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Abstract. The former extensive studies in the Vistula catchment with dozens of pro-
files well dated by “C, helped to recognisc great diversity of phases with dominance
of erosion or aggradation changing in the longitudinal profile. Among them are very
distinct synchronous phases with clusterings of extreme events during the

Interpleni-glacial and during the Holocene.

1. FEATURES OF FLUVIAL ENVIRONMENT

The fluvial environment is characterised by a great
diversity of processes and sediment both in the trans-
versal section across the floodplain and channel as well
as in the longitudinal profile. This diversity undergoes
continuous changes in time (Starkel, 1990, 1994a).
The hiatuses in sediment sequences, the parallel cuts
and fills and various preciseness of dating of particular
alluvial facies create different difficulties and traps in
the interpretation of chronostratigraphy of fluvial forms
and deposits.

During the longer time units in scale of stage the
long-term variations of climate and environment decide
on the transformation of the runoff and sediment load
regime. On the last ones depend the general trends to-
wards downcutting or aggradation in the valley floors
(Schumm, 1965; Starkel, 1983). This glacial-interglacial
cycle has been recognised long time ago, although the
simple schemes on the glacial aggradation and intergla-
cial erosion (Penck and Briickner, 1909) or on concen-
tration of downcutting at the beginnings and ends of
cold stages (Trevisan, 1949; Jahn, 1956) undergo rein-
terpretation.

The cxistence of parallel fills in the Holocene allu-
vial series (Starkel, 1960, 1983; Schirmer, 1983; Kalicki,
1991), later recognised also in sequences from the last
cold stage (Starkel, 1995a) and discovery of units re-
lated to the single flood events (Niedziatkowska et al.,
1977; Baker, 1988) indicate together that both the flu-
vial crosion and deposition reflect the phases of differ-
ent frequency of extreme events and these phases are
realised mainly by the clusterings of extreme floods in
short time intervals (Starkel, 1994b, 1999). The dating
of these events and clusterings is complicated not only
due to the errors in measuring, frequent redeposition

of organic matter but also due to simultaneous vertical
and lateral accretion of deposits. The vertical accretion,
typical for lake or peatbog sequences take place over
the extend floodplains as well as in palcochannels.
The lateral shifting of river channels, avulsions and cut-
offs of meander create erosional plains both horizontal
and vertical, which separate members representing rela-
tively short time intervals, deposited by lateral or verti-
cal accretion. The dating of such units is very inaccu-
rate because the neighbouring member (or fill) may dif-
fer only by years or by millenia.

2. STATE OF RESEARCH IN VISTULA BASIN

After the first recognition of stratigraphical diver-
sity of alluvial members in the Vistula basin (Starkel,
1960; Klimek and Starkel, 1974; Ralska-Jasiewiczowa
and Starkel, 1975) and Warta basin (Kozarski and
Rotnicki, 1977) it followed the period of systematic col-
lective investigation on the valley evolution during last
15000 years in the framework of the IGCP-158 project
and national programme. Their products were the
monograph of the fragment of the Wistoka valley
(Alexandrowicz ef al., 1981), six volumes on the evolu-
tion of Vistula valley (Starkel, ed., 1982-1996) as well
as of fragments of the Warta (Kozarski, 1991) and
Prosna river valleys (Rotnicki, 1991). The evolution of
fluvial systems during the late Vistulian and early
Holocene was presented in a separate summary
(Starkel and Ggbica, 1995; Turkowska, 1995).

On the contrary the diversity of alluvial fills from the
Vistulian stage and their various relation to climatic
changes has been documented much later and sup-
ported by relatively low number of datings both C
and TL (Rotnicki 1987; Jersak et al., 1992; Starkel,
1995a, b; Superson, 1996).
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In the research project (KBN No. 6 PO4E 02610) —
“Geochronology of the upper Quaternary in Poland
in the light of radiocarbon and luminescence dating”
the previous results were summarised in separate chap-
ter, supplemented by detail examination of about 15
sites in the upper Vistula river catchment and sup-
ported by several dozens of new radiocarbon dating
(Starkel et al., 1999). There were included several
localities of interpleniglacial deposits (with various fills
burried in the one terrace level), sites with dated tran-
sition from the interpleniglacial alluvia to the upper
pleniglacial loess deposits, sequences in the valley floors
of smaller creeks, in alluvial fans, in the overbank de-
posits of extensive floodplains and in the paleochannel
fills. That chapter ended with general comments on the
synchronism of phases of different fluvial activity in the
upper Quaternary, on various trends in separate valley
reaches and difficulties with interpretation of the “C
and TL dating for the reconstruction of changes in the
fluvial activity in the past.

This paper presents some regularities of evolution
of fluvial systems, based on the data collected in the
above mentioned projects.

3. THE SYNCHRONOUS PHASES OF HIGHER
FREQUENCY OF EXTREME EVENTS AND HIGHER
RATE OF CHANGES

The two cold phases of Vistulian with the icesheet
advances over the Central-Eastern European Lowland
and active criogenic and eolian processes in the wide
periglacial belt (Behre, 1989; Kozarski, 1991), sepa-
rated by a long interpleniglacial with distinct warming
of Denckamp or Hengelo are well reflected also in the
alluvial sequences. But the phases of the lower order
are not sufficiently documented. The *O and CO,
curves from the Greenland ice cores are showing espe-
cially between 40 and 30 ka BP, several rhytmic 1-2.5 ka
long fluctuations of temperature reaching the ampli-
tudes of the mean annual temperature up to 5°C
(Dansgaard ef al., 1984).

Each of these phases starts with gradual cooling and
ends with rapid warming similar to Younger Dryas-
Preboreal transition. This rhytmicity per analogy should
be reflected in varying frequency of extreme events.
In the alluvial sequences the interpleniglacial periods
is represented by the high deposition rate in the low-
land Prosna valley (Rotnicki, 1987), in the valleys of the
loessic Lublin Plateau (Harasimiuk, 1991; Superson,
1996) and in valleys of the Subcarpathian Basins, where
2-3 separate parallel fills and high deposition rate were
recognised (Mamakowa and Starkel, 1974; Niedzial-
kowska and Szczepanek, 1993, 1994, Gebica et al., 1999;
Starkel, 1995a; Fig. 1). It secms that such distinct ther-
mic fluctuations should cause distinct fluctuations in the
frequency and efficiency of snow-melt floods, which
were especially high during rapid warnings.

During the maximum cooling these oscillations are
not so distinct. Generally synchronous (28-24 ka BP)
transition from aggradation to downcutting in the
Southern Poland seems to be connected with increas-
ing continentality documented by a turn to the loess
deposition (Maruszczak, 1986; Alexandrowicz, 1989;
tanczont, 1995; Gebica et al., 1999).

The weak points of all datings from the interple-
niglacial phases is a very disputable time separation of
TL datings (cf. Superson, 1996) and extraction of “C
datings mainly from fossil soils, which being exposed on
the surface up to several millenia give generalised
results. Very frequent are the inversions of dating, cg.
mainly the bottom part of organic members, underlain
by a coarse water-logged sediment, is rejuvenated
(Starkel et al., 1999). An additional complication in get-
ting more precise chronostratigraphy is connected with
the radiocarbon plateau (Goslar, 1996), which make
impossible to put precise boundaries in the alluvial

. sequences. An especially well documented example give

a transition Younger Dryas-Preboreal (Fig. 2).

Much better recognition of several phases with high
frequency of floods is related to the Holocene fluvial
forms and sediments (Starkel, 1983; Starkel et al., 1996;
Kalicki, 1991). These phases, each several centuries long,
were distinguished through a very detail surveying
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Fig. 1. Channel level fluctuations in selected valley reaches and in the whole S-Poland during the Vistulian

and Holocene (based on Starkel, 1994).
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Fig. 2. Radiocarbon datings from the Younger Dryas-Preboreal transition indicating the changes in fluvial acrivr'ty (sedimentation and abandance
of river channels in Southern Polana. Beside the radiocarbon plateau is clearly visible the clusterings of response of rapid warming at the
transition (10,100-9900 BP).
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Fig. 3. Mode! of rhytmic changes in thresholds in the evolution of river and flood plains during last 13000 years (after Starkel et al., 1996):
a — relative fluctuations of a transport and a delivery of bedload and suspended load, b — fluctuations in flood frequency (Kalicki, 1991;
Starkel, 1994), ¢ — main directions of changes; BR — braided channels, C — concentration of channels, LM — lateral migration, MC — meander
cut-off, A - avulsions, S — straightening, E — downcutting, D — aggradation; d — rhytmic changes of channel parameters, various cycles are
separated by threshold changes in the fluvial system, e — schematic channel cross-sections and directions of their transformation during
various phases of the Late Vistulian and Holocene. 1 — bedload, 2 — suspended load, 3 — curve of flood frequency, 4 — braided channel,
5 — large paleomeanders, 6 — small paleomeanders, 7 — cut-off meanders, 8 — incision of the straightened channel, 9 — channel bars,
10 — overbank deposits, 11 — directions of channel changes.
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of changes in granulometry of various facies, sedimen-
tation rate, changes of channel morphometry and chan-
nel avulsions (Fig. 3) as well as by identification of sedi-
ments rclated to single floods and their clusterings
(Czyzowska, 1997) and by clusterings of dated buried
oaks (Krapicc, 1992). In the upper Vistula basin the fol-
lowing phases of increased fluvial activity were
recognised: 8.5-7.7, 6.6-6.0, 5.5-4.9, 4.4-4.1, 3.5-3.0,
2.7-2.6,2.3-1.8 ka BP as well 425-625 AD, 900-1150 AD
and after XIV century (Fig. 3).

In the tributary valleys the organic intercalations
and fossil soils separating the members of overbank
deposition also represent similar time intervals (Kalicki,
Ludwikowska, In: Starkel ef al., 1999).

All these phases correlate with the rises of lake wa-
ter level, higher frequency of landslides and debris flows
in the Carpathians, advances of the alpine glaciers etc.
(Starkel, 1985, 1994 b). These phases coincide with
declines of the solar activity and relative coolings and
at least some of them (like 8.5-8.0 ka BP) with simulta-
neous superposition of increased volcanic activity
(Magny, 1993; Starkel, 1998)

Correlation of these phases and sometime also of
single events must be made very carefully, because
especially in the fluvial environment the hiatus is very
common and organic remains are mainly redeposited,
so even the AMS dating results must be taken very cau-
tiously.

4. PHASES OF AGGRADATION AND DOWNCUTTING
IN VARIOUS VALLEY REACHES

The above described phases of various fluvial activ-
ity are related mainly to the middle valley reaches,
in which depending on the frequency of extreme events
and sediment delivery there appear the most frequent
crossing of threshold values and the tendency towards
downcutting is replaced by aggradation or vice versa.
The presented diagrams are just illustrating the middle
courses (Figs. 2 and 3). In such reaches located in the
Subcarpathian Basins in the period occupied by the “C
dating were observed the following 6 periods of differ-
ent rhytmicity and different trend of evolution (Fig. 4a):
al) period of rhytmic changes in flood frequency with
tendency to aggradation (40-25 ka BP);
a2) period of increasing continentality and incision by
braided rivers (25-13 ka BP);
a3) period of increased sediment load and beginning of
rhytmic changes (with large meanders — 13-10 ka BP);
ad) period of rhytmic changes in flood frequency with
cuts and fills and starting tendency to aggradation
(10-2 ka BP);
a5) period of rhytmic changes with tendency to aggra-
dation due to deforestation (the last 2 ka), interrupted
by river regulation.

In the upper river courses (in the Carpathians) with
higher gradients the sequence of changes was different,
conditioned by the higher sediment input under the
periglacial climate (with diachronous snowmelt floods
and summer solifluction) and by tendency to down-
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cutting during periods with dense forest cover (Starkel,
1968, 1995). The following 5 periods may be distin-
guished (Fig. 4b):

b1) period of rhytmic changes with alternate phases of
erosion and aggradation (40-25 ka BP);

b2) period of synchronous increased lateral and longi-
tudinal transport with tendency to aggradation
(25-15 ka BP);

b3) period of following downcutting combined with
amelioration of climate (15-10 ka BP);

b4) period of rhytmic changes in flood frequency and
alternate downcutting and aggradation (10-0,5 ka BP)
b5) period of increase transport (due to deforestation)
and tendency to lateral erosion and aggradation (last
500 years).

Downstream, north of the belt of plateau the Vistula
and other rivers were gradually blocked and later un-
blocked by the Scandinavian ice sheet. This gradual
change of the base level altitude and length of the river
valley were the main factor controlling the phases of
evolution of the mid- lower course of the Vistula valley
(Wisniewski, 1987; Starkel, 1990):
cl) period of rhytmic aggradation (40-25 ka BP);
¢2) period of continuous aggradation during the phase
of advancing ice sheet (25-20 ka BP);
¢3) period of rapid step-like downcutting during the
retreating ice sheet and changes of river drainage
(20-9 ka BP);
¢4) period of rhytmic changes in flood frequency with
tendency to lateral shifting (9-2 ka BP);
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Fig. 4. General models of fluctuations of the channel level reflecting
various trends to aggradation or erosion during last 40 ka BP:
a— middle river courses in Subcarpathian Basins, b — upper river
courses in the Carpathian valleys, ¢c — mid-lower coarse of Vistula,
blocked by ice sheet, 4 — smaller river valleys of the lowland
periglacial zone (Masovian plain).



L. Starkel

¢5) period of rhytmic changes with tendency to aggra-
dation (last 2 ka).

In the smaller lowland valleys of the former peri-
glacial zone the sequence of changes differs from the
river valleys with the mountain headwaters (Fig. 4, see
Turkowska, 1995). The following 5 periods may be dis-
tinguished:
d1) period of rhytmic changes with progressing aggra-
dation (40-25 ka BP);
d2) period of progressing aggradation under the
extreme cold climate (25-21 ka BP);
d3) period of limited aggradation under cold continen-
tal climate (21-13 ka BP);
d4) period of rhytmic changes in the flood frequency
with cuts and fills and slight tendency to downcutting
(13-2 ka BP);
dS) period of slight tendency to aggradation (after
deforestation).

The spatial differentiation of sequences in evolution
of river valleys is explained by various factors playing
leading role. But on the background of the glacial-
interglacial cycle in the evolution are visible the distinct
alternate phases of various river activity and among
them the phases of higher frequency of extreme events.
These phases seem to play a leading role in the forma-
tion of valley floors.
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