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Morphological development of the Beskid Niski 
Mts and Ouaternarg palaeogeograhg of the 

Polish Flgsch Carpathians 

The paper discusses main stages of geomorphic development of the eastern Beskid 
Niski Mts. in Quaternary times, with special attention being paid to palaeogeogra
phic changes in the whole of the Polish Flysch Carpathians. A unique position of 
the Beskid Niski Mts. in the Carpathian chain is documented by a prolonged for
mation of the riverside level lasting up to the Nidanian (Elsterian I) Stage, as 
well as by rapid reactivation of neotectonic movements along the southern bounda
ry of the Jaslo-Sanok Depression during the Last Glacial and Holocene. The num
ber and height of the preserved terrace steps depend largely upon the size and 
intensity of tectonic uplift and not solely on climatic changes. 

INTRODUCTION 

The Beskid Niski M ts. form a large transversal depression in the 
Polish Flysch Carpathians (Fig. I), being ccmpcsed of several morph<>
structural units that show neotectonic tendencies and Quaternarry geo
morphic development different from those of surrounding regions. The 
morphostructuTe in question is bounded from the north by the vast 
JaslocSanok Depression (Fig. 2), cut into flysch depcsits attaining 10 to 
11 km in thickness (M. Ksi'lzkiewicz, 1977), a figulre unique in the Nort
)J.em Ca'rpathians. The eastern part of the Beskid Niski Mts. reveals pre
sent-day uplHt rates exceeding 2 mm yr_' (I. Joo et aI., 1981). It also 
belongs to those few Carpathian areas wheTe non-rejuvenated, water
shed-tY'Pe morphology has been preserved nearly intact. The region 
studied comprises a number of folds of the Magura, Dukla, and southern 
Silesian thrust sheets, built up from Upper Cretaceous - Oligocene flysch 
deposits,and cut by a series of obJiquecsJip faults. The Beskid Niski Mts. 
morpho structure is composed of mountaineous ridges trending NW - SE, 
Le., obliquely to the axis of neotectonic uplift. In its western part, a 
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Fig. 1. Structural sketch of t he Polish Carpathians (based on M. Ksiqzkiewicz, 1977) 
Szkic strukturalny Kar.pat polskich (wedlug M. Ksiqzkiewicza, 1977) 
1 - Carpathian frontal thrust; 2 - 5ubordi.nate thrusts ; 3 - faults; 4' - Pieniny Kl..i ppen 
Belt; 5 - Miocene molasses resting on flysch deposits; 6 - axis ot the regional gravity low; 
T - Tatra units ; Fe - Podhale Flysch; thrust sheets of the Outer carpathians: MA - Magu
ra , DU - Dukla" SL - Silesian, 55I - ISub-Silesian, S K - Skole; are.<: studied in detail mar
ked by hatchure 
1 - gl6wne nasuniE:cie karpackie; 2 - nasunlE:;cl.a: podtzE:dne: 3 - uskoki; 4 - pienmski pas 
skalkowy; 5 - molasy miocenskie na: utworach fllszowychi t6 - os regionalnego minimum 
grawimetrycznego; T - jednostki tatrzatiskie; Fe - 1115Z podhalatiski; plaszczowiny Karpat 
Zewn~trznych: MA - magurska, DU - duklelska, SL - !iICiska, SlSI - podslClska, !S'K -
skolska; obszar badan szczeg610wych Z8s:z:raiowano 

Fig, 2. Main physiographic units of the Polish Carpathians 
G16wne jednostki fizjolograficzne Karpat po!skich 
ZD _ Zakliczyn Depression; l..PF l..ilcko-Podegrodzie Foothills; ONT - Orava-Nowy Targ 
Basin; KSB - Nowy S<iCZ Basin 
ZD _ obni:!:enie Zakliczyna, LPF pog6rze l.<icko-podegrodzkie, ONT - Kotlina Orawsko-
-Nowotarska, KSB - Kotlina Sijdecka 

rectangular drainage patterns dominates, the ridges being built from 
resistant sandstone complexes. The J aslo-Sanok Depression, in tUTTI, 
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Fig. 3. I - Relief types in eastern part of the Polish Flysch C<,lrpathians (based 
on L. Starkel, 1980b, simplified) 
I - Typy rzeiby wschodniej cz~sci pol skich Karpat fliszowych (wedlug L . )~ti3.rkla, 
1980b; uproszczone) 
1 - middle mountains of the butt and monadnock type; 2 - low mountains and high foothills 
bearing traces of Early Pliocene planation surfaces; J - middle foothills bearing · traces of 
Late Pliocene planation surfaces; 4 - low foothills and intramontane depressions bearing tra
<:es of Early Quaternary planation surfaces; 5 - Carpathian frontal thrust 
1- g6ry srednie 0 cechach wzniesien ostaitcowych i twardzielij 2 - g6ry niskie i wysokie 
pog6rza z resztkami zr6wnan 0 .zalozenlu wczesnopliocenskim; J - pcrg6rza sreanie z r esz
tkaml zr6wnail 0 zalozeniu p6tnopHocenskim; 4 - pog6rza niskie i wysokie dna kotlin sr6d
g6rskich z resztkami zr6wnan wczesnoczwartorzE:dowychi :; - brzeg . Karpat 

II - Geomorphic units! of the eastern Beskid Niski Mts. and surrounding areas 
(based on L. Starkel, 1972; L. Starkel et aI., 1973; T. Gerlach, 1972 and S. Gilewska, 
1986; supplemented) 
II - Jednostki geomorfologiczne wschodniego Beskidu Niskiego i obszar6w otacza
jClcych (wedlug L. Starkla, 1972; L. Starkla i in., 1973; T. Gerlacha, 1972; S. Gi
lewskiej, 1986, uzupelnione) 
a - boundary between subpr.ovlnces of the west and East Outer Carpathiarul; b - northern 
boundary of the Beskld Niskl mesoregion; solid lines - boundaries to subregions; A - Jaslo 
.to'oothi11S, B - Sleniawa Depression (::)ieniawa - Octrzechowa .Basin); C - Wysoczany Ridge 
(Wysoczany - Myrnon Ridge); D - Besko Basin, Sanok Depression and SE part of the Bes
kid Brzozowski Mts.; E - Bultowsko Foothills; l!~ - I.wonicz Foothills; G - Bukowica Ridge; 
H - Cergowa Group; I - Dzia! Ridge, K - Beskid Dukielski Mts., L - Jasl;i.ska-Wislok De
pression; M - Tylawa Basin; N, 0 - foothills subregions of the eastern Magura Ridge 
a - graniea podprowincji Zachodnich i WschOdnich Karpat zewn~trznych; b - p6lnocna 
granica rnezoregionu Beskidu Niskiegoi linie ci~gle - graniee podregion6w; A - Pog6rze Ja
sielskie, B - Kotl1nlGa. Sieniawy (obnlZenie Sieniawy - Odrzechowej). C - garb Wysoczan 
(Wysoczan - Myrnonia), D - Kotllna Besk-al, obnizenie sanoekie i SE eZE:s(! Beskidu Brzo
zowskiego, E - P.og6rze Bukowskie, F - pog6rze rwonickie, G - Pasmo Bukowicy. H -
Grupa cergowej. I - Pasrno Dzialu , K - Beskid Dukielski, L - Obnltenie Jasllsk - Wisloka, 
M - Kotllnka Tylawy, N, 0 - subregiony pog6rskie wschodniej cz~ci Pasma Maeurskieeo 

compri, es severa.! flat-bottom basins separated by low foothills. This 
area occupies the Ce'l1tral Carpathian Depression, composed 'of strongly 
folded, poorly resistant shale-sandstone complexes. Fold axes are orient
ed NW - SE, whilst the morphological axis . runs WNW - ESE. 

Semi-consequent morphology dominates· in southern part of the Jaslo
-Sanok Depression (Fig, 3), while Appalachian-type relief and morpho-
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logical inversion are characteristic of the Fore-Dukla Zone (A. Henkiel, 
1977). The Dukla Unit, however, displays resequent and, partly, semi
-consequent relief types. All the geomorphic units conform with tectonic 
structures. Taking into account the degree of erosional dissection of fold 
structures, one can conclude about stronger uplift of the Dukla Unit, 
comparable with that of the Outer Skole thrust sheet (of. A. Henkiel, 
1977), in respect to slightly uplifted or even subsided southern part of 
the CentTaI CaTpathian Depression. 

STATE OF GEOMORPHIC RESEARCH 

A general geomorphological description of the Beskid Niski and Ja
slo-Sanok Depression has been given by J. Smolenski (1911), M. Kli
maszewski (1948), L. Starkel (1972), T. Gerlach (1972), and L. Starkel 
et al. (1973). Evolution of landscape typology of the former area has 
been dealt with by J. Lach (1975) who concentrates mainly on mutual 
relationships between orographic and hydrographic networks and their 
structural control. H. Teisseyre (1936) and L. Bober (1984) discuss, in 
turn, the distribution and properties of landslides and landslumps. A 
sequence of the Wislok and Jasiolka river terraces from southern part 
of the Jaslo-Sanok Depression has been described by H. Swidziit'ski (1930), 
M. Klimaszewski (1948), H. Swidzinski and J. Wdowiarz (1953), I. Drze
wicka-Kozlowska (1956), S. Wdowiarz and A. Zubrzycki (1985), and L. 
Koszarski (1985). Palynological analyses of peat bogs occurring in the 
Beskid Niski Mts. were conducted by S. Wi<:ekowski and K. Szczepanek 
(1963), W. Koperowa (1970) and K. Szczepanek (1983). 

A coru:ept of geomorphic evolution of the Polish East CaTpathians in 
Plio-Quaternary times has been elaborated by L. Starkel (1965, 1969) and 
A. Henkiel (1977). Experimental studies on contemporary deflation and 
aeolian deposition have been carried out by S. Janiga (1975) in the Beskid 
Niski Mts., and by T. Gerlach and L. Koszarski (1968) in the southern 
Jaslo-Sanok Depression. S. Janiga (1975) has also presented morphologi
cal consequences of land-use in the Jasliska area (cf. Fig. 4). 

QUATERNARY PALAEOGEOGRAPHIC EVOLUTION 

During the earliest Quatel'na-ry (Biber, Praetiglian), ero
sional and erosion-accumulational terraces, described from the Dniester, 
Stryj, and San watershed area (130-150 m; I. D. Gofshtein, 1963), the 
Beskid S'ldecki Mts (150-160 m), the Podegrodzie Foothills (140-150 
m), and the Nowy SIlCZ Basin (120-130 m; d . W. Zuchiewicz, 1984 a), 
were formed. Erosional flattenings 120-140 m high, previously assigned 
to the foothills or riverside levels (d. M. KlimaszeWSki, 1937), should also 
be confined to this timespan. The same applies to the Witow Series (cf. 
L. Starkel, 1984), being equivalent to the Kozienice Formation in the 
South-Polish Uplands (J. Mojsk-i, 1982) and to the Polaniec and Osiek 
Gravels, occurring in the northern part of the Sandomierz Basin rN. 
Laskowska-Wysoczanska, 1975). Climate of this period was boreal, cold, 
resembling the suba-rctic one (L. Stuchlik, 1987), typical for boreal steppe 
plant communities. 
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The next stage of evalution of the Polish Carpathians (Bi:ber - Donau, 
Tiglian A, Ponurzyca Interglacial) showed moderately wann and tem
pera te climatic conditions (L. Stuchlik, op. cit.) and was characterized 
by erosional dissection which, in the Dunajec river basin, reached 25 to 
60 m (ei . W. Zuchiewicz, 1984 a, 1987). Meanwhile, in Southern Poland 
the deposition of the lower part of the Krasnysta w Fm deposits began 
(J. Mojski, 1982). 

During the 0 two c k S tag e (Eburonian, Tiglian B), erosional 
and erosion-accumulanonal terraces, being associated with the so-called 
riverside level were formed (L. Starkel, 1984). The author (W. Zuchle
wicz, 1987) assigns to them the followng terrace plains: 120 m terrace 
of the S-ola river at Tresna, 100 m terrace of the Skawa and Raba rivers, 
100-120 m terraces of the Dunajec and Poprad rivers, 90 m terrace of 
the Biala river, 90-110 m terrace of the San river, as well as 90 m 
terrace plains described from the San, Dniester, and Stryj watersheds. 
The CaI'pathians were then drained to the NE, via the Wieprz and Go
rajec gaps (ei. J. Wojtanowicz, 1977-1978), whilst the North Polish 
Lowland witnessed accumulation of deposits that build the upper part of 
the Krasnystaw Fm. A pronounced climatic cooling at that time, typical 
of the cold steppe and boreal forest-steppe conditions (L. Stuchlik, 1987), 
was marked by the appearance of bereal elements within farests of the 
Srovak (ei .1. Vaskovsky and E. Vaskovska, 1981) and Polish Carpathians. 

Erosional deepening of the CaI'pathian valley,s ill the C e I est y n 6 w 
S tag e (Waalian?, Tiglian C) was inCTeasing from 15-30 m in the LqC
ko-Podegrodzie FoothiUs, through 15-40 m in the Beskid Wyspowy Mts., 
up to 20-50 m in the Beskid Sqdecki Mts. (W. Zuchiewicz, 1984 a). In 
the Sandomierz Basin, a NE-rlirected outflaw (J. Wojtanowicz, 1977-
1978) was then operating, and the paleo-San river flawed on the riverside 
plains to the Dniester valley. Climatic amelioration favoured recession 
of coniferous trees and made possible the expansion of deciduous and 
mixed forests. A moderately warm, interglacial or interstadial-type cli
mate did prevail (ei. L. Stuchlik, 1987). 

The N are w ian S tag e (Menapian?) was characterized by the 
termination of fluvio-Iacustrine depositi= in the Podhale region (d. 
W. Szafer, 1953). All the main valleys of the Outer Car'pathians, at least 
in their middle reaches, attained their present position. This is confirmed 
by the formation of 80-90 m terraces of the Sola, Skawa, and Raba ri
vers, 80-100 m terraces of the Dunajec and Poprad rivers, 80 m terrace 
in the Wisloka and 70-80 terrace level in the San river valleys (cf. M. 
Klimaszewski, 1967; L . Starkel, 1972, 1984; W. Zuchiewicz, 1984 a, 1987). 
Accumulation of the so-called "preglacial gravels" began in the lower 
sectoc of the Dunajec valley (M. Klimaszewski, 1967). This was also the 
time of formation of the 70-80 m terrace plain within the San, Dniester, 
and Stryj watershed area (1. D. Gofshtein, 1963). An uplift of the South
-Polish Uplands led to the cessation of NE-directed drainage in the S8lll
domierz Basin (J. Wojtanowicz, 1977-78). Gravel series occurring ill 
the Subcarpathian Furrow, in turn, were laid down on rock socles rising 
at altitudes of 210-215 m a.s.!. (W. Laskowska-Wysoczanska, 1975; L. 
Starkel, 1984). Recent TL datings suggest even a Narevian age (716 ka 
BP) of the oldest till found in the Sandomierz Basin (W. Laskowska-Wy-
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Fig. 4. Localisation sketch showing place-names referred to in the text (A) and 
main physiographic units of the area studies (B) 
Szkic lokalizacyjny (A) oraz g16wne jednostki fizjograficzne badanego obszaru (B) 
1 - boundary between subprovinces of the East and West Outer CB'rpathians; 2 - northern 
boundary of the Beskid Niski Mts.; E - axes of neotectonic elevations; 0 - axes of neo
tectonic depressions; dotted area - Jasla-Sanck Depression; dense hatchure - Low Bieszcza
dy Mts. 
1 - graniea podprowincji Zachodnich i Wschodnich Karpat zewn~tr.znych ; 2 - p6tnocna' gra
niea' Beskidu Niskiegoj E - osle elewacji neotektonicznych; D - osie depresji neotektonicz
nych; obszar zakropkowany - Daly Jasielsko-Sanockle; obszar zaszrafowany - Bieszczady 
Nisk.1e 

soczanska, pel'S, C(imm, 1984), A sudden appearance of subaratic con
ditions in the Slovak Carpathians favoured development of cold paI'kland 
vegetation, associated with mean annual temperatures ranging from 
o t o - 2°C (1. Vaskovsky and K Vaskovska, 1981), 

Watershed areas of the eastern Beski'd Niski Mts, were then affected 
by the formation of denudational flattenings of the riverside level, which 
lasted uninterruptedly throughout the early Quaternary. First signs of 
a deeper erosional dissection could be related to the Pod I a s i eSt a -
g e (Cromer ian s,s, ?), while in the other Flysch Carpathian regions ero
sional processes are known to have commenced at the N/Q boundary 
(L, Starkel. 1969; A Henkiel, 1977), Within upper reaches of the Jasiolka 
and Wislok valleys, erosional terraces, presently ohserved at 35- 50 m 
above river beds, were being formed, Similar altitudes of river terraces 
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have also been recorded in the other Outer Ca.-pathian regions (cf. L . 
Starkel, 1969, 1972). The depth of dissection in the axial part of the Be
skidy Mts. has been estimated at 60 m (L. Starkel, 1972, 1984) or at 
20-35 m (W. Zuchiewicz, 1984 a). Coeval fluvial series found in the 
Rzesz6w area, however, rest on 190-200 m a.s.l. high rock socles (W. 
Laskowska-Wysoczanska, 1975). The stage in question was characterized 
by moist, temperate climate, with mean annual tempe.-atures of 3 to 4°C, 
as well as by dry summer and rainy winter seasons (I Vaskovsky and 
E. Vaskovska, 1981). 

There are no traces of fluvial deposits from the N ida n ian and 
San ian S tag e s (Elstrnan I, II, Giinz - cf. K. Brunnacker et aI., 
1982), p.-eserved in the eastern Beskid Niski Mts. This may testify to a 
predominance of physical weathering and solifluction processes over 
fluvial ones. In the Odrzechowa - Sieniawa Depression, however, one 
can obse.-ve small patches of ermlion-accumulational terraces, described 
from Wola S~kowa (420- 395 m a.s.l.), Glowienka, Wrocanka, and Iwo
nicz villages (cf. Fig. 4). S. Wdowiarz and A. Zubrzycki (1985) associate 
these terraces with the so-called Wygnanka Level. In the remaining 
mountain groups of the Beskidy Mts., these two stages manifested them
selves by extensive accumulation of 5 to 20 m thick gravels and sands, 
supplied by pronival rivel's (cf. L. Starkel, 1984), forming erosion-accu
mulational terraces within the San, Oslawa, Kalniczka, and Slupnica 
(30-60 m), Solinka and Wiar (30-40 m; cf. A. Henkiel, 1969, 1977; L. 
Starkel, 1972), and Strwiqz (20- 30 m; A. HeIJIkiel, 1969) river valleys. 

The icesheet reached the Ca<rpathian bOTder ·in the San Stage (El
sterian II), extending as far as 350-450 m a.s.!. (cf. M. Klimaszewski, 
1948; L. Starkel, 1984; J. Wojtanowicz, 1985) or even in the Nida Stage 
(Elsterian I), as revealed by fluv·ioglacial deposits found at optyn near 
Przemysl (M. Lanczont, 1986). Cold and dry climate (-2 do _5°C of 
annual temperature) favoured the expansion of tundra vegetation upon 
middle mountains and highly elevated basins (A. Srodon, 1977) and, 
along the Carpath ian border, the deposition of loess (H. Maruszczak et 
aI., 1972) did begin. Till and glacifluvial deposits in the Dyn6w Foothills 
fill fossil erosional channels, cut during the Podlasie Stage (T. Gerlach et 
a1.. 1985). In the Wisla, Sola, and Skawa drainage basins, in turn, valley 
bottoms which had been fo,rmed before the Nkla (San?) Stage at the Car
pathian border are, at p.-esent, deeply buried under younger sediments. 
This burial might have been related to the cessation of the connection bet
ween the Vistula and OdTa drainages (M. Klimaszewski, 1958), or it 
could have resulted from young subsidence within the Oswi~cim Basin 
(cf. L. Starkel, 1972). Ice-dammed lakes were being formed along the ice
-margin and, in some cases (Zakliczyn Depression), new spill-ways are 
found to have been created (M. Klimaszewski, 1967). The present divide 
between the Vistula and Odra drainage systems is believed to have been 
formed after the maximum stadial of the Middle Polish Glaciation (cf. 
N. G. Kotlicka, 1975) while after the South-Polish Glaciations it was to 
be situated in the Oswi~cim region. 

A comparison of relative altitudes of early Quaternary terraces within 
main Carpathian valleys does not reveal any pronounced differentiation 
The highest altitudes are confined to the Beskid S'ldecki Mts. and to the 
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Sola gorge in the Beskid Maly Mts. This may point to the role of uplifted 
longitudinal elevations and could suggest relatively uniform rates of early 
Quaternary dissection, except for the lowered Beskid Niski Mts. A drastic 
change was to OCCUT only in the Mas 0 v ian S tag e (Holsteinian, 
Giinz - Mindel). That was the time of increased fluvial activity (cf. L . 
Starkel, 1972. 1984) that led to formation of deep erosional furrows. The 
valley bottoms formed at that time can presently be observed at alti
tudes of 20-23 to 33-45 m above the present 'river-beds. Average alti
tudes of rock socles, dated back as for as the Holsteinian, range from 
10 to 20 m (L. Starkel, 1969). Fluvial activity reflected climatic amelio
ration, marked by an increase of anmual temperatures to 2_4°C (A. 
5rodon, 1977), as well as by the expansion of coniferous and, in Slova!kia, 
also mixed forests (1. Vaskovsky and E. Va!kovskil, 1981). 

In southern part of the Jaslo--Sanok Depression, rock socles of the 
so-called Pustyny alluvial plain decrease from Rymaraw to the 'Krosno 
Basin, from 30 to 20 m (M. Klimaszewski. 1948; T. Gerlach et ai, 1983; 
S. W dowiarz and A. Zubrzycki, 1985), and rise southwards up to 40-
50 m (H. 5widziilski, 1930; 1. Drzewicka-Kozlowska, 1956). The paleo
-Wislok alluvial fan was shed by a meridional drainage system, supply
ing material from the MagUTa Unit (L. Koszarski, 1985). Some geologists 
(S. Wdowiru-z and A. Zubrzycki, 1985; L. Koszarski, 1985) link the Pu
styny and Hacz6w Levels, hitherto thought to be of various ages, into one 
"middle" terrace plain (345 m a.s.1.). Paleo-<irainage operating on this 
level was directed northwar·ds and utilized the Pustyny and Milcza-Ha
cz6w "gates", i.e .. transversal depressions cut into the Mymon Ridge. 

TeI'Tace steps (15-20 m high) composed of thin gravel series (Fig. 5), 
interfingering with solifluction deposits can, therefore be assigned to 
a sligghtly younger stage of development, associated with an interstadial 
warming during the Middle Polish Stage (LUblin Interstadial?, Treene, 
Flaming, Riigen). The lack of fluvial deposits preserved on higher situated 
terrace plains and within the 17-22 m terrace, forces one to apply 
mo'rphostratigraphic criteria. 

Relative altitudes of these teI'Taces are higher than those of the 
Upper San (12-20 m; cf. L. Starkel, 1965), Wis!oka (12-22 m; cf. S. 
Pawlowski, 1925), and Strwli!!z (A. Henkiel, 1969) T'iver valleys (Fig. 6) . 

The two-fold division of the Mid die - P a Ii s h S tag e (Saa
lian) in the Outer Carpathians is clearly marked by the occurrence of 
two gravel series separated by peat or weathering horizons (d. L. Star
kel, 1980 a, 1984), as well as by the presence of separate erosion-accu
mulational terrace steps, described from the Dunajec (W. Zuchiewicz, 
1984 a, H,84 b) and some Slovak rivers (cf. 1. Vaskovsky, 1977; J . Ko
stillik, 1984). 

At the end of the Warta Stage (Riss) and during E e m ian times, 
another climatic warming led to a dissection of fluvio-solifluctional co
vers and their rock soc1es. Mean annual temperatures exceeded the 
present ones by 2-3°C, and the precipitation totals were 50 % greater 
as compa'red to the Late Holocene ones. The eXlpansion of mixed forests 
reached the upper timber line (A. Srodon, 1977). Erosional deepening 
of valley bottoms in the eastern Beskid Niski Mts. ranged f1'om 5-10 m 
in watershed areas up to 15-20 m at the boundary of the Jaslo-Sanok 
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Fig. 5. Stratigraphic position of the Jasialka and Wislok river terraces within the 
Beskid Niski region 
Pozycja stratygraficzna taras6w Jasiolki i Wisloka w obr~bie Beskidu Niskiego 
1 - rock sccle; 2 - fluvial series; 3 - periglacial deposits; .. - rela·tive altitudes. in metres; 
values given in kilometres refer to the distance from headwatera; WA - Wartarusn. W -
visiulian, LG - Late Glacial 
1 - cok61 skalny; 2 - osady rzeczne; 3 - osady peryglacjalne; 4 - wysokoic1 wzgl~dne, 
w metrach; war tosci podanc w kilometrach wskazuj<l odlegtosc od ir6del 

Depression. Average dissection of terrace rock socles in the Polish Car
pathians, however, did not exceed 10 m (L. Starkel, 1969) and, in the 
Subcarpathian basins, erosion could not manage to reach valley bottoms 
cut during the Masovian Stage. In the Low Bieszczady Mts., in turn, 
older solifluctional Covers were not dissected at all, and were exposed 
to intensive chemical weathering (cf. A. Henkiel, 1969). Climatic warming 
during Eemian times is marked by strong and deep-reaching weathering 
of the rock socle of the Sieniawa terrace. The Eemian was also a period 
of far-reaching hydrographical changes in southern part of the Jaslo
Sanok Depression. The Pustyny alluvial fan became separated from the 
drainage system operating in the Magura Unit, as a result of tectonic 
movements of a transversal elevation, known to have emobraced the 
Krosno Basin (cf. L. Koszarski, 1985). 

During the Las t G J ac'i a I S tag e (Vistulian), fluvial and 
solifluction-deluvial series were deposited in the Beskid Niski Mts., fOTm
ing two levels of e:rosion-accumulational terraces, namely: 15-22 m and 
8-12 m. The higher terrace splits within downstream reaches of the 
Jasio1ka and Wislok valleys into two separate steps, which could be 
assQC.iated with the Older and Young",' Pleniglacial or with the Early 
Glacial and Pleniglacial times, respectively. The first option seems to 
be confirmed by the presence of washout (deluvial) covers, overlying 
fluvial gravels and underlying solifluction deposits within the 21 m-high 
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terrace of the Wislok river at Pulawy Dolne, as well as by the occurrence 
of Late Glacial wash-out covers on top of fluvio-solifluctional series of 
the 15-16 m high Jasiolka terrace at Jasliska (Fig. 5). 

The middle and lower reaches of the J asiolka and Wislok " alleys 
during Pleniglacial times were subject to accumulation of gravel series, 
interfingering with solifluction tongues, whilst the upper valley reaches 
witnessed intensive solifluction. Altitudes of terraces do exceed 6-10 m 
within headwater sectors. The lack of sections showinlO( contiguous se
dimentary sequences may point to the importance of Early Glacial, inter
pleniglacial and Late Glacial lateral channel migration. 

DownstTeam-increasing depths of erosional incision. together with 
the formation of a separate Late Glacial terrace step suggest, in turn, 
reactivation of tectonic subsidence within the southern Jaslo- Sanok 
Depression. Altitudes of the Pleniglacial (mainly Late Pleniglacial -
of. L. Starkel, 1977, 1984) terrace in the remainin;! areas of the Polish 
Flysch Carpathians do not exceed 7/10/ to 15 m. Cliinatic chan;;es during 
Pleniglacial times led to deposition of two-fold solifluction covers (L. 
Starkel, 1980 a), interstadial weatherin.g horiwns (L. Starkel, 1965; A. 
Henkiel, 1969), as well as peat bogs (L. Starkel , 1972, 1977, 1984). Mean 
annual temperatures in the Vistulian did not exceed 3°C (A. SrodOll, 
1977; 1. Vaskovsky and E. Vaskovska, 1981), and dropped below DoC in 
the Younger Pleniglacial (L. Starkel, 1972, 1984) . Deposition of solifluction 
DOvers at the base of slo'pes was accompanied by shaping of periglacial 
landfO'l'ms (stone-fields, Tock walls, tors) along the crest-lines of the 
Piotro,;, Ostra, and Bukowica Ridges. 

Dow:nstream of the Jasiolka water-~ap at Lipowica. the surface of 
the Plenig1acial terrace rises up to 21 m above the river bed, while 
thi~kness of its gravel series attains 10 m (cf. T. P. Kasela, 1985). In the 
Sieniawa Depression. the Pleniglacial alluvial plain relates to the 50-

-called "II level" of M. Klimaszewski (1948), and the Myroon (H. Swi
dzinski, 1930) OT Sieniawa Terrace (S. WdowiaTZ and A. Zubrzycki. 1985) 
which, in SE part of the Krosno Basin, pass into th e Hacz6w Level (15-
20 m; M. Klimaszewski, 1948). Gravel series of the Sieniawa and Ha
cz6w alluvial plains mark the primary outflow of the paleo-Wislok river 
through the longitudinal Odrzechowa - Ryroan6w Depression and the 
Wr6blik Szlachecki wind-gap. This outflow ceased to exist in the Late 
Glacial or at the beginning of the Holocene. S. Wdowiarz and A, Zu
brzycki (1985) relate the "Hacz6w Level" to the penultimate glacial sta
ge, together with the "Pustyny Level" of M. Klimaszew, l<i (1948). These 
authors date the formation of the WislO'k p,orge near Besko for Early 
Holocene times. 

Late Glacial climate favoured intensive erosional dissection, associated 
with a change of drainage pattern hom braidin,g to meandering one (cf. 
L. Starkel. 1977. 1980 a). These ch"np,es led to the formaUian of a sepa
rate erosional step, cut into the Pleniglacial terrace. Large-scale washout 
processes <m slopes preceded expansion of fore,ts (L. Starkel. 1980 a), 
slapes were modr-Ued by mass movements and suffosion. while in the 
valley bottoms rapid organogenic accumulation began, heing initiated in 
Bollin!! and wide,:nread durin!! Allerod times (M, Ralska-Ja'siewi"zo.wa, 
1972, 1980; S. W. Alexandrowicz et a!. , 1985). The Bolling phase is mar-
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ked by prograding e><pansion of bo,real forests with stone-pine, larch, 
'and Pinus silvestris (M. Ralska-Jasiewiczowa, 1980), attaining 1000 m 
a.s.!. in the Allerod (cf. W. Szafer, 1953). During colder phases (Older 
and Younger Dryas), the timber line became lowered down to 500-600 
m a.s.1. (W. Szafer. 1953; A. SrodOll, 1977) whereas slopes were mantled 
again by solifluctiO'l1-deluvial covers. Increased fluvial activity is docu
mented by the presence of aUuvia which underly andior interrupt Alle
rod peat deposition (W. Koperowa, 1970; M. Ralska-Jasiewiczowa, L. 
Starkel, 1975). In the San valley, however, the Allerod peat fills ero
sional cha.nnels cut into Pleniglacial alluvia (M. Ralska-Jasiewiczowa, 
1980). The phase in question is the first distinct phase of organogenic 
deposition within the Jaslo---Banok Depression, the Beskid Niski Mts., 
and the Low Bieszczady Mts. (cf. A. Srodon, 1977; M. Ralska-Jasiewi
=wa and L. Starkel, 1975; L. Starkel, 1977. 1980 a; K. Szczepanek, 
1983). In southern part of the Jaslo-Sanok Depression, numerous lakes 
filling Pleniglacial deflational hollows, were formed (T. GeTlach and L. 
Ko'Szarski, 1968). These basin began to overgrow during the Younger 
Dryas, known to have been characterized by a slight incr ease in climatic 
continentalitv (S. W. Alexandrowicz et a1. 1985). In the eastern Beskid 
Niski Mts, Pleniglacial terraces (15-21 m) of the Jasiolka and Wislok 
rivers became dissected by 2 to 8 m. Erosional channels cut at the end 
of Older Dryas (?) and during Allerod times were filled by younger 
alluvia, 2 to 5 m thick, interfingering sometimes with periglacial depo
sits and/or mantled by wash-out covers. 

A decrease in fluvial activity in the Flysch Carpathians, accompanied 
bv widespread accumulation of organogenic deposits, marks the beginning 
of the HoI 0 c e n e (M. Ralska-Jasiewiczowa and L. Starkel 1975; L. 
Starkel 1980 a; S. W. Alexandrowicz et aI., 1985). Climatic warming in
tensified ground-water circulation which led to the formation of brown
-forest and podzolic soils and favoured mass movements, suffosion, and 
lateral channel migration (E. Gil et aI., 1974). The dissect ibn of alluvial 
covers and their rock socles in urner valley reaches during more humid 
phases was accompanied bv episodes of channel infilling and mud de
position at the Carpathian horder (L . Starkel, 1984, 1986). An increase in 
overland flow and soil ero,ion due to deforestation started 6.5-6 ka BP 
(L. Starkel 1977, 1986) and was responsible for anothf'T stage of wash
-out deposition on sloues. Intensive allllradation in valley bottoms dates 
back to the Roman and Middle Ages times (L. Starkel, 1986) while de
velopment of braided ~hannel nat tern b'eQ'Bn at the close of the 18th 
century (K. Klimek and K. Trafas, 1972). The present-day phase of in
creased fluvial activity. in turn. is' known to have commenced at the 
last century. due to flood-control and irrigation works (d. R. Soja, 1977; 
K. Klimek, 1974; L. Starkel. 1980 a, 1984). 

Humid phases apoeared at the Boreal/Atlantic (8.5-8 ka BP) and 
Atlantic/Subboreal (5-4.5 ka BP) boundaries, as well as during the 
Atlantic (6.5-5.9 ka BP). These phases were resnonsible for the ter
mination of peat bog development in some areas (M. RalSka-Jasiewiczo
wa. 1980: W. Konerowa. 1970) OT the neation of new bOi(s in the other 
(K. Pekala et a1.. 1972). Within tbe Jaslo-Sanok Depression, organo
genic deposition lasted up to Neolithic times (S. W. Alexandrowicz et 
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Fig. 6. Terrace stratigraphy in eastern part of the Polish Flysch Carpathians (Up
per Jasiolka, Upper Wislok - this paper; Kalniczka, Solinka, Hoczewka - L. Star 
kel 1965; Walo,atka - K . P~kala et a!., 1972; Upper San - L. Starkel, 1965; Mid
dle'San - A. W6jcik, 1976, K. P~kala, 1973; correlation and age interpretation by 
the author) 
Pozycja stratygraficzna taras6w rzecznych w dolinach wschodniej cz~sci polskich 
Karpat fliszowych (korelacja oraz interpretacja wieku wedlug autora) 
1 - rock-cut terraces, rock soclesi 2 - fluvial covers of erosion-accumulational terraces; 3-
supposed correlation 
1 - tarasy skalne, cok61 ska!nYi 2 - osady rzeczne taras6w skalno-osadowych; J - przy
puszczalna korelacja 

aI., 1985). These proce<3ses were coeval with intensive erosion in upper 
reaches of the Beskid Niski valleys, and led to the formation of separate 
rock socles of three terraces in the Jasiolka and Wislok valleys (Fig. 5) . 
The lower - situated floodplains, therefuore, could relate to Subatlantic 
episodes of fluvial activity. Human impact has become visible in this 
region since the close of the Atlantic phase, while the period of wide
sprea:d deforestation started in the younger Subatlantic (cf. W. Kopero
wa, 1970). Low-lying Hood plains and recent gravel bars are characterized 
by poor sorting and rounding of alluvia, closely resembling those depo
sited under periglacial conditions. 

Boreholes drilled in the Besko alluvial fan (W. Koperowa, 1970; S. 
WdowiaTZ and A. Zubrzycki, 1985) reveal the presence of lacustrine 
i:halk, overlain by two layers of peat, separated by clays and sandy 
clays. The top and bottom horizons of the lower peat layer have bleen 
dated by C-14 method at 7 850 ± 100 and 9531 ± 150 BP, respectively. 
Malawlogical assemblages found in the chalk indicate an eau-ly Holocene 
age (S. W. Alexandtrowicz, pers. comm. 1985). These deposits have Hith8lf
to been considered Late Glacial ones (W. Koperowa, 1970; L. StaTkel, 
1972). The Besko alluvial fan is 3 km wide and approximately 15 m 
thick. Distal pa'rts of this fan are composed of clayey gravels laid down 
by the paleo-Pielnica river, the channel lag deposits being o,verlain by 
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sandy muds, gyttjas and peat which, in turn, underly the upper, 1.2-
3.7 m thick gravel series. The latter is thought to record the influx of 
paleo-Wislok material into the Besko Basin at 6-7 ka BP (S. W dowiarz 
and A. Zubrzycki, pers. comm. 1986). 

DEVELOPMENT OF RIVER TERRACES: SOME REMARKS 

The eastern Beskid Niski Mts. are characterized by a different pat
tern of Pleistocene terraces, as compared with the other, more strongly 
uplifted morphostructures. Early and MiddIe Pleistocene fluvial activity 
is manifested only in the form of erosional breaks or benches that maTk 
consecutive stages of dIssection of the riverside level. Slope processes, 
active during these stages, led to the formation of cryonival glacis and/or 
bog cirques. The size of slope degradation in one glacial-interglacial cycle 
ha-s been estimated at 10 m. as compared to 30--50 m during the whole 
00' the Pleistocene (d. L. Starkel, 1972, 1986). Holocene denudation, in 
turn, is thought to be responsible for a lowering of t.he surface of the 
Polish Carpathians by 0.5 m (L. Starkel, 1986). 

The Jasiorka and Wislok erosion-accumulational terraces, bearing 
poorly preserved fluvial covers, belong to relatively young l'andforms, 
formed at the end of the penultimate and during the last glacial stages 
(Fig. 5, 6), as well as in Holocene times. Poor state of preservation or a 
complete lack of older terrace steps can be explained by the proximity 
of the studIed valleys to the main European drainage divide. The latter 
has undergone insignificant uplift, as compaTed to the other mountaineous 
regions. 

A lower number of Pleistocene terraces in respect to the number of 
glacial-interglacial cycles is usually being thought to result from different 
succession of cold and warm phases during cycles of various age. The 
youngest cycle (Vistulian - Holocene) terminated with a warm phase 
that was preceded by a glacial pessimum allowing. therefore, for the 
development of distinct terrace steps (Pleniglacial, Late Glacial, Holocene 
ones). The shaping of terraces formed during earlier cycles, however, 
had largely been controlled by the intensity of tectonic movements (Fig. 
7). This is clearly indica ted by a comparison of terrace steps that de
veloped in areas showing different tectonic tendencies. like the Alps and 
their foreland (G. Kukla, 1981 ; K. Brunnacker et al.. 1982; V. Sibrava, 
1986) or the Outer Carpathians (d. W. Zuchiewicz, 1984 b). The number 
of Quaternary terraces within main Carpathian valleys changes from 
5 to 9. 

CONCLUSIONS 

The lowest possible amount of Quaternary uplift of the Beskid Sa
decki Mts. could be estimated at 150-170 m, while that of the Beskid 
Niski Mts. did not exceed 30 to 120 m. Neopleistocene terraces of the 
Jasiolka and Wislok rivers reveal rock socJes. the altitudes of which 
increase downs tream. towards the Jaslo- Sanok Deuression (Figs. 6. 7) . 
This is especially true for the Wislok terraces in the Sieniawa Depression, 
dissected to a depth of 30-35 m. Such a rapid erosional dissection. un
paralleled to the other Outer Carpathian rivers, may have resulted from 
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Fig. 7. Terrace stratigraphy in the Polish Flysch Carpathians (Sola - J. Szaflar· 
ski. 1932; Skawa - J. Szaflarski, 1931, M. Klimaszewski, 1948, Raba - W. Stol
f6wna, 1932, M. Klimaszewski, 1948; Dunajec - W. Zuchiewicz, 1984a; Biala -
J. Bugajski, 1934; Wisloka - S. Pawlowski, 1925, M. Klimaszewski, 1948; Wislok -
A. Fleszar, 1914, M. Klimaszewski, 1948, 1. Drzewicka-Kozlowska. 1956, T, Gerlach 
et aI., 1985; San - L. Starkel, 1965) 

Pozycja stratygraficzna taras6w rzecznych w g16wnych dolinach pol skich Karpat 
fliszowych 
Correlation and age interpretation by the author; for other expla'llatlons - see Fig. 6 
Korelacja oraz interpretacja wieku wedlug autera; pozostale obja§nienia jak na fig . IS 

young (Vistulian - Holocene) 5ubsidence in front of the tectonically 
active Besko thrust fold. The lowering of the Bcsko - Zarszyn Basin 
favoured strong headward erosion, observed in the Wislok river valley 
between Sieniawa and Moszczaniec. Another example of Late Pleisto
cene - Holocene neotectonic movements is pro\'ided by a tilt of rock 
'SOcles of Last Pleniglacial and Late Glacial terraces towards the thalweg. 
A similar relationship has been described by L. StaI'kel (1965) from the 
Upper San drainage basin, when discussing older Pleistocene terraces. 
The Late Pleistocene was also a period when tectonically controlled hy
drographic changes in the Krosno Basin and in front of the Beskid Ry
manowski Mts. took place (cf. also T. Gerlach et aI., 1983, 1985; L. Ko-
szarski, 1985). . 

The Beskid Niski morphostructure reveals only two distinct stages 
of tectonic activity in the late Cenozoic: at the end of the Pliocene and 
during Early Quaternary times, and the younger one, connected with 
the Vistulian and Holocene . . Neotectonic episodes described from the 
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Western Flysch Carpathians (d. W. Zuchiewicz. 1984 b) manifested 
themselves less 'intensely and embraced the southern part of the Jaslo
Sanok Depression. 
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Witold ZUCHIEWICZ 

ROZWOJ MORFOLOGICZNY BESKIDU NISKIEGO A CZWARTORZIlDOWA 
PALEOGEOGRAFIA POLSKICH KARPAT FLISZOWYCH 

Streszczenie 

Wschodnia cz~sc Beskidu Niskiego obejmuje szereg struktur faldowych jed
nostek: magurskiej, dukielskiej oraz sIqskiej (fig. 1, 2), zlozonych z utwor6w 0 zr6z
nicowanej odpornosci na procesy denudacyjne i warunkujqcych wytworzenie rzez
by typowej dla niskich g6r i wysokich pogorzy, z resztkami zr6wnan 0 zalozeniu 
pliocenskim i wczesnoczwartorz~do\Vym (fig. 3). Obszar obj~ty badaniami szczeg6!o
wymi lezy w obr~bie kilku jednostek fizjograficznych (fig. 4), odznaczaj<=lcych siQ 
rzezbq wlasciwq nieodmlodzonym obszarom wododzielnym w cz~sci poludniowej 
oraz wskazujqc<=l na intensywne odmladzanie w cz~sci polnocnej. 

Brak starych taras6w ~zwartorz~dowych (fig. 5) pozwala sqdzic, it etap for
mowania poziomu przydolinnego obejmowal caly starszy plejstocen. POCZqwszy od 
pif;tra poludniowopolskiego (Nidy, Sanu), fragmenty poziomu podlegaly przeobraze
niom w warunkach morfogenezy peryglacjaInej. Zostaly w6wczas uformowane 
splaszczenia podstokowe przypominaj(-lce kriopedymenty lub cyrki mlakowe. 

Intensywna erozja wgl~bna w intetglacjale wielkim, i przYPuszcz31nie z po
cztkiem zlodowacenia srodkowopolskiego, zaznaczyla s'i~ we wschodniej cz~sci Bes
kidu Niskiego wyci~ciem taras6w skalnych 0 wysokosci 27-30 do 33-45 m. Tarasy 
zwiqzane z pi~trem Warty zachowaly si~ w dolinie Jasiolki (17-22 rn) oraz Wisloka 
(18-23 m). Ocieplenie i zwilgotnienie klimatu w interglacjale eernskim sprzyjalo 
I:v .. yci~ciu . rynien 0 gl~bokc.sci 5-7 . m w.ir6dlQwych odcinkach Jasiolki i Wisloka 
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do 10-13 m w Kotlince Tylawy i 18- 19 m w rejonie Pastwisk - Sieniawy. Osady 
rzeczne Z ostatniego pi~tra chlodnego budujq pokrywy dw6ch poziom6w taraso
wych a wys. 15-30 m i 8-12 m, powstalych w p leniglacjale i p6inym glacjale. 
Wysokosc tarasu pleniglacjalnego wzrasta z biegiem rzek ad 6- 8 m do 20---31 m. 
r aras ten l~czy si~ w rejonie Sieniawy (dolina Wisloka) z tarasem Mymonia (Sie
niawy), wyznaczajqcym pierwotny r6wnole:inikowy odplyw w6d paleo-Wisloka w 

poludniowej cz~sci Do16w Jasielsko-Sanockich. Przeplyw ten 1.05tal przerwany 
w p6inym glacjale lub Z poczqtkiem holocenu, prowadzqc do uformowania prze
lomu Wisloka w Besku. Tarasy holocenskie reprezentujq trzy poziomy t;1ras6w 
nadzalewowych oraz dwa poziomy taras6w zalewowych, skalno-osadowych lub 
akumulacyjnych. 

W por6wnniu z innymi, silniej wypi~trzonymi morfostrukturami polskich Kar
pat Zewn~trznych (fig. 6, 7), wschodnia cz~sc Beskidu Niskiego odznaczJ. si~ od
m iennym wyksztalceniem plejstoceilskich taras6w rzecznych. Brak lub bardzo sla
by stan zachowania taras6w starszych moze bye efektem usytuowania tego obszaru 
w poblizu gl6wnego dzialu wodnego Karpat oraz znikomego, w stosunku do innych 
grup g6rskich Beskid6w, wypi~trzenia neotektonicznego. G1e:bokie rozcie:cie tarasu 
z ostatniego glacjalu na poludniowym obramowaniu Dal6w Jasielsko-Sanockich su
geruje uaktywnienie mlodych ruch6w tektonicznych, obejmuj~cych dna kotlinki 
Beska - Zarszyna iIlub podnosz~cych skib~ Beska. 

Poprzeczna do rozci~glosci Karpat depresja Beskidu Niskiego ujawnia jedynie 
dwa wyrazne etapy wzmoionej aktywno~ci tektonicznej u schylku kenozoiku: star
szy, obejmujClcy schylek pliocenu i wczesny czwartorzE:d oraz mlodszy, zwiC}zany 
z ostatnim glacjalem i holocenern. Oddiwi~ki faz tektonicznych opisywanych z 
zachodniej cz~sci Karpat byly tutaj znacznie slabsze i dotyczyly g16wnie polud
niowej strefy Do16w Jasielsko-Sanockich, warunkujqc zmiany sieci hydrograficznej. 

B HTOJI b)l. 3 YXE B 11'-1 

MOP<I>OJIOflP-IECI(OE PA3BHTHE HH31(OrO EECI(H.nA 
H LJETBEPHfllHMI TIAJIEOrEOrPA<I>H5I TIOJIbCI(HX 

<l>JIHUIEBbIX I(APTIAT 

Pe310Me 

BOCT04HaH 4aCTb HH3KOro BeCKH)l.a BKJII04aeT pa)l. CKJIa)l.4aTbIX CTPYK

TYP e)l.HHHU:: MafypcKoli, )l.YKeJIbCKOii H CHJIe3CKOil (qmf_ I, 2). CJIOX{eHHbIX 

OCa)l.KaMH C pa3HoH CTOHKOCTbIO K ,!(eHy,!(aU:HoHHbIMH npou:eccaM H o6ycJIa

BJIHBalOLL\HX o6pa30BaHHe peJIbe<j>a THnH4HOfO ,!(JIH HH3KHX fOp H BbICOKHX 

npHfopKOB C OCTaTKaMH nJI OC KOCTeii C nJIHou:eHOBbIM H paHHe4eTBepTH4HbI M 

3aJIOlKeHHeM (<j>Hf. 3) _ 06JIaCTb nO)l.BeprHYTa )l.eTaJIbHbIM HCCJIe)l.OBaflHflM 

HaXO)l.HTCH B npe)l.eJIax HeCKOJIbKHX <j>H3Hofpa<j>H4ecKHx e,!(HHHU: (<j>Hf_ 4), 
xapaKTepH3YIOLL\HXCH peJIbe<jJoM cooTBeTcTBYIOLL\HM HeOMOJIOlKeHHbIM BO'!(O

pa3)l.eJIHIOLL\HM TeppHTopHHM B IOlKHOH 4aCTH H peJIbe<j>oM YKa3bIBaIOLL\HM 

na lIHTeH CHBHoe OMOJ1Q)f{eHHe B ceeepHOH: qaCTH. 
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HenOCTarOK CTapblX l.J:eTBepTHtlHblX reppac n03B5IJIHeT ClJHT3Tb, tITO 3Tan 

CPOpMHpOBaHHH OKOJIOJ\OJIHHHOrO ypOBHH npOJ\OJIlKaJIeH BeCb CTapll]HH nJIeii
eTOlleH. HaqHHaH C lOlKHo-nOJIbCKoro Hpyca (HHJ\bI, CaHa) cpparMeHTbI 3TO-

1'0 ypOBHH nOJ\BepraJIHCb npe06pa30BaHHHM B yeJIOBHHX nepHrJIHUHaJIbHOrO 

Mop<jJoreHe3a. TorJ\a CCPOpMHpOBaJII-Ieb nOJ\eKJIOHOBbIe nJIOeJ(oeTH nOXOlKHe 

Ha KpHOnelI.HMeHThI HJlH MJIaKOBhIe UHpKH. 

J.1HTeHcHBHaH rJIy6HHHaH 3P03IIH B 60JIblllOM MelKJIeJ\HHKOBbll H Bepo
flnIO B HaqaJIe Cpe.LI.He~nOJIbCKOrO OJIe.n.eHeHHH 0603HatIHJIHCb B BOCTOtI

HOH qaeTH HH3Koro neeKHJ\a Bblpe3KOH CKaJIbHbIX Teppae BbIeoToH 27- · 
30 J\O 33- 45 M. 3TH TeppaebI, eBH3aHb! C HpyeoM BapThI, eOXpaHllJIHCb B 

J\OJIHHe 5!ceJIKII (17-22 M) H BHeJIOKa (18- 23 M). TIoTenJIeHHe H yBJIa
)l{HeHHe KJIHMara B .9.3MCKOM Me)KJIeAHHKOBHH cnoco6CTBOBaJIO Bblpe3Ke 

)!(eJI060B rJIy6HHofI 5-7 M B HeTOqHHKOBbIX oTpe3Kax 5!ci~JIKH H BHCJIOKa, 

J\O 10- 13 M B KOTJIOBHHe TbIJIHBbI H 18-19 M B paHoHe TIaeTBlleK - Ce

ilHBb!. PeqHbIe oeaJ\KH nOCJIeJ\Hero XOJIOJ\Horo Hpyea CJIaralOT nOKpoBbI 

J\Byx TeppaeoBbIx ropH30HTOB BbIeoToH 15- 30 H 8-12 M, 06pa30BaBllIHxeH 

B nJIeHHfJHIUHaJIe H n03ltHOM rJISlUHaJIe. 

BbIeoTa nJIeHHrJIHUH aJIbHOH Teppaeb! YBeJIHqaeTeH e XOJ\OM pe

KH e 6- 8 J\O 21-31 M· B paiioHe CeHllBb! (J\OJIHHa BHCJIOKa) na Teppa

ea coeJ\HHHeTeH e TeppacoR MbIMOHH (CeHHBb!), KOTopaH onpeJ\eJIHeT nep
UH4lIbIH napaJIJIeJIbHblH eTOK BOJ\bI naJIeO-BHCJIOKa B IOlKHOH qaCTH 5!eeJIb

eKo-CaHoUKHx 5!M. 3TO TeqeHHe 6bIJIO npopBaHo B n03J\HOM JIeJ\HHKOBOM 

nepHoJ\e HJIH B Ha4aJJe rOJIOueHa , 'ITO nplIBeJIO K ecpopMHpOBaHHlO nepeXBa

Ta BHeJIOKa B neeKe. fOJIOueHOBbIe TeppaCbI npeJ\CTaBJIHlOT TpH ropH301lTH 

lIa.!l.nOHllIeHlIbIX Teppac H J\Ba ropH30HTa nO;IllI, CKaJIbHO-oeaJ\OqIlbIX HJIII 

a KKyMyJIHTHBHblX. 
B epaBHeHHH e J\pyfHMlI, elIJIbHee nOJI:HHTbIMII MOpcpOCTpyKTypaMlI nOJIb

CKHX BHelllHbIX KapnaT (<jJHr. 6, 7), BOeTO'lHaH qaCTb HH3Koro neeKHJI:a 

OTJI HqaeTeH HHOH CPOPMOH nJIeHCTOueHoBbIx peqHbIX Teppac. OTCYTcTBHe 

HJIH O'leHb cJIa60e coxpaHeHHe cTapIUlIx Teppac MO)f{eT 6hITh 3<jJ<jJeKToM 

pacnOJIO)!(eHHH 3Toro paRoHa B6JIH3H rJIaBHoro BOJ\opa3J\eJIa KapnaT, a TaJ(

>l<e OgeHb MaJIOrO, B epaBHeHHH C J\pyrHMH ropHbIMIl rpy nnaMH neCKllJI:OB, He

OTeKTOHllgeeKoro nO.!l.HHHIH . fJIy60Koe paeeeqeHHe TeppachI H3 nOCJIeJ\Hero 

JIeJ\HHKOBoro nepHoJ\a Ha lO)f{HOM OKaRMJIeHHH 5!ceJIbeKO-CaHoUKHx 5!M, 

YKa3blBaeT Ha nOBbIllleHHe aKTHBHQCTH MOJIO,II,bIX TeKTOHHlIeCKMX l(BIDKeHRH, 

OXBaTblBalOIUHX J\HO KOTJIOBllHKH neCKa - 3aplllllHa HjHJIH nOJ\HHMalOIUH' 

CKJIaJ\KY neCKa. 

TIonepeqHaH K npocTHpaHHH KapnaT JI:enpeCCHH HH3Koro neCKHJ\a yKa-

3wsaeT TOJIbKO ,II,Ba 3Tana YCHJIeHHOH TeKToHHlIecKoH aKTHBHOCTH B KOHue 
KaiiH030H: cTaplllHH - oXBaThIBalOIUHH KOHeu I1JIHOueHa H paHHIlH geTBep

THgHbIH nepHoJ\ H MJIaJ\llIHH - cBH3aHHhIH C nOCJleJ\HllM JleJ\HHKOBbIM ne

PIIOJ\OM H roJIOueHOM. OT3BYKH TeKTOHllqeCKllX <jJa3 onHCblBaHHbIX B 3anaJ\

Holl gaCTH KapnaT 6b1JIH 3J\eCb 60JIee CJla6hIe H CBH3aHHble rJlaBHblM o6pa-

30M C lO)f{HOH 30HOR 5!ceJIbCKO-CaHoUKHx 5!M, 06YCJIaBJIHBaH H3MeHeHHH 
fHJ\porpacpHgeCKOH ceTH. 


