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Ñ. Øàíîâ, Ê. Ñàíñ äå Ãàëäåàíî, Õ. Ãàëèíäî Çàëäèâàð, À. Ðàäóëîâ, Ã. Íèêîëîâ, Õ. Ì. Àçàíüîí, Ì. ßíåâà — Ïîçäíåàëüïèéñêèå äåôîðìàöèè, íåîòåêòîíè÷åñêàÿ ýâîëþöèÿ è àêòèâíàÿ
òåêòîíèêà þæíîé ãðàíèöû Öåíòðàëüíîãî Áàëêàíà: íîâûé âêëàä. Îïîáëèêóâàííûå äî
ñèõ ïîð äàííûå è èíòåðïðåòàöèè ïîêàçûâàþò äîìèíèðóþùóþ ðîëü àêòèâíûõ ðàçëîìîâ â
ñòðóêòóðå Êàðëîâñêîãî è Øåéíîâñêîãî ãðàáåíîâ è ïî þæíûì ñêëîíàì Öåíòðàëüíîãî Áàëêàíà. Íîâûå èññëåäîâàíèÿ ïî þæíîìó áîðòó Áàëêàíà âêëþ÷àëè èçó÷åíèå ðàçðûâíûõ íàðóøåíèé íà ìèêðî è ìåçî-óðîâíå. Â öåëè ðåêîíñòðóêöèè ýâîëþöèè ïîëåé òåêòîíè÷åñêèõ íàïðÿæåíèé áûëè çàìåðåíû áîðîçäû ïî òåêòîíè÷åñêèì çåðêàëàì ñêîëüæåíèÿ è áîëüøîå êîëè÷åñòâî òðåùèí ñäâèãà. Èçãîòîâëåíû 5 äþí-øëèôîâ èç ñêàëüíûõ îáðàçöîâ, îòîáðàííûõ èç îáíàæåíèé ïîâåðõíîñòè ñêîëüæåíèÿ áîëüøîãî ãðàíèòíîãî íàäâèãà. Ìèêðîñêîïñêèå àíàëèçû ïîêàçûâàþò, ÷òî íàäâèãàíèå ïðîèñõîäèëî â óñëîâèÿõ íèçêèõ òåìïåðàòóð. Âòîðè÷íûå äåôîðìàöèè íà ìèêðî-óðîâíå ÿâëÿþòñÿ îòîáðàæåíèÿìè ïîñëåäóþùèõ òåêòîíè÷åñêèõ âîçäåéñòâèé.
Àíàëèçèðîâàíà ãåîôèçè÷åñêàÿ èíôîðìàöèÿ (äàííûå ñåéñìè÷åñêèõ ïðîôèëåé, à òàêæå è ðåèíòåðïðåòàöèè ãðàâèòàöèîííîãî ïîëÿ). Ðåêîñòðóèðîâàíû òåêòîíè÷åñêèå ïîëÿ íàïðÿæåíèé
ñ ðàííî-àëüïèéñêîãî âðåìåíè äî íàñòîÿùåãî. Âïåðâûå äîêàçûâàåòñÿ íàëè÷èå äåôîðìàöèé
àòèéñêîé ôàçû (êîíåö ìèîöåíà) ïî þæíîìó ñêëîíó Áàëêàíà. Ýòî ïîëå íàïðÿæåíèé èìååò
ñóá-ãîðèçîíòàëüíîå ÑÂ—ÞÇ íàïðàâëåíèå îñè s3 è âàðèàöèè îñè s1 îò ñóá-âåðòèêàëüíîãî äî
ÑÇ—ÞÂ íàïðàâëåíèÿ. Ñàìîå ìîëîäîå ïîëå òåêòîíè÷åñêèõ íàïðÿæåíèé õàðàêòåðèçóåòñÿ ïðåîáëàäàíèåì Ñ—Þ ýêñòåíçèè. Îñíîâíûì çàêëþ÷åíèåì èññëåäîâíèÿ ÿâëÿåòñÿ ôàêò, ÷òî íå
íàõîäÿòñÿ ïîäòâåðæäåíèÿ äëÿ ñóùåñòâîâàíèÿ åäèííîé çíà÷èìîé ðàçëîìíîé ñòðóêòóðû âäîëü
þæíîãî îáðàìëåíèÿ Öåíòðàëüíîãî Áàëêàíà. Èìååòñÿ êîìáèíàöèÿ ðàçëîìíûõ ñòðóêòóð,
íåêîòîðûå èç íèõ ÿâëÿþòñÿ ñòàðûìè ïîâåðõíîñòÿìè íàäâèãàíèÿ. Ñëåäû àêòèâíîé ñîâðåìåííîé òåêòîíèêè íå îáíàðóæèëèñü è ñåéñìè÷åñêàÿ àêòèâíîñòü î÷åíü ñëàáàÿ. Ïðåäïîëàãàåòñÿ, ÷òî ïîäâèæêè ìîãóò îñóùåñòâëÿòñÿ âäîëü ëèñòðè÷åñêèõ ðàçëîìîâ, ÷òî ïðèâîäèò äî
èçìåíåíèÿ íàêëîíà ñåäèìåíòîâ, çàïîëíÿþùèõ ïðèìûêàþùèå ìîëîäûå áàññåéíû.
Abstract. The published till now data and interpretations show the dominant role of the active
faults in the structures of Karlovo and Sheynovo grabens and along the southern slope of the
Central Balkan Mountain. The new investigations along the southern border of the Balkan Mountain included studies of faulting and fracturing at micro and mezzo-levels. A quantity of striae on
slickensides and shear joints were measured. Thin sections have been prepared from five samples
collected from outcrops of the surface of thrusting of the big granite over-thrust. The microscope analyses have shown that the process of thrusting was in low-temperature conditions. The
secondary deformations at micro-level are reflections of the next tectonic impacts. Geophysical
information has been also analysed (data from the seismic profiling, as well as reinterpretations
of the gravity field). The tectonic stress fields from the Early-Alpine time till now have been
reconstructed. For the first time it has been proved the existence of deformations from the Atean
phase (Late Miocene) along the southern slope of the Balkan Mountains. This stress field is
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characterised by sub-horizontal and NE—SW directed axis s3 and axis s1 varying from subvertical to NW—SE direction. The youngest tectonic stress field has dominant N—S extension. The
main conclusion of the study is that it was not possible to find proves for the existence of
significant fault extended along the southern slope of the Balkan Mountains. A combination of
fault structures is present, some of them being old surfaces of over-thrusting. No traits of recent
active tectonic were found, and the seismicity is very low. It can be assumed that the recent
movements are facilitated by listric-type faults, and this is related to the change of the bedding
angle of the sediments filling the adjacent young basins.
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Introduction
The study of the Quaternary fault activity remains the
only acceptable manner for determination of the potential for occurrence of strong earthquakes in areas
with low contemporary seismic activity. The case of
the Sub-Balkan grabens is an example, where geological information gives reasons to suggest some Quaternary activity, but due to the low contemporary seismicity, the seismic hazard is probably underestimated. The
existing data, interpretations and publications present
the structure of the grabens and the southern slopes of
Balkan Mountain (Stara Planina) as dominated by
important active faults which seismic potential is similar to this one of the faults of Upper Thracian Depression (Bonchev et al., 1982). However, the expected
seismic hazard of Upper Thracian Depression is higher, in comparison to the Sub-Balkan grabens.
The aim of the studies of the southern border of the
Central Balkan Mountain, respectively the northern
peripheries of Karlovo and Sheynovo grabens (Fig. 1)
was to understand the type and the sequence of the
tectonic processes from Late Alpine time up to now,
to find proves for the Late Pliocene and/or Holocene
activity of the faults bounding the grabens. Leading
criterion for choosing these two grabens was the high
velocity of their subsidence during the neotectonic
stage, reflected in the maximal thickness of the sedimentary filling (Tzankov et al., 1996).
The latest studies of the Balkan Mountain tectonics have indicated the formation of relatively
young structures (corresponding to the Late Alpine
tectonic phase), under active uplifting in different
tectonic regimes (compression, extensional and
wrench), depending on the orientation of the structures. The purpose of this contribution is to discuss
the main features of active tectonic structures in the
southern Balkan Mountain border that has special
interest due to the related seismic hazard.

State of knowledge
Many of the tectonic, neotectonic and active tectonic problems of the Balkan Mountains have been pre42

sented and discussed in a number of papers that have
been reviewed in a Guide Book on the geological
structure and evolution of the Central Balkan Mountains related to the international geological excursion (Ñòîÿíîâ, Ïèðîíêîâ — ðåä., 1981). Yanev et
al. (1995), Tzankov et al. (1996), Roy and al. (1996)
have presented important revisions, new ideas and
discussions on these problems. The southern boundary of the Central Balkan is considered to be a fault
that was mentioned firstly by F.v. Hochstetter in 1872
and discussed lately by J. Cvijic (1904), Ñò. Áîí÷åâ
(1927) and M. Éîðäàíîâ (1956, 1960) (according
to Éîðäàíîâ è äð., 1965). These authors closely
approached the understanding of the Sub-Balkan
Fault as a deep fault controlling the straight southern slope of Balkan Mountain, and the processes of
formation and evolution of the Sub-Balkan grabens.
D. Yaranov (ßðàíîâ, 1960) attributed the appearance and the evolution of the Sub-Balkan grabens to
“the reactivation of the faulting tendencies of the
Upper Cretaceous — Paleocene tectonic zone”. He
determined the starting of this process to the beginning of the Pliocene.
The existence of a fault set and the considerable
thickness of the Neogene and Quaternary sediments,
reaching up to 500 m especially in Karlovo and Sheynovo grabens allowed the authors to suppose the
young activity of the faults related to the grabens
(Áîí÷åâ, Êàðàãþëåâà, 1961; ×óíåâ è äð., 1966; Êàðàãþëåâà, Ìàòîâà, 1974; Vaptsarov, Mishev, 1982;
Àíãåëîâà è äð., 1991; Tzankov et al., 1996, Roy et
al., 1996). The complicated structural frame of the
grabens is due to the changing conditions of compression and extension during the Alpine to recent
time evolution. As active faults have been described
these ones bordering the grabens from the north,
namely the segments of Sub-Balkan normal fault
(Hochstetter, 1872). This normal fault is generally
oriented E-W and it is described as a structure with
considerable length at the foot of the southern slope
of the Balkan Mountain. Despite some differences
concerning the characteristics and the genesis of the
Sub-Balkan Fault, most of the authors agree that the
formation of the grabens was due to the subsidence
of the southern block.

The present major tectonic features were formed
during the Late Eocene, when the sliding surface of
the post Middle Eocene granite overthrust (Áîí÷åâ,
Êàðàãþëåâà, 1961) was activated with opposite motion and the subsidence of the southern block was
initiated (×óíåâ è äð., 1966). Beside the motions of
the Sub-Balkan Fault, during the neotectonic stage,
movement along the southward situated faults was also
detected (×óíåâ è äð., 1966; Tzankov et al, 1996).
Tzankov et al. (1996) suggested that the principal displacements during the Neotectonic stage were realized along a listric-type fault, inheriting the sliding
surface of the over-thrust. They evaluated the rate of
displacement for the last 5—10 million years at 10.5
km. The high dipping faults, cutting the surface of
the low angle listric fault are younger and the rates of
displacement along their surfaces have been evaluated from 1.6 m to some ten meters (Tzankov et al., 1996).
The problems of the lithostratigraphy of the sediments, filling Karlovo and Sheynovo grabens, the
number and the character of the temporal interrelations of the structural stages during the NeogeneQuaternary time, were discussed and summarized by
Angelova et al. (Àíãåëîâà è äð., 1991) and Tzankov
et al. (1996). According to the chrono-stratigraphical limits of the sedimentary sequences (from the
Meotian to the Quaternary time), it is accepted that
the fault activity has been well expressed from Late
Miocene to Quaternary (Àíãåëîâà è äð., 1991;
Tzankov et al. 1996; Roy et al., 1996). The same au-

thors have calculated the rate of the vertical movements of Karlovo Graben during the Holocene at
0.028 mm/a, and during the Quaternary — 0.058 to
1.2 mm/a. The indicated velocity by Angelova et al.
(Àíãåëîâà è äð., 1991) has proved the Quaternary
activity of the faults. The analyses of the data, excluding any speculations, give reason for 2 to 43
times lower rates of the Holocene displacements compared to these of the whole Quaternary. Thus, the
probable recurrence interval of the strong earthquakes
can be some thousand years. Tzankov et al., (1996)
have determined considerably higher velocity of the
movements. According to them, the minimal velocity
of extension of Sheynovo Graben on the surface of
the listric fault, during the period of its formation, is
1—2 mm/a.

Methology of the Structural studies
A detailed fieldwork has been developed along the
rectilinear contact of the southern border of the Balkan Mountains and in the base of the granite thrust
sheet, in order to identify the brittle deformation of
rocks.
Microfaults, mesofaults and joints with variable
orientations have been observed and allow improving
of the knowledge on the stress evolution of the area.
Microstructural investigations were performed on
a number of outcrops (Fig. 1) during the 2004—2005

Fig. 1. Scheme of the southern border of Central Balkan Mountains with the sites of structural studies and the places
of collection of specimens for thin sections
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field trips. The results have completed the existing information about the tectonic stress fields in the Fore
Balkan area, deduced from the studies of the fracturing (Âú÷åâ, 1994), as well as the more related to the
studied territory reconstructions of the stress field published by P. Nikolaev and S. Shanov (Íèêîëàåâ, Øàíîâ,
1984). Principally two types of data were collected —
striae on slickensides (17 outcrops) and statistically
sufficient quantity of shear joints spatial characteristics. The results from the tectonic stress field reconstructions using striae on slickensides will be presented, because the shear joint analysis was performed for
data from 2 outcrops, and it only confirmed the results obtained from the analyses of the striae.
Numerous researchers create methods and computer
programs for reconstructions of tectonic stress directions. The program FAULT (Caputo, Caputo, 1989)
applies 3 methods for reconstruction of the principal
stress axes by measurements of spatially oriented stria
on slickensides and movement types on them.

Right Dihedron Method (RDM)
The RDM (after Angelier, Mechler, 1977) uses the
main hypothesis that the material is preliminary fractured and the amount of movement along every single surface is much smaller than the studied rock
body. The plane orthogonal to the striation on the
disruption surface is defined as a complementary
plane. Both planes divide the space around the disruption surface into 4 rectangular dihedrons (sectors). Every two conjugated dihedrons contain the
axes s1 and s3, which could be presented into a stereographic projection. At a set of measurements the
sectors are defined as zones of action of s1 and s3
axes. However, this method only is valid when a single deformation phase exists and it is necessary to
determine the regime of all the faults. The method
does not provide information on the axial ratio of
stress ellipsoid.

Table 1
Temporal sequence of tectonic stress fields reflected by brittle deformations in the area of the Central Balkan
Mountains

Tectonic stress field reconstructions

Legend
320, 53 ( .26)
69, 13
168, 34 ( .24)

RDM

s1 r
343, 45 ( .7)
229, 23
121, 36 ( .84)

12, 19 ( .12)
120, 42
264, 42 ( .22)
5, 15 ( .67)
120, 59
267, 27 ( .86)

Time of manifestation

Upper Jurassic (Early
Cimmerian phase)

s2 ¯
s3 £
P&T

Eocene
(Pyrenean phase)

s1 p
s2 ¿

119, 74 ( .13)
323, 15
231, 6 ( .21)
26, 78 ( .52)
152, 7
243, 9 ( .83)

241, 28 ( .44)
130, 34
1, 43 ( .17)

s3 ¢

Miocene – Pliocene
(Atian phase)

Lower
hemisphere
projection

Pliocene – Quaternary
257, 25 ( .77)
98, 63
351, 8 ( .81)
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Method of pressure (P) and tension
(T) axes (P&T)
It is based on the state that in homogeneous and isotropic material the axis of maximum extension is
under 45° toward the disruption surface and the
movement direction. Correspondingly, the axis of
maximum compression is at 90° toward it.

Method of the smallest squares
This method complements the procedures for evaluation of the spatial position of the principal axes of
stress field, and through it the final result of data
processing is formed. The reconstructed principal
axes of tectonic stress should be orthogonal towards
each other, but depending on the data they might be
dispersed around a center. Exactly, through the method of the smallest squares the position of this center
is determined for every principal axis observing the
condition for spatial orthogonallity between them
(Caputo, Caputo, 1989).
After thorough analyses of the data from the striae on slickensides, a grouping of the measurements
showing similar reconstructions of the tectonic stress
axes was made for improving the statistical confidence and reducing the influence of the local components. Following the information from the previous interpretations described above, as well as the
age of the rocks affected by the brittle deformations,
the evolution of the stress fields in the area has been
reconstructed (Table 1). The results represented on
this Table will be commented later in the text.

Petrographical characteristics
The aim of these studies was to understand the processes that had affected the rocks closely to the out-

cropping surface of overthrusting. Thin sections have
been prepared from five samples collected in the area
(Fig. 1) and studied under the polarized microscope.
All samples show very intensive quartz alteration
which blur the primary texture and structure, but
some relicts had been preserved — relicts of granitoid
rock and crystals of quartz, potassium feldspars, plagioclase and mica that evidence for granitoid composition of the parent rock, too.
Previously these rocks had been subjected to cataclasis to mylonitization (mylonite foliation is observed in some samples) and after that the quartzitization had took place. Now they represent quartzitized cataclasites and quartzitized mylonites. In thin
sections evidence for brittle deformation could be
observed — fragmented plagioclase and quartz crystals (Fig. 2A), microcline with flame-like structure
as a result of oriented pressure, reflecting the compression stage. A network of cracks filled in by late
quartz and crossing the mylonite foliation (Fig. 2B)
represents the extensional stage, following the compression. The rock type and the presence of these
brittle deformations show that tectonic deformations
had occurred at shallow depth.

Geophysical considerations
Gravity field data
On the base of the Gravity Map of Bulgaria (1:500 000),
Mitev (Ìèòåâ, 2005) published a set of maps from
different analytic and arithmetic transformations, as
well as cross-sections, concerning the structure of
Karlovo and Sheynovo grabens. The depth to the
basement has been calculated using the average density of its rocks 2.70 g/cm3. He has shown the existence of clearly expressed negative anomalies parallel to the morphological structures. The results were
confirmed by the transformations of the gravity field,

Fig. 2. Fragmented plagioclase crystals in quartzitizied cataclasites (A) and quartzizied mylonite (B) from the thin sections. The
specimens were taken from the thrusting surface northwards from the village Vasil Levski (northern border of Karlovo Graben)
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which strengthen chiefly the influence of the faults
of different generations. These faults affect the basement and they are reflected on the graphs of the horizontal gradient of the gravity field, as well as on the
third vertical gravity derivative. But, the zero isoline
of the gravity field in Bouguer reduction is far to the
north, at the position of the Fore-Balkan structures.
The most important result that can be deduced
from these analyses is that the northern morphological border of the Karlovo Graben is not coinciding
with the transition from negative to positive values of
the regional calculated component of the gravity field
in Bouguer reduction (Fig. 3). The morphologically
traced faults marking the northern border of the
Karlovo Graben are clearly different from the configuration of the gravity anomalies.
Sheynovo Graben seems to be less deep than the
Karlovo Graben and its north-eastern border, presented by a complicated junction of two fault segments is roughly coinciding with the configuration
of the negative Bouguer anomaly (Fig. 3).

Seismic survey
Special seismic survey has never been performed in
the studied area. Nevertheless, taking into account
the more or less uniform behaviour of all rock structures along the range of Balkan Mountains during
the Alpine and posterior tectonic processes, some

information from neighbouring areas could be extrapolate. The next comments inform about the existence of a specific layer with low mechanical properties in depth beneath the structures of Balkan
Mountains. This fact is of importance for the model
of the tectonic development of the southern border
of the mountain.
The deep seismic profile Petrich-Nikopol, that
crossed the chain of the Balkans about 30 km west
from the studied area, has been interpreted (Äà÷åâ,
1988) as a reflection of heterogeneous layered structures with different compositions. At depths between
3 to 10 km of the southern section of the profile (including Balkan Mountains), a low velocity layer has
been introduced. The boundaries of the layer were
interpreted as tectonic surfaces, and the layer itself,
as a structural unit.
Seismic investigations for oil and gas have been
recently performed in the western part of Fore-Balkan area by the company Anschutz-Bulgaria Ltd.
Some of the profiles (about 130 km westwards from
the town of Karlovo) crossed from north to south the
structures and ended near the top parts of the Balkan Mountain. The most interesting for the purposes of the present study is the fact (K. Tonev, personal
communication) that on the profiles, at depths of 4—
5 km, a layer of low seismic velocities (3900 m/s) gently
dipping south is represented, identified as possible
reflection of the Early Cretaceous marls layer. This
layer seems to be not significantly deformed.

Fig. 3. Regional component of the gravity field in Bouguer reduction and expected active faults for the area of the
Central Bulgaria (according to Ìèòåâ, 2005)
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About 150 km eastwards from the studied area, a
seismic profile crossing Eastern Balkan Mountain
(Aytos Pass) was published by Kunchev et al. (1998).
The geological interpretation has shown that the thrust
plane of the Chudnite Steni Dislocation dips to the
south at depth of 7—8 km and continues beneath the
Srednogorie Region. In the autochtone, under the
thrust, the sedimentary complexes from the Fore Balkan continue and they are expressed with specific
seismic pattern.

Discussion about the model
of the tectonic processes
The above presented new data can be interpreted as
logical extension of the previous ideas about the evolution of the structures of the Central Balkan area.
The result from the tectonic stress field reconstructions confirms the statement of Å. Georgiev and
Ò. Tsankov (Ãåîðãèåâ, Öàíêîâ, 1981) that the Early
Cimmerian stress field (Upper Jurassic), forming the
fold structures in the alochthone rocks from different ages, had a NW—SE (140—155°) general direction of the maximum compression. The first tectonic stress field reconstruction on Table 1 clearly represents the same orientation, deduced from the striation of the slickesides in rocks no older than Triassic. The same authors indicated that the next expressed
tectonic processes, dominated by folding, were related to the Austrian phase (the beginning of the Upper Cretaceous) with clear fold direction at 90—100°,
created by sub-meridional compression. We did not
find brittle deformations supporting the existence of
this tectonic phase. There are no published or recorded by us data for the expression of Subhercynian or Laramian tectonic phases for the area of the
Central Balkan.
The most important for the purposes of the study
are the major thrusting of the granite allochthone
that is related to the Late Alpine deformations and
the deformations following it till now. The discussions for the time of the overthrusting and for its
kinematics characteristics have led to the conclusion, that it had been formed in post-Middle Eocene
time (Áîí÷åâ, Êàðàãþëåâà, 1961). Yanev et al. (1995)
confirmed the time of formation of the granite overthrust of Shipka, determined by earlier publications,
as Pyrenean phase (post-Eocene). The studies of
Schmidt, Schwan (1960) pointed out that only the
Senonian (Maastrichtian) sediments immediately
under the thrusting surface have deformation traces. Zagorchev et al. (2001) studied the conglomeratic formation situated beneath the Central Balkan
thrust. According to these authors the foraminifer
and calcareous nannofossils assemblages found prove
that the conglomerates are of a Late Maastrichtian
— Danian age. Thus, the process of thrusting has to
be attributed to the Laramian tectonic phase, and
apparently this is in contradiction with the previous
published results. In any case the time of thrusting

can be surely after Danian age, but also later then
the Laramian phase.
The second reconstructed tectonic stress field is
clearly representing the stress conditions during the
evolution of the granite allochthone. The northward
orientation of s1 coincide with the direction of the
overthrusting, and it is not evident from the published and the newly recorded data that conditions
for appearance of north-south trending faults existed.
This type of faults can appear in the allochthone
body as parallel to s1 direction normal faults, reflecting the reaction of the media in case of increasing strength from the resistance of the autochtone
rocks. This case allows the accepting of the idea of M.
V. Muratov (firstly reported by ×óíåâ, 1959) for gravitational sliding of enormous granitic masses from
the southern disposed and elevated at this time geological structures of Sredna Gora to the northwards
adjacent Eocene Trough. Most of the authors agree
with this hypothesis.
The hypothesis is supported by the presented study
of the thin sections. The fact that these rocks had
been firstly subjected to cataclasis and to mylonitization, but in the conditions of low temperatures, can
be directly related to the processes of oriented compression near the Earth surface.
The third plotted tectonic stress field on Table 1
reflects the next stage of deformations, when the uplifting of the Balkan Mountain began. The sub-vertical position of stress axis s1 and the sub-horizontal
orientation of s2 and s3 give reason to discuss the
model by Roy and al. (1996) of flexural uplift of the
footwall rocks forming the Balkan Mountain after
the thrusting. These authors fixed the time of this
processes as Miocene — Pliocene — Quaternary and
related them to the change of the regime from compressional to extensional. Their model is developed
on the assumption that the thrusting was over the
southern border of the Moesian Platform and the
later extension is accompanied by normal faulting
along the southern side of the range. The small calculated value of the elastic plate thickness (12 km
under Moesian Platform and only 3 km under Balkan Mountains) suggests that weakening of the lithosphere is due to heating of the lithosphere during
extension to the point that large-scale flow of material becomes possible within the lower crust. According to this hypothesis, as well as taking into account
the data from the crossing seismic profiles, the Balkan Mountains exist as an epidermal structure formed
from Late Alpine time to now over the layers of the
Moesian Platform.
We can accept the weakening of the lithosphere
and the flow of material even in the upper crust,
taking into account the petrographic data. The thin
sections of the specimens taken from the sliding
surface of the over-thrust northern from the village
Vasil Levski (Fig. 1 and Fig. 2) are quartzitized cataclasites and quartzitized mylonites. The fragmented plagioclase and quartz crystals, microcline with
flame-like structure as a result of oriented pressure
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were secondary affected by a network of cracks filled
in by late quartz and crossing the mylonite foliation. It is possible that firstly the micro-fracturing
affected the rocks when the regime changed to extensional. The third tectonic stress field on Table 1
can be related to vertical elevation, but also to type
of “flattening” of the rocks masses with fracturing.
Thus, all conditions were created for infiltration of
hydrothermal fluids deposing the quartz in the
fractures.
The process of elevation and formation of the recent topographic relief began earlier than the
Pliocene. The reason for this is the finding of Miocene deposits in the grabens bordering the southern range of the mountain (Àíãåëîâà è äð., 1991;
Tzankov et al., 1996). Practically all authors have
related the formation and the evolution of these grabens to the activation of the Sub-Balkan Fault along
the southern range of the Balkan Mountain.
The new collected data give reason to outline two
last stages of evolution of the southern range of the
Central Balkan (respectively the northern borders of
Karlovo and Sheynovo grabens). The third tectonic
stress field on Table 1 can be accepted as manifestation of the Atian tectonic phase (end of Miocene).
This tectonic phase was described as the younger
manifestation of folding on the territory of Bulgaria,
discovered in the Sarmatian rocks of Eastern Moesian Platform (Øàíîâ, Êàðàãþëåâà, 1996). This tectonic stress field is characterized by sub-horizontal
NE-SW direction of s3 axis, and s1 axis varying from
sub-vertical to NW-SE direction.
The last reconstructed tectonic stress field on Table 1 seems to reflect the youngest deformations along
the southern range of the Central Balkan Mountain.
Firstly, it clearly coincides with the dominant recent
tectonic extension in this part of the Balkan Peninsula (Shanov, 2004). Second, it can explain the formation of the grabens as extensional E—W oriented
structures. Third, it can be seen that the probable
surface of normal faulting has to be perpendicular
to s3 and to lie on the plane of s1 and s2. But this
surface is slightly (10° to 30°) deepening towards the
south. If the plane coincides with a main plane of
stress ellipsoid, the shear stress is zero and it is not
possible to be developed. It should be an extensional
joint. The faulting is possible if there is some obliquity. So, the model of exhumation of the older structures in extensional regime can be considered. A
possible sliding surface can be the layer of low mechanical properties detected by the seismic profiling. The northern slope of the negative gravity anomaly (Fig. 3) extending beneath the structures of the
Balkan and the Fore-Balkan can be also related to
the existence of such a layer. In any case this anomaly reflects the non-uniformity of the deep structure
and the overlaying structures of the Central Balkan
Mountains.
It is possible to conclude from Fig. 1 that the southern border of the Balkans in this area in many cases
does not present one continuous E—W fault. The
faults permitting the formation of the related basins
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respond to extensional regime and they may be
formed by N—S extension. The present structure of
the southern border of the Balkan Mountain firstly
reflects the Miocene deformations (Atian phase), responsible at least for the folded structure of this side
of the Balkans, followed by the recent extension. This
has two important consequences:
A — Not all of the faults observed in the Southern
Balkan Mountains are necessarily young, many of
them being previously formed during the Atian phase;
B — Along the south border of the Balkan Mountains there is not a single very important fault and by
the contrary, the faults observed correspond to the
combination of:
— old thrust surfaces later folded during the Atian
phase but not necessarily active today,
— young normal faults (formed from the end of
the Miocene) facilitating the cited later extension and
the formation of the related basins. These last faults,
as the associated sedimentary basins, present in many
cases strikes clearly oblique to the E—W direction of
this south border of the Balkans.

Conclusions
The existence of the sedimentary basins in the south
of the Balkans seems clearly to imply an extension,
that according the age of the sediments must be attributed to the late Miocene onwards. Karlovo and
Sheynovo basins have important thickness of sediments, more than 400 and 500 m. The sediments of
these basins in some cases dip against the slope of
the mountains, feature that indicates the progressive
displacements of the blocks. The big scarps, in many
cases of low angle, can be considered as re-activated
thrust surfaces.
The main conclusion is that there are really important faults flanking the south edge of the Balkans. For this reason many of the scarps that we visited must really correspond to normal faults, independently that formerly corresponded to thrust surfaces. We visited outcrops presenting surfaces that
in some cases could coincide with the bedding of
previous sediments. One important consequence is
that many of these fault scarps are clearly formed in
neotectonic times, although we have not found there
any real feature corresponding to active tectonics.
Along the south border of the Balkan Mountains
there is not a single very important fault. The observed faults correspond to the combination of old
thrust surfaces later folded during the Atian phase.
Some young normal faults formed since the end of
the Miocene are facilitating the later extension and
the formation of the related basins. These last faults,
as the associated sedimentary basins, present in many
cases strike clearly oblique to the E—W direction of
the south border of the Balkan Mountains.
With this type of conclusions it is surprising that
we were not able to see any very clear feature of active tectonics and that the seismicity is so low in the
south border of the Balkan Mountains. Perhaps most

of the displacements correspond to creep distributed in listric faults as suggest the tilting of the sediments and other features.
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ðèè íà Êàðëîâñêèÿ è Øåéíîâñêèÿ ãðàáåíè, å çà èçÿñíÿâàíå íà òèïà è ïîñëåäîâàòåëíîñòòà íà
òåêòîíñêèòå ïðîöåñè îò êúñíîàëïèéñêîòî âðåìå äî ñåãà, êàêòî è äà ñå íàìåðÿò äîêàçàòåëñòâà çà êúñíîïëèîöåíñêà è/èëè õîëîöåíñêà àêòèâíîñò ïî ðàçëîìíèòå ñòðóêòóðè, îãðàíè÷àâàùè ãðàáåíèòå. Ñúùåñòâóâàùèòå äàííè, èíòåðïðåòàöèè è ïóáëèêàöèè ïðåäñòàâÿò ñòðóêòóðàòà íà ãðàáåíèòå è þæíèòå ñêëîíîâå íà Öåíòðàëíèÿ Áàëêàí (Ñòàðà ïëàíèíà) êàòî äîìèíèðàíè îò èçÿâåíè àêòèâíè ðàçëîìè, ÷èéòî ñåèçìè÷åí ïîòåíöèàë å ñúèçìåðèì ñ òîçè íà ðàçëîìèòå îò Ãîðíîòðàêèéñêàòà äåïðåñèÿ. Ïîëåâèòå èçñëåäâàíèÿ ïî þæíèÿ áîðä íà Ñòàðà
ïëàíèíà âêëþ÷âàõà èçñëåäâàíèÿ íà ðàçðèâíè íàðóøåíèÿ îò ìèêðî è ìåçî-íèâî çà äà ñå
ðåêîíñòðóèðà åâîëþöèÿòà íà ïîëåòî íà íàïðåæåíèÿòà. Èçìåðâàíè ñà ùðèõè ïî òåêòîíñêè
îãëåäàëà â 17 òî÷êè è ãîëåìè êîëè÷åñòâà ïóêíàòèíè íà ñðÿçâàíå â äâå ðàçêðèòèÿ. Äþíøëèôè ñà èçãîòâåíè îò 5 îáðàçåöà, âçåòè îò çîíàòà íà ðàçêðèâàíåòî íà õëúçãàòåëíà ïîâúðõíîñò
(ðåëèêòè îò îñíîâíàòà ãðàíèòîèäíà ñêàëà) è ñà èçñëåäâàíè ìèêðîñêîïñêè ñ ïîëÿðèçèðàíà
ñâåòëèíà. Èçïîëçâàíà å è èíôîðìàöèÿ îò íàñêîðî ïîëó÷åíè äàííè îò ñåèçìè÷íèòå ïðîôèëè, äîñòèãàùè îò ñåâåð êúì þã ïî÷òè äî áèëíèòå ÷àñòè íà Ñòàðà ïëàíèíà, êàêòî è ðåèíòåðïðåòàöèè íà ãðàâèòàöèîííîòî ïîëå â ðåäóêöèÿ Áóãå. Òåçè äàííè ïîêàçâàò ëèïñàòà íà êîíôîðìíîñò ìåæäó ìîðôîëîæêè èçÿâåíèòå ñòðóêòóðè íà Ñòàðà ïëàíèíà è ñòðîåæà â äúëáî÷èíà. Ðåêóíñòðóèðàíè ñà òåêòîíñêèòå ïîëåòà íà íàïðåæåíèÿòà îò ðàííî-àëïèéñêî âðåìå äî
äíåñ. Çà ïúðâè ïúò ñå äîêàçâà íàëè÷èåòî íà äåôîðìàöèè îò àòèéñêàòà òåêòîíñêà ôàçà (â êðàÿ
íà ìèîöåíà) ïî þæíèÿ ñêëîí íà Ñòàðà ïëàíèíà. Òîâà ïîëå íà íàïðåæåíèÿòà ñå õàðàêòåðèçèðà ñúñ ñóáõîðèçîíòàëíî ÑÈ—ÞÇ íàïðàâëåíèå íà îñòà s3 è âàðèàöèè íà îñòà s1 îò ñóáâåðòèêàëíî äî ÑÇ—ÞÈ íàïðàâëåíèå. Íàé-ìëàäîòî òåêòîíñêî ïîëå íà íàïðåæåíèÿòà ñå õàðàêòåðèçèðà ñ äîìèíèðàùà Ñ—Þ åêñòåíçèÿ. Ãëàâíîòî çàêëþ÷åíèå îò èçñëåäâàíåòî å, ÷å íàèñòèíà ñúùåñòâóâàò çíà÷èìè òåêòîíñêè ñòðóêòóðè ïî þæíèÿ ðúá íà Öåíòðàëíèÿ Áàëêàí, íî íå
îò âèäà, ïðèåìàí äî ñåãà. Ìíîãî îò ðàçêðèâàùèòå ñå òåêòîíñêè ðàçñåäíè ñòðóêòóðè ïîêàçâàò õàðàêòåðèñòèêè íà ñòàðè ïîâúðõíîñòè íà íàâëè÷àíå (èëè íà âúòðåøíî ïðåïëúçâàíå â
àëîõòîíà). Òåçè îôîðìÿùè þæíèÿ ñêëîí íà Öåíòðàëíèÿ Áàëêàí ñòðóêòóðè ñà îáðàçóâàíè
ïðåç íåîòåêòîíñêèÿ åòàï, íî íèòî åäíà îò òÿõ íå ïîêàçâà ñúâðåìåííà àêòèâíîñò. Íÿìà åäèííà çíà÷èìà ðàçëîìíà ñòðóêòóðà, à êîìáèíàöèÿ îò ðàçëîìíè ñòðóêòóðè, íÿêîè ïðåäñòàâëÿâàùè ñòàðè íàâëà÷íè ïîâúðõíîñòè. Íÿêîè ìëàäè ðàçñåäè, îáðàçóâàíè â êðàÿ íà ìèîöåíà ñà
áëàãîïðèÿòñòâàëè ïî-êúñíàòà åêñòåíçèÿ è îáðàçóâàíåòî íà ñúîòâåòíèòå ìëàäè ñåäèìåíòíè
áàñåéíè, íî òåçè ðàçëîìè ñà ñ ÿñíà êîñà îðèåíòàöèÿ ñïðÿìî È—Ç íàïðàâëåíèå íà þæíèÿ
ðúá íà Öåíòðàëíèÿ Áàëêàí. Ó÷óäâàùîòî å, ÷å íèêúäå íå ñå íàìèðàò ñëåäè îò àêòèâíà òåêòîíèêà, à è ñåèçìè÷íîñòòà å ìíîãî ñëàáà. Çàòîâà ìîæå äà ñå ïðåäïîëîæè, ÷å ïîâå÷åòî îò
äâèæåíèÿòà ñà îò òèïà íà êðèï ïî ëèñòðè÷íè ðàçëîìè, âîäåùè è äî ïðîìÿíà íà íàêëîíà íà
ñåäèìåíòèòå â ïðèëåæàùèòå ìëàäè áàñåéíè.
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