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ON ORIGIN AND AGE OF THE ORAWA BASIN,
WEST CARPATHIANS

The intrarnontane Orawa Basin is situated at the boundary of the Inner and
Outer Carpathians, in the zone of the change of orientation of the dominant
structures of this region: the “Silesian” (SW-NE) orientation is replaced here by
the “Tatra” (W-E) one (Totwiriski 1922). The Orawa Basin is a tectonic depres-
sion formed during Neogene times and enlarged in its NE part in the Late Pliocene
and Early Quaternary. The present boundaries of the basin are mostly controlled
by the extent of Neogene sediments. The subsiding Orawa Basin is filled with the
Upper Badenian through Pontian, fluvial, mainly flood-plain (backswarmps) series,
up to 950 m thick. The erosional history of the basin was associated with general
uplift, probably initiated in Late Pliocene times. Less resistant Neogene sediments
were then eroded and removed by the Orawa river which used to flow into the
Vah river via an antecedent gate. The next important tectonic pulse was the
opening of the Wrébléwka depression in NE part of the basin, which is now
infilled by 112 m thick Quaternary sediments. These sediments document the
outflow from the Tatra Mts through the basin into the Dunajec river valley, situated
on the east (Baumgart-Kotarba 1991-1992).

SCOPE OF THE STUDY

Tectonic origin of the Orawa Basin is undoubtful. However, basing on the
existing well-log data, two different interpretations have been proposed: one
taking into account a Neogene syncline with the superimposed Quaternary
syncline, whose axis would have been shifted to the north with respect to the
previous one; and another hypothesis about a fault-bounded tectonic trough.

The aim of this paper is to discuss the above hypotheses, as well as to present
new data pertaining to the role of horizontal strike-slip movements, resulting in
the formation of a pull-apart basin. The author’s hypothesis is that the basin was
formed under extensional regime. According to this opinion, the Orawa basin was
formed due to NW-directed rotation of the “Orawa Block” (Cho¢—Magura
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Orawska area) and the coeval NE-directed shift of the “Tatra Block” (Tatras-Gorce
Mis area). These movements took place along a large oblique-slip fault zone,
called by Nemcok (1992) the Prose¢no dislocation system, which is very well
visible on satellite images. This zone has been named the lineament of the Westem
Tatra Mts margin (Baumgart-Kotarba 1981, 1983). The size of this article does
not allow for the full documentation to be presented, as far as the origin of the
whole West Carpathian arc is concerned; the aim of this study is to present a new
hypothesis as to the origin of the Orawa Basin itself.

SYNCLINE OR FAULT-BOUNDED TROUGH?

Halicki (1930) was the first to propose the tectonic origin of the Orawa
Basin. He inferred Quaternary age of diversified subsidence of fluvioglacial
covers which build the Czarny Dunajec alluvial fan, shed during the antepenul-
timate glaciation of the Tatras. The zone of subsidence would have embraced
the area comprised between the fan apex (Sucha Hora ridge) and the present-day
course of the Czarna Orawa and Piekielnik Orawski streams. Detailed descrip-
tions of Neogene sediments, drilled by the Czarny Dunajec IG~1 (922 m of
Neogene and 28 m of Quaternary sediments), Koniéwka IG-1 (450 m of Neogene
deposits), Hladovka IG-1 (670 m of Neogene deposits), Jablonka (> 100 m of

Domariski Czarny
Wierch Dunajec Wrébléwka

Fig. 1. Simpilified fragment of geological cross-profile across Neogene syncline
of the Orawa Basin according to Watycha (1976b)
Ryc. 1. Uproszczony fragment profilu geologicznego przez synkling neogeriska Kotliny Orawskiej,
wg Watycha (1976b)
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Neogene deposits), and Domariski Wierch wells (> 228 m of Pliocene fresh-
water molasses; cf. Oszast 1973; Watycha 1976a; Stuchlik and Oszast
1977; WoZny 1976), gave rise to discussions about synclinal (Watycha 1976ab;
Klimaszewski 1988; Chowaniec et al. 1996) or trough-like character
(Ksiazkiewicz 1972; Baumgart-Kotarba 1991-1992; Pomianowski
1995) of the depression. Of particular importance is the position of the Wréb-
lowka well, where 112 m of Quaternary sediments rests directly upon the
eroded Magura flysch series. This fact has been interpreted by Watycha
(1976a) as a result of the northward-directed shift of the Quaternary subsidence
axis, as compared to that of the Neogene syncline (Fig. 1). On the other hand,
Baumgart-Kotarba (1991-1992) claims that the Quaternary Wrébléwka
trough must be bounded by young faults, since the Wrébléwka well is situated
only 2 km to the south of a small hill built up of flysch strata, rising 4-5 m
above the fan surface, and 2 km NE of the Czarny Dunajec well, wherein 28 m
thick Quaternary alluvium overlies 922 m thick Neogene sediments. Fig. 2 shows
the distribution of step-like arranged morphological horizons in the Tatras and
upon the Podhale flysch in the Inner Carpathians, as well as in the Dzialy
Orawskie Foothills and the Babia Gora range in the Outer West Carpathians.
The age of the reconstructed planation surfaces is shown by a model of
development of step-like arranged ridge levels in an uplifted region (Fig. 3).
The Pannonian age determination of the planation A (1000 m a.s.l.) is rather
arbitrary one, basing on the assumption that the Pannonian was characterized
by deposition of fine-grained material, despite the alternation of dry and humid
episodes. This may indicate extensive planation and tectonic quiescence
(Baumgart-Kotarba 1983). Fig. 2 also shows the inferred location of faults
in a N-S oriented profile along the Czarny and Bialy Dunajec river valleys. The
relationship of the Wrébléwka trough to the Nowy Targ trough is still uncertain.
In the latter trough, 60 m thick Quaternary sediments rest upon 40 m thick
Neogene deposits at Nowy Targ (Chowaniec ef al. 1996), whereas at Rogoznik
36 m thick Quaternary sediments overlie > 15.5 m thick Neogene clays and
sandy silts (vide wells cited by Pomianowski 1995).

Geomorphological studies of the r«ithern margin of the basin between
Pieniazkowice and LudZmierz, and particularly the presence of characteristic
“spurs” and “embayments” (i.a.: Pieniazkowice, Dlugopole, Krauszéw embay-
ments), appear to indicate the presence of both longitudinal and transversal
faults situated between the northern, uplifted and southern, subsided regions
(Fig. 4). The occurrence of faults running obliquely to the Neogene margin of
the basin is documented by geophysical soundings (Pomianowski 1995).
Tectonic differentiation of the NE part of the Orawa Basin is also indicated by
the presence of erosional-accumulational terraces, 25 m (last glacial stage) and
40 m (penultimate glacial stage) high, near Dlugopole and Krauszéw, as well
as the 12-14 m high, accumulational (last glacial) terrace near Nowy Targ
(Baumgart-Kotarba 1991-1992).
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Fig. 3. Hypotethical situation of erosional evolution of the Podhale-Skoruszyna region and Outer
Magura area during Neogene subsidence of Orawa Basin

Ryc. 3. Model formowania zréwnaii na Podhalu z osadami korelatnymi zapadliska neogeriskiego

Fig. 4. Long-term complex Czarny Dunajec fan evolution in the Orawa Basin — uplifted western
part with six levels of terraces and subsiding north-eastern part. 1 — main tectonic limits of the
Orawa Basin, 2 — faults or fault zones, 3 — inferred strike- and oblique- slipe fault, uplifted zone
(+), subsidence zone (-), 4 — Klippen Belt, 5 — extent of terrace levels, 6 — height of morphological
levels above the Orawa river bed (in metres), 7 — scarps and terrace edges, 8 — main European
drainage divide, 9 — boreholes, 10 — villages, 11 — spot heights, 12 — the oldest alluvial covers
(Upper Pliocene ?) with Tatra-derived pebbles, partly calcified, 13 — glacifluvial/fluvial terrace
covers Riss, Mindel, Giinz, with proluvial/solifluction loess-like sediments, 14 — Weichselian terrace
and fan (Wirm), 15 — Late Weichselian fan, 16 — Holocene alluvial terrace and fan, 17 —
braid-plain, 18 — small hill built up of flysch rocks, 5 m high, 19 — radiocarbon dates of the
lowermost peat layers

Ryc. 4. Rozwdj zlozonego stozka Czarnego Dunajca w czwartorzedzie w Kotlinie Orawskiej. | —
glowne linie tektoniczne, 2 — uskoki lub strefy uskokowe, 3 — kierunek uskokéw przesuwczych
i podnoszacych, strefy podnoszone (+), strefy obnizane (-), 4 — Pas Skalicowy, 5 — zasieg
poziomow terasowych, 6 — wysoko$¢ wzgledna nad koryto Orawy, 7 — krawedzie, 8 — gléwny
wododziat europejski, 9 — lokalizacja wiercen, 10 — miéjscowos’ci, 11T — punkty wysokosciowe,
12 — najstarsze (gérnoplioceriskie ?) pokrywy aluwialne, z otoczakami tatrzaniskimi, czeSciowo
zkalcyfikowane, 13 — pokrywy aluwialne/fluwioglacjalne terasowe Riss, Mindel, Giinz z osadami
lessopodobnymi proluwialnymi i soliflukcyjnymi, 14 — terasa i stozek wistuliariski (Wirm), 15 —
stozek pozZnowistuliariski, 16 — terasa i stoZek holocerski, 17 — réwnina-aluwialna rzeki roztokowej,
18 — pagor fliszowy o wysokosci 5 m, 19 — daty 14¢C ze spagu torfowisk
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QUATERNARY EVOLUTION OF THE ORAWA BASIN

Detailed geomorphological mapping at the scale of 1: 10 000, together with
analyses of air photos (1: 7.000 to 1: 8.000) and terrace deposits make it possible
to construct a model of tectonic evolution of the Orawa Basin in the Quatemnary
(Baumgart-Kotarba 1991-1992, 1993). The relief of the bottom of the Orawa
Basin enables one to distinguish two different parts of the Czarny Dunajec complex
alluvial fan. The western part, comprising 6 terrace levels, documents tectonic
uplift; the eastern part with micro-relief of braided palacochannels represents the
Late Weichselian-Holocene fan and the subsided Wroébléwka graben (Figs 4, 5).
Terraces preserved in the western part display separate rock socles, cut into
clay-silty Neogene sediments. The terraces attain the following heights above the
present-day Orawa river bed: 10-12 m (last glacial stage, Wirm), 35 m (Riss),
45-50 m (older Riss or Mindel), 60-70 m (Mindel or Giinz), 100 and 150 m.
Palaeochannels preserved upon the vast fan in the eastern and NE part of the
basin document Late Weichselian, westward directed flow of the Czarny Dunajec
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Fig. 5. Reconstruction of the Quaternary drainage pattern of the Czarny Dunajec river and stages
of complex fan development. | — basin boundary associated with the contact between resistant
flysch rocks and Neogene less resistant sand and silty clays: | — Domarniski Wierch line, I — Sucha
Hora-Cimhova-Trstena line, {ll — Jablonka-Krauszéw line, IV —, Czarna Orawa and Bobrov lines,
V — Syhlec stream line, 2 — inferred faults, 3 — drainage directions, 4-11 — terrace levels of the
Orawa Basin, 12 — stages of complex fan development (in uplifted zone: 1-6 and subsided: 7-8)

Ryc. 5. Rekonstrukcja kierunkow odwodnienia przez Czarny Dunajec i stadia rozwojowe zlozonego

stozka Czarnego Dunajca. 1 — granice kotliny przy kontakcie matoodpornych utworéw neogeriskich

z odporniejszym Hiszem: 1 — Domariski Wierch, Il — Sucha Hora-Cimhova-Trstena, [l — Jablon-

ka-Krauszéw, IV — strefa Czarnej Orawy-Bobrova, V — potok Syhlec, 2 — przypuszczalne uskoki,

3 — kierunki odwodnienia, 4-11 — poziomy terasowe Kotliny Orawskiej, 12 — oznaczenia poziomdéw
terasowych w czesci podnoszonej: 1-6 i obnizanej: 7-8
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river into the Orawa and Vah drainage basins. This is also evidenced by the
radiocarbon date of the bottom part of the Puscizna Rekowianska peat bog (8960
+ 80 yrs BP), as well as by palynological studies of clays underlying the peat bog,
which were deposited at the end of the Younger Dryas (Obidowicz 1988, 1989).
Similar age determinations have been obtained for the Na Grelu peat bog
(Koperowa 1962). The latter has developed upon the Late Weichselian terrace,
which is a continuation of the Czarny Dunajec fan, presently dissected by 5-6 m.

The author accepts simultaneous outflow of the Czarny Dunajec river into
the both Black Sea and Baltic drainage basins in Quaternary times. The develop-
ment of the Wrébléwka trough or a series of smaller froughs between
Wrébléwka and Nowy Targ, as well as of the Frydman graben, enabled the
outflow of the Czarny Dunajec river towards the east, i.e. towards the Dunajec
river. If this model (Figs 4, 5) is confirmed by geophysical studies, recently
conducted by a team led by Prof. Dr R. Slusarczyk, University of Mining and
Metallurgy from Krakéw (Grant No 6PO4E 020 08), the mechanism of the
formation of NE part of the Orawa basin will be still a matter of debate. The
question is whether Quaternary subsidence in Quaternary times is a continuation
of tectonic processes active in the Neogene.

REVIEW OF TECTONIC HYPOTHESES

To construct a model of Quaternary tectonic evolution of the Orawa Basin,
one has to test the hitherto proposed hypotheses of the Neogene origin of this
basin. These include:

(1) pull-apart basin hypothesis (Pospi§il 1990; cf. Fig. 6),

(2) hypothesis of both left- and right-lateral horizontal motions along the western
Tatra margin-Krowiarki-Domariski Wierch fault (Bac-Moszaszwili 1993;
cf. Fig. 7), and

(3) hypothesis of the releasing bend-type structure (Pomianowski 1995;
cf. Fig. 8).

All these hypotheses accept strike-slip movements, although the fault
azimuths and sense of motion are taken in a different way. The model
proposed by Pospisil (1993) includes the Tatras, Skoruszyna—-Podhale syn-
cline, Pieniny Klippen Belt and southern part of the Magura Nappe. The
system of right-lateral strike-slip faults between the Zazriva sigmoid and the
Orawa Basin can explain the origin of the sigmoid itself, but it cannot explain
the northermost position of the Pieniny Klippen Belt east of the Orawa basin.
The suggested left-lateral sense of motion along the Ruzbachy fault, however,
is not confirmed by the orientation of the Pieniny Klippen Belt east of the
Dunajec river gorge in the Pieniny Mts. It appears, therefore, that the pull-apart
basin hypothesis sensu-Pospisil (1990, 1993) cannot be accepted for that
part of the Carpathians.
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Fig. 6. Interpretation of the main fault systems on the background of geophysical sounding and

geological maps around the Orawa Basin after Pospisil (1990, 1993). 1 — pre-Mesosoic rocks,

2 — Klippen Belt, 3 — flysch of Magura nappe, 4 — Outer flysch of Skoruszyna , 5 — Neogene,
6 — faults, 7 — assumed direction of strike-slip movements, 8 — location of drillings

Ryc. 6. Interpretacja gtéwnych systeméw uskokéw na podstawie badarn geofizycznych i map geologi-

cznych w otoczeniu Kotliny Orawskiej wg Pospigil (1990, 1993). 1 — utwory przedmezozoiczne,

2 — Pas Skalicowy, 3 — flisz plaszczowiny magurskiej, 4 — flisz wewnetrzny Skoruszyny, 5 — neogen,
6 — uskoki, 7 — przypuszczalny kierunek ruchéw przesuwczych, 8 — lokalizacja wiercen

Bac-Moszaszwili (1993, 1995) attempts to explain the origin of the
Zazriva (Parnica) sigmoid and the Orawa Basin formation by young activity
of the left-lateral Krowiarki-Domarnski Wierch fault. This author concludes
about the change of the sense of movement from left-lateral to right-lateral
in the Rhone orogenic phase, trying to explain in this way very young thrust
of the Cho¢ massif upon the western Tatra margin and overthrusting of the
Domariski Wierch series upon the Paleogene flysch of the Podhale syncline.
Leaving aside the doubtful presence of such thrusts, the supposed change
of the sense of movement is not reflected in the structure of the Zazriva
sigmoid.

Geophysical interpretation by Pomianowski (1995) documents well
faults controlling the Orawa Basin. The throws of these faults attain several
hundred metres and bound the larger area than that described by Watycha
(1976a). The deepest part of the basin extends into its Slovak part. Of special
importance is the presence of oblique faults, associated with the Lipnica,
Zubrzyca and Machajowa faults of Watycha (1977), which point to close
relationship between the Orawa depression and structural pattern of the
Magura Nappe. Pomianowski (1995) assumes that close to the generally
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Fig. 7. Selected stages of tentative reconstruction of neotectoic evolution of the Tatra Mts area
according to Bac-Moszaszwili (1993), b. Late Badenian., d. Rhodanian phase. 1 — directions of
tectonic stress, 2 — direction of tectonic movements, 3 — zones of tectonic depressions, 4 — anticlines,
5 — Gubatowsko-Skoruszyriski Range, 6 — drainage directions, 7 — Pieniny Klippen Belt, 8 —

uplifted area, 9 — sediments laid down in tectonic depressions, 10 — fault, 11 — thrust fault

Ryc. 7. Wybrane stadia z proby rekonstrukcji neotektonicznej ewolucji regionu Tatr
wg Bac-Moszaszwili (1993), b. p6Zny baden, d. faza rodanska. 1 — kierunki naciskéw tekto-
nicznych, 2 — kierunki przemieszczen tektonicznych, 3 — strefy obnizeni tektonicznych, 4 —
antykliny, 5 — grzbiet Skoruszynisko-Gubalowski, 6 — kierunki ptyniecia wéd, 7 — Pas Skalicowy,
8 — obszar podnoszony, 9 — osady w obnizeniach tektonicznych, 10 — uskoki, 11 — nasuniecia

left-lateral major strike-slip fault along the Pieniny Klippen Belt (cf. Birken-
majer 1985, 1986), a local change of the stress field took place, leading
to the formation of a number of dip-slip and oblique-slip faults which bound
the depression. The author cited (Pomianowski 1995) concludes about
synsedimentary character of the depression, developing also in Quaternary
times. The formation of the basin as a “releasing bend” structure would
have occurred at the end of thrusting in the Outer Carpathians, whereas the
block-type character is similar to the other Neogene Carpathian basins, like
the Vienna, Trencin or llava basins. He underlies, however, that the weak
point of such an hypothesis is the lack of near-surface manifestations of
large-scale motions of blocks within the substratum.
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Fig. 8. Model of the Orawa Basin formation as geological structure of “releasing bend” type
according to Pomianowski (1995)

Ryc. 8. Model formowania depresji orawskiej jako struktury typu ,releasing bend”,
wg Pomianowski (1995)

ROLE OF THE “WESTERN TATRA MARGIN-DOMANSKI WIERCH”
LEFT-LATERAL STRIKE-SLIP FAULT IN SHAPING OF THE ORAWA BASIN

Trying to reconstruct the origin of the Orawa Basin, I also accept the pull-apart
basin hypothesis, although taking into account another structural plan. I suppose
that the Orawa Basin became open due to block-type horizontal movements being
common for the both Inner and Outer Carpathians. During folding and thrusting
of the Outer West Carpathians, when the whole orogen was migrating towards
the north (Oszczypko 1995; Oszczypko and Toma$ 1985, Kovad ef al
1989b), individual blocks were formed due to friction exerted by the crystalline
substratum. In this way, the Bohemian Massif hampered the northward movernent
of the westernmost part of the Carpathians that led to the palaeomagnetically
documented northwesterly rotation of the western segment of the Carpathians,
including the Male Karpaty block and the Trencin segment of the Vah valley as
far as Zilina, by 43° since the Eggenburgian and 37° since the Karpatian (Kova¢
et al. 1989a). It appears that the similar mechanism was responsible for the
“stopping” of the Carpathians in the Mala Fatra region, whereas the more easterly
segments could have migrated further to the north. The crystalline substratum of
the Beskid Slaski (Silesian Beskid) Mts occurs at depths of 1 to 2 km, whereas
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close to Nowy Sacz Jurassic strata of the North-European Platform have been drilled
at a depth of 5.5 km (Geological Atlas 1988-1989). One can explain in this
way the NW-directed rotation of the Carpathians between the Zazriva sigmoid and
Orawa Basin, 1.e. the segment comprising the Cho¢ massif, Skoruszyna syncline,
Pieniny Klippen Belt between Zazriva and Trstena, and a fragment of the Magura
Nappe within the Magura Orawska and eastern Beskid Zywiecki Mts. In the light
of this hypothesis, the Orawa Basin would have been formed under extensional
regime which existed between the Orawa Block, rotating by 40-42° towards NW,
and the north-eastward migrating Tatra Block. The principal oblique-slip fault is
the sinistral fault bordering the southern Cho¢ which continues along the western
Tatra margin, and then through the Inner Carpathian Paleogene flysch via Oravice
and Krowiarki pass, along Domariski Wierch and, finally, along the NNE-SSW
oriented Lepietnica river valley towards the western margin of the Mszana Dolna
tectonic window. The Tatra Block, including the Tatras, Podhale syncline, Pieniny
Klippen Belt between Rogoznik and Ruzbachy fault, and Gorce Mts, was shifted
along this oblique-slip fault towards the NE, being simultaneously uplifted. This
uplift is evidenced, i.a., by the relationship between the Domariski Wierch series
(Birkenmajer 1978) and the reconstructed system of step-like arranged planation
surfaces (A, B, C, D) in Podhale area (Baumgart-Kotarba 1983) on one hand,
and to clayey-silty, lignite-bearing sediments which fill the central part of the Orawa
basin (950 m in Czarny Dunajec and 450 m in Koniéwka wells) on the other.
Moreover, large thicknesses of the thick-bedded Magura sandstones occurring west
of the Lepietnica river valley, as compared to the relatively thin cover of these
sandstones in the Gorce and Beskid Zywiecki Mts (Sokotowski 1959), point to
the uplift of the Gorce Mts. in relation to the subsiding part of the Magura Nappe
in the Dzialy Orawskie Foothills (Pieniazkowice and Sieniawa Pass region).

The Quaternary opening of the Orawa Basin in its NE part shows that the
tectonic development has not yet been completed. The main argument in
favour of differences in the mechanism of motion of the Orawa and Tatra
Blocks is the relationship of the Pieniny Klippen Belt to the surrounding structural
units. The Klippen Belt is thrust back upon the Skoruszyna flysch (Pospisil
1993; Gross et al. 1993, 1994), whereas in the Tatra Block it is nearly vertical
and thrust upon the youngest lithostratigraphic members of the Magura Nappe
(Cieszkowski 1992). The rotation of the Orawa Block is probably responsible
for oblique arrangement (NW-SE) of young anticlines and synclines within the
Magura Nappe, hitherto interpreted as a result of folding in the East Carpathians
being superimposed upon older folds in the West Carpathians (Alek-
sandrowski 1985). The axis of regional gravity low between the Zazriva
sigmoid and Trstena is arranged en echelon (WozZnicki et al. 1987), which
can also be a result of the rotation of the Orawa Block. As far as geomorphic
arguments are concerned, besides formerly discussed indicators of young tec-
tonics in the Orawa Basin, one should also take into account that the Domarnski
Wierch hill blocks the drainage from the Gubatowka Foothills which, together
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with characteristic orientation of the valley pattern — for instance Cichy, Woj-
cieszacki and Pasieka streams, could be diagnostic for the activity of strike-slip
faults (cf. Reading 1980; Keller and Rockwell 1984).

AGE OF THE ORAWA TROUGH

The age of the trough is determined by Neogene sediments filling the
basin. Basing on palynological analyses of Oszast and Stuchlik (1977), one
should accept Late Badenian, i.e. Serravallian age (cf. Zuchiewicz 1993).
Therefore, 1 suppose that the Orawa Basin opening took place within the
time-span of 14 to 3 Ma. The subsidence was probably interrupted in Late
Pliocene times, since the Romanian sediments are lacking from the Domariski
Wierch series. 1 conclude that at the turn of the Pliocene and Quaternary
a general uplift of the basin together with surrounding regions took place,
leading to erosional removal of less resistant Neogene sediments. The sub-
sequent opening of the trough was resumed in the Quaternary (Mojski and
Watycha 1984), as documented by Tatra-derived crystalline gravels deposited
directly upon eroded Magura sandstones in Wrébléwka.

FINAL REMARKS

The above presented hypothesis differs from previous ones by assuming
common tectonic history of the both Inner and Outer Carpathians since the
Styrian orogenic phase. A possibility of continuation of faults inbetween
these units has already been discussed by Sikora and Zytko (1960) and
Unrug (1980), particularly in relation to the Zazriva and Bielsko faults
(eastern margin of the Beskid Slaski Mts). It seems that the Styrian phase
affected not only tectonic movements within the Magura Nappe, but also
controlled synsedimentary subsidence of the Orawa Basin. This hypothesis
could have been more easily acceptable, if Cieszkowski’s (1992, 1993)
suggestions were confirmed. The author cited points to a very short time-
span which elapsed between the folding of the Magura Nappe after the
Langhian / Serravallian and the opening of the Orawa intramontane trough
in the Late Badenian (Serravallian). Such an hypothesis appears to be
confirmed by the presence of the second (younger) set of andesitic dykes
close to Wzar and Bryjarka, being associated with young horizontal dis-
placements, interpreted by Birkenmajer (1985) as a phase of the Styrian
movements. Moreover, the pattern of Bouguer gravity anomalies indicates
that not only the Tatras, but also the Niske Tatry Mts (up to Banska Bystrica
— upper Hron valley line) could have been thrust upon light rock masses
of high electric conductivity, encountered at a depth of 6-15 km (Lefeld
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and Jankowski 1985) below the Tatras. This fact can also support the
hypothesis about the NE-directed shift of the Tatra Block.

ACKNOWLEDGEMENTS

This research has been supported by the Committee for Scientific Research
(Komitet Badann Naukowych) Grant No 6PO4E 020 08.

Department of Geomorphology and Hydrology
Institute of Geography and Spatial Organisation
Polish Academny of Sciences

31-018 Krakow, sw. Jarta 22, Poland

REFERENCES

Aleksandrowski P., 1985. Tektonika regionu babiogérskiego: interferencja zachodnio- i wscho-
dniokarpackich kierunkow fatdowych. Ann. Soc. Geol. Pol., 55, 3-4, 375-422.

Bac-Moszaszwili M., 1993. Struktura zachodniego zakoriczenia masywu tatrzariskiego. Ann.
Soc. Geol. Pol., 63, 167-193.

Bac-Moszaszwili M, 1995. Diversity of Neogene and Quaternary tectonic movements in the
Tutra Mountains. Folia Quaternaria, 66, 131-144.

Baumgart-Kotarba M., 1981. Ruchy tektoniczne na wschodnim Podhalu w Swietle analizy
czwartorzedowych teras Biatki Tatrzariskiej U lineamentéw uzyskanycli z obrazu satelitarnego.
Przegl. Geogr., 53, 4, 725-736.

Baumgart-Kotarba M., 1983. Ksztaltowanie kRoryt i teras rzecznych w warunkach zréznicowanych
ruchow tektonicznych na przyktadzie wschodniego Podhala. Prace Geogr. IG 1 PZ PAN, 145, 1-133.

Baumgart-Kotarba M., 1991-1992. Rozwdj geomorfologiczny Kotliny Orawskiej w warunkach
ruchow neotektonicznych. Studia Geomorph. Carpatho-Balcanica, 25-26, 3-28.

Baumgart-Kotarba M., 1993. The geomorphological evolution of the intramontane Orava Basin
associated with neotectonic moventents (Polish Carpathians). Terra — abstracts supplements
to Terra Nova, 5, EUG VI, Strasbourg, France 4-8 April 1993, p. 324.

Birkenmajer K., 1978. Neogene to Early Pleistocene subsidence close to the Pieniny Klippen Bell,
Polish Carpathians. Studia Geomorph. Carpatho-Balcanica, 12, 17-28.

Birkenmajer K., 1985. Major strike-slip faults of the Pieniny Klippen Belt and the Tertiary rotation
of the Carpathians. Publs Inst. Geophys. Pol. Acad. Sci,, A-16 (175), 101-115.

Birkenmajer K., 1986. Stages of structural evolution of the Pieniny Klippen Belt, Carpathians.
Studia Geol. Pol., 88, 7-32.

Buday T., Mahel M, Maska M, Matejka A., Svoboda J, Zoubek V,, 1960. Tectonic map
of Czechoslovakia. Ustredni Ustav Geol. Praha.

Cieszkowski M., 1992. Marine Miocene deposits near Nowy Targ, Magura nappe, Flysch Carpat-
hians, South Poland. Geologica Carpathica, 43, 6, 339-346.

Cieszkowski M, 1993. Uwagi o czasie powstawania Kotliny Orawsko-Nowotarskiej w Swietle
badari morskiego miocenu na SW od Nowego Targu. Konferencja Komisji Neotektoniki
Komitetu Badan Czwartorzedu PAN ,Neotektonika Polski: metodyka, datowania, przyktady
regionalne”, 14-15.

Chowaniec J, Poprawa D.,, Witek K., 1996. Kotlina Orawsko-Nowotarska jako perspekty-
wiczny zbiornik wod zwyklych w deficytowym regionie Karpat. Przeglad Geol., 44, 1, 61-64.



115

Fusan S, Kodym O., Matejka A., Urbanek L., 1967. Geologicka mapa CSSR 1 : 500 000,
Praha.

Geological atlas of the Western Outer Carpathians and their Foreland. 1988-1989. P.1.G. Warszawa,
Geol. Ustav D. Smra, Bratislava, Ustredni Ustav Geol. Praha.

Gross P, Kohler E, Hasko J, Halouzka R, Mello J., Nagy A, 1993. Geologia juinej
a vychodnej Oravy. Geol. Ustav D. Stira, 1-292.

Gross P. et al., 1994. Geological map of southern and eastern part of Orava, 1:50 000, Geol.
Ustav D. Stara.

Halicki B, 1930. Dyluwwialne zlodowacenie potnocnych stokéww Tatr. Spraw. Pol. Inst. Geol,, 5, 3-4, 377-534.

Keller E. A, Rockwell T. K, 1984. Tectonic geomorphology, Quaternary chronology and paleo-
seismicity, {in:] Developments and application of geormorphology, ed. E. J. Kosta & P. J.
Fleisher, Springer Verlag, Berlin-Heidelberg.

Klimaszewski M., 1988. RzeZba Tatr Polskich. PWN, Warszawa, 1-668.

Koperowa W., 1962. PéZnoglacjalna i holoceriska historia roslinnosci Kotliny Nowotarskiej. Acta
Paleobot., 2, 3-62.

Kovaé¢ M., Barath L, Holicky I, Marko F., Tunyi L, 198%. Basin opening in the Lower
Miocene strike-slipe zone in the SW part of the Western Carpathians. Geologicky Zbornik —
Geologica Carpathica, 40, 1, Bratislava, 37-62.

Kova¢ M., Cicha L, Krystek I, Slgczka A, Stranik Z., Oszczypko N, Vass D., 1989b.
Palinspatic maps of the Western Carpathian Neogene 1 : 1000 000, Geol. Surv. Prague.

Ksiazkiewicz M., 1972. Karpaty, Tektonika, lin:] Budowa geologiczna Polski, 3, 1-228.

Lefeld J., Jankowski J., 1985. Model of deep structure of the Polish Inner Carpathians. Publs
Inst. Geophys. Pol. Acad. Sc., A-16 (175), 71-99.

Mojski J. E, Watycha L., 1984. Tatry i Kotlina Nowotarska, |in:] Budowa geologiczna Polski,
1, Stratygrafia 3B, Warszawa.

Nemé¢ok J., 1993. Prosecriansky poruchovy systém. (Proseéno dislocation system), Geologické
prace, Spravy 98, Geol. Ustav D. Stira, 79-83.

Obidowicz A., 1988. The Puscizna Rekowiariska raised bog, [in:] Late Glacial and Holocene
environment changes, Vistula Basin 1988, Excursion Guide-Book — Symposium, 87-90.

Obidowicz A., 1989. Type region P-a: Inner West Carpathians — Nowy Targ Basin, Acta Palaeobol.,
29, 2, 11-15.

Oszast J., 1973. The Pliocene profile of Domajski Wierch near Czarny Dunajec in the light of
palynological investigation (Western Carpathians, Poland), Acta Palaeobot., 14, 1, 1-42,

Oszast J., Stuchlik L., 1977. Roslinnos¢ Podhala w neogenie. Acta Palaeobot., 18, 1, 45-86.

Oszczypko N, 1995. Budowa geologiczna, lin:] Karpaty Polskie, Przyroda, czlowiek i jego dzia-
talnos¢, ed. J. Warszyniska, Krakow, 15-22.

Oszczvpko N, Tomas A, 1985. Tectonic evolution of marginal part of the Polish flysch Carpathians
in the Middle Miocene, Kwartalnik Geol., 29, 1, 109-128.

Pomianowski P., 1995, Budowa depresji orawskiej w Swietle analizy wybranych materiatorw
geofizycznych, Ann. Soc. Geol. Pol, 64, 67-80.

Pospisil L., 1990. Tihové modely oravské neogenni panve. Zemny plyn a nafta, 35, 3-4, 301-307.

Pospisil L., 1993. Geofizykalne zhodnotenie oravskej vrchoviny, Skorusinskych vrchov a Orauskej
Kotliny, [in:] Geologia juznej a vychodnej Oravy, Geol. Ustav D. Stira, 167-189.

Reading H.G., 1980. Characteristics and recognition of strike-slip fault systems. Spec. Publ. Ini.
Assoc. Sediment., 4, 7-26.

Sikora W., Zytko K., 1960. Budowa Beskidu Wysokiego na poludnie od Zywca. Z badar geol.
w Karpatach, 4, Biul. PIG, 141, 61-165.

Sokotowski S., 1959. Przekroje geologiczne przez Karpaty miedzy Dunajcem a Wistq 1 : 200 000,
Wyd. Geol.

Totwinski K., 1922. Dyslokacje poprzeczne oraz kierunki tektoniczrie w Karpatach Polskich. Prace
Geogr. E. Romera 6, Lwoéw.



116

Unrug R., 1980. Tectonic rotation of flysch nappes in the Polish Outer Carpathians. Ann. Soc. Geol.
Pol., 50, 1, 27-39.

Watycha L., 1976a. Neogen niecki orawsko-nowotarskiej. Kwartalnik Geol., 20, 3, 575-585.

Watycha L., 1976b. Szczegdtowa mapa geologiczna Polski, arkusz Czarny Dunajec 1: 50 000.

Watycha L., 1977. Szczegdlowa mapa geologiczna Polski, arkusz Jabtonka 1 : 50 000.

Woznicki J, Sucha P, Pospisil L, Kurkin M., 1987. Geophysical map of the Western Outer
Carpathians and their foreland with part of the Inner Carpathians. Geol. Atlas of the Western
Outer Carpathians and their foreland. Warszawa, 1988-1989.

Wozny E., 1976. Stratygrafia miodszego trzeciorzedu niecki orawsko-nowotarskiej na podstawie
malakofauny stodkowodnej i lgdowej. Kwartalnik Geol., 20, 4, 589-595.

Zuchiewicz W, 1993. Dorobek badari neotektonicznych w Polsce w latach 1970-1990: préba
podsumowania. Przeglad Geol., 5, 360-370.

STRESZCZENIE

M. Baumgart-Kotarba

W SPRAWIE GENEZY I WIEKU KOTLINY ORAWSKIEJ, KARPATY ZACHODNIE

Tektoniczne pochodzenie Kotliny Orawskiej nie budzi watpliwosci. Zasadnicze réznice po-
gladéw dotycza interpretacji, czy Kotlina Orawska jest synkling (Watycha 1976a i b, Klima-
szewski 1988, Chowaniec et al. 1996), czy zapadliskiem (Ksigzkiewicz 1972; Baumgart-
-Kotarba 1991-1992; Pomianowski 1995). Ostatnio aktualna stala sie interpretacja Kotliny
Orawskiej jako basenu typu pull-apart (Pospigil 1990, 1993, Baumgart-Kotarba 1993). Jednak
przyjmujac hipoteze powstawania basenu w wyniku rozrywania autorzy przyjmuja inny zespot
uskokoéw przesuwczych.

Autorka opierajac sie na wynikach analiz palinologicznych Oszast i Stuchlika (1977)
uwaza, ze neogeriskie zapadlisko orawskie ksztaltowalo sie od gérnego badenu po $rodkowy
pliocen (dak). Nastepnie przyjmuje podnoszenie Kotliny wraz z otoczeniem i erozyjne odpreparo-
wanie w maloodpomych utworach neogeriskich. W czwartorzedzie doszio do tektonicznego po-
wiekszania Kotliny wskutek rozwoju zapadliska (zapadlisk?) Wrébléwki i Nowego Targu. Dno
wspotczesnej Kotliny Orawskiej zajmuje zlozony stozek Czarnego Dunajca (ryc. 4 i 5), ktéry
w czwartorzedzie kierowat sie do zlewiska Morza Czarnego, piynac z Orawa do Wagu, badz na
wschod w strone przetlomu Dunajca i do Wisly.

W artykule przedstawiono hipoteze otwierania sie Kotliny Orawskiej w warunkach tensji
miedzy Blokiem Orawy, podlegajacym rotacji ku NW a Blokiem Tatr przemieszczajacym si€ ku
NE. Podstawowaq role w tworzeniu Kotliny Orawskiej odegrat uskok zrzutowo-przesuwczy Choczu
— zachodniego obrzezenia Tatr-Krowiarek—-Domariskiego Wierchu-Lepietnicy, opisany przez Ne m -
¢oka (1993) jako ,proseéiiansky poruchovy systém”. Uskok ten w odcinku: zachodni brzeg
Tatr-Domariski Wierch opisala Bac-Moszaszwili (1993) jako uskok Krowiarek (nad Sucha
Hora). Przyjmuje ona poczatkowo lewoskretny zwrot tego uskoku a nastepnie w fazie rodanskiej
— prawoskretny, podczas gdy autorka zwrot wylacznie lewoskretny. Przyjecie rotacji Bloku Orawy
obejmujacego masyw Choczu, synkline fliszu wewnetrznego Skoruszyny, Pas Skalicowy miedzy
sigmoida Zaztivy a Trsteng oraz Magure Orawska i przesuwanie na NE Bloku Tatr z Niznymi
Tatrami, Tatrami, synklina Podhala, Pasem Skalicowym od RogoZnika po uskok RuZbachdw,
a prawdopodobnie po uskok Murania i z plaszczowing magurska na wschod od doliny Lepietnicy
powoduje konieczno$¢é nowego spoijrzenia na rozwdj tektoniki Karpat Zachodnich (ryc. 10).
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Fig. 9. Simplified geological map (based on Buday et al. 1960; Fusan et al. 1967) showing principal faults that bound tectonic block distinguished by the author. 1 — granitoid and miel

2 — mainly mezozoic sedimentary rock folded and thrusted of Inner Carpathians (autochtonous, Krizna and Cho¢ nappes), 3 — Klippen Belt, 4 — Inner Carpathian flysch: a — Eocel

¢ — basal conglomerate, 5 — Magura nappe, 6 — Dukla and Grybow units, 7 — Silesian nappe, 8 — Subsilesian nappe, 9 — Neogene molassa, 10 — Quaternary deposits, 11 — volc
and faults, 13 — tectonic windows and remnant of nappes, 14 — faults, 15 — boundary of distinguished blocks

Ryc. 9. Uproszczona mapa geologiczna (na podstawie Buday ef al. 1960; Fusan er al. 1967), pokazujaca gléwne uskoki rozdzielajace bloki tektoniczne wyréznione w prezentowane| hipolese, | — granity

i skaly metamorficzne, 2 — sfaldowane i nasuniete gldwnie utwory mezozoiczne Karpat Wewnetrznych, 3 — Pas Skalicowy, 4 — flisz wewnetrzny: a — eocen, b — gdmy eoc
plaszezowina magurska, 6 — jednostka Dukli i Grybowa, 7 — plaszcezowina slaska

per Eocene,
aniles, 12— overthrust

konglomeraty, 5 —
Wy, 12 — nasuniecia,

, 8 — plaszczowina podélaska, 9 — molasy neogerniskie, 10 — utwory czwartorzedowe, 11 — w
13 — okna i wyspy tektoniczne, 14 — uskoki, 15 — granice wyréznionych blokow



