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The Polotsk-Kurzeme fault belt extending for 600 km is bounded by sublatitudinal faults of Siluté-
Polotsk in the south and Liepaja-Lokno in the north. It is easily distinguished in the magnetic and
gravity fields, as well as from the activation of several faults at various tectonic stages, including the
recent stage.

The Gotland tectonic belt running from the southeast to the northwest for a distance of 500 km is
distinguished in the Baltic Sea. In the region of Klaipéda geothermal anomaly both belts join forming
a tectonic sigmoid (a horizontal flexure that looks like a knee-shaped bending in the plan-view), which
the authors named the Klaipéda sigmoid. This bending is well identified in the turn of thermal anoma-

lies and potential geophysical fields.

The Klaipéda sigmoid shows a complicated structure and is broken by numerous faults of various

(both orthogonal and diagonal) orientations.
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INTRODUCTION

The Polotsk-Kurzeme fault belt has been previously distin-
guished as an important tectonic feature of the East-European
Craton (Tapeukuwit 1 fp., 2002; 2004). The major oil fields of the
Baltic syneclise are confined to this belt in the west of Lithuania;
the largest West-Lithuanian thermal anomaly is situated within
this belt and is used for the Klaipéda geothermal power plant.
The belt is considered to be a promising structure for the occur-
rence of volcanic (probably diamondiferous) pipes, etc.

The Polotsk-Kurzeme fault belt is bounded by sublatitudi-
nal faults: Siluté-Polotsk in the south and Liepaja — Lokno in
the north (Fig. 1). The first one cuts the Caledonian structural
complex and has an amplitude from 10 to 50 m in the basement
surface (Texronnka [Ipubantuku, 1979). In the east, this fault
is associated with a deep-seated zone showing an amplitude of
3 km in the Moho discontinuity and is identified in the Braslav-
Pleshchenitsi profile from seismological data obtained by the
method of remote earthquake exchange wave (Iipun, 1991). In
the west, the Liepaja—Lokno fault zone is parallel to the Liepaja—
Riga fault zone. It has been recorded on the Sovetsk—Kohtla-
Jarve deep seismic sounding (DSS) profile (AnkyHAMHOB
u fip., 1991). Northward of the latter zone, the Moho discontinu-
ity occurs at a depth of about 55 km and southward increases
to 65 km. The Liepaja-Riga fault zone is thoroughly studied in
the sedimentary cover. It is composed of a set of echelon and
parallel faults; reverse faults sometimes extend for more than
300 km. The amplitude ranges from 100 to 150 km, reaching 600

to 650 km. The eastern continuation of the Liepaja-Lokno mar-
ginal fault running near the town of Lokno was identified from
the gravity and magnetic field pattern.

The tectonic setting of the Polotsk-Kurzeme fault belt is
shown in Fig. 2. It is seen that the Polotsk—Kurzeme fault belt
divides the Volyn-Central Russian transplatform palaeorift sys-
tem extending through the whole East-European Craton from
the southwest to the northeast for more than 2,000 km into two
parts: southwestern Volyn-Orsha palaeorift and northeast-
ern Central Russian aulacogen. The first one has a rather simple
structure — there are no marginal faults, whereas the second one
is rather complex, involving several branches that have clear fault
restrictions with steps, horsts and troughs distinguished among
them.

The Nelidov uplift in the east divides the Polotsk—Kurzeme
fault belt into two parts. The northern branch extends to the
Tver graben, while the southern one - to the Gzhatsk graben.
There is a complex junction (node) of the Riphean structures:
Volyn-Orsha aulacogen in the southwest, Krestsov (Valdai) gra-
ben in the northeast, Prechistenka, Gzhatsk and Tver grabens in
the east and Moscow graben and Pachelma aulacogen further
to the east. It is named the Gorodok-Sloboda node (Taperxnit,
2005) or in brief the Sloboda node.

In the west, the Polotsk—Kurzeme fault belt extends along the
axial part of the Baltic hemisyneclyse (monoclise). It probably
represented the extensional structure over which the Baltic
hemisyneclise had formed at the Caledonian stage. The belt is
clearly distinguished as a set of numerous faults abundant in the
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Fig. 2. Tectonic setting of the Polotsk—Kurzeme fault belt in 20°
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the system of the East European Platform:

71— platform boundaries; 2 — shields (BSh — Baltic,

USh — Ukrainian); 3 — boundaries of antelises: (Be — Bela-
russian, Vo — Voronezh, VU — Volga—Urals); syneclises

(Ba — Baltic, Mo — Moscow, Me — Mezen); 4 — Polotsk—
Kurzem fault belt; system of palaeorifts according to

M. A. Nahorny with some modifications (Fapevkuii u ap.,
2004); 5 - early palaeorifts (BC — Volyn—Central Russian
trough system: 7—Volyn and 2 — Orsha palaeotroughs;
Central Russian aulacogen: 3a — Krestsov (Valdai), 3b — Tver,
3v—Sukhon branches; 4 — Yaren depression. Aulacogens:

5 —Kazhim (Viatka), 6 — Sernovodsk—Abdulin, 7 — Pa-
chelma, 8 — Dnieper—Donets. Grabens: 9 — Gzhatsk,

10— Moscow, 77 —Ladoga, 72— Dvina, 73 — Leshukon);

6 — late palaeorifts (74 — Pripyat, 75 — Dnieper—Donets,

16 — Viatka troughs); 7 — zones of pericratonal subsid-

ence developed simultaneously with the early palaeorifts;
8- Gotland belt; 9— Late Proterozoic Sloboda tectogeody-
namic node limits; 70 — conventional southern limit of the
Klaipeda tectonic sigmoid; 77 — faults. 77-79 — tectonic fea-
tures: 77— Latvian Suddle, 78 — Podlaska—Brest Depression,
19— Polessian Saddle

2 pav. Polocko—Kurzemés ldZiy juostos tektoniné padétis
Ryty Europos platformos sistemoje
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70°

Caledonian complex and less numerous in the Hercynian com-
plex. Some of them penetrate into the Meso—-Cenozoic deposits
(Texronmka [Ipubanruxu, 1979).

The Polotsk—Kurzeme fault zone is traced as far as the Baltic
Sea coast and runs to the westeast, then it terminates abruptly.
However, A.A.Ostrovsky (Ostrovsky, 1998) identified from
the DSS data a tectonic belt running from the northwest to the
southeast from the eastern coast of Sweden across the Baltic Sea
and crossing the whole Gotland island. The authors named it the
Gotland belt (Tapeuxwuit u fip., 2004). The Gotland belt butts the
western termination of the Polotsk-Kurzeme fault belt. Their
junction is not yet entirely clear, but geophysical data avail-
able testify an abrupt bending of both belts at their junction.
D.I. Mushketov (Mymkeros, 1935) called such elbow-shaped
bend in the bedding trend (horizontal flexure) a sigmoid.
Therefore, this bend of the Polotsk—Kurzeme tectonic belt and
its transition into the Gotland belt may be named the Klaipéda
tectonic sigmoid. It is confined to the West-Lituanian (Klaipéda)
geothermal anomaly.

From the Sloboda tectogeodynamic node to the Klaipéda
tectonic sigmoid the Polotsk-Kurzeme fault belt extends for
more than 600 km with a width of 120-160 km.

WESTERN TERMINATION OF THE
POLOTSK-KURZEME FAULT BELT

The western termination of the Polotsk—Kurzeme fault belt most
likely developed in the Late Proterozoic. During the Phanerozoic,
it was repeatedly activated, and this activation is even evident
at the neotectonic stage. Therefore, it is very important to study

60°

J &pe
et 50

K6
E2l7
8
R k.10
~]u

0 200 400 km
[

30° 40°

its evolution and particularly the recent activation in terms of
ecological safety, especially considering the fact that the Ignalina
NPP is located within this belt (Sliaupa et al., 2006).

The faults situated in the western part of the belt are stud-
ied most of all. Howewer, these are still not fully understood
(Textonmka ITpubantuxu, 1979; Lietuvos ...., 2003; Sliaupa,
2006, etc.). There are the regional faults (extending for several
tens to several hundreds of kilometers, showing basement top
amplitudes of 200-500 m and demonstrating large and medium
tectonic features - troughs, grabens, uplifts and steps) and the
local ones (up to a few tens of kilometers in length). The faults
are mostly distinguished. Most of them (approximately 60%)
penetrate into the Late Baikalian and Caledonian structural
complexes, many of them (up to 30%) are represented in the
Hercynian complex as flexures or ruptures of a smaller am-
plitude, and a few of them have developed in the Cimmerian-
Alpine complex. These faults are often active at the neotectonic
stage as well, while some of them are evident in the recent re-
lief. The largest faults form the rupture—flexure zones, such as
Liepaja-Riga, Suvalki-Dziikai, Siluté, Telsiai, Pregol and other
fault zones.

The faults were mainly studied by the seismic exploration
methods and in some sites - by drilling. Some of the faults
(Akmene, Mazeikiai, Tel$iai, etc.) that confine to the western ter-
mination of the Polotsk—Kurzeme zone have been recently stud-
ied in detail (Sliaupa, 2006). These faults are well traced from
the pattern of local (residual) gravity anomalies. The faults were
probably initiated as early as the Early Precambrian, then finally
developed in the Late Silurian-Early Devonian under the influ-
ence of the orogenic processes in the Scandinavian Caledonides.
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During the Late Variscan stage an inversion took place. The faults
were activated during the Variscan and Cimmerian-Alpine sta-
ges under various tectonic regimes.

The Lithuanian geologists have compiled a map of the po-
tential energy of the Earth’s crust surface, which demonstrates
very distinctly sublatitudinal tectonic features of the Polotsk—
Kurzeme belt (Korabliova, Sliaupa, 2006). The neotectonicly ac-
tive linear zones of the sublatitudinal trend of Polotsk, Zarasai,
Siluté, Drissa, Teliai, Akmené and MaZeikiai were examined
within the Polotsk-Kurzeme fault belt (Sliaupa, 2006). The main
features of the crystalline basement and the linear tectonic
zones are well seen on the maps of the gravity and magnetic
fields (Popov, Sliaupa, 1997). Two types of the structural elements
were identified at different crustal levels: presence or absence of
geological bodies. The latter could be associated with geological
contacts or faults. Magnetic models have been constructed along
the profiles that cut almost all major fault zones of Lithuania and
provide a clue to understand their geometry. Crustal structural
features were compared to the pattern of neotectonicaly active
linear zones and Quaternary base terraces. The faults terminate
abruptly at a depth of approximately 8 km.

GOTLAND TECTONIC BELT

In the eighties—nineties of the past century, deep seismic sound-
ing was performed along several profiles in the Baltic Sea,
among which FENNOLORA, BABEL and BALTIC SEA are most
important. The interpretation of the DSS profiles suggests that
at a depth of 45 km there is a local depression in the Moho dis-
continuity seen as a 110 km wide zone bounded by up to 2-3 km
offset faults and striking in the northeast direction (Ostrovsky
etal., 1994).

Furthermore, beneath this depression A.A.Ostrovsky
distinguished a dome-like Moho uplift at a depth of 60 km
(OctpoBckuit, 1995; Ostrovsky, 1998). Such an inverse pattern of
the deep structure of the Earth’s crust and the upper mantle, as
well as the seismic wave velocity (7.8 km/s) being rather low for
the upper mantle and usually associated with the deconsolida-
tion and depth substance uplift, seismostratigraphic properties
peculiar to the fault events, the correspondence of the inversion
structure of the crust bottom and the upper mantle to the existed
ideas of the continental rifting zone formation (Allen Ph.,Allen J.,
1990) - all of these elements suggest, in Ostrovsky’s opinion, an
old rifting zone which occurs beneath the present Baltic area cen-
tre. It should be noted that the inversion zone distinguished by
A. A. Ostrovsky coincides in strike with such extension zones as
the Teisseyre-Tornquist and Ladoga-Bothnian ones.

The tectonic belt distinguished in the central part of the Baltic
Sea extends for about 500 km from the northwest to the south-
east and runs from the eastern coast of South Sweden across the
northern part of the Eland island and crosses the Gotland Island
(therefore, it may be named as Gotland). It extends to the east-
ern coast of the sea to the south of the Riga rapakivi pluton and
crosses the western part of the Polotsk—Kurzeme belt. The high-
est heat flow values (up to 60-80 mWt/m?) are confined to the
Gotland belt. The origin of this belt has not yet been completely
ascertained. It is most likely an Early Proterozoic rift or a rem-
nant of the old continental borderland.

KLAIPEDA TECTONIC SIGMOID

An analysis of the gravity and magnetic fields in the junction zone
of the Gotland and Polotsk—Kurzeme belts (Fig. 1) demonstrates
that linear magnetic anomalies observed at the western termina-
tion of the Polotsk-Kurzeme fault belt change their strike from
sublatitudinal (within the continent) to northwestern one in the
Baltic Sea, thus turning towards the Gotland island. The gravity
field pattern is complicated. There is a large out-of-round nega-
tive anomaly of northeastern strike, with some local northwest
oriented anomalies observed in its background.

The Gotland belt is possibly a western continuation of the
Polotsk—Kurzeme fault belt that takes a sharp northwest turn on
the Baltic Sea coast within the Klaipéda thermal anomaly area.
Hence, both these belts represent a common large tectonic fea-
ture of the Craton, which shows an abrupt bending in the region
of West-Lithuanian (Klaipéda) thermal anomaly. This feature
could be identified as the Klaipéda tectonic sigmoid (Fig. 3).

Faults of various trends, including sublatitudinal and north-
west oriented ruptures, create a complex pattern at the intersec-
tion (bending) site. The area to the south of the Polotsk-Kurzeme
belt boundary should be probably included into the sigmoid
limits, as the territory is considerably broken there by differently
oriented faults at the knee-shaped bending site. This area of the
sigmoid covers the territory to the south of Kaliningrad as far as
the Northern Poland.

The Pregole zone extending in parallel with the Polotsk—
Kurzeme fault belt is the most distinct fault zone, and it is not
unlikely that it also should be considered as a part of this belt.
The Pregole fault zone is flanked by the Pregole graben on the
south and by the Kaliningrad uplift in the north.

Farther to the south, the sublatitudinal faults compose the
Aistmaré graben. Along with the aforementioned sublatitudinal
faults there are several faults of other orientation, among which
the northwest oriented structures are predominant. They are
particularly well-defined farther to the southwest and continue
in the Gotland tectonic belt.

The Polotsk-Kurzeme and Gotland belts are considered as a
single tectonic feature with a length of more than 1,100 km.

CORRELATION OF THE POLOTSK-KURZEME
FAULT BELT AND STAGES OF THE BALTIC
HEMISYNECLISE TECTONIC EVOLUTION

The western termination of the Polotsk—Kurzeme fault belt most
likely originated in the Late Proterozoic. However, the oldest
platform deposits of the Vendian age had accumulated just to
the east of this termination. The isopachs of Vendian deposits
and of the Baltic series of the Lower Cambrian (Upper Baikalian
structural complex) diagonally cut the fault belt strike, and this
structural formation complex is up to 300 m thick farther to the
east and even thicker just within the axial part of the Polotsk
structural bay, which gradually becomes sublatitudinal coinci-
dent in strike with the Polotsk-Kurzeme fault belt.

The southwestern passive borderland of the East-European
Platform with the Baltic Dniester pericratonal zone of subsi-
dences, as well as the Baltic hemisyneclise confining to this zone
with the western termination of the Polotsk-Kurzeme fault
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Fig. 3. Sketch of the Klaipéda tectonic sigmoid southern part structure (according to Tectonic Map of Lithuania — Lietuvos ..., 2003): faults: 7 —regional;
2 - subregional; 3 - local; 4 stratoisohypses of the basement surface; 5 —Baltic Sea coastal area:/— Kursh trough, // - Siluté trough, /il —Tauragé uplift,
1V —Nemunas graben, V- Bolshakov uplift, V/— Sambijsk trough, VI/ — Kaliningrad uplift, Vill - Pregol graben, [X — Aistmare graben. Fault zones (encircled

numerals): 7 —Nemunas, 2 — Pregol, 3 — Suvalki—Dzakija

3 pav. Klaipédos tektoninio sigmoido pietinés dalies schema (pagal Lietuvos tektoninj Zemélapj, Lietuvos .. ., 2003)

belt started their development in the latter half of the Upper
Baikalian stage.

The Caledonian is the major stage of the formation of the
Baltic-Dniester zone of pericratonal subsidences and the Baltic
hemisyneclise. The most complete sections of the Caledonian
structural complex were accumulated there.

A vertical lithological pattern of the zone of pericratonal
subsidences suggests its gradual evolution from transgressive
terrigenous sediments (Superbaltic Lower Cambrian, Middle
and Upper Cambrian, Tremodocian stage of the Ordovician) to
inundation carbonate, carbonate—clayey and clayey (Ordovician,
Silurian) and regressive terrigenous carbonate and carbonate
deposits (Ludlow-Lower Devonian). The lower rank transgres-
sions and regressions distinguished in addition to the above se-
quence did not influence the general trend of the zone evolution.
The terrigenous formations are mainly represented by sandy-
clayey deposits with bituminous limestones and alum shales oc-
curring in places. The maximum transgression was in the Middle
Cambrian. Three main structural-depositional zones can be dis-
tinguished there: sandy, clayey-sandy and sandy-clayey forma-
tions (small landforms in the eastern sedimentation area). The
deposit thickness ranges from 550 to 750 m.

The next vertical group of the formations was also accumu-
lated within the three main zones generally extending in paral-

lel with the Teisseyre-Tornquist line. During the Ordovician, the
eastern part of the Baltic hemisyneclise represented the shelf,
and clayey-carbonate rocks up to 240 m in thickness were de-
posited there in the axial parts of smaller depressions, while con-
siderably thinner rocks, mainly carbonate, accumulated within
the uplifts. Farther to the west a clayey—carbonate formation was
accumulated in the deep shelf environment, while black grap-
tolitic shales and argillites occured in the western part (bottom
and noncompensatory sedimentation area).

Silurian deposits show the largest thickness values — more
than 3,300 m within the Baltic hemisyneclise. The horizontal
pattern of the formations also suggests that the basin was dip-
ping towards the ocean, the facies changing from shallow to a
deeper shelf and further to a deep-water area of noncompen-
sated downwarping. The three structural-facies zones identified
are as follows (from east to west): carbonate, carbonate—clayey
and clayey.

It is extraordinary that the largest thickening of the
Caledonian complex coincides on the continent with the west-
ern termination of the Polotsk-Kurzeme fault belt. Marginal
faults of this belt and some most evident fracture—flexure zones
inside it are also located there.

It was noted that the axial zones of the Baltic hemisyneclise
and the Gotland belt are not aligned with each other, but run at
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an angle on the Baltic Sea bottom, where the belt strike turns
sharply to the northwest towards the Gotland belt.

The Hercynian structural complex, the thickness of which is
as large as 800 m, even better fits within the Polotsk-Kurzeme
fault belt limits. After a long break in sedimentation involving
the whole latter part of Carboniferous time, the Cimmerian—
Alpine complex with its rather thick deposits (as thick as
1,000 m) is well enough again in the western termination of the
Polotsk—Kurzeme fault belt, though its thickest deposits are lo-
cated slightly southwards.
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Radim Gareckij, German Karatajev
KLAIPEDOS TEKTONINIS SIGMOIDAS

Santrauka
Polocko-Kurzemés laziy juosta 600 km lydi subplatuminiai laziai:
pietuose Silutés—Polocko ir $iauréje Liepojos—Loknos. Siy laZiy juos-
ta liudija magnetiniai ir gravitaciniai laukai, taip pat daugelio laziy
suaktyvéjimas skirtingais tektoniniais etapais, kai kuriais atvejais net
iki dabartiniy laiky. Baltijos juros akvatorijoje i§skiriama Gotlando
tektoniné juosta, nusidriekusi 500 km i§ pietry¢iy j Siaurés vakarus.
Abi tektonineés juostos susijungia Klaipédos $iluminés anomalijos
rajone sudarydamos tektoninj sigmoida (horizontalig fleksara, turin-
¢ig alkaninj i8linkimg paplitimo plane), masy vadinamg Klaipédos
vardu. Sis iSlinkimas ai$kiai pastebimas $iluminiy anomalijy ir poten-
cialiy geofiziniy lauky posikyje. Klaipédos sigmoidas yra sudétingos
sandaros ir turi daug ortogoninés ir diagoninés tjsos jtrukiy.

Papum Tapenkuii, [epman Kaparaes
KITAVMIEICKUN TEKTOHMYECKWI CUTMOYII,

Peswome

Iononxo-Kypsemckuit mosic pasnoMoB HNPOTSKEHHOCTBIO 10 600 KM
KOHTPONMUpYeTCs CYOIIMPOTHBIMM pasnoMamiu: Ha fore CuayTcko-
I[Tomoukum, Ha ceBepe — JInenaricko-/lokHoBckMM. OH XOpOLIO Bblfe-
JISIeTCS B MAaTHUTHOM U TPaBUTALIVIOHHOM IIOJIAX, @ TAKXKe 110 aKTUBMU-
3aIMMt MHOIMX Pa3pbIBOB HA pa3/MYHbIX TEKTOHMYECKMX ITAIAX, a B
HEKOTOPBIX CTy4YasAx — BIUIOTb JIO COBpEMEHHBIX. B mpepenax akBaTo-
puu bantuiickoro Mops BbifienieH [oTmanckuil TEKTOHMYECKNIT MOKIC,
IPOTATMBAIOLIMIICA C I0T0-BOCTOKA HAa CeBepO-3allafi Ha PacCTOsSHMUeE
1o 500 xm. B paiione Kraiimenckoit TemnmoBoit anomanuu oba mosica
COEMIMHAIOTCA, 00pasyst TEKTOHMYECKMIT CUIMOIIA (TOPM3OHTAIbHYIO
Gbrexcypy B Bujie KOIEHYaTO00pPasHOro U3ruba IpOCTHPAHMIL B ITa-
He), Ha3BaHHbIT Hamy Kraitmegckum. IToT u3rub Xopouio BufeH B
[IOBOPOTE TEIUIOBBIX aHOMA/IMIT M MOTEHUMANBHBIX reo(u3mIecKnx
noneit. Knasinenckmit curMoiiyi MMeeT CI0KHOe CTPOeHMe U HapylleH
MHOTOYVC/IEHHBIMY Pa3pbIBaMU PasIMYHBIX IPOCTUPAHMI KaK OPTO-
TOHAJIBbHBIX, TAK U TMarOHATbHBIX.



