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Weichselian and Holocene river dynamics in relation to 
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A b s t r a c t : The exact relat ionship b e t w e e n r i ser develop
men t and climate c h a n g e is still unknown. There fore , this 
study aims to contr ibute to an increase in knowledge 
about this topic and focuses on Weichsel ian and H o l o c e n e 
river deve lopmen t in the I lalle-Leipziger Tief landsbucht 
( G e r m a n y ) . The results are correlated with data from Po
land and the Netherlands. Finally, the impact o f climatic 
c h a n g e s on river deve lopmen t are expla ined . 
C h a n g e s in vegetation cover , related to c h a n g e s in cl imate, 
trigger the onset o f each new river system, which starts 
with an eros ion phase . Nevertheless, this study s h o w s that 
c l imate changes not on ly c a u s e eros ion-depos i t ion cycles , 
but a l so changes in sed imento logy within a river system. 

[ W e i c h s e l z e i t l i c h e u n d h o l o z ä n e F l u ß d y n a m i k 
i n B e z i e h u n g z u K l i m a ä n d e r u i i g e n in d e r Hal l e -

L e i p z i g e r T i e f l a n d s b u c h t ( D e u t s c h l a n d ) ] 

K u r z f a s s u n g : Die g e n a u e B e z i e h u n g zwischen Flußent
wick lung und Kl imaänderung ist noch immer nicht deut
lich. Mit dieser Arbeit ist beabsicht igt , e inen Bei t rag zu lei
sten für die Zunahme von Kenntn issen über d ieses Thema. 
Die Arbeit konzentriert sich auf die weichse lze i t l i ehe und 
h o l o z ä n e Flußentwicklung in der Halle-Leipziger Tief
landsbucht (Deutsch land) . Die Ergebnisse w e r d e n mit Da
ten von Polen und der Niederlande konel ier t . Schl ießl ich 
wird die Bedeutung von Kl imaänderungen a u f die Fluß
en twick lung erläutert. 

Änderungen in Vege ta t ionbedeckung , im Z u s a m m e n h a n g 
mit Klimaänderungen, bewi rken den Anfang e ines neuen 
Flußsystems, das anfängt mit e iner Eros ionsphase . Trotz
dem, es zeigt sich, daß Klimaänderungen nicht nur neue 
Erosions-Sedimentat ions-Zyklen zur Folge haben , sondern 
auch Ä n d e m n g e n in der Sed imento log ie e ines Flußsystems. 

1 Introduction 

This study aims to increase the knowledge about the 
response of rivers on climate change. River develop
ment in general is relatively well documented. How
ever, river development in relation to climate 
change has caught attention only recently and as a 
result, a limited amount of data is available. Weich-
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selian river development, for instance, has been stud
ied thoroughly in the Netherlands and in Poland 
( P O N S 1957 , B A R T K O W S K I 1 9 5 7 ) , but only in later phases, 
attempts have been made to correlate these de
velopments with climate changes ( K O Z A R S K I 1 9 8 3 , 
V A N D E N B E R G H E et al. 1 9 8 7 , V A N D E N B E R G H E 1 9 9 3 ) . 
The investigation of Weichselian river sediments in 
Germany will allow correlation of Polish and Dutch 
findings and will give more insight in the Weichseli
an river development in relation to climate change 
on a larger scale. Although Holocene and Weichse
lian river development in Germany seems also rela
tively well documented, most of the studies focus on 
stratigraphy and chemical characteristics, rather than 
the genesis of the river systems. This makes correla
tion with Poland and the Netherlands difficult. There
fore, this investigation attempts to gather more da
ta of Weichselian river development in relation to 
climate change in the Halle-Leipziger Tieflands
bucht (Germany), where large exposures are pre
sent. The latter provide excellent opportunities to in
vestigate the Pleistocene deposits ( E I S S M A N N 1 9 7 5 ) . 
The present research deals with the sedimentary 
characteristics and periglacial features of the Weich
selian and Holocene fluvial deposits of the Weisse 
Elster river in two open cast mines within this area: 
Merseburg-Ost and Cospuclen (Fig. 1 ) . This study 
not only aims to describe the genesis of the Weisse 
Elster river, but also to record age and duration of 
periods of erosion and deposition, since they reflect 
a reaction of a river system on changed conditions. 
Finally, the inferred regional modifications of the ri
ver system are explained and correlated with the 
Polish and Dutch findings. 

2 Previous work 

During the Weichselian, rivers in Poland and the 
Netherlands showed a similar pattern of develop
ment. At the Middle-Late Pleniglacial boundary ( 2 7 
ka) fluvial activity started with an erosion in both 
countries (VAN H U I S S T E D E N et al. 1 9 8 6 , K R Z Y S Z K O W S -

K I J 1 9 9 0 ) . In the Netherlands, the Late Pleniglacial 
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Fig. 1: Location o f the studied exposures , 1 = open cast m i n e MerSeburg-Ost , 2 = o p e n cast mine Cospuden . 3 = o p e n cast 
m ine Goi t sche 

Abb. 1: Lage der Aufschlüsse. 1 = Tagebau Merseburg-Ost, 2 = Tagebau Cospuden, 3 = Tagebau Goitsche. 

fluvial activity was restricted to the first part of the 
Late Pleniglacial. Aeolian processes dominated the last 
part of the Late Pleniglacial and fluvial activity was 
minor, caused by a dry climate (VAN H U I S S T E D E N et 
al. 1986, B O H X C K E et al. 1987). K O Z A R S K I (1983) 
found a transition from braided to meandering river 
systems at the onset of the Late Glacial (13-10 ka). 
He also reported new erosion and development of a 
second meandering river system, that took place at 
the onset of the Holocene in Poland. This corre
sponded with the fluvial development in the Nether
lands ( V A N D E N B E R G H E et al. 1987). 
In Germany, the Weichselian fluvial deposits were 
grouped morphologically in low terrace deposits, 
previously attributed to the Weichselian Early Glacial 
and Pleniglacial periods. Most authors assumed 
that fluvial activity ceased during the maximum gla
ciation (circa 18 ka), which was characterized by se
vere dryness ( R U S K E & W U N S C H E 1964, S C H A L I C H 

1968; E I S S M A N N 1975). In 1967, S T E I N M Ü L L E R confirm
ed this with a date of 22 ka BP for the upper part of 
the low terrace deposits. 

Nevertheless, H I L L E R et al. showed in 1991 that the 
low terrace deposits were not as old as previously 
believed, but dated from the end of the Middle Ple
niglacial. They dated two levels of (reworked) peat 
at 2 - 4 m from the base of the low terrace (site 3 in 
Fig 1) 26 - 30 ka BP. which indicated a Middle to Late 
Pleniglacial age for the start of deposition of the low 
terrace. This confirmed the dates of S T E I N M Ü L L E R 

(1967). In contrast, W O L F & S E I F E R T (1991) interpret
ed a peat layer on top of the low terrace as Brorup, 
based on palynological analyses. Thus, they conclud
ed that the low terrace was pre-Brorup, although 
they could not prove a post-Eemian age for their low 
terrace deposits. 
The Late Glacial and Holocene river dynamics are 
documented well. Various authors reported incised 

channels of meandering river systems of both Late 
Glacial and Holocene age ( B R O S C H E 1984, W O L F & 

S E I F E R T 1991, H I L L E R et al. 1991). After the Early At
lantic, increased agricultural activities resulted in an 
increased sediment load, and caused deposition of 
large quantities of overbank loam (..Auelehm") (HlL-
i .ERct al. 1991, L I T T 1992). 

3 The development of the Weisse Elster River 

Three different river systems arc differentiated on 
the basis of their sedimentary characteristics, peri-
glacial features and erosion base: the lower, middle 
and upper river systems. Erosion phases character
ize the onset of the systems. It will be shown that the 
lower river system is a braided river system, that is 
deposited during permafrost conditions and is dom
inated by gravel. The middle and the upper river 
systems are both meandering river systems, that are 
dominated by silt, but the middle river system is dis
turbed periglacially. while the upper river system is not. 

T h . l o w e r r i v e r s y s t e m 

The lower system forms the low terrace, a morpho
logically distinct feature in this area ( E I S S M A N N 1975, 
W O L F & S E I F E R T 1991). The deposits of the low ter
race have a maximum thickness of 7 m. Stacked bar se
quences, heterogeneous grain size composition and 
dominance of gravel characterize the lower river sys
tem. The stacked bar sequences suggest frequent 
Literal shifting. Together with the dominance of gra
vel and the heterogeneous grain size of the deposits, 
this points to braided river conditions. 
Figures 2 and 3 illustrate the lower river system and 
show its development. The entire section consists of 
stacked bar sequences. They represent deposits of 
bars, that migrate either into an active channel or on 
the nearest bar ( R U S T ik K Ö S T E R 1984). The subdivi-
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sion of the bar sediments into an lower and an upper 
part (Fig 2) is due to a change from relatively deep to 
shallow water conditions: a low ratio of water depth 
to mean particle size suppresses development of 
cross strata on bars ( R U S T 1978). Therefore, figure 2 
clearly reflects a decrease in water depth upward 
and shows two phases of different river activity with
in one river system. Nonetheless, this is only the case 
in Merseburg-Ost. In Cospuden, massive imbricated 
gravel, which points to shallow water conditions, 
dominates the entire section (Fig. 3). This indicates 
that during the first phase river activity in deeper 

channels was confined to a certain active tract and 
that only during flash floods a larger area served for 
storage ( R E I N F E L D S & N A N S O N 1993). 
During the second phase of the river system, both 
the Merseburg-Ost and Cospuden exposures point 
to shallow water conditions. This is caused by either 
movement of the active tract or a decrease in dis
charge. The river system probably had a decreased 
discharge during its last phase, since in a nearby ex
posure (open cast mine Goitsche, Fig 1) the litholo-
gy changes upward from gravel to sand ( H I L L E R et al. 
199D. This also indicates a diminished flow. 
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Fig. 2: Deposi ts o f the l o w e r river system in Merseburg-Ost , that represent mainly s tacked bar s equences ( ind ica ted with 
a r rows) . T h e section is subdivided into two parts with different sed imentary characteristics: planar cross stratificatecl gra
vel and massive imbricated gravel dominate the lower part, w h e r e a s massive imbricated gravel alone charac te r izes the 
t ipper part o f the section. 1 = brown coal (substratum), 2 = coa r se gravel (0 .5 - 5 c m ) . .3 = fine gravel (<0 .5 c m ) , 4 = sand, 
5 = c o b b l e s (5 - 25 c m ) , 6 = soil. 7 = bar s e q u e n c e . 

Abb. 2: Sedimente des unteren Elutssystems in Merseburg-Ost, die die übereinanderliegenden Banksequenzen repräsentieren (ange
geben mit Pfeil). Das Profil ist in zwei 'feile gegliedert worden: im unteren Teil gibt es vorherrschend ebene schräggeschichtete Kie
se und 'massive imbricated' Kiese, weil im oberen Teil nur 'massive imbricated' Kies vorherrscht, 1 = Braunkohle. 2 = Kies > 0,5 cm, 
3 = Kies < 0,5 cm, 4 = Sand, 5 = Steine (5 - 25 cm), 6 = Boden, 7 = Banksequenz. 
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Fig. 3: Deposi ts o f the lower river system in Cospuden, that represent mainly s t acked bar s e q u e n c e s ( indicated with 
ar rows) o f massive imbricated gravel. 1 = coa r se gravel (0 .5 - 5 c m ) , 2 = fine gravel (<0 .5 c m ) , 3 = silt. 4 = soil, 5 = cobb le s 
(5 -25 c m ) , 6 = bar s e q u e n c e . 

Abb. 3: Sedimente des unteren Flußsystems in Cospuden, die die übereinanderliegende Banksequenzen von massive imbricated' Kies 
repräsentieren (angegeben mit Pfeil). 1 = Kies > 0,5 cm. 2 = Kies < 0,5 cm, 3 = Schluff, a - Boden. 5 - Steine (S - 25 cm). 6 - Bankse
quenz. 

Periglacial phenomena are present as numerous ice 
wedge casts, which indicate continuous permafrost 
(Fig 2 and 3). The ice wedges are present in gravel, 
which points to an extremely low mean annual 
ground temperature of -5.5°C ( R O M A N O V S K I J 1985). 
V A N D E N B E R G H E (1992) translated this ground tempera
ture to -8°C mean annual air temperature. In both Cos
puden and Merseburg-Ost. the ice wedge casts are 
present at two levels: a lower level on top of the lag 
deposit, and an upper level at 0.5 - 1.5 m above the 
base of the lower river deposits. Solitary ice-wedge 
casts at other levels are not present. 
Both levels with ice wedge casts represent a hiatus in 
the sedimentary record, since they need at least sev
eral tens to hundreds of years to develop. Depo
sition on top of both levels must have occurred syn
chronously: during erosion in the active tract, ice 
wedges developed on inactive parts ( W I L L I A M S & 

R L I S T 1969, V A N D E N B E R G H E & VAN H U I S S T E D E N 1988). 

T h e m i d d l e r i v e r s y s t e m 

The middle river system is characterized by its clear 

separation of channel fill and overbank deposits. 
Gravel is present in minor quantities in lag deposits 
and also in overbank deposits as a result of major 
floods. In general, the middle river system is low 
energetic. The middle river system has a maximum 
thickness of 2 m and has an erosion base that is 
3 - 4 m higher than the erosion base of the lower 
river system. 

Figures 4 and 5 illustrate the middle river system. 
The many channel scars suggest frequent abandon
ment of the active channels, whereas the overbank 
deposits point to frequent floods. The flow capacity 
during those floods must have been extremely large, 
to deposit the gravel splays. Epsilon cross bedding is 
not present, although the channel in figure 4 shows 
some lateral accretion at its base. This could be due 
to a relatively low sinuosity. Nevertheless, all fea
tures point to a meandering river system. 
Periglacial phenomena are present only as perigla
cial involutions. All channel fills of the middle river 
system (Fig 4 and 5) are cryoturbated. According 
to V A N D E N B E R G H E (1988) intense seasonal frost is 
sufficient for formation of these structures. 
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Fig. 4 : Deposi ts o f the middle river system in Merseburg-Ost . T h e braided river deposi ts o f the lower river sys tem are pre
sent at the ba se and a soil marks the boundary with the upper river system. A periglacially disturbed channe l fill ( fac ies I ) 
with o n top overbank deposi ts (facies II) in sec t ion A are the equivalent o f two phases o f overbank deposi ts in sec t ions 
B and C (subdivision ba sed on different cryoturbation phases ) . T h e age o f the top o f the overbank deposi ts in sec t ion B 
is palynological ly establ ished as end o f Y o u n g e r Dryas (Litt 1 9 9 2 ) , 1 = coarse gravel ( > 0 . 5 c m ) , 2 = fine gravel ( < 0 . 5 c m ) , 
3 = sand, 4 = silt, 5 = clay, 6 = peat, 7 = soil. 

Abb. 4: Sedimente des mittleren Flußsystems in Merseburg-Ost. Im Liegenden sind die 'braided river' Sedimente des unteren Flußsy
stems und im Hangenden ist ein Boden die Grenze zum oberen Flußsystem. Eine periglazial defomiierte Rinnenfüllung und Über
schwemmungssedimente im Hangenden in Profil A korrelieren mit zwei Phasen von Überschwemmungssedimenten in Profilen B und 
C (Gliederung aufgrund verschiedener Kryoturbations-Phasen), 1 = Kies >0,5 cm, 2 = Kies < 0,5 cm. 3 = Sand. 4 = Schluff, 5 = Ton, 
6 = Torf. 7 = Boden. 
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Fig. 5: Deposi ts o f the middle and younger river system (separa ted by lowest soi l) in Cospuden . Substratum cons i s t s o f 
gravel o f the lower terrace. T h e middle river sys tem is character ized by three channe l fills. Black square indicates locati
o n o f pol len profile, asterisk indicates locat ion o f 1 4 C sample GrN 1 7 1 5 6 (10 ,260 ± 1 1 0 B P ) . 1 = coarse gravel ( > 0 . 5 c m ) , 
2 = fine gravel (<0.5 c m ) , 3 = sand, 4 = silt, 5 = clay, 6 = peat, 7 = soil. 

Abb. 5: Sedimente der mittleren und oberen Flußsysteme in Merseburg-Ost (Grenze ist der Boden). Das Liegende besteht aus Kiesen 
des unteren Flußsystems. Das mittlere Flußsystem wird von drei Rinnenfüllungen repräsentiert. Ein schwarzes Quadrat deutet die La
ge eines Pollenprofils an und ein Sternchen die Lage einer lälC Probe. 1 = Kies >0,5 cm, 2 = Kies < 0.5 cm. 3 = Sand, 4 = Schluff, 5 
Ton, 6 = Torf, 7 = Boden. 

T h e u p p e r r i v e r s y s t e m 

Silt dominates the upper river system. This river sys
tem formed the so-called „Aue" (flood plain) (HILLER 

et al. 1991). Its maximum thickness is 3 m in Merse-
burg-Ost and it erodes the deposits of the lower river 
system for several metres. The erosion base of the 
upper river system is 5 - 6 m higher than the base of 
the lower river system. H I L L E R et al. (1991) describe 
this upper river system quite extensively; the present 
study focuses on its sedimentary characteristics. 
The deposits of the upper river system consist of two 

stratification types: massive silt without any recognizable 
bedding and epsilon cross bedded sand with fine 
gravel, situated in channels (Fig. 5 ) . The silt facies re
presents the vertical accretionary product and the ep
silon cross bedded sand and gravel the lateral accre
tionary deposits (point bar deposits). The point bar 
deposits not only contain sand and gravel (Fig 6 ) , but 
also a large amount of wood, including entire (oak) 
trees (HILLER et al. 1991). The presence of the epsilon 
cross stratification, the many channel scars, and the 
large amount of vertical accretion deposits clearly 
point to a meandering river system. 
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Fig. 6: Epsilon cross bedded sand and gravel of the upper river system in Merseburg-Ost. The cross bedding is directed towards the 
channel, which is filled with silt (height of cross bedding 0.5 m). 

Abb. 6: "Epsilon cross-bedded' Sand und Kies des oberen Fluß-Systems in Merseburg-Ost. Die Schrägschichtung fällt in Richtung der 
Rinne ein, die mit Schluff gefüllt ist. 
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4 Stratigraphical context and chronology 
of the river systems 

T h e l o w e r r i v e r s y s t e m 

The lower (braided) river system was active during 
the Weichselian Late Pleniglacial period ( H I L L E R et al. 
1 9 9 1 ) . Although W O L F & S E I F E R T ( 1 9 9 1 ) stated that 
the low terrace is pre-Bronip (because of the pre
sence of Brorup-peat on top of it), this seemed un
likely considering the Middle-Late Pleniglacial ages 
of S T E I N M Ü L L E R ( 1 9 6 7 ) and H I L L E R et al. ( 1 9 9 1 ) . Since 
W O L F & S E I F E R T ( 1 9 9 1 ) were not able to date the 
base of the fluvial deposits, their low terrace probably 
was an erosional remnant of older fluvial deposits. 
H I L L E R et al. ( 1 9 9 1 ) dated peat within the lower river 
system 2 6 - 3 0 ka. Nevertheless, these Middle Pleni
glacial ages were established from reworked peat 
and therefore they suggest only a maximum age. 
The lower river system probably was active from the 
boundary Middle 'Late Pleniglacial. possibly already 
during the final part of the Middle Pleniglacial, after 
a major erosion. This in agreement with L I E D T K E 

( 1 9 9 3 ) , who reported tin erosion phase and a change 
to braided rivers at the onset of the Late Pleniglacial 
in northern Germany. The lower level of ice wedge 
casts in the basal part of the deposits of the lower 
river system dated from the same period. 
The two-fold division of the lower river system, 
which was caused by a decrease in river discharge, 
reflects a major boundary. Nevertheless, this break 
could not be dated properly, because of the lack of 

datable material. This decrease in river discharge 
probably took place in the last part of the Late 
Pleniglacial. During this period the climate was very 
dry in Poland as well as in the Netherlands and as a 
result, river discharge decreased. 

T h e m i d d l e r i v e r s y s t e m 

The middle river system was active during the 
Weichselian Late Glacial period, established by means 
of radiocarbon and palynological data. The start 
of the activity of the middle river system probably 
took place at the beginning of the Late Glacial ( 1 3 
ka), in correspondence with findings in other areas 
( K O Z A R S K I 1 9 8 3 , V A N D E N B E R G H E et al. 1 9 8 7 . K A S S E et 

al. 1 9 9 4 , L I E D T K E 1993). 
A palynological section of a peaty channel fill in Cos
puden (Fig. 5 ) shows the Late Dryas-Holocene tran
sition (Fig. 7 ) , indicated by the boundary between 
regional pollen assemblage zones III and I V (after 
F I R B A S 1 9 4 9 ) . This is confirmed by a 1 4 C date of 
1 0 , 2 6 0 ± 1 1 0 BP (GrN 1 7 1 5 6 ) below the core. The 
pollen diagram corresponds with the diagrams of 
the Gatersleben Lake ( M Ü L L E R 1 9 5 3 ) and the Geisel 
valley ( M A M A et al. 1 9 9 3 ) . But, local influences dom
inate the NAP in the Cospuden diagram. For in
stance, Artemisia is very low and shows no change 
in the entire section. This is in contrast to the find
ings of M Ü L L E R ( 1 9 5 3 ) , who showed that the Late 
Dryas is characterized by relatively high percentages 
Artemisia, compared to the Allerod and Preboreal. 
Nevertheless, his core was taken in lake sediments. 
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whereas the Cospuden section came from two gully 
fills. In the latter section the Artemisia was probably 
continuously present on the borders of the gullies. 
The established age of the deposits of the upper ri
ver system suggests that this river system was still ac
tive during the last part of the Late Dryas. The paly
nological data point to a very limited river activity at 
the end of the Late Dryas-beginning Holocene: only 
minor erosion and deposition of clay. Moreover, the 
overbank deposits in Merseburg-Ost (Fig. 4, sections 
B and C) were dated by HILI.F.R et al. (1991) 10,950 ± 
190 BP and 10.350 ± 190 BP, pollen zone III ( L I T T 

1992). Their results showed that also in Merseburg-
Ost the middle river system was active until the end 
of the Late Dryas. 

T h e t i p p e r r i v e r s y s t e m 

The upper river system was active during the Holo
cene and was described extensively by H I L L E R et al. 
(1991) in Merseburg-Ost. They dated the soil under
lying this meandering river system 6960 ± 130 BP 
and dated also various pieces of wood included in 

point bar deposits of the upper river system. The 
wood pieces had various ages, of which 8790 ± 140 
BP (oak tree) was the oldest. This pointed to a start 
after circa 8790 BP. 
However, new data point to an earlier start of acti
vity of the upper river system. The Cospuden pollen 
diagram and H I L L E R et al. (1991) suggest a diminish
ed river activity of the middle river system at the 
onset of the Holocene. New radiocarbon dates on 
reworked wood within sediments of the upper river 
system seem to confirm this, although these dates re
present only maximum ages. Wood within crevasse 
splay deposits in open cast mine Goitsche dated 
10,135 ± 25 BP (GrN-17145) (Fig. 8). Furthermore, 
wood fragments within trough cross bedded sands 
(channel deposits) in Merseburg-Ost dated 9315 ± 
80 BP (GrN-17146). The tipper river system started 
probably to develop at the beginning of the Pre-
boreal, at 10,000 BP, directly after inactivity of the 
middle river system. This was already suggested by 
HILI.F.R et al. (1991), and was in accordance with va
rious studies in north-western Europe ( P O N S 1957, 
K O Z A R S K I 1983, L I E D T K E 1993). 

Fig. 8: Depos i t s o f the upper river system on top o f gravel o f the l ower river system in Go i t s che . An arrow indicates the 
location o f "C sample GrN-17145 ( 1 0 , 1 3 5 ± 25 B P ) , wi thin crevasse splay deposits. T h e y represent the b a s e o f the upper 
river system. Its top is character ized by vertically a c c r e t e d silt. 

Abb. 8: Sedimente des oberen Flußsystems in Goitsche (im Liegenden Kiese des unteren Flußsystems). Ein Pfeil zeigt die Lage der "C 
Probe GrN-17145 in Durchbruchsedimenten. Diese Sedimente sind der untere Teil des oberen Flußsystems. Der obere Teil wird von 
vertikal abgelagertem Schluff repräsentiert. 
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5 River development in relation to 
climate change (discussion) 

Although temporal variations in a river system are 
often attributed to external changes such as climate, 
this needs not always be the case. S C H Ü M M ( 1 9 7 7 ) 
stresses the complex response of a river to an exter
nal change. It results in the modification of the river 
until a new equilibrium has adjusted, and - when 
thresholds are exceeded - new erosional or deposi-
tional events may occur without a new change of ex
ternal conditions. Therefore, only regional changes 
in river pattern are climate-induced, since only cli
mate changes and related effects can cause changes 
in rivers that can be traced from Poland to the 
Netherlands. Consequently, when erosion phases or 
changes in sedimentology in this study area also oc
cur in other areas at the same time, they are attribut
ed to climate. 

Most of the river changes in the Halle-Leipziger Tief
landsbucht correlate with the fluvial development in 
other areas. The erosion and development of the 
lower (braided) river system at the Middle/Late 
Pleniglacial boundary correspond with the develop
ment in the Netherlands. Also in Poland changes in 
fluvial environment occur on this boundary. The 
change to a lower discharge regime in the lower ri
ver system correlates with the increase in aeolian ac
tivity in the Netherlands ( V A N D E N B E R G H E & V A N H U I S -

STF.DF.N 1 9 8 8 ) and Poland during the last part of the 
Late Pleniglacial, since both features point to a drier 
climate. The Late Glacial and Holocene incisions are 
recognized from Poland ( K O Z A R S K I 1 9 8 3 ) to the 
Netherlands ( V A N D E N B E R G H E et al. 1 9 9 4 ) and they 
can therefore be attributed to changes in climate as 
well. 

When these regional river changes are compared, it 
is striking that all river pattern changes are situated 
at the beginning of a major climate change and start 
with an erosion, as the result of adjustment to the 
new condition. According to V A N D E N B E R G H E ( 1 9 9 3 ) , 
this is due to a delay of reaction of vegetation cover 
to climate change. At the onset of a cold period ero
sion is induced by a delay in d e c r e a s e of vege
tation cover, while at the onset of a warm and 
moister period erosion is induced by a delay in 
i n c r e a s e of vegetation cover. 
The rivers that develop during cold conditions (with 
permafrost) are braided rivers, while during warm 
periods meandering rivers develop. During per
mafrost conditions the frozen subsoil causes a high 
rate of overland flow, that results in a large sediment 
supply, because of a sparse vegetation cover. The 
frozen subsoil also decreases storage capacity, 
which results in high peak floods. Both the high se
diment discharge and the high peak floods cause the 
development of a braided river system. During 

warm periods, the increased storage capacity and re
duced sediment load, as a result of the dense vege
tation cover, result in meandering rivers. 
Obviously, in this scenario changes in climate have 
to be significant, to exceed thresholds and to cause 
erosion and subsequent development of new river 
patterns. During the last part of the Late Pleniglacial, 
the lower river system reacted only slightly on the 
change to drier conditions, and the change is only 
reflected in the sedimentary record as a change in 
sedimentology. A decrease in precipitation caused 
a decrease in vegetation cover, which resulted in 
an increased sediment yield. Together with less 
discharge, this caused the development of wider and 
shallower channels without erosion. 

6 Conclusions 

Changes in climate have to be significant, to result in 
changes in river pattern. A river system will exceed 
its threshold conditions during major changes in cli
mate, which results in erosion and subsequent de
velopment of a new river system. However, changes 
in climate that do not result in exceeding thresholds 
of a river system can still be reflected in a change in 
sedimentology within the river system. 
At three distinct moments thresholds were passed 
in the Halle-Leipziger Tieflandsbucht during the 
Weichselian and onset of Holocene. As a result, 
three different river systems developed: the lower, 
middle and upper river systems. The lower river sys
tem was a braided river system, which started with 
an erosion phase at the Weichselian Middle/Late 
Pleniglacial boundary, when threshold conditions 
were passed. Its deposits were subdivided in two se-
dimentologically different parts, of which the upper 
part reflected a decrease in discharge. This decrease 
in discharge was due to a drier climate during the 
last part of the Late Pleniglacial. In this case the 
threshold for erosion was not passed. At the onset of 
the Weichselian Late Glacial thresholds were passed 
again. This resulted in erosion and subsequent de
velopment of the middle river system, a meandering 
river system that was active until the end of the 
Younger Dryas. This type of river system was also 
active in the Netherlands and Poland during the 
same time. Finally, at the beginning of Holocene, 
threshold conditions were passed again. As a result, 
the upper river system developed, a meandering 
river system that was active during the Holocene. 
During the same period, meandering river systems 
were also active in the Netherlands and Poland. 
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