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Evidence of glacioisoslatic rebound within the ice marginal zone of the last glaciation is presented. The largest glacial lake of Belarus, i.e. 
the Polotsk lake situated at a short distance from the maximum limit of the Poozerie (Weichselian) Glaciation, was chosen as an object. 
Spectrum of glaciolacustrine terraces as well as succession of glaciolacustrine series are described. Differences of proximal and distal 
sequences are defined. Morphological and geological peculiarities of the Polotsk basin are cond itioned by the glacioisostatic downwarping. 
The amplitude of glacioisoslatic movements reached up to 40 m. Reconstruction oftheevents related to the glacioisostasy (shore displacement 
and water body migration) is given. Glacioisostatic rebound in areas with relatively small ice-loading had a discordant character. 
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INTRODUCTION 

Glacioisostasy within marginal zones of the last glaciation 
in the Peribalticum has been studied very fragmentary. It is 
very difficult to distinguish the isostatic response within the 
areas where thickness of ice was relatively small and ice 
loading was not significant. Precise measurements of isostatic 
movements are not available there. It is also problematic to 
find indirect evidence of glacioisostatic influence. Quantita­
tive determination of glacioisostatic movements amplitude is 
referred to as an especially difficult procedure. The papers 
concerning this problem consider mainly the possibilities of 
glacioisostatic effect. Nevertheless, there are some publica­
tions that concern the giacioisostatic up-gradient of the sout­
hern and southeastern part of the Peribalticum. Studies of 
giacioisostatic influe nce on the river network development 
were carried out by V. Gudelis (I 973), M. Vigdorchik (1973), 
E. Bylinski (1985) and L. Marks (1988). These authors have 
concluded that amplitude of movements in marginal zones of 
an ice sheet reached up to 40 m, and sometimes even 50 m_ 
In Belarus, influence of glacioisostasy on capture of river 
valleys, situated in a marginal zone of the last glaciation, was 
described by E. Levkov and A. Karabanov (1988). But the 
problem of influence of isostatic rebound on morphological 

and sedimentologic processes was considered there on a theo­
retical level only. 

The object of this study is one of the largest glacial lakes 
within the Weichselian Glaciation area, i.e. the Polotsk glacial 
lake which was situated in northern Belarus (Fig. I) where 
glacial lakes were widely distributed during the last glacia­
tion. This basin is bounded by the end moraines of the Sven­
tiany (Frankfurt) Phase in the south and by the Braslav 
(Pomeranian) Stage marginal formations in the north. The 
basin is dissected by the Zapadnaya Dvina river valley. The 
Polotsk lake appears to be the key site for understanding of 
the Late Pleistocene history as well as for development of the 
drainage network in the eastern part of the Peribalticum. The 
lake was a central unit of the ice-dam lake system of the 
Zapadnaya Dvina basin. Its influence extended eastwards as 
the local erosive basis for outlets of the northeastern glacial 
lakes in the territory of Belarus, and northwards as an abun­
dant source of water for the Latvian glacial lakes. 

The Polotsk lake had been forming during the Braslav 
Stage. Its southeastern outlets were active during initial pha­
ses of the lake drainage. The southwestern outlet through the 
Vilnius valley was fonned after ice sheet retreat from the 
Braslav end moraines. Opening of the northwestern outlet 
took place during the Older Dryas ano the Bolling. It should 
be emphasized that in this paper a special attention is paid to 
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effects of a glacioisostatic rebound, and a history of the lake 
drainage will not be considered further. A more detailed 
information could be obtained from the studies of A. Basaly­
kas (1967), G. Eberhards (1972), V. Dvareckas and G. Eber­
hards (1978), J. Straume (1978), V. Vonsavieus ef at. (1986), 
and I. Pavlovskaya (1994a). The glacial lake history was 
reconstructed on the basis of its littoral features and shoreli­
nes, sedimentary associations, and its outlet controls. 

MORPHOLOGICAL PEA TURES 

Shorelines and terraces of the Polotsk glacial lake have 
been studied for more than 30 years. In spite of that, they are 
poorly known in details. The lake levels have been the subject 
of controversial opinions for a long time. They were described 
firstly by E. Ilyin (1967) who noted 5 levels, upper of them at 
167 m a.s.l., and traced only in the northern part of the lake 
basin. Two shorelines were described by L. Puzanov (1967) 
at the southern shore of the lake, the upper one of which occurs 
at 140 m a.s.l. 

Opinions of investigators differ on how to explain the 
variety of levels. E. Ilyin (1967) interpreted the altitude irre­
gularity of terraces a..c; a consequence of limiting by dead ice 
blocks in the south. But there is no morphological and geolo­
gical evidence (e.g. kames and melt-out deformations) for 
southern bounding by dead ice blocks. The existing contro-

versy on altitudes of shorelines can be derived from a poor 
knowledge of the terrace pattern. 

Detailed studies of distribution of the Polotsk lake terrace 
surfaces brought additional evidence to a new interpretation 
and new constructions of the terrace spectrum (Fig. 2). Sho­
relines and glaciolacustrine terrace spectrum were defined on 
the basis of interpretation of aerial photos. The use of stereo­
scopic aerial images allows detecting a spatial distribution of 
the shorelines. All shorelines and terraces recognized at the 
aerial photos were identified by instrumental measurements 
of shorelines and cliffs in the field. This way allowed to carry 
out spatial mapping of shorelines and to distinguish them 
continuously. Seven shorelines were defined. The upper of 
them occurs at 70 m and the lower one at 132 m a.s.1. 

Shorelines reflect the high (AI-2 at Fig. 2), middle (B3- 6 
at Fig. 2) and lower level phases (C7-8 at Fig. 2). There are 
6 abrasive terraces, partly covered by thin glaciolacustrine 
deposits and 2 accumulative terraces. Two high levels, and 
terraces Al and A2 attribute to the isolated lakes at the initial 
phases of basin infilling (I. Pavlovskaya, 1994a). Comparison 
of shorelines and glaciolacustrine terraces indicates essential 
distinction between different parts of the basin. 

In the northern part the higher terraces are the water 
abrasive forms, and the lower ones are the accumulative 
forms. The younger accumulative terraces are lower than the 
older abrasive ones. The opposite situation is noted in a distal 
part of the lake basin. Only a single continuous lake level is 
recognized (except shorelines oflocal ice-dam lakes that were 
formed before the Polotsk lake). The highest shoreline in this 
part is located at 140 m a.s.l. There is only a single accumu­
lative surface, and there are no abrasive forms of the Polotsk 
lake. Moreover, abrasive forms and beach-ridge formations 
buried under fine-grained glaciolacustrine deposits were fo­
und there. It may be an evidence of terrace inversion, when 
younger forms overlay the older ones. 

Thus, the proximal part has a normal sequence of terraces. 
Such a sequence implies location of the younger accumulative 
terraces below the older abrasive ones. On the contrary, the 
distal part has the accumulative terrace only, and the glacio­
isostatic inversion of terraces , most probably, is traced there. 
Such an inversion implies deposition of the young accumula­
tive terraces over the older abrasive ones. The most reasonable 
explanation of morphological divergences between proximal 
and distal parts of the basin is that the lake water levels could 
be changed by glacio isostatic movements. The distal inver­
sion of shorelines may be considered as a result of the glacio­
isostatic tilting. 

GLACIOLACUSTRINE SEQUENCES 

The glaciolacustrine sequences were studied using the 
drilling data and recorded in detai ls during field investiga­
tions. A spatial heterogeneity of deposits only is considered. 
It is made in order to understand better a relationship between 
the ice sheet retreat and the history of the lake development. 
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A - local lakes of the Obol oscillation: 1 - 170-165 m a.s. I., 2 - 165-160 m a.s.l; B - abmsive terraces of the Polo[sk lake: 3 -160-155 m a.s. I., 4-
155- 150 m a.s.I .• 5 - 150-147 Tn a.s.I ., 6 - 147- 140 m a.s. l; C - accumulative terraces of the Polotsk lake and residual lakes: 7 - 140-135 m l1.s.I .• 8-
135-132 m a.s.l; 9 - bottom of the lake 
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Fig. 3. Geological cross-sections of the proximal (a), intennediate (b) and distal (c) glaciolacustrine sequences 

I - beach gravel and sand, 2 - fine-grained sand, 3 - silt. 4-varved clay. 5 - massive clay, 6 -Lill. 7 - kame deposits. 8 - alJuvium 
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Fig. 4. Phases of the Polotsk lake 

1 -local lakes of the Ohol oscillation; reconstructed shorelines of the Polotsk lake during: 2 - Braslav Stage, 3 - maximum proximal displacement, 4-
phase of stabilization; 5 - Late Glacial residual lakes 

Lithology and sedimentary structures have been described 
previously (N. Zaitseva, 1969; I. Pavlovskaya, I 994a). 

The glaciolacustrine series infilling the Polotsk basin can 
be divided into two distinct associations based on thickness, 
structure and their position in the section (Fig. 3). The proxi­
mal sequence (I) is the interbedding glaciolacustrine unit, 37 
m thick (Fig. 3a). It contains layers of varved clays, massive 
clays with coarse debris and lenses of flow till, silts, and sands. 
The rhythmic interbedded structure of the proximal sequence 
and the presence of layers of massive clays can be related to 
the sedimentation pulses due to readvances of ice sheet mar­
gin during the Braslav Stage. The coarseness of deposits and 
dropstones in glaciolacustrine layers indicate that sedimenta­
tion took place near the ice margin. 

Generally, the proximal sequence is a typical sedimentary 
succession that was deposited as an effect of successive 
diminution of the area and depth of a glacial lake. It has a 
regressive type of bedding: glaciolacustrine sands and silts are 
recovering varved clays. All sites with coastal deposits are 
exposed and they are located at strong morphologic shoreli­
nes. 

Distal sequence (2) reflects calmer conditions of the gla­
ciolacustrine environment. Its structure is less complicated. 
and thickness is relatively small (Fig. 3c). The lowermost part 
of the· distal series comprises thick glaciolacustrine clays, 
overlaid by thin (no more than 2.8 m) diamicton and gravel 
associations. These sediments were found southwards from 
the buried ice marginal formations which were related to the 
Obol oscillation (I. Pavlovskaya, 1994a) . Therefore, the abo­
ve-mentioned series was deposited most probably in isolated 
lakes, existing during the initial phase of the basin infilling 

before the Polotsk lake forming. The buried coastal deposi ts 
occur in a distal part (see Fig. 3c). The presence of buried 
shore formations has outmost importance, because they are 
overlaid by littoral fine-grained sands. It may record a signi­
ficant rise of water level. 

Deposits of the lake distal part represent a transgressive 
sequcnce. Unfortunately, the age ofthe overlaying sandy and 
silty sediments is unknown exactly, because no localities with 
biogenic material were found in glaciolacustrine accumula­
tions. However, the upper series of fine-grained deposits have 
very similar altitude, thickness and structure in both proximal 
and distal parts. The distal upper silty-sandy series and the 
proximal ones appear to be the same unit, having the same 
lithologic characteristics and position within the sediment 
body. Their deposition corresponded to the period when the 
northwestern drainage channel was formed. Occurrence of the 
series indicates the most probable local transgression on the 
distal shore. 

Comparison of the proximal and distal sequences shows 
environmental differences between them. The first one repre­
sents gradual drops of a water level, the second one may be 
deposited as a result of significant increase of the lake depth. 
It is difficultto explain such differences of proximal and distal 
sequences only in view of successive drop of lake water 
levels, because the proximal part of the basin was much 
deeper than the distal one. Underlying glacial sediments in the 
northern part of the lake occur at about 90--100 m a.s.1. In the 
southern part, the bed of glaciolacustrine deposits is located 
at 120-130 m a.s.l., and the depth of the reservoir should be 
smaller there. Therefore, geometry of the sediment body 
indicates that a distal part should have been drained first of all 
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during a drop of the water level and transgressive sequence 
should not be formed. But the transgressive series occurs just 
in the distal part. Hence, there is an evidence of a local 
transgression that can be explained taking into account a 
possible displacement of a water body due to glacio isostatic 
shifting. 

LATE POOZERIE EVENTS 

Reconstruction of the Late Poozerie events was based on 
correlation to nearby areas where succession of events has 
been already known (G. Eberhards, 1972; V. Vonsavicus et 
ai., 1986; I. Pavlovskaya, 1994a). Besides, pollen data were 
used from the Late Glacial lake and bog sediments that 
overlay series of the Polotsk lake. It is obvious that sedimento­
log ical interruption between these accumulations could occur. 
Nevertheless, it seems unreasonable to suggest that such 
interruption could be continuous, taking into consideration 
peculiarities of lake and bog sedimentation on dried surfaces. 
Therefore, the age of the upper part of glaciolacustrine depo­
sits should be slightly older than the age of the overlaying 
organic sediments. It has also been taken into account that the 
most rapid rebound was recorded at some distance from the 
ice margin, and the maximum uplift occurred during relative­
ly short time as it is confirmed in areas where glacioisostatic 
rebound was significant (S. Bjorck, 1989; H. Moriwaki, 1990; 
J.-c. Dionne, 1990). 

Peculiarities of spatial distribution of shorelines and 
structure of glaciolacustrine deposits have led to the follo­
wing reconstruction of events. During the Braslav Stage, 
when the upper proximal shorelines were formed, a probable 
zone of glacioisostatic uplift was situated close to the margi­
nal zone of the Sventiany Phase of the Poozerie Glaciation. 
When the ice sheet started retreating from the Braslav Stage 
limits, the southern part of the Polotsk basin was isostatically 
uplifted. The southern passages were blocked by glacioiso­
static uplift. Distal part of the basin was isostatically submer­
ged. The southern shoreline was situated northward in 
comparison with shorelines of the younger phases of lake 
development (Fig. 4). 

Where ice receded, the lake flooded north of the Braslav 
end moraines. Then, the large abrasive terraces were formed. 
Since rapid glacioisostatic rebound caused displacement of a 
water body, there was not any significant glaciolacustrine 
sedimentation on terrace surfaces. It is very likely, that rebo­
und was accomplished along the Braslav end moraines accor­
ding to Goldthwaits hinge-line model modified by C. E. 
Larsen (1987). When the ice margin retreated further, the 
uplift displaced towards the northwest-north. Therefore, some 
displacement of the water basin in the southeastern direction 
might take place according to the glacioisostatic tilt. A water 
body displaced southwards and major zone of glaciolacustrine 
deposition was placed on a distal part of the basin . The 
transgressi ve series of a distal part of the Polotsk lake has been 

formed. The fact that sites with buried coastal deposits and 
forms are situated only in a southern part of the basin can serve 
as evidence for the isostatic transgression. 

The isostatic transgression was changed by stabilization 
phase as it is recorded in both the morphological and geolo­
gical data. In contrast to higher levels, the shoreline at 140 m 
a.s.!. surrounds the basin. The shoreline is associated morp­
hologically with various beach forms such as cliffs and beach 
ridges. It indicates a long-term stagnation of a water level. The 
distal terrace as well as the proximal one at this level represent 
the accumulative features with relatively thick glaciolacustri­
ne cover, from 3 m (proximal part) to 7-10 m (distal part) . 
Such peculiarities suggest that the shoreline at 140 m a.s.1. is 
the evidence of stabilization and indicates the end of isostatic 
displacement of a water body. According to the age of bog 
and lake sediments overlying the glaciolacustrine deposits (I. 
Pavlovskaya, V. Zernitskaya, 1995), the stabilization took 
place during the Bolling. Indirect data from surrounding areas 
confirm also this stabilization time (G. Eberhards, 1972). It 
was a final phase of glacioisostatic rebound in the studied 
area. The main line of shifting was displaced northwards. 

The stabilization was interrupted by opening of the nort­
hwestern outlet towards the Latvian glacial lakes. This out­
flow was a rapid and catastrophic process, which resulted in 
development of a narrow valley, 35 m deep (the Druya Gate). 
The lake level dropped to 132-135 m a.s.!. and the Polotsk 
lake had disintegrated into several residual lakes, drained by 
the Zapadnaya Dvina during the Allerod or the Preboreal 
times. It is questionable, whether glacioisostatic subsidence 
within the territory of southern Latvia might provoque ope­
ning of this outlet. The solution of this problem will be 
available through detailed studies of morphology and structu­
re of the Latvian glacial lakes. 

CONCLUSIONS 

A comparison of irregularities in the terrace spectrum and 
glaciolacustrine sequences, with special consideration of spa­
tial differences between them, allowed to distinguish influen­
ce of glacio isostatic movements on morphological and 
sedimentological processes in a glacial lake. The glacioiso­
static rebound caused the terrace inversion, coupled with the 
transgressive sedimentary sequence on the distal part of the 
Polotsk lake basin. 

Divergence of terraces shows that the amplitude of gla­
cioisostatic movements was about 40 m. It would be possible 
to confirm that glacioisostatic tilting occurred during a period 
of about 3000 years. The high enough amplitude and the short 
time of rebound could be due to two main reasons: (1) relati­
vely long ice loading due to stagnation and readvances of an 
ice sheet in the northwestern part of the Polotsk basin during 
the Braslav Stage; (2) intensive reaction of the substratum to 
pressing, determined by prevalence of resilient clay deposits 
in the Quaternary thickness of the Polotsk lake area. 
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Studies of other lakes in northeastern Belarus have been 
carried out. However, there were not found any evidence 
similar to the one obtained for the Polotsk lake (I. Pavlovska­
ya, 1994b). It is very likely that glacioisostatic rebound had 
different and discordant character within the ice marginal 
zone, with relatively small thickness of ice. Without doubt, it 
depended on dimension of the area, and on time of downlo­
ading. Most probably, it was linked to hinge-line mechanism 
of isostatic tilting. The same mechanism of glacioisostatic 
uplift is recorded in other areas covered by the last ice sheet 
(J. Donner, .1987; A. Hequette, 1989; T. Jantunen, 1990). It 
also might depend on resilient properties of sediments. 

An analysis of morphology is, together with a study of 
glaciolacustrine sequences, an effective tool to recei ve correct 
information about evolution of glacial lakes. The altitude 
analysis of shorelines, without studies of their spatial distri­
bution as well as glaciolacustrine sequences, can lead to 
erroneous conclusions regarding a glacioisostatic rebound, 
especially in marginal areas of the last glaciation. 
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P6ZNOGLACJALNA GLACIIZOSTAZJA P6LNOCNEJ BIALORUSI: DOWODY I FAKTY 

Streszczenie 

Przcdstawiono niekt6re wyniki badan geologicznych i geomorfologicz­
nych z obszaru najwicks7.ego basenu zastoiskowego Biatorusi (fig. I), tj . 
zbiomika polockiego poiotonego na obszarze oSl'atniego zlodowacenin po­
miCdzy strefami marginalnymi fazy swieciariskiej (frankfurckiej) i stadium 
braslawskiego (pomorskicgo) zlodowacenia poozierskiego (wisly). Celcm 

opracowania by to przesledzenie Jinii brzcgowych zbiornika i zmiennosci w 
osadach zastoiskowych, zmierlaj<lCe do wyjasnicnia ewentualncgo wplywu 
ruch6w glaciizostatycznych na procesy sedymenlacji glacilimnicznej i 
kszlultowania rzeiby w strefie marginalncj Iqdolodu. 
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Na podstawie analizy poiozenia dawnych Hoii brzegowych zbiornika 
polockiego stwierdzono zr6zoicowane rozprzestrzeoienie i geneze taras6w 
glaciHmnicznych (fig. 2). W czesci proksymalnej obszaru zastoiska wyroz­
niono regresywne nastepstwo poziom6w, w kt6rym tarasy abrazyjne polozo­
ne s~ wyiej nit tarasy akumulacyjne. Na brzegu dystalnym wystepuje 
inwersja form brzegowych i stan;ze poziomy przykryle Sij miodszymi osada­
mi tarasu akumulacyjnego. Zaznacza sie r6wniez zr6i.nicowanie sekwencji 
prolcsymalnej i dystalnej osad6w glacilimnicznych (fig. 3). Wystepujq serie 

regresywne w proksymalnej czt;§ci zastoiska i seria transgresywna w c~S:ci 
dystalnej. Wymienionecechy budowy geologicznej i formy rzeiby zbiomika 
polockiego wskazujij, i.e ksztaltowaiy sie one pod wplywem obniien i wy­
pietrzen zwiijzanych z gIaciizostazj~. Amplituda ruch6w glaciizostatycznych 
siega1a 40 m, a reakcja oa obciiji.enie przez l<ldol6d ujawniala sie podczas 
istnienia zbiomika, co spowodowalo migracje w6d jeziora w kierunku dys­
talnym, zmiany poloi.enia Iinii brzegowych i depozycje transgresywnej se­
kwencji osad6w (fig. 4). 




