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Dzmitry M. Kurlovich
Belarusian State University, Faculty of Geography, Nezalezhnasci Ave. 4, 220050 Minsk, Belarus

BASEMENT-COVER RELATIONSHIPS IN THE POLOTSK AREA OF
THE POLOTSK-KURZEME DEFORMATION ZONE: IMPLICATIONS
FROM GIS-MODELS OF CORRELATION

Kur owicz D. M. Relacje fundament krystaliczny � pokrywa osadowa w granicach po ockiego odcinka po ocko-
kurzemskiej strefy uskokowej: wyniki korelacji na podstawie modeli GIS. Na podstawie trójwymiarowego modelowania
powierzchni strukturalnych, korelacji przy u yciu modeli GIS i rozpoznania topolineamentów okre lono wp yw p kni
pod o a krystalicznego po ocko-kurzemskiej strefy uskokowej na rozwój pokrywy osadowej i kszta towanie si  wspó czesnej
rze by tego obszaru. Obszarem bada  jest po ocki fragment strefy  uskokowej w pólnocnej cz ci Bia orusi. Rezultaty bada
wskazuj , omawiana strefa uskoków po pierwotnym okresie swego ksza towania si  w mezoproterozoiku by a aktywna
równie  w ca ym neoproteroziku i w trakcie fanerozoiku. Aktywno  tektoniczna po ocko-kurzemskiej strefy uskoków
wywar a wp yw na kszta towanie si  zalegaj cej nad ni  pokrywy osadowej oraz wspólczesnej rze by tego obszaru.
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Abstract

The influence of the crystalline basement faults of the
Polotsk-Kurzeme Deformation Zone on the development
of the sedimentary cover and the formation of the pre-
sent topography has been assessed using 3D recons-
tructions of paleosurfaces, GIS-models of basement-co-
ver correlation and topolineaments identification. The
key target area is the Polotsk part of the zone in northern
Belarus. The results suggest that this deformation zone,
after their first formation in the Mesoproterozoic was
still active during the Neoproterozoic-Phanerozoic. The
tectonic activity of the Polotsk-Kurzeme Deformation
Zone has had influence both on the formation of the se-
dimentary cover and the present topography.

INTRODUCTION

Combined information from topographical maps, air
photographs and satellite images indicate a remar-
kable linear arrangement of landforms here called
�lineaments�. These lineaments can often be shown to
be related to fault zones of the crystalline basement.
A good example of this relationship is the Polotsk-
Kurzeme Deformation Zone (PKDZ). The PKDZ
extends from Moscow in Russia across the northern

part of Belarus to Latvia and Lithuania, and its possi-
ble continuation across the Baltic Sea could be into
the Småland-Blekinge Deformation Zone (SBDZ) in
southern Sweden and the island of Bornholm (Den-
mark). This is one of the numerous fault zones in the
Precambrian crust of the East European Craton,
which was formed at ca. 1.5�1.4 Ga. On the sur-
face, the PKDZ and the SBDZ are reflected by
linear landforms and by hydrography. The character
of the Quaternary sediments (glaciodislocations, de-
clining glacial and interglacial layers, changing thick-
ness of sediments), seismic activity, emanations of
radon and hydrogen, all indicate neotectonic and
recent movements along these lineaments.

The PKDZ is an object of study of Belarusian,
Lithuanian, Russian and Swedish geologists. However,
the problems of its tectonic activity and its influence
upon recent tectonics are still not solved. Thus, we try
to define the character and possible causes of tecto-
nic activity of this zone during its late Precambrian
and later geological history and to reveal how the pre-
sent landforms reflect this weakness zone.

The key target area of this study is the Polotsk
part of the PKDZ in northern Belarus (fig. 1).
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Fig. 1. Faults of the Polotsk-Kurzeme Deformation Zone
Rys. 1. Uskoki na obszarze po ocko-kurzemskiej strefy deformacji

MATERIALS AND METHODS

GIS modeling of the upper paleosurfaces of
the crystalline basement and various layers
of the sedimentary cover, and the present
topography surface

The influence of Mesoproterozoic faulting on the Pa-
leozoic, Mesozoic, Cenozoic and recent evolutions
of the Precambrian crust has been assessed using
GIS (=Geographical Information Systems) models
of paleosurfaces of the crystalline basement, vario-
us layers of the sedimentary cover and the digital ter-
rain models. The 3D upper paleosurfaces of the crys-
talline basement, the Misoproterozoic Ectasian-Ste-
nian, Neoproterozoic Ediacaran, Ordovician, Devo-
nian and Quaternary sedimentary deposits and the
present landform surface for the Polotsk key area ha-
ve been performed with ArcGis 9.1 (ESRI, USA)
software.

The already published maps of the upper paleo-
surfaces of the crystalline basement (GARETSKY et
al., 2004), and the Ectasian-Stenian, Ediacaran and
Ordovician (Tectonics of the West�, 1990) sedi-
mentary deposits in the Polotsk area have been trans-
formed in digital form, using a special function of
georeferencing. The 3D models of these paleosur-
faces have been created with the interpolation fun-
ction in Spatial Analyst of ArcGis 9.1. The results
of interpretation of drillings in Quaternary deposits
and description of natural outcrops (LEVITSKAYA,
1990) have been used for reconstruction of the pa-
leosurfaces of the Devonian and Quaternary sedimen-
tary deposits. These geological materials include in-
formation about position (latitude/longitude) of dril-
ling wells (or natural outcrops) and interpretation of
drilling/outcrop logs (depth in m a.s.l. of the Quarter-
nary layers). These data have been transformed in
digital form according to coordinates. The upper

paleosurfaces of pre-Quaternary (Devonian) sedimen-
tary deposits and all glacial/interglacial complexes
have been created with the interpolation function in
Spatial Analyst. The digital terrain model (DTM)
of the Polotsk area has been constructed based on
hypsometrical data (isolines and elevation num-
bers) of the topographical maps of the territory in
scale of 1: 100 000 (12 maps), using the interpo-
lation of Spatial Analyst.

GIS models of correlation between the
crystalline basement and sedimentary cover,
and present topography

The GIS analysis of the crystalline basement and
the various layers of the sedimentary cover, and also
the present topography in the key target area, has
been used for determination of the relationships be-
tween them, and to what degree they correlate. The
GIS model of correlation of the crystalline base-
ment with sedimentary cover and present topogra-
phy has been made using Arc View 3.2 software
(�Spatial.CalCorrCoefbyMovingWindow� script,
http://arcscripts.esri.com). The correlation between
the paleosurfaces has been obtained with the mo-
ving window. The step of averaging of 5 for each
pair have been computerized (KURLOVICH, 2006).
According to the methodology, the program divi-
des territory into squares which size depends on step
averaging (e.g., if the step is 5 km, the squares are
5×5 km). Then the script calculates values of the
correlation coefficients of each pair of squares accor-
ding to the Parson method of linear correlation.
The correlation between two paleosurfaces is a me-
asure of dependency between the layers (fig. 2).
Correlation ranges from +1 to -1. A positive cor-
relation indicates a direct relationship between two
paleosurfaces, such as when the cell hypsometrical
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values of one paleosurface increase, the cell hypso-
metrical values of another paleosurface are also li-
kely to increase. A negative correlation means that
one variable changes inversely to the other. A cor-
relation of 0 means that two paleosurfaces are in-
dependent of one another. Finally, using the inter-
polation function (the Spline method with option of
tension) of Spatial Analyst of ArcGis 9.0, the se-
ries of the maps of correlation coefficients between
the crystalline basement and the various layers of
the sedimentary cover, and also present topography
in the key target areas, have been developed.

Fig. 2. A cartoon showing positive (+) and negative (-) ba-
sement-cover correlation (after HOUMARK-NIELSEN et al.,
2005 with some minor corrections)
Rys. 2. Pozytywne (+) i negatywne (-) korelacje mi dzy
pod o em a pokryw  (wg HOUMARK-NIELSEN et al., 2005 �
z niewielkimi zmianami)

Topolineaments identification

The lineaments have been distinguished by visual
identification using the DTM of the Polotsk area of
the PKDZ as well as positions of rivers and lakes.
The rectified parts of the rivers, lakes and the line-
ar landforms have been interpreted as topolinea-
ments. Some topolineaments have been identified
using a combined analysis of hillshaded reliefs, ana-
glyphs, steepness and aspect of slopes. Topolinea-
ments, which are longer than 1500 m, have been in-
terpreted as major lineaments, topolineaments with
length of 1500�1000 m as local major lineaments,
and topolineaments with a length shorter than 1000 m
as local minor lineaments.

MAJOR FEATURES OF THE POLOTSK-
KURZEME DEFORMATION ZONE

The PKDZ is a system of E-W trending faults of
various orders (fig. 1). The faults have been iden-
tified mainly from linear, intensive gravity and mag-
netic anomalies, high gradients of the potential fields,
and from their truncations (GARETSKY et al., 2006).
The PKDZ extends in an east-west direction for al-
most 800 km, and with a width of 120 to 160 km.
It is bounded by the Neman�Polotsk sub-latitudinal

faults in the south, and the Liepaya�Loknia faults
in the north.

The PKDZ is one of the numerous east-west-
trending zones of shearing in the western part of
the East European Craton, which are associated c.
1.50�1.45 Ga AMCG and A-type granitoids in-
trusions (SKRIDLAITE et al., 2003; E YS, 2004;
BOGDANOVA et al., 2006; MOTUZA et al., 2006).
Those may have been a far-field effect of continu-
ing or renewed orogeny in the westernmost Baltic
Shield but they may also have been related to col-
lision with other plates, for example, the Amazonia
(BOGDANOVA, 2001).

GEOLOGICAL SETTINGS OF THE
POLOTSK AREA OF THE POLOTSK-
KURZEME DEFORMATION ZONE

The crystalline basement

The basement in the Polotsk area of the PKDZ in
Belarus has a horst-and-graben structure (fig. 4a).
The depth to the basement is as great as 3.5 km in so-
me areas. Two large depressions (Miori in the west
and Dretun in the east) at 3�3.5 km depth are se-
parated by a dome with an elevation of 1.8 km be-
low sea lavel. The southern Neman�Polotsk margi-
nal faults, as well as the other PKDZ faults divide
the crystalline basement into several blocks. The
Miori and Dretun grabens are characterized by po-
sitive anomaly of the magnetic field (100�200 nT)
and negative gravity anomalies (up to -5 mgal). In
contrast, the horsts (the Vetrino, Verchnedvinsk and
Zaborie blocks of the crystalline basement) are re-
corded by negative magnetic anomaly (-100 � -300
nT) and positive gravity anomalies (up to +5 mgal)
(fig. 3a, b). All data are after Geology of Belarus
(2001).

According to BOGDANOVA et al. (2006), the
crust in the Polotsk key area consists of the fol-
lowing lithotectonic units: the Okolovo terrane, the
Vitebsk Domain and the Lithuania-Belarus terrane.
The Belarus-Podlasie Granulite Belt of the Lithu-
ania-Belarus terrane within the Polotsk area is ma-
de up of rocks mostly Palaeoproterozoic granulitic
orthogneisses of mafic, enderbitic and charnockitic
compositions (BOGDANOVA et al., 2006). The c.
2.0 Ga Okolovo terraine (BIBIKOVA et al., 1995;
CLAESSON et al., 2001) is built up of metamorpho-
sed komatiitic and tholeiitic basalts, andesites, da-
cites and rhyolites of oceanic-arc affinities (BOG-
DANOVA et al., 2006). Juvenile metasediments and
andesitic-dacitic metavolcanic rocks of the Vitebsk
Domain were formed at c. 1.98 Ga (BIBIKOVA et
al., 1995).
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Fig. 3. The blocks of the crystalline basement in the Polotsk
area of the PKDZ in the magnetic (A) and gravity (B) anomaly
field. The magnetic and gravity anomaly field after Geology of
Belarus (2001):
Numbers indicate the blocks of the crystalline basement:
1 � Sharkovschina, 2 � Miori, 3 � Povatie, 4 � Verkhnedvinsk,
5 � Kochonovo, 6 � Osveya, 7 � Lisno, 8 � Rossony, 9 �
Borkovichi, 10 � Novopolotsk, 11 � Vetrino, 12 � Goriany, 13
� Obol, 14 � Polotsk, 15 � Koziany, 16 � Dretun, 17 � Ma-
rinica, 18 � Zaborie
Rys. 3. Bloki fundamentu krystalicznego po ockiego fragmentu
po ocko-kurzemskiej strefy uskoków w polach anomalii mag-
netycznych (A) i grawitacyjnych (B). Pola magnetyczne i gra-
witacyjne wg Geology of Belarus (2001):
Liczby na rysunkach oznaczaj  nast puj ce bloki fundamentu
krystalicznego: 1 � Szarkowszczy ski, 2 � iorski, 3 � Po-
wiatiewski, 4 � Wierchniedwi ski, 5 � chonowski, 6 � s-
wiejski, 7 � Lisnowski, 8 � Rosso ski, 9 � Borkowicki, 10 �
Nowopo ocki, 11 � Wietrinowski, 12 � Gorja ski, 13 � bol-
ski, 14 � Po ocki, 15 � Kozja ski, 16 � Drietu ski, 17 � -
rinicki, 18 � Zaborjewski

The sedimentary cover and the present
landforms

The Proterozoic crystalline basement in the Polotsk
area is covered by Mesoproterozoic Ectasian-Ste-
nian (Riphean), Neoproterozoic Ediacaran (Vendian),
Cambrian, Ordovician, Devonian and Quaternary
sedimentary deposits.

Sedimentation in the Ectasian-Stenian relates
to the infilling of the Volyn-Orsha Aulacogen. Se-
dimentary deposits of that period have been found
only in the southeastern part of the key area. They
are oligomictic-quartzose sandstones of the Rudnia

strata of the mid-Riphean Belarusian Formation
(up to 300 m thick) and overlying fine- and me-
dium-grained quartzose sandstones of the Orsha stra-
ta of the mid-Riphean Belarusian Formation, up to
620 m thick in the south-easternmost part of the
area (VERETENNIKOV et al., 2005). The upper pa-
leosurface of the Ectasian-Stenian (Riphean) sedi-
mentary deposits in the Polotsk area is completely
similar to the upper paleosurface of the basement
with the exception of the southeastern part (see fig.
4b). Here parts of the Dretun depression and a de-
pression within the Obol block of the crystalline
basement are filled with Ectasian-Stenian deposits
up to -500 � -700 m above sea level (m a.s.l.). The
faults of the PKDZ also are covered by these de-
posits.

The younger Ediacaran (Vendian) sedimentary
complex (MAKHNACH et al., 2005a) in the Polotsk
area consists of sandy tillites of the Vilcha strata
(up to 730 m thick), tufagenes sandstones and
siltstones of the Volyn strata (up to 130 m thick),
as well as red sandstones and siltstones with clay
streaks of the Valdai strata (up to 310 m thick).
The upper paleosurface of the Ediacaran (Vendian)
sedimentary deposits in the Polotsk area is a
relatively flat plain with, striking E-W and tilting
towards the north (fig. 4c). All the depressions of
the crystalline basement as well as the faults of the
PKDZ (compare with fig. 4a) are filled in by Edia-
caran sediments.

The Cambrian and Ordovician deposits in the
Polotsk area are related to the development of the
Baltic marine basin. The Early and Middle Cam-
brian (up to 170 m thick) sandstones and siltstones
with the clay streaks in the western part of the area
are overlain by Ordovician limestones, marls and
carbonate clay, up to 166 m thick (MAKHNACH et
al., 2005b; PUSHKIN, 2005). However, the surface
strikes in a more NW-SE direction and plunge to-
ward the NE, starting in the south-west at ca. -70 m
a.s.l. (fig. 4d).

The pre-Quaternary upper paleosurface (the De-
vonian sedimentary deposits), as indicated in fig. 4e,
outline the pre-Quaternary topography of the East-
Belarusian plateau and the North-Belarusian low-
land (NECHIPORENKO, 1989). The average altitude
of this surface in the North-Belarusian lowland is
60�80 m a.s.l., rising to the northeast below the
East-Belarusian plateau to 1001m a.s.l. There are
several, both shallow and deep valleys in the pre-
Quaternary paleosurface.  The maximum depths of
these valleys are ca. -90 m a.s.l. in the Polotsk
valley and -40 m a.s.l. in the Braslav valley. These de-
pressions are supposed to be due to exaration work
of Middle Pleistocene ice sheets. The Devonian se-
iments beneath the Quaternary sediments in the most
part of the Polotsk area consist of sandstone and
unconsolidated sand, but also clay occurs. The nor-
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Fig 4. Basement-cover relationship in the Polotsk area of the PKDZ. On the left-hand side are models of upper paleosurfaces of: a) the
crystalline basement, b) the Ectasian-Stenian (Riphean) sedimentary deposits, c) of the Ediacaran (Vendian) sedimentary deposits, d) the

Ordovician sedimentary deposits, e) pre-Quaternary (the upper-Devonian sedimentary deposits), f) the Narev glacial complex, g) the
Berezina glacial complex, h) the Dnieper stadial of the Pripyat glacial complex, i) the Sozh stadial of the Pripyat glacial complex, j) the

digital terrain model (the upper surface of the Poozerie glacial complex). On the right-hand side are maps of correlation coefficients between
the crystalline basement upper paleosurface and the indicated by arrow sedimentary cover upper paleosurface (k-s)

Rys. 4. Relacja fundament krystaliczny � pokrywa osadowa w granicachpo ockiego fragmentu po ocko-kurzemskiej strefy uskoków. Z lewej
strony powierzchnia stropu: a) fundamentu krystalicznego, b) utworów ryfejskich, c) utworów wendyjskich, d) utworów ordowickich, e)

utworów przedczwartorz dowych (górnodewo skich), f) utworów zlodowacenia narwia skiego, g) utworów zlodowacenia berezy skiego, h)
utworów stadia u dnieprowskiego zlodowacenia prypeckiego, i) utworów stadia u so skiego zlodowacenia prypeckiego, j) cyfrowy model
rze by (strop utworów zlodowacenia pozierskiego). Z prawej � mapy wspó czynników korelacji mi dzy powierzchni  stropu fundamentu

krystalicznego i � oznaczon  strza k  � odpowiedni  powierzchni  stropu pokrywy osadowe (mapy k-s)
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thernmost and the northeastern parts of the area
consist of dolomite and limestone.

The present-day landscape of the Polotsk area
was shaped during repeated Pleistocene glaciations.
Five major ice sheets affected the area during the
Pleistocene: the Narev, Berezina, Dnieper, Sozh and
Poozerian glaciations (see table 1). The glacial/ in-
terglacial deposits reach a maximum thickness of
160 m, with an average thickness of 75�80 m (here
and below: data on the thickness of glacial deposits
cited after MATVEYEV, 1995).

Table 1. Glaciations and interglacials in Belarus
Tabela 1. Zlodowacenia i interglacja y na obszarze Bia orusi

Belarus Europe
Late Poozierie glaciation (Pz) Weichselian glaciation

Pleisto-
cene Murava interglaciation (Mr) Eemian interglaciation

Pripyat glaciation (Pt): Saalian glaciation
Sozh Stage (Sz)

Middle Dnieper Stage (Dn)
Pleisto
-cene

Aleksandriya interglaciation
(Alk)

Holsteinian
interglaciation

Berezina glaciation (Br) Elsterian glaciation
Beloviezha interglaciation (Bl)

Narev glaciation (Nr)

The Narev glaciation is the oldest known in
Belarus. The Narev ice sheet covered almost all of
Belarus, except the southern part of the country (KA-
RABANOV et al., 2004). Deposits of this glaciation
have been mostly eroded and disturbed during the
subsequent ice advances. Within the Polotsk area
the Narev till was preserved in the Polotsk and the
Braslav depressions. The upper paleosurface of the
Narev glacial complex in the Polotsk area is mostly
the same one as the pre-Quaternary topography
(fig. 4f). The Beloviezha interglacial sediments
(mostly sands) have similar limited occurrences as
the sediments of the Nerev glacial complex. The pa-
leotopography of the territory hasn�t strongly chan-
ged from the previous Narev glaciaton.

The Berezina ice sheet appears to have cove-
red almost all of Belarus, except the southernmost
part of the country. The Berezina glacial sediments
(till and gravely sands) are up to 10 m thick in the
Polotsk area. The presence of an intricate network
of glacial channels which are deeply-incised into
the pre-Quaternary bedrock is a spectacular feature
of the Berezina deposits (Fig. 4g). After the Ale-
ksandriya interglaciation, the landscape was relati-
vely flat with very few highlands and with large mo-
rainic plateaux dissected by deep glacial valleys.

The main Middle Pleistocene glaciation (the
Pripyat glaciation) consists of the Dnieper and Sozh
deposits, which belong to one glaciation cycle with
two main stages � the Dnieper and Sozh ones
(SANKO et al., 2005). The Dnieper stage was the
most extensive Pleistocene glaciation which advan-

ced well beyond the limits of the Belarus. The
Dnieper deposits are generally up to 30 m thick.
The most remarkable result of this glaciation was
the formation of the first cores of the Braslav, Ne-
scherdo and Vetrino morainic highlands (fig. 4h).
The sediments of the Dneiper-Sozh interstadial are
wedged in between the sediments of the Dnieper
and the Sozh stadial.

The Sozh ice sheet covered almost all of Bela-
rus except the southern part. The Sozh glacial com-
plex is up to 10 m thick. As a result of this glacia-
tion the pre-Quaternary and pre-Quaternary-like to-
pography of the Narev, Beloviezha, Berezina, Ale-
ksandriya and Dnieper glaciations/interglacials was
completely changed (fig. 4i). The cores of the Bra-
slav, Nescherdo and Vetrino highland as well as the
first elements of the Zapadnaya Dvina River, Disna
River and Drisa River were formed after the retreat
of the Sozh ice sheet. Very interesting is that the
most parts of these rivers paleonetwork occupy the
weakness zones of the sedimentary cover on top of
the faults of the PKDZ. The Muravian relief within
the Polotsk area is more flat, compared with the
present one. The larger part of the territory formed
a morainic plain with glaciofluvial and glaciolacu-
strine landforms.

Deposits of the subsequent Poozerian Glacia-
tion cover the northern and north-western part of
Belarus. The thickness of deposited glacial sedi-
ments is up to 15 m. During the Poozerian Glacia-
tion the Braslav, Vetrino, Osveya and Nescherdo gla-
cial highlands were completely developed (fig. 4j).
The large Polotsk and Disna glacial lakes came in-
to existence as a result of blocked meltwater drai-
nage (PAVLOVSKAYA, 1994).

The present topography of the Polotsk area has
a basin-like form (fig. 4j). The Polotsk glacio-la-
custrine lowland (average altitudes 100�140 m a.s.l.)
occupies the central part of the study area. The
lowland was formed as a result of draining of the
Polotsk and Disna glacial lakes (PAVLOVSKAYA,
1994). The present river network was formed after
this drainage. The Zapadnaya Dvina River and its
main tributaries the Disna, Ushacha, Drisa, Obol
and Polota are the major rivers of the area. The
Polotsk glacio-lacustrine lowland is composed of
clay, silty clay and clayey sand. The lowland is sur-
rounded by the Vetrino, Braslav, Nescherdo and
Osveya highlands. These highland areas consist of
end-morine ridges, hummocky moraine and kames,
separated from each other by lake depressions and
river valleys (MATVEYEV et. al., 1988).
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RESULTS AND DISCUSSION

In the present study, the influence of the Meso-
proterozoic PKDZ-faulting on the Phanerozoic and
recent evolutions of the Precambrian crust in the Po-
lotsk key area has been assessed using 3D recon-
structions of paleosurfaces of the crystalline base-
ment, sedimentary cover and present topography, their
GIS correlation modeling and the topolineaments
identification.

In the Mesoproterozoic, the Paleoproterozoic
crystalline basement in the Polotsk key area was di-
vided into several horst and graben elements along
the major EW- and linked NS-trending fault sy-
stem of the PKDZ. The faulting was developed in
conjunction with orogenic processes at the south-
western margin of the East European Craton (BOG-
DANOVA et al., 2006). By using the magnetic ano-
maly field and rare drilling data we suggest that the
majority of the basement horsts (the Kochonovo, Lis-
no, Novopolotsk, Vetrino, Goriany and Polotsk) con-
sists of low-density rocks with low magnetization
like granites, gneisses and migmatites, while all
grabens (the Sharkovshchina, Miori, Povatie, Borko-
vichi, Rossony, Marinica, Dretun and Obol blocks)
and some of the horsts (Verchnedvinsk, Osveya
and Koziany) appear to be made up of more ma-
fic rocks of higher density and magnetization.

The horst-and-graben structure of the base-
ment and the rock composition can have influenced
the development of the sedimentary cover. In order
to determine this influence we have analysed an
array of parameters, such as hypsometry of the ba-
sement, composition of the basement rocks, hypso-
metry of the paleosurfaces of the sedimentary co-
ver, lithology of the cover deposits and the corre-
lation between the upper paleosurfaces of the crys-
talline basement and of the cover layers (see table 2).
We suggest that the low-density basement rocks with
low magnetization, like granites, gneisses and mig-
matites, can have contributed to uplifting, whe-
reas the mafic rocks of the basement with higher
density and magnetization can be a cause for sub-
sidence.

The lithology of the cover deposits allows us
to reconstruct the paleogeographical environments and
paleogeomorphology when the sedimentary cover
was developing during various periods. Thus, ter-
rigenous deposits (sandstones and siltstones) point
to a relatively shallow water sedimentation, while
dolostones and limestones suggest a deeper water
deposition.

The correlation between the upper paleosurfa-
ces of the crystalline basement and various layers
of the sedimentary cover indicates periods of simi-
lar hypsometric characteristics of the basement and
sedimentary strata (positive correlation coeffi-

cients) or the hypsometric inverse situation when,
for example, a depression in the basement corres-
ponds to an uplifted cover (negative correlation
coefficients).

The analysis of such the indicators allows us to
group the basement blocks in the Polotsk area as
follows.

Group 1 includes the basement blocks (4, 6, 11
and 14 in fig. 3), which have had a strong ten-
dency of either uplift or subsidence during the who-
le history of the sedimentary cover development.
This tendency is related to the composition of the
basement (the low-density, �granitoids� blocks ha-
ve experienced tectonic uplifting, whereas the �ma-
fic� blocks have been subsiding). This is also con-
firmed by the mostly terrigenous lithology of the
cover sediments above the �granitoids� blocks and
more carbonatic, covering �mafic� ones.

Group 2 comprises blocks of the basement,
which were the most tectonically active during the
last (neotectonic) period. In some of these blocks
(7, 8 and 9 in fig. 3), the composition of the ba-
sement has determined the character of the neotec-
tonic activity, so that low-density �granitoids� blocks
(7) maintained uplifting, whereas �mafic� blocks
(8 and 9) participated in subsidence. In the other
blocks (1, 15, 16 and 18) the composition of the
basement rocks has played a dependent role be-
cause of those grabens was filled in by the thick
sedimentary deposits and �mafic� horsts have high
content of less magnetized rocks.

Group 3 represents basement blocks  (2, 3, 5,
10, 12, 13 and 17 in  fig. 3), which have had pe-
riods of both uplift and subsidence during the de-
velopment of the sedimentary cover. In such ca-
ses, different tectonic behavior can partly have
been related to the basement composition, but might
also be caused by far-field effects of orogenic pro-
cesses outside the East European Craton (Caledo-
nian, Variscan, Alpine), glaciations, etc.

The grouping of the basement blocks, as well as
the analysis of the major characteristics of the crys-
talline basement, sedimentary cover and their cor-
relation, all allow us to better understand of the evo-
lution of the sedimentary cover in the Polotsk area
and the basement-cover relationships within the Po-
lotsk-Kurzeme Deformation Zone.

All the time during the Neoproterozoic and
Early Paleozoic the first group of the Polotsk (num-
ber 14 as indicate in fig. 3) and Vetrino (11) �gra-
nitoids� blocks were uplifted and the Verhne-
dvinsk (4) and Osveya (6) �mafic� blocks subsided.
The Obol (13) and Dretun (16) grabens started to
subside during the Ectasian-Stenian extension of
the crust and the development of the Volyn-Orsha
Aulacogen (Tectonics of the western part�, 1990).
As a result of this subsidence, these blocks were
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covered by an intracontinental marine basin. Activa-
tion of the PKDZ faults occurred also in the Cryo-
genian-Ediacaran (ca. 850�540 Ma). In that period
the study area was affected by glaciations, which
reinforced the tectonic subsidence (Geology of Be-
larus, 2001). Changing of the tectonic regimes from
subsidence during the glaciations to uplift during
the interglaciations /deglaciation activated the faults
system. The Shar-kovshchina (1), Miori (2), Pova-
tie (3), Verkhnedvinsk (4) and Osveya (6) �ma-
fic� blocks, as well as Kochonovo (5) and Lisno (7)
�granitoids� blocks of the basement subsided during
the Cambrian and Ordovician, which was caused
by far-field effects of the Caledonian orogeny (Tec-
tonics of the West�, 1990). Those blocks were
covered by the thick layer of the mostly carbonatic
Cambrian and Ordovician sediments.

According to the obtained models of the de-
velopment of the sedimentary cover during the
Ectasian-Stenian, Ediacaran, Cambrian and Ordo-
vician periods (fig. 4b�d), most of the PKDZ
faults caused flexuring in the Ectasian-Stenian,
Ediacaran, Cambrian and Ordovician deposits,
particularly on top of the Neman-Polotsk marginal
faults. This is confirmed by maps of correlation
coefficients between the upper paleosurfaces of the
crystalline basement and of the Ectasian-Stenian,

Ediacaran and Ordovician sedimentary deposits,
respectively (fig. 4k�m). A wide belt of positive
correlation coefficients (from +0.10 to +0.95) abo-
ve the Neman-Polotsk marginal faults is recorded
by these maps, which means that the flexures in
the Ectasian-Stenian, Ediacaran and Ordovician
sedimentary deposits are in direct relationship with
the Neman-Polotsk faults. The flexuring character
of those sediments can be interpreted as a result of
tectonic movements of the basement blocks in rela-
tion to each other, or as the influence of the Cale-
donian reactivation of these faults.

In the Devonian, a new sedimentational cycle
occurred in the study area. The Polotsk area was
covered by a marine basin. The uplift of the �gra-
nitoid� blocks and subsidence of the �mafic� blocks
of the first group was continued. The Kochonovo
(15) and Novopolotsk (10) �granitoid� blocks, the
Miori (2) and Marinica (17) �mafic� blocks of the
third group experienced subsidence, while the Po-
vatie (3), Obol (13), Goriany blocks of this group
were uplifted during this period. Different tecto-
nic behavior can partly have been related to the
basement composition, but might also have been
caused by far-field effects of Variscan orogeny.
The pre-Quaternary upper paleosurface, as well as
in the Middle Pleistocene glacial/interglacial upper
paleosurfaces (fig. 4e�h), indicate the Polotsk and
the Braslav valleys, situated mostly on top the

PKDZ faults. We suggest that these places were
some kind of weakness zones in the sedimentary
cover, which was affected by the exaration work of
the Middle Pleistocene ice sheets. The maps of
correlation coefficients between the crystalline ba-
sement upper paleosurface and the upper paleo-
surfaces of the pre-Quaternary sedimentary depo-
sits, the Narev, Beloviezha, Berezina, Aleksandri-
ya, Dnieper and Dnieper-Sozh glacial/interglacial
complexes, show mostly the same correlation pat-
tern because of limited distribution of those sedi-
ments (fig. 4n�q). The positive correlation coef-
ficients (up to +0.85) on top the Neman-Polotsk
marginal faults in the central part of the study area
indicate a flexuring character of the Devonian and
the Middle Pleistocene deposition. The flexuring of
the Devonian and the Middle Pleistocene sedi-
ments above the PKDZ marginal faults is confir-
med by geological profiling (KURLOVICH et al.,
2007b).

The rapid changes of neotectonic regimes
within the Pleistocene, such as far-field effect of
the Alpine orogeny, neotectonic subsidence du-
ring the glacial advances and neotectonic uplift
during the glacial retreats caused by the thickness
of the ice sheets during the glaciations (during
the Last Glacial Maximum estimated to 100 m (the
�maximum� model reconstruction after SIEGERT
et al. (2001), have affected the sedimentary co-
ver and most part of the faults of the PKDZ
(KURLOVICH et al., 2007a). The second group of
the basement blocks was activated during this pe-
riod. The uplifted position of the Vetrino (11),
Zaborie (18), Koziany (15) �granitoid� blocks of
the basement caused the formation of the Nescher-
do, Vetrino and other glacial highland. This is indi-
cated by areas of positive correlation coefficients
(up to +0.90) in the map of correlation coefficients
between the upper paleosurfaces of the basement
and the of the Sozh, Murava and Poozerie glacia-
tions/interglacial complexes (fig. 4 r�s). The glacial
highland has been formed on top the Miori and
Dretun depression of the crystalline basement. This
is confirmed by the wide area of negative correla-
tion coefficients (from -0.10 to -0.85).

The Pleistocene complexes respond to the
PKDZ faults as changing of the thickness and
structures (declining glacial and interglacial la-
yers) of the Quaternary sediments across the fault
zone (KURLOVICH et al., 2007b). The neotectonic
active linear zones of flexure-faulting is situated on
top the Mesoproterozoic faults (KURLOVICH et al.,
2007b). These were distinguished by morphometric
methods and confirmed by geological data such as
displacement, flexuring and fissuring in the Qua-
rternary deposits. The present topography also reacts
to the faults of the PKDZ. A number of topoli-
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neaments is situated on top the PKDZ faults (fig. 4s).
The majority of the recognized topolineaments are
rectified parts of rivers. Thus, as examples, parts
of the Nacha River and several tributaries of the
Ushacha and Disna rivers run along the Neman-
Polotsk marginal faults, the left tributary of the
Svolna River and the right tributary of the Drisa
River flow along a fault bounded in the west by the
Rossony (8) block of the basement, the right tri-
butary of the Svolna river run along a fault, boun-
ded in the south by the Lisno (7) block of the base-
ment, parts of the Polota River react to a fault, bo-
unded in the west the Dretun (16) block, the Sos-
nica River flows along a fault, bounded in the west
the Obol (13) and Koziany (15) blocks, the tributa-
ries of the Sarianka River run along a fault, bo-
unded in the south the Osveya (6) block (fig. 4s).

A lot of small lake depressions are situated above
the Neman-Polotsk marginal faults. The PKDZ faults
are also suggested to have controlled the formation
the morainic highlands within the study area. Thus,
the Neman-Polotsk marginal faults confine the po-
sition of the Braslav highland and the faults bo-
unding the Osveya (6) block in the south seem to
control the position of Osveya highland. Further
faults bounding the Zaborie (18) in the south seem
to control the position of the Nescherdo end-mo-
r ine ridges.

CONCLUSIONS

1. After the formation in the Mesoproterozoic in
conjunction with orogenic processes at the
southwestern margin of the East European Cra-
ton, the Polotsk-Kurzeme Deformation Zone was
still active during the Neoproterozoic- to Pha-
nerozoic.

2. Phases of activity within the deformation zone
was caused by internal (structure and compo-
sition of rocks of the crystalline basement) and
external (far-field effects of orogenic processes
outside the East European Craton (Caledonian,
Variscan, Alpine), glaciations) processes. The
Cenozoic activity of the Zone was caused by
both neotectonics and varying pressures of ice
sheets on the sedimentary cover.

3. The tectonic activity of the Polotsk-Kurzeme
Deformation Zone has influenced the forma-
tion of the sedimentary cover and parts of the
present rivers network and large-scale land-
forms.
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