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Abstract
A development of opinions on stratigraphy of alluvia and age of the Vistulian terraces in the valleys of the Carpathian
foreland is presented, based mainly on publications of Professor Leszek Starkel. Studies of age of fluvial landforms
and sediments of the Last Cold Stage in the Carpathian foreland have been started more than 100 years ago. Before the
modern sedimentological methods and radiocarbon dating were introduced, pioneer studies of Pleistocene river terraces and sediments in the Carpathians were performed by Mieczys³aw Klimaszewski, and subsequently, by his student Leszek Starkel who mapped in 1950s a margin of the Carpathian Foothills as well as alluvial fans of Wis³oka,
Wis³ok and San rivers in the Carpathian foreland. In that time a stratigraphy of alluvial infillings in the marginal
mountain zone was elaborated for the Late Vistulian and the Holocene. Starting from 1970s and basing on studies in
key sites in the Wis³oka valley near Dêbica, focused on palynological analyses and radiocarbon dating, general stratigraphical schemes of alluvial fills within the Vistulian terrace 15 m high and within the Holocene terrace 8–10 m high
have been constructed. A comparison with the valleys in a periglacial area prowed that the Vistulian terrace 15 m high
was incised before the maximum extension of the last Scandinavian ice sheet (i.e. before 20 ka BP) and the terrace
11–12 m high (with relics of braided river channels) was formed at the decline of the Plenivistulian. A final incision
below the present river bed and aggradation occurred during the Late Vistulian (13–10 ka BP). The rivers changed
their regime and their channel pattern from braided to large meanders-type as an effect of forest development and
lower sediment load. The Younger Dryas cooling resulted in increased bedload and braiding.
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INTRODUCTION
The first studies of terraces and alluvia of the Last Glaciation in the Carpathian foreland reach back to the beginning
of the 20th century (Friedberg 1903). In that time the Pleistocene sediments younger than glacial ones were distinguished, among which were ‘Mammoth loam’ (loess) and young
diluvial sand terrace (Friedberg 1903; £omnicki 1903).
Klimaszewski (1948), partially following the German stratigraphical schemes, postulated that the terrace alluvia covered by loess were older than the last glacial period. Therefore, he connected the terrace 15–20 m high with the Middle-Polish Glaciation (Saalian). Klimaszewski disagreed
with Jahn (1957) who connected the 15–17 m high terrace,
covered by loess in the Wis³ok River valley in Rzeszów, with
the Vistulian Glaciation (Table 1, Fig. 1). At the same time, in
the fifties of 20th century, the first sites of interstadial sediments were found and named after the names of sub-Alpine
sites of interstadial paleosols Göttweig and Paudorf (Szafer
1952; Woldstedt 1956). In that time the length of the Vistulian Glaciation was estimated at about 60,000 years BP
(Starkel 2008). Simultaneously, owing to identification of
fossil flora from the Paudorf Interstadial, the duality of a terrace cover was proved (Œrodoñ 1952; Stupnicka, Szumañski
1957). Partial revision of the age of alluvia overlain by loess

was due to interfingering of alluvia and solifluction covers at
Dobra village in the Beskid Wyspowy Mts. (Klimaszewski
1958), where interstadial peat was dated at 32,550±450 yrs
BP (Œrodoñ 1968). Consequently the thesis that sub-loess alluvia originated from the Middle-Polish Glaciation, resulted
in connection of the sand-gravel alluvia of the 6–10 m high
terrace, covered by the Holocene overbank sediments, with
the Vistulian Glaciation (Fig. 2A). Such judgement could
have been confirmed by the Dryas flora found within the Holocene terrace of the San River (Kulczyñski 1932, Klimaszewski 1948), although as early as during the geological
surveying for the Geological Atlas of Galicia, Friedberg
(1903) but also £omnicki (1903) had described the Holocene
sediments with subfossil trunks and malacofauna shells
(Starkel 2011). Finally, the Dryas flora findings in the San
deposits were ascribed to the early phases of the Late Glacial,
preceding the Alleröd Interstadial (Œrodoñ 1965).

AGE OF ALLUVIA, EROSION AND
ACCUMULATION PHASES IN ALLUVIAL
FANS AT THE CARPATHIAN MARGIN
In 1950s the opinion prevailed on prepotency of periglacial processes and common occurrence of Pleistocene
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Fig. 1. Distribution of selected localities with Vistulian sediments in the Sub-Carpathian Basins presented in Table 1. 1 – Edge of the
Carpathians, 2 – selected sites dated by radiocarbon and other methods.

sediments. A role of fluvial processes during the Holocene
could have been restricted to the formation of overbank sediments as a result of soil erosion after deforestation. At the beginning of 1950s the Carpathian Foothills margin was mapped by Leszek Starkel, formerly for his master of sciences
dissertation (Starkel 1957), and subsequently, selected areas
in the Flysch Carpathians and in their foreland for his PhD
thesis (Starkel 1960). In the mountain foreland he studied alluvial fans of Wis³oka, Wielopolka, Wis³ok and San rivers,
which brought evidence for the Holocene age of terrace alluvia, not only overbank sediments, but gravel-sand channel
alluvia bearing subfossil tree trunks. Among them, he distinguished several cuts and alluvial fills with intercalations of
peat dated by palynological method (Starkel 1960) (Fig. 2B).
This analysis showed the occurrence of bottom gravel cover
from the anaglacial phase of the Vistulian Glaciation and at
least three alluvial fills representing the Late Vistulian (Alleröd), the climatic optimum of the Holocene (Atlantic Phase)
and the Subatlantic Phase. The phases of erosion were attributed to dryer periods in the Late Vistulian (Younger Dryas)
and the Holocene (Preboreal, Boreal and Subboreal Phases).
A lack of sediments and landforms representing the Vistulian
Glaciation in the Wis³oka valley was explained by Starkel
(1957) by the Holocene cover. It was confirmed by ferruginous gravels (composed of flysch sandstone pebbles), 1–3 m
above the Wis³oka riverbed, which were found in outcrops at
Dêbica and Latoszyn, under “recent” sand-gravel alluvia, often with wood remnants. Occurrence of the apparent gravel
socle under the Holocene sediments proved presence of
paleoterraces of the Vistulian Glaciation. Gravels from the
Vistulian Glaciation could have filled the channel incised in
fluvial and ice-dammed lake sediments of the Middle-Polish
Glaciation (Starkel 1957) (Fig. 2B).

REVISION OF STRATIGRAPHY OF ALLUVIA
AND AGE OF TERRACES IN THE WIS£OKA
VALLEY
The valley of Wis³oka comprises two distinct terraces
which were mapped in detail for the first time by Leszek
Starkel at the beginning of the fifties. The upper level (the

middle terrace) is 15 m high; the lower level is 8–10 m. The
terrace surface is diversified in the vicinity of BrzeŸnica village with dunes 1–5 m high (Starkel 1957). The middle terrace is associated with alluvial fans deposited in the outlets of
Zawadka stream and Ostra stream valleys in the Carpathian
edge. The fans, formed of sands and gravels, range the height
7–15 m above the valley bottoms and they are covered by
loess. The 15 m deep undercut of the terrace at Koz³ów, south
of BrzeŸnica, indicated gravel series upon Miocene clays and
upper silt series overlain by sands. According to Starkel
(1957) the beds with a Dryas flora occurring there, were connected with the Middle-Polish Glaciation, whereas Œrodoñ
(1965) attributed them to the Paudorf Interstadial of the
Vistulian Glaciation. Sequence of the Paudorf Interstadial
sediments were described on the left river bank at Nagoszyn
(Œrodoñ 1965; Laskowska-Wysoczañska 1971) where under
sands and silts, gyttja underlain sands occurred at depth
14.3–14.9 m. In the eastern part of valley (right river bank),
near Pustków, under the surface of the middle terrace, there
was a paleochannel cut in Miocene clays, buried by gravelsand and silt series, 32 m thick (Starkel 1957, 1972). The filling of this paleochannel Starkel (1957, 1972) attributed to the
Middle-Polish Glaciation, when alluvial fans (deltas) were
formed by the Carpathian rivers in the periphery of a large
ice-dammed lake in the northern part of the Sandomierz Basin
(Starkel 1984). However, according to Laskowska-Wysoczañska (1971) gravels filling the paleochannel were deposited at the Eemian Interglacial – Early Vistulian transition.
In connection with the Symposium of the Holocene
Commission of INQUA in Poland at the beginning of 1970s,
Leszek Starkel performed studies of sediments of the three
terraces: 15 m high middle terrace and 8–10 m and 6–8 m
lower (Holocene) terraces, undercut 700 m long at BrzeŸnica. Paleobotanical analysis of organic sediments outcropped in four sequences comprised the basis for age interpretation of the examined alluvial fills (Mamakowa, Starkel
1972).
The 15 m high middle terrace is formed of gravels, overlain by 8 m thick series of clayey silts, sandy in the upper
parts, rhythmically laminated. These sediments are covered
by 3–4 m high unit of fluvial sands, duned in the uppermost
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Fig. 2. Synthetic models of evolution and alluvial fills in the Wis³oka valley and other valleys in the foreland of the Carpathians during
Vistulian and Holocene. 1 – channel facies, 2 – overbank facies, 3 – paleochannel fills, 4 – loess, 5 – dunes; R – Riss, W – Würm, EM –
Eemian, EV – Early Vistulian, PL – Pleniglacial (1, 2), IPL – Interpleniglacial, LG – Late Glacial, AL – Alleröd, YD – Younger Dryas, H –
Holocene, PB – Preboreal, BO – Boreal, AT – Atlantic, SA – Subatlantic.
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Table1
List of main localities with investigated Vistulian alluvial sediments in the Fore-Carpathian Basins after Starkel (1995) and
Gêbica (2004), modified and supplemented
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part (Fig. 2C). Within the silts the peat horizon occurs with
pollen of dwarf birch (Betula nana), juniper and willow, indicating an open tundra environment. Peat from the depth of
8.3 m was radiocarbon dated in 1972 by M. Geyh from
Hannover to 27,805±330 yrs BP (Hv-4898). This age confirmed the thesis of Œrodoñ (1965) and Laskowska-Wysoczañska (1971) that the series of sediments of the terrace 15
m represented the Vistulian Glaciation and strictly “moved”
the age of the silt unit from the Pleniglacial A (according to
Œrodoñ 1965) to the Pleniglacial B, i.e. to the Upper Plenivistulian (Mamakowa, Starkel 1974).
The Holocene terrace, 8–10 m high, has a complex structure. In the channel alluvia 5–6 m above the riverbed at
BrzeŸnica (Fig. 2C), a paleochannel was incised and filled
with oxbow-lake sediments. Above it, upon the erosive surface, younger gravel and sand paleochannel sediments occur
with younger oxbow-lake clay and peat sediments. This paleochannel is visible in plain relief as a meander cut in the terrace surface. Pollen analysis indicated that the sediments of
the older oxbow-lake represented termination of the Alleröd
Interstadial and the Younger Dryas (Mamakowa, Starkel
1972). The younger oxbow-lake sediments, which occur in
the upper part of the sequence as well as in other sites in the
Wis³oka banks represent Preboreal and Atlantic Phases. It
was turned out later, that the sediments accounted to the Late
Vistulian are older than the sediments of the terrace 15 m
high. The date 35,965±1,000 yrs BP (Hv-4899) attributed the
top of the older oxbow-lake sediments to a decline of the
Hengelo Interstadial (Mamakowa, Starkel 1974) (Fig. 2C).
Consequently, the bottom gravel of the terrace 8–10 m high
represented an interval before the Hengelo Interstadial. Subsequently, synchronically to the organic accumulation in the
oxbow-lakes, the gravels were eroded. The paleochannel cut
in the gravels of the terrace 15 m high, was filled with alluvia
of the Upper Plenivistulian (Pleniglacial B according to
Œrodoñ 1965). Radiocarbon ages of samples from the bottom
part of the older oxbow-lake fills in the sequence of the terrace 8–10 m high at BrzeŸnica, yielding 46,000–48,000 yrs
BP (Starkel 1977, Starkel 1980, Starkel in: Alexandrowicz et
al., 1981), indicated that the lower gravel represented not
only the Interplenivistulian, but the lower part of the Pleniglacial A (Lower Plenivistulian) too (Fig. 2C). Therefore,
cutting of the terrace deposits occurred after ca 35,000–
36,000 yrs BP (Hengelo Interstadial?) and before the Upper
Plenivistulian phase when a silty-sandy series of the terrace
15 m high was formed.
The erosive surface of sediments of the Hengelo Interstadial was much younger. The upper gravel-sandy unit with
the younger paleochannel radiocarbon dated at 9,535±100
yrs BP (Hv-4900) originated probably at the end of the Late
Glacial and was inserted in alluvia of the terrace 15 m high
(Mamakowa, Starkel 1974). Therefore, a wide, erosive plain,
truncating older gravel alluvia and the Miocene sediments
4–6 m above the Wis³oka riverbed was shaped by a braided
river of the Late Vistulian age (Alleröd–Younger Dryas?)
(Ralska-Jasiewiczowa, Starkel 1975; Starkel 1977, Starkel
1980). The earlier concept of Starkel (1960) concerning the
occurrence of deep Late Vistulian paleochannels descending
to below the present riverbeds at BrzeŸnica was not confirmed.
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At Podgrodzie (Mamakowa, Starkel 1977; Starkel in:
Alexandrowicz et al. 1981) upon 3.5 m high socle of colluvia
radiocarbon dated at 33,350±750 yrs BP, a silty layer, 0.65 m
thick and dated at 22,450±310 BP occurred. It proved low
position of the Wis³oka paleochannel before the maximum of
the Vistulian Glaciation (LGM). At the erosive surface of the
paleochannel stone pavement layers with wood were dated at
10,130±115 yrs BP. It was overlain by paleochannel fills
dated at 9,955±100 yrs BP at the bottom part and at 8,390±
100 yrs BP at the top. The uppermost part of the sequence is
represented by fan sand 9 m thick of the tributary, formed at
the beginning of the Atlantic Phase (Fig. 2D).

RESULTS OF RESEARCH IN 1990S AND AT
THE BEGINNING OF THE 21ST CENTURY
The studies of valley evolution developed particularly
intensively in the second half of 1980s and in 1990s in connection with the IGCP-158 project ‘Paleohydrology of river
valleys in the temperate climate zone’ and the state project
CPBP-03.13. made possible the application of wide spectrum of sedimentological, malacological, dating (14C, TL),
dendrochronological and other methods (Niedzia³kowska et
al. 1985; Starkel ed. 1987, 1990, 1991, 1995, 1996; Kalicki
1991, 1997, Starkel 1998, 2001, 2002; Klimek 1992, Alexandrowicz 1995; Gêbica 1995, 2004; £anczont 1995, 2001;
Starkel, Gêbica 1995; Mamakowa et al. 1997; Starkel et al.
1999; Wójcik et al. 1999, Wójcik 2010). Many new sites in
valleys of the Carpathian foreland were dated in that time
(Table 1, Fig. 1). After publication of the monograph of the
Wis³oka river valley near Dêbica, edited by Leszek Starkel in
1981 (Alexandrowicz et al. 1981; Starkel et al. 1982), a problem of the alluvia chronostratigraphy and of the terrace ages
seemed not to be further developed. However, Professor
Starkel desired to solve two other problems. The first one was
the age of the alluvial plain with remnants of braided channels on the left bank of the Wis³oka valley in the vicinity of
¯yraków and Wola ¯yrakowska, lower than the terrace 15 m
high and higher than the plains with large paleomeanders of
the Late Glacial. The second dealt with depth of incision of
the Wis³oka during the Late Vistulian.
The terrace 11–12 m high, 1–2 km wide in the vicinity of
¯yraków is 3–4 m lower than the Pleniglacial right-side terrace, 15 m high at BrzeŸnica (Mamakowa, Starkel 1974). On
alluvial plain remnants of shallow (0.2–0.5 m deep) and discrete paleochannels remain, cut into a sand cover typical for a
braided river. From the Wis³oka side the plain is cut (to the
depth 1–1.5 m) by meandering, in places large-radial and
wide, cut-off channels (Starkel 1995a). A lack of overbank
sediments at the surface, which are typical of the Holocene
floodplain and instead of them occurrence of sand-gravel
channel series indicated relatively fast and deep cutting of the
alluvial plain, which caused that floods could not reached the
central part of the terrace during the Holocene. The boreholes
along the axis of paleochannels of a braided river indicated
that under 2 m thick sand-gravel channel deposits there were
oxbow-lake sediments, represented by clayey silt with thin
peat intercalations in the top. They overlie the lower sands
and gravels of channel deposits at the depth of 4 m. Palynological analyses of peat by K. Mamakowa, indicated a tundra
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vegetation with tree clumps. Dating of peat from the depth of
2.2 m was radiocarbon dated to older than 33,500 yrs BP
(Gd-49011), while the age 21,300±1,200 yrs BP (Gd-9007)
from the depth of 2.45 m was certainly too young. At this
stage of studies it could be possible to find undoubtedly that
the terrace 11–12 m high is older than the Late Vistulian
paleochannel and younger than the terrace 15 m high at
BrzeŸnica (Starkel 1995a).
Subsequently, in cooperation with the geologists S. Brud
and J. Boratyn from the Geological Company in Cracow who
supplied with results of recent drillings as well as TL and radiocarbon ages, a more precise model of alluvial fills from
the Vistulian Glaciation in the Wis³oka valley could be constructed (Mamakowa et al. 1997) (Fig. 2E). It turned out, that
within the terrace 15 m high in the Wis³oka valley the erosive
surface with thin gravel-sand cover and remnants of braided
river channels was attributed probably to the maximum of the
Vistulian Glaciation. In this time the pre-Wis³oka river flowed north-eastwards to the Vistula valley, what is confirmed
by oxbow-lake sediments dated at 18,000–17,000 yrs BP
(Gêbica 2004). According to Starkel (1988, 1994), Starkel
ed. 1990 the period 18,000–13,000 yrs BP was the phase of
deepening of river valleys, synchronic with lowering of the
Vistula channel during a retreat of the Scandinavian ice-sheet
of the Vistulian Glaciation. It could be indicated by a low position of the oldest Late Vistulian paleochannel fills of the
Vistula valley near Cracow (Kalicki 1991) and of the San
River in the Dynów Foothills (Mamakowa 1962) and the
Carpathian foreland (Klimek 1992). The subsequent detailed
recapitulation and confrontation of research results in various valleys of the periglacial zone in form of channel-level
fluctuations (Starkel 1996, Starkel et al. 2007), proved a
change in the tendency toward erosion after the Interplenivistulian accumulation, which was earlier observed in the
lower section of the Prosna valley by Rotnicki (1987) and in
the Wieprz valley by Harasimiuk (1991). Therefore, it was
not a lowering of erosive base level related to the Scandinavian ice-sheet retreat (Jersak et al. 1992), but a change from
oceanic to continental climate (Harasimiuk 1991) stimulated
incision in the highest Vistulian terrace. The accelerated
loess accumulation in that time confirms climate aridness
(continentalism) progressing since ca. 30,000 until 20,000
yrs BP (Maruszczak 1987). The Younger Upper Loess deposited upon the Vistulian terrace since ca. 24,000–25,000
yrs BP (Alexandrowicz 1995, Gêbica et al. 1998, Gêbica
2004) indicates that river channels were incised deep in that
time, thus the erosive phase preceded the maximum extension of the Scandinavian ice-sheet (LGM).

EVOLUTION OF VIEWS ON LATE
VISTULIAN PHASES OF RIVER EROSION
AND ACCUMULATION
The problem of erosion and depositional activity of
rivers during the Late Vistulian was a subject of numerous
publications based principally on studies of the Wis³oka valley and other valleys in the Upper Vistula drainage basin
(Starkel 1957, 1960, Mamakowa, Starkel 1974, 1977, Starkel 1983, 1994, 1995a, 1995b, 2001, 2002; Starkel in: Alexandrowicz et al. 1981; Szumañski 1983, 1986; Kalicki

1991, 1997; Klimek 1992; Starkel, Gêbica 1995; Starkel et
al. 2007; Gêbica et al. 2009, Gêbica 2011).
During mapping of the Wis³oka valley in 1953 in Dêbica, Starkel (1957) found a paleochannel incised to depth
10–14 m into Miocene clays, under the surface of the Holocene terrace. The paleochannel was filled by the following
sequence of sediments: lowermost gravels and sands, 3.5 m
thick, bearing pine, larch and birch tree trunks, an intermediate unit of oxbow-lake sediments – sands and clays 0.1–0.5 m
thick, with peat inserts, and a topmost unit of overbank sediments, 7.5 m thick, deposition of which was connected in the
upper part with the alluvial fan of the Wolicki Stream.
Palynological analysis of an oxbow peat indicated the Late
Vistulian–Holocene transition (Starkel 1957). On the basis
of these data Starkel (1957, 1960) ascribed the paleochannel
fills bearing tree trunks to the Alleröd Phase. He connected
the clays intercalated with peat with the period of weaker
river depositional activity during the Younger Dryas (Starkel
1960).
In 1970s new data from BrzeŸnica and Podgrodzie (Mamakowa, Starkel 1974, 1977, Starkel in: Alexandrowicz et
al. 1981) led Starkel to the hypothesis that incision of the Late
Vistulian channels could not be deeper than of the current
channels. Such conception was still maintained at the beginning of 1980s (Starkel 1984), whereas research performed
within IGCP 158 project (Starkel ed. 1990) resulted in findings of deeper, pre-Alleröd paleomeanders in the Vistula
(Kalicki 1991) and San valleys (Mamakowa 1962), and even
older than 15,000 yrs BP in the San valley downstream of
Przemyœl (Klimek 1992). Similar age of 14,400 yrs BP was
recently received for a bottom party of peat within the
paleochannel of the Vistulian alluvial fan of the Vistula river
between Skoczów and Gocza³kowice (Wójcik 2010).
Finally, in 1992 a borehole situated in Dêbica near the
site studied in 1950s, drilled a peat yielding a radiocarbon age
10,060±90 yrs BP (Gd-7304) at the depth of 8 m under the
sediments of the Wolicki Stream alluvial fan (Starkel 1995a).
This peat was underlain by silts and sands, in which two horizontally oriented pine trunks were drilled. One of the trunks,
found at the depth of 9.83–9.94 m showed the radiocarbon
date 10,480±80 yrs BP (Gd-7311), thus the paleochannel incised in Miocene clays and descending ca. 1–2 m below the
current riverbed level, was older than the Younger Dryas.
These results were concordant with data recorded at the other
sites in the Wis³oka, Wis³ok and San valleys (Gêbica 2011).
In such way the hypothesis of L. Starkel formulated in 1950s
century was confirmed.
The Late Vistulian was not exactly the period of erosive
deepening of the large river valleys, but rather widening of
valleys and inserting of alluvia, associated with transformation of braided into the meandering channels (Falkowski
1975, Starkel 1977, 1983, Kozarski 1983), characterised by
the curvature radius 3–5 times larger than of the younger,
Holocene channels. The paleochannel undercut the terrace
11–12 m high on the left bank of the Wis³oka at Wola
¯yrakowska is an example of such large-radial paleo-me
ander. A sequence of its sediments, 5.2 m thick, is represented by oxbow-lake fills: overbank clays at the bottom,
overlain by biogenic sediments (indicating overgrowing of
the lake), which are covered by silt-sand overbank sedi-
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ments. The bottom part of the sequence, sampled at the depth
of 5.2 m was radiocarbon dated at 10,000±130 yrs BP
(Gd-68731), while the upper section of the sequence, sampled at the depth of 4 m, yielded 10,170±190 yrs BP (Gd9008). Despite the age inversion both samples indicated that
the beginning of the paleochannel filling took place during
the Younger Dryas – Preboreal Phase (Starkel, Granoszewski 1995). This large paleomeander was abandoned at the end
of the Younger Dryas, thus, similarly to the most of large
paleomeanders dated in the lower section of the San (Szumañski 1983). The oldest large paleomaeanders developed
before the Alleröd. Development of pine-birch vegetation
during the Alleröd caused peat formation in numerous sections of valley bottoms, therefore the oxbow-lakes were
filled up more frequently (Gêbica 1995, Starkel 1995b). In
some valley sections the tendency toward aggradation and
braided channels development took place during the Younger Dryas (Starkel, Gêbica 1995). Truncation of wide erosive
plains by rivers and deposition of 2–4 m thick series of diagonally bedded sands and gravels ended almost exactly during
the Younger Dryas – Holocene (Preboreal) transition (Mamakowa, Starkel 1974, Starkel in: Alexandrowicz et al.
1981, Starkel 1983, 2002). The age from the topmost section
of sands at Przemyœl-Przekopana, yielding 10,375±125 yrs
BP, almost exactly indicates a decline of the Younger Dryas
with significant activity of rivers (Starkel 1977). Similar series of channel alluvia of the braided river from the Younger
Dryas and inserted fills of the meandering river from the
Early Holocene were recorded in the Vistula (Kalicki 1991)
and Wis³ok valleys (Gêbica et al. 2009). The Late Vistulian
phase of increased fluvial activity is also observed under the
alluvial fans deposited in the outlets of small valleys in the
margin of the Carpathians (Kalicki 1997).

CONCLUSIONS
Presented progress of research on stratigraphy of alluvia
and fluvial landforms indicates, that it reaches back to the beginning of the 20th century. Application of wide spectrum of
paleogeographical and chronological methods, among others the radiocarbon dating, made possible “rejuvenation” of
the age of terraces and attribution of the terrace 15 m high in
the Wis³oka valley to the Middle and Upper Plenivistulian.
Many dated sites were the basis for reconstruction of the
scheme of terrace alluvia stratigraphy and particularly, the
conception of 2–3 alluvial inserts in the Middle Plenivistulian, manifested at the Carpathian margins and separated insert dated at the maximum phase of the Vistulian Glaciation
(LGM) (Fig. 2). The cutting of the high Vistulian terrace
commenced before the maximum of the Vistulian (before 20
ka BP) and was connected with reduction of denudation in
the arid, periglacial climate. The oldest large paleomeanders
developed before the Alleröd. During the Younger Dryas
large and wide paleomeanders were formed, currently well
recognised in the Wis³oka and San valleys. In some sections
of river valleys the tendency toward braided channels formation took place during the Younger Dryas. In spite of research progress our knowledge about river action in the
Pleistocene–Holocene transition is still insufficient.

25

Acknowledgements
The author would like to thank to Professor L. Starkel from the
Institute of Geography and Spatial Organisation, Polish Academy
of Sciences in Cracow for a review of the manuscript. I would like to
thank very much to the anonymous reviewer for his very valuable
comments.

REFERENCES
Alexandrowicz S.W., 1995. Malacofauna of the Vistulian loess in
Cracow Region (S Poland). Annales UMCS, sec. B. 50, 1–28.
Alexandrowicz S.W., Klimek K., 1985. Latoszyn on the Wis³oka
river. Section of the Vistulian Pleniglacial strata: stability
stages of the Wis³oka river bed. In Poprawa D. ed., XIII Congress Carpatho-Balcan Geological Association, Guide to excursion 5, Instytut Geologiczny: 117–120.
Alexandrowicz S.W., Butrym J., Maruszczak H., 1989. The malacofauna of the younger and older loess of the Przemyœl region,
SAe Poland. Folia Malacologica 3.
Alexandrowicz S.W., Klimek K., Kowalkowski A., Mamakowa K.,
Niedzia³kowska E., Pazdur M., Starkel L., 1981. The evolution
of the Wis³oka valley near Dêbica during the Lateglacial and
Holocene. Folia Quaternaria 53, 1–91.
Buraczyñski J., Butrym J., 1989. The Vistulian development of a
sandy plan in the Sandomierz Basin. Questiones Geogr. Spec.
Issue 2: 17–30.
Friedberg W., 1903. Atlas Geologiczny Galicyi. Tekst do zeszytu
16. Arkusz Rudnik i Rani¿ów, Ropczyce i Dêbica, Rzeszów i
£añcut. Wydawnictwa Komisyi Fizjograficznej Akademii
Umiejêtnoœci, Kraków, 1–147.
Falkowski E., 1975. Variability of channel processes of lowland
rivers in Poland and changes of the valley floors during the Holocene. Biuletyn Geologiczny Uniwersytetu Warszawskiego
19, 45–78.
Gêbica P., 1995. Evolution of the Vistula valley and of alluvial fans
of the Raba and Uszwica rivers between Uœcie Solne and
Szczurowa in the Vistulian and Holocene. In Starkel L. (ed.)
Evolution of the Vistula river valley during the last 15000
years, part V, Geographical Studies, Spec. Issue 8, 31–50.
Gêbica P. 2004.Przebieg akumulacji rzecznej w górnym vistulianie
w Kotlinie Sandomierskiej. Prace Geograficzne 193, Instytut
Geografii i Przestrzennego Zagospodarowania PAN, Warszawa, 1–229.
Gêbica P., 2011. Stratigraphy of alluvial fills and phases of the Holocene floods in the lower Wis³ok river, SE Poland. Geographia Polonica 84, Special Issue, Part I, 39–60.
Gêbica P., Czopek S., Szczepanek K., 2008. Changes of climate and
prehistoric settlement recorded in deposits of Wis³ok paleochannel in Grodzisko Dolne, sandomierz Basin. Sprawozdania
Archeologiczne 60: 295–323.
Gêbica P., P³oskonka D., Kalinovyè N., 2009a. Origin, lithology
and age of the Holocene terrace of the Wis³ok river in the
Sandomierz Basin. Studia Geomorphologica Carpatho-Balcanica 43, 77–95.
Gêbica P., Szczepanek K., Wieczorek D., 2009b. LateVistulian alluvial filling in the San River valley in the Carpathian foreland
(north of Jaros³aw town). Studia Geomorphologica CarpathoBalcanica 63: 39–61.
Gêbica P., Szczepanek K., Pazdur A., Sañko A.F., 1998. Vistulian
terrace with loess cover in the Vistula river valley near Nowe
Brzesko (Southern Poland). Biuletyn Peryglacjalny 37, 81–93.
Gilot E., Niedzia³kowska E., Sobolewska M., starkel L., 1982.
Pleniglacial alluvial fan of the Bia³a Stream at Kaniów near
czechowice (The Oœwiêcim Basin). Studia Geomorphologica
Carpatho-Balcanica 15: 115–124.

26

P. GÊBICA

Harasimiuk M., 1991. Vistulian glacial cycles of the fluvial processes development in the valley of the middle Wieprz river
(SE Poland). Annales UMCS, 46, 5, 81–109.
Jahn A., 1957. Przyczynki do znajomoœci teras karpackich. Czasopismo Geograficzne 28, 2, 171–185.
Jersak J., 1991. Osady rzeczne fazy pe³ni zimnego piêtra Wis³y w
dolinie Wieprza miêdzy Szczebrzeszynem a £añcuchowem
In: Jersak J. ed. Less i osady dolinne, Prace Naukowe UŒ 1107,
Katowice: 51–92.
Jersak J., Sendobry K., Œnieszko Z., 1992. Postwarciañska ewolucja wy¿yn lessowych w Polsce. Prace Naukowe Uniwersytetu Œl¹skiego, 1227, Katowice, 5–198.
Kalicki T., 1991. The evolution of the Vistula river valley between
Cracow and Niepo³omice in Late Vistulian and Holocene
times. In: Starkel L. (Ed.), Evolution of the Vistula river valley
during the last 15000 years, part IV, Geographical Studies,
Special Issue 6, 11–37.
Kalicki T., 1997. The reflection of climate changes and human activity on sediments of small Forecarpathian tributaries of the
Vistula river near Cracow, Poland. Studia Geomorphologica
Carpatho-Balcanica 31, 129–141.
Klimaszewski M., 1948. Polskie Karpaty Zachodnie w okresie
dyluwialnym. Prace Wroc³awskiego Towarzystwa Naukowego, ser. B, 7, 1–236.
Klimaszewski M., 1958. Pleistocene outcrop at Dobra near Limanowa, Carpathian Mts., Bull. Acad. Polonaise Sciences, ser.
clim. geol. geogr., 6, 5, 341–344.
Klimek K., 1992. The age of transformation of subcarpathian river
channel pattern during Late Vistulian. Papers and Abstracts of
Papers. Symposium on Global Continental Paleohydrology,
Kraków-Mogilany, IX 1992, Zak³ad Geomorfologii i Hydrologii Instytutu Geografii i Przestrzennego Zagospodarowania
PAN w Krakowie.
Ko³aczek P., 2011. 12 millennia of climatic and human induced
vegetation changes in the lower San valley near Jaros³aw (sE
Poland) in the Ligot of pollen analysis. Studia Quaternaria 28:
25–39.
Koperowa W., Œrodoñ A., 1965. Pleniglacial deposits of the Last
Glaciation At Zator (Westo f Kraków). Acta Palaeobotanica 6,
1: 1–31.
Kozarski S., 1983. River channel adjustment to climatic change in
west central Poland. In Gregory K.J. (ed.). Background to
Palaeohydrology: A Perspective, Wiley, Chichester, 355–374.
Kulczyñski S., 1932. Die Altdiluvialen Dryasfloren der Gegend
von Przemyœl. Acta Societ. Botanicorum Poloniae 9: 237–299.
Laskowska-Wysoczañska W., 1971. Stratygrafia czwartorzêdu i
paleogeomorfologia Niziny Sandomierskiej i przedgórza Karpat rejonu rzeszowskiego. Studia Geologia Polonica 17, 1–
109.
Laskowska-Wysoczañska W., Niklewski J., 1969. Stratigraphical
position of the skeleton of Mammuthus trogontheri from Rzochów near Mielec. Bull. Acad. Pol. Science 2: 131–141.
£anczont M., 1995. Stratigraphy and paleogeography of loesses on
the Przemyœl Foothills (SE Poland). Annales UMCS, Sec. B,
50, Lublin, 89–126.
£anczont M., 2001. Contribution to chronostratigraphy and paleogeography of the Vistulian deposits in the river valleys of the
Carpathian Foothills near Przemyœl. Studia Geomorphologica
Carpatho-Balcanica 35: 89–99.
£omnicki A.M., 1903. Atlas Geologiczny Galicyi. Tekst do zeszytu
15. Arkusze: Rozwadów, Tarnobrzeg, Mielec, Tarnów, Szczucin, Uœcie Solne. Akademia Umiejêtnoœci, Kraków, 1–84.
Mamakowa K., 1962. Roœlinnoœæ Kotliny Sandomierskiej w póŸnym glacjale i holocenie. Acta Palaeobotanica 3, 2, 3–57.
Mamakowa K., 1968. Flora z interstadia³u Paudorf w £¹¿ku ko³o
Zaklikowa. Acta Palaeobotanica 9, 1: 29–44.

Mamakowa K., Rutkowski J., 1989. Wstêpne wyniki badañ litologicznych i paleobotanicznych profilu z Kryspinowa. In: Przewodnik 60 Zjazdu Pol. Tow. Geol., Kraków: 117–124.
Mamakowa K., Starkel L., 1972. The site III-2 BrzeŸnica, Exc.
Guide-book Symposium INQUA Commission on studies of
Holocene, Poland, vol. I, 59–64.
Mamakowa K., Starkel L., 1974. New data about the profile of
young Quaternary deposits at BrzeŸnica in the Wis³oka valley,
Sandomierz Basin. Studia Geomorphologica Carpatho-Balcanica 8, 47–59.
Mamakowa K., Starkel L., 1977. Stratigraphy of the Eo-and Mesoholocene alluvia in Podgrodzie upon Wis³oka river. Studia
Geomorphologica Carpatho-Balcanica 11, 101–110.
Mamakowa K., Œrodoñ A., 1977. O pleniglacjalnej florze z Nowej
Huty i osadach czwartorzêdu doliny Wis³y pod Krakowem.
Rocznik Polskiego Towarzystwa Geologicznego47, 4: 485–
511.
Mamakowa K., Starkel L., Boratyn J., Brud S., 1997. Stratigraphy
of the Vistulian alluvia fills in the Wis³oka valley north of
Dêbica. Studia Geomorphologica Carpatho-Balcanica 31, 83–
99.
Maruszczak H., 1987. Loesses in Poland, their stratigraphy and
paleogeographical interpretation. Annales UMCS, sec. B, 41,
2, 15–54.
Mycielska-Dowgia³³o E., 1987. Morphogenesis of Vistula valley in
northern part of Sandomierz Basin in the Late Glacial and Holocene. In: Starkel L. ed. Evolution of the Vistula river valley
during the last 15000 years, part III, Geogr. Stud., Spec. Issue
4: 115–129.
Niedzia³kowska E., Gilot E., Pazdur M., Szczepanek K., 1985. The
Upper Vistula valley near Drogomyœl in the Late Vistulian and
Holocene. Folia Quaternaria 56, 101–132.
Niedzia³kowska E., Szczepanek K., 1993-1994. Utwory py³owe
vistuliañskiego sto¿ka Wis³y w Kotlinie Oœwiêcimskiej. Studia Geomorphologica Carpatho-Balcanica 27–28: 29–44.
Ralska-Jasiewiczowa M., Starkel L., 1975. The leading problems of
palaeogeography of the Holocene in the Polish Carpathians.
Biuletyn Geologiczny Uniwersytetu Warszawskiego19, 27–
44.
Rotnicki K., 1987. Main phases of erosion and accumulation in the
middle and lower Prosna valley in the Glacial-Interglacial cycle. Geographia Polonia 53, Warszawa, 53–65.
Soko³owski T., 1981. Uwagi o terasach doliny Dunajca ko³o Tarnowa. Rocznik Polskiego Towarzystwa Geologicznego 51,
3–4: 579–594.
Soko³owski T., Wasylikowa K., 1984. Utwory czwartorzêdowe
den dolin Wis³y i Wilgi w rejonie Ludwinowi In: Materia³y
sympozjum Holocen okolic Krakowa, AGH, Kraków: 29–34.
Starkel L., 1957. Rozwój morfologiczny progu Pogórza Karpackiego miedzy Dêbic¹ a Trzcian¹. Prace Geograficzne Instytutu
Geografii PAN 11, 1–152.
Starkel L. 1960. Rozwój rzeŸby Polskich Karpat fliszowych w
holocenie. Prace Geograficzne Instytutu Geografii PAN 22,
1–239.
Starkel L., 1972. Kotlina Sandomierska. In Klimaszewski M. (ed.),
Geomorfologia Polski t.1 Góry i wy¿yny, PWN, Warszawa,
138–166.
Starkel L., 1977. Last Glacial and Holocene fluvial chronology in
the Carpathians valleys. Studia Geomorphologica CarpathoBalcanica 11, 33–51.
Starkel L., 1980. Stratigraphy and chronology of the Vistulian in the
Polish Carpathians and Subcarpathians Basins. Quaternary
Studies in Poland 2, 121–135
Starkel L., 1983. The reflection of hydrologic changes in the fluvial
environment of the temperate zone during the last 15000 years.
In Gregory K.J. (ed.), Background to palaeohydrology, J.

CHRONOSTRATIGRAPHY OF ALLUVIA AND AGE OF FLUVIAL LANDFORMS
Wiley, Chichester, 213–234.
Starkel L., 1984. Karpaty i kotliny podkarpackie. In Mojski E.J.
(ed.) Budowa geologiczna Polski, t. 1, Stratygrafia, czêœæ 3b
kenozoik Czwartorzêd. Wyd. Geologiczne, Instytut Geologiczny, Warszawa, 292–312.
Starkel L., 1988. Paleogeography of the periglacial zone in Poland
during the maximum advance of the Vistulian ice-sheet. Geographia Polonica 55, 151–163.
Starkel L. 1993.
Starkel L., 1994. Reflection of glacial-interglacial cycle in the evolution of the Vistula river basin, Poland. Terra Nova 6: 1–9
Starkel L., 1995a. New data on the Late Vistulian and Holocene
evolution of the Wis³oka river valley near Dêbica. In Starkel L.
(ed.) Evolution of the Vistula river valley during the last 15000
years, part V, Geographical Studies, Spec. Issue 8, Institute of
Geography and Spatial Organization PAS, 73–90.
Starkel L. 1995b. Evolution of Carpathian valleys and the Fore
Carpathian Basins in the Vistulian and Holocene. Studia Geomorphologica Carpatho-Balcanica 29, 5–40.
Starkel L., 1996. Cykle glacjalno-interglacjalne w ewolucji systemu rzecznego Wis³y. In: Kostrzewski A. (Ed.) Geneza,
litologia i stratygrafia utworów czwartorzêdowych 2, Wyd.
UAM, Poznañ, 297–305.
Starkel L., 1998. Ewolucja dolin rzecznych Europy Œrodkowej w
m³odszym czwartorzêdzie. Acta Facultatis Rerum Naturalium. Geografia –Geologia 168, 6, 137–150.
Starkel 2001. Historia doliny Wis³y od ostatniego zlodowacenia do
dziœ, Monografie Instytutu Geografii i Przestrzennego Zagospodarowania PAN, 1, Warszawa, 1–263.
Starkel 2002. Younger Dryas-Preboreal transition documented in
the fluvial environment of Polish rivers. Global and Planetary
Change 35, 157–167.
Starkel L., 2008. Rozwój badañ nad ewolucj¹ rzeŸby Karpat Fliszowych w ostatnim glacjale. Prace Komisji Paleogeografii
Czwartorzêdu PAU, 5, 2007, 85–94.
Starkel L., 2011. 50 lat rozwoju badañ nad ewolucj¹ dolin rzecznych w po³udniowej Polsce w holocenie. Prace Komisji Paleogeografii Czwartorzêdu PAU, 9, Kraków, 35–45.
Starkel L., Gêbica P., 1995. Evolution of river valleys in southern
Poland during the Pleistocene–Holocene transition. Biuletyn
Peryglacjalny 34, 177–190.
Starkel L., Gêbica P., Superson J., 2007. Last glacial-interglacial
cycles in the evolution of river valleys in southern and central
Poland. Quaternary Science Reviews 26, 2924–2936.
Starkel L., Gêbica P., Kalicki T., Ludwikowska M., Niedzia³kowski E., 1999. Chronostratygrafia aluwiów i form fluwialnych w po³udniowej Polsce. In Pazdur A., Bluszcz A., Stan-

27

kowski W., Starkel L. (ed.) Geochronologia górnego czwartorzêdu Polski w œwietle datowania radiowêglowego i luminescencyjnego, Wind J. Wojewoda, Wroc³aw, 132–156.
Starkel L., Granoszewski W., 1995. The Younger Dryas paleomeander of the Wis³oka river at the Wola ¯yrakowska near
Dêbica. In Starkel L. (ed.) Evolution of the Vistula river valley
during the last 15000 years, part V, Geographical Studies,
Spec. Issue, 8, Institute of Geography and Spatial Organization
PAS, 91–100.
Starkel L., Klimek K., Mamakowa K., Niedzia³kowski E., 1982.
The Wis³oka river valley in the Carpathian foreland during the
Late Glacial and the Holocene. In Starkel L. (ed.) Evolution of
the Vistula river valley during the last 15000 years, part I, Geographical Studies, Special Issue 1, 41–56.
Starkel L. (ed.), 1987, 1990, 1991, 1995, 1996, Evolution of the
Vistula river valley during the last 15000 years, part II-VI,
Geographical Studies, Special Issue, 4, 5, 6, 8, 9, IGiPZ PAN,
Wroc³aw
Stupnicka E., Szumañski T., 1957. Dwudzielnoœæ m³odoplejstoceñskich poziomów ¿wirowych w Karpatach. Acta Geologica
Polonica 7, 4, 439–447.
Szafer W., 1952. Schy³ek plejstocenu w Polsce. Biuletyn Pañstwowego Instytutu Geologicznego 65.
Szumañski A., 1983. Paleochannels of large meanders in the river
valleys of the Polish Lowland. Quaternary Studies in Poland 4,
207–216.
Szumañski A., 1986. Postglacjalna ewolucja i mechanizm transformacji dna doliny dolnego Sanu. Kwartalnik AGH, Geologia
12, 1: 5–84.
Œrodoñ A., 1952. Ostatni glacja³ i postglacja³ w Karpatach. Biuletyn Instytutu Geologicznego 67, 3, 27–75.
Œrodoñ A., 1965. O florach kopalnych w terasach dolin rzecznych.
Folia Quaternaria 21, 1–27.
Œrodoñ A., 1968. O roœlinnoœci interstadia³u paudorf w Karpatach
Zachodnich. Acta Palaeobotanica 9, 1, 1–27.
Woldstedt P., 1956. Über die Gliederung der Würm-Eiszeit und die
Stellung der Losse in ihr. Eiszeitalter und Gegenwart, Bd. 7.
Wójcik A., 2010. Czwartorzêdowe sto¿ki Wis³y miêdzy Ustroniem
a Gocza³kowicami. Prace Komisji Paleogeografii Czwartorzêdu PAU, t. 8, Kraków, 45–53.
Wójcik A., Malata T., Szczepanek K., 1999. Stanowisko Grodzisko
Nowe. Problem wieku plejstoceñskich teras piaszczystych w
dolinie Sanu przy ujœciu Wis³oka. In VI Konferencja stratygrafii plejstocenu Polski “Czwartorzêd wschodniej czêœci Kotliny Sandomierskiej”, Czudec 31.08.-4.09.1999, Pañstwowy
Instytut Geologiczny, Kraków, 115–117.

