAbI—TaypHIbl. TPOTU C OKEAaHNYECKHM THIIOM
KOpbI BEPOSITHEE BCETO ABISIOTCH FTEOTEKTOHUIECKHM 3JIEMEHTOM BbICILIETO NOPSA-
Ka — COEIMHEHUSIMHA HECKOJILKMX CETMEHTOB ; TPOTH € 60J1€€ TOHKOM KOHTHHEHTAJIb-
HOW KOPOW, KaK HalpuMep KPWXKHSIHCKMA TPOT, XapaKTE€PHbI TOJBKO ISt HEKOTO-
PbIX CErMEHTOB anbhujl. [laneoTeKTOHMYecKas MOJIEb BO BPEMS allbIMACKOro
uukia O6blla HABEPHO CJIOXHOW M M3MEHSIAch BO BPEMEHM M NPOCTPAHCTBE HA
OTAENBbHBIX 3Tanax M CTajusx pa3suTus. HeoThenumon u camoi 3HAYMTENLHOM
COCTaBHOM YaCThKO 3TOM MOJIENIM, 3 UMEHHO OT CPEJHErO TpUaca 0 OKOHYEHHS
CKJIa[4aTOCTH, ObLIM TPOTH C OUOIUTAMH HITH C I1TyOOKOBOJHBIMU CEKBEHIUSAMU
caumit, conpoBoxaaemMbie 6a3anbTOMAAMH WK XK€ YILTPAOCHOBHBIMHU MOPO/IaMH.

1) Me3oanbnuicKue MeXOPOTeHHYECKHE BYJKAHUTLI ¥ CONMPOBOXMAAIOIME UX
MIyTOHUTLI GaHaTuTOBOro THna B CpenHeropbe ¥ B TUMOUKOW 30HE HOXHBIX
Kapnar reHeTMYecKM CBSi3aHbI C MPOJOJbHbIMA IpaGeHaMH ¥ CHHKIMHODHSIMHM,
BLHIOJIHEHHBIMM CBUTAaMM Pa3HO0Opa3HO# (palianbHOM NaJUTPhl IPEUMYIIECTBEH-
HO MOpCKMX (pauuit, CO 3HaUYMTENbHOM fonei daunma. [Ipu TOM xapakTepHo, 4To
BYJIKAHWTBI MOSIBIISIFOTCS C MOCTENEHHOM OKeaHu3auuei ocankos. 1o MomHbIMK
(MLIIEBBLIMU KOMILIEKCAMH 3aJIETAl0T PAHHHE MOJIACChI, HaJl HAMH MOLUHbIH (v,
Bonee TOHKas Kopa rpaGeHOB, PaclONOXEHHbIX B OOJBIIMHCTBE CIy4aeB Ha
npegenax 6J10KOB, HAMOMHUHAET PUPTOBBIE 30HbI. PSIOM C By/TKaHMTaMM IIMPOKOH
WK asbl AU pepeHupanau (PHONUThI —AaUUThI, TPAXHThI, aHAE3UTBI, LETOYHbIe Ga-
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3aJIbThI), yYACTBYIOIMMA B BYJIKAHO-0CAJIOYHOM BbINOJIHEHNH rPaGEeHOB U rpaGen-
CHHKJIMHOPHEB, POSIBIISIIOTCSI OCOGEHHO YaCTO Ha OKPaHaX CHHKIIMHOPUEB CyOBYII-
KaHWYEeCKHE U IIIyOMHHBIE TeJla OMHAKOBO IIMPOKOrO BEIECTBEHHOrO iUana3oHa
(MMKpUTBI, raG6pPO, UOPUTHI, MOHIIOHUTBI, Fa06PO-CHEHUTBI, FPAHOCHEHHTDI, IPa-
HUTBI, JMOPUTOBbIE NMOPGUPUTHI ¥ TPAHUT-NOPGUPLI) B Ka4eCTBE MPOSBIICHUS
MOBBILIEHHON AMHAMUKH KOPbI. Peub MIET 0 BYJIKAHO-TTyTOHMYECKUX (PopMausIx
Ha TEPBBIX CTAUSX MIETOYHO-M3BECTKOBBIX, M03Xe CyOWIETOYHOIO BIUIOTH [0
en04Horo Tumna. B Anycenax 6aHaTUTBI IPEACTABISIOT IPEUMYILIECTBEHHO GoJiee
ryGMHHBIE TeJa C MeHblIei mKano# quddepeHmamy (rpaHOAMOPUTEI ¥ TPAHUTBI
C HE3HAYUTENbHBIM NPOSABIEHUEM BYJIKAaHUTOB). OT CpPEIHETOPCKHMX OHH OTIHYAKOT-
C5i TEOTEKTOHMYECKOW MO3MIMEN ; CBA3aHbI HE CO 3HAYMTENILHOM JOJTOTHOW Ipa-
GeH-CUHKJIMHAJIEN, HO C CUCTEMOM TTyOMHHBIX MONEPEYHbIX Pa3JIOMOB. DTH paHHe-
-1I03[JHEr€OCUHKIMHAJIBHBIE TeJIa HE MOJBEPIJIUCH 3HAYNTEIbHOM CKIIaI4aTOCTH.

[IpocTpaHCTBEHHO GaHaTuThl 06pasyior ayry (P. dumutrECKY 1965 ; puc. 146),
Gonee WM MeHee MapauleNibHYIO C MPOTEKAaHWEM MaNeoablIMHCKUX CTPYKTYP
B TJ1aBHOM 00J1acTH MX pacnpocrpaHenusi, Ha bankane u B I0xubix Kapnarax. Ha
OCHOBE 3TOTO JIEFKO MOXHO CKJIOHUTBCS K BBIBOAY O TeHETUUECKOM CBSA3M OaHATH-
TOB K CyOMyKI[MH 30H C OproNMTaMK, a MMEHHO Bapaapckoii 30HbI ¥ €€ BOCTOYHOrO
npononxenust (B. Bokanerru u ap. 1973). Pononckuit u CepOuiicko-MaKeI0HCK1i
MAacCCHBbI B TAKOM MOHSITHM BO BPEMS BEPXHETO Mella MPeJCTaBIIsin co00# ocTpo-
BHYIO yry u nosic Cpeaneropbe — TUMOK — MOPCKO# 6acceitH ¢ 60JIbIION BYIKaHU-
YECKOM JIEATENILHOCTHIO THUIA OalK-apK.

CeBepHasi yacThb 1yru 6aHaTuToB (B ceBepHO# YacTu IOxubix KapnaT u B Anyce-
Hax) MPOTEKAeT AMArOHAJIBHO K MaleoaJbNUACKUM CTPYKTypaM. banaTuTsl 31ech
NPOABISIIOT 3HAYUTENBHBIE OTIMYMA TEOTEKTOHUYECKHE, HO TAKXKe U METPOXUMHU-
yeckue. OJIHU COEIMHSIOT TeHe3uc GaHaTUTOB ¢ cybaykumei Bocrounsix Kaprar,
(. Panynecky—M. Canaynecky 1973), npyrue cBs3bIBarOT €€ ¢ CyOnyKumen nosica
Meramudepec (H. Tepti—-H. Cay 1974, M. Biieaxy 1976). Onnako, Hu npebiny-
ye 00bICHEHHS BO3HMKHOBEHUS] GAaHATUTOB CyOCHIEHIIMOHHBIM MAJIMHI€HE3UCOM
(. Itune 1953) u3-3a CpaBHATEBHO MaJIOH MOIIHOCTH BEPXHEMEJIOBbIX AAenpec-
cui B AnyceHax He yoenuTenbHbl. JIF060NBITHO, 4TO GAaHATUTHI BCTPEYAKOTCSH B TEX
CErMEHTAX anblujl, KOTOPbIE HE BHISBISIOT 3HAYMTEILHON MONAPHOCTH K Gonee
Mousiofiasi rpabeH-CHHKIIMHAJIb WM Xe TapOreOCHHKIMHANIL HAJNIOXEHA Ha Ta-
JIEOANILIIUIACKUE CTPYKTYPHI.

¢) TTo3aHereoCMHKIIMHANIBHBIE TPETUYHbIE BYJIKAHWTHI CBSI3aHbl C MOJOJBIMH
NPOJOJILHLIMU U [IOTIEPEYHBLIMHE AETIPECCHIMH, HATOXEHHBIMH Ha MaJIe0albIUACKHE

ACT86HJIH3MPOBaHHblC 30HBI U OCOOEHHO Ha HUX ThIJIOBYIO 30HY — MEXTIOpbE, NMO3XKE

TEKTOHUYECKN AKTUBM3UPOBAHHOE M3-3a YTOHYEHHsE KOPbI. BhicOKast fons nupok-
JIACTUYECKOTO MaTepHajia 3HAYMTENbHO BIMSET Ha MOJIACCOBOE BBIMOJHEHHUE JIEM-
peccuit. Kpome ywactusi B 0Gpa3sOBaHMM OCAJIOYHO-BYJIKaHMYECKHMX (OpMalmid
3HAYUTEITHHOM YEPTON MO3HETE€OCHHKIIMHANBHBIX BYTKAHUTOB (€ npeobiafianueM
MHTEPMEMANIBHBIX TIOPOJ], 0COOEHHO AHJIE3UTOB, U C 6ONBLION OJield PUOJIUTOB),
SABNAIOTCH COOCTBEHHbIE BYJIKaH-TEKTOHHYECKHE (POPMBI, I1aBHLIM 06pa3oM CTpa-
TOBYJIKaHbl M Kallbepbl. BYJIKaHM3M NPOSBISETCS B pa3sBUTHH GAacCeHHOB, B MX
MOCTENEeHHOM M30MAIIMH ¥ CTAOUIM3ALMK, ¥ TaKXKe B reomopdoioruu. [lons conpo-
BOXJIalOIMX GoJiee riyOMHHBIX TeNl HeOOMbIIast.

PacrnipocTpaHeHue Nno3aHereOCMHKIMHAIbHBIX BYJKAaHATOB B OT/IC/IBHBIX CETMEH-
Tax HEPABHOMEPHO W MX THIIbI HE Be3Jie OMHaKoBbl. MIX 107151 B ANbIax pyIMMeH-
Tapua, B IOXHbix Kapnarax OHM [I0YTH COBCEM OTCYTCTBYIOT, HEGONBIIOE pacrpoc-
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TPaHEHUE Y HUX B IMHAPHUJAX, 32 UCKIIFOYEHUEM 00acTel, MpUMbIKAIOMUX K BeH-
IepcKOMY MEXrophbio,u B CepOUicKO-MaKENOHCKOM MaccuBe. MOIIHbIE KOMILIEK-
Cbl, PACMOJIOXKEHHbIE HA OOJBIIMX MPOCTPAHCTBAX, CTPOSIT BYJIKaHUTHI B BeHrep-
CKOM MEXTOpbe, OCOOEHHO B €ro CEeBEpPHOM 4YaCTHM U B NPHUMBIKAIOMIMX 30HAX
3anapHbix ¥ Bocrouneix Kapnar. AHanoruyHa «LEHTpPaibHAs» MO3MIMS KaK
y BeHrepckoro MexXropbs, Tak y TPaHCWIbBaHCKOTO 6acceiiHa, CONPOBOXAAEMOT0O
BYJIKAHUTaMH Ha BOCTOYHOHM OKpauHe AINYCeH M OCOOEHHO BJOJb MX CEBEPHOM
OKpaMHbl B CaMO¥W BHyTpeHHE# 4acTu pyMbIHCKUMX Bocrounbix Kapnat. Toxe
Poponckuit MaccuB, OCOOEHHO €ro BOCTOYHAs!, CPEJHSS U FOXKHAsl YaCTH, ¥ y4acTKU
npuMbiKaromue Kk Cepouincko-MakeJOHCKOMY MacCUBY, SIBISIOTCA 06acTsiaMu 06-
LLIMPHOM AESATENHLHOCTH MO3JHEOPOr€HNYECKOro ByJIKaHM3Ma. Bonbloe Konudec-
TBO BYJIKAHUTOB, MOBUJUMOMY, CBSI3aHO C 30HAaMH, CTaOWIM3UPOBAHHBIMU YXKe
J0ANBITMACKON CKITAAYaTOCThIO M PACHIMPEHHBIMU MPUMbBIKAIOIHUMH 06JIaCTIMHM,
CTaOMIN3UPOBAHHBIMHU MAJIE0ANBITMMACKON CKIaf4aTOCThIO.

1 1030HEreOCHHKIIMHANbHBIE BYJIKAHUTBHI OTHECEHBI K JIBYM CTagusM: 1. soueH-
OJIMrOLEHOBOM U 2. GafeH-iMoueHoBoi. O6e rpynmnbl CBI3aHbI C IEPECCHIMM,
YTOHYEHHUEM KOPBI U ie3uHTerpanuen. Ho ux npocTpaHCTBEHHOE PACNONOXEHHE,
KaK [PaBUIIO, Pa3JIMYHO. JOLEH-ONUIOLIEHOBbIE BYJTIKAaHUTBI XapaKTEPHBI [71si BHYT-
PEHHUX MHTPAreOCHHKIMHANBLHBIX MaccuBOB Pofonckoro n Benrepckoro. C Touku
3peHUs] BPEMEHU OHM IPEJCTaBIAIOT HA4Yajo MO3[JHET€OCHHKIIMHANIBHON CTaguM
¥ OMOJIOXKEHME, WM TEeKTOHHYECKYIO aKTHBU3aLMIO MAacCUBOB. TOYHOE Ha3BaHWE
[ HUX — paHHe-NMO3[HEereOCUHKIMHAIbHbIE. MHUOIIEH-TUIMOLIEHOBbIE HEOBYJIKA-
HUTBI CBA3aHBI [TIaBHBIM 00pPa30M C BHYTPUTOPHBIMH, UHTPAMOHTaHHBIMH [I€NIPEC-
CHUSIMA M BO BHYTPEHHMX 30HAX M€OCHMHKIIMHAIBHBIX CACTEM OHU OTBEYAIOT MO3/IHE-
reOCHHKIMHANBHOM cTafguu. O6a THa NpOCTPAHCTBEHHO MEPEKPhIBAKOTCS B PETHO-
HaX KOHTaKTa MHTPareOCUHKJIMHAJIbHbIX MACCUBOB C BHYTPEHHMMHU 30HAMH I€OCHH-
KJIMHAJILHOM CUCTEMBI, Hanp. B MaccuBe Matpa B Benrpuu. B nopsike Bpemen o6a
TUMNA CBA3BIBAIOT HUXXHEMUOLICHOBBIE PUOJUTDI, I1aBHBIM 0OPa3oM, TUIlA UTHUM-
6puTOB, pacnpocTpaHEeHHbIe 0COOEHHO B BeHrepckom maccuse.

PacripocTpaHeHne MO3HEr€OCHHKIIMHANBHBIX BYJIKAHWUTOB B alblIM[ax CBUE-
TENLCTBYET O TOM, YTO JPEBHUE MACCUBBI B CEPEAUHE aJIbIUMUCKON F€OCHHKIIMHAIIH :
BEHI'€PCKMH, TPAHCHIbBAHCKHI, CEPOMICKO-MaKEJOHCKHUI U POJIONICKMH IPEOCTaB-
NS0T MOAXOAALIME FEOTEKTOHHYECKUE YCIOBUA s 6ONBLIEro pacnpoCcTpaHeHus
BYJIKAHMTOB. Bce 3TH MaccuBbI HAXOAATCS Ha PyOeXe anbIMACKUX BETBEH pa3iny-
HOW BepreHumu. OHU HABEPHO ChIMPAJI Ba3KHYIO POJIb B HANPaBICHUHA IITyOUHHBIX
MPOLIECCOB B TEYEHUE PA3BUTHUS MEOCUHKIIMHAIM, OCOOEHHO Ha €€ MO3/IHEre0CHH-
KJIMHAJIBHOM cTaguu. Torpa npu 3aMenieHud TOPU30HTaIbHBIX MOJKOPHBIX IBUXKE-
HHii BEPTUKAJbHBIMU IPOU30LIIIO TAKXKE MOIHATHE NOAKOPHOrO AMaNMPa KMEHHO MO
[IPEBHUMHU MACCUBAMU M CJIEOBATENBHO U UX OMOJIOXEHHUE, KOTOPOE MIPHUBEJIO K MX
NPUYPOYEHHUIO K albNMUCKOM cucTeme. B Tex cerMeHTax ajbiuil, Y KOTOPBIX
B TBUIOBOM 00JAacTH OTCYTCTBOBAJI CTaOMIM3UPOBAHHBIA OJIOK, Pacy/IEHEHHbIA
pasiomMaMu M CcnocoGCTByIOLIMI pacnafgy Ha Onoku mnu auddepeHnmanuu Ha
MOJHAMAIOIINECH M ONYCKAKOMecs y4acTKu (Hanp. BocTounbie Abbl), He BO-
3HUKJIM HU OOJIbILIME BHYTPEeHHUE OaccerHbl, HU 60siee pacnpocTpaHeHHbIE MO3/IHe-
F€OCUHKIIMHA/IbHBIE BYJKAHUTBIL.

3) PuHanbHbIE MIHOLIEH-TIENCTOLIEHOBbIE 6a3abThI HEGOIBILIOI0 pacnpocTpa-
HEHUsl, IJIaBHBIM 00pa3oM CcyOLIEN0YHbIEe BIUIOTh O LIET0YHbIX, SBISIOTCA Npef-
CTaBUTEJIIMM HOBOW CTafiMM B PA3BUTHUHM I'€OCUHKJIMHAIM C SIPKUM MPOSBICHUEM
pacTsKEHUs! KOpbI IIPH BO3BBILICHHOM 1€ CTBUM BEPTUKAJIbHBIX [IBUKEHHUM.
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