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conglomerate body with the basement. Other contacts are 
faults. Locality is situated at the horst of the Strážovské 
vrchy Mts. 

Dubodiel (DUB)
N 48° 45ʹ 55.5ʹʹ, E  18° 05ʹ 49.6ʹʹ, 362 m a.s.l. 
Unpawed road cut nearby small dam at the stream 

Inovec in the village Dubodiel. There are exposed the 
Eggenburgian sandstones and carbonatic conglomerates of 

Čausa Formation (Ivanička et al., 2007). The stratifi cation 
is not clear, ca So 60/40°. Locality is situated at the western 
rim of the Považský Inovec Mts. horst, aff ected by the 
Závada-Dubodiel fault, which separates Považský Inovec 
Mts. horst from the Miocene fi ll of the Bánovská kotlina 
depresion. The infl uence of this marginal fault dynamics 
to recent position of sampled rocks is highly probable. 
Bedrock represents carbonates of the Tatric cover unit cut 
by N-S Závada-Dubodiel fault. 

Fig. 3. Sampling on studied sites. a – Sampling of Eggenburgian 
calcareous micro-conglomerates in the active Čachtice quarry; 
b – Sampling of Eggenburgian(?) calcareous fi ne-grained 
conglomerates in the active Rožňové Mitice quarry; c – Sampling 
of weakly lithifi ed fi ne to medium-grained Eggenburgian 
calcareous conglomerates for the paleomagnetic analysis (I. 
Túnyi) and FT analysis (J. Kráľ) in the abandoned Krásna 
Ves quarry; d – Marked oriented samples of grey Oligocene 
sandstones for paleomagnetic analysis in the active Hrabník 
quarry before extraction; e – So we remember Igor, tireless and 
loving fi eld works, just taking samples from the Eggenburgian 
sediments at locality Kľačno, which ones he has already missed 
to analyse.

c) d)

e)

a) b)
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(NP 22). Locality is situated in the realm of the Malé 
Karpaty Mts. horst (Polák et al., 2011).

Kľačno (KLA)
N 48° 53ʹ 20.4ʹʹ,   E 18° 38ʹ 15.8ʹʹ,   368 m a.s.l.
A  short defilé at the road cut, nearby entrance 

to agricultural farm. Neokomian limestones of the 
Fatric unit are covered by transgressive facies of the 
Eggenburgian sediments – Kľačno conglomerates and 
microconglomerates of the Čausa Formation (Ivanička 
et al., 2007), bedding is ca So 265/33° (Fig. 3e). Locality 
is situated in the northern termination of the Horná Nitra 
depression. 

Method of magnetic parameters measurements and 
gained results

To measure magnetic characteristics of investigated 
rocks a well-established methodology was applied, 
being developped in Geophysical Institute of the Slovak 
Academy of Sciences in Bratislava, including self-
construction of original measurement and supporting 
devices. This methodology was verified by a long lasting 
practice.

Subsamples for further paleomagnetic analysis were 
extracted in laboratory by core drilling (up to 25.4 mm in 
diameter) from oriented field samples. The volume of each 
sample was established and by the susceptibilitymeter 
KL-Y2 and RMP spinner magnetometer JR-5 was used 
to measure the magnetic susceptibility (kappa) and 
natural remanent magnetic polarization (NRM). Gained 
values were recalculated in relation to the volume of 
the sample. After that the samples were demagnetized 
by step-wise procedure and before each measurement 
in given temperature (approximately 14 steps with ca 
50 °C temperature increment up to the highest temperature 

Patrovec (PAT)
N 48° 46ʹ 35.4ʹʹ, E 18° 06ʹ 07.8ʹʹ, 363 m a.s.l
Small outcrop beside road connecting Dubodiel and 

Trenčianske Jastrabie villages. There are exposed massive 
Eggenburgian carbonatic conglomerates and sandstones of 
Čausa Formation (Ivanička et al., 2007), latest one were 
sampled. As bedding (So 60/30°) was identified contact of 
sandstones and conglomerates. Locality is situated at the 
western rim of the Považský Inovec Mts. horst. 

Krásna Ves (KVES)
N 48° 50ʹ 08.8ʹʹ, E 18° 13ʹ 33.2ʹʹ, 283 m  a.s.l.
A large abbandoned quarry in the Krásna Ves village. 

There are exposed basal Eggenburgian sediments 
transgressed over dolomites of the Hronic unit. Observed 
successions are faulted and individual blocks are tilted 
(Marko, 2012). Locality is situated near the N-S Timoradza 
fault affecting the northern rim of the Bánovská kotlina 
depression (Danube basin). Sampled were well lithified 
beds of medium-grained conglomerates (Fig. 3c) dipping 
due to block tilting to the NE (So 150/55°). Locality is 
situated at the northern periphery of the Bánovská kotlina 
depression.

Hrabník (HRA)
N 48° 27ʹ 26.0ʹʹ, E 17° 13ʹ 36.8ʹʹ, 257 m a.s.l.
Currently active excavation pit Hrabník is situated 

close to the Sološnica village at the Buková furrow filled 
with the Paleogene sediments. The sample (Fig. 3d) was 
extracted from the upper, not folded part of the Hrabník 
Formation (H. F., sensu Marko et al., 1990) that is built 
up by the sandstone-calcarenite beds, intercalated by 
weakly indurated claystones (So 150/45°). The age of H. F. 
was determined (l. c.) according to the nanoplankton and 
foraminifers as the Uppermost Oligocene, the Kiscellian 

Tab. 1

Results of paleomagnetic measurements. Good results with low scatter are marked bold. For samples localization see Fig. 1.

Locality
code

Locality name
& rock age N

Average 
Paleo-north azimuth 

after bedding correction

Declination
CCW

Inclination
after bedding 

correction

Results
scattering

Bedding
S0

ČACH Čachtice
Eggenburgian 30 223° 130° 73° o 8° 138/25° 

ROM Rožňové Mitice
Eggenburgian? 30 236° 122° 58° 15° 180/45° 

KVES Krásna Ves
Eggenburgian 16 ca 195° 173° 

119° 29° 21° 150/55° 

DUB Dubodiel
Eggenburgian 17 151° 210° 56° 7° 60/40° 

PAT Patrovec
Eggenburgian 5 120° 245° 55° 9° 60/27° 

HRA Hrabník
Latest Oligocene 10 188° 173° 

23° 14° 150/45° 
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650 °C) was external magnetic field compensated 
automatically by means of MAVACS system, as well as 
manually to exclude eventual problems with the automatic 
system. The period of sample warming was ca 30 min. 
After cooling the samples to laboratory temperature the 
magnetic susceptibility and remanent magnetization RM 
were measured. Magnetic data gained from measurement 
devices were processed by a specialized software, and 
magnetic parameters for each sample were calculated. 
As the final software output was Zijderveld diagram in 
stereographic projection with the evaluation of relation 
between magnetic susceptibility and intenzity of RM 

and temperature; and changes of RM with the changing 
temperature. Selected measured data were processed by 
means of Fisher`s statistics and mean magnetic vector 
(paleonorth direction for given sample) was constructed. 

Analysed samples situated inside CSC rendered 
remarkable paleomagnetic results (Tab. 1, Fig. 2). They 
show 120–240° declination of paleomeridians (Fig. 1) 
interpreted as a value of CCW rotation. So far gained 
paleomagnetic data from the Inner Western Carpathians 
declare generally ca 60–90° declinations (e.g. Túnyi and 
Márton, l996; Kováč and Túnyi, 1995; Márton et al., 
1999). 

CACH1.fis,�number�of�vectors:�30,�parameters�BBC�(left),�ABC�(right):
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CACH2.fis,�number�of�vectors:�9,�parameters�BBC�(left),�ABC�(right):
D�������I��������R���������k�����alfa������Js�������dJ������KAPs�����dKAP
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KVE1.fis,�number�of�vectors:�8,�parameters�BBC�(left),�ABC�(right):
D�������I��������R���������k�����alfa������Js�������dJ������KAPs�����dKAP
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185.97���29.34����7.1164����7.922���20.98����0.606����1.137����2.725����1.021

Chosen�samples,��demagnetization�fields,��marking:

7f1�100�1�������7f2�350�2�������7f3�150�3�������7f4�200�4�������7f5�150�5�������7f8�150�6�������9f4�400�7�������9f6�350�8

5

6

3

1 2

4
7

8

5

6

3

1

2

4

7

8

**

ROM.fis,�number�of�vectors:�30,�parameters�BBC�(left),�ABC�(right):
D�������I��������R���������k�����alfa������Js�������dJ������KAPs�����dKAP
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b) – kves1

b) – rom

Below are presented results of paleomagnetic measure-
ments for single localities displayed in the lower hemispe-
here of streographic projection. For each sample – locality 
the diagram has marked calculated mean vector direction 
with the circle of results reliability, and magnetic north 
direction estabilished for the Neogene period (after Krs, 
1979).

Tectonic interpretation of paleomagnetic results

Anomalous declinations in Eggenburgian and Late 
Oligocene sediments inside the Carpathian Shear Corridor 
points to large blocks rotation due to the post-Eggenburgian 

sinistral strike-slip regime. Nevertheless, such extreme 
rigid body block rotations can be hardly realized inside 
one shear zone due to geometrical limits of rotations. 
We expect combination of succeeding events (Marko et 
al., 2014), during which the blocks gradually rotated to 
present position. First rotation took place due to CCW en-
bloc rotation of ALCAPA (Balla, 1987). This event could 
has been followed by CCW domino-style rotation inside 
wide sinistral N-S trending shear zone, separating already 
stacked Eastern Alpine units from still northward moving 
Carpathians units. The final part of CCW block rotations 
took place inside ENE-WSW trending Carpathian 
Shear Corridor operating in sinistral regime. It drove 
the eastward escape of the Central Carpathians crustal 
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KVES2.fis,�number�of�vectors:�8,�parameters�BBC�(left),�ABC�(right):
D�������I��������R���������k�����alfa������Js�������dJ������KAPs�����dKAP
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206.20��-35.20����7.1413����8.151���20.65����1.906����2.253����2.588����2.238
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KVES3.fis,�number�of�vectors:�5,�parameters�BBC�(left),�ABC�(right):
D�������I��������R���������k�����alfa������Js�������dJ������KAPs�����dKAP
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c) – kves2

c) – kves3

segment. The highest values of block rotation (ca 240° 
CCW) was measured in localities Dubodiel and Patrovec. 
Both localities are situated at the zone of N-S trending 
Závada-Dubodiel fault, a marginal fault of the Považský 
Inovec Mts. horst. These extreme values of rotation could 
be a result of superposed rotational events within sinistral 
N-S trending shear zone, followed by rotation within 
sinistral Carpathian Shear Corridor. 

Simultaneuously with block rotations around vertical 
axes due to sinistral strike-slip regime inside CSC, block 
tilting (Fig. 4) took place. It is evident from inclinations 
of formerly horizontally laying cover and nappe units in 
asymmetrical horsts (core mountains). This process is well 
described e.g. by Jaroszewski (1980) and Zolnai (1995). 

Block tilting is a reason of high-angle paleomeridians 
inclinations observed inside CSC. 

The Carpathian Shear Corridor is a zone of Late 
Miocene exhumation of crystalline basement in individual 
blocks; where the AFT data from the Strážovské vrchy 
Mts. inside the corridor point to two uplift and exhumation 
phases, with moderate to slow cooling 24–22 Ma ago and 
fast cooling approximately 10–7 Ma ago (Marko et al., 
2017). These processes were driven by shear zone activity. 
The rigid body block rotation and tilting, resp. blocks 
uplift/subsidence inside strike-slip zones are usually 
coeval processes. However, the ages of two uplift events 
in CSC are different from the published Lower/Middle 
Miocene ages of rotations in the Western Carpathians 
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DUB.fis,�number�of�vectors:�17,�parameters�BBC�(left),�ABC�(right):
D�������I��������R���������k�����alfa������Js�������dJ������KAPs�����dKAP
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PAT.fis,�number�of�vectors:�10,�parameters�BBC�(left),�ABC�(right):
D�������I��������R���������k�����alfa������Js�������dJ������KAPs�����dKAP
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117.93���58.68����9.7840���41.660����7.57����0.106����0.015���55.560����6.218
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(e.g. Králiková et al., 2016). One explanation of this 
contradiction involves rotations inside the corridor ca 
8 Ma ago, contemporaneously with the last AFT related 
uplift event. We prefer this alternative. Other explanation 
involves rotations inside the corridor, taking place at the 
same age (15–17 Ma) as has been already declared, but in 
this case the rotations were realized withouth uplift of the 
blocks. 

Rotations revealed in localities in Eggenburgian 
sediments and one in Late Oligocene sediments, all situated 
inside the corridor, are large, but not exactly the same in 
each locality. It can be explained by strain heterogeneity, 
resp. deformation as well rotation partitioning. Individual 
localities are probably situated in blocks of different 
dimensions, which were affected by different intensity of 

rotation. Differences in magnetic fabric of core mountains 
(Hrouda et al., 2002) is desctribed as a result of not uniform 
Neo-Alpine rotation of individual blocks  (l. c.) as well.

Discussion

Paleomagnetic measurements from several studied 
localities display more scattered results, but others are 
well clustered (loc. ČACH, DUB, PAT, HRA – Fig. 1). 
Nevertheless we gained usable results, which correspond 
to our earlier interpretation of CSC as a dynamic strike-slip 
zone. Despite that some of the gained paleomagnetic data 
are not perfect, our preliminary results of paleomagnetic 
measurements reflect what happened inside the CSC – the 
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large block rotation and tilting. It is difficult to explain such 
large rigid body block rotations, but we have examples for 
even larger rotations from the nature, which are quite usual 
and effective in mineral dimensions within metamorphic 
processes (e.g. porphyroblast rotations). If we accept 
the scale invariance principle (see also Marko, 2012), 
equivalent rotations can be expected in all scales. The 
step-wise rotation in superposed shear zones can explain 
the extreme values of block roatation as well. Similar idea 
was suggested also in pioneering work by Grecula et al. 
(1990). 

There is a linear relation between magnitude of strike-
slip separation and magnitude of blocks rotation inside 
a shear zone. A map view domino-style model simplifies 
and explains evolution of observed real structures, but 
not in 3D. Question is what happens in depth during the 
rotaion, whether and where are individualized and rotated 
blocks detached from the basement. Towards the depth 
we can expect transition from brittle to ductile rheology 
of deformation. In the case of moderate rigid body block 
rotation in the schizosphere, there is a gradual transition 
to rotation in ductile conditions in plastosphere and no 
detachement is necessary. Blocks are rooted in depth. 
However, extreme 180° and even more block rotations 
due to extreme strike-slip separation identified along the 
CSC needs total detachement of rotated blocks from the 
basement. Detachment of rotated blocks from the basement 
should be somewhere at the brittle-ductile transitional 

zone, or could be situated at the basal thrust plane of the 
Western Carpathians micro-plate.

We explain declinations of paleomeridians tectonically, 
as a  result of CCW Early/Middle Miocene rigid-body 
block rotations due to sinistral shearing in the wrench 
corridor. However, there exist another, non tectonic 
hypothesis explaining extreme values of declinations 
by autoreversal of remanent magnetization of minerals 
(Orlický, 2018). This eventuality declaring the complexity 
of the physical principles of magnetism has not been 
taken into considerartion in our tectonic concept based on 
classical field-reversal  theory.

Conclusions

An important block rotations occurred during the 
Western Carpathians Neo-Alpine tectonic evolution. 
Paleomagnetic data were so far tectonically interpreted 
as a proof of counter-clockwise ALCAPA micro-plate 
rotation during its invasion into the North-European 
Platform embayment of subducting thin oceanic crust in 
the early stages of the Neo-Alpine tectonic evolution. 

We suggest that subsequent domino-style rotations of 
small blocks took place inside a prominent sinistral strike-
slip brittle shear zone – a strike-slip corridor controlling 
eastward escape of the Inner Western Carpathians crustal 
segment and inside this shear zone the high values of 
block rotations are expected. To confirm this concept five 
oriented samples of Eggenburgian sediments and one 
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D�������I��������R���������k�����alfa������Js�������dJ������KAPs�����dKAP

216.64���51.94����9.4916���17.704���11.81����0.145����0.075��133.180���88.854
187.80���22.57����9.4916���17.704���11.81����0.145����0.075��133.180���88.854

Chosen�samples,��demagnetization�fields,��marking:

hpm1_1�300�1����hpm1_2�300�2����hpm1_3�200�3����hpm1_4�350�4����hpm1_5�300�5����hpm1_6�400�6����hpm1_7�400�7����hpm1_9�150�8

hpm1_11�300�9���hpm1_12�400�A

5

6

7

2

1

A

4

3
9

8

5

6

3
1

2

4

7
A

8

9

**

Fig. 2a–e. Diagrams (stereographic projection, lower hemisphere) with magnetic paleo-poles directions of single measurements (al-
phabets and numbers) and mean paleomagnetic direction (gothic cross) with the circle of reliability calculated  for localities Čachtice 
(ČACH), Rožňové Mitice (ROM), Krásna Ves (KVES), Dubodiel (DUB), Patrovec (PAT) and Hrabník (HRAB) (compare with Tab. 1) 
before bedding correction (BBC) and after bedding correction (ABC) was done. Star represents an orientation of the North magnetic 
pole for the Neogene period (after Krs, 1979). Normal and reversal magnetic polarization are distinguished by single measurements 
symbols position – normal position means normal magnetic polarization, sloping position of symbol means reversal polarization.
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Late Oligocene sample from the localities situated inside 
the wrench corridor were selected and declinations of 
magnetic paleomeridians were detected. 

In contrast to so far known average 60–90° declinations 
of magnetic paleomeridians due to ALCAPA en-bloc 
rotation, 120–240° ranging declinations of magnetic 
paleomeridians were detected inside the wrench corridor. 
It is an evidence of the occurrence and the geodynamic 
role of the Carpathian Shear Corridor inside which the 
subsequent CCW rotation took place after the ALCAPA 
en-bloc rotation. Although the paleomagnetic results are 
preliminary and some gained data are not perfect, these are 
important, because they reflect what happened inside the 
CSC – the excessive block rotations. 
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Rotácie blokov v karpatskom strižnom koridore – paleomagnetický záznam

Paleomagnetické štúdie realizované v  Západných 
Karpatoch (napr. Balla, 1987; Kováč et al., 1989; Kováč 
a Túnyi, 1995; Márton a Fodor, 1995; Fodor, 1995; Fodor 
et al., 1998; Márton et al., 2013) dokladajú odklon spod-
nomiocénnych magnetických paleomeridiánov od neo-
génneho magnetického meridiánu definovaného Krsom 
zhruba 60 – 90° (1979). Tieto deklinácie sa interpretujú 
ako dôsledok CCW en-bloc rotácie mikroplatne ALCA-
PA prenikajúcej do zálivu severoeurópskej platformy, 
tvoreného tenkou oceánskou kôrou subdukujúcou pod 
Karpaty. Domnievame sa, že v období neoalpínskej tek-
tonickej evolúcie po rotácii karpatskej mikroplatne zohral 
pri postupe samostatných menších kôrových blokov in-
terníd Západných Karpát dôležitú úlohu karpatský strižný 
koridor (CSC sensu Marko et al., 2017). Dynamiku tohto 
rozhrania identifikovaného zo snímok diaľkového priesku-
mu Zeme (DPZ) (Janků et al., 1984; Doktór et al., 1985) 
opísali Pospíšil et al. (1986, 2012) a Pospíšil (1989, 1990). 
CSC reprezentoval smernoposunovú laterálnu rampu 
kôrového segmentu interníd Západných Karpát extrudujú-
ceho na východ (obr. 1). Podľa tohto modelu bolo vysúva-
nie centrálnokarpatského kôrového segmentu relaxované 
v  zóne CSC intenzívnou strižnou deformáciou s  CCW 
rotáciou a tiltovaním mikroblokov (obr. 4) v sinistrálnom 
smernoposunovom, pravdepodobne transtenznom reži-
me. Výsledkom stredno- až vrchnomiocénnej dynamiky 
je špecifický stavebný štýl v  zóne karpatského strižného 
koridoru, charakteristický striedaním vyzdvihnutých (jad-
rové pohoria) a poklesnutých (sedimentárne vnútrohorské 
bazény) rotovaných a tiltovaných blokov. Načrtnutý kon-
cept predpokladá anomálne ľavostranné (CCW) rotácie 
mikroblokov vnútri karpatského strižného koridoru. Aby 
sme overili túto predstavu, zamerali sme sa na štúdium 
orientácie magnetických paleomeridiánov v  ranomiocén-
nych sedimentoch na niektorých dostupných lokalitách 

v  priestore karpatského strižného koridoru. Orientované 
vzorky boli odobrané z 5 lokalít v egenburských sedimen-
toch, jedna lokalita bola vo vrchnooligocénnych sedimen-
toch (obr. 1, 3a – e). Vzhľadom na nie ideálnu zrnitosť 
meraných sedimentov a technické komplikácie s meracou 
aparatúrou považujeme výsledky meraní (obr. 2) za pred-
bežné.  Výsledky sú však výpovedné, odrážajú dynamiku 
strižného koridoru a  podporujú našu tektonickú koncep-
ciu. Zistené hodnoty deklinácií magnetických paleomeri-
diánov potvrdzujú náš predpoklad a CCW rotácie blokov 
v rozmedzí 120 – 240° (tab. 1) vyplývajúce z orientácie 
paleomeridiánov sú anomálne. Tento poznatok podporuje 
existenciu a  geodynamickú úlohu karpatského strižného 
koridoru ako prominentného smernoposunového rozhra-
nia extrudujúceho vnútrokarpatského kôrového segmentu. 

Rozdielne hodnoty deklinácií meraných na rôznych 
lokalitách situovaných v  tej istej strižnej zóne môžu byť 
vysvetlené deformačnou, resp. rotačnou heterogenitou, 
ktorá mohla byť spôsobená aj odlišnou mierou rotácie blo-
kov rôznych rozmerov. Okrem rotácií okolo vertikálnych 
osí bloky zároveň tiltovali. Tilting je evidentný z tektonic-
kého štýlu asymetrických hrastí jadrových pohorí a half-
grabenov sedimentárnych bazénov. Tilting je aj príčinou 
vysokých hodnôt inklinácií magnetických vektorov na 
niektorých lokalitách.

Prezentované výsledky paleomagnetických meraní 
v  CSC sú síce predbežné, ale dôležité pri verifikácii 
tektonickej koncepcie CSC. Tieto cenné údaje sme získali 
vďaka nasadeniu a  entuziazmu priekopníka spolupráce 
medzi geológmi a geofyzikmi Igora Túnyiho, ktorému aj 
týmto vzdávame hold.
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