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MICHAL MAHETľ 

SOME REMARKS ON THE EUROPEAN ALPIDES FROM THE POINT 
OF VIEW OF SOME ASPECTS OF NEW GLOBAL TECTONICS 

P e 3 io M e: B 3T0ÍÍ CTaTbe iiHCKyTHpyeTCs o H3MeneHHHx B 3eMH0Íí Kope H ee 
pa3BHTHH, nonqepKHBan pa3jiHiníi B OTflejibnbix o6jiacTHx. B OTJIH<IH-H OT a p y r u x 
MHeraiH, ajibmriícKHe ([lUHmeBBie Tporn n <J>jiiimeBbie reocHHKjniHajra c™TaiOTCfl 
ofíjiacTHMH yToqHeHHH pacinupeHHfl Koptí noxo>Ke K3K y Me>KflyoporeHHBix rpaôeHOB 
THMOK-Cpe^HeropcKoro rana. 

yxo^HeHHe (pacuiHpeHne 3eMHoň KopBi) cooTBeTCTByeT no BpeMemi c coKpame-
HMeM 3eMH0ÍÍ KOpbl B flpyTHX OÔjiaCTHX, BBI3BaHHLIM CKJiaiMaTOCTblO B HeoajitnHH-
CKOH CTpyKType (cjijiHmeBbie noKpoBti H aenpecn>n) B 3anajiHi.ix KapnaTax c HX 
THJIOBOH qacTBio B BeHrepcKOM CpeaHeropcKOM Macci-iBe — HBJIHIOTCH npuMepoM 
3T0r0. 

riepnoÄiiUHocTb ajibnHHCKoii CKjiajraaTOCTH HM-eeT 6ojiee o 6 u t n ň mupoKiiří 3aji-
HHH TlJiaH. Ka«flbIÍÍ CerMeHT AjlbnHÄ HMeeT OSOH OCOÔeHHOCTH pa3BHTHH H CTpyK-
Typbi, KOTOpbie aBJísKíTCH pe3yjibTaT0M pajumnik B 3pejiocTH ( H C T O P H H ) ľlpenajib-
nniícKoro n e p n o a a , B OT-jraraoň npocxpaiiCTBeHHOH no3Hi;niH H B OTJiimnn xapaK-
Tepa ÔJIOKOBOH CTpyKTypbr. 

A b s t r a c t : I n die c o n t r i b u t i o n a s u r v e y of the c h a n g e s of t h e e a r t h ' s crus l in 
the c o u r s e of d e v e l o p m e n t , w i t h t h e differences i o the i n d i v i d u a l a r e a s , is p r e s e n t e d . 
Also the flysch troghs arid flysch g e o s y n c l i n c a r e b e i n g e o n s i d e r e d as zones of 
e a r t h ' s c r u s t t h i n n i n g - s p r e a d i n g , s i m i l a r l y also the i n t r a o r o g e n i c g r a b e n s of the 
T i m o k - S t r e d o h o r j e type. T h i n n i n g (spreading) of the e a r t h ' s crusl a l t e r n a t e s 
s p a t i a l l y with s h o r t e n i n g evoked by folding. T h e n e o a l p i n e s t r u c t u r e s (flysch 
nappes-depress ions) of the West C a r p a t h i a n s wi th their h i n t e r l a n d — t h e H u n g a ­
r ian m e d i a n mass — are a (Hear e x a m p l e of it. T h e p e r i o d i c i t y of lbe A l p i n e 
folding d i s p l a y s a wider, m o r e global b a c k g r o u n d . 

Each s e g m e n t of the Alpides, h o w e v e r , shows par t icu lar i t i e s of d e v e l o p m e n t 
a n d s t r u c t u r e as a result of the dif ference in e a r t h ' s crusl m a t u r i t y as ear lv as 
the prc-Alpine p e r i o d ; of dif ferent spat ia l posit ion and differences in the cha­
racter of the I.lock s t r u c t u r e . 

T h e n e w i d e a s a r e s u m m a r i z e d u n d e r t h e c o m m o n t e r m of g l o b a l t e c t o n i c s , c o n c e r n 
a n u m b e r of b a s i c p r o b l e m s of t h e s t r u c t u r e a n d . in p a r t i c u l a r , t h e e v o l u t i o n of t h e 
E u r o p e a n A l p i d e s , t h e W e s t C a r p a t h i a n s i n c l u d e d . 

I n t h e f u r t h e r t e x t , s o m e of t h e s e p r o b l e m s will b e d i s c u s s e d , w h i c h h a d lo face in 
c o m p i l i n g a n d e d i t i n g t h e T e c t o n i c M a p of t h e C a r p a t h o - B a l k a n M o u n t a i n S y s t e m . 
T h e y r e l a t e to a) t h e e v o l u t i o n a r y c h a n g e s of t h e t y p o "ľ l b e e a r t h ' s c r u s t ; b) t h e 
s h o r t e n i n g a n d s p r e a d i n g of t h e e a r t h ' s c r u s t , a n d t h e p o s i t i o n of f o l d i n g in t h e e v o l u ­
t ion p r o c e s s . 

Changes oj the earth's erust type during evolution 

I h e e s s e n t i a l p a r t of p r e - C a r b o n i f e r o u s c o m p l e x e s in t h e A l p i d e s a r e oľ c u g e o-

s y n c l i n a l t y p e w i t h a n a b u n d a n c e of m a g m a t i c , m a i n l y b a s i c r o c k s . F r e q u e n t 

o p h i o h t e f o r m a t i o n s i n d i c a t e t h e rel ics of a n e i e n l o c e a n i c c r u s l : a s p i d i c a n d f lysch 

f o r m a t i o n s w i t h t h e p r e d o m i n a n c e of g r o y w a e k o s a r e r e g a r d e d as s i i b o c e a n i c . In a n y 

c a s e , s l ight d i f f e r e n t i a t i o n of facies s u g g e s t s a d e v e l o p m e n t a l i m m a t u r i t y . L i m e s t o n e 

m a s s e s of c o n s i d e r a b l e t h i c k n e s s a r e mos l o f ten a s s o c i a t e d s p a t i a l l y w i t h b a s i c vol-

* Prof. I ! .\ l)r . M. M a h c ľ. D r S c . D. S l ú r Geological Ins t i tu te , M l y n s k á dol. 
Brat i s lava. 
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canism. I hey represented very likely chains of islands (frequent in the pre-Paleozoic 
(if the Rhodope Mis. and the Pelagonian massif, and in the Paleozoic of the Pelagoni-
des, Dinarides and the Marmaros massif). 

Frequent acid volcanics, dominant ly of ignimbrite type, arc most a b u n d a n t in tlie 
Cambrian and Silurian, i. c in the period of post-Assyntian folding. T h e f i r s t 
l a r g e m o I 1 a s s e complexes appear as late as i n t h e U p p c r P a 1 e o z o i e 
subsequent ly to the H e r c y n i a n orogeny connected with extensive granitization. Only at 
that time the siahzat.ion of the earth 's crust, did reach a greater intensity. T li e 
11 e r c >• n i a n d e v e l o p m e n 1 c y c 1 e i s t h u s t h e f i r s t i n t h e e v o 1 u-
t i o n o f t h e A 1 p i d c s t h a t c o n s i s t s o f t t w o s t a g e s ; e u g e o s y n-
e i i n a 1 — P a l e O h e r c y n i a n a n d o n e o f s e v c r a 1 t y p e s — X c o-
li c r c y n i a n. Some blocks produced by sialization of the earth's crust and by graniti­
zation did. of course, exist before the Carboniferous part ly possibly as a result of pre-
Paleozoic folding, but no specific paleotectonic types of H e r c y n i a n rock complexes 
have developed on them. In the further history, part of these areas formed chains of 
island. These blocks are represented b y the R h o d o p e . Serbo-Macedonian, Central Car­
pathian and East H u n g a r i a n massifs, which were affected also b y distincts Hercynian 
immobilization of granitoids. 

The intensity of II e r c y n i a n s I a h i 1 i z a I i o n a n d s i a 1 i z a I i o n i n t h c 
A 1 p i d e s i s n e i t h e r u n i ľ o r m n o r u n i v c r s a I. 

a) In the Alpides there are regions, in which the oceanic and/or suboccanic crust 
type persisted through the Late Paleozoic to the Mcsozoic and the Hercynian granitiza­
tion is of a small intensity. T h e principal regions of this type arc the Dinarides and 
Hellenides, where both the Carboniferous and Permian arc of mar ine, oceanic type 
with interlaid mollassc facies. In these regions the Hercynian orogeny manifested 
itself b y short episodes of small intensity of volcanism as well as deformations. T h e 
Triassic of the Dinarides and Hellenides with abundant quartz p o r p h y r y and with 
diabase, porphyr i te and basalt occurrences is also generally regarded as eugeosyn-
clinal. 

b) T h e Balkan. South Carpathians and northern zones of the East Carpathians. West 
Carpathians and Alps arc of opposite t y p e : they display extensive stabilization and 
H e r c y n i a n granit izat ion. U p p e r Paleozoic mollassc facies and peri- or semi- platform 
type of the Triassic. 

c) The southern zones of the Kasl and West Carpathians and Alps (Obcr-
ostalpin) show a part icular type of the earth's crust, the progressive rejuvenation of 
which started as early as in the Permian. The mollasse-filled troughs id the Permian 
foredeeps contain, besides quartz porphyry (due after compressive movements of the 
Hercynian folding) melaphyre complexes of a great thickness, which link up the 
noarsurface features with the deep-scaled ones. 

In the Triassic. three main groups of paleotectonic zones can also he differentiated: 
The Dinaride type is commonly ranked as eugcosynelinal (sec (he Tectonic M a p of 
l iurope. X. S. S a l s k i j — A. A. B o g d a n o v I960) as well as the South Alpine 
type (with some allowance). The Balkan. Carpathian and West Alpine types may he 
characterized as periplalforni types. Extensive areas of the Pastern Alps and West 
Carpalhains — Oberostalpin and in pari Unteroslalpin and Bucovinian — have a domi­
nance of shallow-sea limestone-dolomite complexes which, however, show a spectacular 
facies differentiation pointig to t h e d y n a m i c s o f t h e s e d i m e n t a r y 
a r c a. They cannol he classed as eugcosynelinal or miogeosynclinal. Some time ago 
I have termed this geotectonic type as alpine-type geosyneline (M. M a h e l ' 1964, 
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A. T o I 1 m a n n 1968) called il an aristogeosyncline. From the above-said, the 
geotectonic heterogeneity of the Triasic in the Alpides is apparent . 

Outs tanding c h a n g e s i n t h e e a r t h' s Í: r u s t p r o d u c e d h y e x t e n-
s i v e o e e a n i z a I i o n a r e i n t h e A l p i d e s o ľ .1 u r a s s i c d a t e . Tlie 
extension of deep-sea facies and more marked facies differentiation an; apparent . 
Besides broad sills (Štramberk, mainly in the South Carpathians and West Dinaric 
types), sills geanticlinales differentiated into blocks (Tatric and Fatr ic types in the 
West Carpathian and Bihor type in the Western Apusins). and narrow ridge /.ones 
(Briancon type), there are broad troughs filled with balbyal . d o m i n a n t l y carbonate 
sediments and narrow troughs of lbe following types : 

— types with the marlstone and radiolarile facies and with suboceanic to oceanic 
crust (Krížna and Pieniny types in the West Carpathians and the Zukali-Bndva type 
in the Albano-Hellenides and Southern Dinar idcs) : 

— types more pronouncedly oceanic with basic to ultrahasic rocks accompanied by 
radiolarites with a thick claystone-argillite complex of lbe „schistres lustres" type 
(Pennine zone of the Western Alps). 

Numerous complexes of basic and ultrahasic rocks (diabases, spilites, gabbro. serpen-
linitcs, peridotites) accompanied by radiolarites in the troughs are the most marked 
manifestation of the oceanization of the earth's crust during the Late Jurassic and 
Ear ly Cretaceous — perhaps sea-floor spreading. In some interior zones of the Dinari­
dcs and Albano-Hellenides. also at the northern margin of lbe Marmaroš Massif of the 
East Carpathians, the shallow-water facies predominat ing in lbe Permian. Triassic and 
lower parts of the Jurassic were followed by intensive volcanism ( p o r p h y r i a s , diabases). 
In the West Carpathians, limburgites and barzburgilcs occur more frequently in the 
external parts of the Tatridcs and lbe periklippen area : lbe Tithonian-Albian interval 
was safely evidenced as lbe lime of their formation. 

I n I h e L a I e J u r a s s i c a n d F. a r I y C r e I a c e o u s. when the develop­
ment of the Alpides experienced a decisive change due lo lbe o u t b r e a k o f 
I o 1 d i n g i n t h e i r s o u l b e r n m o s I a r e a s. I h e d e e p e n i n g o f 
1 r o u g li s and tlie v o I c a n i s m p r o d u c i n g m a f i c 1 a v a s were most 
intensive and a n u m b e r of ľ 1 y s e h I r o u g 1, s w e r e i n i 1 i a t e d (East Alpine, 
Wesl Carpathian, Ceahlaii-Scverin, Niž-Trojanov, Bosna). T h e y are distributed outside 
tbc areas of early Alpine folding processes and generally begin with the pre-flysch or 
carbonate flysch of Sinaia type, often accompanied b y basic rocks. Some flysch troughs 
were preceded by strong deepening of the sedimentary area, whereas other developed 
from older Jurassic troughs (e. g. Valais trough in lbe Western Alps. Vardar trough in 
ihc Dinaridcs and Zukali trough in lbe Albano-Hellenides) filled with deep-sea radio­
larites and basic and ultrahasic rocks. In their geotectonic type they are similar to the 
pre-Carboniferous formations of the Alpides. Although they contain a smaller a m o u n t 
of volcanic material than the latter and their diastrophic character is due to their 
origin on lbe unstable crust, r e a d i n g sensitively lo the pulse of movements, t h e 
M v s c b I r o u g b s r e c a II r a t b e r e u g e o s y n c I i n e s (regions of crust 
thinning) than miogeosynclines, i. c. regions of thick sialic crust. This, of course, is 
not true of all flysch areas. The fact that the flysch facies, in part icular lbe coarse 
Flysch is often the direct predecessor of folding led to the assumption that the flysch 
sedimentary zones were genetically connected with the periods of shortening, and thus 
thickening and of the earth's crust in result of the folding processes (J. A u b o i n 1964, 
A. V. P e i v c 1970. Y. E. C h a i n 1971). T h e geotectonic significance of the flysch 
complexes however, is more varied (M. M a h e l ' 1971): flysch of some troughs or 
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geosynclinos is altogether Free " í folding iiffects. as e. g. llie Carpathian ľiyscli zone was 
nol affected by folding although it persisted trough [wo — the paleo-Alpine and 
mcso-Alpine — folding periods. Tin: influence of the folding process is expressed only 
by the increased supply of detrilal material (e. g. in the Cenomanian) or by the changes 
of the paleogcographical pattern (Alhian — C e n o m a n i a n : Paleocenc). 

The longitudinal i n I r a - o r o g c n i c g r a b e n s. such as the I iniok grahen or 
the graben-synclinorinl system ol the Slrcdohorjc. represent a p a r t i c u I a ľ t y p e 
within the Alpides. They arc filled with p r c - m o 1 n s s e ľ o r m a I i o n s of extre­
mely varied and heterogeneous I'acics ranging from dry-land to deep-sea facies. Their 
localization to the inter-block boundaries and abundant linear volcanism suggest that 
they originated in the zone of crust thinning-spreading in the interval between the 
paleo-Alpine and mcso-Alpine folding periods. 

The last mollasse stage of the Alpides also lacks geolectonic uniformity of the 
earth 's crust. Whereas the thickening of the crust occurred In the Foredeeps (vofcanic 
phenomena are scarce), in the Hungar ian median mass and at its boundary with the 
West Carpathians as well as at the contact of the Transylvanian basin with the East 
Carpathians of the crust an intensive volcanism look place. Several transversal zones 
of the Interludes, i. e. areas earlier consolidated (pari of the Rhodopc massil towards 
the end of the Eocene, Central Slovakian region in the Miocene) underwent a similar 
development. 

T h c A I p i n c d e v e 1 o p m c n t c y c I e d i ľ ľ e r s ľ r o m t l i e e a r I i e r 
C y c l e s i n b e i n g e o m p I c I e a n d g e o I e c I o n i e a I I y e x I r e m el y 
h e I e r o g e n e o n s. 

The geological trend of the Alpine cycle is expressed by the following succession 
of formations: I. detrilal formations (Tormian-Triassic) continuing the Xeohereynian 
orogenic cycle: 2. carbonate formations with a) the predominance of shallow-water 
limoslones and dolomites — Triassic: b) the a b u n d a n c e of deeper-waler l imestone, 
marls lone and radiolarile types — Juras s ic : .'!. ľlysch and pre-mollasse Formations; 
\. mollasse formations. Compared with the earlier development cycles, the Alpine 
cycle is the first fully developed and completed. 

The differentiation of the cycle into the pre-orogenic, late tectonic and post-tectonic 
(J. A u b o i n 1970) stages or the pre-orogenic and orogenic stage (M. V M u r a t o V 
1969, V. I'.. C h a i n L972) is. In my opinion, rather schematic, as the matur i ty of the 
individual zones is chronologically very different. The moilase. which is typical of the 
orogenic lo posl-loctonic stages, is of I ' iahonian age in the internal zones of the Balkan 
Mis., and Late Cretaceous in the hinterland of the West Carpathians, while in the 
I'oredcep folding occurred slill during the latest Miocene. 

All development stages ol' ihc Alpine cycle arc characterized b y a prominent geolecto­
nic differentiation. Some types can he classed, wilh more or less certainly, as the 
miogeosynclinal ones, olhers as lbe classic eugeosynelinal types : in every case. 
however, we have In ascertain the narrow of such models, which do nol allow lo 
apprehend the actual complexity of the Alpine development cycle. Il appears reasonable 
In inlerprel this complexity in terms of the complicate process ol thinning and thicken­
ing — compression and tension ol llie earth crust. 

Shortening anil spreading <>\ the earths crust: its relationship to the folding processes 

The thickening of I be earth's ci list. i. e. sializalion. is chic II y I he result of being accom­
panied by folding ami granil izalian. The share of these two processes in the develop-
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ment history of the Alpidcs in variable. In llic pre-Alpine. in particular the Hcrcynian 
cycle granitization and metamorphism. i. e. deep-seated processes arc intensive, 
whereas in the Alpine-eye.le granitization is weak (mosl Frequently connected geneti­
cally with volcanism), bul Folding distinguished by intensive manifestalions of the 
tangential component is very strong. This resulted in an appreciable shortening of 
the crust, the Formation of a b u n d a n t often rootless nappes, zones of teelonie melange 
(Klippen Belt), subllirusts. and zones of . .engulfment". 

I'lie paleotcelonic helerogenenily of ihe developmenl stages of the Alpidcs was caused 
not only by the differences in the thickening of the crusl in individual areas and 
zones, but also l>y the thinning of the crust resulting from its spreading. This induced 
the origin of longitudinal troughs with linear volcanism as early as in the Permian, 
when the foundation to the Alpide geoteclonic zones was laid (e. g. the Melapbyre 
complex of the West Carpathians with the Permian of the Choc nappe) . 

T h e spreading ol the crust, accompanied by the Formations of troughs was most 
intensive in the Jurassic, mainly during the Ti lhonian. At thai time numerous bodies 
of basalt, l imburgite. serpentinite and periodite were emplaned amidst pelagic deep-
sea sediments (R. 'ľ r u m p y, 1971. A. V. P e i v e 1970). 

Transit ions and lateral interwedging of deep-sea. mainly radiolaritc facies with 
shallow-water Cordillera facies are known, for example in the Krížna nappe and 
especially in the Klippen licit (between the trough type of Pieniny sequences and the 
Czorsztyn Cordillera type). They furnish evidence of the existence of elongated narrow 
troughs, h a r d l y 10—30 km wide. The peri-platform type of the under ly ing Triassic. 
which is common both for the trough and cordillera units, and the gradual differentia­
tion beginning with the Lower Liassic indicate a progressive organization induced 
by the spreading of the earth's crust. 

The regional longitudinal troughs at the inter-block boundaries (West Carpathian. 
Ceahlau — Severin. Niž. Trojanův. Bosna — Vermos), the filling of which begins with 
the preflysch and basic to ultrahasic volcanics. suggest thai these deposits can also be 
regarded as the manifestations of the crust, spreading. The d y s t r o p h i c type of their 
sediments of flysch rather resembles areas of a thin, sensibly r e a d i n g , unstable crust. 
I'he small thickness of the crust would also account For the rootlessness of these masses 

caused b y later compression. 

The Upper Cretaceous Timok and Stredohorje grabens with pre-mollase complexes and 
interior depressions filled with mollase, as well as transversal fault zones distinguish­
ed by andesite-rhyolitc volcanism are the product of the expansion processes in the 
crust during a more m a t u r e development stage of [he Alpidcs. Especially in the case of 
longitudinal grabens this is indicated at Ihe boundary of blocks and by the linear tvpe 
of volcanism. 

I h e alternation and partial overlapping of shortening and spreading processes is 
well demonstrated in the Permian, at [he turn between the Hcrcynian and Alpine cycles. 
In the interior zones of the West Carpathians, lor example, the longitudinal mollasse 
basins showing effects ol' slackening tangential movements passed into troughs, which 
laid the Foundation to the differentiation of the Alpine geosynelinc. The character 
and quality of movements depends on the geoteclonic position and thus also on the 
slate of Ihe crust. This would explain the different character of Folding processes In the 
prc-Alpinc incomplete cycles. 

I'he most remarkable alternation of shortening and spreading of the crusl is connect­
ed with the onset of Alpine folding iu the Alpidcs during the bale Jurassic. In lhal1 

Period a number of new troughs wrvc initialed and many existing troughs underwent 
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deepening and oceanization, and the mafic volcanism was most intensive (Hellenides, 
Dinarides, the Sinaia, Mures flysch [roughs, also in the periklippen area of the West 
Carpatians). 

T h e spreading-shortening processes are not synchronous in all areas. They markedly 
al ternate, for example, between the Extemides and Inlcrnidcs of the West, Carpathians. 
In the period, when in the Flysch Belt and suhsequontly in the foredeep the shortening 
of the crust gave rise to I he Formations connected genetically with the folding of the 
post-Savian, Ear ly and Late Styrian suhperiods, the post-Savian, post-Early Styrian. 
post-Late Styrian and post-Moldavian basins originated in the interlude zones, in result 
of release movements and normal faulting. 

Distinctive of alpine folding is its periodicity. It is of interest lhal. tlie folding 
periods in the Alpides (M. M a h e ľ 1971) correspond in time to the bottom spreading 
of the Atlantic Ocean (L e ľ i c h o n I 968) : Late Jurass ic — beginning of Early Alpine 
folding and of the spreading of Atlantic Ocean; Ear ly Cretaceous — more intensive 
activity of both these processes, Late Cretaceous — period of intraorogenic sedimentat ion 
and relative cessation of orogeny and of retarded or interrupted spreading of the 
ocean b o t t o m ; Eocene — meso-Alpine folding (Laramide-Pyrenean) and respreading 
of the South Atlantic and accelarated spreading in the North At lant ic : Oligocene — pe­
riod of sedimentat ion without strong orogenic activity and of the retardat ion or cessa­
tion of ocean-bottom spreading; Miocene — Neoalpine folding a n d respreading of the 
ocean bottom. Eroni the above findings it seems probable thai f o l d i n g m a y b e 
c o n d I I i o n e d b y a g e n I s o f m o r e g I o b a I c h a r a c t. e r. Beyond doubt, 
however, is lbe close relationship between the folding periods and the particular 
character of folding of individual segments. It shows itself main ly b y the differences 
in the intensity of folding, ils extent in space, and in the orogenic polarity, but also 
by the deve lopment and spatial distribution of individual stages. These internal relations 
depend part ly on lbe deep-seated processes, chiefly the convection currents, and in 
pari on the pre-Alpine matur i ty and the degree of differentiation of the Alpide seg­
ments into blocks. 

The fact, thai most, /.ones of the oceanic and/or suboceanic crust of the Alpine devel­
opment cycle are rootless indicates a greater intensity of folding in the zones of crust 
spreading. On the other hand, the Alpides provide examples which show no relations­
hip between the thickness of sediments a n d the intensity of folding. The most illustra­
tive example of this kind is tin; Triassic of the H u g a r i a n median mass, which is 
slightly folded but ils complexes attain a thicknees of 4000 lo ">000 m. m a n y times 
greater than is the thickness of the intensely folded Triassic of the Inner Carpathians, 
related both spatially and structurally. 

Conclusions 

The type of the earth's crust in lbe Alpides was changing in the course of develop­
ment. The most dislincl change represents the l lercynian folding linked with an 
extensive granili/.alion. The firsl thicker mollasse complexes (I pper Carboniferous — 
Permian) originated after these processes only. A clear exempláre are the differences 
in the stale of the earth crust in lbe turning period of the Permian between the 
Dinarides and the Balkan. 

In the Triassic the type of the earth 's crust was relatively more stable but differen­
tiated. A more conspicuous differentiation with troughs and ridges set in chiefly in the 
Juras s ic ; however, it was most distinct to the end of the Jurassic and al the beginning 
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of the Neoeomian. In that period oceanization was manifested by extension of 
deep-water sediments, also with abundant manifestations of mafie m a g m a ; the first 
flysch troughs and a flyseh geosynclinc (Carpathian) also formed. 

Lei us, for instance, compare the exte.nl and distribution of Jurassic troughs originated 
due to stretching of the earth's crust in the West and South Carpathians. In the West 
Carpathians there are in the Jurass ic the Krížna and Picninic troughs and to the end 
of the Jurassic the flysch geosynclinc at the margin: in the South Carpathians only 
hathyal troughs are known between the Danubie and Getic a reas : specific is here the 
Timok graben in the Middle and Upper Cretaceous, such one we have not in the West 
Carpathians. Great differences are in the extent of the Tert iary basins. In the West 
Carpathians, for instance, they originated in three stages and divide, the Inner 
Carpathians into a system of horsts and depressions (in the Eastern Alps are essentially 
distributed in the marginal parts). 

Dur ing the young K i m m e r i a n period of spreading of the earth's crust trough parts 
al ternated spatially with the first distinct menifestations of Young W i m m e r i a n folding 
(southern parts of the Dinarides and of the Balkan-Rhodopes). Alternation oľ earth's 
crust shortening and spreading is especially distinct in the West Carpathians to the end of 
the Oligocene, also in the Neogcne. Formation of nappes in the outer zones was 
synchronous with the time of foundation of post-Savian. post-Early Styr ian. post-Late 
Styrian. post-Moldavian basins in the Inner Carpathians and the adjacent Hungarian 
median mass, accompanied by late geosynclinal volcanism. The periodicity of the 
Alpine folding (with paleo-. ineso- and neoalpine periods) displays a wider, more 
global connect ion; interesting is its contemporanei ty with the periods of opening of the 
Atlantic Ocean (in the sense of P i c h o n ) . 

The processes of compressions as well as those of stretching display a different 
quant i ty and a particular position, distribution, in each segment. Consequently a diffe­
rent structural plan has formed in the West Carpathians, a different one in the East or 
South Carpathians, quite a different in the Balkan or Dinarides. There arc great 
differences in the particularities in the individual segments and areas. 

The differences in the intensity and In lime manifestations of the Alpine folding in 
the individual segments of the Alpides are discussed more in detail in a work by the 
author (M. M a b e l ' 1971): in this connection 1 intend only to stress that there are 
particularly distinct differences between the segments of a different pre-Alpine matur i ty 
of the earth's crust, e. g. between the Balkan and the Dinarides. 

Each segments of the Alpides. however, displays its particularities, also with a uni­
form tendency resscmbling a more global background. These differences became 
distinct already in the intensity of l lereynian folding and of granitization and are 
particularly manifested in lbe differences of the types of the Permian, later in the 
types ol the Triassic and in the particularities of the types and distribution of Jurass ic 
and Cretaceous t roughs: but also in the extension and distribution of Tertiary basins 
and ol late geosynclinal volcanics. Considerable differences are evident in chronological 
and spatial distribution as well as in orogenelic polarity of the Alpine folding in the 
individual segments (M. M a h e ľ 1971). The rootless character of the majority of fold­
ed units and troughs (i. e. zones with oceanic and/or suboceanic type of crust) points 
to a particularly intensive earth's crust shortening, especially in these zones of former 
spreading. A consequence of the difference in manifestations of folding processes in 
individual segments arc the differences in their structural plan. The cause should 
he seeked in the inhomogeneity of earth's crusl matur i ty in the pre-Alpine 
per iod; in the differences of spatial position (mainly regarding to the course of convee-
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lion currents). A particular place, falls to the role of faults — in the differences of 
development as well as of the structural plan of the individual segments — to the alum-
dance and distribution of directions of faults, and their manifestation in time. i. e. to 
factors controlling the character of the block structure. 

Translated by J. PĽVNY. 

REFERENCES 

AUBOLN, .1. 1964: Gcosynclines Elscvior (Amsterdam), p. 1—301. 
AUBOIN, J. 1972: Chaines liminaircs (Andines) et chaines geosynclinales (Alpines), [nterna-

lional geological congress XXIV session, Section .'! Tectonics, Montreal, p. 438—460. 
CHAIN, V. E. 1970: Uslovja zalnženija i osnovnye etapy razvitija stredizemnomorskoho 

geosynklinafnolio pojasa. Vestník moskovského univcrziteta (Moskva), 2, p. 36—39. 
MAHEĽ, M. 1963: Cbarakteristische Ztige der Wesťkarpaten — Geosynklinale und die Bezie-

hung oiniger ihrer Einheiten zu solchen der Ostalpen. Jahrbuch geol. Bundesanstalt (Wien), 
L06, 2. 

MAHEĽ, M. 1971: Attitude to sonic aspects of the folding process in the alpides and its course 
in the Eastern Alps Carpathians and Dinarides. Geol. zborn. Slov. akad. vied (Bratislava), 
8, 22, 2, p. 189-208. 

MAHEĽ, M. 1972: Geotectonic position of the flysch in Eastern Alps, Carpathians, Balkan and 
Dinarides. Geol. zborn. Slov. akad. vied (Bratislava), 23, 2, p. 209—225. 

MAHEĽ, M. 1973: Some characteristics of the development and structure of the individual 
Alpide segments. Geol. zborn. Slov. akad. vied (Bratislava), 24, 1, p. 5—22. 

MURATOV, M. V. 1909: Strojenije skladč.atoho osnovanija sredizemnomors'kogo pojasa 
Evropv i západnej Aziji i glavnejšije ejtaipv razvitja otog>o pojasa. Geotektonika 1969, 2, 
Moskva, p. 3-20. ' 

PEIVE, A. V. 1969: Okeaničeskaja korá geologičeskogo prošlogo. Geotektonika 1969, 3, 
Moskva, p. 5—22. 

PEIVE, A. V. - PERFILIEV, A. S. - R.UZHENTSEV, S. V. 1972: Problems of imtracontinental 
gcosynclines. International geological congress XXI \ sess. Section 3, Tectonics. Montreal, 
p. 476-485. 

SCHATSKY, N. S. - BOGDANOV, A. A. - MURATOV, N. V. 1964: Tectonique de l'Europe. 
Notice explicative pour la Carte Tectonique Internationale de l'Europe an 1 :2,500,000. 
Moskva. 

TOLLMANN, A. 1969: Die tektonische Gliederung des Alpen-Karpaten-Bogens. Geol. Jahrgang 
(Berlin), 18, p. 1131-1951. 

TROMPY, 11. 1970: Stratigraphy in mountain belts. The Quarterly journal id the Geological 
society of Condon (London), 126, p. 293—313. 

Review l»v .1. SLAVIK. 


