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Ab stract
A de vel op ment of opin ions on stra tig ra phy of al lu via and age of the Vistulian ter races in the val leys of the Carpathian
fore land is pre sented, based mainly on pub li ca tions of Pro fes sor Leszek Starkel. Stud ies of age of flu vial land forms
and sed i ments of the Last Cold Stage in the Carpathian fore land have been started more than 100 years ago. Be fore the
mod ern sedimentological meth ods and ra dio car bon dat ing were in tro duced, pi o neer stud ies of Pleis to cene river ter -
races and sed i ments in the Carpathians were per formed by Mieczys³aw Klimaszewski, and sub se quently, by his stu -
dent Leszek Starkel who mapped in 1950s a mar gin of the Carpathian Foot hills as well as al lu vial fans of Wis³oka,
Wis³ok and San rivers in the Carpathian fore land. In that time a stra tig ra phy of al lu vial in fill ings in the mar ginal
moun tain zone was elab o rated for the Late Vistulian and the Ho lo cene. Start ing from 1970s and bas ing on stud ies in
key sites in the Wis³oka val ley near Dêbica, fo cused on palynological anal y ses and ra dio car bon dat ing, gen eral strati -
graphi cal schemes of al lu vial fills within the Vistulian ter race 15 m high and within the Ho lo cene ter race 8–10 m high
have been con structed. A com par i son with the val leys in a periglacial area prowed that the Vistulian ter race 15 m high
was in cised be fore the max i mum ex ten sion of the last Scan di na vian ice sheet (i.e. be fore 20 ka BP) and the ter race
11–12 m high (with rel ics of braided river chan nels) was formed at the de cline of the Plenivistulian. A fi nal in ci sion
be low the pres ent river bed and aggradation oc curred dur ing the Late Vistulian (13–10 ka BP). The rivers changed
their re gime and their chan nel pat tern from braided to large me an ders-type as an ef fect of for est de vel op ment and
lower sed i ment load. The Youn ger Dryas cool ing re sulted in in creased bedload and braid ing.

Key words: chronostratigraphy, al lu via, river ter races, Carpathian fore land, Vistulian.

IN TRO DUC TION

The first stud ies of ter races and al lu via of the Last Gla ci -
ation in the Carpathian fore land reach back to the be gin ning
of the 20th cen tury (Friedberg 1903). In that time the Pleis to -
cene sed i ments youn ger than gla cial ones were distinguis-
hed, among which were ‘Mam moth loam’ (loess) and young
diluvial sand ter race (Friedberg 1903; £omnicki 1903).
Klimaszewski (1948), par tially fol low ing the Ger man strati -
graphi cal schemes, pos tu lated that the ter race al lu via cov -
ered by loess were older than the last gla cial pe riod. There-
fore, he con nected the ter race 15–20 m high with the Mid -
dle-Pol ish Gla ci ation (Saalian). Klimaszewski dis agreed
with Jahn (1957) who con nected the 15–17 m high ter race,
cov ered by loess in the Wis³ok River val ley in Rzeszów, with
the Vistulian Gla ci ation (Ta ble 1, Fig. 1). At the same time, in 
the fif ties of 20th cen tury, the first sites of interstadial sed i -
ments were found and named af ter the names of sub-Al pine
sites of interstadial paleosols Göttweig and Paudorf (Szafer
1952; Woldstedt 1956). In that time the length of the Vistu-
lian Gla ci ation was es ti mated at about 60,000 years BP
(Starkel 2008). Si mul ta neously, ow ing to iden ti fi ca tion of
fos sil flora from the Paudorf Interstadial, the du al ity of a ter -
race cover was proved (Œrodoñ 1952; Stupnicka, Szumañski
1957). Par tial re vi sion of the age of al lu via over lain by loess

was due to interfingering of al lu via and solifluction cov ers at
Dobra vil lage in the Beskid Wyspowy Mts. (Klimaszewski
1958), where interstadial peat was dated at 32,550±450 yrs
BP (Œrodoñ 1968). Con se quently the the sis that sub-loess al -
lu via orig i nated from the Mid dle-Pol ish Gla ci ation, re sulted
in con nec tion of the sand-gravel al lu via of the 6–10 m high
ter race, cov ered by the Ho lo cene overbank sed i ments, with
the Vistulian Gla ci ation (Fig. 2A). Such judge ment could
have been con firmed by the Dryas flora found within the Ho -
lo cene ter race of the San River (Kulczyñski 1932, Klima-
szewski 1948), al though as early as dur ing the geo log i cal
sur vey ing for the Geo log i cal At las of Galicia, Friedberg
(1903) but also £omnicki (1903) had de scribed the Ho lo cene 
sed i ments with subfossil trunks and malacofauna shells
(Starkel 2011). Fi nally, the Dryas flora find ings in the San
de pos its were as cribed to the early phases of the Late Gla cial, 
pre ced ing the Alleröd Interstadial (Œrodoñ 1965).

AGE OF AL LU VIA, ERO SION AND
AC CU MU LA TION PHASES IN AL LU VIAL

FANS AT THE CARPATHIAN MAR GIN

In 1950s the opin ion pre vailed on prepotency of peri-
gla cial pro cesses and com mon oc cur rence of Pleis to cene



sed i ments. A role of flu vial pro cesses dur ing the Ho lo cene
could have been re stricted to the for ma tion of overbank sed i -
ments as a re sult of soil ero sion af ter de for es ta tion. At the be -
gin ning of 1950s the Carpathian Foot hills mar gin was map-
ped by Leszek Starkel, for merly for his mas ter of sci ences
dis ser ta tion (Starkel 1957), and sub se quently, se lected ar eas
in the Flysch Carpathians and in their fore land for his PhD
the sis (Starkel 1960). In the moun tain fore land he stud ied al -
lu vial fans of Wis³oka, Wielopolka, Wis³ok and San rivers,
which brought ev i dence for the Ho lo cene age of ter race al lu -
via, not only overbank sed i ments, but gravel-sand chan nel
al lu via bear ing subfossil tree trunks. Among them, he dis tin -
guished sev eral cuts and al lu vial fills with in ter ca la tions of
peat dated by palynological method (Starkel 1960) (Fig. 2B).
This anal y sis showed the oc cur rence of bot tom gravel cover
from the anaglacial phase of the Vistulian Gla ci ation and at
least three al lu vial fills rep re sent ing the Late Vistulian (Alle-
röd), the cli ma tic op ti mum of the Ho lo cene (At lan tic Phase)
and the Subatlantic Phase. The phases of ero sion were at trib -
uted to dryer pe ri ods in the Late Vistulian (Youn ger Dryas)
and the Ho lo cene (Preboreal, Bo real and Subboreal Phases).
A lack of sed i ments and land forms rep re sent ing the Vistulian 
Gla ci ation in the Wis³oka val ley was ex plained by Starkel
(1957) by the Ho lo cene cover. It was con firmed by ferrugi-
nous grav els (com posed of flysch sand stone peb bles), 1–3 m
above the Wis³oka riverbed, which were found in out crops at
Dêbica and Latoszyn, un der “re cent” sand-gravel al lu via, of -
ten with wood rem nants. Oc cur rence of the ap par ent gravel
socle un der the Ho lo cene sed i ments proved pres ence of
paleoterraces of the Vistulian Gla ci ation. Grav els from the
Vistulian Gla ci ation could have filled the chan nel in cised in
flu vial and ice-dammed lake sed i ments of the Mid dle-Pol ish
Gla ci ation (Starkel 1957) (Fig. 2B).

RE VI SION OF STRA TIG RA PHY OF AL LU VIA
AND AGE OF TER RACES IN THE WIS£OKA

VAL LEY

 The val ley of Wis³oka com prises two dis tinct ter races
which were mapped in de tail for the first time by Leszek
Starkel at the be gin ning of the fif ties. The up per level (the

mid dle ter race) is 15 m high; the lower level is 8–10 m. The
ter race sur face is di ver si fied in the vi cin ity of BrzeŸnica vil -
lage with dunes 1–5 m high (Starkel 1957). The mid dle ter -
race is as so ci ated with al lu vial fans de pos ited in the out lets of 
Zawadka stream and Ostra stream val leys in the Carpathian
edge. The fans, formed of sands and grav els, range the height
7–15 m above the val ley bot toms and they are cov ered by
loess. The 15 m deep un der cut of the ter race at Koz³ów, south 
of BrzeŸnica, in di cated gravel se ries upon Mio cene clays and 
up per silt se ries over lain by sands. Ac cord ing to Starkel
(1957) the beds with a Dryas flora oc cur ring there, were con -
nected with the Mid dle-Pol ish Gla ci ation, whereas Œrodoñ
(1965) at trib uted them to the Paudorf Interstadial of the
Vistulian Gla ci ation. Se quence of the Paudorf Interstadial
sed i ments were de scribed on the left river bank at Nagoszyn
(Œrodoñ 1965; Laskowska-Wysoczañska 1971) where un der 
sands and silts, gyttja un der lain sands oc curred at depth
14.3–14.9 m. In the east ern part of val ley (right river bank),
near Pustków, un der the sur face of the mid dle ter race, there
was a paleochannel cut in Mio cene clays, bur ied by gravel-
sand and silt se ries, 32 m thick (Starkel 1957, 1972). The fill -
ing of this paleochannel Starkel (1957, 1972) at trib uted to the 
Mid dle-Pol ish Gla ci ation, when al lu vial fans (del tas) were
formed by the Carpathian rivers in the pe riph ery of a large
ice-dammed lake in the north ern part of the Sandomierz Ba sin
(Starkel 1984). How ever, ac cord ing to Laskowska-Wyso-
czañska (1971) grav els fill ing the paleochannel were depo-
sited at the Eemian Inter gla cial – Early Vistulian tran si tion.

In con nec tion with the Sym po sium of the Ho lo cene
Com mis sion of INQUA in Po land at the be gin ning of 1970s,
Leszek Starkel per formed stud ies of sed i ments of the three
ter races: 15 m high mid dle ter race and 8–10 m and 6–8 m
lower (Ho lo cene) ter races, un der cut 700 m long at BrzeŸ-
nica. Paleobotanical anal y sis of or ganic sed i ments out crop-
ped in four se quences com prised the ba sis for age interpre-
tation of the ex am ined al lu vial fills (Mamakowa, Starkel
1972).

The 15 m high mid dle ter race is formed of grav els, over -
lain by 8 m thick se ries of clayey silts, sandy in the up per
parts, rhyth mi cally lam i nated. These sed i ments are cov ered
by 3–4 m high unit of flu vial sands, duned in the up per most
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Fig. 1. Dis tri bu tion of se lected lo cal i ties with Vistulian sed i ments in the Sub-Carpathian Bas ins pre sented in Ta ble 1. 1 – Edge of the
Carpathians, 2 – se lected sites dated by ra dio car bon and other meth ods.
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Fig. 2. Syn thetic mod els of evo lu tion and al lu vial fills in the Wis³oka val ley and other val leys in the fore land of the Carpathians dur ing
Vistulian and Ho lo cene. 1 – chan nel fa cies, 2 – overbank fa cies, 3 – paleochannel fills, 4 – loess, 5 – dunes; R – Riss, W – Würm, EM –
Eemian, EV – Early Vistulian, PL – Pleniglacial (1, 2), IPL – Interpleniglacial, LG – Late Gla cial, AL – Alleröd, YD – Youn ger Dryas, H –
Ho lo cene, PB – Preboreal, BO – Bo real, AT – At lan tic, SA – Subatlantic.
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Table1
List of main lo cal i ties with in ves ti gated Vistulian al lu vial sed i ments in the Fore-Carpathian Bas ins af ter Starkel (1995) and 

Gêbica (2004), mod i fied and sup ple mented



part (Fig. 2C). Within the silts the peat ho ri zon oc curs with
pol len of dwarf birch (Betula nana), ju ni per and wil low, in -
di cat ing an open tun dra en vi ron ment. Peat from the depth of
8.3 m was ra dio car bon dated in 1972 by M. Geyh from
Hannover to 27,805±330 yrs BP (Hv-4898). This age con -
firmed the the sis of Œrodoñ (1965) and Laskowska-Wyso-
czañska (1971) that the se ries of sed i ments of the ter race 15
m rep re sented the Vistulian Gla ci ation and strictly “moved”
the age of the silt unit from the Pleniglacial A (ac cord ing to
Œrodoñ 1965) to the Pleniglacial B, i.e. to the Up per Pleni-
vistulian (Mamakowa, Starkel 1974).

The Ho lo cene ter race, 8–10 m high, has a com plex struc -
ture. In the chan nel al lu via 5–6 m above the riverbed at
BrzeŸnica (Fig. 2C), a paleochannel was in cised and filled
with ox bow-lake sed i ments. Above it, upon the ero sive sur -
face, youn ger gravel and sand paleochan nel sed i ments oc cur
with youn ger ox bow-lake clay and peat sed i ments. This pa-
leochannel is vis i ble in plain re lief as a me an der cut in the ter -
race sur face. Pol len anal y sis in di cated that the sed i ments of
the older ox bow-lake rep re sented ter mi na tion of the Alleröd
Interstadial and the Youn ger Dryas (Mamakowa, Starkel
1972). The youn ger ox bow-lake sed i ments, which oc cur in
the up per part of the se quence as well as in other sites in the
Wis³oka banks rep re sent Preboreal and At lan tic Phases. It
was turned out later, that the sed i ments ac counted to the Late
Vistulian are older than the sed i ments of the ter race 15 m
high. The date 35,965±1,000 yrs BP (Hv-4899) at trib uted the 
top of the older ox bow-lake sed i ments to a de cline of the
Hengelo Interstadial (Mamakowa, Starkel 1974) (Fig. 2C).
Con se quently, the bot tom gravel of the ter race 8–10 m high
rep re sented an in ter val be fore the Hengelo Interstadial. Sub -
se quently, synchronically to the or ganic ac cu mu la tion in the
ox bow-lakes, the grav els were eroded. The paleochannel cut
in the grav els of the ter race 15 m high, was filled with al lu via
of the Up per Plenivistulian (Pleniglacial B ac cord ing to
Œrodoñ 1965). Ra dio car bon ages of sam ples from the bot tom
part of the older ox bow-lake fills in the se quence of the ter -
race 8–10 m high at BrzeŸnica, yield ing 46,000–48,000 yrs
BP (Starkel 1977, Starkel 1980, Starkel in: Alexandrowicz et
al., 1981), in di cated that the lower gravel rep re sented not
only the Interplenivistulian, but the lower part of the Pleni-
gla cial A (Lower Plenivistulian) too (Fig. 2C). There fore,
cut ting of the ter race de pos its oc curred af ter ca 35,000–
36,000 yrs BP (Hengelo Interstadial?) and be fore the Up per
Plenivistulian phase when a silty-sandy se ries of the ter race
15 m high was formed.

The ero sive sur face of sed i ments of the Hengelo Inter-
stadial was much youn ger. The up per gravel-sandy unit with
the youn ger paleochannel ra dio car bon dated at 9,535±100
yrs BP (Hv-4900) orig i nated prob a bly at the end of the Late
Gla cial and was in serted in al lu via of the ter race 15 m high
(Mamakowa, Starkel 1974). There fore, a wide, ero sive plain, 
trun cat ing older gravel al lu via and the Mio cene sed i ments
4–6 m above the Wis³oka riverbed was shaped by a braided
river of the Late Vistulian age (Alleröd–Youn ger Dryas?)
(Ralska-Jasiewiczowa, Starkel 1975; Starkel 1977, Starkel
1980). The ear lier con cept of Starkel (1960) con cern ing the
oc cur rence of deep Late Vistulian paleochannels de scend ing
to be low the pres ent riverbeds at BrzeŸnica was not con -
firmed.

At Podgrodzie (Mamakowa, Starkel 1977; Starkel in:
Alexandrowicz et al. 1981) upon 3.5 m high socle of colluvia
ra dio car bon dated at 33,350±750 yrs BP, a silty layer, 0.65 m
thick and dated at 22,450±310 BP oc curred. It proved low
po si tion of the Wis³oka paleochannel be fore the max i mum of 
the Vistulian Gla ci ation (LGM). At the ero sive sur face of the
paleochannel stone pave ment lay ers with wood were dated at 
10,130±115 yrs BP. It was over lain by paleochannel fills
dated at 9,955±100 yrs BP at the bot tom part and at 8,390±
100 yrs BP at the top. The up per most part of the se quence is
rep re sented by fan sand 9 m thick of the trib u tary, formed at
the be gin ning of the At lan tic Phase (Fig. 2D).

RE SULTS OF RE SEARCH IN 1990S AND AT
THE BE GIN NING OF THE 21ST CEN TURY

The stud ies of val ley evo lu tion de vel oped par tic u larly
in ten sively in the sec ond half of 1980s and in 1990s in con -
nec tion with the IGCP-158 pro ject ‘Paleohydrology of river
val leys in the tem per ate cli mate zone’ and the state pro ject
CPBP-03.13. made pos si ble the ap pli ca tion of wide spec -
trum of sedimentological, malacological, dat ing (14C, TL),
dendrochronological and other meth ods (Niedzia³kowska et
al. 1985; Starkel ed. 1987, 1990, 1991, 1995, 1996; Kalicki
1991, 1997, Starkel 1998, 2001, 2002; Klimek 1992, Ale-
xandrowicz 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
val leys of the Carpathian fore land were dated in that time
(Ta ble 1, Fig. 1). Af ter pub li ca tion of the mono graph of the
Wis³oka river val ley near Dêbica, ed ited by Leszek Starkel in 
1981 (Alexandrowicz et al. 1981; Starkel et al. 1982), a prob -
lem of the al lu via chronostratigraphy and of the ter race ages
seemed not to be fur ther de vel oped. How ever, Pro fes sor
Starkel de sired to solve two other prob lems. The first one was 
the age of the al lu vial plain with rem nants of braided chan -
nels on the left bank of the Wis³oka val ley in the vi cin ity of
¯yraków and Wola ̄ yrakowska, lower than the ter race 15 m
high and higher than the plains with large paleomeanders of
the Late Gla cial. The sec ond dealt with depth of in ci sion of
the Wis³oka dur ing the Late Vistulian.

The ter race 11–12 m high, 1–2 km wide in the vi cin ity of
¯yraków is 3–4 m lower than the Pleniglacial right-side ter -
race, 15 m high at BrzeŸnica (Mamakowa, Starkel 1974). On
al lu vial plain rem nants of shal low (0.2–0.5 m deep) and dis -
crete paleochannels re main, cut into a sand cover typ i cal for a 
braided river. From the Wis³oka side the plain is cut (to the
depth 1–1.5 m) by me an der ing, in places large-ra dial and
wide, cut-off chan nels (Starkel 1995a). A lack of overbank
sed i ments at the sur face, which are typ i cal of the Ho lo cene
floodplain and in stead of them oc cur rence of sand-gravel
chan nel se ries in di cated rel a tively fast and deep cutting of the 
al lu vial plain, which caused that floods could not reached the
cen tral part of the ter race dur ing the Ho lo cene. The bore holes 
along the axis of paleochannels of a braided river in di cated
that un der 2 m thick sand-gravel chan nel de pos its there were
ox bow-lake sed i ments, rep re sented by clayey silt with thin
peat in ter ca la tions in the top. They over lie the lower sands
and grav els of chan nel de pos its at the depth of 4 m. Palyno-
log i cal anal y ses of peat by K. Mamakowa, in di cated a tun dra
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veg e ta tion with tree clumps. Dat ing of peat from the depth of
2.2 m was ra dio car bon 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 cer tainly too young. At this
stage of stud ies it could be pos si ble to find un doubt edly that
the ter race 11–12 m high is older than the Late Vistulian
paleochannel and youn ger than the ter race 15 m high at
BrzeŸnica (Starkel 1995a).

Sub se quently, in co op er a tion with the ge ol o gists S. Brud 
and J. Boratyn from the Geo log i cal Com pany in Cra cow who 
sup plied with re sults of re cent drillings as well as TL and ra -
dio car bon ages, a more pre cise model of al lu vial fills from
the Vistulian Gla ci ation in the Wis³oka val ley could be con -
structed (Mamakowa et al. 1997) (Fig. 2E). It turned out, that
within the ter race 15 m high in the Wis³oka val ley the ero sive
sur face with thin gravel-sand cover and rem nants of braided
river chan nels was at trib uted prob a bly to the max i mum of the 
Vistulian Gla ci ation. In this time the pre-Wis³oka river flo-
wed north-eastwards to the Vistula val ley, what is con firmed
by ox bow-lake sed i ments dated at 18,000–17,000 yrs BP
(Gêbica 2004). Ac cord ing to Starkel (1988, 1994), Starkel
ed. 1990 the pe riod 18,000–13,000 yrs BP was the phase of
deep en ing of river val leys, synchronic with low er ing of the
Vistula chan nel dur ing a re treat of the Scan di na vian ice-sheet 
of the Vistulian Gla ci ation. It could be in di cated by a low po -
si tion of the old est Late Vistulian paleochannel fills of the
Vistula val ley near Cra cow (Kalicki 1991) and of the San
River in the Dynów Foot hills (Mamakowa 1962) and the
Carpathian fore land (Klimek 1992). The sub se quent de tailed 
re ca pit u la tion and con fron ta tion of re search re sults in var i -
ous val leys of the periglacial zone in form of chan nel-level
fluc tu a tions (Starkel 1996, Starkel et al. 2007), proved a
change in the ten dency to ward ero sion af ter the Interpleni-
vistulian ac cu mu la tion, which was ear lier ob served in the
lower sec tion of the Prosna val ley by Rotnicki (1987) and in
the Wieprz val ley by Harasimiuk (1991). There fore, it was
not a low er ing of ero sive base level re lated to the Scan di na -
vian ice-sheet re treat (Jersak et al. 1992), but a change from
oce anic to con ti nen tal cli mate (Harasimiuk 1991) stim u lated
in ci sion in the high est Vistulian ter race. The ac cel er ated
loess ac cu mu la tion in that time con firms cli mate aridness
(continentalism) pro gress ing since ca. 30,000 un til 20,000
yrs BP (Maruszczak 1987). The Youn ger Up per Loess de -
pos ited upon the Vistulian ter race since ca. 24,000–25,000
yrs BP (Alexandrowicz 1995, Gêbica et al. 1998, Gêbica
2004) in di cates that river chan nels were in cised deep in that
time, thus the ero sive phase pre ceded the max i mum ex ten -
sion of the Scan di na vian ice-sheet (LGM).

EVO LU TION OF VIEWS ON LATE
VISTULIAN PHASES OF RIVER ERO SION

AND AC CU MU LA TION

The prob lem of ero sion and depositional ac tiv ity of
rivers dur ing the Late Vistulian was a sub ject of nu mer ous
pub li ca tions based prin ci pally on stud ies of the Wis³oka val -
ley and other val leys in the Up per Vistula drain age ba sin
(Starkel 1957, 1960, Mamakowa, Starkel 1974, 1977, Star-
kel 1983, 1994, 1995a, 1995b, 2001, 2002; Starkel in: Ale-
xandrowicz et al. 1981; Szumañski 1983, 1986; Kalicki

1991, 1997; Klimek 1992; Starkel, Gêbica 1995; Starkel et
al. 2007; Gêbica et al. 2009, Gêbica 2011).

Dur ing map ping of the Wis³oka val ley in 1953 in Dê-
bica, Starkel (1957) found a paleochannel in cised to depth
10–14 m into Mio cene clays, un der the sur face of the Ho lo -
cene ter race. The paleochannel was filled by the fol low ing
se quence of sed i ments: low er most grav els and sands, 3.5 m
thick, bear ing pine, larch and birch tree trunks, an in ter me di -
ate unit of ox bow-lake sed i ments – sands and clays 0.1–0.5 m 
thick, with peat in serts, and a top most unit of overbank sed i -
ments, 7.5 m thick, de po si tion of which was con nected in the
up per part with the al lu vial fan of the Wolicki Stream.
Palynological anal y sis of an ox bow peat in di cated the Late
Vistulian–Ho lo cene tran si tion (Starkel 1957). On the ba sis
of these data Starkel (1957, 1960) as cribed the paleochannel
fills bear ing tree trunks to the Alleröd Phase. He con nected
the clays in ter ca lated with peat with the pe riod of weaker
river depositional activity during the Younger Dryas (Starkel 
1960).

In 1970s new data from BrzeŸnica and Podgrodzie (Ma-
makowa, Starkel 1974, 1977, Starkel in: Alexandrowicz et
al. 1981) led Starkel to the hy poth e sis that in ci sion of the Late 
Vistulian chan nels could not be deeper than of the cur rent
chan nels. Such con cep tion was still main tained at the be gin -
ning of 1980s (Starkel 1984), whereas re search per formed
within IGCP 158 pro ject (Starkel ed. 1990) re sulted in find -
ings of deeper, pre-Alleröd paleomeanders in the Vistula
(Kalicki 1991) and San val leys (Mamakowa 1962), and even
older than 15,000 yrs BP in the San val ley down stream of
Przemyœl (Klimek 1992). Sim i lar age of 14,400 yrs BP was
re cently re ceived for a bot tom party of peat within the
paleochannel of the Vistulian al lu vial fan of the Vistula river
be tween Skoczów and Gocza³kowice (Wójcik 2010).

Fi nally, in 1992 a bore hole sit u ated in Dêbica near the
site stud ied in 1950s, drilled a peat yield ing a ra dio car bon age 
10,060±90 yrs BP (Gd-7304) at the depth of 8 m un der the
sed i ments of the Wolicki Stream al lu vial fan (Starkel 1995a). 
This peat was un der lain by silts and sands, in which two hor i -
zon tally ori ented pine trunks were drilled. One of the trunks,
found at the depth of 9.83–9.94 m showed the ra dio car bon
date 10,480±80 yrs BP (Gd-7311), thus the paleochannel in -
cised in Mio cene clays and de scend ing ca. 1–2 m be low the
cur rent riverbed level, was older than the Youn ger Dryas.
These re sults were con cor dant with data re corded at the other 
sites in the Wis³oka, Wis³ok and San val leys (Gêbica 2011).
In such way the hy poth e sis of L. Starkel for mu lated in 1950s
century was confirmed.

The Late Vistulian was not ex actly the pe riod of ero sive
deep en ing of the large river val leys, but rather wid en ing of
val leys and in sert ing of al lu via, as so ci ated with trans for ma -
tion of braided into the me an der ing chan nels (Falkowski
1975, Starkel 1977, 1983, Kozarski 1983), char ac ter ised by
the cur va ture ra dius 3–5 times larger than of the youn ger,
Ho lo cene chan nels. The paleochannel un der cut the ter race
11–12 m high on the left bank of the Wis³oka at Wola
¯yrakowska is an ex am ple of such large-ra dial paleo-me
ander. A se quence of its sed i ments, 5.2 m thick, is rep re -
sented by ox bow-lake fills: overbank clays at the bot tom,
over lain by biogenic sed i ments (in di cat ing over grow ing of
the lake), which are cov ered by silt-sand overbank sed i -
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ments. The bot tom part of the se quence, sam pled at the depth
of 5.2 m was ra dio car bon dated at 10,000±130 yrs BP
(Gd-68731), while the up per sec tion of the se quence, sam -
pled at the depth of 4 m, yielded 10,170±190 yrs BP (Gd-
9008). De spite the age in ver sion both sam ples in di cated that
the be gin ning of the paleochannel fill ing took place dur ing
the Youn ger Dryas – Preboreal Phase (Starkel, Granoszew-
ski 1995). This large paleomeander was aban doned at the end 
of the Youn ger Dryas, thus, sim i larly to the most of large
paleomeanders dated in the lower sec tion of the San (Szu-
mañski 1983). The old est large paleomaeanders de vel oped
be fore the Alleröd. De vel op ment of pine-birch veg e ta tion
dur ing the Alleröd caused peat for ma tion in nu mer ous sec -
tions of val ley bot toms, there fore the ox bow-lakes were
filled up more fre quently (Gêbica 1995, Starkel 1995b). In
some val ley sec tions the ten dency to ward aggradation and
braided chan nels de vel op ment took place dur ing the Youn -
ger Dryas (Starkel, Gêbica 1995). Trun ca tion of wide ero sive 
plains by rivers and de po si tion of 2–4 m thick se ries of di ag o -
nally bed ded sands and grav els ended al most ex actly dur ing
the Youn ger Dryas – Ho lo cene (Preboreal) tran si tion (Ma-
makowa, Starkel 1974, Starkel in: Alexandrowicz et al.
1981, Starkel 1983, 2002). The age from the top most sec tion
of sands at Przemyœl-Przekopana, yield ing 10,375±125 yrs
BP, al most ex actly in di cates a de cline of the Youn ger Dryas
with sig nif i cant ac tiv ity of rivers (Starkel 1977). Sim i lar se -
ries of chan nel al lu via of the braided river from the Youn ger
Dryas and in serted fills of the me an der ing river from the
Early Ho lo cene were re corded in the Vistula (Kalicki 1991)
and Wis³ok val leys (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).

CON CLU SIONS

Pre sented prog ress of re search on stra tig ra phy of al lu via
and flu vial land forms in di cates, that it reaches back to the be -
gin ning of the 20th cen tury. Ap pli ca tion of wide spec trum of
paleogeographical and chro no log i cal meth ods, among oth -
ers the ra dio car bon dat ing, made pos si ble “re ju ve na tion” of
the age of ter races and at tri bu tion of the ter race 15 m high in
the Wis³oka val ley to the Mid dle and Up per Plenivistulian.
Many dated sites were the ba sis for re con struc tion of the
scheme of ter race al lu via stra tig ra phy and par tic u larly, the
con cep tion of 2–3 al lu vial in serts in the Mid dle Plenivistu-
lian, man i fested at the Carpathian mar gins and sep a rated in -
sert dated at the max i mum phase of the Vistulian Gla ci ation
(LGM) (Fig. 2). The cut ting of the high Vistulian ter race
com menced be fore the max i mum of the Vistulian (be fore 20
ka BP) and was con nected with re duc tion of de nu da tion in
the arid, periglacial cli mate. The old est large paleomeanders
de vel oped be fore the Alleröd. Dur ing the Youn ger Dryas
large and wide paleomeanders were formed, cur rently well
re cog nised in the Wis³oka and San val leys. In some sec tions
of river val leys the ten dency to ward braided chan nels for ma -
tion took place dur ing the Youn ger Dryas. In spite of re -
search progress our knowledge about river action in the
Pleistocene–Holocene transition is still insufficient.
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