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1.INTRODUCTION

Kenozoicka deformdcia a vyvoj napatovych poli v oblasti Kozich chrbtov
a zapadnej casti Hornadskej kotliny (Centralne Zapadné Karpaty)

Abstract: Reconstruction of the Cenozoic palaeostress fields in the western part of Hornad Depression, south of Poprad
town, was the main goal of the research. This was done on the basis of analysis of fault-slips. The most important was the
detailed study of fault-slip kinematics. The deformation structures were measured and recorded in the Permian volcano-
sedimentary sequence of the Maluzina Formation (Hronic Unit), and in the sequences of the Borové Formation, which is a
basal part of the Central Carpathian Palaeogene Basin. The youngest measured rocks were the Lower Pleistocene travertines
at the locality of Hranovnické pleso. An observed chronology of deformation phases can be divided into the seven differ-
ent palaeostress fields. The oldest tectonic event (D7) was generated in terms of strike-slip tectonic regime with the W-E
compression. This was recorded only in the MaluZina Formation, together with the second deformation stage. This performs
strike-slip tectonic regime with the WNW-ESE compression (D2). Both deformations were conditionally included in the age
between the Lower Palaeocene to Oligocene. The next, very distinct deformation event (D3) is represented by the NW-SE
oriented compression in the strike-slip tectonic regime. This event includes the subset, which performs pure NE-SW tension
(D3a) tenuously dated at the Early-Middle Miocene, because this phase also affected the Palaeogene sediments. The fourth
generation of faults (D4) were activated during the Middle Miocene under strike-slip tectonic regime with N-S compression,
in general. The age was determined relatively, because the deformation structures (D4) are cut by fault of the D5 stage.
The fifth phase of deformation (D5) originated in strike-slip tectonic regime with the NE-SW direction of compression. The
age of the deformation is considered to be the Late Miocene. The sixth deformation stage (D6) is characterized by the pure
W-E extension. The stage was originated in the Quaternary age, because it was identified only in the Lower Pleistocene
travertines, the same as the last, youngest tectonic phase. This phase consisted of NNW-SSE oriented tension (D7).
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The territory of the western part of Horndd Depression and ad-
jacent areas of the Kozie chrbty Mts. are located in the northern
Slovakia; south of Poprad town. The study area is bounded by the
Poprad Depression from the north, by the Nizke Tatry Mts. from
the south, by the Slovensky raj Mts. from the south-east and by
the central part of Hornad Depression from the east. The terri-
tory of the Hornad Depression and southern slopes of the Kozie
chrbty Mts. is drained by the Horndd and Poprad rivers (Fig. 1).

According to the geomorphological division, the whole inves-
tigated area belongs to the Tatra-Fatra geomorphological area. It
included the following geomorphological units: the Hornédska
kotlina Basin — Vikartovskd priekopa Depression subunit as well
as the Kozie chrbty Mts. — Dtibrava Massif subunit (Maztr &
Luknis, 1980). In the regional-geological division, the Kozie
chrbty Mts. represents the Veporic Unit otherwise the western
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part of the Hornad Depression is an integral part of the Inner
Carpathian Palaeogene (Central Carpathian Palaeogene Basin
— CCPB) (Vass et al., 1988).

The Kozie chrbty Mts. are elongated morphotectonic structure
with the E-W direction that is substantially limited by the Pop-
rad Depression in the north and by the Hornad Depression in
the south. However, the mountains submerge below the Hornad
Depression in the east (Fig. 1). The Vikartovska priekopa is the
western part of the Hornddska kotlina Basin and extends in the
direction of the E-W with slightly to moderately undulating to-
pography. This depression originated in the neotectonic period by
a subsidence along the E-W oriented Vikartovce fault. The land-
forms and structure of this depression is a result of erosion-accu-
mulation processes of the Horndd River and its tributaries (Biely
et al,, 1997) but also of active tectonics (Vojtko et al., 2011).

The aim of this paper is the reconstruction of the Cenozoic
evolution of the palaeostress fields in the study area. The palae-
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ostress reconstruction was based on systematic data collecting
of fault-slips, joints and tensional veins at the 15 localities. The
measured data have been used to determine palaeostress field
orientation and evolution of the study area.

2. GEOLOGICAL SETTING

The western part of Hornad Depression belongs to the CCPB
and it is formed by the Lutetian to Oligocene predominantly
siliciclastic sediments. It is bounded on the north by the Vikar-
tovce fault. Along the Vikartovce fault, the Kozie chrbty Mts.
were uplifted during the Late Miocene, Pliocene and Quater-
nary. On the south and south-east, the Nizke Tatry Mts. and
Slovensky raj Mts. are located and they are composed of the
palaeo-Alpine nappe structures such as Hronic, Silicic, Veporic,
and Gemeric units (Fig. 2).

The Hronic Unit in the study area is represented by the Boca
and Betlanovce nappes. The Betlanovce nappe forms only the
NE-SW oriented narrow zone of the Triassic rocks near the
Betlanovce village (Mello etal., 20007, 2000°). The Boca nappe,
with the stratigraphic range from Permian to Triassic, forms the
Kozie chrbty Mts. and also includes the Triassic sequence near
Svit town on the NW part of study area.

The Kozie chrbty Mts. are horst stucture steep dipping to the
south and they are strictly limited by the W-E Vikartovce fault
from the south. The mountains are mostly composed of the Per-
mian Maluzina Fm. (Ipoltica Group). The Maluzind Formation
isalso outcropped in the NE slopes of the Nizke Tatry Mts. from
Verndr village to Hranovnica and Spigské Bystré villages. The
formation represents a volcanosedimentary complex, consisting
of polycyclic sequences from small to large sedimentary cycles
(Vozarova & Vozar, 1981, 1988).

The SE part of the study area is composed of the Verndr and
Stratend nappes belonging to the Silic Unit (Slovensky raj Mts.)
and also the Upper Cretaceous “Gossau” Group. The Upper
Cretaceous sediments overlay dolomites of Vernar nappe (e.g.,
Mello et al., 2000%).
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Fig. 1. Simplified digital terrain model of the
study area shown by rectangle on the map of
Slovakia.

Obr. 1. Zjednoduseny digitalny terénny
model $tudovanej oblasti zndzornenej na

mapke Slovenska obdiznikom.

The Horndd Depression is composed of the Palaeogene sedi-
ments of the CCPB. The CCPB is interpreted as a forearc ba-
sin located behind the Outer Carpathians accretionary wedge
(Royden & Baldi, 1988; Tari et al., 1993; Kézmer et al., 2003).
The CCPB lies within the West Carpathian Mountain chain
and is located south of the Pieniny Klippen Belt. The sedimen-
tary sequences of the PKB lie discordantly on the palaeo-Alpine
nappe structure. The basin is filled by several hundred up to
thousand meters thick of deep-marine siliciclastic sediments
(Sotak et al. 2001).

The sedimentary deposition of the CCPB in the Hornéd De-
pression is divided into the litostratigraphic formations of the
Subtatric Group (Gross et al., 1984): Borové, Huty, Zuberec,
and Biely potok formations. The stratigraphic span of the ba-
sin fill ranges from the Late Eocene to Oligocene (Sotak et. al.,
1996; Jano¢ko & Kovag, 2003). For further detailed information
on sedimentological investigation of the CCPB formations in
the Horndd Depression see Filo & Siratiova (1996, 1998).

The Quaternary deposits are located mainly on the Palaeo-
gene formations of the Central Carpathian Palaeogene Basin.
The spatial distribution and sediment thickness of the Qua-
ternary deposits is highly variable, due to landforms and local
variability of sedimentary processes during Late Pleistocene to
Holocene. The most common Quaternary deposits are lithologi-
cally undivided slope sediments (Biely et al., 1992, 1997; Gross
etal.,, 1999%, 1999 Mello et al. 2000"). Late Pleistocene and
Holocene fluvial deposits are located mainly along the Hornad
River. Pleistocene to Holocene travertine is predominantly lo-
cated near Poprad town and the Hranovnica village (Fig. 2).

3.METHODS

Structural research was focussed on investigation of the brittle
structures (faults, veins, joints). The field structural research
included measurement and collection of the structural data and
the kinematic analysis of faults, based on the evaluation of the
faults surfaces. The sense of movement on the fault surfaces can
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be determined using the kinematic indicators (e.g., Hancock,
198S; Petit, 1987; Marko, 1993*; Angelier, 1994).

The obtained data were registered into the NeotAct database
and were pre-processed using the LoCon software developed
at the Department of Geology and Palaeontology, Comenius
University by Rastislav Vojtko.

The basic principle of palaeostress analysis is that meso-scale
structures can by related to larger regional structures. Both scales
reflect the same dynamics and kinematics (Angelier, 1994). For
palaeostress analysis the inverse Rotational Optimisation and the
Right Dihedra methods implemented in the WinTensor software
were used (Delvaux & Sperner, 2003).

The Right Dihedra method (Angelier & Mechler, 1977)
provides a determination of the four parameters of the reduced
stress tensor and also allows a preliminary separation of the fault
population into a homogeneous set, broadly compatible with the
computed stress tensor (cf. Delvaux & Sperner, 2003).

The inverse method (Rotational Optimisation) is based
on the assumption of Bott (1959) that slip on a plane occurs
in the direction of the maximum resolved shear stress. Fault
data were inverted to obtain the four parameters of the reduced
stress tensor (Angelier, 1994): o, (principal maximum stress
axis), o, (principal intermediate stress axis), and o, (principal
minimum stress axis). The stress ratio is computed by formula
® = (0, - 0;)/(0, - 03) and together with the orientation of the
principal stress axes defines the tectonic regime. Homogeneous
populations of fault-slips for computations of single palaeostress
events were separated. As a discrimination criterium for separa-

tion of fault-slips to homogeneous populations was used an a
angle - slip deviation between theorethical and measured ori-
entation of striae. The average stress regime index R' (R’ =0-1
for extensional regime, 1-2 for strike-slip regime, and 2-3 for
compressive regimes) is fully defined by Delvaux et al. (1997).
These methods (especially the inversion method) have some
limitations which were the subject of criticism and its results
were under discussion in specific situations. The basic point
of stress computation by the inversion method is that regional
stress tensor is spatially and temporally homogeneous in the
whole-rock mass. These computations are influenced generally
by the three effects which can occur in palaeostress analysis: 1)
effect of ratio between the width and length of a fault; 2) effect of
the Earth’s surface (topoeffect); 3) effect of interaction between
two or more faults (cf. Dupin et al., 1993; Pollard et al., 1993;
Nieto-Samaniego & Alaniz-Alvarez, 1996; Twiss & Unruh,
1998; Maerten, 2000; Roberts & Ganas, 2000). These effects
can misinterpret results of the paleostress analysis, but their
influence is in most cases slight (Angelier, 1994; Vojtko, 2003).

4. FAULT-SLIP ANALYSIS AND
PALAEOSTRESS RECONSTRUCTION

The area of the western part of Hornad Depression and adjacent
part of Kozie chrbty Mts. are characterized by the polyphase
brittle faulting during the Cenozoic era. Data were collected at
the 15 localities (Permian Maluzina Fm., Palaeogene sequences
of Subtatric Group and Lower Pleistocene travertines; Fig. 3;

% Veporic Unit - Vel’ky Bok sequence

[ Hronic Unit - Maluzing Fn.
Hronic Unit: a) Boca and b) Betlanovce nappes

E Silicic Unit - Stratena nappe

Upper Cretaceous facies
I:] Palacogene sediments
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Fig. 2. Simplified geological map of the Hornad Depression and the Kozie chrbty Mts. with main fault structures (according to

Biely etal., 1992, Mello et al., 2000%, modified).

Obr. 2. Zjednodusena geologicka mapa Hornadskej kotliny a Kozich chrbtov s hlavnymi zlomovymi $truktirami (podla
Biely et al., 1992, Mello et al., 2000%, modifikované).
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Fig. 3. Examples of paleostress reconstructions. a - Palaeocene to Oligocene phase recorded at the Bystra locality (site code PPSBY02);

b - Palaeocene to Oligocene phase; the Kvetnica locality (site code PPKVEO1); ¢ - Early Miocene phase; the Spisské Tomasovce locality

(site code SNSTOO1); d - Middle Miocene phase; Bystra locality (site code PPSBY02); e - Late Miocene phase; the Spisské Tomasovce

locality (site code SNSTOO1); f - Quaternary phase; the Hranovnické pleso locality (site code PPHRA04). Explanation: Stereogram

(Lambert’s net, lower hemisphere) with traces of fault planes, observed slip lines and slip senses, histogram of observed slip-theoret-

ical shear deviations for each fault plane and stress map symbols. S1 =6,, S2=0, and S3=0, - azimuth and plunge of principal stress

axes; R=0

Obr. 3. Priklady paleonapitovych rekonstrukcii. a - palaocénna a7 oligocénna fdza zaznamenand na lokalite Bystra (kéd lo-

kality PPSBY02); b - Palaeocene to Oligocene phase; the Kvetnica locality (kéd lokality PPKVEOQL); ¢ - ranno miocénna fza;
lokalita Spi$ské Tomasovce (kéd lokality SNSTOO1); d - stredno miocénna fiza; lokalita Bystra (kéd lokality PPSBY02); e

- neskoro miocénna fiza; lokalita Spisské Tomagovce (kéd lokality SNSTOOL); f - kvartérna faza; lokalita Hranovnické pleso
(kéd lokality PPHRAO04). Vysvetlivky: Stereogram (Lambertova siet, spodna hemisféra) s priebehom zlomovych ploch, pozo-
rovanych stridcii so zmyslom pohybu, histogramom pozorovanych a teoretickych sklzovych strihov a ich rozdielu pre kazda

zlomovi plochu a mapové napitové symboly. S1 =o,, S2=0, a $3=0, - azimut and sklon hlavnych napitovych osi; R=0
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Tab. 1, 2). More than 630 fault-slips were used for palaeostress
analysis to determine the orientation of principal palaeostress
axes (03, 05, 0;) and to define the parameter @. Chronology of
competed and determined seven deformation stages was com-
pared with the same tectonic events in different areas of the
Central Western Carpathians (e.g., Vojtko, 2003; Peskovi et
al., 2009; Vojtko et al., 2010). The results of the chronology are
presented herein from the oldest to the youngest.

4.1. Tectonic regimes before sedimentation of the
CCPB sedimentary sequence (Palaecocene-Oligocene)
The evolution of the study area during the Palaeocene to
Oligocene is characterized by two different orientation of the
palaoestress field (Figs. 3a,b; 4). The faults activated during
these stages are older than the deposition of the Borové Fm., be-
cause of the measured fault-slips cut only the Permian Maluzina
Fm. and did not continue into the basal formation of the CCPB.
During time span, the NE-SW-trending dextral strike-slip and
NW-SE-trending sinistral strike-slip faults were activated. The
oblique reverse faults were partly observed and the normal faults
were generally oriented W-E with azimuth of striae on the SE.
Most of the measured fault slip data were interpreted as neo-
formed fault structures on the basis of their plane symmetry
(conjugate faults). The earliest deformational stage (D1) is char-
acterized by the W-E compression and N-S tension. The second
deformational phase (D2), the WNW-ESE compression and the
NNE-SSW tension, also affected only the Maluzind Fm. This
phase is most probably younger than previous one, but older
than the deposition of CCPB sequence.

4.2. Tectonic regimes after sedimentation of the
CCPB sedimentary sequence (Early Miocene - Late
Miocene)

In the Upper Eocene to Oligocene sedimentary sequence of
the CCPB, the brittle structures belonging into the three main
deformational phases were recorded. These are predominantly
characterized by a strike-slip tectonic regime with different ori-
entation of the principal palaeostress axes.

The distinct deformational stage is represented by the strike-
slip tectonic regime with the NW-SE compression and NE-
SW tension (D3). Dip-slip faults were mostly observed in the
Maluzind Fm. In the Palacogene sequence, predominantly the
N-S sinistral and WN'W-ESE dextral faults were found. Brittle
deformation of this strike-slip tectonic regime is well-preser-
ved in the Palaeogene sediments from the locality of Durkovec
quarry (Figs. 3¢, 5). This tectonic stage also includes the sub-
stage (D3a) which performs the pure NE-SW tension with the
measured NW=-SE normal faults.

The homogeneous fault population of the N-S compression
(D4) was activated under the strike-slip tectonic regime with
the N-S compression and W-E oriented tension (Figs. 3d, 6).
The dominant structures are prevailing NW-SE dextral and
NE-SW sinistral trending strike-slips at many localities (e.g.,
Bystry potok Valley, Durkovec quarry, etc.).

NE-SW compression and NW-SE tension (DS) was generated
ina strike-slip tectonic regime (Figs. 3e, 7). During this NE-SW
compression and perpendicular tension, the N-S dextral and
E-W sinistral strike-slip faults were predominantly activated on
weakness planes. Some normal and reverse faults were found at
the locality of Spi§ské Bystré in the Maluzind Fm.
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Fig. 4. Simplified tectonic map with orientation of palaeostress symbols of the E-W compression and N-S tension of D1 and D2

deformation stages (Palaeocene to Oligocene).

Obr. 4. Zjednodusen4 tektonickd mapa s orientaciou paleonapitovych symbolov pre V-Z kompresiu a N-J tenziu D1 a

D2 deformac¢ného $tadia (paleocén az oligocén).
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Tab. 1. General information and location of sites with measured structures.

Tab. 1. Zékladné informécie o lokalitich a ich lokalizdcia s meranymi §truktdrami.
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Number Locality Code Latitude Longitude Formation

1 Hranovnické pleso 03 PPHRAO03 48°56° 54N 20°17°03"E Pleistocene travertine
2 Hranovnické pleso 04 PPHRA04 48°56° 42N 20°16°39"E Pleistocene travertine
3 Kravany sandpit - Kravany pieskoviia PPKRAO02 48°59"29”N 20°12°14"E Borové Formation

4 Lucivna PPLUCO1 49°02°36"'N 20°08°54"E Borové Formation

5 Spisské Bystré PPSBY03 48°59°08" N 20°14°16"E Borové Formation

6 Strba - railways - Strba - zeleznica PPSTRO1 49°03" 48N 20°05°54"E Borové Formation

7 Vikartovce PPVIK02 48°59732"N 20°08° 27" E Borové Formation

8 Hrabusice quarry - Lom Hrabusice SNHRAO1 48°54"42"N 20°17°16"E Borové Formation

9 Durkovec quarry - Lom Durkovec SNSTOO01 48°57° 02N 20°28"18"E Borové Formation
10 Kravany quarry - Lom Kravany PPKRAO1 48°59°21"°N 20°11°317E Maluzina Formation
1 Zamcisko - Kvetnica quarry - Zédmcisko - lom Kvetnica PPKVEO1 49°00°44"'N 20°17°10"E Maluzind Formation
12 Vysova quarry - Lom Vysova PPPOPO1 49°01"39”N 20°15°28"E Maluzina Formation
13 Spis. Bystré Bystra PPSBYO1 48°58° 07N 20°10°25"E Maluzina Formation
14 Spisské Bystré quarry - Lom Spisské Bystré PPSBY02 48°58" 47N 20°14°01"E Maluzind Formation
15 Vikartovce PPVIKO1 48°59° 21N 20°07°39E Maluzina Formation

Tab. 2. Palaeostress tensors from fault-slip data. Explanations: Site - Code of locality; n - number of fault used for stress tensor determination; n, - total

number of fault data measured; S, = 0, S, = 0, and S; = 6, —azimuth and plunge of principal stress axes; R = ® -stress ratio; a-mean slip deviation (in °); Q -

quality ranking scheme according to the World Stress Map Project (Sperner et al., 2003); R’ - tensor type index as defined in the text.

Tab. 2. Paleonapitové tenzory zo zlomovych sklzov. Vysvetlivky: Site - kéd lokality; n - poet zlomov pouzitych na uréenie napitového tenzora;

n, - celkovy pocet zlomov nameranych nalokalite; S, = 6, S, = 0, and S, = 0, —~azimut a sklon hlavnych napitovych osi; R = @ - napitovy pomer; a

- §tandardnd odchylka (v °); Q - kvalitativna schéma podla projektu World Stress Map Project (Sperner et al., 2003); R‘ - index tenzorového typu

ako je definovany v texte.

Site n nt o, o, o, 0] a Q R’

PPHRAO3 2 2 124/67 24/4 292/23 0.50 3.65 E 0.50
PPHRA04 4 4 71/67 161/0 251/23 0.40 248 E 0.40
PPKRAO2A 3 24 162/60 257/3 349/30 1.00 4.87 E 1.00
PPKRAO2B 4 24 32/83 126/0 216/7 0.40 2.90 E 0.40
PPKRA02C 9 24 346/13 238/52 85/36 0.61 1.06 D 1.39
PPKRAO2D 6 24 305/14 170/71 38/13 0.60 11.85 E 1.40
PPKRAO2E 2 24 2/61 268/2 177/29 0.50 0.65 E 0.50
PPLUCO1A 1 2 352/38 171/52 261/0 0.50 0.00 E 1.50
PPLUCO1B 1 2 227/75 131/2 41/15 0.50 0.00 E 0.50
PPSBY03A 4 6 156/81 309/9 39/3 0.43 4.65 E 043
PPSBY03B 2 6 284/89 199/0 109/1 0.50 0.65 E 0.50
PPSTRO1A 21 29 332/10 222/63 68/25 0.26 10.16 B 1.74
PPSTRO1B 5 29 11/33 223/50 111/15 0.36 5.12 E 1.64
PPVIKO2A 1 10 333/29 137/60 239/7 0.40 0.00 E 1.60
PPVIK02B 3 10 293/74 136/15 44/6 0.80 14.20 E 0.80
PPVIK02C 5 10 215/11 23/79 124/2 0.32 0.74 E 1.68
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SNHRAOTA 14 25 42/00 119/88 312/2 025 652 175
SNHRAO1B 4 25 73/75 234/14 325/5 040 8.18 040
SNSTOOT1A 7 99 321/14 169/73 56/7 0.41 9.64 159
SNSTOO1B 20 99 335/10 191/78 67/7 048 6.64 152
SNSTOO01C 48 99 411 192/79 95/2 043 559 157
SNSTOO1D 5 99 159/73 353/17 261/4 053 584 053
SNSTOOTE 1 99 202/19 79/58 300/25 039 8.61 161
SNSTOO1F 7 99 95/68 323/15 227/16 036 7.46 036
PPKRAOTA 4 173 15/50 227/36 125/16 039 077 077
PPKRAO1B 54 173 52/30 217/60 317/6 022 1222 178
PPKRAOTC 15 173 349/3 258/31 84/58 039 943 239
PPKRAOTD 13 173 154/0 245/38 64/52 053 8.65 253
PPKRAO1E 45 173 53/78 245/12 155/2 046 489 046
PPKRAOTF 22 173 350/28 213/53 91/21 061 479 139
PPKRAO1G 1 173 265/1 170/68 356/21 0.83 7.14 117
PPKVEO1A 8 91 136/68 338/18 245/7 036 16.29 036
PPKVEO1B 15 91 337/86 1123 203/3 031 7.95 031
PPKVEO1C 4 91 281/27 19/16 135/57 065 1875 265
PPKVEOTD 6 91 118/7 229/70 25/18 0.42 8.90 158
PPKVEO1E 14 91 233/4 108/85 323/3 038 1056 162
PPKVEO1F 23 91 349/6 225/80 80/8 035 8.25 165
PPPOPO1A 19 62 27/4 127/61 294/28 0.28 10.89 172
PPPOPO1B 9 62 310/21 216/9 106/67 021 1137 221
PPPOPOIC 4 62 282/7 188/29 21/61 018 1335 218
PPPOPOID 10 62 223/6 313/12 109/76 032 13.15 232
PPPOPOTE 3 62 295/56 145/30 4714 040 423 0.40
PPPOPOTF 7 62 2/74 102/3 192/15 0.80 13.81 0.80
PPSBYOTA 5 133 311/42 209/13 106/45 0.00 352 0.00
PPSBYO1B 65 133 12/15 164/74 280/7 039 8.65 161
PPSBY01C 17 133 248/6 150/62 340/28 031 2.76 1,60
PPSBYOID 1 133 5/51 244/23 140/30 027 10.97 027
PPSBYOIE 12 133 37/87 189/3 278/2 048 362 048
PPSBYGIF 7 133 320/11 52/11 190/74 043 191 243
PPSBYOIG 12 133 208/81 83/5 353/7 044 233 044
PPSBY02A 4 22 210/9 303/15 90/74 031 11.60 231
PPSBY02B 5 22 231/68 41/23 133/4 061 134 061
PPSBY02C 1 22 291 127/82 299/7 0.15 0.00 185
PPSBY02D 1 22 318/2 208/84 48/6 025 0.00 175
PPSBYO2E 6 22 8/8 142/79 277/8 039 3.15 161
PPVIKOTA 4 10 76/72 253/18 163/1 028 392 028
PPVIKOIB 2 10 211/14 66/73 303/9 040 13.60 1.60

3 10 134/5 247/78 43/11 067 1833 133

PPVIKO1C
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Fig. 5. Simplified tectonic map with orientation of palaeostress symbols of the NW-SE compression and NE-SW tension of D3
deformation stage (Early Miocene).
Obr. §. Zjednodusend tektonickd mapa s orientdciou paleonapitovych symbolov pre SZ-JV kompresiu a NV-JZ tenziu

D3 deformaéného $tadia (ranny miocén).
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Fig. 6. Simplified tectonic map with orientation of palaeostress symbols of the N-S compression and E-W tension of D4 deforma-

tion stage (Middle Miocene).

Obr. 6. Zjednodusena tektonickd mapa s orientdciou paleonapitovych symbolov pre S-J kompresiu a V-Z tenziu D4

deformaéného §tadia (stredny miocén).

4.3. Tectonic regimes during neotectonic era
Neotectonic period is defined by two different orientation of
the o axis. The first one is tectonic stage (D6) which can be char-
acterized by pure W-E oriented tension and it is considered to
be the Quaternary in age (Figs. 3f, 8). This deformational stage
controlled the young tectonic evolution of the area. Normal
fault planes were recorded in the Lower Pleistocene travertines
at the locality of Hranovnické pleso in two localities.

The N-S trending normal structures of the probably youngest
tectonic stage (D7) were measured in the Palacogene sediments
near Kravany village. The kinematics of faults was determined
on the basis of sedimentary marker offset. The youngest ob-
served structures are parallel with the Vikartovce fault which
is considered to be Quaternary in age (Vojtko et al., 2011). How-
ever, this orientation of the stress tensor was not identified in the
previously mentioned travertines.
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Fig. 7. Simplified tectonic map with orientation of palaeostress symbols of the NE-SW compression and NW-SE tension of D5

deformation stage (Late Miocene).

Obr. 7. Zjednodugend tektonickd mapa s orientaciou paleonapitovych symbolov pre SV-JZ kompresiu a SZ-JV tenziu

DS deformaéného $tadia (neskory miocén).
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Fig. 8. Simplified tectonic map with orientation of palaeostress symbols of the E-W to NNW-SSE tension of D6 and D7 deforma-

tion stages (Quaternary).

Obr. 8. Zjednodusena tektonickd mapa s orientaciou paleonapitovych symbolov pre V-Z az SSZ-JJV tenziu D6 a D7

deformaéného stadia (kvartér).

S.INTERPRETATION AND CHRONOLOGY

The earliest deformational stage (DI - Palaeocene to Oligocene)
is characterized by the W—E compression and N-S tension (Fig.
9). The faults activated during this stage are older than the depo-
sition of the Borové Fm., because of the measured fault-slips
cut only the Permian Maluzind Fm. and do not continue into
the basal formation of the CCPB. The second deformational
phase (D2), the WNW-ESE compression and the NNE-SSW

tension, also affected only the Maluzind Fm. This phase is most
probably younger than the previous one, but older than the
deposition of CCPB sequence. Similar deformational phases
were determined for example from the Orava, Spi$skd Magura,
Podhale, and Slovensky raj Mts. (Marko, 1993°; Vojtko, 2003;
Petras, 2008; Peskovd et al., 2009; Vojtko et al., 2010).

The distinct deformational stage (D3) is represented by the
strike-slip tectonic regime and it is considered to be Early Mio-
cene in age. Reverse or normal faults were mostly observed in
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Obr. 9. Syntetickd schéma chronolégie paleocénnych az kvartérnych regiondlnych napitovych poli v Kozich chrbtoch a

vzapadnej ¢asti Hornadskej kotliny.

the Maluzind Fm. In the Palaeogene sequence, predominantly
the N-S sinistral and WN'W-ESE dextral faults were found.
Deformation of the palaeogene sediments in the localities of
Durkovec and Strba quarrys is very good example of this strike-
slip tectonic regime. This stage also includes the substage (D3a)
which performs the pure NE-SW tension with measured NW-
SE normal faults. The age was determined on the basis of study
by Petras (2008); Peskova etal., (2009) and Vojtko et al. (2010).

The homogeneous fault population (D4) was activated during
the Middle Miocene under the strike-slip tectonic regime with
the N-S compression and W-E oriented tension. The prevailing
NW-SE dextral and NE-SW sinistral trending strike-slips are
dominant structures at many localities (e.g., the Bystry potok
Valley, Durkovec quarry, etc.). Normal faults are also often
observed at many localities. Oblique faults were measured at
the locality of Kravany pri Horndde. The age of the D4 defor-
mation was determined relatively, based on the cross-cutting
relations between the deformation structures D4 and DS stages
and on the basis of study by Peskova et al. (2009) and Vojtko
etal. (2010).

The deformational stage (DS) was generated in a strike-slip
tectonic regime and it is considered to be Late Miocene in age.
During this NE-SW compression and perpendicular tension,
the N-S dextral and E-W sinistral strike-slip faults were acti-
vated on weakness planes. Some normal and reverse faults were
found at the locality of Spi§ské Bystré in the Maluzind Fm. The
same tectonic regime was also observed in the area of Orava
region (Pegkova et al., 2009); Slovenské rudohorie Mts. (Vojtko,
2003) and Spigska Magura (Vojtko et al., 2010).

The young tectonic stage (D6) is characterized by pure W-E
oriented tension and it is considered to be the Quaternary in age.
This deformational stage controlled the young tectonic evolu-
tion of the area. Normal fault planes were recorded in the Lower
Pleistocene travertines at the locality of Hranovnické pleso. The
same W-E extension was also determined in the Orava-Nowy
Targ Basin (Pegkov4 et al.,, 2009).

The N-S§ trending normal faults belong most probably to
youngest tectonic stage (D7) were measured in the Palaeo-

gene sediments near Kravany village. The kinematics of faults
was determined on the basis of sedimentary marker offset. The
youngest observed structures are parallel with the Vikartovce
fault which is considered to be Quaternary in age (Vojtko etal.,
2011). Practically the same orientation of tension in the area
of the Muréi fault was also reconstructed by Marko (1993").

6. CONCLUSIONS
The study area is composed by the palaeo-Alpine tectonic units
(Hronic and Silicic units) and by post-nappe cover formations
which are represented by sedimentary succession of the Late
Cretaceous and the Central Carpathian Palaeogene Basin (CCPB).
Structural measurements were carried out predominantly
in abandoned quarries, outcrops along the roads and railways.
At those sites, the Hronic, Silicic or CCPB rock sequence were
occurred. Moreover, the structural data of brittle deformation
were also collected from the outcrops located in the Lower
Pleistocene travertine mounds in the Hranovnické pleso.
Based on the fault-slip analysis, the strike-slip kinematics is
dominant in the study area. The determined heterogeneous de-
formation can be chronologically divided into seven independ-
ent homogeneous deformational stages (Fig. 9): 1) the youngest
Quaternary tectonic phase is characterized by the NNW-SSE
oriented tension; 2) the second deformation stage is defined by
pure E-W tension which also originated during the Quaternary
period because it was recorded in Pleistocene travertines; 3)
third deformational phase arose in the strike-slip tectonic re-
gime with the NE-SW direction of compression and NW-SE
tension. Its estimated age is the Late Miocene; 4) fourth genera-
tion of brittle structures are assigning to the Middle Miocene
in age and were developed under the strike-slip tectonic regime
with the N-S compression and perpendicular tension; S) fifth,
avery significant deformation event is represented by the NW-
SE compression and NE—-SW tension in the strike-slip tectonic
regime. This phase also includes a subset, which performs pure
NE-SW tension. The age of this deformational stage was tenu-



ously dated to Early-Middle Miocene. The third up to fifth
deformation phases were recorded in sedimentary succession
of the CCPB and the Hronic and Silicic units; 6) sixth defor-
mational phase was identified only in the Permian formation
of the Hronic Unit. This phase is characterized by strike-slip
tectonic regime with the WN'W-ESE compression and NNE-
SSW tension; 7) the last oldest deformation phase recorded in
the studied area was the E-W compression and perpendicular
tension in the strike-slip tectonic regime. The last two deforma-
tion phase were included into the Early Palaeocene to Eocene/
Oligocene boundary.
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Resumé: Uzemie zépadnej ¢asti Hornadskej kotliny a prilahlej oblasti
Kozich chrbtov sa nachadza v severnej ¢asti stredného Slovenska, juzne
od mesta Poprad. Zapadnu ¢ast Hornadskej kotliny a ¢ast Kozich chrbtov
ohranicuje zo severu Popradska kotlina, zo zdpadu a juhu Kralovoholské
Nizke Tatry, z juhu a juhovychodu Slovensky raj a z vychodu central-
na ¢ast Hornadskej kotliny. Uzemie zapadnej ¢asti Hornadskej kotliny,
juznych a severovychodnych svahov Kozich chrbtov je odvodhované
riekou Hornad, ktora patri do Umoria Cierneho mora. Severozapadnu
Cast Kozich chrbtov odvodnuje rieka Poprad, ktora patri do umoria Bal-
tického mora (Obr. 1).

Podla geomorfologického ¢lenenia patri celé studované tzemie pod
tatransko - fatranski geomorfologicku oblast, geomorfologicky celok
Hornadska kotlina, podcelok Vikartovska priekopa a geomorfologicky
celok Kozie chrbty, podcelok Dubrava (Mazur & Luknis, 1980). Z hladiska
regionélno - geologického ¢lenenia patria Kozie chrbty (Vikartovsky chr-
bat) veporiku, zapadna ¢ast Hornadskej kotliny patri vnutrokarpatskému
paleogénu a Slovensky raj gemerskému pasmu (Vass et al., 1988) (Obr. 2).
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Clanok je zamerany na rekonstrukciu kenozoického vyvoja paleona-
patového pola v studovanej oblasti. Paleonapatova rekonstrukcia bola
realizovana zberom a naslednou Strukturnou analyzou 690 zlomov na
15 lokalitach (Tab. 1, 2).

Na zaklade kinematiky zlomov na Studovanych lokalitach a vztahmi
medzi vekovo odlisSnymi zlomami na lokalitach, bolo mozné pomocou
softvérovych aplikacii vyseparovat tychto 7 hlavnych deformacnych
udalosti (Obr. 9):

Najstarsia tektonicka faza (D7) je charakterizovana priblizne Z-V
kompresiou a S-J tenziou v smerne-posuvnom tektonickom rezime
(Obr. 3a,b; 4). Druha deformacna etapa (D2) bola generovana v smer-
ne-posuvnom tektonickom rezime. Kompresia mala smer ZSZ-VJV a
na nu kolma tenzia mala smer SSV-JJZ. Prvé dve deformacné udalos-
ti nezasahovali do paleogénnych sedimentov centralno-karpatskej
paleogénnej panvy, z ¢oho vyplyva, ze deformécia prebiehala pred
usadenim paleogénnych sekvencii. Podla prac publikovanych z inych
oblasti (napr. Vojtko, 2003; Petras, 2008; Peskova et al., 2009; Vojtko et
al., 2010) boli deformacie zaradené do obdobia medzi vrchnym paleocé-
nom az strednym eocénom/?oligocénom. Zlomy tretej generacie (D3)
vznikali po¢as smerne-posuvného tektonického rezimu, ktory ma smer
kompresie SZ-JV a smer tenzie SV-JZ. Podla vztahu s nizsie uvedenymi
deformacnymi fazami ju povazujeme za starsiu a jej vek predpoklada-
me za spodny miocén, ¢o sa zhoduje aj so starsimi pracami (Obr. 3¢,
5). Stvrt orientéciu paleonapitového pola (D4) vypocitaného zo zlo-
movych Struktur tvori generalne S-J kompresia a Z-V tenzia vyvijana
pocas smerne-posuvného tektonického rezimu. Na zéklade prac (napr.
Vojtko, 2003; Petras, 2008; Peskova et al., 2009; Vojtko et al., 2010) je
tato deformacna faza zaradovana do stredného miocénu (Obr. 3d, 6).
Piata deformacna etapa (D5) je aktivovana v smerne-posuvnom tek-
tonickom rezime so SV-JZ orientovanou kompresnou zlozkou a SZ-JV
orientovanou tenznou zlozkou. Predpokladame, ze tato deformacna
etapa patri vrchnomiocénnej tektonike (Obr. 3¢, 7). Siesta deformaé¢na
udalost (D6) vznikala pravdepodobne v podmienkach ¢istej extenzie
s generalne orientovanou tenziou v smere Z-V. Poklesové zlomy boli
namerané v staropleistocénnych travertinoch Hranovnického plesa a
vznikali v najmladsich etapach tektonického vyvoja oblasti. Orientacia
tenzie v Z-V smere je velmi dobre korelovatelnd s vysledkami ziskanymi
z Oravsko-novotargskej panvy (Peskova et al., 2009) a z oblasti Spisskej
Magury a Podhalia (Vojtko et al., 2010) (Obr. 3, 8). Najmladsiu deformac-
nu udalost (D7) predstavuje SSZ-JJV extenzia. Zlomové sklzy vznikali v
pripovrchovych ,studenych” podmienkach a su paralelné s vikartovskym
zlomom, ktory je kvartérnou zlomovou Struktdrou (Vojtko et al., 2011).

Vypoctom a Statistickym vyhodnotenim udajov z nameranych
zlomov bolo mozné identifikovat vyrazni dominanciu tektonickych
zrkadiel so smerne-posuvnym pohybom. Na zaklade tohto poznatku
mozeme povedat, Ze oblast bola dlhodobo pod vplyvom smerne-po-
suvného tektonického rezimu, ktory sposoboval krehké deformacie v
predmetnom Uzemi.





