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Abstract: The article deals with neotectonic movements which have been affecting the
Dunajec drainage basin since the Sarmatian. The amount and intensity of these movements have been
calculated and compared with the geological structure of the basin. It seems probable that the Plio-
-Pleistocene tectonics of the West Carpathians reflects tectonic mobility of the flysch substratum.
This mobility may refer to the still continuing process of backward thrusting of the Easteuropean
Platform under the Carpathians.
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Tres$é: Artykul omawia ruchy neotektoniczne zachodzace w obrgbie dorzecza Dunajca (polskie
Karpaty Zachodnie), poczawszy od sarmatu. Obliczone rozmiary i predkosci tych ruchéw przeanalizo-
wano na tle budowy geologicznej dorzecza. Pliocensko-czwartorzedowa aktywnos¢ tektoniczna Karpat
Zachodnich moze odzwierciedla¢ mobilnos¢ podioza fliszu, zwigzana z niezakonczonym jeszcze pro-
cesem podsuwania si¢ podloza platformowego pod Karpaty.

INTRODUCTION

This article concerns neotectonic movements in the Dunajec drainage-basin
(Polish West Carpathians). These movements started at the decline of the Sarmatian
and continued during the Pliocene and Quaternary periods.
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Geomorphic investigations were aimed at reconstructing the course of Late
Neogene — Quaternary tectonic movements as well as their impact on the moun-
taineous topography. In order to enlighten the nature and intensity of these move-
ments, a detailed éeomorphological survey on the scale of 1:25000 was made
(cf. Figs. 2, 3 and 4). The analyses of terrace forms and covers in their strati-
graphic sequence, cross-sections and longitudinal profiles were carried out along
the valleys of the Dunajec, Poprad and Kamienica Nowojowska rivers. Special
attention was paid to the diversity of forms and facies within the given covers,
to the interrelationship between fluvial and slope deposits and to the relations
between accumulational covers and rock socles. All available aerial photographs
were also used.

The age correlation of the terraces was enabled by sedimentological observa-
tions of fluvial deposits, their relation to solifluction and proluvial covers as
well as by hitherto prepared *C datings and palynological analyses.

The investigated terrace system was compared with that of Slovakian and Alpine
rivers.

GEOGRAPHIC SETTING

The investigated part of the Dunajec drainage-basin, comprising 32% of the
Polish Carpathians area, is located within several geomorphic units which re-
veal different geologic and morphologic properties. These units are as follows:
the eastern part of the Nowy Targ Basin, the Pieniny Klippen Belt, the Beskid
Sadecki Mts., the Lacko—Podegrodzie Foothills, the Nowy Sacz Basin with
the Stary Sacz Foothills, the eastern part of the Beskid Wyspowy Mits., the
Grybow Mts. and the southern part of the Cigzkowice Foothills (Roznéw Pla-
teau).

The highest elevations are characteristic of the Beskid Sadecki Mts. (1100—
1265 m), the lowest ones occur within the Nowy Sacz Basin (310—270 m) and
within the Ciezkowice Foothills (250 m).

GEOLOGIC SETTING

The substratum of flysch nappes within the Dunajec drainage basin occurs
at different depths. Refraction geophysical profiles, running N—S and trans-
versing the Nowy Sacz Basin, reveal the presence in the surroungings of the
town Nowy Sacz, of a strong negative gravimetric anomaly (—40 mgal), which
could refer to the southern limit of the Epivariscan Platform (Slaczka, 1975).
This border zone seems to be thrown down to the south, beneath a depth of
14 km. To the north, however, the Carpathian basement rises, reaching near
Zakliczyn a depth of 4 km.

The axis of regional gravimetric low extends here from Nowy Sacz to Nowy
Targ. Some geologists believe that the northern margin of the regional gravi-
metric low is to be interpreted as a zone of deep faults, throwing down the
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peripheral parts of the plattorm basement, and separating the primary pasement
of geosynclinal sediments from the non-regenerated Epivariscan Platform. Sikora
(1976) called this zone the Pericarpathian Lineament”.

Another deep-seated fault is believed to be located along the Pieniny Klippen
Belt. According to Birkenmajer (1977), the Moho discontinuity is downthrown
here to a depth of approximately 50 km.

The seismicity of the West Carpathians is comparable with that of the Eastern
Alps (Zatopek, 1979). Seventy earthquakes were recorded on the territory of the

g 9 o
z o7 \\i
N N
G R
4::/5 ////
((((V‘s =7
7 [ .
ALY \ M/
-7 \
\
I |
N )

R - S MIZERNA
M KLODNE /
FeT ZORSZTYN /# -
N £
7

— m ¢ \KROSCIENKO
" \'\.A,AI
J

—_ . = .

L~ (4 f -
- e .
A

[e] 15 30km
[ L . L T —

Fig. 1. Geological sketch of the investigated area (compiled atter: Oszczypko 1973, Slaczka 1975).

I — Sub-Silesian nappe, 2 — Grybow unit, 3 — Tatra units, 4 — Neogene molasses, 5 — Pieniny

Klippen Belt, 6 — overthrusts, 7 — faults, 8 — axes of positive magnetic anomalies, 9 — supposed

southern boundary of the Epivariscan Platform, /0 — axis of regional gravimetric low. M — Magura
nappe, SK — Skole nappe, S — Silesian nappe, PF — Podhale Flysch

Fig. 1. Szkic geologiczny obszaru badan. / — plaszczowina podslaska, 2 — jednostka grybowska,

3 — jednostki tatrzanskie, 4 — molasy neogenskie, 5 — pieninski pas skatkowy, 6 — nasuniecia, 7 —

uskoki, 8§ — osie dodatnich anomalii magnetycznych, 9 — przypuszczalna poludniowa granica platfor-

my epiwaryscyjskiej, /0 — o§ regionalnego minimum grawimetrycznego. M — plaszczowina magurska,
SK — plaszczowina skolska, S — plaszczowina $laska, PF — flisz podhalanski
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Dunajec drainage-basin in the period of 1000—1966. 14 epicentres were situated
within the basin itself. Most frequently, earthquakes occurred in the Pieniny
Mts. (5) and the High Tatra Mts. (4), rarely — in the Beskid Sadecki Mts.
(3), in the Podhale (2) and in the Orawa Basin (2). The epicentres are situated
on the inner side of the Peripieninian Lineament (Pagaczewski, 1972). Focal
depths in the Pieniny Mts. reach 23 km. The nature of seismic events, reviewed
by the author, enables to expect the magnitude of earthquakes equal to 5—7°
MCS in the Pieniny Mts. and 2—4° MCS in the Beskid Sadecki Mts.

The area under study (cf. Fig. 1) falls into a number of tectonic units of
various orders. The 1st order units are: the Pieniny Klippen Belt, the Magura
nappe, the Grybow unit and the Silesian nappe. Upon these units two super-
imposed intermontane depressions are developed: the Nowy Targ Basin, formed

Fig. 2. Geomorphological sketch of the northern part of the Dunajec gorge within the Beskid Sadecki
Mts. Fragments of planation surfaces: ] — Beskidy level, 2 — intermontane level, 3 — foothills level.
Ridges formed by intersection of valley-sides: 4 — narrow and rounded, 5 — broad and rounded.
Summits: 6 — rounded, 7 — domal, 8 — conical ; 9 — passes (cols), /0 — hard-rock ridges built
up from sandstones, /I — block fields (felsenmeer). Scars of rock-slides: 12 — old, 13 — fresh.
Scars of landslides, -slips and -slumps: 14 — old, 15 — fresh; 16 — small landslides, -slips and
-slumps, 17 — creepbuilt (colluvial) fan plains, 18 — land-slide, -slip tongues, 19 — scree heaps below
scars of rockfalls, 20 — solifluction-built plains, 21 — compact, silty loams. Scarps of river terraces
and alluvial fans of relative altitudes: 22 — below 3 m, 23 — 3—6 m, 24 — 6——12'm, 25 — above
12 m. Rock and erosion-accumulational terrace plains: 26 — Biber, 27 — Donau, 28 — Giinz, 29 —
Mindel, 30 — Riss. Erosion-accumulational and fill top terraces: 3/ — Wiirm (W — Wirm, LG —
Late Glacial), 32 — Holocene; 33 — alluvial fans. River beds cut in solid rock: 34 — medium,
35 — small; 36 — river beds cut in alluvial and colluvia. Abandoned loops cut in alluvia: 37 —
fresh and holding water, 38 — old and dry. Rapids in river beds: 39 — medium, 40 — small ri-
vers; 41 — plunge pools, evorsion channels, 42 — hanging valley steps, 43 — chutes, 44 — valley-
-heads and saucer-shaped valleys. River-cliffs: 45 — 6—12 m, 46 — above 12 m; 47 — outcrops of
Early Quaternary conglomerates

Fig. 2. Szkic geomorfologiczny poinocnej czesci przetomu Dunajca przez Beskid Sadecki. Fragmenty
powierzchni czeéciowego zrownania: | — poziom beskidzki, 2 — poziom §$rodgoérski, 3 — poziom
pogorski. Grzbiety utworzone na przecigciu zboczy dolinnych: 4 — waskie i zaokraglone, 5 — szero-
kie i zaokraglone. Wierzcholki: 6 — kopiaste, 7 — kopulaste, 8 — stozkowe; 9 — przelecze, 10 —
grzbiety twardzielcowe zbudowane z piaskowcow, /] — blokowiska. Nisze lub tylne progi osuwisk
skalnych: 12 — utrwalone, 13 — $wieze. Nisze lub tylne progi osuwisk ziemnych: /4 — utrwalone,
15 — swieze; 16 — drobne osuwiska i zerwy, 17 — powierzchnie osuwiskowo-zlaziskowe, 18 — jezory
osuwiskowe, 19 — zwaly obrywu, 20 — réwniny akumulacji soliflukcyjnej, 21 — scementowane gliny
pylaste. Krawedzie teras rzecznych i stozkow naplywowych o wysokosci wzglednej: 22 — ponizej 3 m,
23 —3-6m, 24 — 6—12m, 25 — ponad 12 m. Rowniny teras skalnych i skalisto-osadowych: 26 —
Biber, 27 — Donau, 28 — Giinz, 29 — Mindel, 30 — Riss. Terasy skalisto-osadowe i osadowe wlozo-
ne: 31 — Wiirm (W — Wiirm, LG — pbézny glacjal), 32 — holoceniskie; 33 — stozki naptywowe.
Koryta rzeczne wycigte w skatach podloza: 34 — $rednie, 35 — male; 36 — koryta rzeczne wycigte
w aluwiach i koluwiach. Koryta starorzeczy wycigte w aluwiach: 37 — $wieze, glgbokie, z woda, 38 —
stare, plytkie, suche. Progi skalne w korytach rzek: 39 — $rednich, 40 — matych; 41 — kotly i rynny
eworsyjne; 42 — progi u wylotéw dolin zawieszonych, 43 — zleby, 44 — leje zrodtowe i doliny niecko-
wate. Podcigcia erozyjne o wysokosci wzglednej: 45 — 6—12 m, 46 — ponad 12 m; 47 — wychodnie
dolnoczwartorzedowych zlepiencow
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Fig. 3. Geomorphological sketch of the Nowy Sacz Basin
and its margin. For explanation — see Fig. 2.
Fig. 3. Szkic geomorfologiczny Kotliny Sadeckiej i jej
obrzezenia. Objasnienia jak na figurze 2
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Fig. 4. Szkic geomorfologiczny doliny Dunajca w obrgbie Beskidu Wyspowego oraz Plaskowyzu Roz-
nowskiego. Objasnienia jak na figurze 2
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on the Magura nappe and the Pieniny Klippen Belt and, the Nowy Sacz Basin,
lying on the Magura flysch. Both depressions are filled by freshwater Neogene
deposits, several hundred metres thick.

Ostaficzuk and Pszczotkowski (1978) and Ostaficzuk (1978), by the use of
LANDSAT-2 images, have distinguished several “’photolineaments’’, transversing
the territory of the Dunajec drainage-basin. These lines strike SW —NE, W —E,
N-—S and, in the northern part of the basin, NNW —SSE. The majority of
lineaments neither coincide with the course of overthrusts nor with faults. The
Pieniny Klippen Belt, the northern margin of the Nowy Sacz Basin and the Roz-
now Plateau are the only exceptions.

LATE NEOGENE PALAEOGEOGRAPHY OF THE MIDDLE PART
OF THE DUNAJEC DRAINAGE-BASIN

The results of investigations on planation surfaces in the southern part of the
Dunajec drainage-basin are included in one of the author’s previous papers
(Zuchiewicz, 1980). This chapter gives a brief account of these investigations.

The oldest Carpathian planation surface, the so called *’Beskidy level’’ (Starkel,
1969; Mazlr and Cindura, 1975; Baumgart-Kotarba, Gilewska and Starkel,
1976), was formed during the Sarmatian. This level can be seen in the form of
smoothed, flat-topped crests of the Luban and Radzieiowa Ranges (cf. Table 1).
It was strongly disturbed in the Moldavian phase (Early Pannonian).

In the Late Miocene and Early Pliocene periods, the Pieniny Klippen Belt
represented a range dissected by small streams. According to Birkenmajer (1979).
the northern slopes of the Pieniny Mts. were drained by the Nowy Sacz’s Dunajec
system> at that time. During the Pliocene a strong subsidence is known to have
taken place within the Orawa—Nowy Targ Depression. The zone of the most
intensive subsidence followed the northern margin of the Pieniny Klippen Belt
(Watycha, 1976). The Gubatéwka Foothills, as well as the Tatra region underwent
slight uplift, hence the Tatra Mts. constituted an upland at that time (Klimaszew-
ski, 1965). :

During the Pannonian, warm and dry climatic conditions enabled intensive
planation processes. The ’intermontane level” (Klimaszewski, 1937; Starkel,
1969; Mazur and Cinéura, 1975) is believed to have been formed then.

Comparing the altitudes of the intermontane level within various mountain
groups around the Pieniny region, one can notice the specific character of the
Luban Range. It is characterized by the highest absolute altitudes (770 —1190 m
above sea level), as well as by their distinct differentiation. These features are
evidence of differential uplift tendencies of the axial part of this range.

During the Middle Pliocene, uplifting movements affected the Luban — Radzie-
jowa Ranges, whereas the Krosnica catchment area underwent subsidence. These
movements can be confined to the Attican and Rhone orogenic phases. The
amplitude of tectonic movements is evidenced by differences in heights between
preserved remnants of the intermontane and foothills levels (Table 1, 2). They
vary from 170—430 m (Luban Range) to 115—150 m (Spi§ Pieniny Mts.) and
to 100—150 m (Pieniny Mts.).
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Table — Tabela 1
Altitudes of planation surfaces within the middle part of the Dunajec drainage-basin
Wysokoéci powierzchni cze$ciowego zroOwnania w obrebie $rodkowej czgéci dorzecza Dunajca

Mountain range . Beskidy level Interl:,c:lltane Foothills level | Riverside level
o - 805 (295) 690 —760 625 — 640
Spis P Mis.
pis Tieiny HS (150 —210) (120 —135)
Polish part _ 750 —800 650—710 600 — 640
- , (330 — 340) (170 — 240) (120 - 150)
P Mis.
temny M- Sjovak part - 700 —880 590 — 680 560 —610
(270 — 440) (150 —190) (100 —150)
Lubati Range ? 770—1190 600 —760 520 — 650
(265 — 560) (155 —240) (90 —150)
w| 905-1195 635830 495 —690 450525
. (530 —875) (300—495) (175 —290) (145 —165)
R R
adzicjowa Range E| 850-1050 650—815 515620 410515
(520 — 690) (310 —475) (190 —270) (95—155)
w| 885-1075 640 —830 475590 435505
Jaworzyna Krynicka (545 —760) (300 — 480) (170 — 260) (110 -155)
Range _ 660 —930 520725 475600
E (300 —480) (170—260) (100 —155)
Lacko — Podegrodzie - 605 —685 495-610 435-605
Foothills (260 —290) (165—215) (125 —155)
Grybow Ms. - 540 —800 435690 370 —580
(270 —380) (160—250) (100 —155)
W - 585 — 645 450 —590 355450
. (305 — 350) (180—230) (90 —135)
Beskid W Mits.
oesad Wyspowy M- g - 525575 415-515
270—-315) (155 —240)

Altitudes in' brackets — in metres above valley-floors.

Simultaneously with the formation of the

“intermontane level”, clayey-siity

deposits are known to have developed within depressions and flood-plains of
the ancient Dunajec. These deposits interfinger with slope deposits, derived from
the southern slopes of the Luban Range (Mizerna, Kluszkowce, Grywald, Dzia-
dowe Katy and Potoczki). Bakker (1965) stated that floristic remains found in
Pliocene deposits from the Mizerna locality can be used as indicators of tropical
“sula”. Such a kind of tropical waterfalls occurs within mountains with thick
weathering covers. The thickness of the weathering covers in the Tatra region
could have reached 20—30 m in the Middle Pliocene times.

The Pliocene deposits filling the Dgbno—Frydman Graben are composed of
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clays with intercalations of sands and fine-grained gravels, and are 21 —26 m thick
(Niedzielski, 1971). These deposits occur about 100 m beneath the base of the Sarma-
tian deposits from Huba, situated on the northern margin of the graben. Clay
and clayey-sandy deposits of Middle to Upper Pliocene age crop out at Mizerna.
According to Srodon (1973) they were re-deposited by Pleistocene solifluction
processes, from previously higher situated sites. Similar deposits occur at Grywald,
Dziadowe Katy and Potoczki (Klimaszewski, 1948a; Birkenmajer, 1958). Their
thickness does not exceed 9 — 16 m. They reveal a remarkable variability of frequently
wedging-out beds as well as the presence ot gravel and clay lenses within sands, a large
amount ot angular rock debris and the dip ot sedimentary complexes up to 6°.
All these features seem to indicate a solifluctional, post-sedimentary redeposition.
The age of floristic remains found in the clays from Dziadowe Katy and Potoczki
localities is thought to be Lower (Szafer, 1954) or Middle (Birkenmajer, 1958;
Oszast, 1973) Pliocene.

During the Rhone and Valachian orogenic phases, the forementioned de-
posits were redeposited due to lowering movements which affected southern
slopes of the Luban Range (Fig. 5). The intermontane level was then dissected
and slightly tilted (Starkel, 1972).

In the Romanian, the topography of the Pieniny Klippen Belt was characteriz-
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Fig. 5. Bubnoff diagrams plotting uplift against time for the selected mountain ranges during the Neo-
gene. Dotted lines — cumulative uplift rates in Bubnoff units (metres per million years)

Fig. 5. Diagramy Bubnoffa obrazujace rozmiary wypietrzania wybranych masywéw gérskich w neoge-

nie. Linia przerywana — krzywa kumulacyjna tempa wypigtrzania w jednostkach Bubnoffa (metry/min

lat)
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ed by the presence of broad valleys and large flat crests. The foothills level began
to develop at that time. It truncates flysch deposits of various resistance. Starkel
(1975) and Baumgart —Kotarba, Gilewska and Starkel (1976) applied the Late
Pliocene age for this level, but Henkiel (1969) thought it to be formed during
the Middle Pliocene. Around the Lubaf Range this level represents a glacis-type
planation surface, but within the other areas, however, it resembles a surface
formed due to lateral river erosion.

The higher situated remnants of this level are clearly visible within the Radzie-
jowa Range (175—290 m), the Jaworzyna Krynicka Range (170 —260 m) and in
the Grybow Mts. (160—250 m).

When comparing the altitudes of preserved fragments of the Late Pliocene
(Romanian) foothills level to the Lower Quaternary level, one can estimate
the amount of uplift in various parts of the Dunajec drainage-basin. This uphea-
val took place during the Valachian phase (cf. Table 2). The total amount

Table — Tabela 2
The amount of uplift of the middle part of the Dunajec drainage-basin during
consecutive Neogene and Quaternary orogenic phases (in metres)
Rozmiary podniesienia §rodkowej czgci dorzecza Dunajca w poszczegdlnych
fazach tektonicznych neogenu i czwartorzedu (w metrach)

Moldavian Attic and Rhone Valachian Pasadenian
Mountain group — phase . . ’ . .
. Pontian-Dacian Romanian- Cromerian-
Pannonian . . .
Dacian-Romanian -Donau -Mindel 1
Spis Pieniny Mts. - 85—-145 27-175 45-50
Pieniny Mts. Polish part - : 100—-160 50—-90 50-95
Slovak part - 120 —-250 40—-50 15—65
Luban Range ? 110-320 65—90 15—-170
Radziejowa Range A% 230-—380 125-205 30—125 70-90
E 210-225 120 —205 95—115 35—-95
Jawofzyx‘lu Krynicka W 245280 130 —220 60 —105 60—95
Range E - 130-220 70—-105 -
chko'— Podegrodzie _ 75—95 40 — 60 80 —85
Foothills
Grybow Mits. - 110—-130 60 —105 60 —85
Beskid Wyspowy w - 120-125 90-95 40-—80
Mts. E - 75—-115 65—105 -

Age of orogenic phases — according to: Vass, Bagdasarjan and Slavik (1974), Vass (1975) and Van
~ Eysinga (1975).
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of Neogene subsidence of the Nowy Targ Basin was estimated by Watycha (1976)
to be 900 —1600 m. The accompanying uplift of the Luban Range reached
a value of 200—600 m. The approximate magnitudes and rates of uplift during
Pliocene and Early Quaternary times are shown in Table 2. These values should
be treated very cautiously, so as they represent only a rough estimation.

At the decline of the Pliocene intensive weathering processes occurred. They
resulted in the formation of the weathering cover which developed on the Magura,
Jazowsko and Lower Lacko Beds. These deposits underlie Early Quaternary
terrace covers, the patches of which remained at Kadcza, Plusy and Falkowa.

At the Plusy site, SE of Podegrodzie village, there occur laminated, clayey-
-sandy deposits which include a horizon of carbonate concretions and calcareous
sandstones. It can be suggested that this cover was formed at the decline of the
Pliocene and/or in the earliest Quaternary. The mechanism of its formation
could have resembled the process that leads to the formation of caliche’. The
source of calcium carbonate were sandstones of the Lower Eacko Beds. The
thickness of the horizon, rich in carbonate concretions as well as calcareous
detritus, does not exceed a value of 1 to 10 cm. There also occur fragments
of highly calcified sandstones. Carbonate concretions are usually oval or sub-
-spherical in shape. They contain 509, CaCO,, as well as sand and quartzitic silt.

ORIGIN OF THE DUNAJEC AND POPRAD WATER-GAPS

There exist various concepts about the origin and age of the Dunajec water-
-gaps within the Pieniny Mts. A list of main ideas is given in the author’s
previous work (Zuchiewicz, 1980).

The age of the Dunajec water-gap can be estimated on the basis of several
facts, namely: on the occurrence of planation surfaces in the Pieniny Mts. and
on the distribution and age of the Pliocene deposits which outcrop in the eastern
part of the Nowy Targ Basin as well as in the Krosnica catchment area.

It can be suggested that the first phase of the water-gap’s formation start-
ed in the Middle Pliocene, but the Early Quaternary seems to be abetter estima-
tion. This is proved by the fact that within the Dunajec gorge only the Lower
Quaternary level remained. A reconstruction of the original position of the
freshwater Pliocene deposits on the southern slopes of the Luban Range (above
650 m above sea level) calls for the re-examination of Gadomski’s (1934) and
Zytko’s (1963) concepts, concerning the Phocene course of the Dunajec withir
the Kros$nica and Grajcarek valleys.

The main factors that have influenced the formation of the Niedzica and
Pieniny water-gaps are: differences in rock resistance, Pliocene-Early Pleistocene
block-type crustal movements, the Plio-Quaternary activity of the Peripieninian
deep-seated fault, as well as large depressions ot the Pieniny Klippen Belt and
north-south striking fault zones. These factors have determined the tormation
of incised meanders within the Pieniny gorge.

The results of the author’s investigations in the Dunajec gorge in the Beskid
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Fig. 6. Geomorphological cross-sections of the Dunajec valley within the Beskid Sadecki Mts. / —
outcrops of solid rocks, 2 — blocks, 3 — debris, 4 — gravels and pebbles derived from flysch, 5 —
gravels and pebbles of the Tatra rocks, 6 — sands, 7 — silts, 8 — clays, 9 — loess-like loams,

10 — loams. Diagrams of petrographic composition: I/ — sandstones, /2 — granites, /3 — quart-
zites, 14 — limestones, 15 — other rocks; 16 — borings made by Geological Institute, 17 — wells

Fig. 6. Przekroje geomorfologiczne przez doling Dunajca w Beskidzie Sadeckim. / — cokot skalny,

2 — glazy, 3 — rumosz ostrokrawedzisty, 4 — Zwiry i otoczaki materiatu fliszowego, 5 — zwiry i oto-

czaki materialu tatrzanskiego, 6 — piaski, 7 — pyly, 8 — ily, 9 — gliny lessopodobne, 10 — gliny.

Diagramy skladu petrograficznego: 1/ — piaskowce, 12 — granity, 13 — kwarcyty, /4 — wapienie,
15 — pozostate skaty; 16 — wiercenia Instytutu Geologicznego, /7 — studnie

Sadecki Mts. seem to prove hitherto proposed hypotheses about its antecedent
origin (Sawicki, 1911; Smolenski, 1937; Klimaszewski, 1937, 1948b; Starkel,
1972; Zuchiewicz, 1978). The oldest deposits including the Tatra gravels are
fluvial covers, found in the vicinity of Ktodne (Fig. 6). They are believed to have
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been deposited during the Biber “glaciation”. It can be stated that the gorge
itself was formed during the Early Quaternary, but its present shape is due
to consecutive deepening in the Pleistocene.

It is also necessary to revise Klimaszewski’s (1961) view concerning the over-
flow of a Pliocene lake from the Kroécienko Basin to the north. This lake —
if it existed — was too small to give origin to the Dunajec valley.

The origin of the Poprad water-gap within the Beskid Sadecki Mts. has not
yet béen explained. Rehman (1895) pointed to the role of tectonic movements,
Sawicki (1909) applied the antecedent theory, and Gadomski (1934) suggested
capture. The author inclines to accept the last concept.

QUATERNARY EVOLUTION OF THE DUNAJEC DRAINAGE-BASIN

At the beginning of the Quaternary period the general upheaval of the Cen-
tral West Carpathians is believed to have taken place (Hargar, 1975; Kvitko-
vi¢ and Vanko, 1971). It was accompanied by subsidence of intermountain depress-
jons and neighbouring lowlands (Baiiacky, 1978). These movements led to the
formation of deep tectonic troughs in the pre-Quaternary basement, along the
northern and NW margin of the Carpathian arc.

Between 1.5 and 0.86 M.y., the third volcanic subphase in the Jesenik Mts.
took place (Sibrava and Havli¢ek, 1980). This subphase is associated with the
Drahany tectonic phase which occurred at the lower boundary of the Middle
Quaternary, i.e. before the first continental glaciation (Sibrava, 1979). Tectonic
activity reached its maximum immediately before the Matuyama-Brunhes boun-
dary, ie. 0.69 M.Y. BP (Sibrava and Havli¢ek, 1980).

During the Early Quaternary the Tatra streams were captured by the Bialy
Dunajec and, the Biala Woda stream was captured by the Bialka river system
(Halicki, 1930; Watycha, 1976). Changes in the channel network were closely asso-
ciated with the tectonic mobility of the Podhale and Tatra regions. In the same
period (Biber-Giinz?), the Dgbno —Frydman Graben was formed, and reached
a depth of 130 m (Niedzielski, 1971). The Early Pleistocene was also the period
when river terraces were developing. These terrace levels were hitherto believed
to represent remnants of the “river-side planation surface”, formed under cold
and dry climatic conditions (Szafer, 1954; Cin¢ura, 1967; Dzulynski et al., 1968).

ANALYSIS OF QUATERNARY RIVER TERRACES OF THE DUNAJEC,
POPRAD AND KAMIENICA NAWOJOWSKA VALLEYS

In the Dunajec, Poprad and Kamienica Nawojowska valleys there remain-
ed several benches of rock, erosion-accumulational and fill top terraces. Their
number and age have been studied by many authors (cf. Smolenski, 1918; Kli-
maszewski, 1937, 1948b, 1967; Starkel, 1972; Oszczypko, 1973; Zuchiewicz,
1978, 1980). '
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Within the Beskid Sadecki Mts., at the Klodne and Wietrznica localities,
there occur patches of the oldest fluvial deposits. They cover rock socles (cf.
Figs. 2 and 6) having a relative height of 150—155 m above the valley-floor.
These covers contain poorly rounded pebbles derived from flysch and, to a lesser
extent, the Tatra gravels. Early Pleistocene age of these deposits can be assu-
med on the basis of their high position on the valley sides, as well as their
petrographic composition and degree of weathering.

In the Podegrodzie Foothills, a number of patches of strongly weathered
sandstone pebbles were found. They are 0.4—2 cm in diameter and are mixed
with angular debris in a matrix of sandy clays. Two distinct terrace levels can
be distinguished there: 146—150 m and 155—160 m.

Similar deposits cover a flat-topped crest of Sokolica, south-west of the town
Stary Sacz, at an altitude of 112—118 m above the Dunajec’s flood-plain.

All these gravels rest on erosional flats, representing fragments of the so
called “’river-side level”. Altitudes of this level vary from 123—134 m in the
Spis Pieniny Mts. and up to 100 — 150 m in the Pieniny Mts. (cf. Zuchiewicz, 1980).

To the north of the town Nowy Sacz, as well as in the Poprad and Kamienica
Nawojowska valleys, the discussed terrace level is an erosional landform, which
occurs at an altitude of 160—120 m above the river-beds.

It is impossible to give a precise age estimation of these terrace covers,
except for morphostratigraphic criteria. The author suggests that they could
have been laid down during the Biber “’glaciation”.

BIBER —-DONAU

On the NW margin of the Nowy Sacz Basin there occur deposits classified
as Pliocene or Lower Quaternary in age (Oszczypko, 1973). They consist of con-
glomerates, composed of pebbles of fine-grained sandstones and marlstones, 10 —
30 (50) cm in diameter, containing intercalations of grey, marly mudstones and
fine-grained sandstones, with illite-calcareous cement. Pebble imbrication indi-
cates the direction of transport as from north and NNW. These deposits crop
out (cf. Fig. 3) at an altitude of 23 — 140 m above the river-bed. They are under-
lain partly by flysch and partly by clayey-sandy Badenian deposits. Oszczypko
(1973) associated the conglomerates with deposits of the Domarski Wierch (Ora-
wa Basin), but Oszczypko and Wojcik (in print) ascribed their formation to
the period that followed the Pasadenian orogenic phase. They are by all means
older than the overlying gravelly-sandy cover from the Mindel Glacial and
younger than the level covered by the Biber and Donau alluvia.

The presence of coarse-grained deposits of alluvial fans, deposited under high-
-energy conditions, seems to indicate an increase in tectonic activity along trans-
versal faults cutting the Nowy Sacz and Krynica subunits’ contact. This activity
increased after the Biber stage.
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The amount of dissection of rock socles of the Biber terrace in the Dunajec
valley is from 53 to 24 m. Higher values are characteristic of the Poprad (62 m)
and Kamienica Nawojowska (60 m) valleys.

DONAU

Fluvial deposits, younger than those of the Biber stage, have been preserved
almost exclusively on southern slopes of the Lacko—Podegrodzie Foothills.
These rest on erosional flats, 90 — 110 m above the river-beds and have a thickness
of 2—8 (15) m. The gravels which crop out at Maszkowice, Jazowsko, Kadcza,
Naszacowice and Stary Sacz, consist of highly weathered sandstone (80%), quartzi-
te (7%) and granite (37;) pebbles, 2—15 cm in diameter, mixed with angular rock
debris and/or strongly cemented grey, sandy clays.

To the north of Nowy Sacz, in the Poprad valley and within the Kamienica
Nawojowska valley (cf. Figs. 2 and 3), the described terrace is almost exclusively
a rock one. In the Dunajec valley, the longitudinal profile of this terrace reveals
some disturbances. A number of upwards can be seen there (Figs. 10 and 11),
especially in the vicinity of Jazowsko, Rdziostow and Znamirowice. Between
Chelmiec and Znamirowice, the rock socle splits into two levels: 103—98 m and
120—115 m above the valley-floor.

Considering the position of the preserved covers on valley sides, beneath the
oldest Quaternary deposits and above the gravels of the Giinz stage, they can
be associated with the Danube (Donau) stage.

DONAU-GUNZ

Between 1.51 and 1.3 N.Y. BP, on the NW margin of the Carpathians, there
occurred a phase of increased volcanic activity, accompanied by a phase of
intensive tectonic movements (Sibrava and Havliek, 1980). These led to the
dissection of alluvial covers and underlying basement rocks.

The depth of dissection increased in the Beskid Sadecki Mts. from west to
east. Highest values are characteristic of the Dunajec valley course between
Jazowsko and Kadcza (33—25 m). In the Poprad valley the amount of river
erosion increased to the north, from 10 to 18 m. Within the Grybéw and Beskid
Wyspowy Mts. the values considered varied from 15—25 m in Roszkowice to
30—40 m in Rdziostéw and 27—42 m to the south of Roznéw (cf. Fig. 13).

A period of intensive tectonic activity seems to be associated with tectonic
movements of the Pasadenian orogenic phase. These movements caused several
disturbances in terrace profiles of the Zitava river in Slovakia (Harcar, 1975).

Interglacial deposits, formed under moderate-warm climatic conditions are
preserved at Szaflary, Falsztyn and Mizerna. In the Szaflary quarry they are re-
presented by a 0.1—3 m thick regolith that underlies clays, dated back as far
as the Cromerian (Birkenmajer and Stuchlik, 1975). Similar regolith-like solis
remained on weathered limestones to the west of Falsztyn, in the Pieniny Mts.
(Guzik and Lydka, 1969). At the foot of the Lubain Range, an accumulation
of clayey and clayey-sandy deposits took place (Mizerna).
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Altitudes of the Dunajec river terraces within the Beskid Sadecki Mts.,
r — right side, 1 — left side, in brackets

Wysokoéci teras Dunajca w obrebie Beskidu Sadeckiego, Pogérza

r — strona prawa, | — strona lewa,

Cross-section] Kroscienko Klodne Wietrznica Boczow Lacko Jazowsko
Region Beskid Sadecki Mts. ELacko —Podegrodzie
Distance 50—-51 55 63 65 70-71 76
from Nowy
Targ, km
Biber - 154 —161 150—155 - - -

(154)1 (150)1
Donau - - - - 104 113-117
98)1 (110) 1
Giinz - - - - 95(85) 92-93
84(83) 1 @1l
77-82
Nr
Mindel 1 - 78 —96 75-85 - 70-74 56—-63
(78) 1 (751 (56)1 (56)1
Mindel 2 52.5-56 51.5-55 47.5-65 55—-68 50—58 48 —51
(52.5r (51.5)1 “47.5)1 45-52 4445 44)r
451 (38—-43) 1
Riss 1 26—32 29-41 21-26 25-28 23 22-30
26) r 291 2nl 25)1 2nl1 (13-14) 1
Riss 2 - 20-31 - 11-24 16—17 -
20)r (Dr (12)1
Wiirm 9—-11.5 16—18 14-16.5 8-10 10—13 9-121
@r (10) 1 (ani 31 (=51
7-8
5.51
LG 55-7r 10-11 - 6-—-91 5-17 51
(10) 1 (-4)1
Holocene 1-2 3.5-5 2-3 2-5 4(-4)1 3—-41
(-3)r Or. 01 (=951 3,21
1.50) r 10)r 1Ir 4-50)r




e

the Lacko—Podegrodzie Foothills and the Nowy Sacz Basin (in metres)

— altitudes of rock socles in metres
Lacko-Podegrodzkiego oraz w Kotlinie Sadeckiej (w metrach)
w nawiasach — wysokosci cokotu skalnego, w metrach

—151—-

Table — Tabela 3

Kadcza Naszacowice | Podegrodzie Brzezna Biegonice Gaj Biczyce Dolne
Foothills Nowy Sacz Basin
78 82 85 89 90 92 96
- - 146—149 1 - - - (150) 1
105—-106 109-110 961051 - - - -
(96—104) 1 90)1 88r
7783 88 - - - 71-88 -
ant (7)1 nl
65—68 68 —174 57-721 53—-611 55—80 59-72
65)1 (56) 1 47-511 55)r 59 r
62—65 53—-64
62)1 (53)1
36—44 48 48 —50 29-331 41—-48 - —
(36) r 38) 1 32-381 @hr
22-24 26 22-241 12-23 25-28 20-24 21-221
(19 r 141 (12-13)1 (11-12)1 10)r (16—20)r
12-14 - 15-16 - 13-20 12-22 10151
(10) r (12-13)1 (10) r (3-10)r
8—-9r 8-91 101 7—-101 10-11r - 9(—4)r
9-12 8—14 6-9r 5—-12
(1.5)1 (-25r (-4)1
7-8(0)1
4-5 4-51 5-61 5-61 5-7r 4-5r 4-5(-4)1
(1.5 1
1.5-2r 3-351 3.5—-41 3-41 35—-4r 2r 251
1-2(0)1 4-45r Ir 051
0.5-1r 2-31r 1-21
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At the decline of the interglacial and in the anaglacial phase of the follow-
ing glacial stage, an intensive deposition of fluvial deposits began. Cold and
wet climatic conditions prevailed (Szafer, 1954).

GUNz

The river terraces formed in this period can be traced in the Beskid Sadecki
Mts. (Fig. 6), within the Lacko-Podegrodzie Foothills and on the western margin
of the Nowy Sacz Basin. They represent a number of flats covered by fluvial
gravels and sands, 3—4 m (Kadcza, Dabrowka Polska) to 9—17 m (Gaj) thick.
These gravels consist of sandstone, quartzite and granite pebbles, 4—6 to 8 —
10 cm in diameter, located within clayey sands and covered by silty-sandy clays.

«—230°
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Fig. 7. Geomorphological cross-section of the Dunajec valley within the Beskid Wyspowy Mts. For
explanation — see Fig. 6

Fig. 7. Przekr6j geomorfologiczny przez doling Dunajca w Beskidzie Wyspowym. Objasnienia jak na
figurze 6

Fluvial deposits rest on rock socles, gently sloping from 84 to 71 m above
the valley-floors. To the north of the Nowy Sacz Basin, rock socle’s altitudes
rise to 80—93 m (Fig. 7).

Disturbances in longitudinal profiles of the rock soclés can be seen to the
east of Jazowsko (Fig. 10), as well as in the vicinity of Roznéw and Tggoborze.

On the Poprad valley-sides (Figs. 3 and 8), poorly preserved fragments of gravel
covers remained, being composed of quartzite and sandstone pebbles. They rest
on flat, erosional shelves, 80 m high (Popowice, Szczerbiniec, Zagdérze Myslec-
kie). To the north of Myslec, the substratum of alluvial covers descends to
a height of 74 m (Fig. 8).

In the Kamienica Nawojowska valley, altitudes of rock socles do not ex-
ceed 52—57 m (cf. Figs. 9 and 12).

GUNZ - MINDEL

The erosional dissection of rock socles which started at the decline of the Giinz
stage, reached its maximum intensity during the Cromerian interglacial. Rates
of dissection were higher in the vicinity of Maszkowice (28—30 m) and Ja-
zowsko (21 —24 m), but they decreased eastwards, up to 15 m in the Nowy Sacz
Basin. A stronger erosional activity was observed in the Grybow Mts. (35 m).
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Fig. 9a, b. Geomorphological cross-sections of the Kamienica Nawojowska valley. For explanation —
see Fig. 6

Fig. 9a, b. Przekroje geomorfologiczne przez doling Kamienicy Nawojowskiej. Objasnienia jak na
figurze 6
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MINDEL

The structure of the Mindel fluvial covers reveals a remarkable two-fold divi-
sion. In the hitherto prepared eleborations (cf. Klimaszewski, 1948b, 1967 ; Star-
kel, 1972; Oszczypko, 1973) this phenomenon was associated with two stadials
of the Mindel glaciation. The latest results of Quaternary studies, however, per-
mit the acceptance of the presence of two different glaciations (Fink and Kukla,
1977; Kukla, 1978; Rézycki, 1978; Bucha et al., 1979). Rozycki (op. cit.) called
them the Nida and San Glaciations, which had to be separated by the Mato-
polanian Interglacial.

Considering the poor preservation of terrace covers in the Pieniny region,
both glacials were not distinguished there.

Within the Dunajec valley in the Pieniny Mts., fragments of terrace covers
are best preserved in the eastern part of the Nowy Targ Basin, namely between
Debno and Czorsztyn villages. On the southern margin of the Debno — Frydman
Graben, patches of 10 m thick alluvial cover rest on rock socle, 74—55 m high,
ie. 150 m above the base of similar deposits filling the graben bottom.

On southern slopes of the Gorce Mts. these covers preserved at Maniowy,
Ciechorzyn and Brzeziny, and reach an altitude of 48—58 m. They consist of
Tatra and flysch pebbles, which interfinger at the top with sandy-silty clays,
including angular debris.

Farther to the east, the gravel patches can be seen above Czorsztyn (50—
62 m) and beneath the Niedzica Castle (57.5—61 m). In the vicinity of Sromow-
ce Nizne, fluvial gravels can be found from 60 m up to 100 m above the valley-
-bottom. In the Dunajec gorge these deposits rest on erosional flats, 85—95 m
high (Drdos, 1960).

Remarkable disturbances of relative terrace heights are characteristic of the
eastern part of the Nowy Targ Basin and in the Dunajec-gorge. The lack of
preserved fragments in the greater part of the Dunajec gorge seems to prove
a strong, block-like upheaval of the eastern part of the Pieniny Mts.

To the north of the Pieniny Mts., the structure of the discussed terrace
remnants allows us to distinguish two different alluvial series resting on rock
socles.

MINDEL 1

Within the Dunajec water-gap in the Beskid Sadecki Mts., isolated gravel
patches preserved within the Kiodne and Wietrznica meander loops (cf. Fig. 2).
Strongly weathered flysch and Tatra gravels form a series of pebbles within
highly cemented sandy clays.

On the northern margin of the Radziejowa Range, on the southern slopes
of the Lacko—Podegrodzie Foothills, as well as on the southeastern margin of
the Nowy Sacz Basin (cf. Fig. 3), a distinct two-fold division of alluvial covers
can be seen. The splitting of terrace cover could evidence either the presence
of two stadials within the Mindel glaciation, or post-sedimentary tectonic mo-
vements during the Mindel 1 — Mindel 2 interglacial.
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Fig. 13. Diagrams of uplift of the selected parts of the
Dunajec drainage-basin in Quaternary times; con-
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The zones where terrace covers split seem
to be associated with blocks separated by faults
(cf. Fig. 14). On the northern margin of the
Beskid Sadecki Mts. occur the Maszkowice,
Jazowsko —Obidza and Gotkowice —Kadcza
faults and, within the Nowy Sacz Basin, there
are transverse faults connected with the Po-
prad fault-system.

The Mindel glacial period was the last
stage of Early Quaternary tectonic activity
of the Pasadenian phase, which led to changes
in the river pattern and caused disturbances
in the longitudinal profiles of terraces in
Slovakia (Har&ar, 1975), resulting as well in the
subsidence of lowlands situated south of the
Carpathians (Batiacky, Har¢ar, and Sabol. 1965;
Bahacky, 1978).

On the southern margin of the Eacko-—
Podegrodzie Foothills and on the northern
slopes of the Radziejowa Range there occur
fluvial gravels, preserved mainly on the left-
-hand side of the Dunajec-valley. On the
right-hand side of this valley, remnants of
fluvial covers are preserved in the vicinity
of Lazy Brzydskie, Biegonice, Dabrowka Pols-
ka and Zawada. They rest upom rock socles,
cut into twe distinct levels: 70--55 m and 56 —
45 m.

To the north of the Nowy Sacz Basin the
Mindel 1 terrace is a rock or erosional-accumula-
tional terrace, the altitudes of which are 73 —
66 m and 55—50 m. The splitting of rock
socles is especially well visible between Rosz-
kowice and Marcinkowice, as well as between
Znamirowice and Tabaszowa.

In the Poprad valley rock benches, 50—
60 m high, are covered by 23—16 m thick
gravels, composed mainly of sandstone and
quartzite pebbles, 4—6 to 15—18 cm in dia-
meter. They are found within a matrix of
‘strongly limonitised fine- and medium grain-
ed sands.

Minor disturbances to the north of Myslec
are visible in longitudinal profiles of rock socles.
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MINDEL 1-MINDEL 2

During the Mindel 1 — Mindel 2 interglacial, dissection of the rock socles took
place. On the northern margin of the Radziejowa Range the amount of
erosional dissection reached a magnitude of 13—19 m. Higher values are charac-
teristic of the Dunajec-gorge in the Beskid Sadecki Mts. (27—28 m), as well
as of the lower Poprad valley (25—23 m). To the north of Nowy Sacz the
depth of dissection was from 18—19 m in Roszkowice to 24—28 m in Wielo-
pole and Tabaszowa. Lower values characterize the Kamienica Nawojowska vall-
ey (Fig. 12), and vary from 6 to 12 m.

MINDEL 2

During the following glacial period fluvial covers were laid down on erosional
flats, 52—38 m high.

In the Dunajec water-gap in the Beskid Sadecki Mts., 4—22 m thick gravels
cover rock socle which crops out at an altitude of 52—45 m above the valley-
-floor. Farther downstream, on the northern margin of the Radziejowa Range,
as well as in the Nowy Sacz Basin, this socle divides into two levels: 47—41 m
and 38—30 m (cf. Figs. 10 and 11). The thickness of gravelly-sandy deposits
varies from 8 to 13 m. In the western part of the Basin, fluvial series occur
only on the left-hand valley-side. The rock socle’s altitude decreases towards

the east. To the north of Nowy Sacz, terrace covers rest on the two-level socle:
47—-38 m and 35-25 m.

The Mindel 2 terrace is preserved in the Poprad valley as an erosion-accu-
mulational terrace (Wola Krogulecka, Zagorze Mysleckie, Myslec, Winna Gora)
or as an escarpment on rocky valley-sides (Barcice Gorne, Paryje, Popowice).
Altitudes of rock socles decrease to the north, from 46 to 27 m.

Fig. 14. Neotectonic sketch of the Dunajec drainage-basin. / — Sub-Silesian unit, 2 — Grybdw unit,
3 — Tatra units, 4 — Pieniny Klippen Belt, 5 — Pericarpathian lineament, 6 — overthrusts. Tec-
tonic lines that were re-activated during the Quaternary: 7 — overthrust of the Krynica sub-unit,
8 — overthrust of the Nowy Sacz sub-unit, 9 — faults, /10 — axes of anticlines, /] — axes of syncli-
nes, 12 — isolines of recent vertical crustal movements (according to Wyrzykowski 1971). River-bed
stretches where the topographical profile runs: 13 — above, 14 — beneath, 15 — above and beneath
interchangeably, the theoretical profile, calculated by the Ivanov’s method. Areas which reveal Neo-
pleistocene movements: 16 — positive, 17 — negative, I8 — positive and/or negative alternatively.
PF — Podhale Flysch, M — Magura nappe, S — Silesian nappe, SK — Skole nappe

Fig. 14. Szkic neotektoniczny dorzecza Dunajca. / — plaszczowina podslaska, 2 — jednostka grybow-
ska, 3 — jednostki tatrzanskie, 4 — pieninski pas skatkowy, 5 — lineament perykarpacki, 6 — na-
suniecia. Linie tektoniczne uaktywniajace si¢ w czwartorzgdzie: 7 — nasunigcie podjednostki krynic-
kiej, 8 — nasuniecie podjednostki sadeckiej, 9 — uskoki, 10 — osie antyklin, /7 — osie synklin, 12 —
izolinie wspolczesnych pionowych ruchéw skorupy ziemskiej (wedtug Wyrzykowskiego, 1971). Odcinki
koryt rzecznych, gdzie profil rzeczywisty lezy: 13 — powyzej, 14 — ponizej, 15 — powyzej i ponizej
profilu teoretycznego, obliczonego metoda Ivanova. Obszary wykazujace ruchy tektoniczne w neoplej-
stocenie: 16 — dodatnie, 17 — ujemne, /8 — dodatnie i/lub ujemne. PF — flisz podhalanski, M —
plaszczowina magurska, S — plaszczowina $laska, SK — plaszczowina skolska
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Table — Tabela 4
Altitudes of the Poprad terraces (in metres)

r — right side, 1 — left side, in brackets — altitudes of rock socles in metres
Zestawienie wysokosci teras Popradu w metrach
r — strona prawa, | — strona lewa, w nawiasach — wysokosci cokolow skalnych w metrach

According to Smolenski (1918), Klimaszewski (1937, 1938b), Szaflarski (1937)
and Oszczypko (1973), the Poprad was flowing through the pass between Winna
Gora and Biegonice, at that time. Later, the river-bed shifted to the west.

In the Kamienica Nawojowska valley (cf. Figs. 9 and 12), the described
terrace occurs as a rock (Nawojowa, Golabkowice) or erosional-accumulational
terrace (Popardowa, Zalubinicze). Alluvial covers, 3—6 m thick, rest up on 36—
30 m high rock socles.

Deformations in longitudinal profiles of the socle are remarkable, and can
be associated with increased tectonic activity of the whole Carpathians at the
end of the Mindel glacial and during the Mindel-Riss stage (Starkel, 1971;
Riihle, 1976; Baracky, 1978; Sibrava, 1979).

-

-
Cross section Brzezowica ]?;:;:: Cyganowice| Stary Sacz Myslec |Winna Goéra %%
Distance from the %%
state boundary, km 52.5 56—57 57.5 58.5 60—61 62.5 %%
.
Biber (150) r - - - - - % %
|
Donau - (85—95)1 | (90—100) rl - 97 —100(97) 1 - %
/ 7
Giinz - - 80 —85(80) r| 80 —85(80) 1 @0)r - % ;
Mindel 1 - (60—70) 1 - - 65—90 g/
(55-80) 1, -
50 —55(50) r '
64— 69
Mindel 2 - (351 - (40) r @nr |27-30Q7)r
Riss 1 2717 r 25-291 |27-33Q27)1} 20-251 |17-20(15)1] 20—-30r
15-20(11) r
Riss 2 - 16—23(16) 1] 12=15(10) 1 - - 10-151
Wirm 6.5—-75r | 8—-11(—-1)1 8.51 7-91 6-91 8§—12r
7-91
LG 6-75(-11} 5-7.11 - - -
Holocene 4-50)r | 2-3(—-Dl 3-41 3-51 3.5-41 41
2-250)r [0.5-1(-1)1 2-5r 21 35r 21l
1(0)r 05r 1-2r1l
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Noticeable also are the increasing altitudes of rock socles in the Beskid
Sadecki Mts., as well as their splitting into two levels (Klodne, Boczow, Masz-
kowice, Naszacowice, Podegrodzie). This phenomenon is frequently connected
with faults that transverse the contact zone between the Krynica and Nowy
Sacz subunits, and those associated with the scissors-like Poprad fault-system
(Oszczypko, 1973).

MINDEL —RISS

During the Mindel-Riss interglacial stage, a dissection of previously de-
posited alluvial covers, as well as their basement is known to have occurred.
This was a period of intensive tectonic activity that affected both the Carpathians
and the Alps (Kukla, 1978).

On the southern margin of the High Tatra Mts., between Lucivna and Seyrb-
ské Pleso moraine ridges, a tectonic trough was formed (Lukni§, 1959). The most
effective upheaval of the Zilina basin and the Hron drainage-basin is confined
to this period (Mazur, 1963).

Along the southern margin of the Carpathians tectonic movements took
place which caused the subsidence of the drainage-basin of the Middle Danube,
as well as foster a number of disturbances of older river terraces (Pécsi, 1977).

The amount of dissection of the Mindel 2 terrace-socle within the Pieniny
Mts. was from 22 to 44 m. The highest values occurred in the >Pieninian”
water-gap, the lowest ones — were confined to the Niedzica (Kapusnica) gorge.

Within the Dunajec water-gap in the Beskid Sadecki Mts. these values vary
from 26 m in Kroscienko to 34 m in Klodne, and to 20—30 m in Boczow.

Along the northern margin of the Radziejowa Range and on the southern

slopes of the Lacko-Podegrodzie Foothills, rates of erosion were lower and
did not exceed 17—24 m. The highest values characterise the zone situated
east of Jazowsko (cf. Fig. 10).

Within the Nowy Sacz Basin (Fig. 11) the depth of erosion is variable.
In the vicinity of Podegrodzie it is equal to 11 —15 m, but on the eastern margin
of the Basin it rises up to 30—34 m. .

In the Poprad valley, the considered values rise from 13 m in Barcice to
17—-22 m near Winna Gora. ‘

To the north of the Nowy Sacz Basin the amount of erosional deepening
is 16—10 m, and in the Kamienica Nawojowska valley it attains a value of
12—-20 m.

RISS

At the beginning of the Riss glacial stage a severe cooling trend started to
predominate. The upper snow line in the Tatra and Beskidy Mts. lowered to
an altitude of 1200 m above sea level, and mean annual temperatures in Kros-
cienko and at the foot of the Tatra Mts. were —3 and —5°C, respectively
(Klimaszewski, 1948b).

The terrace covers ascribed to that period reveal a distinct two-fold division
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Table — Tabela 5

Altitudes of the Kamienica Nawojowska terraces (in rnetres)

Zestawienie wysokosci teras Kamienicy Nawojowskiej w wybranych przekrojach, w metrach
r — strona prawa, | — strona lewa, w nawiasach — wysokosci cokoléow skalnych w metrach

Cross- Popar- Nad- |The rr;(outh Zawada | Falk Gotabko- | Nowy | Roszko-
-section dowa |kamionka °f_ a- awada alkowa wice Sacz wice
mionka
Distance
from
head-
waters,
km 8.5-9 10 11 12 13.5 14.5 16 18
Biber (117-122) (120—130) (96 —106)
1 r r
Donau |(85-95) 1 70—85 (81-83)r
(64—70)r
Giinz 52-57 52—-55 68 —83 56 —-60
52)r 52)r (60.5) r (56) r
Mindel 1 451 37-50 40—44 45r 42 —-45 46—51
(37—-40)r| 40)r 42)r “46) r
Mindel 2| 36-—40 35—-37r 307r 33 36 —40
(36)r (20)r (B6)r
Riss 1 2227 17-25 20-30 21-25
(151 aNDr (16) 1 (19r
Riss 2 10—-13 191 11-18 12—-13 10-12
8.5)1 (ADr 8-9r
Wiirm 7.5—111 7—-101 | 85-111 6-—7 6—65r| 7.5-9r 5-8 8(2)r
(=31 Q.5)r
LG 5-71 4-51 451 45-54r 5.51 4.50)r 52)r
Holocene 35r 3-350)1/2—-3r,1r | 3—41r |3-35r 35r 1.50)r | 3.5(1.5)r
0.5(0) 1 2-32)1 | 1-2r. 2r, 1r

that can prove the presence of two stadials (Klimaszewski, 1961, 1967; Starkel,
1972) or two different glacial periods, known as the Odranian and Wartanian
(Roézycki, 1978).

The author is not able to decide whether the Riss glacial period should be divid-
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ed into two stadials or two separate glacials. The last concept, however, seems
to be supported by the results of Quaternary studies, carried out in the Middle
Europe (Fink and Kukla, 1977; Roézycki, 1978; Brunnacker, 1979; Bucha et al.,
1979), as well as in the USSR (Arkhipov, 1979). It is also proved by a specific
sequence of sediments recorded in these two covers, typical for a glacial cycle.
Two separate terrace steps, ascribed to the Riss stage, were distinguished in
Slovakia by Mazir (1963) and VasSkovsky (1977).

Within the Pieniny Mits., the terrace under consideration is poorly preserved.
The only criteria that allow the correlation of terrace remnants are the relation-
ships between the Riss terrace and the one from the Last Glacial stage.

Between Debno and Frydman these deposits lie 2—25 m beneath the present-
-day river-bed of the Dunajec. Around the Frydman Graben, the Riss terrace
is a rock or erosion-accumulational one, exposed at 43 — 60 m within the Klippen
Belt and 30—45 m on the southern slopes of the Gorce Mts. Similar altitudes
of terrace socles (45 m) are preserved at Brzeziny, Ciechorzyn, Czorsztyn and
Niedzica. Fasther to the east, as far as Katy, the rock socle’s altitude dec-
reases to 36—31 m.

In the Dunajec gorge within the Pieniny Mts. the described terrace occurs on
the right-hand side of the valley, at an altitude of 40—45 m (Drdo§, 1960).

Downstream of the Dunajec gorge, in the Kras meander loop, sporadic Tatra
pebbles can be found. They occur 35—36 m above the valleyfloor. To the
south of Kroécienko the thickness of gravel covers rises t0 15 m.

In the longitudinal profile of the Riss terrace there are no remarkable deforma-
tions with the exception of the Debno — Frydman Graben. The height difference
between the base of Riss deposits within the Graben and its margin in about
40—50 m. Also noticeable is an increase in relative altitudes of terrace socles
at Ciechorzyn, and its almost complete disappearance in the Dunajec gorge.

RISS 1

Within the Dunajec water-gap in the Beskid Sadecki Mts., the Riss 1 gravelly-
-sandy cover rests on a sandstone socle (Fig. 6), the altitude of which decreases
to the north from 26 m in Kroscienko to 14 m in Zarzecze.

An upwarp of the socle in the vicinity of Klodne (28—29 m) and Boczow
(25 m) can be seen. The thickness of alluvial covers is from 5 to 11 m, but down-

stream of the gorge it rises up to 14 m.

Within the Lacko —Podegrodzie Foothills the altitude of rock socle decreases
from 24 m at Maszkowice to 13 m at Opijowka, but at Jazowsko it rises again
to 17 m. ’

Fluvial gravels, 3—5 m thick, are covered by silty-sandy loams containing
angular debris. Similar altitudes of the terrace level (17 — 19 m) can be seen between
7awodzie and Gabon, and downstream, they lower to 12 m (Fig. 10). Here
gravels and sands underlie, 14 m thick yellow, sandy and sandy-silty loams.
In the vicinity of Golkowice the rock socle subsides to a height of 6—2 m above
the valley-floor.
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At the Plusy site, south-west of Podegrodzie, the strongly weathered gravel
series is covered by 5—6 m thick, cemented silts and sandy silts. These de-
posits are cut by vertical joint surfaces, called by Tokarski (1978) “’subvertical
joints”. This author attempts to correlate joint surfaces, reworked by precipi-
“tation waters, with young Pleistocene (Eemian) tectonic movements affecting
the margin of the Nowy Sacz Basin. He classifies these surfaces as faults”
and tries to count stress-axes. However, both the character of silts and morpholo-
gic situation of slope clearly indicate the presence of a large landslide. This
gravitational movement caused the formation of joints. Fissures which originat-
ed at that time were affected and reworked by precipitation waters which erod-

ed a number of rills, recognized by Tokarski (op. cit.) as “tectonic striae on
slickensides™ (sic!).

In the vicinity of Plusy, within loess-like loams covering the Riss 1 terrace gravels,
occur boreal assemblages of steppe gastropods (bottom: Succinea oblonga elon-

gata, Pupilla muscorum, Vallonia pulchella, Helicella cf. strata, top: P. muscorum,
S. oblonga elongata, V. costata, V. pulchella).

The sedimentation of silts and silt-sandy deposits started at the decline of the
Riss glacial stage and continued during the Last Glacial period. Most of these
sediments reveal stratification that can evidence the role of waters flowing down-

slope. Apart from previous concepts ascribing these loams to loess or loess-like
deposits, Cegta (1963) described them as flysch waste-rocks.

Silts and silty loams overlie fluvial sequences associated with the Riss glacial
stage and appear mainly on the left-hand side of the Dunajec valley. They

crop out at similar altitudes above valley-floor (20—35 m). This fact enables
correlation of the preserved terrace remnants.

On the southern margin of the Nowy Sacz Basin the Riss terrace forms
a widespread alluvial fan of the Dunajec and Poprad rivers (Fig. 3). It can be
seen at an altitude of 20—25 m above the river-beds. On the left-hand side
of the Basin (Brzezna, Podrzecze, Chochorowice) the altitude of rock socles,
built up from Badenian sands and clays, decreases from 12 to 5§ m.

Between Biegonice and Nowy Sacz (Fig. 11), the terrace surface slopes gently
from 27 m at Dabrowka Polska to 14—12 m at Nowy Sacz. During the forma-

tion of this terrace cover, the Kamienica Nawojowska river joined the Dunajec,
upstream of Nowy Sacz (Klimaszewski, 1948b; Oszczypko, 1973).

To the north of the Nowy Sacz Basin, the described terrace cover, 4—11 m
thick, rests on 24—19 m high erosional flats. They occur on either side of the
valley and form rock or erosion-accumulational terraces. In longitudinal pro-
files of the terraces a small upwarping of relative altitudes appears at Wielo-
gtowy, Grodzisko and Znamirowice. :

Within the Poprad valley, the altitudes of erosion-accumulational terraces
decrease to the north, from 20 m at Brzezowica to 10 m at Biegonice. Terrace
levels occur on either side of the valley, rising to 26 —30 m above the rivér-bed.

In longitudinal profiles, as well as in cross-sections of the socle, there appear

.




-171 -

disturbances which seem to correlate with the trend of faults associated with the -
scissors-like Poprad fault-system.

In the Kamienica Nawojowska valley (Fig. 12), the relative altitudes of rock
socles rise near the mouth of Kamionka stream, from 15—16 m to 17—24 m.
An increase in relative heights is especially well visible on the right-hand side of
the valley. To the north of Kamionka stream, the socle slopes down to an alti-
tude of 13—12 m and farther to the north (Gotabkowice) it rises up again
up to 18—19 m above the valley-floor.

RISS 1 -RISS 2

During the Riss 1 — Riss 2 interglacial (interstadial?) period, the increased ero-
sional activity is believed to have taken place. The depth of downcutting was
from 14 to 3 m. The highest values are characteristic of the northern part of
the Dunajec water-gap within the Beskid Sadecki Mts., and in the Jazowsko —
Kadcza region (12—14 m), the lowest ones occur in the Nowy Sacz Basin. There
are also differences in the considered values between both sides of the Dunajec
valley, which are especially well visible within the Nowy Sacz Basin (6—13 m).
This phenomenon can point to activization of vertical movements at that time.
To the north of Nowy Sacz, the rates of bottom erosion are equal to 5—6 m.
Higher values characterise the regions of Wieloglowy (9 —12 m) and Biala Woda
(8—9 m, cf. Figs. 4 and 7). Within the Poprad valley, however, these values are
from 9 to 17 m.

RISS 2

Erosional flats, cut during the Riss 1 — Riss 2 interglacial stage, were co-
vered by a lower series of gravels and sands. Within the Dunajec water-gap
in the Beskid Sadecki Mts. it rests on a socle, 20—11 m high. Relative heights
of the socle decrease northwards. The thickness of fluvial covers attains 9 —14 m.
Between Lacko and Nowy Sacz (cf. Fig. 10) it changes from 2 — 5 m near Maszko-
wice — Jazowsko to 10—12 m within the Nowy Sacz Basin. Gravels and sands
rest on a rocky surface, 12—3 m high.

On the eastern margin of the Nowy Sacz Basin, the Riss 2 terrace level is
an fill-top and/or an erosion-accumulational one. Its surface attains an altitude
of 13—10 m above the valley floors. The rock socle, built up from Miocene
clays, decreases downstream from 9—10 m at Biegonice to 3 m at Gaj and, in
the vicinity of Nowy Sacz, it plunges beneath the present-day river-bed (—2 m).

Appearing to the north of Nowy Sacz are rock and erosion-accumulational
terrace steps, the altitudes of which vary from 18 m at Roszkowice to 8 m at Biala
Woda.

In the valley of Poprad, a 7—16 m thick terrace sequence rests on a rough socle,
sloping gently northwards (16—4 m). Near the town of Stary Sacz it plunges
beneath the river bed. The Riss 2 terrace remnants, 20—15 m high, are pre-
served almost exclusively on the lefthand side of the valley.

Within the Kamienica Nawojowska valley (Figs. 3,9, 12) there appear differen-
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ces in the longitudinal profiles of terrace socles between the two valley sides.
Higher altitudes are confined to the righthand side of the valley.

RISS 2—-WURM

At the end of the Riss 2 glacial stage, as well as during the following Eemian
interglacial, there occurred intensive downcutting into the formerly deposited
gravel series and their basement. Bottom erosion was favoured by suitable clima-
tic conditions and by young tectonic movements. A warm and wet climate pre-
vailed, being 2—3°C warmer and about 509, wetter than at present (Vaskovsky,
1977). Tectonic activity of the Carpathians at that time is evidenced by disturban-
ces of terrace levels of the Zitava river, described by Haréar (1975).

Rivers cut downwards to a depth of 20 —25 m in the Pieniny Mts., and in the
axial part of the Beskid Sadecki Mts. In the northern part of the Dunajec water-
-gap within this range the depths of erosional deepening decreased to 15—11 m.
Within the Lacko Basin, the socle of younger alluvia rests 6—8 m beneath the
present-day river-bed.

Between Jazowsko and Stary Sacz the amount of downcutting changed from
7 to 12 m. In the Nowy Sacz Basin it reached a value of 5—8 m beneath con-
temporaneous flood-plains, i.e. 15—8 m under the socle of the Riss 2 terrace
steps. Higher values of erosional deepening are characteristic of the Roszkowice
region (18—20 m), as well as of thelower course of the Poprad valley (17 — 10 m).

WURM

The highest terrace associated with the Last Glacial stage attains a height
of 15 m above river-beds. Its Upper Pleniglacial age has been estimated on the
basis of radiocarbon datings (Starkel, 1977).

Within the Nowy Targ Basin this terrace step originated as a resuit of erosio-
nal downcutting of the fluvioglacial cover, laid down during the Riss stage. In the
course of the deposition of this cover, phases of fluvioglacial and periglacial
sedimentation have occurred. Within the limits of the Debno — Frydman Graben,
terrace deposits attain a thickness of 6 —25 m and occur beneath the present-
-day river-beds. On the graben margins, as well as in the bottom of the Dunajec
valley, the Wiirm terrace is an erosion-accumulational one. The rock socle’s
altitude rises 15—38 m above the base of the Wiirm deposits that fill the graben.
To the south of the graben area, the altitudes of rock socles are 5—11 m, but
on the northern margin they rise to a height of 16—19 m.

Between Maniowy and Ciechorzyna decrease in relative heights is marked (8 —
10 m). Within the Niedzica (Kapusnica) water-gap, remnants of fluvial gravels
form two, poorly exposed levels: 18 —26 m and 8 — 15 m. The latter could have
been formed during the Late Glacial times. Within terrace covers, the remains
of the Early Glacial Mammonteus primigenius Blum. were found (Kulczycki
and Halicki, 1950). To the east of the Kapu$nica water-gap, relative altitudes
of rock socles decrease.

The age of the Last Glacial terrace cover was estimated on the basis of
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radiocarbon datings (51200 years BP) of pieces of wood, found in peat that
overlies fluvial gravels at Katy (Mamakowa, Mook and Srodon, 1975).

Within the Pieninian gorge, fragments of Last Glacial terraces, 20—25 m
high, are preserved on the Slovakian side of the valley (Drdo§, 1960). Downstream
of the gorge’s outlet, in the vicinity of Kroécienko, the rock socle’s altitude
is about 4 m above the riverbed. The terrace cover interfingers here with a soli-
fluction cover, containing Pleniglacial and Late Glacial floristic remains (Xjima-
szewski et al., 1950).

In the longitudinal profiles of preserved Last Glacial terraces deformations
occur, which are especially well pronounced within the Nowy Targ Basin. Between
Maniowy and Szubieniczna Gora, the different altitudes ¢f rock socles on either
side of the Valley are believed to be associated W“’Lh kthe presence of re-activat-
ed faults. / ' '

An increase in the relative h2ights can also be seen near Sromowce Nizne,
as well as within the ”Pieninian” gorge. An unusual “jump” in the socle’s
altitude near Kroscienko could evidence the lowering of the Krocienko Basin,
situated +ithin the contact-zone between the Pieniny Klippen Belt and the
Magura unit (Watycha, 1976). :

In the Dunajec water-gap within the Beskid Sadecki Mts., the Wiirm terraces
occur at altitudes that vary from 9—11 m at Kroécienko to 18 m at Klodne
and 10—13 m at Lacko. Heights of the rock socles vary from 4 m in the south
to 10 m in the middle part of the gorge and, to 6—11 m at Wietrznica. Near -
the mouth of the Ochotnica river, the rock socle divides into three levels: 8 —
8.5 m, 6.5—7 m and 6 m. '

A lower terrace step, cut during the Late Glacial times, is 5— 8 m high. Gravels
and sands cover a rock socle, the altitude of which changes from 5 m at Tyl-
manowa to 1.5 m at Wietrznica.

Between Lacko and Nowy Sacz, the Wiirm terrace forms a widespread plain,
8 —13 m high. Lower, erosional steps are preserved locally. They were probably
cut during the Hengelo interstadial. The basement of Late Glacial alluvia crops
out sporadically and seems to be associated with tectonic blocks, separated by
north-south striking faults that transverse the contact between the Krynica and
Nowy Sacz subunits. ’

Within the margins of the Nowy Sacz basin, terrace levels are sometimes
overlain by alluvial fans of the tributaries of the Dunajec.

Within the Grybéw and Beskid Wyspowy Mts., the Last Glacial terrace forms
two separate steps: 8 —12 m and 6—8 m. Farther to the north, altitudes of
the rock socle rise from —4 m at Chelmiec to 2.5 m at Roszkowice.

In the Poprad valley, the terrace steps under consideration occur on either
side of the valley. The height of the terrace surface rises northwards from 7—
9 m to 11—12 m. The rock socle is very rough. At Rytro it crops out 2 m above
the flood-plain, between Zyczandéw and Barcice Gorne it is exposed in the river-
-bed and, farther to the north, it plunges beneath the bed to a depth of 4—5 m.

Last Glacial terraces within the Kamienica Nawojowska valley (Fig. 9 and
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12) form a large alluvial plain, reaching a height of 7—11 m in the middle
river-course to 5—8 m in the lower one. The rock socle plunges from 3.5 m
at Nawojowa to —3 m at Zawada, but at Nowy Sacz it rises again above the
valley-floor (2—2.5 m).

The Late Glacial terrace, 5—7 m high, is well developed in the all considered
valleys. Its altitudes rise at Jazowsko. Between Lacko and Tabaszowa this terrace
level is an erosion-accumulational terrace and, within the Nowy Sacz Basin, it
forms a cut and fill terrace.

HOLOCENE

In response to climatic amelioration at the Pleistocene-Holocene boundary,
as well as to a slight tectonic upwarp, there oceurred final dissection of the
Wiirmian and Late Glacial terraces. The depth of downcutting reached a value
of 12 m in the eastern part of the Nowy Sacz Basin, 15—10 m between Czor-
sztyn and Sromowce Nizne, 20 m in the Pieniny gorge, 4—7 m at Kroscienko,
1.5-5 m at Tylmanowa and 1—2 m at Wietrznica. These figures could re-
present the amount of possible upwarping at the decline of Late Glacial and
during the Holocene. To the north of the Dunajec gorge in the Beskid Sadecki
Mts., erosion affected the alluvial covers only. The rate of dissection was 3 —5 m.
In" the Pieniny Mts. the eroded rills were filled with alluvia, 4—10 m thick.
Pebbles and gravels are occasionally covered by a thin horizon of peat. The
accumulation of organogenic material is confined to the Boreal phase (Birken-
majer and Srodon, 1960).

Another phase of climatic amelioration during the Early Holocene led to the
dissection of deposited alluvial covers, as far as their substratum. During the
period of intensive accumulation in the Atlantic phase (Starkel, 1977), another
fluvial cover was laid down. Its thickness varies from 6—7 to 2 m.

The lowest Holocene cut and fill terrace reaches a height of 2—3 m above
the river-bed.

Present-day erosional processes are most clearly visible within the Pieninian
gorge, in the Kapusnica water-gap, as well as ‘at Ciechorzyn.

- In the Dunajec water-gap in the Beskid Sadecki Mts. there are two Holo-
cene terraces. In the vicinity of Klodne, Klempowa, Wietrznica and Boczéw
their number increases up to 3—4 levels. Relative altitudes are about 2—4
and 0.5—-1.5 m. _

Between Lacko and Podegrodzie there appear 2—3 terrace steps. Within
the Nowy Sacz Basin their number increases to 3 levels: 3.5—5 m, 25-3 m
and 0.5—1(2) m. The thickness of recent alluvia attains a value of 10 m.

To the north of Nowy Sacz, the Dunajec valley-floor is composed of three
terraces: superinundational (3.5-5 m), inundational (1.5—3 m) and flood-plain
(1-1.5 m). The base of the alluvia lies 3—0.2 m beneath the river-bed.

In the Poprad valley the Holocene terraces are cut and fill ones and comprise
two levels: 3—4 m and 0.5—-2 m.

In the Kamienica Nawojowska valley three Holocene terrace steps appear:
35-4 m, 2—-2.5 m and 0.5—1 m. These are exclusively fill top terraces.




-175-

THE ORIGIN OF TERRACE DEFORMATIONS

Disturbances in the longitudinal profiles of river terraces can be caused by
a number of factors, namely: ‘

1) different resistance of basement rocks,

2) the presence of meander loops,

3) development of “regression’ terrace-steps,

4) increased erosional activity within highly tectonized areas,

5) vertical crustal movements along faults and/or re-activation of fold structures.

The last factor could have occurred within the Pieniny Klippen Belt (Ciecho-
rzyn), along the northern margin of the Beskid Sadecki Mts. (Maszkowice,
Obidza — Kadcza, Naszacowice), along the eastern margin of the Nowy Sacz Basin,
as well as in the Beskid Wyspowy Mts. (Wielopole, Teggoborze, Znamirowice).

Disturbances occur in the form of local upwarping of terrace socles, in the
various heights of socles on the left and right valley sides and in the splitting
of socles of the same age.

The morphology of the above:zientioned reaches of the Dunajec valley allows
us to exlude the impact of resistance, the presence of incised meanders and

Table — Tabela 6
The amount of dissection of rock socles of the Dunajec, Poprad and Kamienica Nawojowska
Quaternary terraces (in metres)
Rozmiary rozcigcia cokotow skalnych czwartorzedowych teras Dunajca,
Popradu i Kamienicy Nawojowskiej

Pieniny Beskid Lacko— Nowy Beskid
Sadecki |Podegrodzie | Sacz Wyspowy e
Time interval | % | Ms, Foothills | Basin Mis. Poprad |Kamienica
| . valley valley
Dunajec valley
B-D 53 © 24 45—18 62 60—13
D-G 75 12-33 - 15—-42 10-17 53-13
G-Ml 29-15 32 35-15 2313 7-17
M1 —-M2 27-28 13—-29 15-9 28 -8 25—-16 | 11-8
40-13 -
M2-R1 34-20 31-11 14-30 16—6 15-22 20—12
R1—-R2 14—4 g8—14 6—13 12-5 9-17 4—-14 -
30—14
R2—-W 20—11 15-6 8§—-15 20—5 16-5 4-11
W-—-H 22—-4 15-3 —25t03 |0to =5]|25t0o —0.5/2to -5| 3.5-0
W-LG 19-0 | 10-3 - - - - -
LG-H 8—0 5--0 - - 0-4.5 - -
H 44| 0-2 - - 0-2 - -




the development of terrace-steps associated with the backward erosion. Moreover,
in the longitudinal profiles of river beds there occur peculiar troughs, formed
in the basement rocks, the origin of which cannot be explained by erosional
factors themselves. However, deformations of terrace heights within the Dunajec
gorge in the Beskid Sadecki Mits. are the result of the presence of incised meander
loops.

A remarkable increase in the relative altitudes of terrace socles, their splitting
and, the presence of troughs within river-beds, seem to correlate with faults
in the following areas: Mizerna—Ciechorzyn, Maszkowice, Obidza —Kadcza,
Naszacowice, to the north of the mouth of Poprad, Rdziostéw—Leg, Tego-
borze and Znamirowice (cf. Figs. 10, 11, 14). In the Poprad valley, these deforma-
tions developed between Piaski and Myslec, and in the Kamienica Nawojowska
valley between Gorki and Falkowa (cf. Figs. 12 and 14).

A number of disturbances can be referred to the axes of fold structures, namely:
the Luban —Radziejowa syncline, the Zabrzez—Brzyna syncline, the Czerniec—
Lacko—Zyczandéw anticline, the Zabelcze syncline, the Paszyn anticline, the
Stary Sacz—Myslec anticline and the Popowice anticline.

RATES OF UPLIFT

The depths of dissection of rock socles of the Dunajec, Poprad and Kamieni-
ca Nawojowska terraces during consecutive Quaternary stages, are shown in
Tables 6 and 7 and in the Fig. 13. These values vary in different mountain
groups.

28

Rates of dissection of rock socles of the Dunajec,
Tempo rozcinania cokoldow skalnych teras Dunajca,

Dunajec
Time interval ' Lacko Podegrodzie
- . ) .
x 103 yrs | Pieniny Mts. Beskid Sadecki Mts. Foothills
D+D/G 870 - 0.01 —0.04
0.06
G+G/M1 230 — 0.13-0.07
M1 +M1/M2 190 0.14—0.15 | 0.07—0.15
0.10-0.03 -
M2+M2/R1 223 0.15-0.09 0.14-0.05
R1+R1/R2 119 0.12-0.03 ’ 0.07-0.12
0.15-0.05
R2+R2/W 85 ' _ 0.24—-0.13 0.18-0.07
W+H 73 0.30-0.05 0.15-0.00 —0.05 to +0.04

! Time estimation according to: van Montfrans (1971), Suggate (1974), Woillard (1979), Fair-

.

.
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The most efficient Quaternary erosion affected the Dunajec water-gap in
the Beskid Sadecki Mits., the Pieniny Mts., the Beskid Wyspowy Mts., and — to
a lesser extent — the Lacko —Podegrodzie Foothills. The smallest rate of uplift
is characteristic of the Nowy Sacz Basin. The amount of uplift decreased con-
tinuosly: from 62—13 m at the beginning of the Quaternary to 22—0 m in
the Late Glacial period. At the end of the Wiirm glacial stage, as well as in
the Holocene, a general subsidence took place, affecting the eastern part of the
Nowy Targ Basin, the vicinity of Sromowce, the KroScienko Basin and the
Nowy Sacz Basin. The absolute amount of subsidence varied from —2 m in
_the Pieniny Mts. to —8 m within the Nowy Sacz Basin.

Holocene upheaval can be noticed in the Eastern Pieniny Mts., in the axial
part of the Beskid Sadecki Mts., as well as in the Beskid Wyspowy Mts. (4—
2 m). The total amount of Quaternary uplift of the Dunajec drainage-basin
can be estimated at 100—150 m in the Pieniny and Grybow Mts., 100—110 m
within the Nowy Sacz Basin, 150 m in the Luban — Radziejowa — Jaworzyna
Krynicka Range and 120—160 m in the Beskid Wyspowy Mts.

An attempt to calculate the rates of dissection of rock socles of the Dunajec,
Poprad and Kamienica Nawojowska terraces has been made (Table 7, Fig. 13).
Assuming that tectonic movements were affecting the described territory during
the whole Quaternary, average ~cumulative” velocities for particular Quaternary
stages (B—H, D—H etc.) were counted. Another calculation concerned the rate
of uplift during a glacial and the following interglacial period (D+D-G,
G +G—MI1 etc.). The obtained results are shown in the Fig. 13. It can be con-
cluded that the rate of uplift during the Early Quaternary was rather small

Table — Tabela 7

Poprad and Kamienica Nawojowska terraces, in mm/yr
Popradu i Kamienicy Nawojowskiej, w mm/r

valley
e Baum W v Poprad valley. Kamienica Nawojowska
y Sacz Basi eski yspowy Mits. valley

- 0.02-0.05 0.01-0.02 ©0.05-0.01

0.14 0.02-0.07 - 0.10-0.06 0.03-0.07

0.08 —0.05 0.15—0.04 0.13-0.08 '0.05—0.04
0.06—-0.13 0.07-0.03 0.06—0.10 0.09—0.05
0.10-0.05 0.10 —0.0;1 0.08—-0.14 0.03-0.12
0.09-0.18 0.24-0.06 0.19-0.06 0.05—0.13

—0.04 to —0.11 —0.01 to 0.11 0.02.to —0.07 —0.05 to 0.03

bridge (1978), Rozycki (1978), Lindner (1980)
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(0.01 —0.06 mm per year). Since the Giinz glacial stage, calculated velocities have
increased and differentiated in various mountain ranges. Between the Giinz
and Riss 2 glaciations, a rate of erosion did not exceed a value of 0.15 t0 0.03 mm
per year. The highest rates were confined to the Beskid Sadecki Mts. axis.

An increase in velocity occurred during the Riss 2 and the Eemian stages
(0.24—0.05). In the course of the Last Glacial stage and the Holocene, however,
the direction of movements changed. The Pieniny and Beskid Sadecki Mts.
(0.15—0) as well as the Beskid Wyspowy Mits. were then uplifted, whereas the
other regions underwent subsidence. The Nowy Sacz Basin was lowered at a rate
of —0.04 to —0.11 mm per year. During the Last Glacial stage the highest
rate of erosional dissection occurred (1.0—0.08 mm per year), being decreased
in the Holocene times.

The mean rate of Quaternary uplift of the Dunajec drainage basin does not
cxceed a value of 0.08 to 0.05 mm/yr.

FACTORS CAUSING TECTONIC MOVEMENTS

A number of factors, causing various rates of tectonic movements in the
Dunajec drainage-basin, can be taken into consideration. These are as follows:

1) Quaternary overthrust of the Carpathians onto their foreland or backward
thrusting of the platform under the Carpathian orogen. The first view can be
supported by the results of geodetic measurements, cited by Liszkowski (1975)
and Kvitkovi¢ (1978). They revealed horizontal movements of the flysch nappes,
directed to NW and NE. The second hypothesis, known as the “pessular”
theory of Teisseyre (1921), has recently been discussed by Karnkowski (1977).
This theory agress well with the theory of plate tectonics, applied to the Carpath-
ians (Bird and Dewey, 1970; Horvath, 1974; Ney, 1976; Ksiazkiewicz, 1977).
It assumes:

2) the collision of Euroasiatic and Pannonian plates along the subduction
zone following the northern margin of the Pieniny Klippen Belt. In this zone
earthquakes are likely to appear.

3) Re-activation of deep-seated faults.

4) Regional isostatic compensation after the retreat of the Mindel ice-sheet
from the northern part of the Dunajec drainage-basin. This theory seems to be
thoroughly inappropriate. Investigations carried out by Morner (1979) revealed
that after the retreat of the Scandinavian ice-cap, regional isostatic compensa-
tion did not last longer than 5—6 thousand years.

5) Quaternary mobility of the Carpathian substratum. Its role in the forma-
tion of the present-day Carpathian morphology has already been noticed by
Henkiel (1975). These movements seem to be associated with re-activated faults,
transversing the Carpathian basement. This theory is confined to hypotheses
1 and 3. The author supports the hypothesis number 1.
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CONCLUDING REMARKS

Within the area under investigation the remains of ‘three planation surfaces
occur: the Beskidy level (520—875 m), formed during the Early Sarmatian,
the intermontane level (265—500 m), formed during the Pannonian and, the
foothills level (150—270 m), formed during the Romanian. The Early Quaternary
»river-side level” (90— 150 m) represents fragments of the Biber and Donau valley-
_bottoms of the Dunajec, Poprad and Kamienica Nawojowska rivers.

The amount of uplift of the Dunajec drainage-basin during the Moldavian
phase reached 210—380 m and, during the following Attican and Rhone phases,
varied from 75 to 300 m. A lower degree of uplift is confined to the Valachian
(25—120) and Quaternary Pasadenian phases (15—100 m). The axial part of the
Beskid Sadecki Mts. underwent the most intensive upheaval.

The Pliocene deposits, occurring at the foot of the Luban Range, were re-depo-
sited from previously higher situated sites as a result of tectonic movements which
subsided the border zone between the Pieniny Klippen Belt and the Magura
nappe. An important role was also played by solifluction processes which occurr-
ed during the Last Glacial stage.

The antecedent Dunajec water-gaps (Niedzica, Pieniny, Beskid Sadecki), as
well as the captured Poprad valley in the Beskid Sadecki ‘Mts., were formed
mainly during the earliest Quaternary times.

The total amount of Quaternary uplift of the Dunajec drainage-basin varies
from 100—110 m in the Nowy Sacz Basin and the Spi$ Pieniny Mts. to 150 m
in the other regions.

On the basis of analyses of Quaternary river terraces, especially their rock
socles, as well as differences in the thickness of fluvial covers, a number of
regions showing different adjustment to tectonic pattern has been distinguished.

1. The Debno — Frydman Graben, witha depth of 130 m, was
formed during the Early Quaternary and underwent downward movements lasting
to the present day. The northern and southern margins of the eastern part of
the Nowy Targ Basin were uplifted with the same intensity until the Riss Gla-
ciation. Since that time, the Luban Range has revealed a relatively faster uplift.

2. The Pieniny Mountains were uplifted during the Pleistocene by
block-type movements. The amount of uplift after the Mindel glacial stage reached
50—85 m. The surroundings of the Pieniny water-gap and the eastern margin
of the Nowy Targ Basin were more strongly uplifted than the area situated between
Czorsztyn and Sromowce Nizne. Small disturbances in terrace socles, visible in
longitudinal profiles, are connected with the presence of large dislocation zones,
striking NNW — SSE. The rate of uplift was relatively constant. During the Holo-
cene, the eastern part of the Pieniny Mts. seemed to undergo a slight uplift.
The western parts, however, remained stable or underwent slight subsidence.

3 The Kroécienko Basin. With regard to the Pieniny Klippen Belt
and the Beskid Sadecki Mits., the rate of uplift was much smaller here. During
the Late Glacial downward movements began to predominate. These processes
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were continued in Holocene times. The Kroécienko Basin and the Dgbno-—
Frydman Graben are both situated in the zone of subsidence associated with
the contact between the Pieniny Klippen Belt and the Magura unit.

4. The Beskid Sadecki Mountains underwent intensive tectonic
movements during the whole Quaternary. Their activity is especially well recorded
in the morphology of the Dunajec and Poprad water-gaps. A higher rate of
uplift is associated with the regions of Klodne, Wietrznica and Boczoéw. Due to
tectonic movements during the Mindel glacial stage, a splitting of rock terrace
socles took place. The amount of uplift decreases northwards. Within the Poprad
valley, south of the Nowy Sacz Basin, disturbances in rock socles’ longitudinal
profiles can be seen. These have been formed since the Riss Glaciation. In the
Holocene, the axial part of the Beskid Sadecki Mts. reveals positive movements,
causing splitting of the terrace levels. The differentiation in heights of the socles
can reflect the orientation of structural elements, which comprise the Krynica
subunit of the Magura nappe.

5. The Dunajec valley between Lacko and Golkowice

is situated along the contact between the Krynica and Nowy Sacz subunits of .

the Magura nappe. Intensive tectonic movements have been affecting this area
since earliest Quaternary times. Especially active are blocks separated by north-
-south striking faults (Maszkowice, Jazowsko—Obidza, Gotkowice — Kadcza).
Within these blocks, rock socles of the Mindel and Riss terraces underwent
splitting. Differences between the left and right valley sides are also visible here.

At the end of the Last Glacial and in the Holocene, the Lacko Basin and
the region situated west of Jazowsko, were strongly subsided. The substratum
of recent alluvial covers was thrown down to a depth of 5—8 m beneath the
river-bed. It can be suggested that these movements were associated with the
above mentioned fault zones.

6. The Nowy Sacz Basin. In comparison with other parts of the
Dunajec drainage-basin, positive movements are more weakly pronounced here.
During the Last Glacial and the Holocene, they were substituted by negative
movements, the amount of which was 6—8 m. During the Riss 2 and the Holo-
cene, cut and fill terraces were formed. The upheaval of the northern margin
of the Basin during the earliest Quaternary (Biber—Donau) resulted in the
deposition of coarsegrained sediments, which crop out between Gostwica and
Brzezna.

Deformations in the longitudinal profiles of rock socles of the Mindel and
Riss terraces, the patches of which occur along the southern border of the
Basin, seem to be associated with the Dunajec—Poprad fault system. This sy-
stem was rejuvenated during the Meso- and Neopleistocene. Between Dabrowka
Polska and Biegonice, the socles of the Mindel 2 terrace is situated 9 —12 m higher
than that in the northern margin of the Nowy Sacz Basin. This phenomenon
can be related to the presence of rejuvenated fault, transversing the Badenian
deposits which underlie recent alluvial covers. The orientation of the present-
-dav Dunajec river-bed coincides with the course of that fault.

-

sesEE

o




—181—

7. The Grybow Mountains. In comparison with the Jaworzyna
Krynicka Range, the intensity of positive movements was weaker here. The
more intensive uplift started at the end of the Last Glacial. Uplifted areas are
confined to the surroundings of Kunéw, Falkowa, Golabkowice, Gorki and
Zalubincze.

8. The Beskid Wyspowy Mountains. Unlike the Nowy Sacz
Basin, the Beskid Wyspowy Mts. revealed a much stronger intensity of uplift.
This tendency continued also in the Last Glacial and the Holocene. The regions
of Rdziostéw, Leg, Just—Doliny and, after the Mindel Glaciation, also the
surroundings of Wieloglowy, Biala Woda and Znamirowice, underwent a faster
upheaval. A splitting of terrace socles can be seen at Zabelcze (Donau), Wielo-
glowy (Mindel 2), Znamirowice and Tabaszowa (Mindel 1 and 2). Disturbances
in the longitudinal profiles of rock socles seem to be associated with the orienta-
tion of the Magura overthrust.

It can be concluded that the Pliocene-Quaternary tectonic movements, affect-
ing the Dunajec drainage-basin area, reflect the tectonic mobility of the flysch
substratum. This mobility may refer to still continuing process of the backward
thrusting of the Easteuropean platform under the Carpathians.

Acknowledgements. The author would like to thank Prof. Dr. Andrze;j
Henkiel, Prof. Dr. Andrzej Radomski and Prof. Dr. Andrzej Slaczka for critical
reading of the manuscript, as well as to thank Dr. Maria Baumgart-Kotarba for
fruitful discussions, and Mr. Michael Kaminski for his correction of the English
translation.

REFERENCES — WYKAZ LITERATURY

Arkhipov S.A. (1979), New ideas and trends in the investigation of Siberian Glaciation. Quatern.
Glac. Northern Hemisphere, Rep. 5: 9—21. Prague.

Bakker JP. (1965), A forgotten factor in the interpretation of glacial stairways. Z.f. Geomorph.,
N.F., 9: 18 —34, Berlin. ,

Banacky V. (1978), Junge Tektonik als bestimmender Faktor beim Formen des Quartérs der
Zahorie-Ebene. Géol. Pr., Spravy, 71: 177 —180. Bratislava.

Batnacky V., Haréar J, Sabol A. (1965), Neue Kenntnisse itber den Einfluss der tekto-
nischen Bewegungen auf die Quartir-Entwicklung der Slovakischen Niederungen. Géol. Pr., Sprdvy,
36: 63 —83. Bratislava.

Baumgart-Kotarba M., Gilewska S, Starkel L. (1976), Planation surfaces in the
light of the 1:300000 geomorphological map of Poland. Geographia Polon., 33: 5 —22. Warszawa.

Bird JM., Dewey JLF. (1970), Mountain belts and the new global tectonics. J. Geophys. Res.,
75: 2625—2647. Richmond. :

Birkenmajer K. (1958), Przewodnik geologiczny po Pienifiskim Pasie Skatkowym, cz. 1-1V
(in Polish only). Warszawa.

Birkenmajer K. (1977), The Pieniny Klippen Belt and major subduction zone in the Western
Carpathians. CBGA 11th Congr., p. 86—87, NAUKOVA DUMKA, Kiev.

Birkenmajer K. (1979), Przewodnik geologiczny po Pieninskim Pasie Skalkowym (in Polish
only). Warszawa.

Birkenmajer K., Stuchlik L. (1975), Early Pleistocene pollen-bearing sediments at Szaflary,
West Carpathians, Poland. Acta Palaeobot., 16, 2: 113 —146. Krakow.




—182—

Birkenmajer K, Srodon A. (1960), Aurignacian interstadial in the Carpathians (Summary),
Biul. Inst. Geol. 150: 9—70. Warszawa.

Brunnacker K. (1979), Classification and stratigraphy of the Quaternary terraces of the Lower
Rhine area. Quatern. Glac. Northern Hemisphere, Rep. 5: 32—44. Prague.

Bucha V., Ko¢&i A, Sibrava V. (1979), Paleomagnetic correlation of Quaternary sequen-
ces in glaciated and non glaciated areas. Quatern. Glac. Northern Hemisphere, Rep. 5: 63—70.
Prague.

Cegtla J. (1963), Porownanie utworé6w pytowych kotlin karpackich z lessami Polski (On the origin
of the Quaternary silts in the Carpathians), Ann. UMCS, Sec. B, 18, 4: 69 —116. Lublin.

Cinéura J. (1967), Ein Beitrag zum Alter des Flussniveaus in den Westkarpaten. Geogr. Cas.,
19, 4: 316—326. Bratislava.

Drdo§ J. (1960), Ein Beitrag zur Morphologie der Pieniny. Geogr. Cas., 12, 1: 38 —61. Bratislava.

Dzutyrdski S, Krysowska-Iwaszkiewicz M, Oszast J, Starkel L. (1968),
On Lower Quaternary gravels in the Sandomierz Basin (Summary). Studia Geomorph. Carpatho-
-Balcan., 2: 63—75. Krakow.

Fairbridge R.W. (1978), New results of landscape evolution. Z.f. Geomorph., N.F., 22,2: 211 —
222. Berlin — Stuttgart. :

Fink J, Kukla G. (1977), Pleistocene climates in Central Europe: at least 17 interglacials after
the Olduvai Event. Quatern. Res., 7: 363 —371.

Gadomski A. (1934), Le captage du Poprad des Beskidy (Summary). Wiad. Sluzby Geogr., 8, 1:
1 —-30. Warszawa.

Guzik K., Lydka K. (1969), On the Neogene near Falsztyn in the Polish Pieniny Mountains
and its relation to the Pleistocene. Bull. Acad. Pol. Sci., sér. géol.-géogr., 16, 3—4. Warszawa.

Halicki B. (1930), La glaciation quaternaire du vérsant nord de la Tatra (Summary). Spraw.
PIG, 5, 3—4: 377—-504. Warszawa.

Haréar J. (1975), Anteil der Tektonik an der Quartér-geologischen und morphologischen Ent-

wicklung des Hron-Hiigellandes und des Zitava-tales. Geogr. Cas., 27, 1: 25—29. Bratislava.

Henkiel A. (1969), Morphologic evolution of the drainage basin of the Strwiaz river — Eastern
Carpathians (Summary). Ann. UMCS, Sec. B, 24: 99—148. Lublin.

Henkiel A. (1975), Neotectonics versus deep basement of the Carpathians (Summary). Wspoiczesne
i neotektoniczne ruchy skorupy ziemskiej w Polsce, 1: 133 —144. Warszawa.

Horvath F. (1974), Application of plate tectonics to the Carpatho-Pannon Region, a review.
Acta Geol. Acad. Sci. Hungaricae, 18, 3—4: 243 —255. Budapest.

Karnkowski P. (1977), The basement of the Carpathians (Summary). Prz. Geol. 6: 289 —297.
Warszawa.

Klimaszewski M. (1937), Morphologie und Diluvium des Dunajec-tales von den Pieninen bis
zur Miindung (Summary). Pr. Inst. Geogr. UJ, 18: 1—54. Warszawa.

Klimaszewski M. (1948a), O utworach plioceniskich w Kro$cienku nad Dunajcem. Opis geolo-
giczny (in Polish only). Rozpr. Wydz. Mat.-Przyr. PAU, 72, A, 5: 1-19. Krakow.

Klimaszewski M. (1948b), The Polish West Carpathians during the Ice Age (Summary). Acta
Geogr. Univ. Vratisl., Ser. B, 7: 1-236. Wroclaw.

Klimaszewski M. (1961), Guide-book of excursion: From the Baltic to the Tatra, part 3,
South Poland. INQUA VIth Congr., Warszawa.

Klimaszewski M. (1965). Views on the geomorphological evolution of the Polish West Carpath-
ians in Tertiary times. Geomorph. Probl. of Carpathians, 1: 91 —126. Bratislava.

Klimaszewski M. (1967), Polskie Karpaty Zachodnie w okresie czwartorzgdowym (in Polish
only), R. Galon, J. Dylik (eds), Czwartorzed Polski, p. 431 —497. Warszawa.

Klimaszewski M., Szafer W,, Szafran B, Urbanski J. (1950), The Dryas flora
of Kroscienko on the river Dunajec (Summary). Biul. PIG, 24. Warszawa.

Ksiazkiewicz M. (1977), Hypothesis of plate tectonics and the origin of the Carpathians
(Summary). Ann. Soc. Géol. Pol., 47, 3: 329—353. Krakow.

Kukla G. (1978), The classical European glacial stages: correlation with deep-sea sediments.
Trans. Nebrasca Acad. Sci., 6: 57—93.

-

S

-

e

//

-

|

-

-




—183—

Kulczycki J., Halicki B. (1950), La trouvaille d’un mammouth dans les Mts. Pieniny
(Summary). Acta Geol. Pol., 1, 3: 330—334. Warszawa.

Kvitkovi& J. (1978), Tendencies of Earth’s crust Quaternary and recent movements in the
West Carpathians. Studia Geomorph. Carpatho-Balcan., 12: 3—15. Krakow.

Kvitkovi¢ J, Vanko J. (1971), Studium der rezenten Erdkrustenbewegungen auf dem Gebiet
der Slovakei. Geogr. Cas., 23, 2: 124—132. Bratislava.

Lindner L. (1980), An outline of chronostratigraphy of the Quaternary in the Gory Swietokrzyskie
Mts. Region (Summary). Kwart. Geol. 24, 3: 689 —710. Warszawa.

Liszkowski J. (1975), The influence of icesheet loading on Pleistocene-recent dynamics of litho-
sphere in Poland (Summary). Wspolczesne i neotektoniczne ruchy skorupy ziemskiej w Polsce,
1: 255-277. Warszawa. '

Luknid M. (1959), Relief und Gliederung der Quartiren Gebilde in der Hohen Tatra und deren
Vorlande. Géol. Sb., 10, 1: 233—268. Bratislava.

Mamakowa K, Mook W.G, Srodon A. (1975), Late Pleistocene flora at Katy (Pieniny
Mts., West Carpathians). Acta Palaeobot., 16, 2: 147—172. Warszawa — Krakow.

Mazur E. (1963), The Zilina Basin and the adjacent mountains (Summary). Bratislava.

Mazur E, Cincura J. (1975), Planation surfaces in the Western Carpathians. Studia Geomorph.
Carpatho-Balcan., 9: 27— 36. Krakow. ’

Montfrans HM. van (1971), Palacomagnetic dating in the North Sea Basin. N.V. Princo.
Rotterdam. :

Moérner N.A. (1979), The Fennoscandian uplift and Late Cenozoic geodynamics: geological
evidence. Geojournal, 3, 3: 1—42.

Ney R. (1976), The Carpathians and Plate Tectonics. Prz. Geol., 6: 309 —316. Warszawa.

Niedzielski H. (1971), Tectonic origin of the eastern part of the valley of Nowy Targ (Summary).
Ann. Soc. Géol. Pol., 41, 2: 397 —408. Krakow.

Ostaficzuk S. (1978), Fotogeologia (in Polish only). Warszawa.

Ostaficzuk S, Pszczdotkowski A (1978), Ogolna ocena geologicznej czytelnosci kom-
puterowo przetworzonego obrazu Landsat-2 z obszaru Polski potudniowej (in Polish only). Pr.
Inst. Geod. Kart., 25, 2: 87—94. Warszawa.

Oszast J. (1973), The Pliocene profile of Domanski Wierch near Czarny Dunajec in the light of
palynological investigations (Western Carpathians, Poland). Acta Palaeobot., 14,1: 1 —42. Krakow.

Oszczypko N.(1973), The geology of the Nowy Sacz Basin (The Middle Carpathians). Biul. Inst.
Geol. 271, 17: 101 —197. Warszawa.

Oszczypko N, Wojcik A. (in print), Utwory czwartorzedowe Beskidu Sadeckiego migdzy
Wietrznica a Jazowskiem. Biul. Inst. Geol., Warszawa.

Pagaczewski J. (1972), Catalogue of earthquakes in Poland in 1000 —1970 years. Mat. Pr. Inst.
Geof. PAN, 51: 3-36. Warszawa.

Pécsi M. (1977), Geomorphological map of the Carpathian and Balkan Regions. Studia Geomorph.
Carpatho-Balcan., 11: 3-31. Krakéw'. ’

Rehman A. (1895), Ziemie dawnej Polski i sasiednich krajow stowianskich, opisane pod wzgledem
fizyczno-geograficznym, czgs¢ I, Karpaty (in Polish only). Lwow.

Ro6zycki S.Z. (1978), From Mochty to a synthesis of the Polish Pleistocene (Summary). Ann.
Soc. Géol. Pol., 48, 3—4: 445—478. Krakow.

Rihle E. (1976), Dynamika litosfery na obszarze Polski w okresie mtodoalpejskiego pietra struktu-
ralnego (in Polish only). Wspdlczesne i neotektoniczne ruchy skorupy ziemskiej w Polsce, 2:112-
125. Warszawa.

Sawicki L. (1909), Die jingeren Krustenbewegungen in den Karpaten. Kosmos, 34, 5—6: 361 —
400. Lwow.

Sawicki L. (1911), Dunajcem z Niziny Nadwislaniskiej w Tatry (in Polish only). Przew. 11 Zjazdu
Pol. Lekarzy i Przyr. Krakow.

Sikora W.J, (1976), On lineaments found in the Carpathians. Ann. Soc. Géol. Pol., 46, 1—2:3—
37. Krakow.




—184—

Smolenski J. (1918), O wysokich terasach dyluwialnych na zboczach Kotliny Sadeckiej (in
Polish only). Rozpr. Wydz. Mat.-Przyr. PAU, Ser. 3, 17, A: 127—-136. Krakow.

Smolenski J. (1937), Zur Alters- und Entstehungsfrage der Westbeskiden-Landschaft. Wiad.
Geogr., 15, 3—4: 59—-66. Krakow.

Starkel L. (1969), The age of the stages of development of the relief of the Polish Carpathians in
the light of the most recent geological investigations. Studia Geomorph. Carpatho-Balcan., 3:
33—-44. Krakow.

Starkel L. (1971), Phases of erosion and accumulation in the Quaternary evolution of valleys
of the Polish Flysch Carpathians and their foreland. Studia Geomorph. Carpatho-Balcan., 5.
Krakow.

Starkel L. (1972), Karpaty Zewnetrzne (in Polish only). Geomorfologia Polski, 1: 52—115. War-
szawa.

Starkel L. (1975), Communiqué au sujét de 1’état actuel des récherches sur le développement
dans les Carpates Polonaises. Studia Geomorph. Carpatho-Balcan., 9: 75—81. Krakow.

Starkel L. (1977), Last Glacial and Holocene fluvial chronology in the Carpathian valleys.
Studia Geomorph. Carpatho-Balcan., 9: 33 —51. Krakow.

Suggate R.P. (1974), When did the Last Interglacial end? Quatern. Res., 4: 246 —256.

Szafer W. (1954), Pliocene flora from the vicinity of Czorsztyn (Summary). Pr. Inst. Geol., 11:
1-238. Warszawa. '

Szaflarski J. (1937), Morphologische und glazialgeologische Studien auf dem Siidhang der
Tatra. Pr. Inst. Geogr. UJ, 19. Krakow.

Sibrava V. (1979), Guide to excursions. 6th session of the Project 24 “Quatern. Glac. Northern
Hemisphere”, 1IGCP, p. 1-99. Prague.

Sibrava V., Havlidek P. (1980), Radiometric age of Plio-Pleistocene volcanic ricks of the
Bohemian Massif. Vestn. Usir. Ust. Géol., 55, 3: 129 —139. Prague.

Slaczka A. (1975), Remarks on morphology of the substratum of the Polish Carpathians. Proc.
10th Congr. CBGA, Sec. 3: 281 —290. Bratislava.

Srodon A. (1973), Remarks on the deposits with Pliocene flora in the eastern part of the Nowy
Targ Basin and at KroScienko on the Dunajec river (Summary). Ann. Soc. Géol. Pol., 43, 3:
301 —313. Krakow.

Teisseyre W. (1921), La limite interne de I'affaisement subcarpathique et ses rélations avec la
bordure du Flysch carpathique. Spraw. P.I.G. 1, 2—-3. Warszawa. ’

Tokarski A.K. (1978), On Quaternary fault and jointing in Nowy Sacz Basin (Outer Western
Carpathians, Poland, Summary). Ann. Soc. Géol. Pol., 48, 3—4: 509—516. Krakow.

Van Eysinga F.W.B. (1975), Geological time-table. 3rd ed., Elsevier. Amsterdam.

Vass D. (1975), Report on the Working Group on radiometric age and palacomagnetism (in:)
Rept. Activ. RCMNS Working Group (1971 —1975) IUGS Subcomm. Neogene Stratigr., p. 103 —
118. Bratislava.

Vass D, Bagdasarjan G.P., Slavik J. (1974), Absolute Datierungen aus dem Sarmatien
s. str. (in:) Chronostratigraphie und Neostratotypen. Miozdn der Zentr. Paratethys, Bd. 4, Sarma-
tien M5, p. 45—53, Bratislava.

Vaskovsky J. (1977), Quaternary of Slovakia (Summary). Géol. Ust. D. Stura, p. 1 —248. Bratislava.

Watycha L. (1976), The Neogene of the Orawa— Nowy Targ Basin (Summary). Kwart. Geol.,
20, 3: 575-587. Warszawa.

Woillard G. (1979), The Last Interglacial-Glacial cycle at Grande Pile in Northeastern France
Bull. Soc. Bélge Géol., 88, 1—2: 51 —69.

Wyrzykowski T. (1971), Map of recent absolute velocities of vertical movements of the earth’s
crust surface on the territory of Poland, 1:2500000. Inst. Geod. Kart. Warszawa

Zatopek A. (1979), On geodynamical aspects of geophysical synthesis in Central Europe. Geo-
dynamic investigarions in Czechoslovakia, VEDA, p. 91 —104. Bratislava.

Zuchiewicz W. (1978), Quaternary tectonics and the relief of the Dunajec river gorge in the
Beskid Sadecki Mits., Polish Western Carpathians (Summary). Ann. Soc. Géol. Pol., 48, 3—4: 517 —
532. Krakow.

-

%
-
-
-
%
.




—185—

Zuchiewicz W. (1980), Young tectonic movements and morphology of the Pieniny Mts.,
Polish Western Carpathians (Summary), Ann. Soc. Géol. Pol., 50, 2: 263 —300. Krakow.

Zytko K. (1963), Wyniki badan okolic Kro§cienka nad Dunajcem (in Polish only). Kwart. Geol.
7, 4. Warszawa.

STRESZCZENIE

Niniejsze opracowanie dotyczy ruchow neotektonicznych, zaznaczajacych si¢
w $rodkowej czeéci dorzecza Dunajca (polskie Karpaty Zachodnie), zapoczatko-
wanych u schylku sarmatu, a kontynuujacych si¢ w pliocenie i czwartorzedzie.

Przeprowadzone badania zmierzaty do poznania przebiegu pdznoneogenskich
i czwartorzedowych ruchow tektonicznych oraz ich wplywu na rzezbe tej czgsci
Karpat. W celu okre§lenia charakteru i intensywnosci tych ruchéw wykonano
szczegOtowe zdjecie geomorfologiczne (fig.2, 3, 4)w skali 1:25000. Przeprowadzono
analize zwiazku form i pokryw terasowych w profilu pionowym, w przekroju
poprzecznym (fig. 6—9) oraz w profilu podtuznym (fig. 10, 11, 12) dolin Dunaj-
ca, Popradu oraz Kamienicy Nawojowskiej. Badano zroznicowanie form i osadéw
w obrebie poszczegdlnych pokryw, stosunek form i facji osadéw rzecznych do
stokowych, wzajemny stosunek teras do siebie, a przede wszystkim — relacje
pomiedzy pokrywa osadowa a cokotami skalnymi. Dodatkowo wykorzystano
dostepne zdjecia lotnicze.

Korelacje wiekowa teras umozliwily badania sedymentologiczne pokryw teraso-
wych, okreSlenie ich stosunku do pokryw soliflukcyjnych i przykrywajacych
utwory akumulacji rzecznej glin pylastych i pylasto-piaszczystych, jak rowniez
wykorzystanie dotychczasowych datowan metoda paleobotaniczng i 4C.

W celu rekonstrukcji ruchéw tektonicznych zachodzacych w p6znym neogenie
przeanalizowano zachowane w obrebie dorzecza powierzchnie czgSciowego zrow-
nania.

Na omawianym obszarze zaznaczaja si¢ trzy powierzchnie czgSciowego zrowna-
nia: beskidzka (520—875 m), powstata w dolnym sarmacie, $srodgoérska (265 —
500 m), utworzona w pannonie oraz pogérska (150 —270 m) pochodzaca z romanu.
Wczesnoczwartorzedowy poziom ,,przydolinny”’, wznoszacy si¢ 90 —150 m nad
dnami dolin, reprezentuje fragmenty dawnych den dolinnych Dunajca, Popradu
i Kamienicy Nawojowskiej z okresow Biber i Donau.

Rozmiary wypigtrzenia dorzecza Dunajca (tab. 1, 2, fig. 5) w trakcie fazy moldaw-
skiej wyniosty 210 —380 m, a w fazach attyckiej i rodanskiej od 75 do 300 m. Stabsze
rozmiary osiagnely ruchy wypietrzajace w fazie wotloskiej (25—120 m) oraz
czwartorzedowej fazie pasadeniskiej (15—100 m). Najsilniejszemu wypietrzaniu
podlegala osiowa cze$¢ Beskidu Sadeckiego (Pasma ILubania, Radziejowej 1 Jawo-
rzyny Krynickiej).

Wystepujace u podndza Pasma Lubania utwory pliocenskie spoczywaja na
wtornym ziozu. Ulegly one przemieszczeniu z wyzej lezacych stanowisk (poziom
pogodrski) dzigki ruchom obnizajacym strefe kontaktu Pieninskiego Pasa Skatko-
wego z jednostka magurska (skosne podniesienie Pasma Lubania).
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Antecedentne przetomy Dunajca (niedzicki, pieninski, beskidzki) oraz regresyj-
ny przelom Popradu przez Beskid Sadecki tworzyly sie gléwnie w najstarszym
czwartorzedzie.

Sumaryczna wielkos¢ czwartorzedowego wypigtrzenia dorzecza Dunajca (por.
fig. 13) wyniosta 100—110 m w Kotlinie Sadeckiej i Pieninach Spiskich do 150 m
na pozostalym obszarze.

Analiza zaburzen w profilu podtuznym cokoldéw skalnych teras oraz w profilach
koryt Dunajca, Popradu i Kamienicy Nawojowskiej (tab. 3, 4, 5, fig. 10, 11, 12),
jak réwniez zréznicowana miazszo$¢ pokryw akumulacyjnych, pozwalaja wy-
dzieli¢ kilka obszaréw (por. fig. 14) o zréznicowanych tendencjach tektonicz-
nych i poréwnaé rozmieszczenie stref deformacji z przebiegiem struktur tekto-
nicznych podloza (tab. 6, 7, fig. 14).

1. Zapadlisko Debna— Frydmana, o glebokosci ponad 130 m,
powstalo we wczesnym czwartorzedzie i podlega obnizaniu do czasow wspolczes-
nych. Poénocne i poludniowe obrzezenia wschodniej czesci Kotliny Nowotar-
skiej podnosily si¢ w starszym plejstocenie z jednakowa intensywnoscia. Ruch
ten zaczal réznicowaé si¢ w neoplejstocenie — szybszemu podnoszeniu ulegato
wowczas Pasmo Lubania.

2. Pieniny wykazywaly w plejstocenie ruchy wypigtrzajace, o charak-
terze blokowym. Rozmiary podniesienia po okresic Mindel wyniosty 50—85 m.
Silniej podnosit si¢ rejon przetomu pieniniskiego, stabiej — odcinek Pasa Skatko-
wego miedzy Czorsztynem a Sromowcami Niznymi. Zaburzenia w profilach
podluznych cokotow teras dowiazuja do przebiegu wielkich dyslokacji o kierunkach
NNW —SSE, przecinajacych doling Dunajca. Tempo podnoszenia byto stosunkowo
wyréwnane. W trakcie holocenu stabym ruchom podnoszacym zdaje si¢ podlegac
wschodnia cze$¢ Pienin, rozcigta przelomowa dolina Dunajca. Pozostala czgS¢e
Pienin jest stabilna, wzglednie stabo si¢ obniza.

3. Kotlina Kroécienka. W stosunku do *Pieninskiego Pasa Skatko-
wego tempo podnoszenia byto tu znacznie slabsze, a u schylku ostatniego glacjalu
zaczgly przewazaé ruchy obnizajace, kontynuujace si¢ w holocenie. Zar6wno
Kotlina Kroécienka, jak i zapadlisko Debna—Frydmana leza w strefie subsy-
dencji towarzyszacej kontaktowi Pieninskiego Pasa Skalkowego z ptaszczowina
magurska.

4. Beskid Sadecki. Intensywne ruchy tektoniczne zaznaczaja si¢ tu
w calym czwartorzedzie w przetlomach Dunajca i Popradu. Silniejszemu podnosze-
niu zdaje si¢ podlegaé rejon Klodnego, Wietrznicy i Boczowa, nieco stabszemu —
rejon Tylmanowej. W trakcie glacjalu Mindel ruchy tektoniczne doprowadzity
do rozdzielenia sie jednowiekowych cokolow tarasowych na dwa poziomy. Roz-
miary wypietrzenia maleja ku pétocy. W dolinie Popradu, na S od Kotliny
Sadeckiej, zaburzenia w profilach cokotéw skalnych zaznaczaja si¢ poOCzZawszy
od glacjalu Riss. W holocenie, w osiowej partii Beskidu Sadeckiego przewazaja
ruchy wypietrzajace, przejawiajace si¢ w rozdzielaniu poziomo6w terasowych.
Zroznicowanie wysokosci cokotow dowiazuje do przebiegu elementow struktural-
nych podjednostki krynickiej ptaszczowiny magurskiej.
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5. Dolina Dunajca pomig¢dzy Lackiem a Gotkowicami
zostala zalozona na kontakcie tektonicznym podjednostek krynickiej i sadeckiej
ptaszczowiny magurskiej. Intensywne ruchy tektoniczne zaznaczaly si¢ w trakcie
calego czwartorzedu. Szczegblna aktywnoscia odznaczaly si¢ bloki oddzielone
uskokami Maszkowic, Jazowska —Obidzy oraz Gotkowic—Kadczy, o przebiegu
potudnikowym. W strefach tych miato miejsce rozdzielanie si¢ cokotow skal-
nych teras Mindel i Riss, zaznaczyly si¢ tu rOwniez roznice w wysokosciach
cokoléw pomiedzy poéinocnym a poludniowym zboczem doliny (rejon Jazowska).
W Kotlinie Lacka oraz na zachéd od Jazowska, u schytku ostatniego glacjatu i w
holocenie, zaznaczyly si¢ silne ruchy obnizajace. Ich efektem jest obnizenie pod-
toza aluwiéw Dunajca do 5—8 m ponizej poziomu rzeki. Mozna przypuszczac,
iz ruchy te wiazaly si¢ z uaktywnieniem wyzej wymienionych stref dyslokacyjnych.

6. Kotlina Sadecka. Ruchy podnoszace byly tu najstabsze w dorzeczu
Dunajca, a w ostatnim glacjale i holocenie zaczglo przewaza¢ obnizanie, siggajace
6—8 m. Miocenskie podloze aluwidw teras najmtodszych zapada ponizej poziomu
koryt rzecznych poczawszy od Plusow (w dolinie Dunajca) i Cyganowic (W dolinie
Popradu). Terasy Riss 2, Wiirm, z péznego glacjatu i holocenskie sa tutaj terasami
wlozonymi, akumulacyjnymi.

Wypietrzanie potnocnego obrzezenia kotliny w najstarszym czwartorzedzie
(Biber —Donau) doprowadzilo do sedymentacji utworéw gruboklastycznych po-
miedzy Gostwica a Brzezna.

Deformacje w profilu podtuznym cokolow teras z glacjalow Mindel i Riss na
potudniowym obrzezeniu kotliny zdaja si¢ dowiazywac do przebiegu systemu
uskokowego Dunajec — Poprad, uaktywniajacego si¢ w srodkowym i péznym plej-
stocenie. Pomiedzy Dabrowka Polska a Biegonicami podioze terasy z glacjatu
Mindel 2 lezy o 9—12 m wyzej w porOéwnaniu z pdéocnym obramowaniem
kotliny. Mozna przypuszczaé, iz wiaze si¢ to z uaktywnieniem uskoku w podtozu
utworéw miocenskich, wzdtuz ktérego biegnie obecnie koryto Dunajca.

7. Goéry Grybowskie. W poréwnaniuz Pasmem Jaworzyny Krynickiej
ruchy podnoszace byly tu stabsze. Jedynie u schytku ostatniego glacjalu zaznaczylo
sie wypietrzanie o wigkszej intensywnosci. Obszary podlegajace podnoszeniu gru-
powaly sie¢ w Kunowie, Falkowej, Gotabkowicach, Gorkach 1 Zatubinczu.

8. Beskid Wyspowy. W odroznieniu od Kotliny Sadeckiej, ruchy
podnoszace zaznaczaly si¢ w jego obrgbie z wigksza intensywnoscia. Silniejszemu
podnoszeniu ulegaly: rejon Rdziostowa, Legu i Justu—Dolin, a poczawszy od
glacjalu Mindel — takze rejon Wielogtow, Biatej Wody i Znamirowic. Rozdziela-
nie sie cokolow skalnych jednowiekowych teras na dwa poziomy zaznacza si¢ W
okolicach Zabelcza (Donau), Wielogtéw (Mindel 2) oraz Znamirowic i Tabaszowe;j
(Mindel 1, 2). Deformacje profilu podluznego cokolow zdaja si¢ dowiazywac do
przebiegu nasunigcia jednostki magurskie;j.

Mozna przypuszczaé, iz pliocerisko-czwartorzgdowe ruchy tektoniczne, obser-
wowane w obrebie dorzecza Dunajca, stanowia odzwierciedlenie mobilnosci podto-
za fliszu, zwiazanej prawdopodobnie z niezakonczonym jeszcze procesem podsu-
wania si¢ przedmurza pod Karpaty.
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EXPLANATIONS OF PLATES — OBJASNIENIA PLANSZ

Plate — Plansza 1

. Potoczki. A brickyard in Pliocene clays and debris-containing loams. Upper part of the profile

redeposited solifluctionally.

. Potoczki. Cegielnia w itach pliocenskich i glinach z rumoszem. Osady gornej czesci profilu

przemieszczone soliflukcyjnie.

. Potoczki. Solifluction cover overlying Pliocene deposits.
. Potoczki. Pokrywa soliflukcyjna w stropie utworéw pliocenskich.

Plate — Plansza 1l

. Plusy. A horizon containing carbonate concretions and calcareous detritus of the caliche

type, underlying silty-sandy loams.

. Plusy. Poziom konkrecji weglanowych i miatu wapiennego typu caliche, podscielajacy gliny

pylasto-piaszczyste.

. Barcynka. Mudstones infilling a channel within Early Quaternary conglomerates.
. Barcynka. Mulowce wypelniajace rynng erozyjna wycigta w zlepieficach wczesnoczwartorze-

dowych.

Plate — Plansza Il

. The valley of Dunajec at Sromowce Srednie. A Riss erosion-accumulational terrace level

(R) gradually passing into the solifluction slope (s).

. Dolina Dunajca w Sromowcach Srednich. Terasa skalisto-osadowa z glacjatu Riss (R), tagodnie

przechodzaca w splaszczenie podstokowe z pokrywa soliflukcyjna.

. Katy. A Riss terrace level (R) in the foreground, terraces from the Last Glacial (W) on the

right-hand side of the valley. Macelowa Mt. in the background.

. Katy. Poziom terasy Riss (R) na przednim planie, dalej na prawo platy terasy z ostatniego

zlodowacenia (W). W glebi Macelowa.

. Falkowa. Fluvial gravels deposited by the Kamienica Nawojowska river during the Mindel 1

glacial stage. Pebbles derived exclusively from flysch deposits of the Magura nappe.

. Falkowa. Seria zwirowa zdeponowana przez Kamienicg Nawojowska w glacjale Mindel 1.

Otoczaki wylacznie fliszowe.

. Plusy. Joint surface within silty loams overlying a series of gravels, deposited during the Riss 1

glacial stage. The surface was reworked by rainwash and resembles that of a slickenside.

. Spekanie w glinach pylastych przykrywajacych seri¢ zwirowa Riss 1. Powierzchnia spekania

przemyta przez wody opadowe przypomina lustro tektoniczne.

Plate — Plansza IV

. A brickyard in Nowy Sacz—Zalubincze. Silty and sandy loams containing numerous illuvial

horizons, overlying pebbles of the Mindel 2 terrace.

. Cegielnia w Nowym Saczu— Zatubificzu. Gliny pylaste i piaszczyste z licznymi poziomami

iluwialnymi, przykrywajace seri¢ Zwirowa terasy Mindel 2.

. Myslec. A contact between highly weathered fluvial gravels of the Mindel terrace cover and

strongly cemented, decalcified, silty and silty-sandy loess-like loams.

. Myslec. Silnie scementowane i odwapnione gliny lessopodobne, pylaste i pylasto-piaszczyste,

przykrywajace zwietrzale otoczaki serii terasy Mindel.

Plate — Plansza V

. Dabrowka Polska. Strongly cemented silty loams, penetrated by subvertical joints, and overly-

ing the Mindel 2 terrace cover.
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Fig. 1. Dabrowka Polska. Silnie scementowane gliny pylaste ze spekaniami subwertykalnymi, nad-
budowujace seri¢ zwirowa terasy Mindel 2.

Fig. 2. Winna Goéra. A quarry of the Magura sandstones composing a meander hill on the Poprad
river. Strong tectonization indicates the presence of a fault zone.

Fig. 2. Winna Goéra. Kamieniolom piaskowcow magurskich budujacych goére meandrowa nad Po-
pradem. Gesta sie¢ spekan wskazuje na obecno$¢ strefy uskokowe;j. '

Photos taken by J. Wieczorek (Figs. 1, 2, 5, 6, 7, 8, 11, 12) and the author.
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