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MICHAL MAHEL®

GEOTECTONIC POSITION OF THE FLYSCH IN THE EASTERN ALPS,
CARPATHIANS, BALKAN AND DINARIDES

(Fig. 1-2)

Abstract: Following manilestations of [lysch and its position in the
structural plan of lectonie units and its teetonie stvle in compilation of the
Tectonic Map of Carpathian-Balkan countries 1:1 000 000 we have distinguished:
I, Flysch s, s, 2. mavlstone flvsch or pre-lflvsch, 3. sandy flysch or coarse flysch,
ch, 5. heterogencous [yseh, 6. wildflvseh, 7. Krasta

A aleuritie [lysch, eryptofly
Myseh, 8. Dalmatian type of flyseh.

FFrom the standpoint of poesition of flysch in the history of the orogenic
svslem, ist relation to orogenie processes we distinguish: a) Flysech — prede-
cessor of folding, b) flyvsch zones [rom two and more [lysch sequences —
forerunners  and  or  accompanying  several  periods  of  folding, ¢ [lyseh
zones — particulae geosynelines, d) flyseh complexes, orifinally troughs, origi-
nated with the onset of paroxysms but unaccomplished, representing only an
inter-link amidst the upper part of the carbonate [ormation, ¢) [lysch between
two foldings — intraorogenic — filling up negative structures formed by older
folding, I) late-tectonie flysch in the hinterland of the flysch geosyncline,
@) facies as strange inter-links of limestone formations, characteristic of zones
active Llectonically,

Avrangement and disteibution of individual paleotectonic and  geolectonic

types of flysech is dilferent in the individual segments of the Alpides; in this
regavd the article shows the particularities of each segment.
OF importance particular in the Alpide are longer-dated [lysch troughs of
arious  tyvpe and  duration; troughs  mostly  originated  in the  Tithonian
and Cenomanian, They are founded on deep-seated fault zones: some of them
(later) have formed on older troughs.

Relations of the flysch and molasse are varvious, dependent on the position
of the geotectonic zone as well as intensity and tvpe of ovogenetic polarity.,

Peswme: Tlpu ncenenopanum nposeneHui ¢AMiA ¥ ero MOSHUMHM B CTPYKTYP-
HOM TMJAHE TEKTOHHIECKHMX EeNMHHL M ero TeKTOHHYECKOro CTHJA [PH COCTABJE 1HH
TeKToHHueckux Kipt Kapnaro-Baakixckux crpam 1: 1000000 M pasaugaes: 1.
Gammr c. c., 2. mepreamereiit ¢amm unm npendaum, 3. necuasmcrsiii guun, M
rpybeiit gamw, 4. anespuronstit dumm, kpuntodmmui, 5. rereporensbiit $amum, 6.
«nukuity pauw, 7. Kpacra ¢amn, 8. ginviruaeckuit tun ¢pamma.

HMexonn ma nosuumm $umwa B ucropuu ropoofpaasnatensHoil CHCTEMLl ero OTHO-
uwieHHe K OPOTeHHbIM npoueccam: a) ¢auu — NpenwesToeHHUK CKNanKkooGpi130BanuH,
6) damwenste aoHb ua apyx u Oosbuwie GAHMWIEBBIX CADEB — TMPENBEIIIOUINX MM
CONPOBOXMAAIMMX Bontuiee YMCAD NEPHONIB CKAAAK)I0DPa3oBaHuA, B) (auuensie
30HBI — OTHENbHbIE TEICHHKAMHAZNM, ) (auUesbe KOMIISKCH, NMEpPBOHAYIILILE
TPOTH. KOTOpble BOBHHKIM NPH HACTYIMJIEHMM NapINM3MOB, HO HE3AKOHYEHHbIE, Npel-
CTIBAAIUIHE  TOJABKD TPOMEKYTOYHCE 3BEHO B repxHedt  uacTH  KapGoHaTHCH
dopmaunu, 1) Ganw MexNy ABYMH CKNLAMATHIMH NPOUEICAMM — DBHYTPHOpOre:ic-
THHECKMIT — 3aMOJHAIOMINIT OTPMUATENLHBIE CTPYKTYPHI, BOSHHMKLHE B peayawTirte
Gonee mpestero cxkaankoofpasoBaHus, ) NOSNHETEKTOHMIecKHil ¢uui B Thiay dau-
WEBOH TEOCHHKAMHAMN, ) (QAUNH KiK uyiKAble NPOMESKYTOTHBE UI21Li H3EeSTHOB 9
dopMaLNK XAPAKTEPHLIE AR TEKTOHMYEIKHM AKTHBHBIX 30H.

PacusieHenue M pacriofoskeHHe OTHENLHBIX MAJNEITEKTOHMTEZKMX M TEITEKTIHH “cC-
KUX THNOB GAMmA PIlanM4YHO B OTHENRHBIX CEIMEHTIX AJBNMI; B OTCM OTHOWEHIH
AaHHAA CTaThA YK13bIBaeT HA OCOBEHHOCTH KAKIOTD CerMedTi.

* Prof. RNDe. M. Mahel, Dre. Se, Dionvz Star  Institute of Geology, Bratislava,
Mlynska dol. 1.
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OcofenHoe aHadeHHe MMEIOT B anbnuiax GoJjee NIMTENBHO NnponoJianiHecH CIJJ'IH'
mepele TPOrd pasHoOr'o THNA H MPOAOKATENBHOCTH; TPOTM KOTOPRIE B ocobHoCTH
BOZHHKNIH B THTOHE HAH B ﬁepuace. Oun PAasTNonoHEeHbl Ha [‘lesl)l(ﬂx 30HAX pasno-
MOB; HEKOTOpLIC Gostee mosofble BO3HMKAH Ha Gonee IOIPEBHBIX TpOTax.

BSRHMDCBH3& (IJJ'I!'U.I.[Z. H MOJACCHL paaanHa, B 3ABHCHMOCTH OT NO3HLUHH Te0TeKTO-
HHYECKOW 30HHI M TAKKe MHTCHCHBHOCTH M THMNA GPDI‘(‘HETH‘{ECHOE MOAAPHOCTH.

In spite of known relations of the [lysch 1o tectonies a whole series ol questions
about its genesis remains unelear. Compiling the tectonie map 1 : 1 000000 of a region
relatively heterogeneous tectonically including the Eastern Alps. Carpathians, Balkan,
Dinarides and Hungarian Median Mass we were paving parlicular attention to the
[lysch complexes in Lwo regards: a) Lo manifestations of the flysch in the structural
plan of the individual units: b) 1o relations of thicker [lyseh sirala lo processes of
[olding in time and space.

Manifestation of Flysch in Structural Plan

In the tectonic map of the Fastern Alps-Carpathians-Balkan and Dinarides we dis-
tinguished 8 tvpes of [yseh also Trom the standpoint of teetonies. The division Tollowed
struetural objectives: the distinguished 1ypes are paleotectonic categories with variaous
liability to folding. [lach of the mentioned Lypes is characteristic of cerlain Lleclonic unit
or ils considerable parl, 1L provides the material base Tor formation ol ils tectonie
sivle.

In considerable part of the flvseh from the point of view of strneture its thickest comple-
xes are 1o be taken into account in the Tirst place similarly as in the majority of other
formations. They form the bearing construction of lectonie units or of parls of them.
A Tactor important is the degree of their liability to Tolding and the ratio of compelent
strata to accompanying thicker non-llyseh rocks inside them.

We define the cight types of Tlysch distinguished from the standpoint ol teclonies as
follows (fig. 1):

1. Flysch s s is much liable to folding with Tolds of smaller dimensions. it increases
variely of the structure of nappes in the West Carpathians. most abundant in the nappes
ol the Eastern Alps. From lithological point of view it is a line rhytmical [lysch.

2.Pre-flyseh (marlstone (lvseh). Shows the style of folds. usually
upright but also interrupted by reverse faults: Trequently finely refolded (Te§in nappe
of the West Carpathians. essential part of the nappes of Ceahlau, Severin in the East
Carpathians). Is most tvpieal representative are the Sinain Beds (marlstone-claystone
complex with interealations of sandstone, marly limestones).

D Sandy [lyseh — conrse Tlysech with banks 1o masses of sandstones, forming
the substeatam for folds with a long radins of curvature. It forms the core part of
nappes. In the lower part of the front of nappes lenticular and imbricate styles are
found, originated by piling up of more plastic members and their tectonie reduction, An
example is the Godula nappe in the West Carpathians (Zd. Ro th 1972).

AATeuritic [1Tyseh (eevptoflyseh) with predominating claystones with interca-
Lations of sandy limestones, limestones, sills and sandstones and with layers of marls,
showing the style of small slices. More compacl layers of limestones or sandslones
form upright klippes. A dypical representative is the Subsilesian nappe of the West Car-
pathians, also the Audia nappe in the East Carpathians,
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. Heterogencous [lyseh characterized by variability in the type of flysch,
not only in vertieal but also in lateral divection. A typical example is the Mure§ unit in
ihe East Carpathians, In its western partial unit the sequence of members is as follows:
sptychus beds with ophiolites and jaspers — Tithonian: marlstone flysch — Neoco-
mian: sandy flysch — Barremian to Lower Albian: flvseh with voleanies — Senonian,
However. more eastwards the sequence is: sandy flvseh — Barremian: marlstone [Mysch
with agglomerates — Aptian: aleuritie flysch lving discordantly — Upper Albian; wild-
flysch — Cenomanian; flysch s.s. — Senonian. Beside the changes of flysch Lypes
i considerable amount of wildflyseh and voleanie rocks belongs to the particularities.
The heterogeneity in the content is manifested in the tectonie articulation into a series
of slices. each with a different type of flyseh, separated from one another by reverse
laults Tollowing the planes of material discontinuily.

6. Wild[Tyseh with thick conglomerales is often a facies accompanying the sandy
fysch and heterogencous flyseh only, Independently as a strueture it is shown as the
mass of the Bueegi Conglomerates in the East Carpathians, not much liable 1o folding.

7.\ heterogencous Lype of flyseh is the Krasta [1ysch occeurring in the Zukali
unit in the Albanides. A considerable variability of [acies is also typical of it, In the
lower part (Maastriehtian-Danian) it is predominantly of earbonale cha racler, where
marlstones. partly variegaled. alternate with limestones, Higher up. amidst sandstones
of an argillite flyseh organodetrital and nummulite limestones, conglomerate and
limestone olistholites are abundant; wildflyseh facies are frequent. The uppermost
parts (Priabonian) are represented by a predominantly sandy flysch only with thinner
argillite layers. The heterogenity of material is also shown in the complicale imbricate
stenelure giving rise lo teelonie complicatedness of the Zukali-Krasta unit (T Bicok w.
Ao Papa et al 19700,

& In the most Dinaride units. mainly in the zone of the Dalmatian folds and the
Velki Kid unit. the flysch is characterized by thick lavers of organogenic limeslones
forming ils more competent fringe. They condition not only ils genelic but also
stenetural linking with the underlying limestone complexes (B, Sikosek, W. Med-
wenitseh 1968). We distinguished it as a particular type and called the Dalm a-
tian type Inthe East Carpathians a similar type is Tound in the outermost unit —
Unite marginale (1, Dumitrescu et al 1963).

Relation of Flyseh to Processes of Folding-Geotectonic Types of Flysch

However. the structural share of rock complexes in formation of tectonie styles is
dependent on their geotectonie and spatial position in the first place. As style-forming
clements the individual flysch complexes are manifested mainly where they are Tolded
ouf from particular flyseh  troughs and /or partial  geosynelinal - structural-facies
zones. However, the flysch occurs more often only as the upper part of limestone
and /or limestone-marlstone sequences. linked with the substratum  steucturally. In
such cases it makes the structure of these units only more variegaled proportionally to
the degree of liability to folding. ¢, g. in the Krizna nappe of the West Carpathians.
In the case of more complicated refolding. mainly in nappe units, the flysch complexes
form the filling of slices and digitations in the fronts of nappes. . g, in the High
Tatra unit of the West Carpathians (M. Mah el 1967).

A Teature characteristic of the flyseh is beside its sedimentological properties also its
particular position in the history of the folded system. its relation 1o processes of
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lolding: therelore it is quile generally considered as orogenic Tormation, The opinion of
the flyseh as predecessor of folding in lime and  space respeclively as  formation
connected with orogenesis of the inner zones (J. Auboin 1967). however. requires
completion, In the extension of the Carpathians, Balkan and Dinarides several types of
[Tysch are to distinguish according to relation 1o Tolding (M. M ahel 1972),

a)Flyseh-predecessor of Tolding: represents the uppermost member
ol the sequence of sediments, [L usually rests without interruption on sediments of the
pre-llyseh stage. Alone it is immediately pre-tectonie. This type is wide-spread in the
Dinarides and Albanohelenides, where practically each tectonic unit terminates with
[tysch prior 1o ils folding. With polarity of Tolding a [lvseh becoming always vounger
may be Tollowed here from the more inner lowards the more outer units: in the Inner
Dinarides the flysch is Maastrichtinn—Danian, in the Visoki Krd, Budva-Zukali-Krasta
zone Maastrichtian—Focene, in the Dalmatian zone (nappe of Utka) and Kruja-Gavrovo
Priabonian—0ligocene, in the Tonian zone Upper Eocene 1o Lower Miocene (B, Sik o-
Sek, W, Medwenitseh 1965 T. Bicoku A Papa 1970, J. Auboin,
J. Ndojaj 1964).

In dhe South Carpathians the ysch is Upper Cretaceous (prior 1o the Early Paleogene
period); in the Balkan (central and eastern block) Tithonian—Lower Cretaceous and
Lower—Middle FEocene, preeeding Middle Cretaceous and Pyreneie Tolding: the inner
units of the West Carpathians (Krizna-Tatride) have Middle Cretaccous (Albian—Ceno-
nuanian} flyseh immediately preceding Cretaccous Tolding. similarly in the internide

units of the Fast Carpathians (Transylvanian and Bukovinian nappes). in the Apusins
(Codru-Moma and Bihor) and Eastern Alps  (Feankenfels nappe). There is  often
marlstonoe Tlyseh and [lvseh s, s, accomplishing the carbonate stage.

The [lysch, predecessor of Tolding. is manifested structurally as a seetion. the upper
part of tectonic units. Owing 1o predominantly good Lability 10 folding it brings about
teetonie variety. In nappe units it is piled up. refolded and digitated in the frontal part
ol the nappe. In accompaniment ol underlving limestone complexes of cordillern 1ype
with a tendeney 1o the sivle of upright slices and klippes it Torms the [illing of these
more compelent bodies, their tectonie cement, In the most Dinaride units the flysch
is usually manifested autonomically owing to considerable thicknesses and the presence
of thicker layers of limestones. which are able to form the cores ol folded structures

b} More complieated is the [lyseh zone consisting of two and more
[lvseh sequences —  forerunners  accompanving  and  preceding  several
paroxvsms ol Tolding, The individual Tlvsches are separated from one another by
discordances or non-flyseh complex ol small thickness, \s mainly zones of high
teclonice activity are concerned. it is also reflected in the variety of flysch types. In the
Mured and Vardar zones the [lvseh is Lower Creltaceous, also partly Tithonian and
Upper Crataceous (1 Dumitreseu et all 1962): in the Luda Kamehyia zone in the
Balkan the Myseh is Upper Ceetaceons and Early Paleogene (15 Bon ¢e v 1966). The
vsehes of the Klippen Belt of the West Carpathians, Middle but also Upper Crelaccous
and Paleogene in age. should be ineluded in this type. The variegation of flyseh is
emphasized by the Tacies of the Seaglin rossa. couches rouges or Phchov Marls —
eryploflyseh in the sense of Vassoeviesin places also the type of heterogeneous and
flysch accompanied by voleanies s spread. The variety in material of the [lysch
complexes is reflected in the variegation of the tectonie stvle. imbricate, sometimes even
klippen-like.

¢ The Flyseh zone ol the Carpathians and Eastern Alps has a particular type
ol the flysch association formed in a characteristic long-dated geosyneline,
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founded partly on a platform in the fore-land of the accomplishing inner geosyncline of
particular Apine type with the onset of the first Crelaccous paroxysms; folded out in
later Tertiary periods of folding. Distinel of this zone is an intense sedimentation in the
time of Cretaccous foldings intensely manifested in its hinterland  without marked
manifestations of processes of folding in it. A rebound of the paroxysms of folding are
mainly the changes of flysch types as a consequence of changes in paleogeography of
the area of deposition. In the first slage. Tithonian—Lower Crelaceous. sedimentation is
Little variegated. mainly of marlstone flysch, later dilferentiated in facies in vertical as
well as horizontal direction. according 1o the individual zones, Abundant is the fine
rhytmical and sandstone lyseh, however. in some zones also cryplollysch lacies are
present mainly the couches-rouges, In the terminal stage the late flysch is abundant,
with transition into flyschoid respectively molassoid with gradual disappearance of
Myseh marks, It is genetieally conneeted with originating molasse. The exlensive flysch
geosyneline. disseeted paleotectonieally. was transformed inlo a series of Leclonie unils
of nappes ol higher and lower order by processes of folding. In formation of tectonic
tnits primary dissection of the area of deposition as well as types of material of [lysch
were manifested inthe first place. The latter ones played an important role in
accomplishing of the teetonie siyle (secondary) in the individual nappe unils.

d) Flysehes originated with the onset of Crelaceous diastrophism (in the Tithonian) in
troughs (Luznitka zone in the South Carpathians, western block of the Fore-Balkan and
Balkan) but also (in the Upper Neocomian) still prior 1o termination of the sequence,
replaced by limestone facies, They are an inter-link of the upper part
of Timestone sequences. Owing to their thickness they appear quite auwloch-
thonously in structure. In both cases a flysch refelded in detail is concerned. partly of
marlstone character. partly flyvsch s, s.

) Flyseh Tormed bhetween two foldings — most [requently as
lorerunner of Tolding of a younger period — Filling up negalive struclures
erealed by carvlicr FTolding, For instanee. the Paleocene flyseh in accom-
paniment of couches rouges in the Northern Cale Alps terminates the set of facies
variable in horizontal as well as vertieal direction (marls. sandstones. conglomerates,
radist limestones. often facies of molasse type). With later foldings of the Paleogene
period this Tormation was incorporated into Cretaceous units and this way ils superimpo-
sed character has been concealed. Such types of flvseh are particularly abundant in the
South Carpathians. where the manifestations of Cretaceous folding were not more
intense. In the Danubicum mainly the sandy flyseh oceupies the essential part of Upper
Cretaceous sediments. A more distinet graben-like character. owing to younger longi-

o display the Upper Cretaceous filling with more subordinate
representation of flysch in the Timok zone, The flyseh is accompanied by Tacies of

tudinal Taults. appears

eryploflysch. molasse with coal seams and organogenic limestones. also thick intraorogenie
valeanies. An analogous situation is also in the Srednogorje zone of the Balkan, where
ihe portion of flysch is laeger, not only with termination of the eyele of sedimentation
but in places the flyseh of Turonian age is particularly thick. Superimposed synelinorii
allfected by intense Tolding are manifested there in strueture.

Dliate tectonie [Hyseh — paraflyseh in the sense of L. B Contesecu
(19641 has Tormed in inner carly depressions on longitudinal synelines originated by Cre-
laerons Tolding. Flyseh s s s predominantly  concerned  (Lutetian—Priabonian)
accompanied by complexes of carbonate molasse in the substeatum and near the
margins. Later Tolding affected this Tlyseh 1o a lesser degree only, Its protolype is the
Central Carpathian flyseh. There are slight. [lat folds, even vare in the southern zones.
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where the flysch character is disappearing. Compressional movements are mainly mani-
fested by backward reverse Taults of southern vergeney, Towards the Outer Flyseh Car-
pathians, o which the post-tectonie Tlyseh basins Torm the hinterland, rvefolding of
flvseh and its steatigraphic range (Upper Cretaceous—0Oligocene)  enlarge, Analogous,
more varied in the content and ol larger stratigraphic range. is also the Transcarpathian
Myseh in the East Carpathians, The tectonie alfeet of the deseribed 1y pe flysch diminishes
in inward direction. thus Traom the Flysch zone of the Outer Carpathians, with which it
s conneeled nol only in paleogeography but also tectonically, Tt is a flyseh attached 1o
the Flysch zone of the Outer Carpathians, more or less with the rebound ol folding
only. In many aspects is also analogous the [lysch of the Ostreni Basin in the Albanides
connected with the thiek flyseh of the Krasta zone.

a) Also when not abundantly, in the Alpides. mainly in the Triassic but also in the
Jurassic also Tlyseh Tacies as inter-links of limestones sequ-
ences. so called pseadoflyseh (L. R Conteseu 1964) are Tound. They were
folded oul later. i e, together with underlying and overlying limestone lacies, An
example is the Lower Carnian Lunz Member in the Chot nappe of the West Car-
pathians and /or Anisian flyseh in the Budva unit in the Dinavides (B, Cirie
1963). Upper Triassie flysch in the Kotel zone of the Balkan, Lower Doggerian [lysch
in the Klippen Belt of the West Carpathians, Sueh flvsehes are bound to the zones
most aclive tectonically. In many cases there is nol a “subordinate”™ facies
but to a considerable extent controlling the character of a partial unit, For instance, in
the West Carpathians the Lunz Member is characteristie of the Biely Viah partial unit
ol the Choc nappe, having displayed the character of a trough aclive tectonically in the
Triassic, Such flyseh Tacies represent strange inter-links amidst limestone formations
and Torm the base Tor vertical division of units. their splitling into partial units-slices.
The Choé unit of the West Carpathians provides a sulficient number of examples in this
regard,

Spatial Distribution of Individual Flyseh Types in the Alpides

Representation of flvselh Taeles generally and ol the individual paleotectonic and
geoleetonie types and theie distribution ave different in the individual segments of the
Alpides. 1t may be said that each segment has its arrangement of flysch characteristic
of i, indicating certain particularities of development. The changes and connections of
individual tvpes ol Tlyseh units in longitudinal direction may serve for consideration
of genetie relations and differences between the individual segments of the Alpides.

FEastern Alps

Distinet by a livde representation ol diastrophic facies in the more inner zones.

A paretly Tlyseh character displavs the Lunz Member — Lower Carnian — in the Lunz
nappe, The pre-orogenic Tlyseh s represented only by the Albian—Cenomanian in the
northernmost nappes of the Oberostalpin, in the Frankenfels nappe — the easternmost

segment: it lerminates the eyele of sedimentation (starting as early as the Permian) and
continues Trom the underlyving marlstone-limestone Neocomian complex, A particularity
ol this Myseh arve thick conglomerate layers with exotie material, In the more southern
Lunz nappe deteital Cenomanian oceurs only  seareely. in transgressive  discordant
position (B, Placehinger 19600, Other inner unils in the ecastern segment do not
show any diastrophic Tacies, [Uis remarkable that in the western section of the Eastern
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Alps, in the Grisonides on the territory of Switzerland, where Cretaccous lolding was
more gentle, diastrophic facies-predecessors of folding are known not only in the Ober-
ostalpin (thick Albian—Cenomanian silty shales with sandstone banks) bul also in the
Unterostalpin, The Lower Cretaccous alveady shows pre-flyseh facies (argillites. marly
shales with lenticles of grained limestones and polyvgenie breecias) followed by flysch
andl ervploflysch Tacies of marly limestones and marls of Cenomanian age (R. T rii m-
py 19700,

With a smaller portion also the intraorogenie (vpe of [lyseh (Paleocene) is represented
in the Cale Alps. mostly represented by variegaled marlstones of the eeyploflysch termi-
pating (Paleocene) the Upper Crelaceous complex of facies, partly of molasse as well
as limestone character of the so ealled Gosau type Crelaceous, lyving discordantly on
Cretaceous units but “adopled™ o them by Early Paleogene folding.

The main representative ol diastrophic Tacies of the Eastern Alps is the Flysch zone,
relatively narrow, however. covered by the inner unils in its larger parl. As to paleotee-
tonies, it represents a disseeted Tlyseh trough (Myseh geosyneline) having appeared 1o
the end of the Jurassic and the beginning of the Crelaccous and persisting as lale as
the Earlier Paleogene, The latest member in the western part is Paleocene, in the
castern parl, in the Wienerwald. Middle Eocene. and in the Helveticum Upper Eocene
(S, Prex 1968), The variety in Tacies is smaller in relation 10 the Flvseh zone of the
West Carpathians. with which it is connected. The whole eomplex starts with marlstone
fTvseh (Tithonian—Lower Neocomian): flysch s, s. with thicker sandstones in the Ceno-
manian. Maastrichtian and Upper Paleocene is predominating: however, the sandstones
are nol manifested in structure more distinetly. The variegated lacies of the cryplofllysch
are mainly the so called Buntenserie (Upper Crelaceous-Paleocene) of the Gresten Klip-
pen zone, In the Upper Cralaceous and Paleocene we may record migration ol the axis ol
the flyvseh trough 1o the noeth. A difference more distinel in contrast to the Carpalhians
is the lacking linking of the flvsch trough with the fore-deep filled up with molasse
(the molasse trough starled 1o appear lo the end of the Upper Eocene). Linking with
the pre-flyvseh substralum is unknown,

In western divection, in the Alps of Switzerland. the Flyseh zone is represented by
several flyseh complexes connected with the basement ol the individual partial zones
ol the Penninicum lolded out by Early Paleogene (Pyreneie) Tolding (R, Trimpy
et al 1970}, The southernmost Briancon zone has a thick eryploflysch representing
the Upper Cretaccous Trom the Turonian as late as the Upper Paleocene, the [lysch
reaches until the Lower Focene. A more distinet [lyseh trough is represented by Lhe
Valais zone. where the facies of schistes lustrées. thousand of metres thick, in essenlials
with marks of Tlvsehoid (mostly metamorphosed shales. partly sandy, with breecias —

Doggerian: shales with radiolarites and pelagic limestones — Malmian, shales and
ophiolites — Lower to Middle Cretacenos) passes trough the pre-flyseh facies (shales,

sindstones, limestones, polygenice breecias withoul regular schistosily) to the [lysch of
Uipper Cretaceons o Upper Paleocene age up to several thousands of metres thick
Vorarlberg, Unter-Engadin, Pritigau). The Helvetides situated more northerly have also
their flvseh, of sandstone character. Upper Priabonian—Lower Oligocene in age (more
or less detached Trom the substratum) — predecessor of Early Neogene folding.

The West Carpathians

are characleristic not only in a considerable extension of [lysch complexes but also
m representation ol practically all geoteetonie types, with a greal Tacies and paleotec-
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tonic variability. The distribution of Tlysch complexes is just one of the consequences
ol bipartily of the West Carpathians. with the Inner and Outer Carpathians,

[n the Inner Carpathians the Tlysch complexes are only of accompanying character,
making the palette of Tormations more or less variogaled. However. noteworthy is the
geoleetonie variely ol Tlyseh, A Tlyseh Tacies is displayed by the Lower Carnian Lunz
Member in the Chot¢ nappe, which in accompaniment of cherty nodular limestones
(Upper Anisian—Ladinian) of Reilling tvpe points al a narrow trough, active teetonically,
short-dated. The flysch and flyschoid Tacies of pre-orogenie flyseh terminale the eyele
of sedimentation of the Krizna nappe (Albian—Cenomanian) and of the Tatride units
(Albian--Cenomanian, in the High Tatea up to the Turonian), the flvseh charaeter with
inereasing sandstones is particularly distinet in the uppermost layers, Noteworthy are
the layers of conglomerales with material of pebbles not only from the underlying
Mesozoie but also Trom the crystalline basement (known Trom the Tatride units but
also Trom the Krizna nappe — M., Mahel 1967). In the Tatride unit interruptions
ol sedimentation have been Tound in places at the contact of Tlvschoid complexes
with the limestone substeatum, Surely it is noteworthy that in more southern units
ol Oberostalpinicum type pre-orogenie flvsch is absent like also in the Eastern Alps.

Neither intra-orogenie flvseh Tacies are absent in the West Carpathians. However,
they are only known from the SW spur. continuing from the Gosan development of the
Upper Cretaceous, in the Brezova Depression adjacent 1o the Klippen Belt. Also here
they are accompanying a variegaled palette of Tacies and Tilling up (also when refolded
alone) synelinorii superimposed on Crelaccous units,

A Teature characteristic of the Tnner West Carpathians, however is a thick late-
tectonie (Lutetinn—Lower Oligocene) slightly Tolded Tlyseh. Tilling up inner depressions.
i e two zones ol disseeted syoelinorii,

In the Klippen Belt we encounter a helerogencous [lyvseh. genetically connected with
several Toldings. vaviegated in Tacies and paleotectonically. with abundant representa-
tion of coarse Tlysch. also wildflvseh and ervploflysch beside flyseh s. s,

The frame of the Outer Carpathians is Tormed by the mighty Flysch zone, a large
disseeted  geosvneline extending from the Eastern Alps 1o the Fast Carpathians. In
the Carpathians section in contrast o the Fastern Alps) beside the great width and
thickness of the flysch complexes (up 1o 5000 m) the steatigraphic range (Tithonian—
Oligocene), displacement ol the trough axis oulwards in lale slages — or sedimentolo-
gical polarity and considerably variety in Tacies of the [lyvseh complexes are charac-
tevistic of it (Zd, Roth in T, Buday et all 1967). In the Lower Cretaccous the
lype of marlstone Nyseh and ol black aleuritic ervplollysch is predominating. In the
Upper Cretaceous. however, dissection s much greater. beside flvseh s, s there are
thick complexes of sandy Tlvseh hut also varviegated cevploflvseh: they are distinetly
manifested in disseetion of the Tlysch geosvoeline into cordilleras, In the Paleogene
heterogeneity of Tacies also continues. however, there is a dissection in a smaller scale,
with less differences in facies with rapid changes under general similarvity of Tacles.
The situation changed in the Priabonian so that the Oligocene is characterized by a rel-
atively  considerable homogeneity ol Tacies. Tiest with Tlyseh s, s, later with sandy
flyseh with teansition into Tlysehoid to molasse. The connection of Tlysch Tacies with
molasse ones also in o vertieal divection and spatial connection of the Tlyseh geosyneline
with the Tore-decp is immediate.
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The Inner Carpathians are linked with the Hungarian Midmountains showing
several particularities also in representation of diastrophic facies. In the first place
their small portion in relation to the Alpide segments is conspicuous; mainly the lack
of flysch facies in pre-orogenic periods or pseudollyseh. The pre-orogenie Crelaceous
Myseh is also lacking. also when the evele of sedimentation of Mesozoie (Perminn—
Lower Crelaceous) sequences terminates with deteital sediments as o rule. A certain
tendeney to diastrophism indicates only the Valangianian complex in the Gereese Mis.
(L. Fiilop 1961, Neither Upper Cretaceous sediments, predominantly coarse detrital
and reel limestones — of Gosauw type have accompaniment of flyseh. A curiosity of the
Hungarian Midmountains. however. is the Senonian—Eocene (Lower Oligocene?) Szol-
nok flyseh central trough. affeeted probably by Savian folding (K. Bal ogh L. Kao-
rassy 1068, putting  Torward much surmise by its position belween the Hungarian
Midmountains and the Apusins,

The Npusins

are often considered as continuation of the Inner Carpathians: in representation of
diastrophic facies they approach them in the presence of Lower Crelaceous pre-orogenic
Myschoid complexes in the Codrea nappe and of Upper Aptinn—Cenomanian ones in the
Bihor autochthon (M. Bleahu D, Patralios et all 1967). From the SW side
they are bordered by o trough with  heterogencous Tlyvseh (see Fig. 1) alfected
by Mesocretaceous as well as Early Paleogene Tolding. extending in direction diagonal
to the axis of the Early Mlpine geosyneline without eloser genetie linking.

Fast Carpathians

A particulae: morpho=structural but also genetically different segment of the Car-
pathians extends casterly of the Strij-Latoriea Fault Line. The Klippen Belt and s
aceompaniment ol the Central Carpathian Flyvseh terminate here gradually and more
northerly the Marmaros Massil begins, accompaniced by the group of the Bukovinian
and Transylvanian nappes. No other arca of the Alpides is cqual lo the area under
consideration in the abundance of wildflyseh 1o paramolasse and thal in the posilion
ol pre-orogenic (prior 1o the Cretaceous folding) and inter-orogenic one (helween the
Cretaccous and Early Paleogene Tolding), In the group of the Bukovinian nappes there
is. & thick pre-orogenic Barreminn—Albian fvseh with abundant wildllyvseh Tacies and
basic voleanies and with olistholiths of Hmestones. devived Trom the fronts of moving
nappes of the Transylvanian group. The distinet Ceelaceous dinstrophism is accompaniocd
by thick conglomerates of the Bueegi 1vpe (1500—=2000 m): some authors consider it
as paramolasse (Lo Ro Conteseun 1968 others as wildllvseh because of diastrophie
lavers (G Muvgeanuw Mo Filipeseu 1960, A tvpe analogous of conglom-
erates Veacon'an——Cenom;

e inage transgressively and discordantly overlaps the
Hagimas nappe and the Bukovinian nappes (M. Sandulescu 1967).

Another Teature speeilic of the East Carpathians is the mighty [lyseh trough ot the
boundary ol the Tnner and Outer Carpathians, mainly filled up with a thick Myseh
Tithonian 1o Albian in age. especially with marlstone flvseh of the Sinaia Beds with
doteital material inereasing in the Aptian and Abian (. Dumitresen ot al 1962)
An evidenee of the deep foundation of trough is the presence of basic rocks. The second,




218 MAHEL

inter-orogenic evele with less representation of [lyvseh Tacies. accompanied by erypto-
Mysch and wildlysch. Torms the upper stage of this trough. from which the nappes
of Ceahlau and Baraolt were folded out. probably during the Early Paleogene folding
(M. Sandulescu 1971).

Several particularities displays also the Flyseh zone of the Fast Carpathians with
distinel orogenie polarity and  vertieal as well as lateral linking with the molasse.
Among the particularities  should  be included  the mighty  development of Lower
Cretaceous flyseh in aleuritic (black) Myseh type in the Audia and Macla Zagon unil
and llyseh s, s. with enxinie facies in the Corbicortale unit: the mighty development
of sandy [yseh mainly Paleogene in age (Tareau Sandstones up 1o 2000 m thiek) in
the Tareau nappe. The northernmost unite — Marginale unit shows a particularity in
representation of limestones and conglomerates amidst flyseh sequences (Eocene—0Oligo-
cene —J. Dumitreseu et al 1962),

The South Carpathians

provide a quite different picture in disteibution of flyseh. The externide Flysch zone
aradually disappears in them and the Tlvseh is coneentrated in o trough situated between
the more inner and outer units, This Severin-Wraina trough also hegan in the Tithonian.
persisted in the period of the Lower Cretaceous (AL Codareca. Raileanu o al
1961). only in mare southern areas on the teeritory of Bulgaria in the unit ealled Kraina
flvsches also appear in the Upper Crelaceous. even in the Ypressian and Lutetian.
however. separated by interruptions of sedimentation G the Upper Cenomanian and
Danian),

In the group of pre-orogenic Tlvsehes also Tlvsehoid sandstone-claystone complexes
may be ineluded. aceomplishing the evele of carbonate sedimentation of the Getie nappe
to the end of the Aptian.

[n the Outer units of the South Carpathians there are thick complexes of coarse-
detrital Turoninn—Senonian sandy [vseh (fyseh of Mehedinti) or with considerable
portion ol conglomerates (" A rzana Flvseh) (AL Codareca. Railleanu 1961,
This Mysch may be also characterized as inter-orogenic. however. more linked with the
limestone substeatum strueturally as the Mesoeretaceous Tolding was more gentle in these
areas and the main ereator of the lectonie unils were Early Paleogene movements.

In the inner units alfeeted by intensive Cretaccous Tolding the Upper Crelaceous
complexes. Cenomanian—"Turonian in age (detrital Tacies with abundant sandstones and
conglomerates as well as coral limestones)  display the  character of pseudomolasse.
[Towever. even a smaller portion of Tlvseh Tacies or marlstone ones with the tendency
to flvseh is not Tacking (Nadanova Beds),

A particalar position represents o mighty trough of the tvpe of superimposed linear
graben al the boundary of inner and outer units — the Timok graben. Its specilic
feature is o variegaled sedimentary-voleanogenic complex up 1o 3000 m thick (strati-
graphic range Cenomanian 1o Danian)  with  brackish-lagoonal  Tacies  including coal
soms. bitnminons shales and  sandstones:  shallow-water  detreital  and  organogenie
limestones. a plenty of extrusive voleanies. andesites, 1afTs agglomerates and  dacites.
with abundant porphyeite andesite dykes. A considerable part is also represented by
cevploflyseh Tacies of couches rouges and also flyseh (P Stelfanovic, M. Andel-
koviee Ao Grabie eral 1967 but only as one of the Tacies of this voleanogenic-
sedimentary Tormation varied genetically,
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Balkan

Very distinet features in disteibution of diastrophic  facies  shows the Balkan, in
which in the first place the lack of distinet externides with predominating flysch and
molasse Tore-deep is to emphasize. The Flysch zone. more distinet morpho-structurally,
is represented by the Luda Kamchiyva zone in the eastern part of the Balkan at the
boundary ol the inner and outer zones. OF considerable importanee in the structure is
the Tithonian-Berriasian as well as Upper Cretaccous flvseh linked with the voleano-
genic-sedimentary Tormation.

In the Balkan the onset of flyseh in extensive flyseh trough also started in the
Tithonian. In the more southern unit. Strandza. the flvschoid complex of black elay-
stones with interealatons of marmorized limestones and layers of diabases terminates the
predominantly earbone sequence prior 1o the Early Cretaceous Tolding (1. Boneey
1966).

A mighty Tlyseh is charaeteristic of the Balkan. mainly its centeal block weslerly
of the Jabloniea Line. Aeccording 1o 1K, Nadev (1969) the so ealled Niz-Trojan
partial geosyneline is concerned. extending from the eastern border of the Serbian-
Macedonian Massil Tollowing the northern margin of the Rhodope Massif along the
Balkan. about 500 km long and up to 130 ki wide. Thickness of flyseh attains up 1o

3000 m and beside predominantly Tine rhytmical Myseh also subflysel and even wild-
Myseh take paret in i, Remarkable is the short duration (Tithonian 1o Berriasian) as
well as the position of flysch in stratigraphic sequence. The flvseh develops suddenly
from carbonates of the  Kelloway—Kimmeridgian  complex. However, in places the
development is gradual Trom leptogeosynelinal members ineluding radiolarites with the
presence of o thin layer of pre-flyseh (oral communication of 1. K. Naéev). The
carbonate-tervigenous formations replace the flyseh also in its overlier, mainly situated
in the northern parts of the flyseh trough. at the southern margins of the adjacent
more novthern Moesian platform. These complexes overlying the [lyseh ave considered
by LK. Nadev (1969 as a Tormation of the lower marine molasse lilling up the
lore-decp linked with the flysch geosyneline in the time of northward migration of the
axis. The inner depression should be represented by Albian () —Cenomanian inner
basins bordered by Taults of linear arrangement in the southern parts of the flyseh
geosyneline, filled up with o coal-bearing terrigenous Tormation — the upper molasse.

A particular struetueal position display the flyseh complexes in the Srednogorie zone.
Flyseh is Tilling up synelinorii there in accompaniment of the Upper Crelaceous varie-
gated voleanogenie-sedimentary formation replacing laterally the elfusive-porphyrie for-
mation {andesite- latite). Especially thick is the flyseh in the synelinorii of Burgas and
Surna Gora. not only in the upper layvers (Maastrichtian—Danian) bul in places also in
the Turonian. thus in the lower parts of the vaviegated and changeable Tormalion:
representation of flyseh is essentially higher compared to the Timok Graben, This flysch
is a parl of the inner-orogenic Lype.

The more northern flyseh trough of the Luda Kamehiva unit (Emin Depression of
LK Nadev 1969) separated by the narrow zone bult up of older Tormations of the
Srednogorje starts with conglomerates, Tts essential part is rvepresented by a predomi-
nantly marlstone-fyseh thousand of metres thick (Turonian—Paleocene). The higher
complex with sandstones predominating (Ypressinn—Lutelian) but with conglomerates
of wildflysch type is considered by some authors as the upper horvizon of the flysch
geosyneline (I Bonéev 1966). by others as aleeady the lower molasse. a part of the
extensive fore-deep reaching also the Fore-Balkan (1. K. Na¢ev 1969). This later-
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Mvseh and /or Tlyschoid Tormation precedes the Pyrencie Tolding involving a change
in development of the Balkan, the onset of Tormation ol Trequently transversely oriented
inner basins with typical molasse. From the standpoint of paleotectonies the Luda
Kamchiyva zone represents a trough Tounded in the period ol Cretaceous folding and
terminated by Late Hlveian or Pyrencie Tolding, Interruptions of sedimentation between
the Turonian and Senonian and alter the Paleocene are only maniflestations of the
individual acts ol Cretaccous Tolding and earlier manilestations ol Early  Paleogene
folding.

The narrow Kaolel zone situated more northerly of the mighty Luda Kamehiya Flysch
zone resembles the Klippen Belt of the  Carpathians in its structural  character: it
displays flyseh Tacies (marlstone Tlyseh with wildllvseh and olistholiths) in the Norian
and aspide to flysch facies of argillites with layers of quartzites and breceiated conglom-
erates in the Doggerian, The envelope of these Klippes is Tormed partly by Upper
Crelaceous marlstone fyvseh (Cenomanian to Senonian). partly fmainly in the northern
part) by the Upper Cretaceous inmore norvthern. platform development.

Dinavides and Mbano-lelenides

Characteristic by an especially great representation ol Tlvseh are the Dinavides and
Mbano-Helenides, with considerable variety of paleotectonic and geoteclonie tvpes of
Myseh, Thicker Tlyseh Tacies we encounter also amidst older carbonate  sequences,
marlstone Tlyseh in the Anisian (Budva) up 1o 2000 m thick and variegated flysch,
partly voleanogenic in the Jurassic ol the ophiolite zone (B Civid 19630, In both
cases unils with higher sea-lloor dynamies are concerned. The essential part of the
Myseh o the Dinaeides and Mbano-lelenides s ol pre-orogenie Tlvseh character. ter-
miinating the evele of sedimentation of units preior 1o their Tolding, Characteristic of the
Dinarvides and Albano-Helenides is o polarity of Tolding with gradual migration of the
axis From the inner towards the outer units (B.SikoSek. W Medwenitseh 1965,
Aubuwoin Jo Jo Ndojay 1964, As a consequence of that also the flvsches are
Lecoming vounger and vounger from the inner part in outward direction in essentials,
In the inmermost units there is paretly Tlvseh s s partly sandstone flyseh developing
trough o laver of globotruncan marlstones and marly limestones  (200—=300 m) from
thick organogenic and organodetrital Upper Crelaceous limestones, These. however, are
usually resting discordantly an carlier Mesozoie substeatum. The Maastrichtian—Danian.
in places perhaps also Lower Eocene Tlvseh this way represents lermination of 1he
second evele of sedimentation. the inter-orogenic evele Tormed between the Mesocre-
taceous and Farly Paleogene Tolding, As the Cretaceous Tolding was gentle. however,
it represents o part of the inner units (B Sikosek. Ao Grabie, B Civie el
al 1967,

Morve westerly near the eastern margin of the Vysoki IKes unit the so called Durmitor
Flyseh, partly a0 elavstone-sandstone Tlyseh with lavers ol organodetrital limestones,
corresponds 1o the Maasteichtion—Danian (B, Sikose k. W, Medwenitseh 1965,
In the MMbanian Apse known as Vermosh Flyseho 500—=700 m thick. it corresponds
to the Maasteichtion—Lower FEocene (1, Bicokuo Ao Papa 19700, In the Vysoki
s discordantly above the  Tlvseh Tacies the molassoud Promina Formation is Tound
with predominating conglomerates. calearenites and Tinestones, [Uis Tate-teetonie in the
more Trontal part parctly also with Tacies ol Tlyschoid  character — Upper Focene—
Lower Oligocene inoage. Near the outer frontal part of the Vysoki e unit the limestones
reach as late as the upper parl of the Lower Foceene, Tollowed by Tlyseh Dalmatian with
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layers of limestones, In the Budva unit varied in Tacies and tectonically already the
Upper Cretaceous (Campanian—Maastrichtian) is of ervploflyseh development (couches-
rouges) whereas the Upper Masstrichtian 1o Eocene is represented by a [lysch variegated
in facies, In southern continuation in the Cukali and Pindos units in the Albano-
Helenides (T, Bicoku. A, Papa ctall 1970. J. Aubuoin, J. Ndoja 1 1964)
the flyseh started as early as the Maastrichtian and reached the Upper Eocene, in
places in the Pindos zone probably as late as the Lower Oligocene. In the northern
parl it is known as the Krasta Flyseh more than 1000 m thick. In the lower parl il is
terrigenous-carbonate: sandstones and elaystones alternate with nummulite limestones.
Near the cordilleras conglomerates are abundant. however, also variegated and pink
marls are frequent. In the middle part wildflyseh is abundant organodetrital limestones
and conglomerates, also limestone olistholiths (Lutetian). In the upper parl sandstone
coarse flyseh is predominating: argillites form only thin interealations (Prinbonian).
However. changes in the type of flvseh are not only in veretical but also in longitudinal
direction of the wnit. In the northernmost part of Albania the so called Xani Flysch is
known with aleurites, claystones and marls predominating. thus an aleurite 1o marlstone-
limestone ysch Maastrichtian—1ocene in age.

n the Dalmatian zone usually flyseh s. s, with layers of organogenic and organo-
detrital Timestones teemed as Dalmatian type by us develops from Eocene nummulite
limestones at the beginning of the Upper Eocene. It reaches as lale as the Upper
Oligocene, In more southern continuation. in the Kreuja and Gavrove zones there is
mostly a sandstone flysch Priabonian—Oligocene in age with lavers ol conglomerates
and olistheliths of limestones.

In the outermost lonian zone a flvseh velatively thick starls with the Upper Eocene
and reaches as late as the lowermost Miocene: it is linked through the Lower Helvelian
schlier with the superimposed fore-deep-preceding the folding having taken place alter
the Lower Helvetian (J. Aubouin. J. Ndojaj 1964). In essentials there is a fine
rhytmical [lyseh with two components. in the Oligocene with increasing amount of
coarser sandstones. Near the outer margin adjacent o the outermost unit of sill Lype
without flyseh — the Sazani unit. limestones are predominating in the [lvsch.

Owing to thickness as well as the wide stratigraphic diapason, mainly in the Cukali
zone, some ol the mentioned pre-orogenic types of flysch represent a deep. dissected
trough in the proper sense of word, O a type particular are other two lroughs in the
Dinarides. In the wide zone of the Durmitor Flyseh a Lower Crelaceous flyseh thrust
on the Upper Cretaccous [lyseh in the time of the Farly: Paleogene Tolding was found
in the last years, folded out from a narrow trough situated al the boundary of the inner
and outer Dinaride units. described as the so called Bosniak unit. With its southern
promontories it reaches as far as the AMbanides (K. Blanehet. J. P. Cadel
JoCharver o P Rampnooux 1969, Sarting with the Tithonian or Berriasian
it reaches as late as the Aptian, possibly also the Cenomanian in places. In essentials
there is o pelitic sandstone flyseh with lavers of Tine-grnined limestones. often with
cherts. In higher layers the amount of sandstones  and  micro-hreceiated  limestones
increase. An o analogous flyseh is lving transgressively on the ophiolite Mirdita  zone
(Dodoma. Mello 19671, The substentum of the Tithonian flyvseh of the Bosniak
unil is formed, by the diabase-cherty Tormation of the Jurssie: the position of llvsch
I8 lransgressive,

Anextensive flyseh trough of particular tvpe split into several subsparallel zones
with different development is the Vardar zone near the eastern margin of the Dinavides
(B. Cirie 1963). The [lysch Torms two eveles: a Tithonian—Lower Crelaceous and
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Upper Crelaceous one. separaled by discordance often accompanied by interruption, or
molassoid. coarse detrital and limestone lacies, The Tithonian—Lower Cretaccous [lysch
sometimes displays o character of an aleuritic flyvseh. The Cenomanian—Senonian
flysch attains a thickness of up to 1000 m in places. More frequent are also manifesta-
tion of voleanism. in the lower as well as upper evele,

In the NW part at the boundary ol the inner Dinaride units and the Vardar zone
a Lhick Tlyseh known as the Majeviea Flyseh is developed. Tt starts with the Lower
locene and passes into molasse in the Lower Oligocene, Tt is anly slightly alfected
by folding. We may range it 1o the dvpe of late-lectonie types alfected by folding
lading out only. Tt represents the basal Tilling of the hinterland depression (B, Cirid
1963).

A Lypieal inter-orogenie Tlyseh is the flvseh in the Horst-Graben zone accompanying
variegaled complexes of alternaling various Lypes ol Tacies: grev marls, dark-coloured
clavstones. sandstones, rudist limestones. conglomerates grouped inlo lwo eveles: the
Cenomanian—"Turonian and Upper Turonian—Senonian one. The flyseh and [lyvschoid
are abundant. mainly in the Senonian Gsoutherly of the Babia Gora Mis.).

Conelusions

Following ol distribution of the Tlyseh and its types in the individual tectonie units
ol the Fastern Alps. West Carpathians. Balkan, Dinarides and Albano-Helenides provides
us the possibility 1o express some conelusions,

I. The flyseh Tacies oceurring amidst predominantly limestone sequences of the
Trinssie awndd Jurassie (in the Anisian, Carnian. Liassic and Doggerian) are bound 1o
units folded ont from narrow troughs, manifested in o more dynamie type of sediments.
The ocenrrence of the Tlvseh in them should be considered as evidence of this dy-
namies.

2, The thickest Tlyvsehes as well as those most variegated in facies have formed in
longitudinal troughs, They have usuallv a wider stratigraphic range than the pre-
orogenie [lyvseh in adjacent units, from which they also differ in more thickness and
variely. Such trough originated most abundantly as early as the Tithonian or Berriasian
(Flyseh zone of the Eastern Alps and Carpathians, Ceahlau-Severin-Krajina zone. Niz-
Trojan trough in the Balkan, Vardar zone. Bosniak zone). ITn the most of them the
tectonie units formed as lale as the Early Paleogene folding, even in the time of the
ILarly Neogene Tolding in the Flvseh zone of the Carpathians.

Other troughs formed already in the Middle Cretaceons: the Luda Kamehiya and / or
the Budva-Cukali-Pindos in the Upper Crelaceous,

In some troughs after initial intense sedimentation (Niz-Trojan trongh) dyvnamics was
aradually diminishing: the flyseh is replaced by detrital limestones,

In the majority ol troughs the flyvseh starls with more pelitic. mainly marlstone-
earhonate sediments. o marlstone — and /or aleuritie flysch: in hinger horizons the
amount of coarser deteital roeks is increasing more and more,

The geotectonie position of troughs in the geosynelinal system s varied, however
always at signilicant boundaries of blocks: they are evidently hound to deep-seated
Faults, The tronghs are most abundant at the boundary of onter and  inner  zones
(Bosniak. Luda Kamehiva, Ceahlau-Severin): others form own externide geosynelines
(IFlysch zone of the Carpathians), a parcticular type is the inner marginal syneline —
the Vardar zone, The Mure§ trough is situated in direetion diagonal to the adjacent
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orogenic mountains of the Western Apusins: it differs from other ones in an essentially
higher portion of velcanies.

In some cases the troughs are developed in the overlier as the upper parls of older
troughs (Cukali in the Albano-Telenides, the Valais trough in the Western Alps) — in
stiech cases the flvseh sequences are usually linked with the foregoing trough [illing —
the pre-flvseh Tacies. Other troughs develop as new structural forms (fig. 2).

3. Relation of flyvsch 1o the molasse is complicated. The period of the lyseh is usually
replaced by the molasse period. In arcas with developed orogenie polarity the flysch
ol the outer units alternates with earlier molasses in the inner zones. Such molasses are
usually  discordant and  alleeted by rellected movements and show indications of
diastrophismi (sehlier, interealations of [lyschoid facies in the Oligocene to Helvetian
of the Inner West Carpathians). In the outer units formed in the period of processes
ol Toldings lading out in the neighbourhood of the platform the flysch passes into mo-
lasse in lateral as well as vertical direction, There is no immediately pre-orogenic [lyseh
but the molasse Tacies olten accomplish the exvele of sedimentation ol the teclonie unils
{outer nappes of the Flysch zone in the Western and Eastern Carpathians). Where
orogenelic polarity is less evidenl, linking of Tlyseh with molasse disappears mainly
in lateral distribution (western section of the Eastern Alps and Western Alps, South
Carpathians).

4. The Tormations most variegaled in lacies with sedimentation least regular formed
in the Upper Cretaceous in areas. where they represenl intra-orogenic formalions, thus
formations originated in the period between the Crelaceous and Early Paleogene lolding.
The molasse Tacies are Tound together with ervplollyseh as well as [lyseh facies. The
tendencies towards lroughs are combined with carly depressions of graben-like shape.

5. It is without doubt that the particularities among the types of flysch the late-
orogenie flvseh belongs. Remarkable in the Carpathians is its spatial and structural
linking with the Klippen Bell. thus the zone of a deep-seated [ault, In direction lowards
the Klippen Belt teetonie deformation of the [lyseh as well as ist straligraphic range, ils
linking with the flyseh geosyneline in general inerease. With lermination of the Klippen
Belt in western as well as caslern  direction also this type ol flysch disappears. The
Klippen Belt was evidently plaving a part in the origin of this lacies markedly pro-
genelie in its  character. however, corresponding 1o posl-leclonie struetures in ils slruce-
tural position.

G. In the Alpides a considerable extent Talls to the Myseh complexes, among which of
particular importance arve those lolded out from troughs and lor particular geosynelines.
Characteristic of them is: frequent linking with the Toregoing leplogeosynclinal sedi-
menls (with deepening): accompaniment by basic voleanies in the basal part: coinci-
denee in time of Toundation ol the [lysch trough with commencement of the first fol-
dings in the Alpides in the Tithonian and the lTater ones in the Albian — Cenomanian,
i. e. with the period of most intense deformations of the inner zones. These cireum-
stances extended by inter-block position of Tlvseh troughs, rool-less nappes filded out
from them. offer the idea to link them genetically with weakened zones. formed by
intense basification, These views also result [rom comparison with old Pre-Carboniferous
complexes, which are mostly of flvseh and aspide type.

Translated by J. PEVNY.
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