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The Klippen belt was affected by several deforma-
tional events whose effects suggest multistage brittle -
ductile and brittle deformation and relatively small depth,
at which the tectonic deformations have taken place.
Paleogeographic analysis indicates that the sedimenta-
tion area of the Pieniny geosyncline was considerably
broad, the estimations being within the range from 30
(ScHeIBNER 1963) to 100 km (SwipziNsk1 1962). In seis-
mic sections the Klippen belt appears as indistinct, sub-
vertically oriented suture belt situated between the
blocks of Outer and Inner Western Carpathians

Methods

Structural analysis of the western section of the Klip-
pen belt (Fig. 2) included a study of its deformational
effects and of their timing. Field studies of individual sec-
tions of the Klippen belt (Fig. 3, 4) and surrounding units
included a statistic evaluation of mesoscopic manifesta-
tions of Tertiary deformation represented mainly by
faults, fissures and folds.

Direct inversion method (ANGELIER 1994) has been
applied to evaluate the fault planes and movement indi-
cators. This method assesses the orientation of the main
s i stress field tensors on the basis of fault plane orientation
The Klippen belt (Pieniny Klippen belt), situated be- and slide vectors of the movement indicators on discrete

Introduction

tween the Western Carpathian externides and internides fault planes. Statistic sets of measured elements allowed

(sensu MiSIK et al., 1986), represents a narrow independ- to assess (together with the study of geologic map) the

ent structural belt with extraordinarily complicated struc- courses of faults, their kinematic character and, if the

ture. It stretches from Vienna through central Povazie stratigraphic datings of investigated localities were avail-

(Vah River valley) to Orava and extends via Polish Pien- able, also the times spanning their activity.

iny to eastern Slovakia, Ukraine and Romania (Fig. 1). The fault planes are plotted using stereographic pro-

The following features are characteristic for Klippen belt: jections (Schmidt net, lower hemisphere). The fault plane

primary absence of pre-Mesozoic rock, scanty represen- projections are represened by large arcs and the stria- |
tation of Triassic rocks, variable developments of Juras- tions on them by dots. The arrows assigned to dots show |
sic and Cretaceous rocks and klippe-type tectonic style the sense of movement, while large arrows indicate the

(Pieniny type klippen - ANDRUSOV and SCHEIBNER, 1968). strike of compression, or extension, respectively (Tables

Most of the klippen have tectonic origin. The klippen are 1,2, 3,4).
represented by lenses of predominantly Jurassic and
Lower Cretaceous limestones, detached from more plas- .
tic formations, composed mainly of Middle and Upper Stnfctural d.evelopment of the Klippen belt
Cretaceous marls (klippen envelope). These lentiform, or during Tertiary

isometric bodies, are situated in marlstone, or in flysch

rocks of the klippen envelope. Although the envelope Structural interpretation of data obtained from west-
units were originally placed in normal stratigraphical su- ern section of the Klippen belt (up to the Orava section)
perposition on top of rocks representing the klippen, their indicates that several phases of deformation have taken
contacts were generally tectonic (ANDRUSOV 1974). place.
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Fig. 1 Geological sketch of Carpathian arc and Pannonian basinal system (KOVAC et al. in press).

1 - North- and East-European platform, 2 - flysch zone of externides, 3 - Klippen belt 4 - Inner Carpathians, 5 - Neogene basins, 6 -
Neogene volcanics, 7 - thrust lines, AF - Alpine foredeep, CF - Carpathian foredeep, OEC - Outer Western Carpathians, CWC - Central
Western Carpathians, CEC - Central Western Carpathians , SC - Southern Carpathians, EA - Eastern Alps, A - Apuseni, D - Dinarides,
VB - Vienna Basin, DB - Danube Basin, PB - Pannonian Basin, s.s., TB - Transylvanian Basin, TD - Trans-Carpathian Depression.

As observed in the field, during the first phase, the rocks
which now form the Klippen belt, became subject of a
compression oriented perpendicularly to the belt’s strike.
In most klippen there are shear thrusts (Table 1) and
folding structures accompanied by strike slips (Table 2).
At the northern fringe of the Inner Carpathian Paleogene,
at the contact with Klippen belt, southvergent back
thrusts and imbricated systems of partial thrusts (seen
e.g. at the Gécef locality - part Dolny Kubin) have been
formed. This phase which, we presume, was coeval with
the overthrusting of flysch nappes in the western part of
Carpathians (Vienna Basin area), dates back to
Oligocene? - Lower Miocene. Cessation of nappe over-
thrusting processes in the western part of Carpathians in
Karpatian stage marked an end of compressional phase.
Succession of tectonic events and change of strain field
in the area of Brezovské Karpaty were characterised by
a clock-wise rotation of compressional process, i.e. from
NW - SE to NE - SW (MARko et al., 1991; FODOR, 1995).
At the same time the paleogeographic situation at the
end of Otnangian, when the sedimentation area of the
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Western Carpathian sea has been connected with the
Alpine foredeep and during Karpatian there developed a
new marine connection with the Mediterranean area in
the south, indicates that important changes in tectonic
regime with activisation of strike slips have taken place.

Progressive reorientation of the strain field gave way
to gradual formation of strain slips and shear folds. A
sinistral shear zone has been formed in the area of Klip-
pen belt (Table 3). This transpressional regime influ-
enced the development of Klippen belt between Lower
and Upper Miocene. Maximum strain oy was oriented
generally in NNE - SSW direction.

Subsequent extensional regime, characterised by
randomly oriented downslip faults, predominated in the
Klippen belt area during the Upper Miocene (Table 4).
The downslip faults can be observed at all investigated
localities in the Klippen belt’s area.

The effects of successive individual deformational
stages can clearly be observed at many places. At the
Podbielsky Cickov locality (abandoned quarry in the val-
ley with homonymous name, some 2 km from Podbiel)
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the mesoscopic faults, which formed due to bend gliding
in a process of pure compression, can be observed. The
course of axial planes of faults indicates that the strike of
maximun compression was oriented perpendicularly to
the strike of the Klippen belt. Ensuing deformational
process was responsible for formation of shear folds

(Fig. 5).

Data on magnetic anisotropy and
paleomagnetic data

As indicated by magnetic anisotropy data from the
western section of the Klippen belt the deformation has
taken place predominantly under brittle conditions
(HROUDA et al., 1992), whereas plastic deformation was
here weaker compared to Sliezska, Bystricka and Raca
Units (HRoupa, 1993a). However, we can contend that
generally, the deformational effects within the Klippen
belt were stronger compared to marginal units of the
Flysch belt, but weaker relative to Inner Carpathian units
(HrROuDA, 1993b). As regards the intensity of deforma-
tional effects in individual sections of the Klippen belt
proper, it was generally about equal, excepting the Zilina

section, which was characterised by relatively stronger
effects (HROUDA, 1993b).

The results of research into orientation of magnetic
foliation and lineation in the investigated section of the
Klippen belt indicate that some differences exist between
this and the adjoining section of the Flysch belt. In fact,
the Klippen belt was affected by events which have no
equivalent in the Flysch belt. (HRouDA et al., 1992). Al-
though not as clear-cut as they should be, the courses of
poles and magnetic foliation (HrRouDA 1993a Fig. 5-11)
suggest NE-SW direction of the compression and com-
plicated deformational history of the Klippen belt and
adjoining sections of the Flysch belt.

Interpretation of paleomagnetic data (Fig. 6) evi-
dences a counterclockwise (CCW) rotation of rigid
blocks along the margin of moving block of Western Car-
pathians. Measured values show approximately 40-60°
CCW rotation of the Sliezska Unit, 60° CCW of the
Magura Unit in NW part of the Flysch belt (Krs et al.,
1982,1991) and 28-43° in NE part of Vienna Basin (TUNYI
and KovAC, 1991, KovAC and TuUNyi, 1995). While the
maximum CCW rotation in the westem part of Central
Westemn Carpathians could have reached between Eocene
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List of investigated localities

(Locality’s number, lithostratigraphic characteristics
Fa&kov (Cho& nappe, Mesozoic)

Malenica StraZov nappe, Mesozoic)

Lietavska Svinna (Krizna nappe, Mesozoic)

Manin (Manin unit, Mesozoic)
Rietka (Sub-tatric Group, Paleogene)
Somérica (Eggenburgian sandstone)

Turie (Krizna nappe, Mesozoic)

0000606000

Divinka (Kysuca unit of the Klippen belt and Magura nappe)

Vriatec (Czorsztyn succession of the Klippen belt, M&eozoic)'
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Fig. 3. Schematic tectonic sketch map showing PovaZie section of the
broader surroundings

Klippen belt and the localities with structural measurements in
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YU 6FKHP DI¥ P O35 RI 2 DYDVHARRQRIWH. @SSHQ EHOWKRZ 1Q) \WH GFDDAVZ MWK MAKRXADTP HDXWBP HQW

DQG 2 @ RAHQH f . RSF DQG 7XQL DVAWH
HQG RI / RZHUO IRFHQH IWSIREDEY WDFKHG RQD f
. RBFDQG 7XQL

7KH SDBRP DIQHF (RBVIR) G\ \RIHKHU ZL\W/ \WH
UHVXEI/RI RUHO\DYIRD RI SRB1 FRXWHV DQG P DIQHIF IRTD

WRQ FODIO ARG WDQVSUHVMRQDOWRRQLE HI 1P HLQ WH
DWD RI \WH . @SSHQ EHOV

SOBRWARQE GYHRSP HOW

$V \WH RSHQQ) SBJWGHG GXWY / RZHU XUDWF \WH
VHD EHG HIHI LQ \WH  VHAP HQBKIRQ DWD RI WH . @SSHQ
EHOV EHFDPH GMHRMG - XIDWIF WDQWBWIRQ SR
FHHGHG IRP Z HWR HDW\/ %4 WMHQP DINUJ YHEHHQ
0 IGGB - XUWWMF DQG / RZHU& W\BRHRXY \WHW SWIYDIBG
VHGEP HQBVRQ Rl SHI LE VHGP HQW 7KH 0 IGGBI & WY
FHRXV P HV KDYH VHHQ DQ HTXIIEWMRQ R1 VHAP HABNRQ
FRQAVRQVLQ D SURFHW RI GHHSHQQI  7KHW DWH IHFRGV
WDWKH RQHARI \WH 0 VK WHOFK  VHAEP HQBNIRQ RF
FXWHG LQ WH 8 SSHU & WADFHRXV DQG FRQUIXHG ZL\W/

J \DGXDONFRQF VSDVZOVKRUMQIQ) DQG SIAJ RI ERW/ \KH
. CBSHQ EHWKQWY DQG RYHUKUIRG XQW RI \WH & HUO
: HAMQ &DISD\IDQV R IRWP QR I YHU HOWRTE QDSSH
EHOVWH SUMHOWED\ . GSSHQ EHWWO0 DKH O 0M
3 OUHQAND

) RP DVRQ Rl WH IRG QDSSH EHWFRQUXHG GXULY
3DBRIHQH 3 DUIMOHP HWRQ KDV \DNHQ SOFH 7KUY
RIKH 3 HQQ\ DQG . \ ViXFD VHTXHQRHY RYHUMH &] RW] WO
VHTXHQRFH RFFXUWHG GXWQJ 3DBRAHH ZKIB GXUQY
( RFHQH WH GHHS Z D\WUVHGIP HQBVMIRQ KDV EHHQLQVADRG
$VWNH FRODPAZ LK/ & HOWDOR DISD\RIDQ EGAN WH . G5SHQ
EHR\KDV EHHQ VWARQI® GHIRWP HG GXU 2 RFHQH DQG
WH . @SSHQ EHIVIRW DVRQV KDYH EHHQ HWIPWG DQG
RO UHZRUHG R IR VR YHU HQW WKW
$QGLMRY 7KHDBQ WINH P RYHP HQW EH\EHHQ
0 IRFHQH DQG 3 GRFHQH ZHWI DWRADWAG Z1I\WK \KH IDX®Y
DQG IWVXWV GHYHIRSHG P DIQD LQ FRP SHMQWRANY Z K1
WH XQFRP SHAQWRAW EHFDP H VXEMHFW Rl IRTECQY
8 CHYHQ WDQVSRWIRI LQAYIGXDOEGRAW RI & HMBO:  HAMD
&DISDWIDQV HVXARG LQ WH GHYHIRSP HOWRI WP RGDO
EHQGVIQ\WH . ISSHQ EHWS QG LMVRY
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Table 3. Structural measurements in the area of Klippen belt and Magura Unit Cickov valley, Cickov valley Magura nappe
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3 . RYDAV- +R \/ARIWDV' HYHRSP HQW

" VAXWIRQ

3 WIVHQWVKDSH RI WH . ASSHQ EHWY D WAVX@RI LW
RY \MP FRQUIXRXV GHIRW DVRQ EWRXIKVDERX\VE\ FRQ
YHUHQAH DQG (IDWUFRMARQ RI \WH , QQHU: HWMQ &DU
SD\KIDQV Z \K/WH ( XIRSHDQ STMRE ) L

6 X FXBODQDO VY P DGH LQ WH Z HVRD VHRNRQ RI WH
. IBSHQ EHW@BZ VV \R FKDIDRMUVH 7 HMY V\RIH DQG LW
GHIRW DMRRQDOGHYHIRSP HQW7KH ZKR®! H SDQWH RI . @5
SHQ EHMGVSD\V D YHY FRP SIFDWWG LQRIGDOVVMPMUA
7KHEHQG JAEQ) WSH IRGV REVHWYHG DV Z HOIQ \WH IRFA\W
RI WH . SSHQ EHW\SRSHUDV LQ \KH IRANV RI \WH 0 DIXWD
QDSSH $ €pDQGIEZ W VSHDN LQ IDYRXURI D FRP
SUMIRQDOVMI H VSDQQQJ \KH WP H IIRP ( RFHQH 2 MR
FHH \R /RZHU 0 IRFHQH FKDORMOMHG E\  VSDIDO
VKRUMQQ) RUHQAG SHISHQAEX@A R W FRXWH  7KH
WHQ . ISSHQ EHWZDV SIREDE® VIXDWG P R R \KH
VRX\K/ Z HFWWHDAYH \R LW HFHQWSRVVRQ DQG LWZ DV RU
HOQRG1: 6( 2V F\SNRDQG6 EEPD
DO &RP SWMMRDOWMHIIP H LV DOR HMGHQAHG E\
ILHTXHQAWVRX\K YHU HOWBHFHQUWIADVRRQ  HYHWH  IDXQV

* IDGXDORBNIRY R1 WH Z HMQ SDWRI . ASSHQ EHYZ HQW

RQ XQUDKH HQG RI / RZHUO IRFHQH . WHWDO
7XQLD. RSF . RBFD7XQL 7 DQVSWMR
QDOWHIIPH SWIGRP IQDQNQ WH ZHAMQ SD LRI . ASSHQ

. R FHW

EHOMQRH / RZHWO LRFHQH KDYH SURI WMAYH® J DIQHS \KH
JIBXQG $ MIQMDOVKHDU] RH KDYH IRWP HG 7KH RUHQIY
\WRQ RI PD{IPXP MV ZDV JHHD® 11( 66: 7KH
WDQUWIRQ IRP FRP SBHWWMRCDOWR WDQUSWAWMRQDOWHI 1P H
ZDV SUVXP DEY GIDFKBQRXV DV VXEVBRQUARG E\ VXE
VHTXHQAZDYHV Rl RYH W] RI HDWAYHW HQWIO, VRK
QDSSHV -L I&( .

7IP Q) RI \MRRQE HYHQW LQ \WH DWD RI 2 X\MU&DU
SDWKIDQVLV DOR HY.GHQRHG E\ VMW DSKIE GLYHUHQRH RI
WH RBGHSV LG FRPSRHG 1Q \WH 3RDK DQG
8 NDIQDQ SD W RI \WH %DGHQADQ DQG 6 DUWP DMBQ VHAL
PHQW ZKIBI 1Q \WH 5 RP DQIDQ VIGH WH VHAP HOWIRY
FRQIDXHG XQUD4 XDWGDW 5 RX W HWDO 7KH
P RDWH VHEP HQW/XVXD@ GLLRY RYHAH WH 0 HVR] RF
RUFW\AMIDH EDVHP HQARI \WH IRWDQG DV HYIGHOFHG E\
D GMIPFAHIBVIRQDCHYHQWZ KIFK \RRN SOFH EHEZHHQ 8 S
SHU& WABFHRXY DQG 3DBRIHQH DV D SRME®! FROMH
TXHQFH RI / DUP IDQ SKDVH ,Q FRQMMVYR GIDFKURQRXV
\MRRQLE HYHQW Z KIFK RFFXUHG GXWQJ / D\ 2 @ RFHQH \R
0 LIRFHQH WH WHFRWBV R1 8 SSHUS WINDFHRXV \R 3 DBIRFHCH
/ DUP IDQ LQMHWIRY WIRRQEY LQAFDW LW W\ QRKURQRXY
FRXWH DERQJ \WH Z KRB SHUP HWURIWH . @5SHQ EHOW

7KH DERYH IDFV HYR\H D FROFHSVRI D FRP SDRVEGRAN
RI,QQHU: HALQ &DSDWIDQY ZKRH P RELOWW EHVEHHQ
8 SSHUE WADFHRXY DQG 3 DBIRIHQH HVXGAG LQ D FRIMRQ

YU HOFHGN.GH DIF GYHBSP HY/RI\KHZ HAMQ SDVR1. CESHYEHWY
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