GEOLOGICRY ZBORNIK GEOLOGICAY CARPATHICA NIX, | BRATISEANV AL DN 1968

ROBERT MARSCIHALKO®

FACIES DISTRIBUTIONS, PALEOCURRENTS AND PALEOTECTONICS
OF THE PALEOGENE FLYSCH OF CENTRAL WEST-CARPATHIANS

(Fig. 1—13

Abstract: H} seh basin ol the conteal \\'P:\'-!-l.:ll'p.'ll||].'|l|.~a liits I_\'|ris'.'|| laternl
and longitudinal cureent patterns, The origin of conrse-clastic narginal  [pro-
simall faeies including Muxotoebidites and olistholites is evidently dependent
upon lateral supplyv. Fine-geained material was longitudinally teansported. Strong
al effeets Tound by courrent study, were also there where no comrse-vlastie
inl wis supplicd.

High tectonie activity of intrabasinal sonrees

nditioned L sl avila-
winal facies, Co
terial was _-;|:n|':u|1|1l||)‘ r:l||:|:|i=-f| |1I\' sl oo by tectonieally s<table land areas,

1"[)_-w[| trough was Tormed on the basement Tolded by Cretaecous oragene, in-
heriting stractural Teatures of the basement. The norvthern margin of the trongh
is connected with orogenetic process and with submarine folding in outer IFlvseh
veasvneline,

tional mass movement and  development of o se-clastie -

lutroduction

There are still more sedimentologic works dealing with the Tacial model of the
Flvseh basin. In reconstructions the Tollowing lactors are considered: 1. Distribu-
tion of Tacies and palacocurrent svstem: 2. Petrographical character ol rocks
and tvpes of sedimentary struetures: 3. The velation of the lithie T o tectonie
selling.

Due 1o the high degree of the tectonte disturbance of the Flyseh basins by
folding. the former Tactors are dilficult 1o be analyzed. the reconstruetions being
unreliable. With respect to this. the Flvseh of the central West Carpathians has
i suitable position, representing an additional trough connected with the ouler
Flvsch geosvoeline from the south. The trough was filled in o relatively shor
time (Eocene—0Oligocenel. then slightly folded. mainly on the contact with the
klippen belt. Facies disteibution and paleocurrent patterns indieate the supply
ol conglomerates. hreecias with the development of sandstone Tacies Trom the
teelonically active source areas Lo the basin, The development of these marginal
coarseclastic Tacies was [requently erroncously identiflied with the basal forma-
tion. their genesis. however. was not accompanied  with  the  shallow-water
organogene limestones of the transgressive tvpe. neither with the wave-action.
The opinions about the origin ol Tine-grained material in the Fleseh are nol
unambiguous, Do Andrusov, Ko RKO e s (1963 palacogeographic recon-
structions proved that the souree area might have been to the south ol the
Flvseh basing Especially Do A ndrusos (1965 supposed the souree ol the
Flvseh elasties in the arca ol the Spish-Vepor land arca and in the Orava
cordillera, Neither Fo P ieha (19650 did solve the problem of the source of

L Marsehalko, Coen Gealogieal Tastitate of the Slovak Aeademy ol Seiences, Bran-
~lava, Oheameoy miern 41,
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fine-grained  material, although the study ol heavy minerals  indicates  the
transporl ol psammitic material from lateral sources. The position of the source
arcas supplving the clasties into the basin. was solved in the regional study by
R Marsehalko, A Radomski (19600, The authors sought for the con-
nection between the paleocurrent svstem and [acies distribution. stressing the
[act that the paleocurrent patterns offered a picture thal cannot be contradicted
withoul heavy arguments. This was illusteated by the analvsis of the transporl
direction around the so-called Tatea island”. which showed that the currents
were directed to the island especially in upper constituents ol the Priabonian
Flvsch — and not in the reverse course —. and the material of the clasties was
celling liner when nearer 1o the supposed Leordillera. Palcocurrent studies by
S Dzulvnski and Ab Radomski (1955, J. Jablonsky (19611,
T. Korab etall (1962). M, Misik. O, Fejdiova, o Iahler (1967).
completed and exacted by the author’s measurements in the last time. enlighten
the problem of the Tilling ol the basin. the position ol source areas. and
|:;l|:u-nlt‘|'l=mil- rll'\'(.‘llllll“('lﬂ.

Stratigraphic-Facial Division of Palaeogene of Central \West-Carpathions

The Palacogene under study is to the south of the kKlippen belt. in continuons
regions or in separaled depressions or inosmaller isolated basins (in geomor-
phological senser. In the north. the borderline against the klippen belt is teetonie
lie. 10, In the recent vears (B Led ko 160N NMatepka 1961 equivalent
Flvsch Tacies were Tound in this tectonie unil, even older than the transgressive
constituents ol the Palacogene of the West-Carpathians. thal extended also 1o the
south of the Klippen belt into the area ol the West-Carpathians, These devel-
opments will not he dealt with in the present article.

In the Palacogence. the Tollowing litholacies (F. Chmelik 1967 were
distinguished. beginning with the basi:

. Basal transgressive lithofacies (non-Ilvsch

2. Clavstone lithofacies (Flvseh with predominanee of clavstones and sub-
[Flvsehi

S Clavstone-sandstone litholacies (v pieal Flyvseh)

Ao Intermediate and sandstone litholacies tyvpieal and coarse Flysch
o0 Marginal conglomeratic=sandstone litholacies (OWild[Tvsch)

Most stable on great extent is the Easal Titholaeies, The Tlheseh litholacies aree

passing into one another horizontally and vertically. and — although very
extensive as lo the arca — they do nol represent chronosteatigraphic units. Thes

cannol serve for the steatigeaphical corvelation. sinee they were alfected by
alterations. especially in direction 1o the souree arcas. They do nol contain
[ossils, exeept planktonie Toraminifera (A0 Samouel 1H65 and resedimented

organic remnanls,
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Basal Transgressive Lithofacies, lts Sediments and Evolution

Stratigraphic correlation studies in the last years (D Andrusov. 1K h-
Fer 1863, B Marschalkoo Mo NVanova 196300 Samuel J.Salaj.
Mo Vanova 1964, EC Kohlere 19660 1967, . Chmelik 19670 pointed
oul to the rocks of the transgressive evele in the whole arca of the central
West-Carpathians covering the Mesozoic-Palacozoic complexes formed by the
Cretaceous orogene. This stable association ol rocks may be observed in the
profiles o the transgressive  litholacies: Basal carbonatic breecias and  less
polyvmict conglomerates alternate or replace with calearenites. less lequentls
with  carbonaceous  subgraywackes. In the upper part there are  nummulitic
Liostromes or pecten pholadomya associalions with sandstones and siltstones,

The study of the age ol nummulitic biostromes serves for the reconstruction o
the progress of transgression and enlighting the role of subsidence in relation 1o
the Flvsch Tacies (fig. 20,

Transgression and development of the organogene facies in the Palacocene
and Lower Eocene (Yppresian) are connected predominantly with the klippen
sedimentary area. and passing on the consolidated block of the West-Carpathians
cnly in the Myjava — and PruZina-Domaniza-Zilina region. The maximum
development of the transgression took place in the Upper Lutetian. It annected
the whole area of the West-Carpathians. except the so-called Liptov island and
i part ol the Spissko-veporské rudohorie Mis. The transgression  developed
symmetrically from the periphery 1o the centre. along the SWW-NE and NW-SI
lines. AU the end of the Upper Lutetian, the trough formed on the NW. N NLE
mirgins of the Carpathian areh. was Tilled by the coarseelastic marginal Tacies.

After the NMiddle Priabonian. the connection of the Levoca and Horehronie
sedimentary areas took place. The development of the Priabonian Flyseh is
shifted over the whole area of the centeal West-Carpathians, Interesting is the
fact. that [acial comparisons and corvelations did not show any continuous
transitions between non-Flyseh transgressive facies and the Flysch. although they
could seemingly follow from the simultancous development in the basin, Over

the transgressive hase there s always o elavstone or a Flvseh litholacies with
planktonie Toraminileral assoctations. and  without shallow-waler organogenc
limestones. Abrupt biolacial changes indicate that the shallow-waler trangressive

acies sank due to the negative movements. and since they were nowhere sul-

stituted by the typieal Flyseh. the author supposes that the Flvseh s not
a shallow-water Tacies. s conrse indicates the direetion of the maximum sub-
sidence and the course ol the hathyvmetrie axis ol the basin. Tollowing the

Cretaceous leclonie struetures, in the pertod of the Lutetinn and Preianbonian.
|

Flysch Lithofacies and Their Composition
The elaystone Fitholacies: consists of predominantly gray and
dark ealearcous elavstones. Most frequent are there carbonatic bhreecias with

munmulites, vize in the Bianovee, Bojnice. Handlovia, Rajee. Zilina, Turice. Opava
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depressions, up to Podhalie and Spidska Magura. The breceias are coarse-grained.
araded and or structureless. of considerable thickness (10 m) (fig. 3. 41 They
arose due o the activity of coarse grain How. sandlTows and turbidity currents,
In claystones there are still small beds (5—=200 em) of graded sandstones with the
interval ol lower  parallel and  current-ripple  lamination.  In the  western
depressions. sandstones and breecias form i claystones frequent accumulations,
therelore the elayvstone lithofacies may be ordered 1o the typical Flysch and
Wildflvseh. In the celaystone lithofacies there are local accumulations of Mn
exid-carbonatic ores. muddy limestenes and dolomites Feo variegated elavstones
vith resedimented mikrofauna. and menilite beds with cherts. Stratigraphically,
the elaystone litholacies belongs to the Uppermost Latetian to Middle Priabonian
(fig. 21, In the course of its genesis there was a poorer supply ol elasties. Minera-
lozie study of oo Pieha (1965 pointed out to the high concenteation ol pyrite
in the area of Podhalic. Spisska Magura and Sambron. and o the non-acrated
cuxinic environment of clavstone. inconvenient for any form ol Life,

The clavstone-sandstone Litholacies: developed gradually

Fio. 0 Slightly wended-hed-
fesel .lll'l'l'l"i:l with unrounded.
predominantly carhonatic ma-
tevial, alternating with predo-
minanee of

livstone o the
v el Lateral transport direc-
tion. Breceins represent the last
clastic constituents of the fad-
ing-oul - sources,  lectonieally
highly maobile. Milpos, 1o the
NW of sabinov, Photo ln_\' .
Marschalko.
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Fie. 4. Nosssorted Deeceias alternatine in the Flyseh with Fine-ceined  elastic material,
Transpert of conrse breecias and Tinagrained homogene sandstone was ateral, ani-lireetional.
Marvginal Tueies ol Bianovee depression. Badizg quarey. Photo by L Marsehalko.

from the elaystone litholacies. 1t exists in Liptov. Orava, Levoeské pohorie Mis..
where it is cither replaced by the sandstone lithofacies. or is completely Taded-
oul. In elassical development. this litholacies may be Tound to the east of Presoy.
along the southern miargin of the klippen belt. The sandstone elavstone ratio is
cither alterating or equilibrated |2 1. Beds. in some places even 5 m thick. ave
well graded-hedded. accompanied on the top by the interval of parallel. eurrent-
ripple and convolute lamination. Thick ungarded beds (massiveness) with distue-
bed structures, inteaclasts and slabs ol clavstones are especially abundant in the
Sarvigské and Levoeske hory Mis. Deformatiens of whole bed sequences o
sedimentary slamp Tolds are quite nsual. Lincar steuctures are well-preserved.
The age diapason is fluctuating within the Lower Priabonian and Lpper Pria-
bonian in the western zone (v java-Zilina up to Middle Focene (e, 50,
Theintermediary and sandstone litholacies: developed
mainly in the Levoeske and Savidské hory Mis.. where it is replaced by margina!
lthelacies — Wildyseh (B Mavsehalko 1961 19641, It may be also found
e Ovavacand Podhalic. Generally, the sandstone litholacies is charncterized by
high content of conrse-grained. graded and stenetueeless beds of sandstones. amil
thin intercalations of dark claystones. Coarse slabs of elavstones in sandstones
reach even | thickness heing ehaotically disteiboted in heds, Shuomp over-
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folds present in beds with the inteeval ol parallel and curvent-ripple lamination
mdicate the origin ol these beds by combimation ol grain Tlows and turbidity
currents. Frequently also coarse-grained graded heds were Tound. wit hout upper
lnmination intervals, The sandstone litholacies arose due 1o the abrupl supply of
the great amount ol clastic material into the basin, They are tvpically Flysch,
and according to NoBo Vassoevielhs (19600 elassiflication. they belong o
the coarse Flvseh at the margin ol cordilleras. The author's (19661 correlation
study showed the transition of sandstone litholacies into marginal. As Tor age.
the sandstone Lithofacies belong to the Upper Priabonian and Lower Oligocene,

Teaxtural Characteristics of Flyselt Sandstones

Petrographical research of the Flvseh sandstones (17 Picha 1965, 0. Bro-
mowicz Z. RBowinski 1965, R Marschalko 1866 showed the low
degree of structural and mineralogical maturity of elasties. The elasties belons
o the group of lithie gravwackes and subgravwackes in the sense of 100 P e ti-
John (19570, Tigh content of matrix points oul Lo greater density ol the
transport medium. Very low degree ol roundness of unstable components. had
sorting and high content of matrix. point out to the rapid deposition by turbidity
currents as well as o the Tow washing ol psammites, Coarse-grained graded beds
and thick ungraded beds tmassivenessi. inercased content of intraclasts and index
ol slumping testify 1o the infloence of gravitational transport and nearness of
sources. No substantial petrographical diflferences in the composition ol Flyvseh
craxvwiackes and subgraywackes have been found. Thus it may be supposed tha
neither the sources ol the elastic material were essentially changed. There was
a change onlyv in the intensity of the supply of elasties. manilested in the ratio
ol psammites. pselites and pellites in the separate litholacies,

Marginal Flyseh Lithofacies and Types of Sediments

They vepresent extensive lenses and prisms composed of the series of con-
alomerates. breecias, simdstones i the elavstone litholacies and in the elavstone-
41 Bojnice.

[andlovia, Horehronie. Peuzina-Domaniza-Zilina, Orvava. Pucos. Podhalie. Zdiar

sandstone Flyseh ol the Myjavska hornatina Mis., in Banovee (lig,

depressions. in the zone of Szallaey. Sambron. Drienien. Chimelov (lie. 61, In the
Suavidska hornatina and Levoeske pohorie Mis. they are pass into the sandstone
litholacies.

The main common feature of these litholacies is the development of sedinments
deposited by gravitational flowing ol coarse-clastic masses over steep submarine
slopes. Tnosome there were exotie bloeks thick <everal to 100 . that arose by
sliing or rock-lall Trom the steep elill Taces down to the basin. These olistholites
o Beneo 19560 from predominantly carbonatic. slightly metamorphosed.
aned granitic rocks, are known i My java and Prozina. Pucov, Zdinr, Sarisska
hornating Mis, The greatest existing bloek was of 1500 X 400 m in size. rested
in Flyseh with predominance of clavstones 1o the NW ol Sabinov (U b an e k
19360,
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Another frequent tvpe of sediments is represented by .pebble mudstones™ of
JoG Crowell (1857). They are formed by pebbles and fragments of hard

and soll senu-plastic and  plastic rocks lintraclasts) in o elavev-sandy  malrix
Mg, 7. 80 These rocks represeat whole seales of transitions in the marginal Tacies

of the Sarisské hory Mis. (R Mavesehalko 19610 1966 b). Levoeské hory
Mis, (P Gross 1863, i Podhalic (A Badomski [958 K. Grzybek.
B. Haliekt 195800 in Orava (Mo Misik, O Fejdiova, I Kaohler
19671,

Most Trequent are non=sorted or graded hedded coarse-grained  sandstones
andd brecetas with frequent structures peinting oul to their origin in sandflows and
gravelv-sandfows (fig. 9. These sediments eallod fuxotuebidites by S, D 7 u-
Ivnskic Mo Ksitazkiewicez and Pho L Kuoenen (19590 arose Teom
walery slides or avalanches of noncohiesive gravel and sand. This is o mechanisim
analogous 1o the sandlMows observed i cubmarine canvons (20 S hepared
1965,

IFrom these three groups ol sodimentss especially fluxoturbidites participate

Fie, G0 Conrse-grained hree-
cins, conglomertes and sand-
stones. frequenths nonesorted.
form o parl el conrsclastice
prists i the northern e
ain ol the Flyvseh zone in the
belt ol szallaes. Sambron
Divienien, Lateral teansport i
I'l'l'ii‘\ll. .I‘IH' vl |‘I. ||‘|' |':|il |l
l\l:lllu'llil':!, l'[ ].‘l[lflll_\" |||".

Fhoto by B Marsehalkao
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i the forming ol marginal Flvseh Tacies, Beeause of their coarse-clastic character.
the marginal Tacies were [requently erroncously ordered 1o the basal ransgressive
litholacies (F. Chmelik 19630 there is. however. o number ol Tealures
dilferentiating  the  marginal Tacies Trom breecias and  conelomerates o the
transgressive  vpe. Such are: Jarge blocks of organogene and  nummulitie
limestones present in submarine slides and o uxoturbidites. large clavstone
intraclasts indicating processes ol submarine erosion caused by gravitational
transpori. bad sorting ol elasties and the absence ol wave and shallow-water
characteristics,

Marginal facies remind ol the extensive fans or prisms. or lenses wedging oul
from the souree in direction to the axis of the basine by their shape. In cross-
sections  perpendicular 1o the transport divection. aceording 1o the existing
exposure.  the  Tollowing  zones  may Le considered  most extensive:  the
interrupted  Szaflae-Sambron-Climelov zone. at least 1820 km long and  max.
S50 m thick (Lower Lutetian? — Lower Preinhoniant. the Pruzina-Zilina zone.
SO kme long and =50 m thick (Lower Focene — Upper Lutetian? the Binovee-

i, 70 The hed of pebble
e -toase ivpes T e sueples
sinnily claves madeis there
Aow pebbles and svnsedi-
tenlars slabs  of el stones
and sadstones, Marzinal fa-
cies ol Sueisska hornating Mis..
Sivokdd i the brook V. Svinka,

Plioto bv 10 Moaeseloal ko,
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[andlova zone. A0 ki long and 400 me thick (Upper Lutetinn—Lower  Pria-
bonian?, the zone of conglomerates near Zdiae. 10 ki lone, and 230 o thick
Upper Lutetion—Lower Priabonian . and the zone ol the Saeisska hormating
Muso 1O km long and 400 o thiek (Upper Priabonian—Lower Oligocener, The
spatial dimensions ol these Tacies depended upon tectonie activity of mohile
sources producing spasmatically Targe amounts of the elasties in various slages

of the development of the hasin.
Thickness of Flyselh of Central \West-Carpathians

The Flvseh ol the northern zons Trome Proz'na throush Orava, Podhalie.
Levoeské and Sarisske hory Miso shows grentest thickness. Inothe continuons
arcn of the Levodske hory Miso the thickoe<s of 3060 m in avernge was valoed
by I Chmel ik (19677, not excluding even 5000 m. 1t has been Tound oul.
that the Tuetuation of thickness was connested with the speed ol loeal supply
from lateral sources. and last but not least also with the mfluence ol submarine

I, =0 Tntenelasts ol delore-
med  beds areising in gravila-
ol oy eeni ol elistie
matter, Kamenien, cut ol e
ravilrosnd |,i|n.‘||1_\—l‘:‘ll‘t". Photo by

. Marsehalkoao,
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i, 1), |'1||w|‘ conlacl of rongl ales s sandstones, Tateral Lrnsport divection, the same
in =andstones and conglomerates, Flusoturbidites. Marginal Tacies o Saeri<ika hornating, Iei-

zovany, eul ol the rond, Photo by B Marsehalko

crosion ol earlier Tacies by gravitational transport, The Flyseh in the Bojniee-
Handlovia depresion shows mueh lower values of thickness: 700—1000 m (0,
Franko. PoGreos 19641, primary thickness in Hovehronie (Hron river valley)
is 300—=600 m according to . Planderova and all, (1965, The Flyseh
of the latter area shows less reductive character. loo.

Although the data on the thickness of the Flvseh are distorted due 1o post
Paleogene erosion. <tll they may indieate that the maximum thickness ol the
aceumulated deposits 1 e, the structural axis. corresponds 1o the bathymetrie

axis o the basing as it has been alvendy shown carlier (el Tig. 2. 50,
Palaeotransport in IFlysch Facies

Current direction was determined on the ground ol measuring of the linear
strvctures, as oo oo vartous [vpes of scour and tool markings. then by the study
ol cross steatilication of the so-called current-ripple Timination. by the Tollowing
of internal oriented stractures. especiallyin coarse elasties. Delormational
strnctures were studied inorelation o primary slopes. Determination and re-
construction of current divection depended upon convenient exposures. These
were obstructed by svnelinal straeture of the Paleogene. especially in the carlier

Lower-Prinbonian facies. In younger facies. owing o denudation and morpho-
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logic disseetion. the Paleogene was better available. therelore reconstruetions
F -
are more reliable,

Lower PDriabonian

On the base of the Lower Peiabonian (lie. 10, in coarse-clastic marginal
litholacies of the Szallar-Sambron-Drienica zone. the maim corrent direction
from NI 1o SW oand SSW. from NW 1o SE an SSE. and from N 1o 5. was
determined. These currents were  characterized by considesable  dispersion.
chserved alwavs [rom a certain point, Dilferences were not oo steiet in beds
above one another. they were due to the sequences placed and compared amon
cach other, The unidirectional transport of coarse-clastic material indieates
evidently lateral direetion of Tilling. The nature of Tanlike dispersion ol currents
in marginal lithofacies was observed in the Binovee-Handlovi depression from
SE 1o NW oand N.oin Pucov and near Zdiar — from S to N and to NI In
conglomeratic fluxoturhidites near Zdiar. this divection was stable all over
the sequence. coming oul of one central point.

It is difficult 1o suppose the disteibution of currents in the axis of the basin.
Material of the elasties was somewhere badly sorted and coavse. so that il was
impossible that long tonguelike bodies passing Far away from the axis of the
basin with the end longitudinal orientation could have bheen formed by this
material, 10 is more probable to have heen deposited in the form of Tens near
the point of the entering of material. Extension on larger surfaces in the axis
of the basin mav be supposed only in the areas of the entering of greater
amounts of sand (Sambron. Dreienica. Banovee. Domanizal,

Middle Priabonian

In the Flyseh lithofacies with prevalence ol claystones, i the Binover.
Handlova, Turice. Rajee depressions. and in the southeastern part ol Orava
ie. 11 the longitudinal Tilling of the SW-NE dircetion predominates. In the
Eater area. in the clavstone-sandstone Flvseh there suddenly appears lateral
[illing. that was also Tollowed in the Liptoy depression. espeeially in its northern-
western part. In the northern part of Ovava. and in Podhalie. there predominate
loneitudinal filling diveetions. in the existing bordering of the Flysch, Transverse
direction is important in the Banovee and Handlovi depressions. while in the
Liptov depression ils role is deercasing. Exceplional current directions wepe
thiere in the arcea of the Saridskeé and Levodske hory Mis, viz. from the 5 10 NWL
N and NE 1o the arca of the klippen and noethern Flyseh basins. The situation
was similar o the east of Pretov. Poor data on the incomplete exposures of the
Flvseh sequences in Horehronie (Hron ro ovalley? indicate the disteibution of
current direction Trom the SE 1o NW and W,
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Upper Priabonian

Current patterns (fig. 120 in the western depressions were similar to those in
the Middle Priabonian. with longitudinal transportation predominating from the
SW. In the sandstone litholuacies of Orava. current direction shows strong lateral
effects from the W and NWW 1o the . In the elaystone-sandstone Flvs-h ol
the Liptov depression. there are subsidiary directions from the SW. and more
important ones — from the N\ 1o SEI.

In the sandstone Flysch of the Levoeské hory Mis. there are two dominant
current patterns. The older current direction is that from the NI 1o SW and
SWW.L

hory Mis. Slight effects of this curvent direction may be observed up to Hore-

seing well identifinhle mainly along the northern margin ol the Levoeske

hronie (Hron r. valley). Another important direction from the SE oceurs mainly
in the coarse Flvseh to the north of the Cierna Hora Mis. passing 1o the N\
and NWW into the sandstone Flyvseh of the Levoeske hory Miso where it erosses
the preceding one. At the southeastern ending the longituwdinal current divection

[){l.‘;!"-('ﬁ II’{]III “H‘ sS0Urees t'(}\'l‘i'l‘{l \\'Il}! ."('l“illl‘lﬂ:]l'_\' :\t'i}j_':l'lll’ |IUI'I'I'I1'I.{|HI1.‘;.

Longitudinal and Lateral Filling. FFacies Distribution. and Batligmetrie
Avis of Basin

It may be generally stated that in the Flysch basin Tateral filling had the mos
important role in the Lower and Upper Priabonian. while in the Middle Prianbo-
nian. especially in its northwestern part there is longitudinal transport on larger
extent (Malé Karpaly Mis. — Podhalie).

Lateral supply s indicated by coarseclastic marginal - Tacies, developed
bilaterally on the sides of the northern trough. as well as by beds of carbonatic
andd organogene breecias inserted in claystone and elavstone-sandstone litholaeies,
Yel. the stratigraphic correlation (fig. 5) clearly shows that marginal facies in
the Lower Priabonian fade-out due to the stop of the supply of clastic material
from the lateral sources. The formation of these [acies conditioned the steep
lateral slopes of the trough. and stressed its bathymetrie axis. Thus in comparison
of the distribution of the current pattern in the Middle Priabonian (fig. 1. the
predominating longitudinal transport in the southwestern parl of the trough
should enter into the .prepared” trough from the SW. and to follow the trough
up to the Podhalic in Poland. In the southwestern part ol Orava. there s,
however. a thick lateral component of transport (ef. B Marschalko. A
Radomski 1960, J. Jablonsky 1961, M. Misik and all. 1967
Sandstone-claystone Flysch is abruptly replaced by claystone. showing evidenl
proofs about lateral supply. Thus we may suppose. that longitudinal filling
passing into the southwestern Orava is only secondary. This opinion is also
supported by the comparison of data about the thickness ol the Flvseh of
equivalent facies. While in the Turiec arca it is 600—1000 m. in Orava il
inereases 1o 1600—=2200 m (el g, 5.

In the eastern parl. the current patterns (Fig. T showed that in the Middle-
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FACTES DISTIRIBE TIoNS H.r‘

Priabonian clavstone-sandstone Flvsch the borders of the trough determined
by a chain of Lower-Priabonian cordillera in the north. were broken. The lateral
supply of currents from the extensive southern source into the outer Flysch
basin was conditioned by deepening of the basin with the respective modilication
of slopes to the north. Thus the supposition by M. Ksiazkicwicz Bl
Lesko (1959, J. Nemcok (1961, Z. Stranik (1965) aboul the so-called
conneclion of the Magura sedimentary area with the central-Carpathian. was
allirmed. This current direction is actually lateral, perpendicular to the bathy-
metric axis diverging with the tectonic axis ol the West-Carpathians, ([ig. 13).
The picture of the distribution of sandstone Flyvsch (coarse Flysch) i the
Upper Priabonian is best illustrated by current study (fig. 12). Its rise is con-
nected with the stages of penetration of greal amount of gravels and sands lrom
the surrounding sources into the basin. Three different extensive places ol the
supply of eclastic material were determined by measurements. Beginning with
these places. the diminishing of grains. of thickness of beds and slump structures.
as well as development of gradually [ading-outl facies. may be observed.
Erosive cutting of the underlving claystone-sandstone lithofacies (fig. 1) —
as it may be observed on the northern margin of the Levodské hory Mts., Sa-
risské hory Mise. and in Orava. has been conditioned by abrupt supply of
clastics to the basin. Intraclasts of these rocks mayv be found far [rom the
supposed places ol erosion in the points ol supply. | has been found that the
effect of the filling in the area of the Levoeské and Sarisské hory Mis. was
centripetal from the NI and SE sources. Sinee transporl proceeded in these
directions into the lower areas. there may be expected the crossing of two
bathvmetric axes in the area of the Levoeské pohorie Mis. The decrease of the
number ol proximal characteristies farther to the northwest and southwest is
a sign of the manner of lilling as well as of the configuration of the basin and
of the development of bathymelric axes. The latter are characterized by the
same main directions ol structural units of the NE-5W course and by the same
turn of these units to the SE (ef. R Marschalko, P. Gross 1963).

Types of Source Areas and Origin of Clastic Material
Intrabasin Sources of Clastie Material

By the study of the disteibution of transgression and material composition
of basal conglomerates and breccias (F. Picha 1965, F. Chmelik 1967.
D.Andrusoyv 1965, R. Marschalko 1966 a. b) pointed oul 1o the lact
that the pre-transgressive reliel of the West-Carpathians out of the area of the
Vepor-5pis rudohorie Mts. (. Marschalko 1966) consisted of the Mesozoie
carbonatic rocks. The share ol the rocks of crvstalline and of granitoides of
Variscian and pre-Cambrian age. was rather low. which may be explained by
incomplete exposures of ervstalline cores. Morphologie dissection of the existing
crvstalline cores is of post-Tortonian age. which has been proved by the analysis
of pre-Necgene hasement by T Bad oy, VoS pieka 1967, Yer in the Flvaeh
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facies in the course of the whole Priabonian (D, Andrusov 1965, . Picha
1965, F. Chmelik 1967, S, Kahan 1965, M. M igik and all. 1963 A,
Radomski [958 there are exolic pebbles and blocks ol unknown origin
in the present=day West-Carpathians, This occurrence is enigmalic especially in
the Flyseh Tacies with longitudinal transport. This indicates the necessity ol the
intrabasin sources ol elastic material.

Sueh sources nve best indieated by marginal Tacies on the base of the
Lower Priabonian. Aecording 1o transversal current patterns, areal disteibution.
thickness. and composition of clasties of these facies. more or less continuous
zone of sources vimming the Flvseh trough from the north (g, [0 may be
determined. Pebble material shows that the zone has been formed by ervstalline
ol unknown age. composition and structure. and ol Mesozoie carbonatic rocks
(mantle). The zone separated the klippen sedimentary area from the central-
Carpathian. as it may be Tollowed in works by M. Ksiazkicewicz (19560,
I Bivkenmajer (19580 R Marsehalko, A Radomslki (19601
D.Andrusov. FoKahTer (19631, 2, Stran ik (19650 It is now impossible
to follow the zone beeause of the tectonie character of the contact of the Klippen
belt with the eentral-Carpathian Palacogene. and the discontinuous exposures
ol marginal facies in the existing outerops. that does not correspond o the
200 km length of the zone. neither to s width (H5—=10 kml. In some places.
isolated lenses of breeeias, prisms of fluxoturbidites as well as olistholites (Middle
Triassic-Malmian)  are not  accompanied  with  sandstones. In other places
(Sambron), greal amount of sandstones and conglomerates with identic transport
direetion was supplied. This may indicate that the source zones were tectonically
highly active. therefore there is greal production of  marginal coarseelastic
prisms. lenses and depositional fans. This dependence was already expressed
by Ph. 1L Kuenen (19580 in the analysis of intrageosynelinal sources. 11
considering less 1vpical proximal characteristics of some developments hetween
Sabinoy and Sambron. as e, @ ogood sorling. recularity of beds and high share
of sandstones. we may suppose that the source zone was 8—12 km to the NI
from the place of the present=day oulerops. Later on. denudation affected
o considerable amount of especially coarse elasties nearer 1o the point ol the
Tilling.

Along the southern margin of the northern trough there was a zone ol discon-
finuous source arcas with limited extent. supplving in the Lower Priabonian
carbonatic coarse-clastic material or rocks of unknown origin to the Flyseh basin
. Passendorleor 1959, In some marginal Tacies (Pucov. Zdiar. there
is o considerable amount ol inteaclasts ol transgressive  [acies  (nummulitic
limestones) or of elavstone Facies. pointing oul o an active submarine process
of abreasion of these lithofacies by geavitational transport. 1L may prove again.
that the naeeinal Tacies were nol conneeted with the basement of the formation.
representing rather rapid accumulations in subsiding zones below the steep slopes
of cordilleras. The areal distribution and extent of marginal facies in the Lower
Peinbonian cannot be followed because of its svnelinal strueture, yet the author
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supposes no considerable inerease as for the thickness of marginal Tacies in
direction to the axis. This may be indicated mainly by the rapid deposition
ol these Tacies. therr Lpouring out™ below the steep slopes. and especially nol

too extensive sources. Gradual Tading-out ol these sources was refllected in the
development of earbonatic bhreeeias indieating lateral transport.

oo Pieha’s (1965 investigations showed. however. that also the Flyseh
l[acies without greater amount of conglomerates. might have been derived [rom
lateral sources, 1 was proved by the study of heavy minerals in the western
depressions (Handlova, Turice. Liptov. Oraval. In predominantly longitudinally
trimsported material of the clayvstone and claystone-sandstone Flvseh from the
Sk to NWL exttremely abruptly grew the amount ol garnel. in the arca of Orava
and Liptov., This petrographically indicated local supply was earlier allirmed
by current measurings of R Marsehalko, v Radomski (1960). and
JoJablonsky (1961 1. Pieha supposed that the source composed of
warnel schists and gneisses supplicd material also to coarse-grained sandstone
[acies. therelore the chronological diapason of this zone extended to the Middle
and Upper Priabonian. The absence ol coarse conglomeratic clasties. normal in
proximal zones, may be explained by these Tacts: 1. the gneiss and scehistose
sources need notl produce coarse clasties. 2. sandstone facies were derived [rom
older Cretaceous Flyseh of the klippen belt (el Mo M isik and all. 19681,

A Special Case of Intrabasin Souree

Reactivation and elevation of basement. and resedimentation of older Flysch
lacies represent a special example of sources of the Flyseh in the centeal West-
Carpathians. Transport divections in sandstone facies in the northern parl
ol the Levoeske hory Miss starvted Trom places where in the Middle Prinbonian
the bathymetrvie axis ol the trough was running. Currents show reversed direction

fig. 120, transporting elastic matervial Trom the Middle Prinbonian and earlicr
Flvseh sequences of the Magura and klippen basins. It looks like il also the
old source zone were reactivated. Bo e s ko (19600 placed this zone bhetween
the Klippen area and the Magura Flvseh, Resedimentation ol older Flyseh s
indicated by Trequent sandstone pebbles in sandstones. slabs of elavstone mtra-
clasts older than the Niddle Prinbonian, and resedimented Cretaceous mierolauna
O Samuel THG0,

lixtrabasin Souree ol Clastie Materal

The material to the Flyseh basin was sapplicd al<o by the Nepor-Spish L
arca (Do N ndrusov OG5 in addition to the intrabasin sources. The Tand
arcaincluded o part of Vepor-Spish radohorie Mis.. and the northeastern and
nerthewestern parts of centeal-Hungarian mountains. In the south and west. by
the Pannonian epicontinental sea extended ower the Lind  area. sometimes

communicaling into - Horehronie lron v vallest by ois Taeies through the
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couthern trough, The extent ol the Lind arca exereded the extent of all intrabasin
courees together. The land area composed predomimantly of low-metamorphosed
and high-metamorphosed zones of crvstalline and of the carbonatie rocks ol the
Mesozoice, supplied the graywacke and aherayvwacke. and conglomeratic material
mainly 1o the easiern part of the Fivseh basin, The development of marginal
facies and the supply of immense amount of sand into the Flvseh of the Levoeske
and Sarizské hory Mis. in the Priabonian and Lower Oligocene, indicate lar-
seseale changes in the conliguration of this land arca. Tt is not quite elear. why
the same amount of material has not been supplied also 1o the sedimentary area
lo the south of the Nizke Tatey (Low Tatral Mis.. althou th the development of
the southern Flyseh trough had started as well. This may evoke o supposition
aboul the Tand area supplying material mainly 1o the southern Pannonian seas
o N adasz 1960, 0. Sened 1965,

Development of Flysch Basin and Paleotectonies

Basing on the study of relation of souree zones 1o the filling. several stages
conneeted with paleotectonies may be distinguished in the development of the
basin. The forming of longitudinal northern trough was preceded by extensive
development of marczinal prisms. The high slopes of the latter offered con-
ditions for the rise of the axis of basin in the north.

The trough axis in the Lower Priabonian (fig. 13A showed Alpine structural
features. sinee il followed the bend ol older Cretaceous structural units of the
West-Carpathians. The  dividing  line  runs approximately along the  poslt-
(retaceous lines on the contact of Pienides. Tatrides and Veporides. While the
northern trough with its Tatrid basement was tectonically highly mobile. the
couthern one with its Vepor basement was less mobile and conditioned only the
development of less typical Flyseh of smaller thickness. -

The grentest thickness ol deposils was found in the northern trough. and it
wis connected with the shilting of bathyvmelric axis. The existing northern
border is secondary (leetonicl. and a parl of sediments belonging to proximal
facies of the northern source zone. was denuded off. Primary spatial reduction
caused absorption of the source zones of the northern region in the Priabonian.
Till now it has not been found out what thickness of accumulations and width
of the zone was alfected by erosion after the horizontal tectonie transport of the
West-Carpathian bloek on the Klippen helt, Basing on some reealeulations (el p.
QR the shortening on 15—=20 km may be expeeted i comparison with the exist-
ing Lectonie hordering of the Flvseh agains the klippen belt. The width of this
sone should be added in reconstructions of the horizontal reduction ol the

g'l'n.\)'llt'”ln‘,

Toctonic Position of Flysch Basin in Deselopment of Carpathian Geosyneline

The Palacogene Flyseh of the central West-Carpathians occupies a particular
position in relation 1o orogene, The Flyseh developed in subsiding trough. tho



FAUTES  DIESTRIBUTIONS l”

lasement of which was formed by Cretaceous orosene, Considerable subsidence
of basgement. inereased aceomulation of elastic material on the northern margin
of the trough. caused asymmetrical shape in the N-S cross-section. Subsidenee
wis evoked by Turther compressive downbuckle ol the Tolded basement or by the
extension of the latter. 1T considering the ervstalline nature (geanites. high-
metamorphosed ervstalline) of the basement of the Mesozoie nappes in the West-
Carpathian Block. and s low compressilality. then tensien may bhe admitted
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Fig, 150 The conrse of bathvimeteie axis of basin and position of intrabasin amd exteabasin
soneees. A On the base of the Lower Prinbonian, B Midde Preinhoninn, pper Prinbonian
Lo Lower Oligoeene,

I — The zone tectonically strongly aetivated eordilleo . 2 Wthametrie axis of (he Flvseh

basin. 3 — The zone of cmergenee Gslands o Tand arens of peelonie stable eharneter,
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as the cause of the subsidence of the Tolded basement too. These movements were
mutually completing one another. subsidence of the hasement and inercase of
coediments being controlled by them. Farlier study ol elastic dikes (B M-
cehalko 1965 showed the revival these movements in the contact ol old
thrust fault planes of crystalline basement of Gemerides, Veporides, Tatrides.
and  Pienides. The control of old deep structures of  the basement in the
development of the Flyseh basin was rellected in direction ol paleocurrent
svstems within subsiding zones ol the hasement. and in detail activity of these
clructures in tectonic mobility of intrabasin sources. mainly at the beginning of
the development of the basin. Tn spite of these facts. the Flvseh basin shows only
partial characteristies of  the late-geosvnelinal tectonies in the sense ol the
division by J. Auboin (1965). since the northern margin ol the trough
developed simultancously in the neighbourhood of the Tolding klippen belt. and
partly of the Magura Flysch (M. Ksianzkiceviez B, Ledko 1959
Gradually northwards migraling orogene alfected the activity of the trough. The
fading-out of the source zone on the conlacl of the klippen sedimentary area
with the centeal Palacogene Flyseh and slight folding of the northern margin of
the Paleogene Flyseh in the West-Carpathians prove continuity and connection
of the basin with the proceeding orogene.

Summary

[. The Palacogene of the central West-Carpathians from the base consists of
transgressive facies and Flyseh facies. No denticulated connection of these facies
has been observed. since Flyseh developed in o basin with subsiding basement.
Thus Flysch cannot be considered a shallow-water near-shore facies: it is devel-
oped in greater depth and limits the bathymetrie axis of the basin in the
Prinbonian.

2. Flyseh facies show  perpendicular. transverse. and  longitudinal  current
patterns. The perpendicular ones have proximality well-indicated by coarse-
arained lenses and prisms of fluxoturbidites. olistholites. In longitudinal patterns.
fine-grained clasties were predominating. In these. lateral supply is indicated by
lithology. current measurings also in places without the supply ol coarse-clastic
conglomeralic material.

3. Inteabasinal cordilleras, uplift of basement and extrabasin land aveas have
heen distinguished as sources. The intrabasinal sources represent tectonically
highly active zones, with the course identic with struetural lines of the Ist order.
Sueh are the thrast Tault planes of the ervstalline of Veporides and Tatrides.
On the northern margin of the Flyseh basin. these sources consisted of the
crvstalline and Mesozoie material of unknown origin. Cordilleras of the southern
sone (Nitea, Bystrica. castern Tatea Miso were formed by the mantle Mesozoie
anits of Tatrides. The uplift and reactivation of the Flyseh basement of the
basin represent another important source of the clastic material. Reactivation
wis conditioned most probably by submarine folding, The Vepor-Spish Tand
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area is quile exlensive. exceeding the simultancous intrabasin sources, and
separating the Flvsch basin from the epicontinental Priabonian sea of the central
[Tungarian Mts. Communication of its lacies might have been to the south of the
land area up to the Hovehronie region. This existed in the time of the intense
lectonie activity. supplying clasic material to the northeastern part of the Flysch
basin as well as to the outer Flyvseh basin, Till the present it has not been found
out whether the material was also supplied to the northern Flyseh teough
fwestern part), although that cannot be completely exeluded,

The Flvsch basin developed in close connection with the structure of the
basement. The basin inherited older Mpine structural clements, and was formed
within these lines. The rise of the uplifted margins of the trough was in causal
connection with reactivation ol source areas. and represented the first phase of
filling. The second phase was represented by longitadinal and Tateral transport.
The third phase was accompanied by greal amount of clastic material and by
the filling of the trough.
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