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SOME CHARACTERISTICS OF THE DEVELOPMENT AND
STRUCTURE OF THE INDIVIDUAL ALPIDE SEGMENTS

Abstraet: As fundamental preineiples ol the steaeturee of the Euvopean Alpi-
des we consider: a) The awe of Tormation ol teetonie units, 1. e, the age of Tolding
processes as Hme dimension: B The paleotectonie tvpe of fundamental rock
complexes. so ealled tectonogroups as content dimension: e} Straetural Teatures
and particularities of the tectonie units.

IFrom the aspeet of the Tundamental prineiples mentioned above, on the |
ol the named common featnrees and common tendencies of development. the parti-
cularities of the strocture of the Fastern Mps. West Carpathians, 1l i
Median Mass, Apusins, East Carpathians, South Carpathians, Ballkan
vitles ineluding the Mbano-Tellenides ave diseussed in the paper.

Sis

PeawsMe: OCHOBHBIMM [NPHHUHIAMIL CTPOCHHM CBPONCHCKUX AJBIMI  CHHTAEM:
a) BOAPACT BOJHMKHOBIACHMA TCKTOHHHUECKHX ELMHULL, T. C. BO3PACT CKAANKOOBpaso-
BATEALHBIN IPOLECCOn KAK PasMepnl BpeMeHi, 6) NaneoTeKTOHHYECKHl THIl OCHCRHO-
D COCTABA NOPOIN, TAaK HAILIBACMBIX TEKTOHOIPYNI KAk pasMepnl CoUepiKanis, Bl
CTPYKTYPHBIE 3HAKK I 0CoOCHH0CTH TCKTOHHYECKHY CXMHULL.

Mexons M3 acreKTon BLILEHPHBCACHHDIX OCHOBHBIX TIPHHIINIOB, HA OCHOBAHHH Ipe-
UHCAEHHBIX OBIIMX NpH3IHakos M ODLIMX TCHASHLMI PAa3BHTHA B CTATie 0DCYXRAAOTCH
cobennocti crpoeHus Bocrounsix Asen, 3ananuwmx Kaprar, Benrepexkoro memsaiy-
ropea, Anyens, Bocrounmx Kapnar, Owuwix Kapnar u Junapun, sraosas Annba-
HOTEJeHHIBL

One of the Teatures of Furopean Alpides ist their great diversity. not only as to their
longitndinal  zones-units but also as 1o their teansversal  segmentation. There ave
considerable differences in the stenetire of individeal segments. The subjeet of our
contribution is to point oul some  particalaeities issuing Trom the application of
principles used in compilation of the tectonie map of the |
(with s

astern Alps, Carpathians
aments — West Corpathians, Fast Carpathians, South Carpathians and Apusins).
Balkan. Dinarcides and Houngarian Central Mountains,

The applied principles — o) age ol orvigin of tectonie units and structures: b} pa-
leoteetonie Tvpe of supporting constraction of the units: ¢ their stenetural charaeler —
we consider as fundmmental principles of s

ructure: we suppose that consideration of the
particularvities in their reach will show the fundamental dilferences in development and
stracture of the individual segments. However, we are also aware of the intrieacy of
their structure and thus also of the nomber of particularitios @iven by us by Tar not 1o
he complete.

Whatever particularcity may be considered only on o uniform basis and this wav the
Fundamental Teatures of development and stractuee are characteristic of the Mpides of
Furope, The extent ol this avticle does nol permit s to teeat them more in detail and

soowe reler to the article of N Mah el (1 e — we do it at least in a survey.
To the Tundamental particularities of the structure of the Buropean Mpides are Lo
reckon — Lopolyveyelie development with a complicated and long-dated course of Alpine

loldings. 2. less paleotectonic and thus also Tacies diversity of the Pre-Alpine complexes.
a greal diversity ol Mpine complexes with o whole sevies of tvpes dilferent in pa-
i

leageography at all stages of development. 30 inteieacy of strueture with extensive ma-
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nifestation of nappes in the majority of segments, not only of complexes of the Alpine
evele, however, also of older ones; o considerable part in Tormation of structures was
also taken by Tault tectonies.

1. The Pre-Alpine basement of the Furopean Alpides was alfected by Ilercynian
folding, also by distinet carclier Tolding, Assyntian and possibly even earlier [olding.
mainly in the southwestern segments. However, the Alpine folding was so strong thal
it has to a considerable degree veiled older structural plans and has incorporated the
older complexes into the Alpine plan essentially as the ervstalline basement of
the Alpine units or theiv hinterland. The Alpine folding was taking part in three
periods: Cretaceous. mainly Middle Cretaceous (starting so carly as the end of the
Jurassic in southern zones), Palecogene (Laramide-Pyrencic) and  Neogene  (Savian-
Styrian). Arveal extension and intensity of manifestation of the individual periods and
orogenclic polarity are dilferent at each segment.

2. Lithological diversity of Pre-Alpine complexes is rather o consequence of intricacy
of metamorphic and magmatic processes than a paleotectonie diversity, Aspidie and
[lyschlike Facies are predominating. Only in the Herevnian evele some segments (Balkan,
South Carpathians). in some segments only some zones have the lendeney o accom-
plish eyeles ol sedimentary evolution with molasses (West Carpathians and  East
Carpathians, Apusins).

The Alpine cvele, however, is helerogencous with Tundamental tendencies of develop-
ment as well as analogous groups of [acies preserved.

IY'or the T'rinssis evervwhere limestones and dolomites are charakteristic paleotectoni-
cally: Dinarvide, South Alpine — South Gemeride, Oberostalpin, Unterostalpin — Buco-
vinian, Dalkanian type.

The Alpine geosyneline was ol greatest paleotectonie variely during the Jurassie lo
Early Cretaccons. On the basis of the paleotectonic character several paleotectonie
groups can be diseriminated: stable zones — ridges: dissected geanticlines or block-
structures, broad troughs — bathval zones. narrow. often disseeled tronghs,

The onset ol the orogenic movements al the beginning of the Crelaceous (in places
already in the Malm) increases the share of [lvseh Tacies. The following [lysch
tvpes have been differentiated: Tlvseh sensu stvicto or thin rhythmice flysch, sandy or
coarse [lvseh, aleuritic Tlvseh o cevptoflvseh, wildflvseh. hieterogeneous [ysch and [yseh
of Dalmatian tvpe. As to their velationship to lolding we have separated: pre-folding
[lysch terminating carbonate sedimentation. intra-orogenie [Ivsch, [lyvseh originated in
separale troughs, Tlyseh Tormed in [lyseh geosyneline. late tectonie flysch. and [lysch
facies sandwiched between limestone complexes,

In late and/or intra-orogenic stages, superimposed siructures originated in the internal
zone, Their pre-molasse Tilling is of the Tollowing tvpe: [lyschoids — molassoids. hetero-
aencous sedimentarv-voleanogenic Tormations.  carbonale molassoids. and carly  mo-
lasses.

Bepresenting the last geosvnelinieal stages of the Alpides are molasse complexes,
which are markedly differentinted owing o their geolectonic position. in struetural cha-
cncler and partly in Tacies,

a) Steuetureal Teatures: The Mpides ave distinguished by intensive langential compres-
sion, which was active during the Herevnian evele (Bretonian-Asturian period) and prin-
cipally during the Alpine orogeny. Inoresult of it, the old basement complexes were
reworked at Alpine times. and mass movemenls al lower structural levels gave rise
o the basement nappes composed mainly of crvstalline complexes. Near the surface,
cover nappes of sedimentary complexes of Alpine evele were produced: these show
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a dominant oulward vergeney. These processes invariably lose their inlensity lowards
the exterior,

L) The Alpine geosyvnelinal svstem is genetically connected with the deep-seated
faults, as is evident from its Toundation and typical differentiation into structural-lacies
zones, The Taults were the sites where magmatic activity was concentrated and where
the old carbonate hut especially [lvseh troughs originated. The longitudinal and cross
faults controlled the formation of superimposed structures, chiefly depressions. and of
the morpho-structural plan in general. They constitute the fundamentals ol the strue-
tural plan itsell .

Special eharacteristios of the individual segments
The Eastern Alps

14) Despite the large extent of pre-Terevnian crvstalline complexes. the character of
the Baikalian and older folding processes is difficult to determine precisely. The two
dilferent metamorphic types, i. e. the Koralm and Kleinalm erystallines suggest the
polv-evelicity of pre-TTerevnian metamorphism. The former is distinguished by eclogite-
amphibolite facies with staurolite and disthene the latter by the amphibolite facies.

) Hereynian folding processes (Bretonian-Sudetic) were of great intensity and pro-
duced nappe structures established, for example, in the Graz Paleozoic. The Hereynian
evele was not closed: the struetures Tormed by Hepexnian Tolding persist in the hase-
ment of the Alpine geosyneline,

¢) In the Alpine development exele, all three folding periods left their traces. The
Cretaceous period gave rise to the structural plan of the southern zones. of the Drau
zone, of the centeal zone built up mainly of the ervstalline, and of the Northern Limes-
tone Alps with extensive Oberostalpin und Unterostalpin nappes.

The Paleogene orogeny also plaved an important rvole. and durving the Hlvrian-Pyre-
nean subperiods the Northern Limestone Alps were again [olded. The tectonie defor-
mation resulted in slicing and thrusting of Cretaccous nappes over the inner parls of
the Flvseh Zone. The intensity and elfeets of Paleogene folding increnses westwards,
proportionately o the decreasing inlluence of Cretaceous folding, The Paleogene [olding
is the main steuetural agent not only in the Penninicum but also in the Austroalpinicum
right in the Grisonides (R, Triimpy 1970). Neogene folding affected the outermost
zones. the Flyseh Zone. Helveticum (Gresten zone) and the foredeep. This folding
occurred towards the end of the Oligocene and at the heginning of Neogene; it ean be
denoted as Farly Neogene. In addition 1o the Externide zones. it also affected
the Trontal parts of the Northern Limestone Alps. contributing to their final translation
over the Flvseh Bele (S0 Prey 1971). Remarkably, the Neogene folding period is
vounging weshwards: the ontermost zones of the Helvetides and of the Subalpine area in
the Western Alps were folded as late as at the elose of the Miocene and in the Pliocene
(. Debelmas — A Lemoine 1070).

In general. the Alpine folding of the Fastern Alps is distinguished by the following
features: o high intensity and nappe stvle inoall theee periods: metamorphic elfeets
which in the Cretaccous and Paleogene perviods were partly limiter to the central zone
of the Unterostalpin and Penninicum: speelacular orogenie polarvity in the effects of
folding periods and subperiods.

2a) OF the lithological peculiarities of the basement (pre-Paleozoie and Paleozoic)
complexes. we should mention the limestone lavers in the ervstalline and a large extent
of carbonate complexes. chieflv in the Graz Paleozoie fmainly the Devonian).
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L) The Triassic is the dominant representative ol the Mesozoie complexes: the
Jurassic and Lower Ceetaceous are subordinate hut their vole inerease 1o the west, The
Triassic huilds ap the essential part of the near-surelfaee unils ‘the Drau zone) and of the
Norvth Limestone Mps anits. 1 is steongly difTerentiated in Tacies hut is mostly of the
Oberostalpin tvpes which was devived Tram the Tieavily dissected geosvneline (aristo-
aeosvieline in the sense o Ao T o Tmanl, The uppermost parts of the L ochalpini-
cum™ show lacies

ations o the South Mpine development. The Deau zone with
abundant voleanies in the Niddle Trinssic ean be regarded s a transitional tvpe with
some South Alpine characteristies. The Unterostalping more northerly tvpe exhibits peri-
platform Teaturees. whereas the Penninicum is a0 pronounced!y trough tvpe connected
with a deep Tault along which hasie magmas ascended.

The proportion of flyvseh complexes is not laege in the Eastern Alps. the lack of
[Tyseh facies being distinetive ol the Northern Limestone Alps. The only l'\:‘l-[:linll s
the Frankenfels nappe with pre-orogenie flvsel of Mbian-Cenomanian age. This unit
wler. which 1:-.-1-|||EJI|~ the
Ivpe ol o dissected trough in thickness and variely of the Jurassie and Lower Cretaceous.

shows paleotectonie sedimentary complexes ol special ch

The proportion of Thvsel and Tlvsehoid compleses inereases in the Grisonides in the
weste nol only in the Oberostalpin O hian-Cenomanian) but also in the Unterostalpin
Ao T reiimp v 19700, The prineipal representative of diastrophic facies in the Fastern
Alps is the relatively narrow Flyselr Zoneo Te vepresents a [lvsel teoneh which started
al the beginning of the FKarly Cretaceous and died out in the Paleocene in the west and
during the Late FEocene in the cast 'S0 Pee s 196200 T is relatively monotonous, being
represented by Tlvseh <0 s<oowith conrser-g

ined sandstones. vellecting the Tolding pro-
cesses. i the Conomanian. Maasteichtion and Upper Paleocene, The crvploflysch, so-
called CBuantmergelserie™ is charaeteristic of the Gresten zone. In the west. the Flyvseh
Zone cmbraces several steips ol Tlvsel, which was Tolded together with the Penninicum
during Pyveencan Tolding,

AV The e extent ol intraorogenic Tormations in the Northern Limestone Alps s
aenetically connected with the spattial n\u].l[:pllw of the Cretaccous and  Paleogene

folding, The Tormations aee ol Gosan |\|1l' comprising o variely ol eies. among which

deteital Tacies dominate over organogenie limestones, as well as the Tlvseh and ervpto-
flvseh complexes at the end of the complicated sedimentary exvele (Paleocene). They
repres

il the Tillings ol carly depresions which incorporated as the upper stage of
Cretaccons units in the Mpine steaetoreal plan by Paleogene folding.,

el relatively small extent of Tate tectonie and post-tectonic structures — the molasse-
[illed depressions is another distinetive Teature of the Eastern Mps, The eastern margi-
nal depression zone with the Yienna hasin and Stever depression al the honndary with
the West Carpathians and the Thimgarian massil is the only exceeplion.

SoSteaetueally. the Eastern Mps aee o classical area of huge nappes bhoth in the Norel-
hern Linestone: Mps and the Flvseh Zone, The Dean zone in the south is ol para-
antochthonons charaeter,

Iothe Pennieienm and paretly also in the Unterostalping the basement nappes were

formed simultaneoushy with vegional metamorphism and vetrogeade metamorphisim of

the older cevstalline,

The West Carpathians

Fa) Boothe West Carpathinns. two metimorphic complexes ol different age can be
distinguished s the meso-katametamorphosed Jaraba Gronp and the epimetamorphosed
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Nokavia and Pezinok-Pernek Groups, Their existence sugaests also two folding periods,
i oo the Paleobaikalion and Baikalion, Becanse of the polvinetamorphism of the ervs-
tadline 1t is difficult to decide whether the younger rocks of lower-geade metamorphism
are nol of Paleozoic age,

Fastern Mps. the Carpathion cevstalline displavs a strong Alpine
reworking in the southern (Neporide) zone and not in the northern sectors. ereynian
folding was of greal importance. The overthrusts

I conteast 1o the

ablished particularly in the Vepo-
ride Cevstalline. however. seem o bhe eather the vesult of Apine processes that oceurred
al lower, deeper structural levels.

L) For the Taege amount ol granitond bhodies and their location in anticlinal struetures
the Tlereynian orogenic processes are responsible: the distribution of geanitoids laid the
foundation to the Core mountains. which are a peculiavity of the West Carpathians.

¢ Mpine Tolding occurred in two periods. the effeets of which were separated in
space: the Crelaceous struetural units are located in the Tnner Carpathians and the
main Neogene units in the Outer Flvseh Carpathians, The zone where these two Toldings

overlap is narrow and is orepresented by the Klippen Belt showing manilestations of
strong Paleogene Tolding, This Bell welds hoth svstems into one whole, Fach ol these
svstems s distinguished by prominent orogenie polavity of Tolding phases. which s
congruent with the polarity of the geosvoelinal evolution. i . with the sneeessive
migration of the geosvneline axis (NI Mahel 19710,

9

=i}

The pre- and Farly Paleozoie complexes are characterizes by a very small amount
ol earhonate Tacies. .\|:l,i“|' carbonate hodies appeared Tiest i the Carboniferous. On the
ather hand. beginning with the Permian. the products of the Mpine eyele are so varied
i composition as inono other segment. As many as five tvpes can be dilferentiated in
the Permian of the Carpathians: South Alpine. dominantly marice: North Gemeride.

molassoid with marine deposits and intensive quarlz-porphyey voleanism: molassoi
Permian ol Melaphyre Formation with intensive hasie voleanism: Veporide Permian
with quactz-porphy ey voleanisome and Tateide pevi-platform Dermian representing  the
molasse Tilling of Neoherexnian depressions. This variety of Perminn [acies indieates
that in the boundarey interval hetween the Herevnian and Apine exeles the Tnner Car-
p.‘:l‘l||i.‘|||.x were strongly dissected.

Paleotectonie vaviely s also distinetive of the Triassie. T oceurs in theee 1vpes: South
Coemerides similar o the South Alpine tvpe: Oberostalpin. and peri-platform type with
spectal Tacies of Carpathian Keuper and Carvpathian Rhaetic (N Mahel 19670,

b The aveas o peri-platform Treinssic were markedly distinguished only during the
Jurassic and Lower Cretaceous, which comprise the trough type with Toeal cordillerns
(e the Kreizna unit). the geanticlinal tvpe with cordillera (Tatea) subtvpe, and the Fate
subtvpe with coxinie Tacies. Anoundisputably speeilie Teature of the West Carpathinns
is the Klippen Belie which  compriss

s opposing  stenetureal-facies zones (trough-
cordillerat. Teis genctically conneeted with o deep Tault

e The mercased dynamies of the West Carpathian evolution is mirrored in the Targe
extent and mainly the geotectonie diversity of Tlvseh, Tn the external units of the Tnner
Carpathinns. the pre-orogenic [lvseh. stroeturally connected with the older carbonate
15 richly developed, The post-tectonie Tlyselh o Tongitudinal downwarps
" the northerly parts of the Toner
Corpathians, The main representative of the fvselh peviod in the West Carpathians s

complexes

predetermining the present depressions s Ivpieal ol

the Flyseh Belte which s strongly differentiated hoth in Tacies and structure, Specilie
ol the Flvseh Belt arve the Internal group of nappes — the Magura unit. conneeted with
the |\']i1l|rr'|l Belt in I']l'\'l'[illll”l'!ll anil |::||'I]}' also *ll'lll‘llll'.‘!”l\'. and the FExternal arotgp
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of nappes with ervploflvseh complexes grading into molassoid 1o molasse beds (the
Zdinice-Subsilesian unit). The Silesian unit is distinguished in the West Carpathian
sector by a large proportion of carhbonate [lvseh (Tesin partial nappe) and of coarse
[lysch (Godula partinl nappe).

d) The horizontal disposition ol the two foldings and slight intensity of Paleogene
orogeny account for a small amount of in ‘icted to
the Klippen Belt and the peri-Klippen They are more numerous in the neighbour-
hood of the Eastern Alps. in the reach of Paleogene Tolding (Brezovia Cre

¢) One of the characteristics of the West, mainly Tnner (s

a-orogenic Tormations, which are rest

\
accons’,

pathians is the large
number of superimposed post-tectonic basins and their diversity, There are as many

as live stage tyvpes: Upper Cretaceous carly depressions with coarse-molasse filling;
Farly Paleogene longitudinal superimposed depressions and grabens [illed with late-
leclonie flysch; Late Oligocene to Early Miocene hasins with marine-molasse [illing and
Schlier facies: Miocene transversal basins with variegated molasse: and Pliocene hasins
filled with lacustrine molasse.

3. The speeifie stractural Jeatures ol the West Carpathians are as follows:

a) In very few segments are the structures of the er

stalline so closely connected
with the near-surface Mesozoie structural-teclonie unils as in this mounta

v range, The
near-surface sivle of Mesozoie complexes is joined to the deep-seated stvle. which s

distinetive for the preponderant part of the Gemeride Early Paleozoie, the older ervstal-
line strongly reworked by Alpine deformation (i, e. the Veporide crvstalline) and for
the Tatride erystalline, which was allected by Alpine folding only slightly in near-
surface Tavers,

The nappes are caumulated in the svnclines which are mostly covered with the Tillings
of vounger superimposed depressions. Some of these synelinoria ol Cretaceous age. such
as the Ilron, North Gemeride, South Gemeride (linked up with the North Mungarian)
synelinorin are structures of greal importanee (M. Ma hel 1967). Granitoid bodies
are very [requent in major anticlines. heing diapivically squeezed into their cores,

L) No other segiment of the Alpides shows such o morphotectonie diversity expressed
by anticlinal horsts and depressions. The former are huilt up of older formations and
the latter are filled with vounger deposits of greal variely. The depressions are situated
not only at the western. eastern and southern margins of the Inner Carpathian, but
also at the Outer/Inner Carpathian boundary and inside the Inner Carpathians, This
morpho-structural  dilferentiations of the Inner Carpathians is the result ol strong
faulting and. consequently, the disseetion into a svstem of minor blocks. and of the
variely in Tault trends. The hasie pair systemis steike NE-SW. NWLSED NNE-SSW.
NNW-SSIT. N-S and E-W. depending on the position and development stage ol the
given seclion: one of these svstems had the leading position (NI Mahel 1969). As
a result, the basin axes frequently diverge in consecutive slages. The semiareuate
course of the West Carpathians can probably he also explained in these terms. Many of
the major voung Taulis are continunons  with the deep-seated  older Taults. which
plaved an important role in the Cretaceous struetural plan: many longitudinal Taulis
are ol Tundamental importanee for the Farly AMpine straetorees. The boundary depres-
sions of the Fastern Alps and of the Fast Carpathians as well as the depressions inside
the Tnner Carpathians are on teansversal Tault zones, The deep reach of the ast and
Conteal Slovakian transverse Tault zones provoked at theiv erossing with deep longi-
tadinal Taalts the or

1ol extensive late-geosynelinal PreSov-Toka) and Central Slova-
kinn voleanism, The is of intra-block type, dilfering in ils structural position form the
longitudinal voleanie zones Tollowing the houndaries of hloeks.
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The Hungarvian median mass

1a) The pre-Mesozoic complexes of the Central Hungarvian Ilighlands and its projec-
tions exhibit broadly the characteristics of the IRastern Alps and/or the West Car-
pathians. They are assigned to the Assyntian units and partly to the Paleo- and Neoher-
evnian units. The development of Alpine structural-facics zones began in the Permian.

b) The effects of the Alpine movements dilfer markedly from those in the Alpides
proper in being of uncomparably smaller intensity, which is smallest in the Transdanu-
bian Mesozoie. Not even the units that were more strongly folded during the Cretaceous
such as the Biikk, Meesek, Vilany, bear signs of Alpine regional metamorphism or

local schistosity and mylonitization. which are common in the neighbouring Alpine
systems, This implies that the Cretaceons orogeny and the vounger [olding did not
rework the basement (Gy. Wein 1969, The assignment of the Hungarian Central
HMighlands 1o the median mass is based on this very characteristics. The decreasing
dvnamies of this region manifested idtsell aleeady during the evolution af the Alpine
ceosvioeline but not in the smaller thickness of sediments, whieh is in places even
greater than in the West Carpathians, up to 3000—4000 m. mainly in the Triassic.
It was expressed by a slighter paleotectonice dilferentiation than is characteristic of other
parts the Alpine geosyneline,

Manilestations of post-Cretaceous orogenie processes are known from the huried
Solnok Tlvseh trongh, heing ascertained by boring. From the presence of Oligoeene
beds in this trongh some authors connect them with the Savian folding (K. Balogh —
[. Korissy 1968), whereas others with the Pyrencan movements (personal com-
munication by Gy, Wein).

Intensive Pliocene compression produced two-sided overthrusts of older Meesek com-
plexes into the Pliocene basin Tilling 1o a distance of more than one kilometer.

2a) As to the lithology. the Hungarian median mass is characlerized mainly by the
tvpe of the Biikk and Meesek (in part) Paleozoic and Mesozoie. The Tgal-Biiklk syvneline
with abundant limestones in the Devonian and especially in the Permian, and with the
Middle Triassic voleanics (South Alpine tvpe) indicates that the South Mpine hranch of
the geosyneline protruded far northwards into the vieinity of the Carpathians. This NE-
tranding stractural-facies zone passes through the transitional South Gemeride develop-
ment into the West Carpathian geosynelinal system: in the genetic and stractural sense
it constitutes the hinterland of the West Carpathians,

The Meesek Mis. show special characteristics. such as the Lower Cretaceous dolerite
voleanism and detrital development of the Upper Triassic. hut their Lias Gresten For-
maltion and the Middle Triassie sogoest an alfinity with the interior areas of the South
Carpathians,

L) The Solnok Tlvseh basin (Senonian-Paleogene) being the only Tlvsel tvpe ol the
Hungarian Centeal Highlands is ol special inlerest.

¢) During the Paleogene and Neogene. the Hungarian Centeal Thghlands underwent
an appreciably more complicated evolution than other segments. This period is represen-
ted by the Tormation of depressions o Late Cretaceous containing struetural lavers,
Paleogene, post-Savian. post-Styveian and post-Ailican stages, Stll in post=-Styeian time.
there were seven minor basing in existence. which were separated by elevaled hlocks
and subsided independently of one another. Oscillations of sea Tevel caused the interrup-
tion ol sedimentation on the blocks between Burdigalion and Helvetian, Helvelian and
arpation. Farly and Late Tortonian, and Tortonian and Sarmatian (K. Dalogh —
Lo Karassy 1968). As a vesull. the continuous Neogene sequences were deposiled
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n|1|_\' in the hasins, Only the intensive Pliocene subsidenee had juilll‘:] these basins into
one extensive superimposed NTGld hasin, The thickness of Pliocene in the Alfild basin
altains up Lo A000 .
W : ; : ;
S the stractueal aspeet. the divergeney ol units deserves 1o be mentioned in
addition to the special Teatures ensuing rom the slighter intensity of folding, as e, o0 the
ek ol nappes,

The Apuseni Mis.

The western part o the Apusent Mis, is inomany respects analogons 1o the Tnner
West Carpathians,

1. The analogy mainly coneerns the age of AMpine Jolding, which ended after the
Cenomanian, Tt was preceded by the deposition ol o thick Tlvseh and flvschoid complex
during the Early Cretaceous in the individual autochthonous and nappe units. The
Upper Cretaceous CTuron-Naasteichtian) complexes are of late 1o post-tectonie character,

A maeked component of the Apuseni Mis. is the range of Muontii Metalilfert, which
forms an Lxternide zone modelled by NMiddle and post-Upper Crelaceons Tolding,

2a) Oue of the lithological chavacteristies is the large amount of limestones of the
Stesomberk Gswell) tvpe in the Bilior antoehthon. whieh is analogous to the Tatride
unils inomany aspects and shows Fast and South Carpathians elements,

L) The zone of Muntii Metaliferi has also o special lithological  character. being
composed ol o heterogeneons Tlyseh complexes with plents of wildlvseh and various
voleanies, oo oo basalts, dolerites aceompanied by eabbro and peridotite bodies, the
hasalt-nndesite-daeite-rhivolite association. and - basalt-limburgite-trachy-andesite-orthop-
hvte association,

S0 0f struetural tnterest is tie ENEAVSW feend ol the axis of the northern part of the
nocthern paet of the Metaliferi Mis, zone, compared with its geadual change 1o NE-SW,
NNE-SSW i the sonth. i.oe. dingonally 1o the axis of the Cretaceous units of the western
part ol the Apusent Mis, This changing trend ol the Metaliferi Mis, zone Tollows the
bhend of the Carpathinn are. To this sense it constitutes o fore deep in the back of the
Sonth Carpathinns, The verzeney ol individoual shices of the Mis. Metalifert to the
NW or NAWNL towaeds the interior of the Apuseni Mis. indicates that the Metaliferi
Mis. vepresent aninterior depreession and not an exterior. The opinion on the connection
of the Apuseni Miso with the Vardar zone 1s wareanted by the paleotectonie tvpe of the
Lower-Upper Cretaceons Thvselr trongh (with abundant veleanies) and the steoetural
position (NI Andelkovie — M. Lupu 1967),

The Ihast Carpathians

1. The cliaracteristios related 1o the age of the tectonie wits ave as follows:

a) The Late Proterozoie and Farly Paleozoie complexes were epi-metamaorphised
during Baikalioon and Farly Herexnian Tolding.

b The Fast Carpathians ave distinguished by two belts of Tnternide units. which
dilfer hoth i wenese:s and Lithologieal composition — the Tnner and Outer Dacides
LoD treseu efall 19630, The Toner Dacides (the sub-Bueovinian, Bocovinian.

and Treansyivimin gronps of nappes — Haghimas and Persani) ave in essentials Creta-
ceons unils, Their Tolding was aceompanied by the deposition of Barveemian-Albian and
Vinconian-Cenomanian wildlyseh and ol paramolasse o the Bueeeei tvpe. During
Paleogene orogenie movements, these units were theast on the Externide units: their
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incorporation into the stractural plan of the Externides is particularly evident in the
western corner of the Marmarod massil. The Ouler Dacides, a particular component
ol the Fast Carpathians, are represented by the Cealiliin unit and the local Baraolt unit.
Their composition (mainly carbonate [lvseh), their disposition and morphostruciural
character place them in the Flvsch Belt. Their present form is the result of Crelaceous
folding with esential veworking by Paleogene orogenie aclivity (M. Sandulesecu
1971).

The final movements of the external nappes of the Flyseh Belt, mostly of Styrian age,
persisted untill the Sarmatian. The Late Neogene Tolding allected the external foredeep.

2. The lithologico-paleotectonis characteristics of the East Carpathians ave the lollow-
ing:

a) Large extent of carbonates in pre-Paleozoic and Early Paleozoie complexes {(Upper
Cambrian Rebro-Barna Foramtion: Paleozoic Rusaia and Tibau Formations).

b) The mixed character of Transvlvanian nappes with southern facies of Hochalpin
lvpe (Werlen Member, Tallstatt limestones in the Triassie, Liassic Adneth limestones)
and even peri-platform facies, as are the Stramberk limestones. The development of the
Triassic in the Bucovinian and mainly  the Sub-Bucovinian nappes is near lo the
Unterostalpin: it is. however, distinguished by a relatively thick Neocomian complex,
the so-called Lunea-Member, Tormed of marls with deteital material, and [lvschoid rocks
with conglomerates in the upper parl.

¢) Remarkable is the large proportion of basites in the Barremian-Aptian conglo-
merales of the BDucovinag nappe and in the Sinain Formation  (Neocomian) of the
Ceahlau unit.

) None of the Alpide regions has such a proportion ol svnorogenic and inler-orogenie
(hetween Cretaceous and Paleogene orogenes) wildllyseh and conglomerate paramolasse.
The Buecceet paramolasse is up 1o 2000 m thick. The distribution of conglomerates and
accompanying olistoliths and basites suggests the presence of a deep-fault zone at the
boundary between the Inner and Outer Dacides. Tt seems 1o be analogous 1o the deep-
lault zone of 1the Klippen Belt of the West Carpathians,

o The spatial disteibution ol individual [lyvseh tvpes is also speeilie for the East
Carpathinns. Whereas ihe Ceahlan unit s characterized mainly by a thick earbonate
fmarlstone-carbonate) flvseh of Neovomian age, the more exterior unils Magla . Zagon
and Audia are composed of richly developed black aleuritic flvseh (Lower Crelaceous)
the struetural core of the Carbicortale unit is built up chielly of the flvseh s. s, and in the
more exterior Tarcin unit predominates a sandy [yseh (mostly Paleogene sandstones.
up to 2000 moin thickness): the oulermost marginal unit contains besides non-flysch
lacies of cryptoflyseh tvpe also limestones and conglomerates of Foeene-Oligocene age
o Dumitreseu el all 1962),

The passage from the [lyseh to the molasse is elear-cut both vertically and horizon-
tally. obviously due the accomplished orogenic polarity.,

0 The Transylvanian basin is distinguished by its position on several Alpide segments.
oo al the boundary between the East and South-Carpathians and the Apuseni Mis.

S0 Strueturally. the Fast Carpathians show the Tollowing features ol interest:

a) The importanee of diapirie teetonics cansed by the abundanee of salt bodies in the
foredeep and the Transylvanian basin.

b) The nappes of the Inner Dacides differ in genesis: whereas the nappes of the Tran-
svlvamian internal zones are cover nappes [ully detached. the Bucovinian nappes are
the basement nappes with a large amount of ervstalline masses involved,
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¢) A small number of intervior basins. which is striking especially relative to the West
Carpathians. The [aults, in particalar the cross faulls were evidently of minor concern,
Most basins are localed, being connected with longitudinal zones of wealkness. Trans-
versal basing are more [requent in the Pliocene.

The sublinear disteibution of the Vihorlat-Cutin-Calimati-IHarghita young (Pliocene
to Quaternary, but beginning already in the Tortonian) late-geosynelinal voleanism
al the interior margin ol the Iast Carpathians, at the contlact with the Hungarian
median mass and the Transylvanian massil. suggests that the longitudinal faults were
important controlling factors even in the latest evolution stages,

d) The gradual dying out of some tectonie units and the appearance of others in the
west of the East Carpathians demonstrate lateral changes in the structural plan of the
mountain ranges. Whereas the Klippen Delt and the Magura and Subsilesian unils
disappear gradually, the Silesian unit passes from the West to the East Carpathians and
joins laterally the Tarciin major unit of the Outer East Carpathians,

¢) The termination of the Klippen Delt and the merging of the Silesian and Skiba
units in the east, as well as the gradual disappearance of the Transcarpathian late tec-
tonie flysch in the west heralded the progressive change of the structural plan.

The South Carpathian

1. Age characteristies of the tectonic units arve as follows:

a) The pre-Hereynian complexes vary greally in age, ranging [rom Early Baikalian
and Lale Baikalinn to Baikalian-Herevnian.

h) The Alpine structural plan of the South Carpathians is mainly the produet of
“leogene Tolding, which affected the whaole segment. The external Cenozoic folded
during the Neogene Tade oul inwards, Cretaceons [olding was intensive only in the
interior zones; it account for the origin of the Getic nappe and of the Golubace-Penkovo
and Morava nappes in the south. The first movement of the Getie nappe oceurred before
the Cenomanian. The most intensive overthrust was completed by post-Upper Cre-
taceous folding (A. Codareea — Gr. Pap 1969). In the Severin unit, which derived
from the trough localed hetween these inner units and the outer Danubicum-Porec-Mirod
unils, Cretaceous folding was of small intensity. The nappe form of the Severin unit
is the result of Paleogene Tolding, which occurred during the Laramide episode in the
north and alter the Lutetian in the south (Keaina, DBulgaria).

¢) Demarkable is the overthrust of the older South Carpatian complexes on the
Miocene to more than 10 km distance in the innermost zone of the South Carpathians,
al the contact with the Serbo-Macedonian massif.

2. Lithological characteristics of the South Carpathians:

a) The amount of Triassic complexes in the South Carpathians is remarkably small.
With the exception of the innermost (Golubae-Penkovo) zones. the Triassic is of a parti-
cular South Carpathians type with Alpine celements, mainly the Middle Triassie. The
Upper Triassic lacks deteital components. The structural core of the units consists of the
(Trequently  transgressive) Jurassic and  Lower  Cretacecous with a predominance of

. shallow-water [acies of the Stramberk limestone type. They also bear local zones of

bathval, chielly marly Tacies of the broad-trough tyvpe (in the Danubicuim — ¢, g Svi-
nica — CGreben — Poree and in part Preascina — Miror) and of synclinal type (in the
Getie aren — . g Resita — Moldava Nuova).

The earbonaccous [lyseh Tills the Severin-IKraina trough (in the south of the Kraina
unit also flvseh s, s.) and takes part in the structure of the upper struetural layers of the
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Danubicum. The latter [lvsch complex is intra-orogenic, coarse-detrital (Turon-Senonian
Mehedinti flyseh) and contains a large proportion of conglomerates (Arjana [lysch).

The characteristic Timok trough, localed in the central zone of the South Carpathians
is filled with a sedimentary-voleanogenie complex, up to 3000 m thick (Cenomanian-
Danian) and unusually varied in facies. 1L consists of brackish-lagoonal, shallow-waler
detrital and orogenic-carbonate facies with cryptoflyseh and a smaller amount of [lysch
bearing abundant extrusives (andesites. dacites and their tulfs with numerous porphyrite
dykes). Since the voleanics ol the Timok zone resemble the Tertiary late-lectonic vol-
canics with liparite-andesite-trachyle, andesite-latite, and alkaline basalt formations.
They arve often designated as subsequent. However, they are steacturally connected with
the longitudinal grabens and not with depressions of normal type. Their intraorogenic
character 1s evidenced additionally by other voleano-tectonic  forms and by the
accompanying subvoleanic bodies (gabbro, diorite, monzonile, grandiorite and gra-
nosyenile),

3a) The lack of Externide tectonie [lysch units o the foredeep is compensated for
by the Severin and Timok troughs. The [filling of the [ormer was deformated into
a nappe and the latter, which was intensely folded during the Paleogene, masks the
extent of Cretaceous folding in the pre-Upper Crelaceous complexes,

The nappe structure is most speelacular in the innermost units. Towards the soulh,
the Balkan influence is perceplible not only in composition but also in structure. The
system of longitudinal and cross [aults caused a bloek structure, which is typical of the
southernmost sector, 1. c. the Kraistides,

b) The Severin unit represents a paleolectonic and structural link between the South
and East Carpathians, and the Pore¢—Stara Planina and Timok units between the
South Carpathians and the Balkan.

The Balkan Mountains

1. Age characteristies of the structural plan:

a) The wvast Rhodopian Massif exhibits two prominent mesokalametamorphosed
complexes, which correspond to two pre-Baikalian eyeles. The Baikalian  and/or
Baikalian-Tereynian complexes are disposed along the margins.

b) The IHereynian evolutionary eyvele was completed. It contains not only Carbonife-
rous (Namurian-Westphalian) depressions with lower marine detrital molasse but also
Upper Carboniferous-Permian (Stephanian-Permian) depressions with upper lagoonal-
detrital molasse.

¢) Except for the western block adjacet to the South Carpathians the Balkan was
subject to relatively intensive Cretaccous folding. The main folding in the western
block is Paleogene, and some authors (E. Bonéev 1956) believe it to be the only
folding in this part of the Fore-Balkan and Stara Planina.

The more southerly Sakar—Stranza area and the southern and western parts of the
Rhodope Mis. underwent Early Cretaceous, possibly  Cimmerian folding, which also
produced intensive metamorphism.

Palcogene folding alfected the whole of the Balkan Mits. area. including its western
block. Surprisingly enough, its intensily was appreciably smaller in the northerly zones
(in the Fore-Balkan) than in other parts and than of Cretaceous folding. In the
Stredohorje, Luda Kamdéija and Kotel units of the central zone and in the western block,
the movements were of greater intensity. Radiometric age values of about 40 m. v.
indicale 2 wide time range of Paleogene folding in the Rhodope massif.  Paleogenc
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folding oeeurres mainly during the Late Hlyrian to Pyrencan subperiods, The Neogene
orogenic period did not manifest itsell pronouncedly in the Balkan. The Alpine folding
shows there a partienlar development and disteibution. The orogenic polarity of this
folding is expressed only within the scope of individual periods, mainly within the
Cretaccous. As a result, the Externides are missing in the Balkan. as well as the Toredeep.
The Flyseh Belt of the Carpathians is substituted by a large Luda Kaméija trough
extending between the outer and inner zones,

d) The major Balkan depressions were formed in the Prinbonian. and in the extreme
south as early as the Lutetian, Late geosynelinal (subsequent) voleanism. mostly of intra-
Block eharacter and developed on transverse [aull zones, is genctically connected with
the origin of these depressions. Pliocene basins are of different type. The extent of the
Miocene is small.

2. Lithologico-paleotectonic characteristies of the Ballian:

a) A large extent of marbles in the pre-Paleozoic complexes of the Rhodope Mis..
chiefly in the Late Baikalian gneiss complex (the marbles contain diopside and phlogo-
pite) s their proportion inereasses upwards. Marble intercalations are also found in the
higher layers of Early  Proterozoic  meso-katametamorphosed  gneiss series. which.
aceording to some authors (Bojanov—Kozuchoroyv 1968) may be partly of
Arehean age. The data from the Greeee region suggest that part of this series is likely
to be younger. probably Permian, and that it was intensively metamorphosed by Alpine
folding processes (Cimmerian and Early Cretaceous and Paleogene).

b The Balkanian type of the 'l sie is characteristic not only of the Balkanian units
but also of the neighbouring Keaistides. i. e, the southernmost corner of the South
Carpathians. 1t is distinguished by periplatform elements. The Lower Triassic is of
Buntsandstein type. the Middle and U pper Trinssic is rather monotonous with limestone-
dolomite sequences, Rhinetic complex is detrital. A marked paleotectonic differentiation
started in the Late Jurnssie (LK. Nad¢ev 1969): it includes the periplatform type
with limestones and marlstones as well as the filling of a broad flysch trough,

¢) A special phenomenon of the Balkan is the narrow Kotel zone. which is exceplio-
nal both in composition and the intrieacy of structure. Tt is located south of the Fore-
Balkan and connected genetically with a deep Tault. Tts Tacies heterogeneity is unusual:
flyseh and flyschoid Tacies. wildllysch. radiolavites. olistostromes. olistoliths, and shallow-
wialer limestones and sandstones,

d) The extent of the flyseh complexes in the Balkan is considerable, particularly
elative to the South Carpathians., The greater part of the upper stage of the Cretaceous
wnits consists of the Tithonian—Lower Neocomian [lysch, thin-rhythmical with sub-
flysch. coarse- and wildllyseh Facies. Tt altains a thickness up to 3000 m and was depo-
sited ina trongh about 500 km Tong. Tt is of interest that it was nol deposited imme-
diately before the Inhlm;_l. but gr xl(ll'\ into lerrigenous carbonate sediments of Bar remian—
Aptinn age (molassoid 7 — LK Nacev 1969).

The Luda Kaméija unit represents another fysch trough filling. This Turon-Paleocene
carbonate flyseh is thousands of metres thick. The upper umlplt\ hias a predominance
of sandstones with wildflyseh conglomerates, The flyseh complex is pre-Pyrencan.

The Stredohorje zone north of the Rhodope massil, representing a system ol svnch-
noria Filled with o voleanogenic-sedimentary complex (analogous to that of the Timolk
eraben in the South Carpathians) has also a large portion of flysch beds. These are
abundant mainly in the Burgas and Sura Gora synelinoria. The flysch is of interoro-
aenic Lype.
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S0 Structural eharacteristics of the Balkan:

al The pre-Herexnian ervstalline mass of the castern part of the Rhodope massil.
with o nappe of Tate pre-Baikalian (7)) mesometamorphosed complexes is overthrust on
the Upper Proterozoice to Lower Paleozoie phyllite-diabase series (Do jan oy 1969),
The nappe has been deseribed as the (Heveyvnian or Alpine?) Kulidzak nappe.

bl The Cretaceous struetural plan is obliterated by o younger plan. especially in the
Stredohorje zone, This yvounger plan affeets several pre-Upper Creaceons anits and
suppresses the Cretaccous nappe stracture.

¢ The large extent of Alpine wmetamorphism in the <southern areas is remarkable
matly in the Rhodope crvstalline and in the east of the Stredohorje

Salcar—Steandza).

1 The great importance of block tectonies is given by the deep Faulis. which also
controlled the Alpine evolution of the structaral plan, Longitudinal Tault-lines are
vers marked, such as the deep Marviea Tanlt which s accompanied by straetural ano-
malies. voleanism and metamorphism, The transversal Tvardice and Firopole ervplo-
Fractures separate blocks dilfering in stroeture | Boneey 10661 The intra-bloek
[aults. mainly in the Rhodope massil.
and genetically connected with the Toundation ol post-Pyrencan (Prinbonian) hasins.

ale geosvoelinal voleanism s loeated on eross

It attests 1o the important vole of several. even transversal Taolt svstems, The deve-
||IFI|II['|'|| l||. 1,Iil|i'l'll{‘ i}:l.‘%i”.‘i wias nol .'H‘I.‘l}[l!ll?”l;i'il IF\ \'llll‘””i.\'ln lo & _LTI'(‘-'I[ exlenl,

The Dinarides

Although the Dinarides in the broader senee arve o separate part ol the Mpine system
oceupying an independent position in Alpine Fuorope and showing o western. south/
western or southern vergeney diflering Trom that ol the noethern Alps-Carpathinns-
Balkan branch. their evolution trend and basie stracture are congroous, Thes do have
some Teatures in common with the members of the novthern Mpide braneh. even if the
particularities are more numerous, The individoal Ding

dde segments — the Southern

Alps. the Dinarides < s and the Albano-Tellenides — in having many unils in commaon
that join them into one system. do not differ substantially Trom one another, The
Tollowing Teatures arve specilie Tor the Dinarides s,

as aowhole:
. Nge cliaracteristies of struetural plan:

al The pre-Mpine complexes have o smaller <share in the superstrocture than in olther

sewments: they are present in the mterior untts, The bascment and the core are made
ap ol e pre-Baikalizn and/or paleo-Baikalion complexes ol the Pelagonian massil and
the paleo-erexniemm, N the western margins ol the Naedar zone the horder ol the
Sevho-Macedonia massil with late pre-Baikalinn and Batkalian complexes are incoporated
in the AMpine straeture and markediy diaphitorized.

b Upper Padeozoie compleses huild up the Tower steaetural stage ol the Mpine anits.
The carly Teresnian complexes are also components of the Mpine  strneturee, Some
authors Gaeriner — B Cirie 19300 even anticipate a slicht effect of Tlereynian
folding,

The Hevexnian evolutionaey exele is eomplete and the intensity of Tlerevaian
folding is smaller than in other segments, The same holds Tor the proportion of e
eviian graniloids,

¢ Mpine Tolding processes of Ceeataceous peviod were o smaller areal extent andd.
i the north, also ol shiehter intensity. T the south. carlyv-Cretaccons and even Cim-
mervian Tolding was active. Other distinetive Teatures of Mpine Tolding are o large extent
and intensity ol Paleogene Tolding, aneven extent of Neogene Tolding in individoal
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seaments, and the evident polavity of the distribution of folding periods during Paleogene
OrOgeny.

The early-Cretaceons Tolding extends the Late Cimmerian movements in the Vardar
and Pelagoninn zones: il was intensive as early as at the Dogger-Malm boundary. The
folding was accompanied by metamorphism of vounger complexes (anchito higher-
temperature geade of  greensehist faeies). sehistosity. diapthoresis and anatexis of
crystalline rocks (1. Woekel — 1L Mollar — J. W Walther 1971). The
metamorphic grade inereases 1o the SE.The age of these processes hias heen determined
more precisely at 180 m. v. by K/Ar method. Tt is also sugeested the molasse cha-
racter of the Upper Jurassic hearing not only coral limestones and sandstones but also
conglomerates and coarse hreceins, The folding from the final period of the Early
Cretaceous (dated 112 m. v. by K/Ar method) is also accompanied by metamorphisim.
sehistosity and diaphthoresis,

Paleogene Tolding is gencrally preceded by flyseh sedimentation. Tn the interior zone
the flvsel is of Maastrichtian-Danian age (alfected also by Cretaceous folding — D.
Civie 19637, Bisocu —A. Papa 1970, Aubouin—.J. Ndojaj 1964):
of Manstrichtian to Lower Focene age in the Albanian Alps: of Latest Farly to Late
Focene age in the Trontal part of the Visoki Ke& unit: of Maastrichtian 1o Late Eocene

we of the Trontal part of the Visoki K& unit: of Maastrichtian 1o Late  Eocene
we of the Budva-Zukali zone and Farly Oligocene in the Pindos unit.
The unils produced by Neogene Tolding are the following: the zone of Dalmation folds

1

i
i

in the Dinarides s s.. which was Tolded 1owards the end of the Oligocene. the Kruja-
Gaveovo units of Hellenides (Upper Prinbonian to Oligocene Flysch) and the lonian
zone Tolded after the Early Telvetian, The flyseh begins in the last-named zone with
the Upper Eocene and extends to the lowest Miocene, granding into the Lower Helvetian
Sehlier, The orogenie polarity vanished at the beginning of the Neogene: the foredeep
starting with the Upper Helvetian is superimposed on the syncline of the Tonian unit
and notl on the exterior Sazan zone. in which the flysch is absenl.

The late tectonic depressions were formed in the interior zones during the Lutetian
to Prinbonian, Towards the north they originated at progressively later periods: in the
Southern Alps the molasse filling of. e. g the Ljubljana zone begins with the Lower
Oligocene. Cretaceous folding of the Southern Alps was of small intensity: even in the
interior units the Neogene folding was more pronounced.

2. The lithologico-paleotectonic characteristics of the Dinarides:

4) The Lower and Upper Paleozoie. ineluding the Permian contains abundant carbo-
nates: molasse facies only oceur as interlayers,

B) The Dinarides differ markedly from other segments by a stronger dissection and
deep-seated tronghs, the marginal faults of which reach down to the magma chambers:
on necount of basie voleanies the tronghs are grouped with eugeosynelines. In the
Turassic and Eaely Cretaccous, hroad ridges subsiding intensively were significant tec-
tonic elements beside the deep narrow troughs, They constitute the so-called West
Dinarie tvpe with the Jueassie up to Lower Focene Timestones and dolomites atlaining
a thickness up 1o 7000 m. Thick dolomite layers. extending up to the Cretaceous, which
are common in other segments only in the Trinssic are aspecial feature of this segment.
This subsiding swell 1vpe is accompanied and disrupted by troughs filled with bathyal
carhonate Facies. The Tonian zone was of this type during the Dogger until Middle
Senonian. Characteristic of the Helenides is another narrow trough located on a deep
faull. which is represented by the Zukali-Pindos unit. Tu displays a rapid allernation
of Tacies. hoth in vertieal and horizontal direetions. an abundance of voleanies (mainly)
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in the Triassic and radiolarites in the Jurassic of Hellenide lacies. The trough stretehes
as far as the southern part of the Dinavides, being represented by thick Anisian flvsch
in the Budyva unit.

¢) Flvsch troughs are also distinetive of the strong dissection of the Dinarides s. . and
Hellenides, The Bosna and Vardar troughs are marked Crelaceous structures. The former
is situated at the boundary between the interior (alfected by Cretaceous folding) and
central zones. which only sulfered Paleogene [olding, The filling of the begins with the
Tithonian, which is locally transgressive on the Rozinacka diabase series (Do doma —
Mello 1967) and persists to the Aptinn, This complex is thrust over the Upper Creta-
ceons Durmitor flvseh (B Blanchet et all. 19G9).

In the Vardar zone. the flysch consists of the Tithonian-Lower Cretaccous eyele with
voleanies and of the Upper Cretaceous (Cenoman-Senonian) cyvele. They arve separated
by an uncolormily, which is in places accompanicd by molassoid coarse-detrital and
limestone facies.

The wide stratigraphic range and large thickness of the pre-ovogenice [lyseh in the
Zukalt and Tonian zones suggest that the [ysch troughs are superimposed on the older
ones. In the Zukali zone. the IKrasta variegated flvsch covers the interval from the Maas-
trichtian 1o the Early Oligocene. and in the lonian zone from the Priabonian to the
carliest Miocene,

The abundance of [lysch zones is reflected in the variety of types. The common
Alpide tvpes, such as [lysch s, s sandy [lysch, ecalearcous flyseh, crypto- and wild-
[lyseh, are complemented by special, so-called Adriatic flyseh type with thick layers of
organogenic limestones, 1t is connected genetically and structurally with the underlying
and adjacent lmestone masses (N Mah el 1972), In the Zukali zone, the hetero-
gencous Wrasta fyvseh (T. Bicoeu—A. Papa 1968) is distinguished by the varia-
bility of facies: in the lower part it is mostly of carbonate type, higher up it contains
the wildflyseh with limestone olistoliths and [lyseh s. s.. and in the toppart there is
a predominance of sandy [lvseh.

d) In the interior zones of the Dinarides and Albano-ITelenides the Upper Crelaceous
neritie, partly rudisti limestones of Gosan type arve widely distributed. They are un-
derlain by detrital limestones and conglomerates and overlain by pre-orogenic [lyvsch.
Geotectonically this limestone mass represents the intra-orogenic pseudomolasse.

Specilic of the Visoki Kr§ zone is the lale leclonic transgresive Promina Formation
(Upper Focene-Lower  Oligocene)  bearing  abundant  limestone  conglomerates  and
breceias, in addition Lo limestones, ealearenites, sandstones and clavstones with coal
seams. This sequence represents the illing of early depressions.

The stronger dissection of the Dinarvides and Albano-Hellenides in theirv interior zones,
due to deep-seated [aults. is reflected in the large extent of magmatites, which are early
geosyvnelinical as in the intervior zones of the Albano-1Tellenides also in the Centralide
Zukali-Pindos zone. The proportion of Alpine granitoids. which are distributed mainly
in the marginal (western) parct of the Serbo-Macedonian massif, is relatively large. The
wimount of late geosvnelinal subsequent voleanies and basalts Toeated at the margins of

the Serbo-Macedonian massil is smaller.
SoStructural characteristics of the Dinarides:
al The Vardar zone shows the most spectacular character owing Lo several leatures,

[t is conneeted with deep Taulis, which were the sites of basic voleanism in Early
Paleozoie and the Mesozoie (towards the end of the Jurassic and of Cretaceous). In the
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Late Jurassic. Late Cretaceous amd Neogene subvoleanie granitoid bodies were cmplaced
on thenr, The zone is tectonically exeeplional in that it is a hinterland  depression
(. Cirvie 19620, The intensive tectonic reworking of the Vardar-zone crvstalline
connected with Mesozoic metamorphism is also remarkable. The intensive folding and
structural connection with the Serbo-Macedonian erystalline massil and its intensive
dinphthoresis in the contact area points Lo slrong compression reaching 1o o greal
depth, and very likely 1o extensive engullment.

b) The Zukali zone of the Hellenides is 4 prominent genetie and struetural phenome-
non. The Budva zone in its northern projection links it with the Dinarides. The slicing
of the Zukali zone rvesults Trom its lithological variety as well as from strong com-
pression. 1L represents o deep-seated suture ol structureal importance.

¢ The intricate straeture of the Dinarides and Albano-Tellenides 15 due greatly 1o
dinpir tectonies. which is expressed on the one hand by dinpies of evaporites (chiefly
in the Perminn). which are manifested on the thrast lines. and by diapirie structure of
magmatites. mainly serpentinites. on the other.

|]) The Dinarides do nol possess o lrue l.nl‘l'(lvl'p, 1 is substituted ]l_\' the molasse-lilled
depressions superimposed on the synelines of the Tonian zone. The contact of the Dina-
vides with the platform is mediated by Cretaceous-Focene earbonate complexes showing
the gradual reduction of Tolding intensity,

o) Although the Tongitndinal SE-NW and - Gin the north) WNW-ESE trends  are
stevetnrally dominant. the transversal faalt lines also influenced the struetural plan. par-
Pienlaely threee of them that separate the individual segments,
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