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Witeld ZUCHIEWICZ

Morphological development of the Beskid Niski
Mts and Ouaternary palaeogeograhy of the
Polish Flysch Carpathians

The paper discusses main stages of geomorphic development of the eastern Beskid
Niski Mts. in Quaternary times, with special attention being paid to palaeogeocgra-
phic changes in the whole of the Polish Flysch Carpathians, A unigue 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 1) 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 sclely on climatic changes,

INTRODUCTION

The Beskid Niski Mts, form a large transversal depression in the
Polish Flysch Carpathians (Fig. 1), being composed of several morpho-
structural units that show neotectomic tendencies and Quaternary geo-
morphic development different from those of surrounding regions, The
morphostructure in question is bounded from the north by the vast
Jasio-Sanok Depression (Fig. 2), cut into flysch deposits attaining 10 to
11 km in thickness (M. Ksigzkiewicz, 1977), a figure unique in the Nort-
hern Carpathians. The eastern part of the Beskid Niski Mts. reveals pre-
sent-day uplift rates exceeding 2 mm yr-! (I. Joo et al., 1981). It also
belongs to those few Carpathian areas where non-rejuvenated, water-
shed-type 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 Cretacecus — Oligocene flysch
deposits,and cut by a series of oblique-slip faults. The Beskid Niski Mts.
morphostructure is composed of mountaineous ridges trending NW - SE,
ie., obliquely to the axis of neotectomic uplift. In its western part, a
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Fig. 1. Structural sketch of the Polish Carpathians (based on M. Ksigzkiewicz, 1977)

Szkic strukturalny Karpat polskich (wedlug M. Ksigzkiewicza, 1977)

1 — Carpathian frontel thrust; 2 — subordinate thrusts; 3 — faults; 4 — Pieniny Klippen
Belt; 5 — Miocene molasses resting on flyseh deposits; 6 — axis of the regional gravily low;
T — Tatra units; FC — Podhale Flysch; thrust sheets of the Outer Carpathlans: MA — Magu-
ra, DU — Dukla, SL — Slesian, SSI — 1Sub-Silcsian, €X — Skole; ares studied in detail mar-
ked by hatchure

1 — gidwne nasuniecie karpackie; 2 — nasunlecla podrzadne; I — uskoki; 4 — pienifiskl pas
skalkowy; 5 — molasy mioceriskie na utworach fliszowych; % — 0§ reglonalnego minimum
grawlmetrycznego; T — Jednostki tatrzarfiskle; FC — flsz podhalanski; plaszezowlny Karpat
Zewnetrznych: MA — magurska, DU — duklelska, ST — £laska, SSI — podilgska, I1SK —
skolska; obszar badan azczegélowych zaszrafowano
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Fig. 2. Main physicgraphic units of the Polish Carpathlans

Gidwne jednostki fizjolograficzne Karpat polskich

ZD — Zakliczyn Depression; &PF — rgcko-Podegrodzie Foothills; ONT — Orave-Nowy Targ
Basin; KSB — Nowy Sgcz Basin

ZD — obnlienle Zakliezyna, LPF — Pogérze T.gcko-Podegrodzkie, ONT — Kotlina Orawsko-
-Nowaotarska, KSB — Kcotllna Sgdecka

rectangular drainage patterns dominates, the ridges being built from
resistant sandstone complexes. The Jasto-Sanok Depression, in turn,
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Fig. 3. I — Relief types in eastern part of the Polish Flysch C'arpathians (based
on L. Starkel, 1980b, simplified) L ) ]

I — Typy rzeiby wschodniei czedci polskich Karpat fliszowych (wedlug L. Starkla,
1980b; uproszczone) '

1 — middle mountalns of tbe butt and rmonadnock type; 2 — low mountains and high focothills
bearing traces of Early Plocene planation surfaces; 3 — rnilddle foothills bearing traces of

Late Pliocene planation surfaces; 4 — low {cothills and Intramentane depressions bearing tra-
¢es of Early Quaternary planation surfaces; 5 — Carpathian frontal thrust

1— goéry srednie o cechach wzniesien ostaricowych i twardzieli; 2 — géry niskle i wysokle
pogdrza z resztlkamni zréwnafd o zalozeniu wezesnoplioceniskim; 2 — pog6rza érefinie z resz-
tkami zrdéwmnan o zatozeniy péinopliocerskim; 4 — pogérza niskie { wysokie dna kotln $réd-
gérskich z resztkami zréwman wezesnocZwartorzedowych; 5 — brzeg Karpat

II — Geomorphic units of the eastern Beskid Niski Mts. and surrouhding areas

(based on L. Starkel, 1972; L. Starkel et al,, 1973; T. Gerlach, 1972 and S. Gilewska,
1986; supplemented) s .

II — Jednostki geomorfologiczne wschodniego Beskidu Niskiege 1 obszar6éw ofacza-
jgcych {wediug L. Starkla, 1972; L. Starkla i in., 1873; T. Gerlacha, 1972; 3, Gi-
lewskiej, 1986, uzupelnione) : )

a — boundary between subprovinces of the West and East Quter Carpathians; b — northern
boundary of the Beskid Niski mesoregion; solid lines — boundaries to subregions; A — Jasio
Foothiig, B — Sieniawa Depression (Sieniawa — Qdrzechowa Basin); € — Wysoczany Ridge
(Wysoczany — Mymon Ridge); D — Besko Basin, Sanok Depression and SE part of the Bes-
kid Brzozowski Mi5.; E — Bulkowsko Foothills; ¥ — Iwonicz Foothills; & — Bukowica Ridge;
H — Cergowa Group; [ — Dzial Ridge, K — Beskid Duklelski Mts., L — Jasliska-Wisiok De~
pression; M — Tylawa Basin; N, O — foothllls subregtons of the eastern Magura Ridge

a — granica podprowincji Zachodnich i Wschodnich Harpat Zewnetrznych; b -— pélnocna
granica mezoréglonu Beskidu Niskiego; linie clggle — granice podregiondéw; A — Pogbrze Ja-
sielskle, B — Kotlinka Sienlawy (obnizenie Sleniawy — OQdrzechowe]). C — garb Wysoczan
{Wysoezan — Mymonia), D — Kotlina Beska, obnizenie sancckie I SE czef¢ Beskldu Brzo-
zowskliego, E — Pogbérze Bukowskie, F — Pogdrze Iwonickie, G — Pasmo Bukowicy, H —
Grupa Cergowej, I — Pasmo Dziatu, K — Beskid Duldelski, L. — Obnienie Jaslisk — Wisioka,
M — Kotlinka Tylawy, N, O0 — subregiony pogbrskie wscheodniej cze$ci Pasma Magursklego

comprises several flat-bottom basins separated by low foothills. This
area occupies the Central 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 morpholegy dominates in southern part of the Jasto-
-Sanok Depression (Fig. 3), while Appalachian-type relief and morpho-



544 Witold Zuchiewicz

logical inversion are characteristic of the Fore-Dukla Zone (A. Henkiel,
1977). The Dukla Unit, however, displays resequent and, partly, serni-
-congsequent 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 (cf. A, Henkiel,
1977), in respect to slightly uplifted or even subsided southern part of
the Central Carpathian Depression.

STATE OF GEOMORPHIC RESEARCH

A general geomorphological description of the Beskid Niski and Ja-
sto-Sanok Depression has been given by J. Smolenski (1911), M. Kli-
maszewski (1848), 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., Baber (1984) discuss, in
turn, the distribution and properties of landslides and landslumps. A
sequence of the Wisick and Jasioika river terraces from southern part
of the Jasto-Sanck Depression has been described by H. Swidzinski (1930),
M. Klimaszewski (1948), H. Swidzinski and J. Wdowiarz (1953), 1. Drze-
wicka-Kozlowska (1956), 5. Wdowiarz and A. Zubrzycki (1985), and L.
Koszarski (1985). Palynological analyses of peat bogs occurring in the
Beskid Niski Mts. were conducted by S. Wieckowski and K. Szczepanek
(1963), W. Koperowa (1970} and K. Szczepanek (1983).

A concept of geomorphic evolution of the Polish East Carpathians in
Plio-Quaternary times has been elaborated by L. Starkel (1965, 1969) and
A, Henkie]l (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
Jasto-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 Quaternary (Biber, Praetiglian), ero-
sional and eresion-accumulational terraces, described from the Dniester,
Stryj, and San watershed area (130—150 m; I, D. Gofshtein, 1863), the
Beskid Sadecki Mts {150—160 m), the Podegrodzie Foothills (140—150
m), and the Nowy Sgcz Basin (120—130 m,; of. W, Zuchiewicz, 1984 a},
were formed. Erosional flattenings 120—140 m high, previously assigned
to the foothills or riverside levels (cf. M. Klimaszewski, 1937), should also
be confined to this timespan. The same applies to the Witéw Series (cf.
L. Starkel, 1984), being equivalent to the Kozienice Formation in the
South-Polish Uplands (J. Mojski, 1982) and to the Polaniec and Osiek
Gravels, occurring in the northern part of the Sandomierz Basin (W.
Laskowska-Wysoczafiska, 1975). Climate of this period was boreal, cold,
resembling the subarctic one (L. Stuchlik, 1987), typical for boreal steppe
plant communities.
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The next stage of evolution of the Polish Carpathians (Biber — Donau,
Tiglian A, Ponurzyca Interglacial} showed moderately warm and tem-
perate climatic conditions (L. Stuchlik, op. cit)) and was characterized
by erosional dissection which, in the Dunajec river basin, reached 25 to
60 m (cf. W. Zuchiewicz, 1984 a, 1987). Meanwhile, in Southern Poland
the deposition of the lower part of the Krasnystaw Fm deposits began
(J. Mojski, 1982),

During the Otwock Stage {(Eburonian, Tiglian B), erosicnal
and ergsion-accumulational terraces, being associated with the so-called
riverside level were formed (L. Starkel, 1984), The author (W. Zuchie-
wicz, 1987) assigns to them the followng terrace plains: 120 m terrace
of the Sota 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 plaing described from the San, Dniester, and Stryj watersheds.
The Carpathians were then drained to the NE, via the Wieprz and Go-
rajec gaps {cf. J. Wojtanowicz, 1977—1878), 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, fypical
of the cold steppe and boreal forest-steppe conditions (L. Stuchlik, 1987),
was marked by the appearance of boreal elements within forests of the
Slovak (cf I. Vadkovsky and E. Vaskovska, 1981) and Polish Carpathians.

Erosional deepening of the Carpathian valleys in the Celestyndéw
Stage (Waalian?, Tiglian C) was increasing from 15—30 m in the Lgc-
ko-Podegrodzie Foothills, through 156—40 m in the Beskid Wyspowy Mts.,
up to 20—50 m in the Beskid Sadecki Mts, (W. Zuchiewicz, 1984 a). In
the Sandomierz Basin, a NE-directed outflow (J. Wojtanowicz, 1977—
1978) was then operating, and the paleo-San river flowed 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 {(cf. L. Stuchlik, 1987).

The Narewian Stage (Menapian?) was characterized by the
termination of fluvio-lacustrine deposition in the Podhale region (cf.
W. Szafer, 1953). All the main valleys of the Outer Carpathians, at least
in their middle reaches, attained their present position. This is confirmed
by the formation of 80—80 m terraces of the Sota, Skawa, and Raba ri-
vers, 80—100 m terraces of the Dunajec and Poprad rivers, 80 m terrace
in the Wistoka and 70—80 terrace level in the San river valleys {cf. M.
Klimaszewski, 1967; L. Starkel, 1972, 1984; W, Zuchiewicz, 1834 a, 1887).
Accumulation of the so-called "preglacial gravels” began in the lower
sector of the Dunajec valley (M. Klimaszewski, 1967). This was also the
time of formation of the 70—80 mn terrace plain within the San, Dniester,
and Stryj watershed area (I. D. Gofshtein, 1963). An uplift of the South-
-Polish Uplands led to the cessation of NE-directed drainage in the San-
domierz Basin (J. Wojtanowicz, 1977—78). Gravel series occurring in
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-



546 Witold Zuchiewicz

— - T PTOLOWIENRA Wnaadioa A
f );‘ PUSTYRY 7 T
. WROCANKA - ot STRACHOCIN
= / IWONICT NROBLIK S2LACH ACHOCINA
™ : : i i . : I
.1.___'} o p = ", { MILCZA -~ 7\_\\“ =
S # ¥ I3 : ! N Rt
| i . Fovmandw . - | ZaR! Prey . AN
<1 - . o . + = ‘
o / 5 : MY Vo U
L ’ LR
z i A SN At ST
. ! g Y OLAILGY .
"~ DUKLAK Cornowe - E s ECrein e
: L ergowa | s ‘\ ¥ N . :
LIPOWICA ; i b i
: E _"/ astose. . BRA T
~ N, h =T -
b . 3 !
FRU LN .' 4 A
P 4 . i . ol
2 oS Daiat L PULAWY P |
| L4 ~f Pialeas M PO L VR i
T £ Pl . !
3 b ‘ ) KA 5 i
N - \ j ‘ y h B :
- \ R
TYL A ' ! : .
\ .
) AT RS \j e r
5 . vl \
N LS e, B \ Y. f / Bukownca
. S JasusKa ) N % . :
“ L ot TN | ]
1 . Ko DabArI o V% N . i
3 - G, R * !
I RSN |
VE . ; N i
i3 wistok - q
| £ \ L, WK j
! N
Fa ‘\\
‘ 1
f
Kanssn"mlu A I
T KOMBNCTA
N »—-»\ lﬂ OMANCT
.. .
T km AY \)_‘ -
! g
i 5%,
&
\.\( e &
~
S, /

Fig. 4. Localisation sketch showing place-names referred to in the text (A) and
main physiographie units of the area studies (B)
Szkic lokalizacyiny (A) oraz giéwne jednostki fizjograficzne badanego ohszaru (B)

I — boundary between subprovinces of the East and West Outer Carpathians; 2 — northern
boundary of the Beskid Niskil Mts.; E — axes of neotectonic elevations; D — axes of neo-
tectonic depressions; dotted area — Jaslo-Sanck Depression; dense hatchure — Low Bieszeza-
dy Mts. R

1 — granice podprowinc]l Zachodnich i Wschednich Karpat Zewnetrznych; 2 — poincena gra-

nica Beskidu Niskiego; E — osie elewacjl nectektonleznych; D — osle depresji neotektonlez-
nych; obszar zakropkowany — Doly Jasielske-Sanockie; obszar zaszrafowany — Bleszczedy
Niskie

soczanska, pers. comm. 1984). A sudden appearance of subaratic con-
ditiors in the Slovak Carpathians favoured development of cold parkland
vegetation, associated with mean annual temperatures ranging from
0 to — 2°C (1. Vaskovsky and E. Vaskovska, 1981).

Watershed areas of the eastern Beskid 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 Podlasie Sta-
ge (Cromerian s.5.7), 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 Jasioltka
and Wistok valleys, erosional terraces, presenily observed 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 Carpathian 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, 1384 a). Coeval fluvial series found in the
Rzeszdéw 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 temperatures 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 Nidanian and
Sanian Stages (Elsterian I, II, Ginz — c¢f. K. Brunnacker et al,,
1982), preserved 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 ohserve small patches of erosion-accumnulational terraces, described
from Wola Sekowa (420—395 m a.s.l), Glowienka, Wrocanka and Iwo-
nicz vitlages (cf. Fig. 4). 5. Wdowiarz and A. Zubrzycki (1985) associate
these fterraces 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 rivers (cf. L. Starkel, 1984), forming erosion-accu-
mulational terraces within the San, Ostawa, Kalniczka, and Shupnica
(30—60 m), Solinka and Wiar (30-—40 m; cf. A. Henkiel, 1969, 1977; L.
Starkel, 1972), and Strwigz (20—30 m; A. Henkiel, 1969) river valleys.

The icesheet reached the Carpathian border in the San Stage (El-
sterian II), extending as far as 350—450 m a.s.l. (cf. M. Klimaszewski,
1948; L. Starkel, 1584; J. Wojtanowicz, 1983) or even in the Nida Stage
(Elsterian 1), as revealed by fluvioglacial deposits found at Optyha near
Przemy$l (M. fanczont, 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 Carpathian border, the deposition of loess (H. Maruszczak et
al., 1972) did begin. Till and glacifluvial deposits in the Dynéw Foothills
fill fossil erosional channels, cut during the Podlasie Stage (T. Gerlach et
al., 1985), In the Wisla, Sola, and Skawa drainage basins, in turn, valley
bottorns which had been formed before the Nida (San?) Stage at the Car-
pathian border are, at present, deeply buried under younger sediments.
This burial might have been related to the cessation of the connection bet-
ween the Vistula and Odra drainages (M. Klimaszewski, 1958), or it
could have resulted from young subsidence within the Céwiecim Basin
(cf. L. Starkel, 1972). Ice-dammed lakes were heing 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 O§wiecim 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 Sgdecki 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 occur only in the Masovian Stage (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 he ohserved at alti-
tudes of 20—23 to 33~—45 m ahove 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 annmual temperatures to 2—4°C (A,
Srodon, 1977), as well as by the expansion of coniferous and, in Slovakia,
also mixed forests (I. Vaskovsky and E. Vakovska, 1981).

In southern part of the Jasto—Sanok Depression, rock socles of the
so-called Pustyny alluvial plain decrease from Rymaréw to the Krosno
Basin, from 30 to 20 m (M. Klimaszewski, 1948; T, Gerlach et al, 1983;
S. Wdowiarz and A. Zubrzycki, 1985), and rise southwards up to 40—
50 m (H. Swidzinski, 1930; 1. Drzewicka-Kozlowska, 1956). The paleo-
-Wistok alluvial fan was shed by a meridional drainage system, supply-
ing material from the Magura Unit (L. Koszarski, 1985). Some geologists
(S. Wdowiarz and A. Zubrzycki, 1985; L. Koszarski, 1985) link the Pu-
styny and Haczbdw Levels, hitherto thought to be of various ages, into one
”"middle” terrace plain (345 m a.s.l). Paleo-drainage operating on this
level was directed morthwards and utilized the Pustyny and Mileza-Ha-
czdw gates”, i.e., transversal depressions cut into the Mymon Ridge.

Terrace steps (15—20 m high) composed of thin gravel series (Fig. ),
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
morphostratigraphic criteria.

Relative altitudes of these terraces are higher than those of the
Upper San (12—20 m; cf. L. Starkel, 1965), Wisloka (12—22 m; cf. S.
Pawlowski, 1925), and Strwigz (A. Henkiel, 1969) river valleys (Fig. ).

The two-fold division of the Middle-Polish Stage (Saa-
lian) in the Outer Carpathians is clearly marked by the occurrence of
fwo gravel series separated by peat or weathering horizons (ef. L. Star-
kel, 1980 g, 1984), as well as by the presence of separate erosion-accu-
mulational terrace steps, described from the Dunajec (W, Zuchiewicz,
1984 a, 1984 b) and some Slovak rivers (cf. 1. Vaskovsky, 1977; J. Ko-
Stalik, 1984).

At the end of the Warta Stage (Riss) and during Eemian tirnes,
another climatic warming Ied to a dissection of fluvie-seclifluctional co-
vers and their rock socles. Mean annual temperatures exceeded the
present ones by 2—3°C, and the precipitation totals were 50% greater
as compared to the Late Holocene ones. The expansion of mixed forests
reached the upper timber line (A. Srodon, 1977). Erosional deepening
of valley bottoms in the eastern Beskid Niski Mts. ranged from 5—10 m
in watershed areas up to 15—20 m at the boundary of the Jasto—Sanok



Morphological development of the Beskid Niski Mts, 549

J s s 0N o< & . e A

Fig. 5. Stratigraphic position of the Jasiotka and Wislok river terraces within the
Beskid Niski region .
Pozycja stratygraficzna tarasow Jasiotki I Wisloka w obrebie Beskidu Niskiego

1 — roek socle; 2 — fluvial series; 3 — periglacial deposits; 4 — relative altitudes. In metres;
values given in kilometres refar to the dietance from headwaters; WA — Wartanlen, W —
Vvistulisn, LG — Late Glaclgl

1 — cokét skalny; 2 — osady rzeczne; 3 — osady peryglacjalne; 4 — wysokodcl wzglgdne,
w metrach; weartofci podane w kilomeirach wskazujq cdlegtodé od irédet

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 Bieszezady 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 Eernian times is marked by sirong and deep-reaching weathering
of the rock socle of the Sieniawa terrace. The Eemian was also a period
of far-reaching hydrographical changes in scuthern part of the Jasto—
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 embraced the
Krosno Basin (cf. L. Koszarski, 19856).

During the Last Glacial Stage (Vistuliam), fluvial and
solifluction-deluvial series were deposited in the Beskid Niski Mts., form-
ing two levels of erosion-accumulational terraces, namely: 15—22 m and
8-—12 m. The higher terrace splits within downstream reaches of the
Jasiotka and Wistok valleys into two separate steps, which could be
associated with the Older and Younger 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 Wistok river at Pulawy Dolne, as well as by the occurrence
of Late Glacial wash-out covers on top of fluvio-solifluctional series of
the 156—16 m high Jasioika terrace at Jasliska (Fig. 9).

The middle and lower reaches of the Jasiotka and Wistok --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 showing contiguous se-
dimentary sequences may point to the importance of Early Glacial, inter-
pleniglacial and Late Glacial lateral channel migration.

Downstream-increasing depths of eresional incision, together with
the formation of a separate Late Glacial terrace step suggest, in turn,
reactivation of tectonic subsidence within the southern Jasto—Sanok
Depression. Altitudes of the Pleniglacial (mainly ILate Pleniglacial —
cf. L. Starkel, 1977, 1984) terrace in the remaining areas of the Polish
Flysch Carpathians do not exceed 7/10/ to 15 m. Climatic changes during
Pleniglacial times led to deposition of two-fold solifluction covers (L.
Starkel, 1980 a), interstadial weathering horizons (L. Starkel, 1965; A,
Henkiel, 1969), as well as peat hogs (L. Starkel, 1972, 1977, 1984). Mean
annual temperatures in the Vistulian did not exceed 3°C (A. SrodoA,
1977; 1. Vaskovsky and E. Vadkovska, 1981), and dropped below 0°C in
the Younger Pleniglacial (L. Starkel, 1972, 1984). Deposition of solifluction
covers at the hase of slopes was accompanied by shaping of periglacial
landforms (stone-fields, rock walls, tors) along the crest-lines of the
Plotrus, Ostra, and Bukowica Ridges.

Downstream of the Jasiotka water-cap at Lipowica, the surface of
the Pleniglacial terrace rises up to 21 m above the river bed, while
thickness of its gravel series attains 10 m (cf. T. P. Kasela, 1985). In the
Sieniawa Depression, the Pleniglacial alluvial plain relates to the so-
-called "II level” of M. Klimaszewski (1948), and the Mymon {H. Swi-
dziriski, 1930) or Sieniawa Terrace (S. Wdowiarz and A. Zubrzycki, 1985)
which, in SE part of the Krosno Basin, pass into the Haczéw Level (15—
20 m; M. Klimaszewski, 1948). Gravel series of the Sieniawa and Ha-
czdw alluvial plains mark the primary outflow of the paleo-Wistok river
through the longitudinal Odrzechowa — Rymanéw Depression and the
Wréblik 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 "Haczdw Level” to the penultimate glacial sta-
ge, together with the "Pustyny Level” of M. Klimaszew<ki (1948). These
authors date the formation of the Wislok gorge near Besko for Early
Holocene times.

Late Glacial climate favoured intensive erosional dissection, associated
with a change of drainage pattern from braiding to meandering one (cf.
L. Starkel. 1977, 1980 a). These chanres led to the formation of a sepa-
rate erosional step, cut into the Pleniglacial terrace. Large-scale washout
processes on slopes preceded expansion of forests (L. Starkel 1980 a),
slopes were modelled by mass movements and suffosion. while in the
valley bottoms rapid organogenic accumulation began, being initiated in
Bélling and widesoread during Allerdd times (M. Ralska-Jasiewiczowa,
1972, 1980; S. W. Alexandrowicz et al., 1985). The Bélling phase is mar-
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ked by prograding expansion of boreal forests with stone-pine, larch,
‘and Pinus silvestris (M. Ralska-Jasiewiczowa, 1980), attaining 1000 m
a.s.l. in the Allerdd (cf. W. Szafer, 1953), During colder phases (Older
and Younger Dryas), the timber line became lowered down to 500—600
m a.sl. (W. Szafer, 1953; A. Srodon, 1977) whereas slopes were mantled
again by solifluction-deluvial covers. Increased fluvial activity is docu-
mented by the presence of alluvia which underly and/or interrupt Alle-
réd peat deposition (W. Koperowa, 1970; M. Ralska-Jasiewiczowa, L.
Starkel, 1975). In the San wvalley, however, the Allerdd peat fills ero-
sional channels cut into Pleniglacial alluvia (M. Ralska-Jasiewiczowa,
1980). The phase in question is the first distinet phase of organogenic
deposition within the Jastlo—Sanok Depression, the Beskid Niski Mits.,
and the Low Bieszczady Mts. (cf. A. Srodon, 1977, M. Ralska-Jasiewi-
czowa and L. Starkel, 1975; L. Starkel, 1977, 1980 ¢; K. Szczepanek,
1983). In southern part of the Jaslo—Sancok Depression, numerous lakes
filling Pleniglacial deflational hollows, were formed (T. Gerlach and L.
Koszarski, 1968). These basin began to overgrow during the Younger
Dryas, known to have been characterized by a slight increase in climatic
continentalitv (S. W. Alexandrowicz et al. 1985). In the eastern Beskid
Niski Mts, Pleniglacial terraces (15—21 m) of the Jasiotka and Wistok
rivers hecame dissected by 2 to 8 m. Erosional channels cut at the end
of Older Dryas (7} and during Allerdd times were filled by younger
alluvia, 2 to 5 m thick, interfingering sometimes with periglacial depo-
sits and/or mantled bv wash-out covers.

A decrease in fluvial activity in the Flysch Carpathians, accompanied
bv widespread accumulation of organogenic deposits, marks the beginning
of the Holocene (M. Ralska-JTasiewiczowa and L. Starkel 1975; L.
Starkel 1980 a; S. W. Alexandrowicz et al.,, 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 al.,, 1974). The dissection of alluvial
covers and their rock socles in uprer valley reaches during more humid
ohases was accompanied by episodes of channel infilling and mud de-
position at the Carpathian border (L. Starlkel, 1984, 1986). An increase in
overland flow and soil erosion due to deforestation started 6.5—6 ka BP
(L. Starkel 1977, 1986) and was responsible for another stage of wash-
-out deposition on slowes. Intensive aggradation in valley hottoms dates
back to the Roman and Middle Ages times {L. Starkel, 1986) while de-
velopment of braided channel vattern bleean at the close of the 18th
centurv (K. Klimek and K. Trafas, 1972). The present-day phase of in-
rreased fluvial activity. in turn. is known to have commenced at the
last century. due to flood-confrol and irrigation works (cf. 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 resvonsible for the ter-
mination of peat bog development in some areas (M. Ralska-Jasiewiczo-
wa. 1980: W. Koverowa, 1970 or the creation of new bogs in the other
(K. Pekala ef al.. 1872). Within the Jasto—Sanok Deoression, organo-
genic deposition lasted up to Neolithic times (8. W. Alexandrowicz et
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Fig, 6. Terrace stratigraphy in eastern part of the Polish Flysch Carpathians (Up-
per Jasiotka, Upper Wistok ~—- this paper; Kalniczka, Solinka, Hoczewka — L. Star
kel, 1065; Wolosatka — K. Pekala et al., 1972; Upper San — L. Starkel, 1965; Mid-
dle San — A. Wbéjcik, 1975, K. Pekala, 1973; correlation and age interpretation by
the author)

Pozycja stratygraficzna tarasdw rzecznych w dolinach wschodniej czeéci polskich
Karpat fliszowych (korelacja oraz interpretacja wieku wedlug autora)

i — rock-cut terraces, rock socles; 2 — fluvial covers of erosipn-accumulational terraces; 3 —
supposed correlation

1 — tarasy gkalne, cokédt skalny; 2 — osady rzeczne tarasdw skalno-osadowych; 3 — przy-
puszezalna korelacia

al., 1985). These processes 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 Jasioika and Wistok valleys (Fig, 5).
The lower — situated floodplains, therefore, 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-
spread deforestation started in the younger Subatlantic (cf. W. Kopero-
wa, 1870). Low-lying flood plains and recent gravel bars are characterized
by poor sorting and rounding of alluvia, closely resemnbling those depo-
sited under periglacial conditions.

Boreholes drilled in the Besko alluvial fan (W. Koperowa, 1970; S.
Wdowiarz and A. Zubrzycki, 1985) reveal the presence of lacustrine
chalk, overlain by two layers of peat, separated by clays and sandy
clays. The top and bottom horizons of the lower peat layer have been
dated by C-14 method at 7 850%100 and 95311150 BP, respectively.
Malacological assemblages found in the chalk indicate an early Holocene
age (S. W. Alexandrowicz, pers. comm. 1985). These deposits have hither-
to been considered Late Glacial ones (W. Koperowa, 1970; L. Starkel,
1972). The Besko alluvial fan is 3 km wide and approximately 15 m
thick. Distal parts of this fan are composed of clayey gravels laid down
by the paleo-Pielnica river, the channel lag deposits being overlain 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 fo record the influx of
paleo-Wislok material into the Besko Basin at 6—7 ka BP (S. Wdowiarz
and A. Zubrzycki, pers. commm. 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 stromgly
uplifted morphostructures. Early and Middle Pleistocene fluvial activity
is manifested only In the form of erosional breaks or benches that mark
consecutive stages of dissection of the riverside level. Slope processes,
active during these stages, led to the formation of cryonival glacis and/or
bog cirgues. The size of slope degradation in one glacial-interglacial cycle
has been estimated at 10 m, as compared to 30—50 m during the whole
of the Pleistocene (cf. L. Starkel, 1972, 1986). Holocene denudation, in
turn, is thought to be responsible for a lowering of the surface of the
Polish Carpathians by 0.5 m (L. Starkel, 1986).

The Jasiotka and Wistok erosion-accumulational terraces, bearing
poorly preserved fluvial covers, belong to relatively young landforms,
formed at the end of the penultimate and during the last glacial stages
(Fig. b, 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 compared to the other mountaineous
regions.

A lower number of Pleistocene terraces in respect to the number of
iglacial-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 indicated 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,
1988) or the QOuter Carpathians (cf. W. Zuchiewicz, 1984 b). The number
of Quaternary terraces within main Carpathian valleys changes from
5to 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
Jasiotka and Wistok rivers reveal rock socles. the altitudes of which
increase downstream, towards the Jasto—Sanok Devression (Figs. 6. 7).
This is especially true for the Wislok terraces in the Sieniawa Depression,
dissected fo 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, 1831, M. Klimaszewski, 1948, Raba — W. Stol-
f6wna, 1832, M. Klimaszewski, 1948; Dunajec — W. Zuchiewicz, 1984a; Biala —
J. Bugajski, 1934; Wisloka — S. Pawlowski, 1925, M. Klimaszewski, 1848; Wislok —
A, Fleszar, 1914, M. Klimaszewski, 1948, I. Drzewicka-XKozlowska, 1256, T, Gerlach
et al., i985; San — L. Starkel, 1965)

Pozycja stratygraficzna taraséw rzecznych w gléwnych dolinach polskich Karpat
fliszowych

Correlation amnd age interpretatlon by the author; for other explanations — see Fig. 8
Korelacla oraz interpretacja wleku wediug autora; pogostale objadnienia jak na flg. 6

young (Vistulian — Holocene) subsidence in front of the tectonically
active Besko thrust fold. The lowering of the Besko — Zarszyn Basin
favoured sirong headward erosion, observed in the Wislok river valley
between Sieniawa and Moszczaniec. Another example of Late Pleisto-
cene — Holocene neotectonic movements is provided by a tilt of rock
socles of Last Pleniglacial and Late Glacial terraces towards the thalweg.
A shmilar relationship has been described by L. Starkel (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 al., 1983, 1985; L. Ko-
szarski, 1985). '

The Beskid Niski morphostructure reveals only two distinet stages
of tectonjc 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 (¢f. W. Zuchiewicz, 1984 b) manifested
themselves less intensely and embraced the southern part of the Jasto—
Sanok Depression.
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Witold ZUCHIEWICZ

ROZWOJ MORFOLOGICZNY BESKIDU NISKIEGO A CZWARTORZEDOWA.
PALEOGEOGRAFIA POLSKICH KARPAT FLISZOWYCH

Streszczenie

Wschodnia cze$é Beskidu Niskiego obejmuje szereg struktur faldowych jed-
nostek: magurskiej, dukielskiej oraz $laskiej (fig. 1, 2), zfozonych z utworéw o zroz-
nicowanej odpornosei na procesy denudacyjne i warunkujgeych wytworzenie rzei-
by typowej dla niskich gér i wysokich pogérzy, z resztkami zréwnah o zaloieniu
plioceniskim i wezesnoczwartorzedowym (fig. 3). Obszar objgty kadaniami szczegdlo-
wymi lezy w obrebie kilku jednostek fizjograficznych (fig. 4), odznaczajgcych sig
rzefhy wiasciwg nieodmlodzonym obszarom wodedzielnym w czgsci poludniowce]
oraz wskazujgcq na intensywne odmiadzanie w czedci pbinocnej.

Brak starych taraséw czwartorzedowych (fig. 5) pozwala sadzi¢, iz etap for-
mowania poziomu przydolinnego obejmowatl caly starszy plejstocen. Poczawszy od
pietra poludniowopolskiego (Nidy, Sanu), fragmenty poziomu podlegaly przeobraze-
niom w warunkach morfogenezy peryglacjalnej, Zostaly woéwcezas uformowane
splaszezenia podstokowe przypominajzce kriopedymenty lub cyrki mlakowe.

Intensywna erozja wglebna w interglacjale wielkim, i przypuszczzlnie z po-
cztkiem zlodowacenia srodkowopolskiego, zaznaczyla sie we wschodniej cze$ei Bes-
kidu Niskiego wycieciem taraséw skalnych o wysokodci 27—30 do 3345 m. Tarasy
zwiazane z pietrem Warty zachowaly sie w dolinie Jasiolki (17—22 m} oraz Wisloka
{18—23 m). Ocieplenie i zwilgotnienie klimatn w interglacjale eemskim sprzyjalo
mwycieciu rynien o glebokeéci 5—7.m w.Zirddtowych odcinkach Jasiolki i Wistoka
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do 10—13 m w Kotlince Tylawy i 18—19 m w rejonie Pasiwisk — Sieniawy. Osady
rzeczne z ostatniego pigtra chiodnego budujg pokrywy dwoch poziomdw taraso-
wych o wys, 15—30 m { 8—12 m, powslalych w pleniglacjale i pdinym glacjale.
Wrysokoéé tarasu pleniglacjalnego wzrasta z biegiem rzek od 6—8 m do 20—31 m.
Taras ten laczy sie w rejonie Sieniawy (dolina Wisloka) z tarasemn Mymonia (Sie-
niawy), wyznaczajgcym pierwotny réwnoleinikowy odpiyw wdéd paleo-Wistoka w
poludniowej cze$eci Doldéw Jasielsko-Sanockich. Przeplyw ten =zostal przerwany
w pbinym glacjale lub z poczatkiem holocenu, prowadzgc do uformowania prze-
lomu Wistioka w Besku. Tarasy holocenskie reprezentuja irzy poziomy taraséw
nadzalewowych oraz dwa poziomy tarasdw zalewowych, skalno-osadowych Iub
akumulacyinych.

W poréwnniu z innymi, silnie] wypigirzonymi morfostrukturami polskich Kar-
pat Zewmetrznyech (fig. 6, 7), wschodnia cze$¢ Beskidu Niskiego odznacza sic od-
miennym wyksztalceniem plejstocenskich taraséw rzecznych. Brak lub bardzo sta-
by stan zaehowania taraséw starszych moze by¢ efektem usytuowania tego obszaru
w poblizu gldwnego dzialu wodnego Karpat oraz znikomego, w stosunku do innych
grup gorskich Beskiddw, wypietrzenia neotekionicznego. Glebokie rozeciecie tarasu
z ostatniego glacjaiu na poludniowym obramowaniu Doléw Jasielsko-Sanockich su-
geruje uaktywnienie mlodych ruchdéw tektonicznych, obejmujgecyeh dno kotlinki
Beska — Zarszyna i/lub pednoszacych skibe Beska.

Poprzeczna do rozciggloéel Karpat depresja Beskidu Niskiego ujawnia jedynie
dwa wyraine etapy wzmojonej aktywnosci tektonicznej u schylku kenozoiku: star-
szy, obejmujgcy sehylek pliccenu i wezesny czwartorzed oraz miodszy, zwigzany
z ostatnim glacjatem i holocenem, Oddiwieki faz tektonicznych opisywanych z
zachodniej czesci Karpat byty tutaj znacznie stabsze i dotyczyly gléwnie polud-
niowej strefy Doiéw Jasielsko-Sanockich, warunkujgc zmiany sieci hydrograficznej.

Buronen 3YXEBIMUY

MOP®OJIOTHYECKOE PA3BHTHE HH3KOIO BECKHIOA
U YETBEPTHUYHAS NMAJIEOTEOTPA®USA NMOJBCKUX
OJIMIIEBBIX KAPIAT

Peswwme

Bocrounas yacte Huaworo Beckuna BrAuaeT pan ckaamyaTEX CTPYK-
TYyp €NHHHL: MarypcKoH, NYKeJBCKOH H cHJae3ckofl ((Hr. 1, 2), cromennbix
OCaZKaMH C Pa3HOH CTOHKOCTBIO K LeHYNAUHOHHLIMH Tpoleccam H ofycia-
BJAHBAKWIHX 00pa3oBaHHe penbeda THIHIHOTO AJAA HH3KHX FOD H BBLICOKHX
NPHIOPKOB C OCTATKAMH [WIOCKOCTER ¢ IVIHOHNEHOBBIM H DARHEYETBEPTHYHEIM
sanoxerrem (gur, 3), OGnacTo MOABEPrHyTa METANBHBIM HCCASHOBAHHAM
HaXOmHTCA B Tpeflesiax HEeCKOJhKHX ¢uavorpadHueckux emmkuy (dur. 4},
XAPAKTEPHIYIOUIHXCA penbeOM COOTBETCTEYKIUHM HEOMOJIONWEHHEIM BOAO-
pa3fenAIuUuM TepPHTOPHSM B IOXKHOHA 4Y4CTH H peibedomM yKa3bIBRIOUIHM
Ha HHTEHCHBHOE OMOJQOMKEHHe B CeBepHON uYacTH.
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HenocraToK crapeX 4eTBePTHUYHBIX TEppac MOSBAAART CYHTATh, 4TO 3TAN
$OpMHPOBAHHA OKOJIOLCJAHHHOTO YPOBH# NPOZO/NKAJCA Bech CTApPIIHE NJeii-
croued. Haungad c woXHO-10AbcKoro apyca (Huap,, Cana) dparmesTts sto-
ro YpOBHS [OABEPTaJHCh Npeotpa3cBaHHAM B YCAOBHAX NEPHIVIALHAIBHOIO
ymop¢dorenesa. Toraa copmMHpOBAJSHCE TIQACKJAOHOBEIE IJIOCKOCTH NOXOMXKHE
Ha KDHOTEIHMEHTHl HJH MJAKOBHE HDKH.

VHTeHcuBHan raySuHHag 3pO3HA B GOJBIIOM MEXJEIHHKOEBH # BEpO-

STHO B Havaje CpegHe-NOJbCKOTO OJedeHeHBsd O0G03HAYMJIKBCH B BOCTOY-
o uvacty Husxoro Becknma BEIPesKOH CKaJbHBIX Teppac BHCOTOH 27—
30 mo 33—45 M. ITH Teppachl, CEA3aHBI C ApYCOM BapTsl, COXpaHH/IHCH B
nonnde Hcénkm (17--22 m) u Bucmoka {18—23 m). [lorensenne n yeaa-
HHEHHe KJHMAara B 3IMCKOM MeXJIeIHHKOBHE CIOCOOCTBOBANO BHIPE3Ke
#Kenofos raydHHOR 5—7 M B HCTOUHHKOBEIX oTpeakax Scéakn u Bucaoxa,
1o 10—13 u » KoropuHe Touwtseel w 18—19 m B pafione [lacteuck — Ce-
HABH. PeuyHble OCAAKH MOCAEIHET0 XOJOAHOIO fPYCa CJaralT NOKPOBB
IBYX TeppacoBBIX FOPH30HTOB BeICOTOH 15—30 n 8—12 M, 06pa3opaRlIHXCA
B NEHUTAANHANE H NO3AHOM TVIALHAJE.
BhricoTa nNJeHHTAALHaABHOH — Teppacsl  YEEJHYAeTCs € XOAOM  pe-
KH ¢ 6—8 po 21—31 m. B paiione CensaBm (nonuHa Bucaoxa) 3Ta Teppa-
ca coefpHseTcd ¢ Teppacoli MeimoHA (CeHsBBI), KOTODAsA ONpedesseT Tep-
BHUNBIH NapaJJesabHull ¢cTOK BOALL naneo-Brcioka B roxHON yacTH Hcesn-
cko—CaHoUKHX jIM. 3T0 TedeHHe OLJIO NPOPBAHO B NO3IHOM JNETHHKOBOM
Ilepyolle HIAH B Havajde FOAOLEHa, YTO NPHBeI0 K cthOPMHPOBAHHK NepexBa-
ta Bucnoxa B Becke. ['ooneHOBEEe Teppacsl NpeacTaB/asOT TPH TOPH3OHTA
HannoHIUeHHBX Teppac M JABa TOPH3IOHTA MOHIN, CKaJbHO-OCALOUHBEIX HIH
AKKyMYAATHEHRX.

B cpaBHeHHH ¢ ApPYTHMH, CH/IbHEe MOAHATLIMH MOPOOCTPYKTYpaMU MONE-
ckHx BHewHmX Kapnar (dur. 8§, 7), BocrouHas yacts Huskoro Deckuza
OTJNHYAaeTCA HHOH (QOpMOH NMeHCTOUSHORBIX peuHblX Teppac. OTcyTCTBHe
MAaH oveHn cjaboe cOXpaHeHHe CTapIUHX Teppac MOXeT ObITh sddexToM
PACMOMOKENHA 3TOTO palioHa BOJM3H IMaBHOro Bogopasigena Kapuar, a Tak-
M€ OUEeHb MaJIOTo, B CPaBHEeHHH ¢ APYTHMH FOPHLIMH TpynnaMy DecKHaoB, He-
OTEKTOHHYECKOro NOAHATHA. ['My0oKOe pacceueHue Teppachl H3 NOCAEIHETO
NeLHHKOBOTO TepHONa HA IXHOM oKaHMaeHHd S$ceabcko-CaHonkHX M,
YyKa3bBaeT HA [OBBILLUEHHE aKTHBHOCTH MOJIOARX TeKTOHHYECKHX IBHKeHHH,
OXBaTHIBAKUIMX AHO KOTJICEHHKH Decka — 3apluHHa H/HJIH MOJHHMAKLIHX
cknagky Decka.

[Tonepeunaa x npocrupanud Kapnart menpeccus Huakoro BeckHpa yka-
3BIEAET TOJBKO [Ba 5Tala YCHJIGHHOH TeKTOHHYECKOH AKTHEHOCTH B KOHLE
KafiHo30f: cTapUHH — OXBATHIBAIOIUHMH KOHeN MAMOLEHA ¥ paHHHE 4eTBep-
THYHBIH [T€DHOA ¥ MJAAAIUHH — CBA3aHHBIA C NOCHEAHHM JEIHHKOBBIM Ie-
pHOAOM H roJoueHoM. OT3BYKH TeKTOHEYECKHX (a3 ONHCHIBAHHEIX B 3anap-
HOM uacTy I apnat Gbuiy 3gmeck GoJee cnabele B CBA3AHHHE [MaBHEIM 00pa-
30M ¢ KOKHOH 3oHOH Hcenwbcko-Canomkmx M, ofycnagnHBas H3MEHeHHA
THApOTrpa(HIecKol CeTH.



