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STRESZCZENIE

Tred¢: Autorzy na podstawie pomierzonych struktur kierunkowych przyjmuja
istnienie 4 obszaréw Zrédlowych dla materiatu fliszu centralnych Karpat. Obszary te
bylty prawdopodobnie polozone na NW, SW, NE, SE od obecnego obszaru wystepowa-
nia omawianych utworéw. W pewnych regionach stwierdzonc krzyzowanie sie 2 kie-
runkdéw pradéw w utworach jednowiekowych. Réwniez obserwowano kierunki réw-
nolegte. do siebie, ale skierowane przeciwnie, ktére wystepuja wedlug autoréw
w obszarach maksymalnej gleboko$ci basenu dla danego poziomu stratygraficznego.
Przeprowadzono réwniez dyskusje nad wplywem Tatr na osady fliszu centralnych
Karpat.

WSTEP

Osady fliszu centralnych Karpat byly w latach ubieglych przedmiotem
niezaleznie od siebie prowadzonych badan sedymentologicznych obu au-
torow. Pierwszy z nich opracowywal obszar potudniowo-wschodni lezacy
w granicach Czechoslowacji, drugi polska czes$é fliszu centralnych Karpat
(tzw. flisz podhalanski, Radomski 1957, 1958). W lecie 1959 roku obaj
autorzy mieli mozno$é zapoznaé sie wspélnie z obszarami, ktére nie zo-
staly objete dotad badaniami. Otrzymane wyniki z tych obszaréw ze
wzgledu na ograniczony czas, jakim dysponowali autorowie, ustepuja
znacznie w dokladno$ci danym uzyskanym z wymienionych uprzednio




— 260 —

dwu regionéw, niemniej jednak zarysowuje sie pewien ogélny obraz wa-
runkow panujacych w omawianym basenie fliszowym. Zostanie on nie-
watpliwie uzupelniony w przyszlosci dalszymi pracami. Stad tez celem
niniejszej pracy jest raczej postawienie pewnych probleméw niz ich cal-
kowite rozwigzanie. '

Jest naszym milym obowigzkiem podziekowaé w tym miejscu Mini-
sterstwu Szkolnictwa Wyzszego w Warszawie i Povernictvu Skolstva
a Kultury w Bratislavie oraz panu doc. drowi M. Mahelowi za umo-
zliwienie autorom wspolnych prac na terenie Czechoslowacji.

Ze wzgledu na trudnosci skorelowania ze sobg szeregu lokalnych wy-
dzielen stratygraficznych we fliszu centralnych Karpat autorzy byli zmu-
szeni ograniczy¢ sie niejednokrotnie do regionalnego ujecia tematu. Cza-
sowe uszeregowanie niektérych obserwowanych zjawisk bedzie moglo
nastapi¢ z chwilg ujednolicenia stratygrafii dla calego omawianego ob-
szaru.

KIERUNKI TRANSPORTU I PRZYPUSZCZALNE POFLOZENIE OBSZAROW
ZRODELOWYCH MATERIALU FLISZU CENTRALNYCH KARPAT

Przedstawione na tabl. XXXI kierunki hierogliféow pradowych i war~
stwowania przekatnego pozwalaja w pewnej mierze zrekonstruowaé za-
r6wno polozenie obszaréw zrédlowych dla materialu fliszu centralnych
Karpat, jak réwniez stosunki paleogeograficzne w obrebie samego basenu.

Zarysowuja sie do§¢ wyraznie cztery obszary przyzrodlowe polozone
W bezposrednim sgsiedztwie regionéw dostarczajacych material klastyczny.
Wyroézniaja sie one kierunkami hierogliféw mniej lub bardziej sko$nymi
do osi basenu, skierowanymi ku centrum sedymentacji fliszowej. Jedno-
czesnie kierunki te sy bardziej zmienne niz w partiach centralnych ba-
senu. Podobne stosunki zaobserwowali S. Dz ul yaskii A. Slagczka
(1959) w warstwach krosnienskich centralnej depresji.

Obszary przyzrodiowe znajduja sie na zachéd od Dolnego Kubina, na
poludniowy zachod od Liptovskiegd Mikulaga oraz na wschéd od Starej
Lubovli i na przedpolu Ciernej Hory.

W rejonie Dolnego Kubina obszar zrodtowy znajdowal sie na péinoc-
- hym i poludniowym zachodzie od dzisiejszych wystgpien fliszu. W wy-
stepujacych tutaj w Srodkowym eocenie (Picha 1957) piaskowcach
arkozowych znaleziono kierunki z potudniowego zachodu. Byé moze po-
chodzg one z rejonu krystalicznego masywu Matlej Fatry. Jednoczesnie
wystepuja réowniez kierunki z pélnocnego zachodu. Dalej na wschodzie
na cbszarze Orawy, Podhala i Spisza przewazaja zdecydowanie kierunki
pradéw z zachodu na wschéd ukladajac sie rownolegle do przebiegu pol-
nocnej granicy fliszu. W najbardziej wschodniej czesci omawianego regio-
nu (Spisz) w najnizszych ogniwach stratygraficznych (warstwy zakopian-
skie) zaczynajg sie pojawiaé, na razie sporadycznie wsréd lawic majacych
hieroglify wskazujace na transport z zachodu, lawice z hieroglifami zo-
rientowanymi odwrotnie. Sg to pierwsze oznaki zmian, jakie zachodza
w ukladzie pradéw transportujacych material na obszarach potozonych
dalej na wschod.
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Polozenie obszaru zrédlowego dla regionu zachodniej czeSci kotliny
liptowskiej jest na razie niejasne. Kierunki z potudnia i poludniowego za-
chodu znalezione na zachod od Liptovskiego MikulaSa pozwalaja przy-
puszcza¢, ze nalezy szukaé go w tym kierunku. Ze wzgledu jednak na
wystepowanie fliszu na potudnie od Niskich Tatr jest watpliwe, czy te
ostatnie mogly dostarczaé¢ materialu osadom kotliny liptowskiej. W cen-
tralnej czesci kotliny zdaja sie przewazaé kierunki réwnoleznikowe z za-
- chodu na wschéd. Na wschod od Strby pojawiajg sie nagle kierunki prze-
ciwne, skierowane ku zachodowi. Oznaczaé to moze, ze W tym rejonie
znajdowalo sie maksimum gleboko$ci basenu w czasie sedymentacji wy-
. stepujacych tu warstw.

Na wschodzie zarysowuje sie zagrzebany masyw na poélnocny wschéd
od Starej Lubovli. Masyw ten dostarczal materialu poczawszy od naj-
starszych warstw zlepienicowych Sambrona po najmlodsze piaskowce Le-
vocskiego Pohoria. W lezacym ponad serig zlepiencéw kompleksie lupko-
- Wo-piaskowcowym stwierdzono wystepowanie dwéch przeciwnych sobie
kierunkéw. W jednych lawicach wystepuje kierunek z zachodu, bedacy
kontynuacjg kierunku istniejagcego na obszarze Podhala i czesciowo Spi-
sza, na innych lawicach wystepuja kierunki z polnocnego wschodu
1 wschodu, ktore spotykane sa sporadycznie, jak to bylo wspomniane wy-
zej, rowniez dalej na zachodzie, na polskim Spiszu. Autorzy przypusz-
czaja, ze w tym okresie czasu byl to obszar maksymalnej glebokosci
basenu, do ktérego prady znosily material zaréwno z zachodu, jak i wscho-
du czy poélnocnego wschodu.

Najlepiej udokumentowany jest poludniowo-wschodni obszar zréd-
lowy. Material fliszu okolic Pregova i Levocskiego Pohoria pochodzi z ma-
sywu Ciernej Hory, gemeryd i obszaréw krystalicznych lezgcych dalej
na poludniowy wschod w okolicy Kogic. Wnioski wysnute na podstawie
struktur kierunkowych zostaly potwierdzcne analizg petrograficzng oto-
czakow. Przy czym obserwuje sie ciekawe przemieszczenie materiatu gru-
bokiastycznego. Otoczaki pochodzace z masywu Ciernej Hory znajduja
si¢ na zachéd od niego w poludniowej czesci Levoéskiego Pohoria. Na
przedpolu Ciernej Hory wystepujg natomiast skaty, ktére pochodzg z po-
Yozonych na poludniowy wschéd masywéw krystalicznych ckolic Kosic.
Materiai jest wiec przemieszczony zgodnie z kierunkami pradow odczy-
tanymi na pedstawie hierogliféw na zachéd od swoich obszaréw macie-
rzystych.

Material niesiony z poludniowego wschodu tworzy czes$é lawic Le-
vocskiego Pohoria i wplyw tego kierunku zaznacza sie¢ az do poédinocno-
wschodniego obrzezenia Tatr. Na obszarze Levocskiego Pohoria prady
transportujgce material z poludniowego wschodu krzyzuja sie z pradami
idgcymi od poéinocnego wschodu (masyw na péinocny wschéd od Starej
Lubovli), podobne krzyzujace sie kierunki zostaly stwierdzone przez
S. Dzutynskiego i A. Slgczke (1959) w warstwach kro-
Snienskich.

Rola, jaka kazdy z wymienionych obszaréw zrodltowych odegral w cza-
sie sedymentacji roznych ogniw fliszu, bedzie mogla zosta¢ okreslona do-
piero w czasie dalszych badan zaréwno sedymentologicznych, jak i stra-
tygraficznych.
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ZAGADNIENIE ,WYSPY TATRZANSKIEJ”

Osobne zagadnienie stanowi rola, jaka odgrywaly Tatry w czasie gro-
madzenia si¢ osadow fliszu centralnych Karpat. Podczas transgresji $rod-
kowego eocenu Tatry stanowily lad, ktory ulegat silnej erozji (Kuzniar
1907, 1909, 1910, Passendorfer 1951, 1958).

Niektorzy autorowie przyjmuja, ze Tatry dostarczaly materialu do ba-
senu f[liszowego przez caly czas jego istnienia (Golgb 1952, 1954, P a s-
sendorfer 1958, Chmelik 1958). Inni (Grzybek i Halicki
- 1958, Radomski 1958, Andrusov 1959) stoja na stanowisku, ze

Tatry stosunkowo szybko zostaly calkowicie zalane morzem eocenskim.

Argumenty przeciw istnieniu ,,wyspy tatrzanskiej” sga z natury rzeczy
glownie argumentami o charakterze negatywnym. W warstwach chocho-
lowskich obserwuje sie wyrazne zmniejszenie sie ilosci lawic zlepienco-
wych jak i wielkosci wystepujacego w nich materialu klastycznego w mia~
re posuwania sie z zachodu na wschod, zgodnie z kierunkiem transportu
(Grzybek i Halicki 1958, Radomski 1958, Golagb 1952). Nie
obserwowano natomiast podobnych zmian w kierunku z poludnia na
polnoc. .

Na uwage zasluguje rowniez brak hieroglifow i innych struktur kie-
runkowych wskazujgcych na transport materialu z Tatr, nawet w ich
bezposrednim sgsiedztwie.

Natomiast spotyka sie, szczegbélnie w odkrywkach polozonych na
wschodnim i poludniowo-wschodnim obrzezeniu Tatr hieroglify skiero-
wane ku domniemanej wyspie. Wiecej $wiatla rzuci na to zagadnienie
szczegolowe opracowanie materialu zlepiencowego wystepujacego we fli-
szu podhalanskim.

Geologicky Ustav im. Diongza Stura E
Zaklad Geologii Uniwersytetu Jagiellonskiego
Bratislava, Krakow, grudzien 1959

Abstract: Four source-areas contributing detrital material to thé flysch
basin of the Central Carpathians are distinguished on account of the distribution
of turbidity current directions. The source areas were situated north-west, south-

west, north-east and south-east of the present-day boundaries of the basin. The:

existence of currents flowing from various directions was stated in some regions
within one stratigraphic member. In some areas the currents flowed from opposite
directions; these areas formed the deepest parts of the basin during the sedimenta-
tion of the Central Carpathians Flysch. The influence of the Tatra massif on the
sedimentation of the investigated flysch deposits is discussed. ‘

g
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INTRODUCTION

The flysch basin of the Central Carpathians has been studied in pre-
vious years independently by both authors . R. Marschalko worked
in the south-eastern part of the basin in Czechoslovakia, and A. Rad o m-
s ki in the Polish part of the basin i. e. in the Podhale Flysch (R ad om-
ski1 1957, 1958). In summer 1959 both authors visited briefly the remain-
ing parts of the basin. Because of the limited time devoted to this study,
the data obtained there are less accurate than in the parts of the basin
studied independently. However a general picture of the distribution of
current directions was obtained. Further research is needed to throw mo-
re light on the problem, and therefore the aim of this paper is to point
oul some aspects of special interest, rather than to present the definite
ansver to the question of supply of detrital material to the sedimentary
basin of the Central Flysch. ’

The authors acknowledge the assistance of the Ministry of High
Schools in Warsaw, and the Ministry of Education and Culture in Brati-
slava, which made possible their collaboration. Thanks are also due to
Doc. dr M. Mahel”’ for facilitations during the work in Czechoslovakia.

The sediments of the Central Flysch are filling tectonic depressions
between folded elements of the Slovakian block of the Central Carpa-
thians and the Pieniny Klippen Belt. The present-day erosional bounda-
ries of the main area”of occurrence of the Central Flysch are extending
along the outcrops of pre-Tertiary rocks of the Fatra, Nizké Tatry and
Cierna Hora on the south and south-west. In the west the Central Flysch
basin is divided by the tectonic elements of Cho¢ and Tatra into two
separate regions: the Orava-Podhale-Spi§ region in the north, and the
Liptovska Kotlina region in the south. The north boundary of the Cen-
tral Flysch basin is formed by the Klippen zone 2. ' '

The contact of the Central Flysch with the surrounding structural
units is partly sedimentary and partly tectonic. Conglomerates and sand-
stones containing local material and formed during the Middle Eocene
transgression (bazalny vyvoj of the Czechoslovakian authors) are under-
lying the Flysch series. At places, nummulitic limestones are developped,

lying concordantly over the conglomerates and under the Flysch. The con- -

glomerates and sandstones.are present along the southern border of the
Central Flysch basin and on the norther slopes of the Tatra. Instead, the
boundary of the Central Flysch with the Klippen Zone, with the southern
slopes of the Tatra, and with Tertiary rocks east of the meridian of Pre-
Sov has a tectonic character.

The Central Flysch series of the Carpathians ranges in age from Mid-
dle Eocene up to Lower Oligocene (M at & jka 1927, Bieda and Hor-
witz 1931, Andrusov 1938, 1956, Bieda 1946, Kantorova 1954,
BeneSova 1957, Lesko 1958, Marschalko and Samuel 1959)

1 The flysch sediments filling -this basin are called here for sake of simplicity
»Central Flysch”, following the term generally accepted by Czechoslovakian geo-
logists.

2 Besides the described basin, the Central Flysch is cropping out in a few small
isolated areas which are not included in the present study. '
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and is approximatively 3 000 metres thick. Disturbances caused by Mio-
cene orogenic movements are small. The Flysch beds are dipping steeply
only near the contacts with the surrounding Mesozoic structural units.
The Flysch series is composed mainly of intercalating conglomerates,
sandstones and shales. Other rocks, as ferrugineous dolomites and man-
ganese ores are playing a quite subordinate part.

Coarse-grained sandstone beds display usually various types of graded
bedding, often followed by lamination near the top of the bed. Fine-grain-
ed, thick bedded sandstones are most frequently homogenous, while the
thin-bedded ones are either laminated or display current bedding. Cur-
rent bedding is prevalent in some members (Radomski 1958). Slump
structures are of widespread occurrence (Golgb 1954, Grzybek and
Halicki 1958, Radomski 1958). .

The stratigraphy of the Central Flysch is not yet established in de-
tails. Stratigraphic divisions applied in various parts of the basin are not
correlated. These shortcomings of the stratigraphy are a handicap for
paleogeographic research. The presented conclusions shall be probably
changed in some details when a progress in stratigraphy will be made.

The Central Flysch series can be divided into three stratigraphic mem-
bers. The lowest member called Zakopane beds in Poland, and corres-
ponding with the term ,,ilovcove savrstvie severnej a juZznej facie” used
by the Czechoslovakian authors (Chmelik 1958, LesSko 1958, Prie-
chodskd 1956) is characterised by a predominance of shales. Coarse-
grained conglomerates are present at places (Sambron, Tokarnia) at the
base of this member. These conglomerates display all the characteristic
features of turbidites, differing thus from the underlying transgressive
conglomerates, which cannot be attributed to turbidity currents. .

The middle member of the Central Flysch series called Chocholéw
beds in Poland (Golagb 1950) and ,,pieskovcovo-ilovcové suvrstvie” in
Czechoslovakia (Chmelik 1958, Picha 1957) is characterised by thick-
bedded sandstones.

The upper member called Ostrysz beds in Poland (Golab 1950) and
Bielopotocké pieskovece in Czechoslovakia (Andrusow 1938), Chme-
1ik 1958) is characterised by a predominance of sandstones, partly feld-

- spathic.

The stratigraphy of the Central Flysch is different in the region north.
of Cierna Hora. The sediments deposited by the Middle Eocene transgres-
sion are covered there by thick conglomerates ranging in age from Upper
Eocene up to Lower Oligocene. These conglomerates are gradually passing
towards the north-west into fine-grained Flysch sediments (M arschal-
ko 1959, Marschalko and Samuel 1959, LeSko 1958).

DIRECTIONS OF TRANSPORT OF THE CLASTIC MATERIAL

The directions of transport in the Central Flysch basin were determin-
ed chiefly on account of directional sole marks i. e. flute casts and prod
casts 1. Besides, current bedding directions were measured in outcrops

I Descriptions of sole marks, methods of determining the current direction, and
a discussion of results are to be found in the papers listed in the references.
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yielding no directional sole marks. The results of these. measurements are
presented on a map (Pl. XXXI).

The directions of turbidity currents carrying the detrital material were
different in various parts of the Central Flysch basin. Several regions
can be distinguished there:

1. The Orava — Podhale — Spi$§ region.

2. The Sambron region

3. The Levoc¢ské Pohorie region

4. The Liptovska Kotlina region

5. The PreSov region (north of Cierna Hora).

1. The Orava — Podhale — Spi§ region

The orientation of inorganic sole marks in the western part of this
region (in the neighbourhood of Dolny Kubin) indicates direction of
transport from north-west and south-west towards the axis of the syn-
cline formed there by the Central Flysch. Current directions parallel to
the present-day boundaries of the basin are prevailing farther east. The-
se longitudinal current directions are persisting as far as Haligovce, about
90 kilometres east from Dolny Kubin. The currents flowed to the north-
-east in Orava, then changed their direction in Podhale, flowing there
eastward, and then turned again flowing to the south-east in the Spi$
area. The current directions are similar in all stratigraphic members of
the Flysch series in this region.

Some beds with flute casts indicating currents flowing to the west are
present in the Zakopane beds in the Spi§ area, among other beds with
marks of eastward flowing currents. These are the signes of changes
in the current system, which are very distinct farther east 1.

The analysis of turbidity current directions measured east of the Spis§
area suggests, that the origin of coarse-grained beds disappearing towards
the west in the Polish (i. e. western) part of the Spi§ can be explained
in a different way than it was done in some earlier papers (Radomski
1958, 1959). Flute casts indicating a westward current direction were
found on the sole of one of such beds in summer 1959. It is possible, that
ra part of the Flysch beds, and especially the coarse-grained ones, were
deposited in this region by turbidity currents flowing to the west. The
existence of such a direction of transport for the entire Flysch series in
the Polish part of the Spi§ area was suggested by Grzybek and H a-
licki (1958), and by Watycha (1950).

2. The Sambron region

Coarse-grained conglomerates deposited by turbidity currents, and
black clayey shales, sometime resembling the Menilite shales of the Outer

1 The supply of detrital material by turbidity currents flowing from various,
and sometimes even opp051te directions was described for the first time from the
Krosno beds (Oligocene in the Outer CarpathlanS) by S. Dzutlynanski and
A. Slaczka (1958).
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Carpathians, are forming there the lowest member of the Central Flysch.
The coarse-grained conglomerates (lower complex od Chmelik 1958)
were deposited by turbidity currents flowing from the east-northeast.

The middle member composed of alternating sandstones and shales,
and called Sambron beds by Chmelik (1958), corresponds probably
with the Zakopane beds in the Polish Podhale area. Two opposite direc-
tions of turbidity currents were stated in this region. Some beds display
flute casts indicating currents flowing from the west; these current may
be considered to be the prolongation of the longitudinal currents of the
Orava — Podhale — Spi§ region. Other beds were deposited by turbidity
currents flowing from the north-east and east. In the opinion of the au-
thors the described region coincides with the deepest part of the basin
which was filled by turbidity currents flowing both from the west and
from the east as well as from the north-east.

3. The Levoé¢ské Pohorie region

The Sambron beds are covered by a thick sandstone complex in the
Levoéské Pohorie region. Turbidity currents flowing from the north-east
were predominant there. However flute casts indicating currents flowing
from the south-east are present on some beds. This direction is especially
strongly marked in the area north of Cierna Hora (Marschalk o 1958).

Similar current directions were stated east and south-east of the Ta-
tra. Currents flowing from the north-east and south-east were equally
frequent there. The latter direction is prevailing in area situated south-
-east of the Tatra (M arschalko 1958). The beds cropping out in this
region are somewhat older than the sandstones of the Levocské Pohorie.

The oldest member of the Central Flysch in this region — correspon-
ding with the Zakopane beds — is probably somewhat older than the
Sambron beds (Kantorova 1954, Priechodska 1956). The sand-
stone beds of this member were deposited by currents flowing from the
east. The same directions are present in the eastern part of the Liptov-
ska Kotlina region.

4. The Liptovska Kotlina region

Because of poor exposures and inadequate knowledge of stratigraphy
the measurements of current directions made in this region are not suf-
ficiently accurate, and further research is needed to obtain a more com-
plete picture of current directions. Similarly as in the Orava — Podha-
le — SpiS region there is evidence of currents flowing from the south-
-west obliquely to the axis of the basin in the western part of the Lip-
tovskd Kotlina. Exposures are scanty in the central part of the region,
but currents flowing from the west parallel to the axis of the basin were
stated there. Currents flowing from the east appear suddenly east of
Strba, in the eastern part of the Liptovska Kotlina region.
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The relation of these two areas with contrasting current directions
is not clear. Two explanations are possible: )

a) currents flowing from opposite directions were present in the same
stratigraphic member, like in the Sambron area, and the marked differ-
ence between current directions in the central and in the eastern part
of the Liptovské Kotlina region is caused by the small number of expo-
sures. If this explanation is correct, it must be assumed that the deepest
part of the basin shifted from the Sambron area to the eastern part of
the Liptovska Kotlina region. v ’

b) Another possibility is, that the opposite directions of currents are
present in members differing in age. However, the first explanation seems
more probable, by analogy with observations made north of the Tatra.
Further studies are needed to bring a definite solution of the problem.

5. The PreSov region

_ Thick, coarse-grained sediments were deposited immediatly off the
Cierna Hora massif which is composed of Palaeozoic and Mesozoic rocks.
A Wildflysch facies, characterised by huge submarine slumps is devel-
opped in the south-eastern part of the region. The conglomerates dis-
play an increased proportion of graded bedding towards the west, but
there are also beds of medium-grained sandstones showing current bed-
ding of the torrential type. The thickness of the cross-bedded sandstone
layers is ranging up to 60 cm. Sometimes graded sandstones are filling
erosional channels which may reach 2 metres in depth. Such beds contain
blocks of sandstones of Middle Eocene age eroded from the substratum
of the Flysch (Marschalko 1959). Flute casts indicate currents flow-
ing [rom the south east. Farther west the currents flowed from the east
and east-south-east. Coarse-grained conglomerates and sandstones are
gradually wedging out, and are replaced in the north-western part of the
region by fine-grained sandstones and shales. These changes of lithology
are rapid, and therefore it is impossible to correlate individual beds even
on small distances. .

Currents flowing from the north-east deposited some of the fine-grain-
ed sandstone beds in the northern part of the region.

Little is known about the sedimentation of the Upper Eocene and Lo-
wer Oligocene Flysch west and north-west of Prefov. Various directions
of currents indicated by flute casts and current bedding were measured
in this part of the basin. Currents flowing from the south and from the
west were important there. The relation of the area situated north-west
of PreSov to the other regions is not clear, and further research is needed
in this part of the basin.

PALEOGEOGRAPHIC CONCDUSIONS

The presented distribution of current directions allows to determine
to a limited extend the position of source areas of detrital material and
the paleogeography of the Central Flysch basin.
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Four distinct ,,near-source” zones can be distinguished in the Central
Flysch basin. They are characterised by current directions more or less
perpendicular to the axis of the basin and more variable than in the cen-
tral part of the basin. '

- These near-source zones are situated west of Dolny Kubin, west of
Liptovsky Mikulas, east of Stara Lubovna and north of Cierna Hora.

One of the source areas of detrital material was situated somewhere

in the region of Dolny Kubin, north and south-west of the present-day
area covered by the Central Flysch. Feldspathic sandstones present there
in the middle member of the Flysch series were deposited by turbidity
currents flowing from the south-west. It is possible that the detrital ma-
terial of these sandstones was carried from the crystalline massif of Mala
Fatra. :
The position of the source area, which contributed the detrital mate-
rial to the western part of the Loptovska Kotlina region, is not clear.
Currents flowing from the south and south-west were traced west of
Liptovsky Mikulds. It is possible therefore, that the detrital material was
coming from the Nizke Tatry. However, the occurrence of the Central
Flysch south of the Nizke Tatry makes doubtful such a position of the
source area. : A

A buried massif which contributed detrital material during the sedi-
mentation of the Central Flysch is probably present north-east of Stara
Lubovna, on the east end of the basin. The influence of this massif per-
sisted from the lowermost part of the Zakopane beds up to the youngest

-sandstones of the Levoéské Pohorie. Currents carrying the detrital ma-

terial from this massif flowed far south, where they alternated with cur-
rents flowing the south-east, i. e. from the Cierna Hora source area.
There is much evidence of the south-eastern source area. The detrital

- material of the Central Flysch in the PreSov region and in the Levoéské

Pohorie region came from the Cierna Hora massif as well as from the
Gemerides and crystalline massifs situated farther south-east in the vici-
nity of KoSice. The conclusions based upon the directional structures in
the Flysch series were confirmed in this region by petrographic analyses
of pebbles. It was shown, that the coarse-grained material deposited im-

‘mediatly off the Cierna Hora is not derived from this massif, but rather

from the crystalline rocks occurring in the vicinity of KoSice (Pl. XXXI).
There are also pebbles of both crystalline and sedimentary rocks unknown
in this part of the Carpathians. Instead, the clastic material coming from
the Cierna Hora massif was deposited farther west, in the southern part
of the Levoéské Pohorie region.

THE PROBLEM OF THE ,,TATRA ISLAND”

The role played by the Tatra massif during the sedimentation of the
Central Flysch is a problem of great importance. The Tatra massif was
dry land during the Middle Eocene transgressicn, and the advancing sea
eroded strongly its margins (Kuzniar W. 1907, 1909, 1910, Passen-
dorfer 1951, 1958). However, the presence of the Tatra land is only
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locally marked in the lower part of the Zakopane beds, and its persistence -
during the sedimentation of the upper part of the Zakopane beds and of
the younger members of the Flysch series is doubtful. Some authors
assumed that the Tatra land contributed detrital material to the Flysch
basin during the Upper Eocene and Lower Oligocene (Gotab 1952, 1954,
Passendorfer 1958, Chmelik 1958). Other writers (Andrusov
1959, Grzybek and Halicki 1958) expressed the opinion, that the
Tatra massif was rapidly covered by the Eocene sea. The occurrence of
pebbles of the high-Tatric and sub-Tatric sedimentary series in the Flysch
sediments is not a decisive argument in favour of the provenance of the
detrital material of the Podhale Flysch from the present-day Tatra Mts.
Both the high-Tatric and the sub-Tatric series are widely distributed in
the Internal Carpathians, and pebbles of rocks belonging to tHese series
were transported either from the Tatra, or from some other now existing
or eventually buried Mesozoic massif. The latter view is supported by the
occurrence of rocks not present in the Tatra as exotic pebbles in the
Flysch (Andrusov 1959, Golgb 1952).

The arguments against the existence of the Tatra island during the
sedimentation of the Central Flysch are, as a matter of fact, chiefly of
negative character. A distinct decrease of the number of conglomerate
beds and of grain size is observed in the Chocholéw beds from the west
towards the east, i. e. in the direction of flow of the turbidity currents
(Radomski 1958, Grzybek and Halicki 1958). No such changes
were observed in the northward direction.

No directional structures indicating transportation of detrital material
from the Tatra were found, even in the immediate vicinity of the Tatra
massif. Instead, flute casts indicating turbidity current flowing just to-
wards the Tatra are found, especially east and south-east of this massif.
A detailed petrographic analysis of pebbles from the conglomerates in the
Podhale zone will throw more light on this problem.

GENERAL CONCLUSIONS

The presented data indicate, that the elongated sedimentary basin of
the Central Flysch received the detrital material from four source areas,
symmetrically situated on its both ends. The role played by each of these
source areas during the sedimentation of various members of the Central
Flysch shall be determined more precisely by further sedimentological
and stratigraphic studies. Petrographic investigations of conglomerates
and sandstones would be of special interest, especially in these regions

where diffirent directions of transport were stated.
’ Further sedimentological studies shall provide additional measure-
ments of current directions especially in the briefly studied regions.
The precise determination of the relation of the coarse-grained, probably
partly littoral, sediments off Cierna Hora to the typical Flysch should
be of great importance. The unsignificant tectonic disturbances of the
Central Flysch facilitates greatly the sedimentological studies. The re-
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‘sults of such studies shall not only elucidate the paleogeography of this
part of the Carpathians, but will also be of great value for the methodo-
logy of similar studies in other geosynclinal regions.

Dionizy Stur Institute, Bratislava C.S.R. )
Department of Geology,

Jagellonian University of Cracow,
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OBJASNIENIE TABLICY XXXI
EXPLANATION OF PLATE XXXI

Mapa kierunkéw struktur pragdowych we fliszu centralnych Karpat: 1 — hieroglify
pradowe, kilka do kilkunastu pomiaréw; 2 — hieroglify pradowe, pojedyncze po-
miary; 3 — warstwowanie przekatne, kilka do kilkunastu pomiaréw; 4 — warstwo-
wanie przekatne, pojedyncze pomiary; 5 — hieroglify wleczeniowe, kilka do kilku- -
nastu pomiaréw; 6 — hieroglify wleczeniowe, pojedyncze pomiary; 7 — glowne
kierunki transportu materiatu, a) Orientacyjna mapka regionow geograficznych
omawianego obszaru, b) mapka gléwnych kierunkéw transportu materiatu w czasie
sedymentacji wyzszych ogniw fliszu centralnych Karpat.
Map of directional current structures in the Flysch Basin of Central Carpathians:

1 — flute casts, several measurements; 2 — flute casts, single measurements;
3 — current bedding, several measurements; 4 — current bedding, single measure-
ments; 5 — drag casts, several measurements; 6 — drag casts, single measure-

ments; 7 — principal directions of transport. a) Index map of regions of the central

part of the Central Carpathians. b) Map of principal directions of transport during

the sedimentation of the upper members of the Central Flysch. Directions norths

.of the Central Flysch Basin after Dzulynski, Ksigzkiewicz, Kuenen
(1959).
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