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Neotektonika vnutornych Zapadnych Karpat: oblast Liptovského Jana (severné svahy
Nizkych Tatier, Slovensko)

Abstract: The neotectonic study results of the Liptovsky Jan area and its implications for neotectonic development of the
Inner Western Carpathians are presented. A broad spectrum of methods was used e.g., geological mapping, structural
analysis, boreholes log data, morphotectonic analyses, transverse valley profiles, and orientation of cave passages. Three
groups of normal faults active during the Quaternary were identified. The youngest faults are oriented generally in the N-S
direction. The older fault groups are represented by the WNW-ESE and NE-SW directions as well. The successive arrange-
ment of faults suggests change of the stress field from the N-S to the E-W oriented extensional axes under the tension
condition in the study area during the Pleistocene. Comparison of obtained results with other studies revealed that stress
field within the Inner Western Carpathians realm was changed during the Quaternary, from tension oriented generally in

N-S direction to orogen-parallel extension i.e. parallel to the Inner Western Carpathian arc.
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1.INTRODUCTION

The area of interest is located on the northern slopes of
the Nizke Tatry Mits., in the vicinity of Liptovsky Jan village
(Fig. 1). Its northern part partially extends to the Liptovska
kotlina Basin. The area is bordered by Zavaznd Poruba village
from the west, Liptovsky Jan village from the east, Podtureii
and Uhorsk4 Ves villages from the north, and Okruhla hill
(1085m asl.) from the south. The most distinctive landforms
of the study area include the Janska dolina and Suchd dolina

valleys. The area is drained by the Vah river with the Stiavni¢ka
river being its most significant tributary. According to the geo-
morphological division of the Western Carpathians the area is
assigned to the Tatra-Fatra geomorphological area (Maztir &
Luknig, 1986). The main part is situated on the Dumbierske
Tatry Mts. geomorphological subunit while northern part of
the area extends into the Liptovska kotlina Basin geomorpho-
logical subunit. According to regional-geological division,
the study area is located on homonymous geological subunits
(Vass et al., 1988).

Fig. 1. Localization

of the area of interest
marked on map of the
digital terrain model
of Slovakia (adopted from
the SGUDS site).

Obr. 1. Lokalizéacia
predmetného izemia
vyznacend na mape
digitadlneho modelu
reliéfu (prevzatého
zo stanky SGUDS).
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The region is widely known for occurrence of travertine
mounds and mineral springs. Abundance of such phenomena
points out the recent neotectonic activity which has been stud-
ied by numerous geologists as well as geomorphologists (e.g.,
Kettner & Stastny in Matéjka & Andrusov, 1931; Porubsky etal,,
1959; Biely, 1960, 1965, 1976; Lozek, 1961; Droppa, 1963, 1964;
Porubsky, 1968; Cajka etal., 1969; Kovanda, 1971; Vagkovsky
& Lozek, 1972; Hanzel & Gazda, 1973; Hanzel, 1973, 1974,
1977; Klinec, 1976; Peterka et al., 1976; Gross etal., 1979, 1980;
§alaga etal. 1985; Biely et al., 1992, 1997). However a modern
neotectonic study of the area is still lacking. Therefore, the aim of
this paper is to provide results of neotectonic study and discuss
them within context of the Western Carpathians.

2. GEOLOGICAL SETTING

Most of the rock formations (Gutenstein Fm., Ramsau Dolomite,
Reifling Fm., Lunz Fm., Hauptdolomite) cropping out in the
area, can be assigned to the Biely Vah Middle Triassic facies
belonging to the Strazov partial nappe of the Hronic Unit (sensu
Havrilla, 2011). Exception to this are the Borové and Huty Fms.
(Priabonian) which belong to the Central Carpathian Paleogene
Basin (Gross et al., 1980), as well as Quaternary tufa, traver-
tine, and alluvial, to debris flow sediments. From those, tufa,
travertine, and fluvial deposits are of particular interest for the
neotectonic analysis. Their specific arrangement, combined with
other distinctive geomorphological features allows neotectonic
interpretation with good measure of certainty.

3.METHODS

A wide spectrum of methods, including geological mapping,
morphotectonic analysis and structural research, was applied.
In addition to that, data obtained from boreholes drilled in the
study area (Porubsky et al., 1959; Cajka etal., 1969; Peterka
etal., 1976; Salaga et al., 1985) were studied, analyzed, inter-
preted, and/or reinterpreted. The brittle structural data were
processed using StereoNET software (Allmendinger etal., 2012).
Landforms were also studied from historical maps (UAZK site,
years 1870-1880). Raster maps were converted to vector maps
using R2V software, and digital terrain model was created in
the Grass GIS (GRASS Development Team, 2012) software.
Morphotectonic analysis included landform analysis, lineament
analysis, analysis of the drainage system, analysis of transverse
river valley profiles and analysis of cave corridors orientation.

4. RESULTS

Detailed geological mapping (Fig. 2) shows that faults are far
more abundant than previously thought (Kettner & Stastny
in Matéjka & Andrusov, 1931; Biely, 1976, Gross et al., 1979;
Biely etal., 1992).
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The key feature of the new geological map is the Janska dolina
valley. There are significant differences between rock sequences
cropping out at the left side and the right side of the valley. While
Lunz Fm., and Hauptodolomite is prevalent on the left side,
Gutenstein Fm., Ramsau Dolomite, Reifling Fm., and Lunz
Fm., crop out on the right side. These differences are further
underlined by significant disproportion in the occurrence of
Quaternary deposits on the right side and the left side of the
valley. Presence of delluvial sediments, terrace-mound trav-
ertine (classification according to Hancock et al., 1999), and
several fluvial terraces on the left side of the valley contrasts
with occurrence of landslide, delluvial sediments, and single
fluvial terrace on the right side. Those features are indicative of
presence of the Quaternary-active normal fault, yet only one of
the existing maps (Gross et al., 1979) acknowledged its existence.
Furthermore, this fault bisects alluvial fan of right tributary of
the Stiavni¢ka river and is parallel to another synthetic fault that
is probably responsible for asymmetry of fluvial terraces on the
left and the right side, as well as altitude discrepancies between
them. Both normal faults have the NNE-SSW striking with
the westward dipping.

Other significant fault system is observable in vicinity of the
Suchd dolina valley. Rather than one distinctive faultline, a fault
zone was mapped here, being of various length, orientation,
dipping, and kinematics. General orientation of the zone is in
the N-S direction and a normal movement seems to be preva-
lent. A variegated mosaic of the geological structure compris-
ing several lithological rock types near Hradok and Okruhla
hills presents direct consequence of activity of the Suchd dolina
valley fault zone. This zone most probably represents a result of
the activity of single, eastward dipping, deeper rooted fault that
is antithetic to the Jdnska dolina valley faults. Area between the
two valleys thus forms a pseudo-graben structure.

Besides the above mentioned faults, the WNW-ESE and
NE-SW striking faults are present. Those faults are less obvi-
ous as they are commonly bisected by the N-S striking faults
to the point of making them untraceable at several places. Small
travertine mounds (probably eroded-sheet travertine according
to classification of Hancock et al., 1999) are located on several of
those faults, meaning that the WN'W-ESE and NE-SW normal
faults were active during the Quaternary. It is not entirely clear
whether those faults represent two successive generations of
faults or conjugated faults. Situation in the western part of area,
where the NE-SW fault seems to intersect the WN'W-ESE fault,
might suggest that the NE-SW faults are younger.

4.2. Interpreted data from boreholes

Borehole data, despite certain ambiguities, provide interest-
ing results. Of particular interest are B-1, B-2, and “Rudolf”
boreholes (Porubsky et al., 1959; Cajka etal., 1969; Peterka
etal.,, 1976; Salaga et al., 1985). Those boreholes are situated
in the mouth of the Janska dolina valley (Fig. 3). In this place,
Quaternary deposits of the Stiavni¢ka river are almost twice as
thick as in the other boreholes (Tab. 1), even when compared to
the boreholes drilled in fluvial plane of the Vah river. Another
anomaly directly tied to the boreholes is artesian groundwater
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Fig. 2. Geological map of the study area.

Obr. 2. Geologicka mapa $tudovaného uzemia.
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Tab. 1. Table of processed archive data from boreholes in the area of interest and its close vicinity.

Tab. 1. Tabulka spracovanych archivnych vrtnych dat z predmetnej oblasti a jej bezprostrednej blizkosti.

Name of the Altitude (m a.s.1.) Thickness of Quaternary Altitude of rock Level of drilled and stabi- Interpretation
borehole sediments (m) basement (m a.s.l.) lised groundwater (m) of drilled formation
B-1 637,6 19,2 3 above surface Reifling Formation
B-2 645,66 22,5 10 above surface Ramsau Dolomite
Rudolf 653 16,5 5 above surface Ramsau Dolomite
20 605 9,5 1,5 drill., 2 stab. Huta Formation
105 617 12 2,1 drill,, 2,1 stab. Lunz Formation
V-15 625,67 10,4 not drilled Hauptdolomite
V-16 625,99 10,8 not drilled Hauptdolomite
J-148 615 10 5,9drill., 3,2 stab. Hauptdolomite
J-150 613 10 1,8 drill,, 1,6 stab. Hauptdolomite
J-151 613 17 2,3 drill., 1,9 stab. Hauptdolomite
HN-2 678,84 9,4 5,7 drill,, 9,5 stab. Ramsau Dolomite
19 605 na 1mnar, 2 mvyst. Huty Formation

being present in all three of them. Upon drilling the groundwater,
it erupted several meters above ground level. Data suggest that
the artesian groundwater in the B-1 and B-2 boreholes was drilled
in the depth interval of 10 to 20 meters. Same depth interval is
characteristic for transition from Quaternary deposits to the
zone of intensively brecciated Mesozoic rocks.

Since the occurrence of the artesian groundwater is confined
into a small area and depth in which the artesian groundwater
occurs is relatively shallow, it cannot be ascribed to any specific
strata. Abundance of brecciated rocks suggests that boreholes
drilled into the fault zone. Therefore, rather than being related to
any specific stratum, an abundance of the artesian groundwater
in all likelihood linked to the occurrence of a fault zone. This
data further support the claim of existence of the NNE-SSW
oriented, westward dipping, Quaternary-active normal faults
situated in the Jdnska dolina valley.

4.3. Morphotectonic analysis

4.3.1. Drainage pattern

The study area shows a trellis to rectangular drainage pattern
(Fig. 4) that can be divided into two parts. First one islocated
in the middle of the study area and presents the Stiavni¢ka
river drainage system. Latter is located in the western portion
of the study area and is presented by the Brostova and Laztek
creeks and their respective tributaries. The watershed between
these two areas runs through peaks of Okruhla, Javorovica,
Rakytovica, and Hradok hills and crests located between them
(Fig. 4).

Drainage pattern of the Stiavnicka river presents obvious
example of a trellis drainage pattern (Fig. 4), with the Stiavnitka
river flowing to the NNE and perpendicular tributaries strik-
ing in the WN'W-ESE direction. At the mouth of the Janska
dolina valley, just before the Stiavni¢ka river flows into the Vah
river, the Stiavnicka river changes its course to the NE. From
historical maps is apparent that the river was branching out in

this place, yet all branches flowed uniformly to the NE, being
parallel to each other. This river course change might not seem
anomalous at first, but when course of other rivers is taken into
consideration, the anomaly is obvious. The Jamnicek creek, the
right tributary to the Vah river, flows generally to the SWand
changes its course after entering the alluvial plain of the Vah
river. That means the creek flows at obtuse angle to the general
current direction of the Vah river, which presents a striking
anomaly, especially when the setting of the Stiavni¢ka river and
the Jamnicek creek to each other is considered.

Drainage pattern of the Brostovéa and Laztek creeks is more
complex (Fig. 4). The Laztek creek catchment area shows rectan-
gular drainage pattern with creeks flowing to the WNW-ESE
and NNE-SSW, respectively. Creeks near the Brostova creek
shows characteristics of parallel pattern, with general orientation
to the NE-SW. Furthermore, this drainage pattern is parallel
to the direction of the Ilanovka and Plostinka creeks situated
nearby. The NE striking of both creeks is at obtuse angle to the
course of the Véh river. This situation is similar to the anomaly
present at the mouth of the Jinska dolina valley and near the
Jamnicek creek.

4.3.2. Topolineament analysis

Using digital terrain model, a number of distinctive topolinea-
ments was recognized in the study area (Fig. 4). Their orientation
shows three preferred directions: WNW-ESE, NE-SW, and
NNE-SSW. Not only these directions fit well with flow direc-
tions of local streams, but they also correlate with mapped faults
(compare Figs.2 and 4).

4.3.3. Analysis of terrain features

There are several distinctive terrain features present in the
study area that are indicative of neotectonic activity. Abrupt
broadening of the Vah river valley occurs near the mouth of the
Jéanska dolina valley. To this point the valley of the Vah river is
narrower and erosion prevails over deposition. Downstream
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Fig. 3. Location of boreholes displayed in
orthophotomap (Google Earth, 2006).
Obr. 3. Rozmiestnenie vrtov zobrazené
vortofotomape (Google Earth, 2006).

Fig. 4. Digital terrain model of the
surroundings of the study area.
Topolineaments are distinguished
by black lines. Rose diagram shows
their orientation in stereographic
projection. Dotted line represents
boundary of the breakthrough-
valley of the Véh river described

by Droppa (1964). Two prominent
terrain features mentioned in the
text (offset in the river valley and
the hillocks) are encircled in the
map. White lines are the profile lines
of profiles shown at fig. 5.

Obr. 4. Digitdlny model reliéfu
Sir$ieho okolia $tudovanej oblasti.
Topolineamenty st zvyraznené
¢iernymi liniami. RuZicovy
diagram znazoriuje ich orienta-
ciu v stereografickej projekcii.
Bodkovana ¢iarareprezentuje
hranicu prelomového udolia Vihu
popisani Droppom (1964). Dve
vyrazné ¢rty reliéfu spominané
vtexte (offset vrie¢nom idoli a
pahorky) st v mape zakriizko-
vané. Biele linie su linie profilov

zobrazenych na obr. S.
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from the mouth of the Jénska dolina valley, the valley of the
Viéh river rapidly broadens and deposition becomes prevalent
over erosion. Droppa (1964) describes this phenomenon as
the boundary between broad alluvial plain of the Vdh river and
the antecedent breakthrough-valley of the Vah river (although
some believe the valley to be of epigenetic origin, Maglay, pers.
comm.). Droppa (1964) states that the boundary is oriented in
the NE-SW direction. Boundary’s location and orientation is
well-correlated with the mapped NE-SW fault trace (compare
Figs. 2 and 4). This fact, along with the occurrence of the trav-
ertine mound, presents direct evidence of Quaternary-activity
of the NE-SW faults.

Another prominent landform is the Jinska dolina valley. The
valley is characteristic of the asymmetry in the transverse profile,
distinctive asymmetry of fluvial terraces as well as asymmetry in
occurrence of other morphostructures. Slopes on the right side
of the valley are generally steeper than on the left side (Figs. 4
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and 5), landslide and triangular facets are present on the right
side of the valley. Hilltops and elevations on the right side are
situated in higher altitude (around 10 m), than corresponding
hilltops and elevations on the left side. The left side is character-
ized by planation surfaces that are tilted eastward. These facts
support the notion of the Quaternary-active faults located in the
Janska dolina. Furthermore, the facts suggest that hanging wall
of these faults tilted to the east.

The Sucha dolina valley presents landform with several remark-
able terrain features in its vicinity. Most obvious aspect of fault
activity is an offset observable in the valley west to the Sucha
dolina valley (Fig. 4). The NE-SW strike of valley and the offset
oriented in the NNE-SSW direction occurs near the valley’s
mouth. Direction and location of the offset fits perfectly with loca-
tion and orientation of the mapped fault (compare Fig. 2 and 4).

An influent stream occurring in the Suchd dolina valley is
indicative of the presence ofkarst phenomena. The NNE-SSW

Fig. 5. Transverse
profiles of the
Janska dolina valley.
First profile is drawn
through creek beds
of tributaries of the
Stiavnicka river,
second is drawn
along crests
perpendicular to
the Jénska dolina
valley.

Obr. 5. Prie¢ne
profily Janskej do-
liny. Prvy profil je
vedeny dnami pri-
tokov Stiavni¢ky,
druhy je vedeny
podiz hrebeiiov
kolmych na Jansku

dolinu.
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striking topolineament can be observed even after the valley
ends. The altitude differences between corresponding hilltops
and elevations at both sides of the valley (hilltops and elevations
at the right side being about 40 m higher) suggest that left side
was relatively uplifted to the right side. The slope steepness dif-
ferences of both sides of the valley (the right side being steeper
than the left side) support this notion.

It seems that the course of the Laztek creek was altered by
the fault. At the point where the Laztek creek suddenly turns
to west, the Stiavnicka river drainage system and the Brostova-
Laztek drainage system are separated by a narrow asymmetric
crest. The right tributary of the Stiavnic¢ka river that springs
near the crest, flows through shallow, broad valley, and barely
shows any sign of erosion. The tributaries of the Laztek creek
cut narrow, deep valleys into the crest. Further downstream
the Laztek creek exhibits similar behavior. It seems that the
Laztek creek flowed to the east before, but then was its path
obstructed by the relative uplift of the right side of the Suchd
dolina valley. As a consequence, the creek changed its course
to the west. That would also point out to relative uplift at the
right side of fault. Height of the crest measured from the Laztek
creek’s turning point (45 to SOm) suggest similar throw as was
measured from the differences in altitude of corresponding
hill peaks.

The evidence suggests that fault trace is running through
the Sucha dolina valley. This assumption is supported by data
obtained by geological mapping. However, the evidence obtained
from the analysis of terrain features suggests the opposite sense
of movement than results of geological mapping. Former results
indicate relative uplift of the right side of the valley, while latter
indicate relative uplift of the left side. The Suchd dolina fault sys-
tem was mapped as comprising several faults, with complicated
and various modes of kinematics. Overall, they present result of
activity of eastward-dipping normal fault. Also, the entire block
between the Janska dolina valley and the Sucha dolina valley is
tilted eastward. This conflicting evidence is interpreted as a result
ofactivity of a secondary reverse fault formed within the Sucha
dolina fault system (Fig. 6).

Another noteworthy terrain feature is a stair-like arrange-
ment of elevated surfaces at the crest of Okruhla and Javorovica
hills (1085 m asl.; 1063 m asl., and 1062 m asl.) and the crest
of unnamed hill (804 m asl.; 812m asl., and 829 m asl.). The

Fig. 6. Schematic example of origin of secondary reverse fault induced on
normal fault.
Obr. 6. Schematicky priklad vzniku sekundérneho pre$myku induko-

vaného na poklesovom zlome.

geological mapping revealed that faults traces run through sad-
dlebacks between mentioned elevations. There are conflicting
morphotectonic and geological results concerning kinematic
interpretation of mentioned faults. The highest elevation on
the stair-like arranged surfaces geologically represents most
subsided block. This suggests that the surfaces were first tilted
and then bisected by faults (Fig. 7). This way a crest with stair-like
arrangement formed, while highest elevation would represent
most subsided block.

Fig. 7. Schematic example of origin of the stair-like arranged elevated surfaces, that are mentioned in the text.

Obr. 7. Schematicky priklad vzniku schodovite usporiadanych vyvysenin, ktoré si zmienené v texte.



Fig. 8. Interpretation of origin of the terrain feature located to the N of the
Hradok hill (876 ma.s.l.).
Obr. 8. Interpretacia vzniku formy reliéfu nachadzajicej sa

na S od Hradku (876 m n.m.).

Perhaps most intriguing terrain feature is located north of the
Hradok hill (876 m asl.) in a form of four hillocks and two pla-
nation surfaces (Figs. 4 and 8). Whole structure is bounded by
a NE-SW topolineament. The altitude of tops of the hillocks
lowers to the north and to the west (SE hillock — 722 m asl.; SW
hillock — 718 m asl.; NE hillock — 715m asl.; NW hillock — 711 m
asl.). The northern and western slopes are slightly gentler than
the eastern and southern slopes. Initially this area is interpreted
as a former (?Pliocene) planation surface that was intersected
by the WN'W-ESE normal faults (Fig. 8 part 1) and formed
aseries of the stair-like arranged planation surfaces (Fig. 8 part 2).
Subsequently, part of the terrain feature surface subsided along the
NE-SW normal fault, while the rest of the surface tilted to the NW
(Fig. 8 part 2 and 3). The final step in the origin of current terrain
feature was the activity of the NNE-SSW faults accompanied
with the tilting of blocks between the faults (Figs. 8 parts 3 and 4).
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Fig. 9. Map of the cave corridors of the StaniSovské jaskyne Caves (redrawn
from information board near the Stanisovské jaskyne Caves, that was
created on basis of maps of Hochmut and Holtibek, digitalised by Danko
and Biskupic), with marked offsets of the cave corridors and rose diagram
showing orientation of the corridors in stereographic projection.

Obr. 9. Mapa jaskynnych chodieb Stanigovskych jaskyn (prekreslend
z informacdnej tabule pri Stani$ovskych jaskyniach, vytvorenej na
zaklade map Hochmuta a Holubeka, zigitalizovanych Dankom and
Biskupi¢om), s vyzna¢enymi offsetmi jaskynnych chodieb a ruzico-
vym diagramom znazornujicim orientdciu jaskynnych chodieb v

stereografickej projekcii.
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4.4. Analysis of orientation of cave passages

Although there are no well-studied cave spaces in the study area,
Stani$ovské jaskyne Caves with well-documented cave corridors
are situated to the south of the study area. There are two general
directions of the orientation of the cave passages (Fig. 9): the
WNW-ESE orientation and the NNE-SSW orientation. The
passages likely have tectonic predisposition. There are offsets
visible in the WN'W-ESE passages, indicating that the WNW-
—ESE passages are older than the NNE-SSW passages. Same
thing can be reliably assumed for similarly oriented faults: the
WNW-ESE faults are older than the NNE-SSW faults.

4.5. Structural analysis

During the fieldwork, several outcrops with faulted Quater-
nary deposits were located. Along these, several other out-
crops with the faults of possibly Quaternary age were found
(Fig. 2). Quaternary faults on localities L1, L3, L4 were oriented
in the WNW-ESE to NE-SW direction. Locality LS (Fig. 10)
contains the WNW-ESE oriented faults, but Quaternary sedi-
ments seem to be located on the hanging block of unmeasured
normal fault oriented roughly in the N-S direction. Joint set
located in the same outcrop, where the WNW-ESE oriented
joints are intersected by the N-S oriented joint, confirms this
fault succession.

Quaternary age of faults on locality L2 was inferred. Lime-
stone cropping out at the locality L2 underwent karstification
and is covered by flowstone crust. The faults occurring at the
outcrop intersect not only rock itself but also the flowstone
crust which might be the indication of the Quaternary age of

Fig. 10. Interpreted photographs of outcrop at locality L5.
Obr. 10. Interpretované fotografie odkryvulokalite LS.

the aforementioned faults. These N-S faults are normal faults
dipping both eastward and westward.

The vicinity of the Such4 dolina valley is of special note. The
mesoscopic brittle structures located here are indicative of com-
plicated tectonics. Faults depicted in fig. 11 represent secondary
reverse faults induced on normal fault. Observed mesoscopic
faults correlate well with proposed interpretation of the Qua-
ternary fault movement at the Sucha dolina valley fault system
(Fig. 6). Therefore, age of the mesoscopic faults is assumed to
be Quaternary.

5. DISCUSSION

Obtained results are in good agreement with the results of
Peskovéa & Hok (2008). Analysis of the corridor orientation
in the Deminovské jaskyne Caves by Hlavnova et al. (2008)
shows good fit with the orientation of the cave corridors of the
Stanisovské jaskyne Caves. Hlavnov4 et al. (2008) consider
the WNW-ESE corridors to be younger than the NNE-SSW
corridors. However, offsets observable in the WNW-ESE cor-
ridors of the Stani$ovské jaskyne Caves present indisputable
evidence of the NNE-SSW corridors being younger, than the
WNW-ESE corridors.



Other studies from the western part of Slovakia (Hok et al.,
2007; Vojtko et al., 2008; Kralikovd et al., 2010; Kové¢ et al.
2011) report change of Quaternary stress field from the NNE-
SSW oriented extension to the NE-SW oriented extension. On
the other hand the study of Vojtko et al. 2012, from the eastern
part of Slovakia describes recent NW-SE extension. Studies
from the northern part of the Western Carpathians (Pedkovd
etal,, 2009; Vojtko et al. 2010) describe recent stress field with
extension component oriented in the W-E direction. The results
of this study as well as the results of previous studies suggest
that the current stress field of the Inner Western Carpathians
represents the orogen-parallel extension.

The exception in the region of the Inner Western Carpathians
presents the Kozie chrbty Mts., (Vojtko et al., 2011; Stikalova et
al,,2012). The NN'W-SSE extension is dated (Vojtko et al., 2011)
and is considered younger than the W—E extension. The reason
of this anomaly has yet to be satisfactory explained.

The area of interest provides good opportunities to date
activity of Quaternary faults with number of Quaternary
sediment outcrops (Locality LS being of special note, with 2
paleosol horizons of which one yielded wood remnants after
short search) and Quaternary karsts phenomena. Besides the
Stani$ovké jaskyne caves, Deminovské jaskyne caves might
prove useful in assessing age of stress field change as some parts
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Fig. 11. Observed

and interpreted
structures of reverse
faultinduced

on normal fault.

Obr. 11.
Interpretované
Struktura pre$myku
indukovaného

napoklese.

of the passages in the Deméanovské jaskyne Caves are already
dated (Hercman etal., 2006). Most of the previous neotectonic
studies considered the N-S extension to be of Pliocene age and
the orogen-parallel extension being of Pliocene to Holocene
age. The exception to this are works of Hlavnova et al. (2008),
Peskova & Hok (2008) and Kralikova et al. (2010) that as-
sume Pliocene to Lower Pleistocene age of the N-S extension
and Upper Pleistocene to Holocene age of the orogen-parallel
extension. Decker et al. (2005) determined Middle to Up-
per Pleistocene age of change in the stress field in the western
part of the Western Carpathians (Vienna Basin). As there is
the evidence of the WNW-ESE faults bisecting Quaternary
sediments, the results of this study support latter assumption,
concerning age of the stress field change.

6. CONCLUSION

The Liptovsky Jan area, situated on the northern slope of Nizke
Tatry Mts., was subject to neotectonic research. Utilizing a
wide spectrum of methods (geological mapping; reinterpreting
archive data obtained from boreholes; structural analysis;
study of historical maps; analyses of landforms, drainage
pattern, topolineaments, transverse river valley profiles, and
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orientation of cave corridors) we were able to determine sev-
eral faults that were active during the Pliocene or Quaternary.
The oldest of them are the WNW-ESE faults. The NE-SW
faults might be conjugated faults, being of same age or slightly
younger. The NNE-SSW striking of faults represent the young-
est faults.

This fault pattern suggests that stress field in the study area has
changed during the Quaternary, from the NN'W-SSE oriented
tension to the tension oriented in the W-E direction. Dating
of the fluvial terraces in the study area is based only on their
relative height. Due to lack of precise dating, it can be only
generally stated that the shift in the stress field occurred during
the Quaternary. However, the area provides good opportuni-
ties for future research, precise dating of the Quaternary-active
faults in particular. The comparison with other studies from the
region of the Inner Western Carpathians shows that region of
the Inner Western Carpathians underwent the change of the
stress field during the Quaternary. In the most areas of the region
the stress field changed from the N-S oriented tension to the
orogen-parallel extension. The results of this work support the
statement that change in the stress field orientation occurred
during the Middle to Lower Pleistocene.
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Resumé: Okolie Liptovského Jana, situované na severnych svahoch Niz-
kych Tatier a kontakte pohoria s Liptovskou kotlinou bolo predmetom
neotektonického vyskumu. Oblast je znama vyskytom travertinov a se-
dimentov viacerych rie¢nych teras Vahu a Stiavni¢ky. Uzemie je lokalizo-
vané v mieste ukoncenia antecedentného tdolia Véhu, kde sa niva Vahu
nahle rozsiruje, pricom v reliéfe si pozorovatelné viaceré prvky, ktorych
vznik je mozné pripisat posobeniu krehkej tektoniky. Neotektonicky vy-
skum vyuzil $iroku paletu metdd, od geologického mapovania, reinter-
pretdcie archivnych vrtnych dat, struktdrno tektonického vyskumu, cez
studium historickych map, analyzu reliéfu, rie¢nej siete, topolineamen-
tov, prie¢nych profilov tidolim az po orientdciu jaskynnych priestorov.
V zadujmovej oblasti je mozné vyclenit tri pliocénne az kvartérne aktivne
zlomové systémy: zsz.-vjv. zZlomy a sv.—jz. zlomy, ktoré su starsie a naj-
mladsie ssv.-jjz. orientované zlomy. Takuto konfiguraciu zlomov, ako aj
ich vekovu sukcesiu, potvrdzuje analyza reliéfu, rie¢nej siete, aj Studium
orientécie jaskynnych priestorov. Strukttrna analyza potvrdila orientaciu,
kinematicky charakter a vek vymapovanych zlomov nalezom odkryvov
s krehko porusenymi kvartérnymi sedimentami. Vysledky prace nazna-
Cuju, ze pocas kvartérneho obdobia sa v predmetnej oblasti pévodne
ssv.—jjz. orientovand extenzia zmenila na extenziu generalne oriento-
vanu smerom V-Z. Po porovnani s vysledkami inych prac, je mozné vy-
vodit zaver, Ze recentné napatové pole vnutornych Zapadnych Karpat
ma charakter extenzie paralelnej s orogénom. Vek zmeny napétového
pola je na zaklade vysledkov tejto prace mozné odhadovat na spodny
az stredny pleistocén.
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