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Holsteinian flu vial de pos its in the Samica River val ley in east ern Po land have been stud ied, in an ap prox i mately 12 m thick
suc ces sion fill ing palaeochannels and com pris ing sandy chan nel fa cies suc ceeded by a pack age of gyttja, peat and silt de -
pos ited in an ox bow lake. Chan nel belts in clud ing palaeochannel fills cut into outwash sands and are over lain by diamictic
sands re worked by gelifluction un der periglacial con di tions. Sedimentological and palynological in ves ti ga tions in com bi na -
tion al lowed the rec og ni tion of gla cial and inter gla cial de pos its. The chan nel belt was formed by a typ i cal sand-bed, me an -
der ing river with de po si tion con trolled by abun dant point bars. The sed i men tary evo lu tion of the Samica val ley is in ter preted
in the con text of the gla cial–inter gla cial cy cle. Val ley-scale ero sion and change of river style from braided to me an der ing oc -
curred co evally with the de cay of an ice sheet (deglaciation) and the main phase of me an der ing river sed i men ta tion is at trib -
uted to the lat est Elsterian and early Holsteinian. The next part of the inter gla cial, from pi o neer stage to es tab lished
tem per ate con di tions, is re corded in a biogenic ox bow-lake fill. The suc ces sion stud ied has been com pared with pub lished
data on the Eu ro pean flu vial de pos its of Mid dle Pleis to cene interglacials. It is pointed out here that river chan nel pat terns in
West ern and East ern Eu rope dif fered. Based on this ob ser va tion, some gen eral hy poth e ses re gard ing con ti nen tal-scale cli -
ma tic dis tinct ness are put for ward.
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INTRODUCTION

Sedimentological anal y ses play an im por tant part in
palaeoenvironmental and lithostratigraphical in ter pre ta tions of
Qua ter nary flu vial de pos its, as dem on strated by Eu ro pean
stud ies of de pos its of Weichselian and Ho lo cene age. Such flu -
vial sed i men tary re cords have been rec og nized in de tail in the
Neth er lands (Van Huissteden, 1990; Kasse et al., 1995; Weerts 
and Berendsen, 1995; Huisink, 2000; Mol et al., 2000;
Busschers et al., 2007; Hijma and Co hen, 2011), the Brit ish
Isles (Brown, 1995; Rose, 1995; Col lins et al., 1996; Gao et al.,
2007), Ger many (Mol, 1995, 1997; Mol et al., 2000; Andres et
al., 2001; Dambeck and Thiemeyer, 2002; Kasse et al., 2003;
Erkens et al., 2011), north ern France (Lefevre et al., 1995;
Straffin et al., 2000; Antoine et al., 2003) and in Po land
(Szumañski, 1983; Rotnicki, 1987; Kozarski et al., 1988;

Turkowska, 1988; Vandenberghe et al., 1994; Kalicki, 1996;
Florek, 1997; Starkel, 2002; Starkel et al., 2007; Gêbica, 2004).
Sev eral stud ies have been con ducted in East ern Eu rope as
well, e.g. in Belarus (Kalicki and Sanko, 1998) and Rus sia
(Sidorchuk et al., 2001, 2009; Panin and Matlakhova, 2015).
Most of these pa pers deal with the prob lem of flu vial tran si tion
con trolled by cold-to-tem per ate cli ma tic change.

The num ber of such stud ies con trasts greatly with spo radic
ac counts of river de vel op ment dur ing the older gla cial–inter gla -
cial cy cles (Veldkamp and Van den Berg, 1993; Krzyszkowski,
1996; Turner, 1998; Marks and Pochocka, 1999; Antoine et al.,
2000; Zieliñski and GoŸdzik, 2001; Gibbard and Lewin 2002;
Marks and Pavlovskaya, 2003; Busschers et al., 2007; Lewin
and Gibbard, 2010; Cordier et al., 2014). Only spo radic stud ies
fo cused on in ter pre ta tions of the inter gla cial river en vi ron ment.
The cur rent anal y sis is in tended to help fill this gap. More over,
the au thors be lieve that their re search can shed light on the
evo lu tion of the Cen tral Eu ro pean flu vial sys tems dur ing the
Holsteinian, which is cor re lated in Po land with Ma rine Iso tope
Stage 11 (MIS 11; Lindner et al., 2013).

Only rarely can flu vial de pos its of for mer interglacials be
stud ied in out crop be cause they are bur ied un der thick suc ces -
sions of youn ger age. More over, inter gla cial flu vial se ries have
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a low pres er va tion po ten tial due to ero sion at the tran si tion to
the next gla cial (Vandenberghe, 2008). This is why our knowl -
edge of flu vial evo lu tion dur ing for mer inter gla cial pe ri ods has to 
over come the rel a tive spar sity of the pre served re cord.

In east ern Po land, on the Cen tral Eu ro pean Plain, 80 km
from the bor der with Belarus (Fig. 1), Holsteinian de pos its oc cur 
close to the sur face in the Samica val ley. They are ex ploited in
a few ex ca va tions in the neigh bour hood of the town of £uków.
This has of fered a unique op por tu nity for study ing the inter gla -
cial flu vial suc ces sion. These de pos its have been re searched
in terms of their strati graphic po si tion (Terpi³owski et al., 2014),
how ever, their de tailed palaeoenvironmental in ter pre ta tion was
lack ing.

The pres ent pa per aims: (1) to de fine the lithological fea -
tures of inter gla cial flu vial de pos its by com par i son with
glaciofluvial ones, which oc cur in the same val ley. In this way an 
eval u a tion of typ i cal inter gla cial lithofacies can be made; (2) to
in ter pret the sed i men tary en vi ron ment of the inter gla cial val ley;
(3) to track flu vial sys tem evo lu tion in the gla cial-inter gla cial cy -
cle; (4) to find the main gov ern ing agents of braided-to-me an -
der ing flu vial pat tern change; (5) to com pare our re sults with
equiv a lents from other Eu ro pean Holsteinian sites. This can
help us un der stand some inter gla cial palaeoclimatic con di tions
of our con ti nent at the be gin ning of this warm stage.

GEOLOGICAL AND GEOMORPHOLOGICAL
SETTING

Flu vial de pos its of Holsteinian age were found in nu mer ous
bore holes close to £uków (east ern Po land). All these sites are
lo cated south of the line of the Youn ger Saalian (= Warthian
MIS 6) ice sheet ex tent, in the val leys of the Bystrzyca Pó³nocna 
catch ment (Fig. 1; Ma³ek and Buczek, 2009). Inter gla cial suc -
ces sions in this re gion usu ally are over lain by a thin (up to 2 m)
cover of Saalian glaciofluvial and/or Weichselian–Ho lo cene
(MIS 5d-1) flu vial de pos its (Ma³ek and Pidek, 2007). There is
only one area where inter gla cial de pos its crop out at the sur face 
– the sur round ings of Kolonia Domaszewska (Fig. 1B). They
fringe 5 km of the west ern mar gin of Samica val ley, within a ter -
race 4 metres above the Ho lo cene floodplain (Fig. 2). These
de pos its fill a deep (up to 20 m) in ci sion eroded in glaciogenic
forms of Elsterian age (MIS 12): a till plain con sist ing of basal till
and sandy-grav elly outwash (Fig. 2B). Petrographic anal y sis in -
di cates that the basal till con tains in di ca tor er rat ics typ i cal of
south-west and cen tral Fennoscandia (�land, Sm¯land and
Blekinge, Dalarna). On the ba sis of geo graph ical co or di nates of 
in di ca tor rock out crops in Fennoscandia the TBC co ef fi cient
was cal cu lated (The o ret i cal Boul der Cen tre – the mid dle point
of the source ar eas; see Lüttig, 1958; Vinx et al., 1997; Czubla,
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Fig. 1. The £uków area

A – location of the study area, showing also the extent of the Younger Saalian (= Warthian) ice sheet; 
B – geomorphological sketch of the glaciomarginal zone; the numbers indicate terrain elevations
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Fig. 2. Geology of the Samica valley

A – geological sketch, location of cross-section is marked; B – geological cross-section



2001). The TBC of the till is sit u ated on the Bal tic coast in the
south-east ern sur round ings of Stock holm (18.29°E and
59.13°N). Its po si tion is sim i lar to that cal cu lated for the tills of
the Elsterian Gla ci ation (MIS 12) stud ied in cen tral-east ern Po -
land (Czubla, 2015).

Holsteinian flu vial clastic de pos its of the Samica val ley (unit
B in this study) were dated by TLMAX method at 412–445 ka
(Terpi³owski et al., 2014), i.e. lat est Elsterian and ear li est
Holsteinian. The organo-clastic pack age (gyttja, peat and silt),
pres ent in the up per part of the inter gla cial flu vial in ter val, has
been ana lysed paly no logi cal ly (Pidek et al., 2014). The pol len
spec tra show a suc ces sion through five lo cal pol len as sem -
blage zones (L PAZ): Betula–Juniperus–Betula nana L PAZ,
Pinus–Betula–Larix L PAZ, Picea–Alnus–Fraxinus–/Ulmus/ L
PAZ, Taxus–Quercus–Abies–/Carpinus/ L PAZ (with thermo -
philous plants, among oth ers Pterocarya,which was not pres ent 
in youn ger interglacials; see Krupiñski, 2000) and Pinus L PAZ.
The first four L PAZs are cor re lated with lo cal macrofossil zones 
(L MAZ): Ranunculus sceleratus–Urtica dioica–Carex rostrata
LMAZ, Carex rostrata–Urtica dioica LMAZ, Carex rostrata–Urti -
ca dioica–Ranunculus sceleratus–Nuphar LMAZ, Sal vin ia
natans–A z ol la filiculoides LMAZ. These zones re flect
vegetational suc ces sion from open bo real com mu ni ties with
birches and abun dant sedges and grasses to wet for est of dif -
fer ent types (ri par ian for ests, spruce and al der ones, al der carr

with yew), fol lowed by fir for ests and dry-ground for ests dom i -
nated by horn beam and oak (Terpi³owski et al., 2014). The suc -
ces sion de scribed in di cates that the cli mate be came suc ces -
sively warmer and wet ter, typ i cal of the older part of the
Holsteinian Inter gla cial in cen tral-east ern Po land (Krupiñski,
2000; Nitychoruk et al., 2005; Pidek et al., 2011). The con sid er -
able share of shrubs (Juniperus and Salix) and wet
meadow-like com mu ni ties, which might have been over grow ing 
the Samica floodplain, through out the first part of inter gla cial
warm ing is no tice able.

The up per most part of flu vial de pos its passes lat er ally and
ver ti cally to diamictic grav elly sands in the mar ginal zone of the
val ley (unit C on Fig. 2B). This geo log i cal sit u a tion sug gests that 
the al lu vi ation was re placed by mass-flow pro cesses with time.
It is cor re lated with the Pinus L PAZ, which in di cates cli ma tic
cool ing at the end of inter gla cial.

METHODS

De pos its that fill the val ley have been ana lysed
sedimentologically in three ex po sures (sites: Samica I, II and III) 
sit u ated along the west ern flank of the Samica val ley (Fig. 3). In
2011–2012, 31 sec tions were doc u mented in three ex ca va -
tions. Fur ther more, 42 bore holes of up to 15 m deep were made 
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Fig. 3. Excavations under study

Area of this photo (by Google Maps) is equal to the sketch of Figure 2A
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to trace the course and lithological infill of the palaeochannels.
The tex ture, struc ture, thick ness, shape, ex tent of depositional
bod ies (lithofacies) as well as con tacts be tween them were
stud ied. Lithofacies have been la belled us ing Miall (1978, 1985) 
codes with some mod i fi ca tions (Zieliñski and Pisarska-
 Jamro¿y, 2012; Ta ble 1), in terms of both li thol ogy and or i gin
(ar chi tec tural el e ments method). Lithofacies of sim i lar tex tural
and struc tural fea tures were grouped into lithofacies as so ci a -
tions, i.e. pack ages that orig i nated in spec i fied sed i men tary
subenvironments. Ori en ta tion (dip and dip di rec tion) of ero -
sional sur faces, beds and cross-laminae was mea sured to es ti -
mate palaeochannel mor phol ogy and flow di rec tion. Bed in cli -
na tion was iden ti fied with the lo cal sed i men tary sur face (bar
slope) and di rec tion of cross-lam i na tion dip – with cur rent ori en -
ta tion. Duc tile and brit tle de for ma tions were noted and mea -
sured in terms of their di men sions and ori en ta tion.

Sev enty-five sam ples were col lected from rep re sen ta tive
lithofacies. They were sub jected to grain-size lab o ra tory anal y -
ses by siev ing (for sands and grav elly sands) as well as by la ser 
dif frac tion (for silts). Next, the tex tural pa ram e ters by Folk and
Ward (1957) were es ti mated. The sam ples were ex am ined by
the Passega (1964) method in or der to in ter pret depositional
mode. The anal y sis of frost ing and round ing of quartz grains by
Cailleux’s method, mod i fied by Mycielska-Dowgia³³o and
Woronko (1998), was also ap plied. The fol low ing grain groups
have been dis tin guished: round with shiny sur face (EL), round
with matt sur face (RM), in ter me di ate with shiny sur face
(EM/EL), in ter me di ate with matt sur face (EM/RM), an gu lar with
fresh sur face (NU), bro ken grains (C). Round ness of sand
grains is char ac ter ized by Krumbein (1941) grades.

SEDIMENTARY SUCCESSION – 
DESCRIPTION AND INTERPRETATION

The Samica I site rep re sents the old est and coars -
est-grained unit A, Samica II and III rep re sent a youn ger, sandy
unit B, and the up per most, diamictic unit C was stud ied at the
Samica II site (see Fig. 2)

UNIT A

Fine-grained sands with sandy-grav elly intrabeds pre vail.
Sands are char ac ter ized by a pre dom i nance of well- and mod -
er ately rounded grains with shiny sur faces EL+EM/EL (57% on
av er age, with a pre dom i nance of EM/EL grains), i.e. typ i cal of
wa ter cur rent trans port. There also is a high fre quency of an gu -
lar grains NU (av er age = 12%) in com par i son with other de pos -
its of the suc ces sion stud ied. This fact sug gests that the ice
sheet was the source of these grains. A prev a lence of poorly
rounded grains within the EL+EM/EL group, as well as a sub -
stan tial con tri bu tion of the NU group in di cate short trans port of
sands. All these fea tures in di cate the glaciofluvial or i gin of
these de pos its (cf. GoŸdzik, 2001; B³aszkiewicz et al., 2004;
Woronko, 2012).

Trough cross-strat i fied sets are the most com mon beds.
The larg est troughs, deeper than 1 m and lon ger than 10 m, are
filled with sand (lithofacies Se) or rarely with sandy gravel
(GSe). Re ac ti va tion sur faces are char ac ter is tic fea tures here.
The large troughs con tain a com pound infill: sandy-clayey
(diamictic) gravel with mas sive struc ture (GDm) at the base and 
cross-strat i fied grav elly sand (SGt) at the top. The suc ces sion
from low-an gle cross-strat i fied sand (Sl) to hor i zon tally strat i fied 
sand (Sh) has also been found within large troughs. Smaller
trough cross-sets up to 0.5 m thick are sandy (lithofacies St),
subordinately sandy-grav elly (SGt). Beds of mas sive sand
(Sm) and gravel (Gm), 40–50 cm thick, are a sec ond ary
lithofacies. Within the up per part of the suc ces sion an
ice-wedge cast 70 cm long has been found.

The trough cross-strat i fied sets St < 0.5 m are linked with
pro cesses of lo cal ero sion and de po si tion in sep a ra tion zones
lo cated dis tally to 3D dunes. On the other hand, the large
troughs are in ter preted to re cord pools in the cen tral ar eas of
high-en ergy chan nels (Siegenthaler and Huggenberger, 1993;
Marren et al., 2009). Re ac ti va tion sur faces in di cate fre quent,
short-term pulses of melt wa ter dis charge. Co-ex ist ing Sl and
Sh lithofacies within large scours in di cate the de po si tion from
tran si tional and super criti cal cur rents, which were gen er ated by
high flow ve loc ity. Diamictic grav els, at the base of some com -
pound infills, pro vide the ba sis for our in ter pre ta tion that dra -
matic ab la tion floods (ero sion of pools) were con nected with
gla cial mass flows, which un der went ini tial flu vial redeposition
(de po si tion of GDm lithofacies; Pisarska- Jamro¿y and Zieliñski, 
2014). This lithofacies pro vides ev i dence of the prox im ity of the
ice sheet mar gin (cf. Aitken, 1998). The beds of mas sive sand
Sm and gravel GSm are the re sult of abrupt aggradation. Di rec -
tional data of cross-beds show that proglacial meltwaters
flowed to wards the SSW (mean az i muth = 218°). Palaeocurrent 
dis tri bu tion cov ers 180° with three main modes (to wards the
SSW, SSE and WSW), which prob a bly re flect ori en ta tion of
chan nels within the braided sys tem.

To con clude, we in ter pret the suc ces sion de scribed as the
sed i men tary re cord of a val ley sandur – elon gated outwash
which was con fined by val ley slopes. It de rived from the re treat
of the ice sheet which formed the sur round ing till plain. Rapid
lat eral shift ing as well as ex ten sive aggradation of braided
chan nels were in hib ited in this con fined flu vial en vi ron ment.
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Code De scrip tion

Tex ture

T silt

TS sandy silt

ST silty sand

S sand

SG grav elly sand

SD diamictic sand

G gravel

GS sandy gravel

GD diamictic gravel

D diamicton (till)

Struc ture

m mas sive

h hor i zon tal lam i na tion/strat i fi ca tion

i low-an gle in clined bed ding

r rip ple cross-lam i na tion

f flaser lam i na tion

w wavy lam i na tion

t trough cross-strat i fi ca tion

l low-an gle cross-strat i fi ca tion

x cross lam i na tion/strat i fi ca tion (in gen eral)

e ero sional scour fill

d de formed

T a  b l e  1

Lithofacies code sym bols used in this study



There fore the chan nel bed was fre quently eroded, and abun -
dant scours were formed. Sed i ments un der went re peated
redeposition, which ex plains why the ma jor ity of the lithofacies
are rel a tively fine grained and well-sorted.

UNIT B

These de pos its are rep re sented by fine- and me dium-grain -
ed sands interbedded with silty sand. Coarse-grained grav elly
sand is a fairly rare com po nent. Thick silty beds have also been
noted lo cally. All de pos its fill the palaeochannels within the
chan nel belt; the stor eys are up to 8 m thick and at least 70 m

wide (Fig. 4A, C). Peat and gyttja in ter vals, up to a few metres
thick, are su per im posed as the youn gest parts of
palaeochannel infills (Fig. 2B).

Sands are char ac ter ized by a dis tinct pre dom i nance of
rounded grains with shiny sur faces (65% on av er age), i.e. trans -
ported in a flu vial en vi ron ment. Mod er ately rounded grains EM/EL
pre vail within this group. A high per cent age of grains with in ter me -
di ate, shiny sur faces may be the re sult of rel a tively short flu vial
trans port or, more likely, of fluvially resedimented glaciofluvial ma -
te rial. Sim i lar pat terns of EM/EL and EL grain per cent ages have
been ob tained from an an a logue flu vial Holsteinian set ting in cen -
tral and north east ern Po land (Woronko, 2012).
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Fig. 4. The Samica II site

A – sub unit B1, palaeochannel courses rel a tive to the ex ca va tion, strike and dip of flu vial beds are marked, lo ca tion of pho tos is also in di -
cated; B – sandy and sandy-silty beds of a point bar (sub unit B1), note the rhyth mic ar range ment of lay ers and low-an gle in cli na tion of bed -
ding (aggrading point-bar plat form), the up per most pack age of de formed sandy silt is de rived from chan nel aban don ment; C – the youn ger
palaeochannel is in cised into point-bar de pos its of the older one (sub unit B1), the sandy chan nel fa cies is de formed by diamictic mass-flow
load ing of unit C



In the light of lithological fea tures the de pos its have been di -
vided into two sub units: B1 and B2.

SUBUNIT B1

The lithofacies of this sub unit are the most fine-grained: fine
sand pre dom i nates to gether with silty sand, while me -
dium-grained sand com prises a few beds. The dip of beds is
usu ally up to 20° (Fig. 4B). The most com mon struc ture, both in
sand and silty sand, is par al lel lam i na tion, con cor dant to basal
sur faces of beds, i.e. it is also low-an gle in clined (lithofacies Si,
STi). These two lithofacies com prise ap prox i mately 50% of the
sec tions stud ied. The sandy lithofacies Si forms two types of
beds. The first one is rel a tively thick (0.5–1.0 m), com monly with 
a fin ing-up wards tex ture (from me dium- to fine-grained sand).
Other Si beds are thin (up to 20 cm), tab u lar, usu ally
sandwiched with silty-sandy STi lithofacies of the same or
lesser thick ness. Re peated al ter na tions of these lithofacies
make up rhythmite pack ages thicker than 1 m (Fig. 5). A fin -
ing-up wards ten dency has been noted in the thick est rhythmite
pack ages. The fine-grained tex ture of sand beds, to gether with
their very good sort ing, re sults in cryp tic lam i na tion. This is why
some Si lithofacies pass (both hor i zon tally and ver ti cally) into

mas sive sand Sm. Other lithofacies are very sub or di nate; none
of them is more fre quent than 5%. They are: me dium-grained
sand of trough cross-strat i fi ca tion St (sets 20–30 cm thick,
cosets thin ner than 1 m), me dium-grained sand of tab u lar
cross-strat i fi ca tion Sp, fine-grained sand and silty sand with rip -
ple cross-lam i na tion or Sr, STr (in cosets up to 0.4 m).

The morphometry of chan nel-de rived stor eys (width/depth
ra tio » 10) is com pa ra ble with that of other me an der ing rivers
(Kraus and Gwinn, 1997; Hornung and Aigner, 1999). The
low-an gle in cli na tion of beds within palaeochannels sug gests
that their or i gin was as so ci ated with side bars in a sand-bed,
sin u ous river. The rhyth mic ar range ment of nu mer ous, thin
sandy and silty lithofacies points to fre quent, yet mod er ate,
floods. De po si tion took place on slightly slop ing sur faces of
point bars. The key ev i dence for this in ter pre ta tion is the bi -
modal dis tri bu tion of di rec tional data. The modes of dip di rec -
tion of beds and their in ter nal cross-strat i fi ca tion are nearly op -
po site (Fig. 6). The first di rec tional mode rep re sents the slope
of the bar and the sec ond one – sec ond ary bedforms (par a sitic
2D dunes and rip ples) which mi grated upslope the bar due to
trans verse cur rents gen er ated by me an der cur va ture. In this
con text these in ter vals can be re garded as ep si lon cross-strat i -
fi ca tion ECS (sensu Allen, 1963) or in clined heterolithic strat i fi -
ca tion IHS (sensu Thomas et al., 1987). Fully de vel oped
point-bar suc ces sion starts from a clear ero sional sur face
(chan nel bot tom) cov ered by sandy coset of trough cross-strat i -
fi ca tion St (Figs. 7 and 8D) – the sed i men tary re cord of a
thalweg zone with 3D dunes de rived from deep and fast flow.
The St di vi sion is suc ceeded by sandy-silty rhythmites Si and
STi – the de posit of a point-bar plat form. The lat eral mi gra tion of 
the me an der re sulted in a grad ual de crease of cur rent en ergy
over the plat form; the up per part of the rhythmite di vi sion rep re -
sents a subenvironment which was in creas ingly more dis tal to
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Fig. 5. Rhythmic arrangement of sand and sandy-silt layers
 in the point-bar facies (subunit B1)

Each sand-silt couplet was deposited during one flood; in some
sand layers the fossil climbing ripples and dunes are visible 

(see arrows on B)

Fig. 6. Epsilon cross-stratification in the point-bar facies
(subunit B1, site Samica II)

A – the di a grams show that cross-lam i na tion dips in the op po site di -
rec tion to the bed ding; B – cross-strat i fied bed re cords the dune
trav el ling upslope the point-bar plat form



the thalweg zone. Such sandy-silty rhythmites are re garded as
typ i cal de pos its of point bars formed in low-en ergy, sin u ous
chan nels (Ed wards et al., 1983; Smith, 1987; Zieliñski and
GoŸdzik, 2001; Mack et al., 2003; Makaske and Weerts, 2005).
This pro cess is clearly in di cated by the de creas ing thick ness of
sand beds and, con com i tantly, an in creas ing thick ness of
silty-sand beds to wards the top of the suc ces sion. Sim i lar suc -
ces sions have been re garded as clas sic sed i men tary re cords
of point bars (Ed wards et al., 1983; Gibling and Rust, 1993;
Shukla and Singh, 2004; Uhrin and Sztanó, 2007;
Vandenberghe, 2008). Lo cal troughs that cut into the point-bar
de pos its (Fig. 8C) can be in ter preted as chutes that dis sected
bar plat forms (Bridge and Gordon, 1985; Ev ans, 1991). Fi nally,
the point-bar fa cies is cov ered by silt (Fig. 8A), laid down un der
quiet con di tions, where the chan nel was aban doned af ter me -
an der cut-off. The fin ing-up wards trend of pack ages de serves
at ten tion be cause it is a char ac ter is tic fea ture of me an der ing
river de pos its (Gibling and Rust, 1993; Miall, 1996; Labrecque
et al., 2011; Janssens et al., 2012; Cordier et al., 2014).

SUBUNIT B2

The beds are ei ther in a slightly in clined po si tion (con cor -
dant with the palaeochannel bot tom in its mar ginal parts) or hor -
i zon tal (in cen tral parts of the palaeochannel). The tex tural
char ac ter of this fa cies is quite sim i lar to the pre vi ous one; fine-
and me dium-grained sands co-oc cur with silty sand and silt.
Sand and silty sand with hor i zon tal strat i fi ca tion Sh, STh and
mas sive sand Sm pre vail. Lam i nated silt Th and sand with
trough cross-strat i fi ca tion St play a sec ond ary role. Mas sive
sand with gran ules SGm has been rarely noted in some sec -
tions. As a rule, the low er most di vi sion within a palaeochannel
infill is a coset of St lithofacies. It is over lain by the mid dle di vi -
sion – a rhythmite of sand and silty sand beds, most of ten with
hor i zon tal lam i na tion Sh and STh. The thick ness of sandy-silty
cou plets ex ceeds that of the point-bar fa cies; it at tains up to
40 cm. The up per most part of palaeochannel infills is of
fine-grained char ac ter. Lam i nated sandy silt TSh or silt Th pre -
dom i nate. In fre quent len tic u lar in ter ca la tions of fine sand are
not thicker than 10 cm. Most of ten this part of the suc ces sion is
de formed in load-cast struc tures. A fin ing-up wards ten dency is
noted in in di vid ual lithofacies as so ci a tions as well as in the
over all suc ces sion.

Sed i men ta tion in slightly sin u ous chan nel seg ments be -
tween suc ces sive me an ders de pends mainly on ver ti cal ac cre -
tion. Nearly all lithofacies (ex cept St) are typ i cal of this kind of
de po si tion. In this way abun dant shoals – rif fles – were formed.
Shal low cur rents, faster and wider than in me an ders, were
char ac ter ized by con di tions of the up per part of the lower flow
re gime, which is con sis tent with the or i gin of the Sh and SGm
lithofacies. The pres ence of the Sh lithofacies can be treated as
con tra dict ing the me an der zone (Allen, 1970). The in fre quent
oc cur rence of the St lithofacies sug gests that the deeper parts
of the chan nel (the pools), cov ered by 3D dunes, were quite lo -
cal here. The reg u lar ver ti cal tran si tion of three di vi sions (St Þ
Sh & STh Þ Th) into the 5 m thick fin ing-up wards suc ces sion,
al lows us to com pare the sed i men tary pro files stud ied to an -
cient me an der ing rivers (Stew art, 1981; Gardner, 1983).

In sum mary, the mixed-load river (sensu Schumm, 1971)
was the sed i men tary en vi ron ment of unit B. De po si tion from
low-en ergy sal ta tion and fine-grained (<0.1 mm) sus pen sion
(Fig. 9) pre vailed. Ar chi tec tural el e ments of the suc ces sion also 
point to a low-en ergy flu vial en vi ron ment, as in di cated by the
low fre quency (6%) of the St lithofacies, which is a typ i cal re cord 
of ex ten sive chan nel flow. The Samica flu vial suc ces sion re -
veals nu mer ous sim i lar i ties to the sixth lithotype in Miall’s
(1985) clas si fi ca tion, i.e. a typ i cal sand-bed me an der ing river
with well-de vel oped point bars.

UNIT C

The up per most palaeochannel infills at the Samica II site
are over lain by and lat er ally pass into 2 m thick diamictic pack -
age of len tic u lar shape lo cally (Figs. 4C and 8B, C). The ir reg u -
lar, de formed beds of clayey sand with a gran ule ad mix ture
(SDd) al ter nate with dis con tin u ous sand lay ers of crude strat i fi -
ca tion and rare lenses of diamictic brec cia. Load casts and
slightly asym met ri cal flow casts (up to 1.5 m in am pli tude) as
well as in clined deci me ter-scale drag and flow folds are the
most abun dant soft-sed i ment de for ma tions (Fig. 4C). Flow
casts and flow folds con verge to wards the E and SE, which is
con sis tent with the dip di rec tion of the basal sur face of the pack -
age. In ad di tion, subvertical, up to 20 cm wide, extensional frac -
tures are in jected with the un der ly ing flu vial sands (Fig. 10).
Soft-sed i ment de for ma tion struc tures in di cate that the diamictic 
pack age was likely to be de formed pre dom i nantly by duc tile
sim ple shear driven by grav ity flow. Extensional frac tur ing prob -
a bly de vel oped dur ing in creases of strain rate and pore-pres -
sure. Both fac tors can be readily con trolled by an abrupt over -
load ing of ex ten sively aggrading soft surficial ma te rial. We in -
ter pret that the dense, co he sive de bris flows moved from the
ad ja cent till plain to wards the val ley. This is sup ported by gravel
fab ric dis tri bu tion; the main mode is ori ented in a 94o az i muth,
i.e. trans verse to the fos sil val ley axis. Brief events of slope
wash formed thin, dis con tin u ous sand lay ers sandwiched be -
tween diamicts. Duc tile de for ma tion of un der ly ing flu vial sands
and their evo lu tion into frac ture struc tures in di cate that mass
flow phe nom ena orig i nated not long af ter flu vial de po si tion; the
al lu vium was still wa ter logged. Dis tinc tive re sults have also
been ob tained from grain mor phol ogy anal y sis. The de posit is
char ac ter ized by the high est fre quency of ae olian re worked
grains (RM & EM/RM = 75%), as well as the low est con tent of
fluvially re worked grains (EL & EM/EL = 15%; Fig. 11). This fea -
ture seems to be an im por tant palaeoclimatic in di ca tor. The
gelifluction redeposition had to be ac tive synchronically with ae -
olian sup ply, i.e. un der the con di tions of dis con tin u ous per ma -
frost (see Van Steijn et al., 1995). It is char ac ter is tic that de for -
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Fig. 7. The point-bar succession starts from the St coset – 
the record of 3D dunes migrating in the thalweg zone

The upper inclined beds of sand (Si) and sandy silt (TSi) 
were formed on the bar slope; the base of the palaeochannel

 is marked by a dotted line
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Fig. 8. Sedimentary logs of palaeochannel infills

A – the Samica II pit, older palaeochannel; B – the Samica II pit, younger palaeochannel (western part);
 C – the Samica II pit, younger palaeochannel (eastern part); D – the Samica III pit
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Fig. 9. Passega graph of fluvial deposits

Note that the sam ples from the chan nel fa cies (sub unit B2) are
slightly coarser and rep re sent de po si tion from sal ta tion, whereas
the de pos its of the point-bar fa cies (sub unit B1) were de rived from
sus pen sion and low-en ergy sal ta tion; N – roll ing, P & N – sal ta tion
and roll ing, R – mainly graded sus pen sion, S – mainly ho mo ge -
neous suspension

Fig. 10. Marginal part of the younger palaeochannel 
in the Samica II site

Diamictic gelifluction lobe (unit C) deformed the underlying
channel sands (unit B) which protruded upwards through the

hydrofracture

Fig. 11. Variability of morphoscopic features of quartz sand grains in the sedimentary succession 
of the Samica valley

See the text for detailed description



ma tion struc tures anal o gous to the ones de scribed above have
also been noted in the same strati graphic po si tion in other
palaeochannel infills (Figs. 4B and 8).

DISCUSSION

THE CHANGE FROM A “COLD” BRAIDED OUTWASH SYSTEM
 TO A “WARM” MEANDERING RIVER

The pres ence of flowtill rem nants within the glaciofluvial
suc ces sion (unit A) in di cates that the older suc ces sion can be
seen to re cord cold cli ma tic con di tions. It is well known that
cold-stage flu vial sys tems usu ally de velop a braided chan nel
pat tern. Very high sed i ment sup ply, ex cep tional un steadi ness
of dis charge, short-term cyclicity of sed i ment and wa ter de liv -
ery, are all fea tures that in di cate that sed i men ta tion oc curred in
nu mer ous, wide and shal low sand-bed chan nels. On the other
hand, pol len and plant macrofossil anal y ses of the or ganic infill
of the Samica palaeomeander point to a warm and wet cli mate,
typ i cal of an inter gla cial (Pidek et al., 2014). Geo chron ol ogi cal
dat ing (412–445 ka) in di cate that the me an der ing pat tern of the
river is at trib ut able to the in ter val span ning the lat est Elsterian
and the ear li est Holsteinian (Terpi³owski et al., 2014). There -
fore, in the Samica val ley two waterlain suc ces sions il lus trat ing
quite dif fer ent palaeoenvironmental con di tions formed in suc -
ces sion: a cold braided outwash (unit A) was fol lowed by a me -
an der ing river (unit B) as so ci ated with a tem per ate cli mate.
Both suc ces sions dif fer dis tinctly in li thol ogy as well as in
depositional forms and pro cesses (Fig. 12).

The ba sic ques tion now arises: what was the rea son for the
change from a braided to a me an der ing pat tern? We must take
into ac count that an or ganic suc ces sion forms the up per infill of
the youn ger palaeochannel ex ca vated. Pol len anal y sis has
shown that it starts from a bo real for est phase, fol lowed by
warmer, cli ma tic op ti mum ones. This means that a well-de vel -
oped me an der ing river was al ready pres ent in the Samica val -
ley dur ing the on set of the inter gla cial. There fore the change of
river pat tern to a me an der ing one can not be placed
stratigraphically in an ad vanced phase of the inter gla cial and in -
ter preted as a re sult of a re ally warm cli mate. In our opin ion two
im por tant fac tors need to be con sid ered.

The first fac tor rec og nized is river dis charge and re gime. It
is broadly known that large and fre quent floods are typ i cal of a
braided flu vial pat tern and a de crease of floods leads to a
change to a me an der ing pat tern (see, among oth ers, Schumm
and Lichty, 1963; Falkowski 1982; Nanson et al., 1988; Jersak
et al., 1992). Cy clic, flashy ab la tion floods (even of cat a strophic
char ac ter) are a typ i cal fea ture of the proglacial zone. In our
opin ion the change from braided to me an der ing in the Samica
River re sulted mainly from a steadier hy dro log i cal re gime (i.e.
lower vari a tions in dis charge). The most-prob a ble ex pla na tion
for this was the dis ap pear ance of melt wa ter dis charge dur ing
the de cay of the ice sheet. When the ice sheet mar gin re treated
to the north, the hy dro log i cal re gime in the val ley stud ied
changed from gla cial to nival and then, in the lat est Elsterian, to
a plu vial-nival one. Dur ing the last of these phases the win ter
sea sons short ened and fewer snow masses melted, which re -
sulted in lower dis charges of spring floods. The in ten sity of
sum mer floods was re lated to the de gree of cli mate
continentality. Most prob a bly in the gla cial-inter gla cial tran si tion
con ti nen tal fea tures were ex pressed (with ex ten sive spring
floods), whereas dur ing the first half of the inter gla cial the cli -
mate be came in creas ingly more tem per ate and the role of
floods di min ished (cf. Van Huissteden, 1990; Sidorchuk et al.,
2001; Vandenberghe, 2001; Erkens et al., 2009).
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Fig. 12. Fluvial (unit B) and glaciofluvial (unit A) deposits in
the context of grain size and architectural elements

https://gq.pgi.gov.pl/article/view/9050


The sec ond fac tor is as so ci ated with sed i ment dis charge,
es pe cially bedload. De pos its con sti tut ing the braided chan nels
are coarser than the youn ger me an der ing river al lu vium, es pe -
cially in the coarse sand and gravel grain-size ranges (Fig. 12).
It is clear to the au thors that the outwash flows were rep re -
sented by a higher con cen tra tion of coarse-grained bedload. It
is as sumed that a re duc tion of bedload con cen tra tion and its
finer char ac ter are im por tant agents that con trolled
braided-to-me an der ing flu vial evo lu tion (Maizels, 1983;
Teisseyre, 1991; Erkens et al., 2009; Metivier and Bar rier,
2012). In our opin ion such con di tions were readily achieved
when abun dant sup ply of coarse ma te rial stopped due to ice
sheet re treat. From this time the Samica flu vial sys tem re de -
pos ited the val ley de pos its. More over, veg e ta tion cover ap -
peared as a re sult of cli mate ame lio ra tion; first it was tun dra,
then patchy lo cal bo real for est. The veg e ta tion fac tor led to a
de crease of sed i ment sup ply by rainwash to the al lu vial chan -
nel. The hy dro log i cal re gime ev i dently be came steadier and
sur face wash events were less in ten sive. As a re sult, the grain
size of washed-out sed i ments reach ing the river chan nel was
also di min ished.

Stud ies of the Late Gla cial (MIS 5d-2) flu vial evo lu tion show
that com plete braided-to-me an der ing river tran si tions were rel -
a tively slow (Huisink, 1997; Gao et al., 2007; Erkens et al.,
2009). On the other hand, Fer gu son (1987) and Sarma (2005)
sug gest that a change of river pat tern has a rel a tively short du -
ra tion, even in the range of de cades. In our opin ion the Samica
River changed its pat tern rap idly, be cause the en vi ron men tal
im pulse – the re treat of nearby ice masses – was ex cep tion ally
strong. All other agents were forced by cli ma tic changes which
oc curred more slowly and less ex ten sively. From this rea son
the river likely be came me an der ing within the late Elsterian.
This is cor rob o rated by the fact that the or ganic suc ces sion, fol -
low ing point-bar de vel op ment, rep re sents the ini tial bo real part
of the Holsteinian (Pidek et al., 2014).

EROSION AND AGGRADATION PHASES DURING
 THE GLACIAL–INTERGLACIAL CLIMATIC CYCLE

The Elsterian ice sheet cov ered the area stud ied com -
pletely. It had the larg est thick ness of all Pleis to cene ice sheets
in Po land, and reached far thest south. In front of the re treat ing
ice sheet the outwash, con fined by a val ley, de vel oped in a
north-south ori en ta tion. The braided river sys tem ac cu mu lated
glaciofluvial de pos its up to 20 m thick. Si mul ta neous with the
re treat ing ice sheet mar gin, the aggradation ra tio, cou pled with
the braid ing in dex (num ber of ac tive chan nels in the val ley
transect), de creased and the braided sys tem started to evolve
to wards a sin gle-chan nel, sin u ous pat tern. This pro cess had to
be as so ci ated with in tense ero sion. Im me di ately af ter
deglaciation, in the vi cin ity of the ice sheet, in ci sion is stron ger
than in nor mal Eu ro pean rivers from youn ger glacials and away
from ice-lim its. To gether with pro gres sive ice sheet re treat, the
ero sion-dom i nant zone moved north wards and flu vial
aggradation started to pre vail in the Samica val ley. In con se -
quence, the de pos its of the tem per ate river infill a large, val -
ley-scale in ci sion, cut into outwash and till of Elsterian age
(Fig. 2B). This large-scale in ci sion can be iden ti fied as a re -
gional sixth-or der bound ing sur face in Miall’s (1995) no men cla -
ture. This ero sional phase of the Samica val ley de vel op ment
co in cides with the mod els of Teisseyre (1991), Bridgland (1994, 
2000), Bogaart and van Balen (2000), Mol et al. (2000),
Vandenberghe (2002), Westaway et al. (2002), Bridgland et al.
(2004), Lewis et al. (2004), Busschers et al. (2008) and Cordier
et al. (2012, 2014), where ex ten sive river in ci sion is lo cated dur -

ing the cataglacial or the gla cial-to-inter gla cial tran si tion. In
Teisseyre’s (1991) opin ion the ero sion men tioned above was
con nected with the “se nile” phase of a braided river
(degradational braided river), just be fore tran si tion to the me an -
der ing pat tern. Vandenberghe (2008) pro posed that the ero sion 
con trolled by the cold-to-warm cli ma tic tran si tion was es pe cially 
deep.

Some stud ies con firm that the tem per ate cli mate of
interglacials was more con du cive to river ero sion than to sed i -
men ta tion (Fuller et al, 1998; Huisink, 2000; Bogaart et al.,
2003). Starkel (1996) sug gested that dur ing the Holsteinian the
Pol ish rivers were also char ac ter ized by ero sion. Our study of
the Samica val ley sites does not cor rob o rate this hy poth e sis. In
our opin ion, sig nif i cant sed i men ta tion in a me an der ing chan nel
oc curred from the end of the Elsterian to the first half of the
Holsteinian (Ta ble 2), i.e. in the 1st and 2nd inter gla cial flu vial
phase of Gibbard and Lewin’s (2002) di vi sion. Sev eral gen er a -
tions of point bars (Fig. 4), to gether with palaeobotanical in ter -
pre ta tion of an ox bow infill (Pidek et al., 2014), sub stan ti ate this
claim. A large vol ume of sandy glaciofluvial de pos its was avail -
able in the val ley, which could be eas ily re de pos ited by a me an -
der ing river. As a re sult, sed i men ta tion pre vailed over in ci sion in 
the inter gla cial val ley. Our find ing matches con clu sions drawn
by Vandenberghe et al. (1994) and Krzyszkowski (1996) that
the Qua ter nary me an der ing tem per ate flu vial sys tems were
aggradational ones.

Also wor thy of note is that a lat er ally ex ten sive overbank
fine-grained (silty) fa cies has not been doc u mented in the sites
stud ied. Gen er ally, this should be rel a tively com mon in the up -
per most part of a flu vial suc ces sion (Bourquin et al., 2009). We
spec u late that the dense co nif er ous for est of the ad vanced part
of the inter gla cial re sulted in de creased river dis charge as well
as sed i ment sup ply. Re duced flu vial ac tiv ity was re stricted to
the nar row chan nel zone and overbank ac cu mu la tion did not
then take place (see Antoine et al., 2000).

The high est part of the or ganic suc ces sion in di cates that
grad ual cool ing and ad vance of tran si tional cli ma tic con di tions
pre vailed from the Holsteinian to the Saalian (Pidek et al., 2011; 
Terpi³owski et al., 2014). More over, in the up per most part of the
youn gest point-bar de pos its the per cent age of wind-re worked
sand grains (i.e., with matt sur face) in creases (Fig. 11).
Periglacial con di tions oc curred and mass flow (gelifluction) pro -
cesses led to redeposition of strata, from the till plain to the mar -
ginal part of the val ley. In this way the up per most in ter val of the
suc ces sion stud ied, the diamictic sands, were formed.

It is likely that flu vial ero sion started to pre dom i nate in the fi -
nal phase of the Holsteinian (Ta ble 2). In a sub po lar cli mate the
Samica River was char ac ter ized by a nival re gime. Ex ten sive
floods oc curred dur ing spring when thick snow cov ers melted.
The pres ence of per ma frost pre vented wa ter from pen e trat ing
the ground, which re sulted in in creased flood dis charges as well 
as a height ened ero sional po ten tial (see Krzyszkowski, 1991;
Huisink, 2000; Gibbard and Lewin, 2002). In this we see an ex -
pla na tion of the fact that flu vial pack ages above the gelifluction
in ter val are miss ing. In Vanderberghe’s (2008) opin ion ero sion
at inter gla cial-to-gla cial tran si tions was rel a tively shal low, but
across wide ar eas in val leys.

COMPARISON OF THE SAMICA SUCCESSION 
WITH OTHER INTERGLACIAL FLUVIAL RECORDS

It is still dif fi cult to com pare flu vial sed i men tary suc ces sions
across Eu rope. De tailed sedimentological anal y ses of inter gla -
cial (ex clud ing the Ho lo cene) al lu via are very few. For ex am ple,
in south ern Po land and the north ern Czech Re pub lic some ter -
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races have been in ter preted to be of Holsteinian age, but their
de pos its have been doc u mented only by bore holes
(Lewandowski, 1988). In prac tice, only a few data from the Brit -
ish Isles can be taken into ac count. The most uni ver sal and
mean ing ful re search of Pleis to cene inter gla cial flu vial de pos its
was the one con ducted by Gibbard and Lewin (2002). They de -
duced that the sce nar ios of river de vel op ment were the same
dur ing the warm stages of the Mid dle and Late Pleis to cene
(MIS 19/18-6 and MIS 5e-2). The ba sic con clu sion is that in the
Brit ish Is lands at the time the tem per ate rivers of an
anastomosing or sta ble me an der ing (i.e., tran si tional to
anastomosing) chan nel pat tern were most typ i cal. Oc cur rences 
match ing the Samica River val ley (i.e., a freely me an der ing
river, dom i nated by point-bar sed i men ta tion) are few and far be -
tween in the Brit ish Isles (Bridgland et al., 1990). Anastomosing
and sta ble me an der ing rivers are both char ac ter ised by very
weak (or ab sent) lat eral chan nel mi gra tion (Nanson and
Knighton, 1996; Gibling et al., 1998; Gradziñski et al., 2003;
Abbado et al., 2005). They are con trolled by a spe cific hy dro log -
i cal re gime: fre quent, but mod er ate in dis charge floods, and
con se quently gen er ally low flow ve loc i ties (Makaske, 1998;
Tooth and Nanson, 1999; Blum and Tornqvist, 2000; Assine,
2005).

It is im por tant to dis cuss herein why the inter gla cial Brit ish flu -
vial sys tems were dif fer ent from the Pol ish ones in chan nel pat -
tern (i.e., river type). In our opin ion cli ma tic con di tion ing was the
main gov ern ing agent. It is clear that the Holsteinian cli mate in

West ern Eu rope was of a more oce anic type than that in east ern
Po land. Pol len re cords of veg e ta tion events are highly sen si tive
to cli mate changes es pe cially when de rived from long se -
quences or of high res o lu tion (Tzedakis et al., 1997;
Koutsodendris et al., 2010). The fol low ing palaeobotanical pre -
mises pro vide a west-east continentality gra di ent. In Eng land,
the Holsteinian Inter gla cial sites, re ferred to as Hoxnian, have
been cor re lated with MIS 11 and stud ied in de tail dur ing the last
de cade on ac count of traces of Palaeo lithic set tlers (Preece et
al., 2007; Ash ton et al., 2008). At the Marks Tey site, the source
of the most com plete pol len di a gram from Eng land, Turner and
West (1968) doc u mented a spread of riverine tem per ate el e -
ments (elm Ulmus, ash Fraxinus, oak Quercus), which pre dated
the one in Po land, e.g. in the Betula-dom i nated HI pol len zone
that rep re sents the protocratic phase of the inter gla cial. This
phase can be cor re lated with the tran si tion be tween the
Pinus–Betula–Larix and Picea–Alnus–Fraxinus–/Ulmus/ pol len
zones of the Kolonia Domaszewska di a gram. Ac cord ing to the
di vi sion of the Holsteinian inter gla cial in Po land into re gional pol -
len zones, as based on more than 100 sites (Krupiñski, 2000),
these two zones rep re sent the re gional pol len zone M2
Betula–Pinus–Picea–Alnus. Our pol len di a gram ex hib its fewer
oce anic fea tures of cli mate as seen from the dis tri bu tion of larch
and spruce, tree types as so ci ated with a con ti nen tal cli mate.
High per cent ages of Quercus and Ulmus pol len in the next (e.g.,
HIIa) zone of the Marks Tey di a gram are never reached in the
Holsteinian pol len di a grams in Po land (Krupiñski, 2000). Sim i lar
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fea tures of much higher oceanicity re flected in the spread of
riverine for ests with elm, oak and ash are ob serv able in a
high-res o lu tion pol len di a gram of Holsteinian dry maar de pos its
(500 m a.s.l.) from Döttingen in south ern Ger many (LPAZ 2;
Diehl and Sirocko, 2007) in spite of all the dif fer ences in sed i -
men tary en vi ron ment. Thus, the spread of riverine for est com -
mu ni ties must have been much more ex pres sive in Eng land and
in south ern Ger many at the start of the Holsteinian inter gla cial. In 
Po land, at the time, many for est hab i tats were oc cu pied by
spruce and spruce-al der com mu ni ties (re gional pol len zone M3
Picea–Alnus–/Pinus/ ac cord ing to Krupiñski, 2000). The same
con clu sion on well-ex pressed oce anic fea tures of cli mate can be
de rived from the suc ces sive dis tinct ha zel Corylus ex pan sion in
Eng land (e.g., HIIc) and in south ern Ger many (LPAZ 2-3). This
thermophilous shrub is con sid ered to be sen si tive to hu mid ity
(Granoszewski, 2003). By con trast, in the Pol ish pol len di a grams 
of Holsteinian age, Corylus is never rep re sented in high num bers 
(Krupiñski, 2000). More over, the thermophilous creeper Hedera
and the shrub Ilex oc cur early, co evally with high pol len val ues of
riverine trees in such com mu ni ties in Eng land and south ern Ger -
many (Turner and West, 1986; Diehl and Sirocko, 2007), i.e.,
pre dat ing the Pol ish re cord.

Fur ther more the pres ence of a ma rine trans gres sion is also
an es sen tial part of the dis cus sion of Holsteinian cli mate in Eu -
rope. In the west ern part of the con ti nent the sea deeply pen e -
trated into the val leys in the form of large es tu ar ies which must
have had a sig nif i cant im pact on cli ma tic hu mid ity. On the other
hand, the trans gres sion of the pre-Bal tic Sea in Po land re mains 
an un proved hy poth e sis (Mojski, 2005).

To sum ma rise, it seems to us that the anastomosing or sta -
ble me an der ing pat tern of the Brit ish rivers may have re sulted
from a more oce anic (hu mid) cli mate, i.e. higher an nual pre cip i -
ta tion, but lower max i mum river dis charges than in the east ern
part of Eu rope. Pre sum ably, East ern Pol ish flu vial sys tems were
formed by more flashy floods. The dis tri bu tion of dis charges was
too un steady for anastomosing chan nel pat terns to de velop. The 
rivers still me an dered with ex ten sive point-bar sed i men ta tion, as
shown by our ex am ple from the Samica val ley.

CONCLUSIONS

The main sed i men tary suc ces sions that formed un der dif -
fer ent cli ma tic con di tions have been stud ied in the Samica
River val ley: a glaciofluvial suc ces sion (of Elsterian age) and a
flu vial suc ces sion (of the Holsteinian inter gla cial). These de -

pos its vary dis tinctly in tex tural and struc tural fea tures as well as 
in the ar chi tec ture of en vi ron men tal el e ments.

The change from a braided to a me an der ing chan nel pat -
tern took place prior to the end of gla cial. The main gov ern ing
agents of this flu vial meta mor pho sis were: a de crease of flow
dis charge (ter mi na tion of melt wa ter sup ply) and equa li sa tion of
an nual hy dro graphs (change from a nival to a plu vial-nival hy -
dro log i cal re gime). More over, the re duc tion of bedload trans -
port due to di min ished sed i ment sup ply from the re treat ing ice
sheet was the next im por tant fac tor of river evo lu tion to a me an -
der ing pat tern.

The braided-to-me an der ing river tran si tion re sulted in ero -
sional in ci sion of the al lu vial chan nel. This large-scale deg ra da -
tion of the val ley floor should be stratigraphically co eval with the
end of the gla cial. All of the first por tion of the inter gla cial was
char ac ter ized by flu vial aggradation. More prob a bly, ero sional
pro cesses started to pre dom i nate again dur ing the fi nal stage of 
the inter gla cial.

Inter gla cial flu vial de pos its de rived from the en vi ron ment of
a typ i cal me an der ing river. The sands and silty sands, to gether
with pack ages of peat and gyttja, fill in palaeochannels. The
most char ac ter is tic and in for ma tive fa cies is that of the
point-bar: a rhythmite of sand and silty sand show ing par al lel,
low-an gle lam i na tion. Fin ing-up wards cy cles are com mon. The
pack ages of ep si lon cross-strat i fi ca tion con tain cross-lam i na -
tion ori ented in a di rec tion op po site to the dip of beds. They
were de pos ited as a re sult of sec ond ary cur rents act ing upslope 
on to point-bar plat forms.

Flu vial Holsteinian/Hoxnian de pos its in the Brit ish Isles
mostly rep re sent en vi ron ments of anastomosing rivers, un like
the suc ces sion stud ied here which is a re cord of a typ i cal me an -
der ing river. We hy poth es ise that the con trast of river types was
con trolled by cli ma tic dif fer ences be tween West ern Eu rope and 
east ern Po land. The cli mate of the lat ter re gion was more con ti -
nen tal, i.e. rain fall was more con cen trated in the hy dro log i cal
year and re sulted in more ex ten sive floods. East ern Eu ro pean
rivers were char ac ter ized by higher en ergy, which ex plains why
they did not evolve into an anastomosing chan nel pat tern.
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