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In the Odra and Osob³oga River val leys in the vi cin ity of the town of Krapkowice, a sys tem of mor pho log i cal lev els is pres ent
which is ex cep tion ally ex ten sive com pared to other such sys tems in south ern Po land. The ex tent, or i gins and chro nol ogy of
these lev els have been the sub ject of many con tro ver sies. In the light of cur rent re search, the ter races, which are sit u ated on
av er age 14.5–13, 12–10, 8–6, 6–4 and 3–1 metres above the river level, were formed in the post-Wartanian in ter val. The
main fac tor driv ing their de vel op ment was ero sion, which com pen sated for the ef fects of large-scale aggradation that had oc -
curred dur ing the anaglacial phase of the Odranian Gla ci ation (MIS 8) dated to 261 ±15 ka. The im pact of cli ma tic con di tions
on the trends to wards flu vial ero sion or ac cu mu la tion was only of sec ond ary im por tance. Ac cord ing to OSL dat ing, suc ces -
sive phases of ver ti cal sta bili sa tion of the val ley floor oc curred ~118.8 ±8.3, 87.7 ±5.7 and 42.0 ±2.0 ka. In the mean time, ero -
sion in ten si fied, which re sulted in the for ma tion of lower ter race lev els. Dur ing the cli ma tic min i mum of the Up per
Plenivistulian (21.5 ±1.5 ka), un der con di tions of the de liv ery of sheet-wash-gen er ated sed i ment, the aggradation of dis tal
reaches of the Odra River val ley was lo cally marked. Dur ing the Late Vistulian and Ho lo cene, ero sive ten den cies con tin ued,
which were re flected by the fact that the sur faces of sub se quent in set al lu vial fills were sit u ated ever lower. In the light of dat -
ing re sults, it can be con cluded that dur ing the colder pe ri ods cor re lated with the Rederstall Stadial (MIS 5b) and with the
Hasselo Stadial (MIS 3), a braided river was pres ent in the river val leys ex am ined, which was most prob a bly ac com pa nied by 
per ma frost. Dur ing the Eemian Inter gla cial (MIS 5e), dur ing the Late Vistulian Interstadials and in the Ho lo cene, it was a me -
an der ing river.
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INTRODUCTION

Stud ies of river ter race sys tems are widely used to re con -
struct flu vial pro cesses and also to an swer ques tions re lated to
Qua ter nary palaeo ge ogra phy. Among the widely dis cussed
and still un re solved is sues are the con di tions which de ter mine
aggradation/deg ra da tion pro cesses in val leys (see Hosfield
and Cham bers, 2005; Zieliñski, 2015). Most of the mod els
which can be found in the lit er a ture emphasise the re la tion ship
be tween the evo lu tion of the flu vial sys tem and cli mate. As a re -
sult of many years of re search, a num ber of (fre quently con tra -
dic tory) views have been for mu lated on this sub ject:

– inter gla cial/gla cial tran si tion – many au thors con sider
that ero sion dom i nates (i.a., Jahn, 1956; Schumm,

1977; Vandenberghe et al., 1994; Antoine et al., 2000)
un der con di tions of in creased flows of rivers which are
only lightly bur dened by the sed i ments trans ported
(Gibbard and Lewin, 2002); oth ers point to aggradation,
as sum ing that dur ing the tran si tion be tween warm and
cold pe ri ods, a closer con nec tion forms be tween the
slope and chan nel sys tems within catch ment ar eas
(Bogaart et al., 2003);

– glacials – in the clas si cal ap proach, ac cu mu la tion dom i -
nates as a re sult of a com bi na tion of in creased de nu da -
tion within the catch ment and high wa ter stages (e.g.,
Church and Gilbert, 1975; Florek, 1997; Fuller et al.,
1998), with many au thors only as so ci at ing aggradation
with the gla ci ation’s max i mum (Jahn, 1956; Schumm,
1977; Vandenberghe et al., 1994; Superson, 1996), and
ac cu mu la tion may be in ter rupted by ero sion phases
(Gêbica, 2004); ac cord ing to an other ap proach, the ad ap -
ta tion of rivers to Arc tic-Nival type dis charge re gimes
makes river sys tems es sen tially sta ble (Bridgland, 2000);

– late gla cial/early inter gla cial tran si tion – ac cord ing to the
most com mon view, ero sion as so ci ated with in creased
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flows (the ten dency to wards an in creas ingly oce anic cli -
mate) dom i nates, with a de crease in sed i ment trans port
and/or a low er ing of the rivers’ ero sion base as the ice
sheet re treats  (e.g., Jahn, 1956; Vandenberghe et al.,
1994); over time, ero sion may be sup planted by
aggradation in re sponse to a de crease in flow (Maddy et
al., 2001);

– interglacials – views di verge con sid er ably here: some
think that in warm ing pe ri ods, val leys are de graded as a
re sult of lim ited de nu da tion within the catch ment (e.g.,
Church and Gilbert, 1975; Florek, 1997; Fuller et al.,
1998), some as sume that val ley chan nels are ver ti cally
sta ble (e.g., Schumm, 1977; Maizels, 1979; Superson,
1996; Antoine et al., 2000; Maddy et al., 2001), and fi -
nally some claim that slight aggradation can be ob -
served, start ing with the cli ma tic op ti mum (e.g., Jahn,
1956; Vandenberghe et al., 1994; Bogaart and Van
Balen, 2000).

The var i ous con clu sions reached by dif fer ent au thors as a
re sult of their stud ies of geo graph i cally dif fer ent flu vial sys tems
dem on strate that Late Qua ter nary ten den cies to wards val ley
aggradation/deg ra da tion de pend to a large ex tent on lo cal fac -
tors. In par tic u lar, re gional dif fer ences in ver ti cal crust move -
ments and the im pact of lo cal gla ci ation should be con sid ered
(Bridgland and Westaway, 2014). Ac cord ing to the stud ies con -
ducted by Rotnicki (1987), trans gres sion/re ces sion of the ice
sheet af fects the level of the lo cal ero sion base, and thus more
ter races are formed in a val ley reach ad ja cent to the ice sheet
front than in a val ley reach which is dis tant from this front. Ad di -
tion ally, the emer gence of freshly de pos ited gla cial sed i ments
within the catch ment con trib utes to ac cel er at ing val ley
aggradation (Maizels, 1979; Bridgland, 1994). The vi cin ity of
Krapkowice is a prom is ing study area for trac ing the course of
val ley aggradation/deg ra da tion both in the di rect pres ence of
the Scan di na vian ice sheet (Odranian = Drenthe gla cial stage)
and also un der con di tions where the ice sheet front was far ther
re moved from the study area (175 km dur ing the Main Stadial of 
the Vistulian).

Our stud ies ex am ine the ex tent, or i gins and age of the in di -
vid ual lev els which form the sys tem of ter races of the Odra and
Osob³oga rivers near Krapkowice. The re sults of this work are
pre sented in the con text of a broader dis cus sion con cern ing the 
fac tors which de ter mined the suc ces sion of flu vial ero sion and
ac cu mu la tion phases in the Late Qua ter nary.

STUDY AREA

The study cov ered the area of the gorge where the Up per
Odra River crosses the Mid-Tri as sic es carp ment which forms
the north ern bound ary of the Racibórz Ba sin. This re gion un -
der went sev eral glaciations, most re cently dur ing the max i mum
ex tent of the Odranian Gla ci ation = Drenthe Stage = MIS8
(Fig. 1A). As a re sult, the sur face of inter-val ley ar eas con sists
mainly of glaciofluvial sands and grav els as well as gla cial tills
(Wroñski and Koœciówko, 1982; Trzepla, 1999). In the vi cin ity of 
Krapkowice, the thick ness of Qua ter nary strata, which in clude
flu vial de pos its (Fig. 1B), is vari able and ranges from 0 to ~80
metres (Trzepla, 1999). The sub strate in cludes Mid-Tri as sic
lime stones and marls, which form ex po sures on the right bank
of the Odra River. To the south and west of Krapkowice, Mio -
cene clays, muds, sands and grav els from the Poznañ se ries
ap pear in the Qua ter nary sub strate (Fig. 1C). These de pos its
be long to the north ern part of the Carpathian De pres sion, which 
was sub ject to strong sub si dence, es pe cially in the Kêdzierzyn

Trench zone, dur ing the Sarmatian (Dyjor et al., 1977). Ac cord -
ing to Kotlicka (1981), tec tonic move ments in the area in ques -
tion con tin ued in the Qua ter nary, al though their in ten sity grad u -
ally de creased. Glacio-iso static move ments prob a bly played a
role here.

The course of fos sil river val leys from the Plio cene and from 
the Early Pleis to cene, which only over laps with the pres ent hy -
dro graphic net work to a lim ited ex tent, in di cates that the rel a -
tively brief evo lu tion of the Up per Odra River val ley started in
the Mid dle Pleis to cene (Dyjor et al., 1977; Krzyszkowski et al.,
2019). The river sys tem was re shaped as a re sult of gla cial,
glaciofluvial and fluvioperiglacial ac cu mu la tion which ac com pa -
nied sub se quent ice sheet overthrusts in Po land (Fig. 1D). The
mod ern val ley net work fi nally de vel oped on the sur face formed
by the ma te rial de pos ited by the Odranian Gla ci ation, re flect ing
the di rec tions of extraglacial out flow (Lewandowski and Kaziuk,
1982).

The mod ern flu vial landform fea tures in the Krapkowice
area are to a large ex tent the re sult of the man ner in which
deglaciation pro gressed in this area. In the inter-val ley zone, flat 
ar eas with glaciofluvial or i gins can be found at 207–206,
197–195, 192–191 and 187–185 m a.s.l. Sim i larly, in the Odra
River val ley, cul mi na tions of glaciofluvial forms “ris ing” above
the flu vial sed i men tary cover reach re spec tively 207, 193, 189
and 186 m a.s.l. How ever, the or i gins (flu vial or glaciofluvial) of
the re sid u ally pre served sandy and grav elly flat ar eas with el e -
va tions of up to 182 m a.s.l. have not yet been re solved. In par -
tic u lar, the or i gins of the heavily de nuded area with an av er age
el e va tion of 178.5–177.5 m a.s.l. be tween the town of Gogolin
and the vil lage of Góra¿d¿e need to be pre cisely de ter mined.
This level ap pears to cor re spond to the flat ar eas sit u ated
179.5 m a.s.l. on the south ern slope of the Osob³oga River val -
ley. These ac com pany the 186 m a.s.l. cul mi na tion con sist ing
of glaciofluvial sands and grav els in the vi cin ity of the vil lage of
Komorniki. How ever, the lower (and better pre served) mor pho -
log i cal lev els are un doubt edly of flu vial or i gin. In the Odra and
Osob³oga River val leys near Krapkowice, apart from the
182–179.5 and 179.5–177.5 m a.s.l. lev els noted above, there
are also mor pho log i cal lev els sit u ated at el e va tions of around
174.5–173, 172–170, 168–167, 166–165 and 163–161 m a.s.l.
Works by Assmann (1934), Walczakówna and Baranowska
(1964), Szczepankiewicz (1974), Wroñski and Koœciówko
(1982), Lewandowski (1988), Trzepla (1999) and Waga (1994)
have pro vided ex ten sive data on their lo ca tions and struc tures,
but at the same time a num ber of con tro ver sies have arisen re -
sult ing from, among other things, the ab sence of ab so lute dates 
of the de pos its of which they con sist. In par tic u lar, the dif fer -
ences of opin ion con cerned the or i gins, ages and ex tents of the
in di vid ual lev els (see Wójcicki et al., 2018). Con versely, we
have rel a tively nu mer ous 14C dat ing re sults of Late
Vistulian–Ho lo cene de pos its in the val ley floor (sit u ated at
163–161 m a.s.l.), which was stud ied by, among oth ers, Klimek
(2002), Wójcicki et al. (2010) and Wójcicki and Marynowski
(2012).

METHODS

Geomorphological and lithological anal y ses as well as ab -
so lute dat ing have pro vided the ba sis for in fer ences con cern ing 
the evo lu tion of the Odra–Osob³oga flu vial sys tem. The anal y -
sis of the ex tents and heights of the ter races sit u ated on the
slopes of the Odra and Osob³oga  River val leys was car ried out
us ing a dig i tal ter rain model and top o graphic pro files based on
LIDAR data with a ver ti cal res o lu tion of up to 0.2 m.

https://gq.pgi.gov.pl/article/view/8767
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Fig. 1A – lo ca tion of the study area; B – geo log i cal map of the Krapkowice area ac cord ing to Darski (1986), Trzepla (1993, 1999),
Przybylski and Badura (2010), sim pli fied and mod i fied; C – pre-Qua ter nary ge ol ogy ac cord ing to Kotlicki (1977) and Koœciówko
(1982); D – syn thetic lithostratigraphic cross-sec tion of the Odra val ley in the Racibórz Ba sin ac cord ing to Lewandowski (1988,
mod i fied)
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Sedimentological pro files were de vel oped for the mor pho log i cal 
lev els iden ti fied in se lected ex po sures. Grain size dis tri bu tion
anal y sis was by siev ing and, for for ma tions which con tained
frac tions finer than sand, by us ing the so-called com bined
method pro posed by Mycielska-Dowgia³³o (1995). First per cen -
tile (C) and me dian (M) val ues for the grain size dis tri bu tions ob -
tained were cal cu lated along side the in di ces de ter mined ac -
cord ing to the Folk and Ward for mu lae (Folk and Ward, 1957).
The com po si tion of or ganic mat ter was ana lysed us ing the mi -
cro scopic grid method (Tobolski, 2000) and the re sults ob tained 
were com piled in the form of Troels-Smith sys tem for mu lae
(Troels-Smith, 1955).

The age of the al lu via was de ter mined us ing the sin -
gle-aliquot re gen er a tive-dose op ti cally stim u lated lu mi nes -
cence (SAR-OSL) method. The al lu via dated were col lected
from the up per sec tions of al lu vial bars. It was as sumed that the
ma te rial in ques tion was ex posed on the sur face be tween suc -
ces sive flood ep i sodes. Quartz grains be long ing to the
90–125 µm frac tion were dated. In ad di tion, ra dio car bon dat ing
re sults of the or ganic mat ter ac cu mu lated in the ini tial phase of
palaeochannel fill ing in the Late Vistulian and Ho lo cene were
used in the work car ried out. In this case, it should be as sumed
that al lu vial sed i men ta tion oc curred in the pe riod pre ced ing the
ra dio car bon date ob tained. The 14C dates were cal i brated us ing 
OxCal 4.3 (Bronk Ramsey, 2009) and the IntCal13 at mo spheric 
curve (Reimer et al., 2013).

EXTENT AND MORPHOLOGY OF RIVER
TERRACES IN THE ODRA AND 

OSOB£OGA RIVER VALLEYS

T4 TERRACE (~174.5–173 m a.s.l. = 14.5–13 m a.r.l.)

Small parts of this ter race (in to tal <3.5 km2 in area) have
been pre served in the mar ginal zone of the Osob³oga River
fan-ter race com plex, es pe cially in its south ern part (Fig. 2). The
up per edge of the ter race ex hib its a me an der there, which sug -
gests that it could have been formed as a re sult of the ero sive
ac tiv ity of the me an der ing Odra River chan nel. The sur face of
the ter race is partly de nuded (Fig. 3), steadily de scend ing to -
wards the val ley axis and transitioning into a lower ter race along 
a slight bend. No re mains of this ter race have been iden ti fied
be low the gorge in the Krapkowice area.

T3 TERRACE (~172–170 m a.s.l. = 12–10 m a.r.l.)

This is an ex ten sive (>20 km2 within Fig. 2) and well-pre -
served ter race level. The ter race ex tends be yond the area dis -
cussed in this study, both up stream and down stream in the
Odra River Val ley. Its re mains have also been pre served within
the con tem po rary flood plain in the form of iso lated cut-off me -
an ders, e.g. around the vil lages of Nowy M³yn and Pietna in the
Osob³oga River val ley. A de tailed anal y sis of top o graphic pro -
files in di cates that this level near Krapkowice was orig i nally es -
tab lished at an el e va tion slightly >172 m a.s.l. Up stream along
the Odra River val ley, its high est frag ments in the vi cin ity of
Poborszów near KoŸle are el e vated to ~175 m a.s.l., which
trans lates to a slight down stream gra di ent of the level ana lysed
amount ing to 0.25 m/km be tween Poborszów and Krapkowice.

T2 TERRACE (~166–165 m a.s.l. = 6–4 m a.r.l.) 
AND T2+ MORPHOLOGICAL LEVEL (~168–167 m a.s.l. = 8–6 m a.r.l.)

The T2 ter race was ex cep tion ally well-pre served along the
Obrowiec–Malnia line on the right bank of the Odra River as
one of the Pleis to cene routes along which the Odra River
crosses the Mid-Tri as sic es carp ment (Walczakówna and
Baranowska, 1964). The down stream gra di ent of the ter race
within this reach is ~0.31 m/km. Up the Odra River val ley, the
T2 ter race grad u ally dis ap pears, form ing (to gether with the Ho -
lo cene in set fills) the con tem po rary val ley floor up stream of the
vil lage of Stradunia. How ever, be low the Krapkowice gorge, the 
T2 ter race has been pre served on the right bank of the Odra
River in the form of an ex ten sive level ris ing to an el e va tion of
~162.5–161.5 m a.s.l. near the vil lage of K¹ty Opolskie. In the
Osob³oga River val ley, a frag ment of the T2 ter race has been
pre served in the form of a nar row strip (0.09 km2) to the east of
the vil lage of Steblów with traces of braided chan nels. This frag -
ment lies at an al ti tude of ~165.5 m a.s.l., i.e. an av er age of
4 metres above river level.

In the Odra River val ley, there are mor pho log i cal lev els sim -
i lar in el e va tion to the ter race dis cussed. Be tween the vil lage of
Obrowiec and the town of Gogolin, in the cen tral sec tion of the
Odra River drain age route, a mire is pres ent which is sit u ated at 
165.6–166.3 m a.s.l. The mar ginal zone of the T2 ter race rises
steadily to wards the val ley slopes to reach ~169 m a.s.l. This
ex ten sive, gently slop ing sur face is de scribed as the T2+ mor -
pho log i cal level. In the vi cin ity of the vil lage of ̄ ywocice, a small 
frag ment (0.46 km2) of a river ter race has been pre served,
which lies at an al ti tude of ~164 m a.s.l., i.e. 3.5 m above river
level. It is pos si ble that in terms of age, it is a link be tween the
T2 ter race and the con tem po rary val ley floor.

T1 VALLEY FLOOR (~163–161 m a.s.l. = 3–1 m a.r.l.)

The Odra and Osob³oga River floodplains are the most ex -
ten sive ter race level in the Krapkowice area, oc cu py ing
>41 km2 within Fig ure 2. They con sist of a se ries of al lu vial in set 
fills of var i ous ages formed by a sin u ous river. The bound aries
be tween the al lu vial suc ces sions orig i nat ing in the Late
Vistulian and in the Early, Mid dle and Late Ho lo cene are
blurred. In the Osob³oga River val ley, the old est frag ments of
the val ley floor around the Nowy M³yn vil lage (T1d ter race) are
el e vated ~2.8 m above the river level. Near the vil lage of
¯ywocice, bars of large me an ders (T1c level) are lo cated
~2.5 m above the av er age wa ter stage. The sur face of the in set
ter races re lated to the Ho lo cene palaeomeanders (T1b-a lev -
els) is raised 2–0.9 m above the wa ter level of the Osob³oga
River. The Osob³oga River floodplain is char ac ter ized by a sig -
nif i cant gra di ent (1.34 m/km on av er age) within the reach from
the vil lage of Komorniki to the town of Krapkowice. In the Odra
River val ley, the high est-ly ing me an der bar sur faces are ~3.6 m 
above the river level. The larg est ar eas are oc cu pied by parts of 
the flood plain in cluded in the T1b level, which is lo cated on av -
er age 2.2 m above the Odra River wa ter level. Bars of the youn -
gest gen er a tion of palaeomeanders (T1a ter race) are el e vated
from 0.5 to >2 m above river level. The gra di ent of the Odra
River floodplain be tween the vil lage of Stradunia and the town
of Krapkowice is 0.39 m/km, while be low the Krapkowice gorge
(be tween the vil lage of Malnia and the city of Opole) it rises to
0.45 m/km.



DEPOSITS OF THE PLEISTOCENE ODRA AND
OSOB£OGA TERRACES NEAR KRAPKOWICE

T4 TERRACE

Sed i ment anal y sis was car ried out for the Bro¿ec lo cal ity:
50°26’10.6"N, 17°58’47.7"E (see Fig. 2). The anal y sis was of a
sec tion 2 m high (Fig. 4). In its lower sec tion, there is a
monostructural lithofacies suc ces sion con sist ing of sandy gravel, 
grav elly sand and coarse-grained sand (C = 8.5–63.7 mm),
which is char ac ter ized by trough cross-bed ding (GSt, SGt, St;

Fig. 5A). The grav els in the Bro¿ec ex po sure are petro graphi cally 
di verse and in clude, among other com po nents, clasts of
Fennoscandian rocks. In the up per sec tion of the pro file, there is
coarse mas sive sand (Sm), (C = 1.62–1.83 mm), which was
mod i fied post-depositionally by soil-form ing pro cesses. Illuviation 
is shown by the pres ence of the SFm lithofacies above the placic
ho ri zon, at a depth of <1 m.

The sandy and grav elly lithofacies suc ces sion which ex hib -
its trough cross-bed ding (GSt, SGt, St) and is pres ent in the
lower part of the sec tion rep re sents a deep chan nel sed i ment
de pos ited un der con di tions of rapid flow dur ing high wa ter
stage. Sed i men ta tion took place un der con di tions of re cur ring
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Fig. 2. Shaded re lief map of the Odra River Gorge near Krapkowice



bot tom trans port and lo cal ero sion that led to the for ma tion of
troughs which were sub se quently filled with cross-bed ded sed i -
ment. As a re sult of these pro cesses, dunes formed at the bot -
tom of the chan nel. As de po si tion took place, smaller clasts
were se lec tively re moved (neg a tive SkI val ues). The mas sive
sand (Sm) found in the up per part of the sec tion prob a bly re -
flects rapid shal low flow un der up per plane bed con di tions, and
also de po si tion from near-bot tom sus pen sion. Better sorted al -
lu via (dI = 1–2.37) most prob a bly ac cu mu lated on the slope of
the up per bar sec tion dur ing floods which ex ceeded av er age
wa ter stage. The pos i tive skew ness of their grain size dis tri bu -
tions sug gests that flow be came pro gres sively weaker dur ing
sed i men ta tion. The pres ence of a clear, two-part al lu vial cy cle
with nor mal frac tional grain size dis tri bu tion re sem bles the se -
quences typ i cal of me an der ing rivers with sandy beds (see
Zieliñski, 2015). The pres ence of a me an der ing river is also in -
di cated by the pres ence of a deep chan nel, which de ter mines
the emer gence of dunes.

T3 TERRACE

Sed i ment anal y sis was car ried out for the Steblów 3 ex po -
sure: 50°27’27.0"N, 17°57’27.5"E (see Fig. 2). The anal y sis
con cerned a sec tion 6.1 m high (Fig. 6). Two sed i men tary suc -
ces sions were iden ti fied in this pro file, sep a rated at a depth of
1.9 m by a clear ero sion sur face and imbricated lag de pos its.
The bot tom suc ces sion is dom i nated by sand which ex hib its
hor i zon tal bed ding and low-an gle cross-bed ding (Sh, Sl),
(Fig. 5D). Ad di tion ally, lithofacies of hor i zon tally bed ded grav -
elly sand (SGh), mas sive mud (Fm) and muddy sand with flaser 
bed ding (SFf) are pres ent (Fig. 5E). Within these de pos its, de -
for ma tion load struc tures (load casts, flame) oc cur (Fig. 5C).
Petrographic anal y sis dem on strated that this suc ces sion only
con tains monomineral quartz gravel (Wójcicki et al., 2018). The 
up per suc ces sion con sists of mas sive grav els (Gm), sandy
grav els (GSm) and hor i zon tally bed ded sands (Sh). Within this
suc ces sion, there is a scour hole (up to 30 cm deep) filled with
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Fig. 3. Cross-pro files of the Odra and Osob³oga val leys (for lo ca tion of the pro files see Fig. 2)
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gravel and sandy gravel which ex hib its flat cross-bed ding (Gp,
GSp), (Fig. 5B). The gravel pres ent in this suc ces sion has a
var ied petrographic com po si tion, which in cludes Fenno -
scandian rocks (Wójcicki et al., 2018).

The lower suc ces sion was formed in chang ing lithodynamic 
con di tions (Mz –0.45–7.1 phi), un der a super criti cal flow re gime 
(up per plane bed – lithofacies Sh, SGh) and also dur ing tran si -
tion from the lower to the up per re gime (lithofacies Sl). Dur ing
pe ri ods of weaker cur rent, finer ma te rial was de pos ited. Thin in -
sets of fine sand and mas sive mud (Sh, SFf, Fm) re flect in hi bi -
tion of flow and the slow de po si tion of fine sus pen sions from still 
wa ter (C = 0.37–0.85; M = 0.002–0.005 mm). Muddy sand with
flaser bed ding (SFf) was the re sult of suc ces sive pe ri ods of
weak flow and wa ter stag na tion (see Mar tin, 2000). This suc -
ces sion prob a bly rep re sents shal low-bed al lu via, and shal low
beds are typ i cal of braided rivers in which aggradation is strong. 
This is in di cated by the pres ence of the Sh, SGm and Sl
lithofacies which are pres ent in the form of thin shoals (see
Zieliñski, 2015). Fine-grained lay ers (Sh/Fm) formed un der
stag nant flow con di tions dur ing low wa ter stages are also of ten
found in the al lu via of shal low, aggrading braided rivers (e.g.,
Therrien, 2006). The de for ma tion struc tures (load casts, flame)
pres ent in these de pos its are con sid ered to be typ i cal for
strongly aggrading sed i men ta tion in shal low braided rivers
(Tun bridge, 1981). The petrographic com po si tion of the gravel
(monomineral quartz gravel) in di cates the de po si tion of sed i -
ment which was pre vi ously sub ject to long-term chem i cal
weath er ing (Wójcicki et al., 2018).

The up per suc ces sion (lithofacies Gm, GSm, Sh) was
formed in high-en ergy flow con di tions in a gravel-bed ded river,
prob a bly within an interbar chan nel. This is in di cated by the
suc ces sion of grav elly and sandy sed i ments, the pres ence of
an ero sion sur face with lag de pos its and the pres ence of a
scour hole filled with gravel (Gp). The for ma tion of lag de pos its
is con sid ered to be typ i cal of in tense re-de po si tion of al lu via in

interbar chan nels, most fre quently in the ris ing flood phase
(Zieliñski, 2015). Scour holes/large-scale troughs are eroded
dur ing the max i mum wa ter stage, of ten in the zone where two
interbar chan nels meet and sub se quently, as the flood wave re -
cedes, they are filled with ma te rial which is trans ported near the
bot tom (Salter, 1993). The petrographic com po si tion of the
gravel (the pres ence of Fennoscandian rocks) re flects the flu -
vial redeposition of glacigenic sed i ments.

T2 TERRACE

Sed i ment anal y sis was car ried out for the Pietna lo cal ity:
50°27’17.5"N, 17°57’35.8"E (see Fig. 2). The anal y sis con cerned 
a pro file with a thick ness of 2 m (Fig. 7). Here, tab u lar lithosomes
are pres ent with a thick ness of up to 80 cm. In the lower sec tion
of the pro file, there is mas sive sand (Sm) and mas sive sandy
gravel (GSm) with thin interbeds of coarse sand (Mz =  from
–0.81 to –2.97 phi; C = 48.38–69.68 mm at a depth of
1.0–1.8 m). In the up per sec tion of the pro file, there is coarse
mas sive sand (Sm) with dis persed gravel (C = 8.92–14.04 mm).
The struc ture of this de posit was oblit er ated dur ing the de vel op -
ment of brown soil epipedons. The grav els in the Pietna ex po -
sure are petro graphi cally di verse and in clude, among other com -
po nents, clasts of Fennoscandian rocks.

These de pos its were formed in a high-en ergy en vi ron ment,
un der con di tions of vari able and rel a tively shal low flow – up per
plane bed. Pe ri od i cally, the trans port be came less dy namic
(sandy layer at a depth of 1.0–0.8 m), but gravel is pres ent even 
in the up per sec tion of the suc ces sion. These fea tures in di cate
the en vi ron ment of a braided river, traces of whose
palaeochannels can be seen on the sur face of the ter race. The
en rich ment of sandy-grav elly de pos its with finer frac tions at a
depth of up to 0.6 m is in ter preted as the ef fect of near-sur face
weath er ing which ac com pa nied soil-form ing pro cesses.

Fig. 4. The de pos its of the T4 ter race, Bro¿ec site
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Fig. 5. Ex am ples of lithofacies

A – lithofacies suc ces sion with trough cross-bed ding (SGt, St); B – cross-bed ded gravel (Gp, Gsp) fill ing the scour hole;
C – flame-type de for ma tion struc tures; D – sand lithofacies with low-an gle cross-bed ding (Sl); E – muddy sand with flaser 

bed ding (SFf); F – de pos its com pris ing peat frag ments (C) and sand with hor i zon tal bed ding (Sh)
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Fig. 6. The de pos its of the T3 ter race, Steblów 3 site



T2+ MORPHOLOGICAL LEVEL

Sed i ment anal y sis was car ried out for the Gogolin lo cal ity:
50°28’21.9"N, 18°01’17.0"E  (see Fig. 2). The anal y sis con -
cerned a sec tion 2 m high (Fig. 8). Here, clastic and or ganic de -
pos its are pres ent (in the up per part of the sec tion). At a depth
of >1.0 m, there is sand with a few peb bles, with a mas sive
struc ture (Sm). Above, there is a tab u lar lithofacies com posed
of hor i zon tally bed ded sand (Sh). Nor mal frac tional grain size
dis tri bu tion is vis i ble in places. The lay ers are in clined at an an -
gle of ~4° to wards the SW. This gra di ent is in line with the lo cal
slope gra di ent in this area. Clastic de pos its within the Gogolin
pro file are char ac ter ized by a rel a tively good sort ing (dI usu ally
<1.0) and in many cases by the neg a tive skew ness of their
grain size dis tri bu tion. The or ganic com po nent (C) com prises
strongly de com posed peat in which there have been pre served
the fol low ing: (1) at a depth of 0.42–0.30 m – mainly brown
mosses and Sphag num sp. as well as Phragmites aus tra lis re -
mains (Bryalo-Parvocaricioni peat); (2) at a depth of
0.30–0.18 m – mainly bark (wood peat); (3) at a depth of
0.18–0 m – mainly small sedge roots (Magnocaricioni peat). In
the tran si tional layer be tween clastic and or ganic de pos its (at a
depth of ~0.5 m), an gu lar lumps of peat and hor i zon tally bed -
ded sand (Sh) are pres ent (Fig. 5F).

The mas sive sand lithofacies (Sm) is prob a bly a chan nel
sed i ment de pos ited un der con di tions of rapid shal low flow. The
hor i zon tally bed ded sand lithofacies (Sh), con sist ing of lay ers
in clined downslope, is the re sult of slope-re lated sheet -
wash/sheet flood de pos its. The Odra River val ley near Gogolin
was filled with peat as a re sult of paludification (with out
bioindicators of an aquatic en vi ron ment). Ini tially, the mire was
dom i nated by sedge-moss fens on which no for est grew. Dur ing 
the for est phase of mire de vel op ment, pro cesses of sand sup -
ply from the slope were halted. In the youn gest phase, which
was most prob a bly con nected with man-made de for es ta tion in
a sim i lar fash ion to that at ad ja cent sites (Wójcicki and
Marynowski, 2012), de nu da tion pro cesses in ten si fied again.
Dur ing its de vel op ment, the mire was sub ject to pe ri od i cal dry -

ing, which led to re ces sion of peat. The pres ence of peat and
sand (Sh/C) in one layer re flects the frag men ta tion of the de -
posit with the for ma tion of des ic ca tion cracks.

DEPOSITIONAL AGE

The dat ing of Pleis to cene mor pho log i cal lev els was based
on di rect age de ter mi na tions of the de pos its us ing the OSL
method. The age of de pos its in the Bro¿ec ex po sure (see Fig. 4), 
which was de ter mined at 118.8 ±8.3 ka (Ta ble 1), in di cates that
the T4 level can most prob a bly be as so ci ated with the Eemian
Inter gla cial (MIS 5e) or pos si bly the Herning Stadial (MIS 5d) at
the be gin ning of the Vistulian. The old est de pos its were found in
the Steblów 3 ex po sure, where they were dated at 261 ±15 ka
and 261 ±14 ka at depths of ~560 cm and 240 cm, re spec tively
(see Fig. 6). Thus, these can be as so ci ated with the max i mum
stadial of the Odranian Gla ci ation = Drenthe gla cial stage
(MIS 8). In the postglacial in ter val, these de pos its were in cised
and over lain by youn ger al lu via due to lat eral ero sion of the
riverbed. The T3 level al lu via, which are sep a rated by a clear
ero sion sur face, were dated to 87.7 ±5.7 ka. In the light of this,
they orig i nate from the Early Vistulian, most likely from a pe riod
cor re lated with the Rederstall Stadial (MIS 5b) or the be gin nings
of the Odderade Interstadial (MIS 5a; Wohlfarth, 2013). The age
of T2 ter race de pos its in the Pietna ex po sure was de ter mined at
42.0 ±2.0 ka (see Fig. 7), and thus they were most prob a bly de -
pos ited in the Mid dle Plenivistulian, in an in ter val cor re lated with
the Hasselo Stadial be tween the Moershoofd (~46–44 ka) and
Hengelo Interstadials (~39–36 ka). The age of clastic de pos its in
the Gogolin ex po sure was de ter mined at 21.5 ±1.5 ka (see
Fig. 8) and this in di cates that they may be of MIS 2 age, which
cor re sponds to the max i mum ex tent of the Vistulian ice sheet
(Leszno/Poznañ phase).

In the case of the flood ter race, age de ter mi na tions are
based on 14C dat ing of or ganic de pos its ac cu mu lated in ox bow
lakes. There fore, the river chan nel al lu via as so ci ated with them
should be con sid ered older. The palaeochannel sit u ated within
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Fig. 7. The de pos its of the T2 ter race: Pietna site



the high est part of the floor of the Osob³oga Val ley (T1d level) is
filled with de pos its whose or ganic con tents in the lower part of
the sec tion have been ra dio car bon dated (Ta ble 2) to the be gin -
nings of the AllerÝd (Wójcicki and Marynowski, 2012). The
large palaeomeander in the ̄ ywocice area (T1c level) prob a bly
orig i nates from the Late Vistulian/Ho lo cene. The sur face of the
ter races of the T1b-a in set lev els within the Osob³oga River
flood plain is re lated to late Ho lo cene palaeomeanders (Klimek, 
2002; Wójcicki and Marynowski, 2012). The two
palaeomeanders as so ci ated with the T1b level in the Odra
River val ley near Krapkowice orig i nate from the Mid dle Ho lo -
cene (Wójcicki et al., 2010).

EVOLUTION AND DRIVERS OF FLUVIAL
AGGRADATION AND DEGRADATION 

OF THE ODRA AND OSOB£OGA RIVERS
 IN THE LAST GLACIAL-INTERGLACIAL CYCLE

The over all struc ture of the ter race se quence along the
Odra and Osob³oga rivers in the Krapkowice area in di cates that 
the evo lu tion of the lower Osob³oga val ley was closely re lated to 
trends ap pear ing in the Odra val ley. The im pact of the lo cal ero -
sion base is ob served up to 10 km up stream of the Osob³oga
River mouth. As a re sult, a uni form fan-ter race com plex of the
Odra and the lower Osob³oga rivers evolved in this area in the
late Qua ter nary.

The re sults of dat ing (261 ±15 ka and 261 ±14 ka) of al lu via
within the Osob³oga River ter race out crop south of the town of
Krapkowice in di cate that the val ley was sub ject to strong
aggradation dur ing the max i mum stadial of the Mid dle Pol ish
Gla ci ation (Odranian = Drenthe gla cial stage = MIS 8). The suc -
ces sion of monomineral (quartz) sed i ments de pos ited at that
time, which does not con tain any ad mix tures of Fennoscandian
rock clasts, ad di tion ally sug gests that this could have taken
place in the anaglacial phase of that gla ci ation. In the light of
sedimentological anal y ses, the marked rais ing of the val ley

floor was the work of a braided river, which was over loaded with
de bris and had a shal low chan nel which was prone to avul sion.
At that time, an ex ten sive al lu vial fan formed at the mouth of the
Osob³oga River in the place where it en ters the Odra River val -
ley. This prob a bly oc curred when the out flow of extraglacial wa -
ters in the north ern di rec tion was in hib ited by the overthrusting
Odranian ice sheet. The aggradation of the sur face of the
fan-ter race com plex of the Odra and Osob³oga rivers in the
Krapkowice area may have reached a max i mum el e va tion of
179.5–182 m a.s.l. The al ti tude of the Odra/Osob³oga val ley
bot tom was raised by not less than 14 m in re la tion to the layer
dated to 261 ±15 ka in the Steblów 3 ex po sure. Floodplain
aggradation can be fa voured by glacioisostatic downpressing
(see Krzyszkowski et al., 2019). Ev i dence of the rivers’ strong
re ac tion to the close prox im ity of the ice sheet front has been
pro vided, inter alia, by the stud ies con ducted in the Prosna
River val ley, which dem on strated that when the ice sheet
stopped, rapid aggradation oc curred and dur ing its re ces sion,
in tense ero sion fol lowed (Rotnicki, 1987). How ever, the im pact
of fluc tu a tions of the ero sion base on flu vial ero sion and ac cu -
mu la tion in the Prosna River val ley com pletely waned af ter
~150 km. Study re sults from the Warta River val ley in the
Uniejów Ba sin in di cate that the in flu ence of the ice sheet on flu -
vial pro cesses was al ready sig nif i cantly re duced at a dis tance of 
30 km from the ice sheet front (Petera, 2002). There fore, it can -
not be ruled out that the dat ing of the rapid aggradation phase in 
the Odra River val ley si mul ta neously in di cates the age of the
Odranian ice sheet overthrust.

In the post-gla cial in ter val, a pro longed ten dency to river in -
ci sion was ini ti ated. It is pos si ble that this was re lated to in ver -
sion in ver ti cal crustal move ment un der the in flu ence of gla cial
iso static ad just ment (see Bridgland and Westaway, 2014;
Krzyszkowski et al., 2019). The el e va tion of the val ley bot toms
was re duced by at least 5 m from the end of deglaciation to the
Eemian Inter gla cial. A poorly pre served mor pho log i cal level
(ter race T5?) at 179.5–177.5 m a.s.l. shows that a flu vial phase
with equally bal anced ero sion and ac cu mu la tion was ac tive dur -
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Fig. 8. The de pos its of the T2+ mor pho log i cal level: Gogolin site



ing this pe riod. It may per haps be cor re lated with the cli ma tic
de te ri o ra tion of the Wartanian Stadial (MIS 6).

In the light of the stud ies con ducted, all the better-pre served 
mor pho log i cal lev els of flu vial or i gin (lev els <174.5 m a.s.l.)
were formed in the post-Wartanian in ter val (Fig. 9). The dat ing
of T4 ter race de pos its sug gests that this level was most prob a -
bly formed in the Eemian Inter gla cial. This is in di rectly sup -
ported by geomorphological ar gu ments and lithological anal y -
ses which sug gest that the ter race was formed by a me an der ing 
river. The tran si tion from the Eemian inter gla cial to the Vistulian
was not marked by any rapid changes in the flu vial en vi ron ment
(Petera, 2002). Stud ies of the mid dle ter race of the Vistula River 
val ley in Kraków in di cate that me an der ing rivers may have con -
tin ued to func tion in south ern Po land when bo real co nif er ous
for ests dom i nated dur ing the Early Vistulian interstadials
(Soko³owski et al., 2014). Dur ing the BrÝrup Interstadial, for est
growth lim ited the ac tiv ity of de nu da tion pro cesses and in ten si -
fied the deep en ing of riverbeds in the Carpathians and the
Sub-Carpathian bas ins (Starkel, 1980).

The re sults of dat ing the al lu via pres ent in the T3 ter race sug -
gest that the sur face of the fan-ter race com plex was dis sected
from ~174.5 m a.s.l. to 172 m a.s.l. be fore the pe riod cor re lated

with the Rederstall Stadial (MIS 5b). The struc tural and tex tural
char ac ter is tics of the al lu via dated to 87.7 ±5.7 ka in di cate
(GdTL-2820) that they ac cu mu lated in a cool cli mate, in the
high-en ergy en vi ron ment of a braided river. This could have
been caused by the rap idly de te ri o rat ing cli ma tic con di tions. Ac -
cord ing to the chro nol ogy based on ox y gen iso tope mea sure -
ments in deep-sea de pos its, that gla cial substage peaked at
87 ka (Lisiecki and Raymo, 2005). As a re sult of this cool ing,
shrub tun dra ap peared in Po land with ex ten sive ar eas oc cu pied
by her ba ceous plants with steppe el e ments (Mamakowa, 1989).
At the same time, multiannual per ma frost emerged in the Pol ish
low lands for the first time in the Vistulian (Kozarski et al., 1980).
Ev i dence of its pres ence have also been found in the Odra River
area, in out crops of the T3 ter race in the Januszkowice vil lage
near the town of Zdzieszowice (Czerwiñski, 1968). As a re sult,
the river chan nel sys tem may have been trans formed and
braided rivers may have ap peared at that time, as doc u mented
by Superson (1996) in the Wieprz River catch ment. In the Odra
and Osob³oga River val leys, flu vial pro cesses de vel oped on a
large scale, as T3 is the most ex ten sive Pleis to cene ter race in
the Up per Odra River val ley. Tak ing into ac count the large ex tent 
of this ter race, it should be as sumed that its de vel op ment was

Ero sion and ac cu mu la tion phases dur ing the last gla cial-inter gla cial cy cle... 115

Laboratory

code

Core

Lo ca tion

Sam pling 

depth

[cm]

Dated ma te rial

Con ven tional
14C age 

[yr BP]

95.4% cal age (Me dian age)

[cal yr BP]

Ki-7162
Nowy M³yn 

Osob³oga v. – T1d 114–120
mainly tree de tri tus; periderm and

wood re mains
11780 ±120

13940–13360

(13610) 

Ki-7163
¯ywocice

Osob³oga v. – T1c
195–200 mainly tree de tri tus, re mains of

Phragmites aus tra lis and Carex sp.
10200 ±75 12350–11410

(11890)

Ki-13088
Ligota

Odra val ley – T1b
216–224

mainly tree de tri tus, re mains of

Nymphaeaceae and P. aus tra lis
6420 ±80

7470–7170

(7350)

Ki-14899
¯u¿ela

Odra val ley – T1b
233–237 mainly tree de tri tus, re mains of

aquatic plants and P. aus tra lis
6340 ±80

7430–7030 

(7270)

Ki-15888
Steblów 1

Osob³oga v. – T1ba
230–235 mainly aquatic plant de bris, re mains

of Carex sp. and P. aus tra lis
3540 ±60

3980–3640

(3820)

Ki-15880
Steblów 2

Osob³oga v. – T1ba
138–142 mainly brown moss, re mains of Carex

sp. and P. aus tra lis
2040 ±90

2310–1820

(2010)

Ki-7160
Krapkowice 2

Osob³oga v. – T1a
146–150 mainly tree de tri tus 1920 ±50

1990–1730

(1870)

T a  b l e  2

Re sults of 14C dat ing of the de pos its fill ing the Odra and Osob³oga rivers palaeochannels

Lab o ra tory

code
Out crop Sam pling

depth [cm] Th [Bq/kg] U [Bq/kg] K Bq/kg] Dose rate
[Gy/ka] OSL Age [ka]

GdTL-3130 Gogolin 155 6.1 ±0.1 5.1 ±0.1 236 ±6 1.01 ±0.04 21.5 ±1.5

GdTL-3133 Pietna 110 14.2 ±0.2 10.1 ±0.2 266 ±7 1.31 ±0.05 42.0 ±2.0

GdTL-3134 Bro¿ec 170 7.1 ±0.2 5.1 ±0.1 232 ±6 1.01 ±0.04 118.8 ±8.3

GdTL-2820 Steblów 3 150 7.4 ±0.2 5.1 ±0.1 236 ±6 1.01 ±0.04 87.7 ±5.7

GdTL-3131 Steblów 3 240 13.4 ±0.2 10.0 ±0.2 200 ±6 1.08 ±0.04 261 ±14

GdTL-3132 Steblów 3 560 12.0 ±0.2 8.1 ±0.2 265 ±7 1.17 ±0.05 261 ±15

T a  b l e  1

Ra dio iso tope con cen tra tions with fi nal dose rate and OSL dat ing of Pleis to cene mor pho log i cal lev els
 in the Odra and Osob³oga valleys

https://gq.pgi.gov.pl/article/view/9273


as so ci ated with the long-term ver ti cal sta bili sa tion of the val ley
floor. How ever, no aggradation fol lowed and the al lu vial cy cle of
the braided river at the Steblów 3 site is <2 m thick.

Af ter a pe riod of val ley floor sta bili sa tion, which was at least
partly as so ci ated with the Rederstall Stadial (MIS 5b), a
long-term trend to wards ero sion emerged in the vi cin ity of
Krapkowice, which es sen tially con sisted in the sed i ments be ing 
re moved with out the val leys be ing ex tended in a lat eral di rec -
tion. Be tween the end of the Early Vistulian and the Mid dle
Plenivistulian, the sur face of the flood plain moved down wards
by ~6 m – from 172 to 166 m a.s.l. It should be stressed that the
de vel op ment di rec tion of flu vial pro cesses in the Lower and
Mid dle Plenivistulian was am big u ous. The re sults ob tained in
the Odra River val ley are con sis tent with the ob ser va tions from
cen tral Po land, where in many val leys a trend to wards ero sion
was ob served from the end of the Early Vistulian through the
Early and also partly Mid dle Plenivistulian (Petera, 2002). On
the other hand, some flu vial sys tems have been iden ti fied
where a trend to aggradation pre vailed, as in the Wieprz River
catch ment at the end of the Early and at the be gin ning of the
Mid dle Plenivistulian (Superson, 1996). In the vi cin ity of
Krapkowice, ver ti cal sta bili sa tion of the floor of the Odra River
val ley oc curred and the T2 ter race de vel oped in the Mid dle
Plenivistulian (MIS 3) ~42.0 ±2.0 ka (GdTL-3133), i.e. in the pe -
riod cor re lated with the Hasselo Stadial. The lithological char ac -
ter is tics of the al lu via in di cate that they were de pos ited in a cold
cli mate (no or ganic in ter ca la tions are pres ent), in the highly en -
er getic en vi ron ment of a braided river (whose traces have been
pre served on the sur face of the T2 ter race be low Steblów). This 
trend of flu vial pro cesses was prob a bly fa voured by cli mate de -
te ri o ra tion. At that time, for est ar eas in south ern Po land were
re placed by tun dra com mu ni ties with steppe and photophilous
veg e ta tion (Œrodoñ, 1972). Much ev i dence points to the de vel -
op ment of per ma frost – traces of its pres ence were re corded

within the T2 ter race both in the sub urbs of the city of Opole
(Jahn and Piasecki, 1952) and in Obrowiec vil lage, where the
fis sure struc tures pres ent were con sid ered synsedimentary
(Czerwiñski, 1968). In the Sub-Carpathian bas ins, this pe riod
was marked by the pre dom i nance of aggradation (Gêbica,
2004), while the most sig nif i cant ero sion phase took place be -
fore the max i mum ex tent of the Vistulian ice sheet (Starkel et
al., 2007; Gêbica et al., 2015).

When the ice sheet in the Pol ish Low lands reached its max i -
mum ex tent, the up per Odra River catch ment was lo cated in the 
Arc tic-Al pine veg e ta tion zone with tun dra and steppe veg e ta -
tion ad mix tures (Œrodoñ, 1972). In the river val leys of the
Carpathian fore land, braided rivers func tioned be tween 23 and
15 ka (Gêbica, 2004; Starkel et al., 2007; Gêbica et al., 2015).
How ever, in the light of the anal y sis of the sed i men tary suc ces -
sion from the Pietna site, there was no aggradation of the
Osob³oga River val ley floor dur ing the Vistulian cli ma tic min i -
mum. Only mar ginal frag ments of the Odra River de pres sion
along the Obrowiec–Malnia line were sup ple mented by sandy
sed i ments dated to 21.5 ±1.5 ka (GdTL-3130), which were re -
de pos ited from the slope. The mech a nism by which sur faces of
this type were formed was iden ti fied with re spect to de pos its of
the Mid dle Plenivistulian in the river val leys of cen tral Po land
(see Turkowska, 1988). The sed i ments were de liv ered from the 
val ley slopes as a re sult of trans verse pro cesses (sheetwash),
and only then could they be re de pos ited as a re sult of lon gi tu di -
nal flu vial pro cesses. The con di tions for the de vel op ment of
trans verse pro cesses were the pres ence of slopes with a suf fi -
cient gra di ent, which at the same time could sup ply the sed i -
ments de pos ited in the val ley (Petera, 2002). Ow ing to these
con di tions, the aggradation of the Odra River val ley in the Up -
per Plenivistulian only had a lo cal di men sion. In the de pres sion
of the Plenivistulian drain age route of the Odra River, as a re sult 
of paludification, a mire de vel oped whose in di vid ual de vel op -
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Fig. 9. Changes in the el e va tion of river ter races of the Odra and Osob³oga rivers in the last gla cial-inter gla cial cy cle

A – ma rine iso tope stages (MIS) ac cord ing to Lisiecki and Raymo (2005); B – tem per a ture curve ac cord ing to Ro man et al. (2014); C
– stra tig ra phy of the last gla cial stage in Po land and its cor re la tion with West ern Eu rope ac cord ing to Marks et al. (2016): Lower P. –
Lower Plenivistulian; Up per P. – Up per Plenivistulian; L – Leszno; Pz – Poznañ, P – Pom er a nian; G – Gardno; LV – Late Vistulian
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ment phases are prob a bly as so ci ated with the Ho lo cene. In the
youn gest phase, which was most prob a bly re lated to
anthropogenic de for es ta tion (see Wójcicki and Marynowski,
2012), slope pro cesses in ten si fied again.

Along with the re treat of the ice sheet from the cur rent ter ri -
tory of Po land, lat eral ero sion ac cel er ated in the val leys of the
Odra and Osob³oga rivers, which re sulted in the re duc tion in lat -
eral ex tent of the T2 ter race. As a re sult, in many reaches the
flood plain now bor ders di rectly on the edge of the T3 ter race. In
the light of ra dio car bon dat ing re sults, a sin u ous river ap peared
in the Osob³oga River val ley no later than at the be gin ning of the 
AllerÝd. De spite the spread of for est cover in the Late Vistulian
and in the Ho lo cene, val ley floor deg ra da tion pro cesses con tin -
ued. In AllerÝd–Mid-At lan tic times it is es ti mated that the in ci -
sion rate of the Odra and Osob³oga river chan nels was
~0.96 mm/year. In the Mid-At lan tic–Older Subatlantic times (1st
cen tury CE), the av er age chan nel in ci sion rate ac cel er ated to
~1.85 mm/year, most likely due to the de for es ta tion and eco -
nomic de vel op ment of the river val leys stud ied (Wójcicki and
Marynowski, 2012).

CONCLUSIONS

1. Large-scale aggradation of the Odra and Osob³oga River
val leys near the town of Krapkowice oc curred dur ing the
anaglacial phase of the Odranian Gla ci ation (MIS 8). The
lithological char ac ter is tics and sim i lar dat ing re sults of sam ples
rep re sent ing an al lu vial suc ces sion >3 m in thick ness (261 ±15
and 261 ±14 ka) sug gest that the ver ti cal growth of sed i ments

was rapid, most prob a bly due to the out flow be ing in hib ited by
an overthrusting ice sheet.

2. In the Late Pleis to cene and in the Ho lo cene, al lu via re -
moval pro cesses dom i nated, in ter rupted by pe ri ods of ver ti cal
sta bili sa tion dated to ~118.8 ±8.3, 87.7 ±5.7 and 42.0 ±2.0 ka.
Even dur ing the cli ma tic min i mum of the Up per Plenivistulian,
no wide spread trends to wards aggradation were iden ti fied in
the T2 ter race, ex cept for its mar ginal frag ments be ing sup ple -
mented by trans verse pro cesses (oc cur ring on val ley slopes)
dated to 21.5 ±1.5 ka. In this con text, there are no rea sons for
point ing to Late Qua ter nary cli ma tic fluc tu a tions as the main
fac tor de ter min ing the course of flu vial pro cesses in the Odra
and Osob³oga River val leys. Rather, the re sults ob tained in di -
cate that the main driver of the de vel op ment of the flu vial sys -
tem ana lysed was ero sion which com pen sated for the ef fects of 
large-scale aggradation dur ing the Odranian ice sheet trans -
gres sion.

3. The study re sults ap pear to sup port the re la tion ship be -
tween cli ma tic con di tions and the chan nel de vel op ment pat -
tern. In the light of dat ing re sults, it can be con cluded that dur ing 
the colder pe ri ods cor re lated with the Rederstall Stadial
(MIS 5b) and with the Hasselo Stadial (MIS 3), a high-en ergy
braided river sys tem was pres ent in the river val leys ex am ined,
which was most prob a bly ac com pa nied by per ma frost. Dur ing
the Eemian Inter gla cial (MIS 5e), dur ing Late Vistulian
interstadials and in the Ho lo cene (MIS 1), the flood plain was
shaped by a me an der ing river.
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