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ABSTRACT. Zavalska Mountain (Kitka peak, 1180 m) is the westernmost morphografic edifice from the Zavalsko-Planska mountain chain of the Western
Srednogorie. In geologic sense it was studied extensively in the course of mapping initiatives in different scale but in geomorphologic sense it is insufficiently studied.
The purpose of the paper is to analyze the lineament pattern of the Zavalska Mountain using modern technical tools. For the purpose of the investigation detailed
digital topographic model of the terrain was made. Analysis of the lineament network was performed in GIS media. The lineament data were processed using
stereographic software. The results received were analyzed in the context of the known geological fabric with emphasis on the tectonomorphologic significance of the
lineament directions. The results shed light on the mechanism of formation of the Zavalska Mountain.
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PE3IOME. 3aBancka nnaHuHa (8. Kutka, 1180 m) e Hait-3anagHata mopdorpadcka noctpoitka oT 3asancko-lnaHckata nnaHuWHcka peauua Ha 3anagHoTto
CpepiHoropue. B reonoxko OTHOLIEHWE € WU3y4eHa B XOAA Ha KOHOWLWMOHHUTE TEOMOXKMA KAapTUPOBKA B PasNuYHM Mallabu, HO B reoMOpONoKKO OTHOLLEHME €
cpaBHuUTENHO cnabo m3yyeHa. LlenTa Ha ctatusTa e ga ce aHanusnpa NMHEAMEHTHUS! PUCYHBK Ha 3aBasicka niaHuHa Ypes M3Mnomn3BaHe Ha MOLEPHW TEXHUYECKM
cpeAcTBa. B xoga Ha w3cneaBaHeTo € HanpaBeH AeTaineH gurutaneH Tonorpadpcku Mopen Ha TepeHa. B TUC cpepa e u3mbnHeH aHanua Ha NuHeameHTHaTa
Mpexa. JIMHeaMeHTHUSIT pUcCyHbK e 06paboTeH cTaTucTuyecku 4pe3 ctepeorpadicku codTyep. M3BeneHnTe pesyntatu 3a NUHEAMEHTUTE ca aHanusupaHu B
KOHTEKCTa Ha U3BECTHUSI TEOMNOXKKN CTPOEXK C aKLIEHT BbPXY TEKTOHOMOPCEPONIOKKOTO 3HAYEHWE HA OTLEMHUTE IMHEAMEHTHMU NOCOKW. [MonyyeHuTe pesyntatv XBbpnsit
CBETNMHA BbpXY MexaHu3ma Ha 0bpasyBaHe Ha 3aBarncka nnaHuHa.

Knioyosu AyMu: TEKTOHOMOP(OMOXKM aHamnu3, IMHeaMeHTHa Mpexa, INHeNH CTPYKTYPW, HEOTEKTOHMKA

Introduction

The purpose of this article is to make a detailed analysis of
the lineament network of Zavalska Mountain, using modern
GIS tools, with the aim to clarify the neotectonic evolution of
the area.
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mountain of the Zavalsko-Planska mountain range of the 03 £ o v S mremie e
Western Srednogorie (Fig. 1). The main ridge of Zavalska =) 7S Pl 1 & Y i
Mountain stretches from northwest to southeast. The length of s AT Py Aty

the ridge reaches 20 km and the width is 4-5 km. The higher
part of the mountain reaches the village of Zavala, and to the
southeast it continues with the ridges of Tsrancha and Fig. 1. Geographic position of Zavalska Mountain in SW Bulgaria.
Breznishki Greben.

To the east, the connection between Zavalska and Viskyar

On the northwest, a saddle near the village of Prodancha Mountains is mads by a water dividing ridge over the Zavala
(971 m) separates it from the Ridge Greben, then passing on Village, anng which passes the main water divider of the
to Serbian territory. The northwestern and western slopes of Balkan Peninsula. To the southwest, the valley of the
the mountain are limited by the Vrabcha and Butrointsi Yablanitza River separates the Zavalsa Mountain from the
depressions. To the northeast, the hills reach the small Ezdemirska Mountain and the Straja, and a saddle at 878 m
Burelska valley - the westernmost of the Sub-Balkan valleys. connects it to Lubash Mountain.
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Stratigraphy

Zavalska Mountain is built-up of Upper Cretaceous volcanic
and sedimentary rocks and Quaternary deposits (Fig. 2). The
Upper Cretaceous rocks in the area are well studied
(CvnboBcku 1 gp., 2012). Most of the sedimentary and volcanic
rocks are considered to be of Campanian age (MapuHoBa n
ap., 2010).

The marl-limestone unit, introduced by 3aropyeB n Ap.
(1995), reveals from the village of Vishan to the southeast. It
overlies with sharp lithological transition the limestone-marl
unit, limestone unit or conglomerate-sandstone unit. It is
covered with a sharp lithological contact by the marl-tuffite unit.
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Fig. 2. Geological map of Zavalska Mountain, SW Bulgaria (by MapunoBa u gp., 2010).

Legend: 1 - Sandstone-marl unit: bituminous argillites; 2 - Sandstone-marl unit: reef limestones; 3 - Sandstone-marl unit: marls, sandstones, clayey
limestones, limestones; 4 — Sandstone unit: quartz sands, fine-grained conglomerates, marls; 5 — Flish unit: alternation of argillites, marls, calcareous
sandstones, fine-grained conglomerates, limestones; 6 — Vidrishki volcanic complex - amphibole, pyroxene-amphibole andesites; 7 - Vidrishki volcanic
complex — pyroclastic - tuffite unit; 8 - Marl-tuffite unite: marls, siltstones, tuffites, tuffs, limestones; 9 — Babski volcanic complex - large latites and
trachytes porphyry; 10 - Babski volcanic complex: pyroclastic unit: 11 — Babski volcanic complex: Bunch of psammite-aleurite tuffs; psammite ashy tuffs,
tuffites, epiclastites; 12 — Marl — limestone unit: alternation of clayish limestones and marls 13 - Geclogical boundary; 14 — Proven fault; 15 - Unproven
fault.
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The Babski volcanic complex, introduced by Grozdev
(Anrenos u gp., 2010), is exposed as a wide strip (2-4 km)
from the state border near the village of Vrabcha to Breznik. It
contains volcanic products with a distinct basic composition, as
well as highly alkaline latites and trachytes.

The Vidrishki volcanic complex was introduced by Grozdev
(Anrenos u ap., 2010). The complex includes pyroclastics and
various sediments, named as pyroclastic-tuff unit as well as
crosscutting bodies of andesites. The area reveals also the
effusive and sub-volcanic bodies of the complex.

The tuffite-marl unit, introduced by Grozdev (AHrenos u ap.,
2010), is exposed as a relatively wide NW-SE oriented strip
south of the village of Prodancha.

The Flish unit (3aropyeB n ap., 1995) is exposed as two
broad (500-800 m) stripes with NW-SE direction passing
through the outskirts of the villages of Prodancha and Krusha.
This is a folded package underlying the Krasava syncline.

Sandstone unite, introduced by Grozdev (AHreno u fap.,
2010), is exposed as two broad (400-800 m) stripes with NW-
SE direction, passing in the vicinity of the villages of
Prodancha and Krusha. They build-up the linearly extended
ridges of Tsrancha, Greben and others, which represent the
main folded limb that shapes the Krasava Syncline.

The sandstone-marl unit was introduced by 3aropyes u ap.,
(1995). The unit has a large areal spread to southeast of the
village of Garlo. It is the main rock assemblage of the Krasava
Syncline.

Quaternary.(Holocene). Alluvial deposits from flood-plains
and flooded terraces. The alluvial deposits form the floodplains
of the Yablanitsa, Konska, Kalia Barra and other rivers. They
are made of quartz sands and clayey sands with thin layers of
impure, sandy clays. Among them gravel lenses are found.

Tectonics

In tectonic terms, the study area falls within the Sofia Unit of
the Western Srednogorie (MBaHoB, 1998). The northern
boundary of the unit is placed on the Sub-Balkan fault zone
(outside the survey area) and the southwestern border is
placed along the Pernik fault zone with a general direction of
120-140°, located southern of the area of study. The larger
structures recognized in the studied area from south to north
are the south vergent Dragovska Anticline, the south vergent
Krasavska Syncline and the Galabovska Anticline. In the past,
Late Subhercinian (Pre-Maastrihtian) onset of the earliest
folding was inferred, because Maastrihtian shallow sea
sandstones and clays were believed to cover discordantly the
sedimentary and volcanic rocks of Koniacian-Santomian age
(f.e. Nachev and Nachev, 2003). Later studies (CuHboBCKM 1
ap-, 2012, 2013) have proven that Maastrihtian rocks are not
present in the region, so the earliest onset of folding
deformation must be ascribed to the Late Campanian. Since
that time the total deformation progressed significantly, for
example the limbs of the Krasava Syncline are isoclinally
folded and locally overturned (Qumutpos, benes, 1970). The
stages of this deformation are difficult to recognize, however
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the opening of small, fault controlled sedimentary basins filled
with Oligocene sediments mark the Post-Lutetian, lllyrian
deformation stage as particularly important for the region. In
general the geological maps for the area show a uniform strike
of the fault formation in the range 120 -140° although this
appears an oversimplification of a more complex structural
setting, in which more westerly striking beds overprint the NW
striking once (Fig. 3).

s

Fig. 3. Structural diagram of 52 bedding planes uniformly distributed over
the study area after 3aropues u ap. (1990)

Methods and analysis of the lineaments

To make precise relief pattern for the selected area,
topographic maps in 1:25 000 scale are used. All are
georeferenced in the WGS84, UTM35N. Horizontals are
vectorized in the ArcGIS environment and the ArcScan tool
after color division in PhotoShop. For better accuracy and
reliability in inscribing and verifying the geometry of plotting,
topology and error checking of this type were built in ArcGIS
Workstation.

Linear structures are generated using Global Mapper and its
Generate Watershet feature. ArcGIS tables are then
generated, containing information about the direction of each
line. The received data is processed in a text file, maintained
by Stereonet. A rose-diagram with 24 classes and 1252 linear
structures was generated.

Introduction in the terminology

In the beginning of the last century the term lineament was
introduced in the works of some tectonicians such as Hobbs
(1904). In their view, the lineaments are "characteristic lines in
the face of the earth" (Challinor, 1964). The most significant
lineaments are the ridges of hills, the boundaries of the
elevated mountain areas, the river valleys, the coastal lines, as
well as the boundary lines of the geological formations of
different petrographic types. They are believed to be
associated with deep faults or zones of intense fracturing,
along which vertical or horizontal movements of the crust
happened.
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Tectonicians, such as Moody and Hill (1956), Moody (1966)
etc. as well as geomorphologists (e.g. lepacumoB, PaHTcMaH,
1964) consider the linear structural elements on the surface of
our planet for morphostructural elements. These are all areas
of linear tectonic discontinuities.

Lineaments are studied wusing structural-geological,
structural-geomorphologic and morphotectonic analyses. The
study of the lineaments clarifies the relation of the orographic
directions with the fault structures.

In Bulgaria, the terminology of lineaments was introduced by
the tectonician E. Bonchev in a number of works (e.g. boHues,
1963, 1971). Later this topic was also adopted by some
geomorphologists. From morphostructural point of view, the
problem of the lineaments and lineament zones in Bulgaria
was examined by Muwes n gp. (1986). According to these
authors, 5 series of lineaments can be discerned on the
territory of Bulgaria — two diagonal (NW and NE), two
orthogonal (E-W and N-S) and one local (NNW). According to
their study, the territory of Zavalska Mountain is in the so called
Kraishtid lineament series, which encompasses lineaments
striking 160 — 170°. They can be classified as local according
to Hobbs (1904).

According to boHues (1971), Zavalska Mountain is localized
in the Kraishtid structural zone, located in Western Bulgaria,
south of the Western Stara Planina Mountain. The specific
feature of this area is that it is split in blocks, separated by
faults. There are a number of faults striking at 160°, to which
almost the entire river-valley network is attached.

Analysis of the lineaments and discussion

The rose diagram of the linear structures is shown on Figure
4. It has a very strong maximum of 136°, another at about 105°
and two weaker at N-S and at 44°.

Fig. 4. Rose diagram of the 1252 linear structures

The map of the linear structures in Zavalska Mountain is
shown on Figure 5. In the Bulgarian tectonic literature, no
model has been presented so far to explain the overall picture
of the occurrence of these lineaments. However, it is quite
clear that the area is dominated by folds with northwest and
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southeast striking axes and there is a significant number of
proven faults with similar strike.

These data fit into a well-known and well-studied tectonic
model, which seems to be valid for this region as well. This is
the wrench faulting model, which gained popularity with the
classic publication of Moody and Hill (1956) and was further
developed by authors such as Wilcox et al. (1973), Sylvester
(1988), and others. What is important is that in this model the
formation of folds and fractures is considered as a single
process.

In short, the geotectonic development of the area can be
reduced to the following events and processes:

There was strike slip shear motion statistically averaged by
the direction of 136°. Probably this shear has been active from
late Cretaceous to present day with periods of higher intensity,
for example during the lllyrian phase.

The strike slip motion does not exclude reverse and normal
fault translations but they are subordinated to it. Parallel to the
fault shearing is the folding of the volcanics, the folding being
the geometric effect of the shear movement.

The folding can be also a result of transpression (Sanderson
and Marchini, 1984), which includes a portion of pure shear in
addition to the simple shearing. In any case, the axes of the
folds, being formed in this way, are oblique to the direction of
shear.

In case of a left shear, they rotate counterclockwise, and in
case of a right shear they rotate: clockwise to the direction of
shear.

At the onset of deformation they are initiated at a higher
angle to the direction of shear but with its advance this angle
diminishes never reaching full parallelism between the fold
axes and the direction of shear.

From the geological maps (3aropues 1 ap., 1990; AHrenos u
ap., 2010), it is established that the strike of bedding does not
coincide completely with the direction of the faults (Fig. 3), as it
tends towards more westerly strikes, correspondingly to
counterclockwise motion of the fold axes, compared to the
strikes of the faults. This results from the fact that there are
parasitic folds of a lower order on the terrain whose axes are
oriented obliquely to the general direction of the strike-slip
shear. In this sense, the maximum of lineaments of 105°
reflects these folds. This maximum reflects both erosion of
susceptible beds in fold limbs and extensional faults parallel to
the fold axes. In theory these faults would be mainly reverse
faults but limited strike and reverse motion is possible. On the
other hand, the maximum of 136° corresponds mainly to strike
slip faults. The kinematic sketch of these relationships is
shown of Figure 6.

The results of the study comply with paleostress
reconstructions in Northwest Bulgaria made by Kounov et al.
(2011). Paleostress reconstruction from fault plains inferred
that "From the late Oligocene to the earliest Miocene, SSE-
NNW transtension generated coal-bearing sedimentary basins
and anticlockwise rotation of the main tensile axis happened by
almost 50° with respect to the previous tectonic stage”.
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Fig. 5. Digital elevation model and linear structure derived from the hydrographic networkof the region

strike slip fault
I
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Fig.6. Kinematic sketch of the tectonic elements inferred from the
lineament analysis and the geological descriptions of the study region.

Our study confirms the anticlockwise rotation of the structural
elements, which can be result only from regional sinistral strike
slip shear. On the other hand it is not obvious that this rotation
happened only from late Oligocene to the earliest Miocene as it
may have been initiated by even earlier sinistral shear
contemporaneous with the opening of the basin that contains
this volcano sedimentary assemblage.

To answer this question further studies and dating of the
faults and folds have to be made in this seeming simply folded
assemblage. It is noteworthy that a rose (Fig. 7) generated by
the beds shown of Figure 3 produces very similar pattern as
the lineament picture on Figure 5. This is a clear indication that
the lineaments are produced predominantly by selective
erosion of beds and thus are controlled by the folds.
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Based on palecstress reconstruction from fault plains the
authors inferred that "From the late Oligocene to the earliest
Miocene, SSE-NNW transtension generated coal-bearing
sedimentary basins and anticlockwise rotation of the main
tensile axis happened by almost 50° with respect to the
previous tectonic stage”. Our study confirms the anticlockwise
rotation of the structural elements which can be results only
from regional sinistral strike slip shear.

Fig. 7. Rose of 52 bedding planes from the studied area after 3aropues u
Ap. (1990).
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Conclusions

The studied region has a pronounced linear structure. The
lineaments network is due to tectonic predisposition in which
tight folds and numerous faults dominate. The data from the
geological literature and these of the lineament analysis are in
accordance and allow for a tectonomorphological model that
includes simultaneous sinistral strike slip motion and folding in
which erosional forms are formed in directions visible on the
rose diagram.

The data shed light on the mechanism of formation of
Zavalska Mountain. Moody (1966) classified the orogenic
edifices into the following types: (1) linear uplifts with
longitudinal fault zones; (2) autochthonous fold belts; (3)
uplifted fault blocks; (4) domal uplifts; and (5) volcanic chains.
The data accumulated so far suggest that Zavalska is a
mountain from the first class. It is one of the pop ups related to
the strike-slip tectonics of the region.
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