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Abstract. The Sredna Gora Zone holds a unique place in the tectonic subdivisions of the Balkanide orogen and 
its evolution is still a subject of debate. In the last twenty years, the idea of strike-slip-related evolution of the 
zone has been invoked. However, for the moment, the number of thorough studies where such a scenario is 
envisaged is limited, and substantial evidence based on detailed fieldwork is still missing. In this article, we 
discuss some of the major problems of the suggested wrench tectonic concept in the evolution of the central 
part of the Sredna Gora Zone. These are the character of some major shear zones in the area, to which strike-
slip movements are attributed, and the transtension-transpression evolution scenario for the Chelopech and 
Panagyurishte basins. Despite refuting completely their wrench tectonic-related evolution, we confirm the 
presence of strike-slip and oblique slip structures cutting the sediments, whereas the time of their activity and 
role in the deformation of the basin fill are yet to be revealed. Finally, we present a model based on natural 
examples and analogue modeling, in which the long-lived dextral Maritsa shear zone represents a zone of 
localized strain partitioning, separating the opposite vergent thrust belts of the Rhodope to the south and the 
Sredna Gora and Balkan fold-thrust belt to the north, during oblique or possibly orthogonal convergence.
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INTRODUCTION

The Sredna Gora Zone holds a special place in the 
tectonic subdivisions of the Balkanide orogen be-
cause it represents a Late Cretaceous magmatic arc 
and intra-arc basin, often crosscutting former major 
tectonic boundaries (Fig. 1; e.g., Boccaletti et al., 
1974; Aiello et al., 1977; Nachev, 1978; von Quadt 
et al., 2005). This is probably why it has always 
been difficult to define clearly its tectonic bounda-
ries (e.g., Ivanov, 2017). In the last twenty years, a 
large number of studies have been dedicated to the 
magmatism along the zone, while its tectonic evolu-
tion still remains poorly constrained. Early studies 
on its tectonics (e.g., Bončev, 1940; Karagjuleva et 
al., 1974) have already established the existence of 
a Late Cretaceous extensional phase associated with 

the opening of the arc related basin(s), followed by 
compression, all part of the Alpine orogeny. The 
main structures have been described as thrust and 
reverse faults associated with the formation of anti- 
and synforms in the Upper Cretaceous sediments 
(e.g., Karagjuleva et al., 1974).

Ivanov (1998) first launched the idea of the 
importance of wrench tectonics in the evolution 
of the Sredna Gora Zone. Consequently, in sev-
eral oral presentations and conference abstracts, 
he developed his ideas about the transpressive 
deformation in the zone, redefining most of the 
major thrust and reverse faults as strike-slip faults 
(e.g., Ivanov et al., 2001, 2002, 2004; Ivanov 
and Dimov, 2002). Although accepted by many 
of our colleagues without the necessary criticism 
and scientific rigor, these ideas have never been 
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openly and thoroughly discussed. Instead, most of 
the studies from this area ended up only as short 
conference abstracts or unpublished reports, often 
not available to the scientific community. The only 
exceptions are several studies combining detailed 
structural and AMS (anisotropy of magnetic sus-
ceptibility) analyses on several Late Cretaceous 
magmatic bodies along the Maritsa shear zone 
(Fig. 2; Georgiev et al., 2009, 2014; Henry et al., 
2012; Naydenov et al., 2013).

Indeed, the concepts of tectonic evolution of the 
central parts of the Sredna Gora Zone were influ-
enced also by the studies of Doglioni et al. (1996) 
and Vangelov et al. (2013), who presented a tran-
stension-transpressional model for the Alpine evo-
lution in the Eastern Balkan Zone (Fig. 1). Here 
we must mention also the paleostress analysis of 
Bergerat et al. (2010) acknowledging the existence 
of strike-slip faulting regimes in the evolution also 
of the eastern Sredna Gora Zone (northeast of Stara 
Zagora, Fig. 1). However, these studies lie out of 
the area and the scope of our study, and therefore 
will not be further discussed.

The Late Cretaceous sediments in the central 
part of the Sredna Gora Zone, cropping out in the 
Chelopech and Panagyurishte sedimentary strips, 
have been often described as pull-apart basins 
formed during active transtension and closed under 
transpression (Fig. 2; e.g., Antonov and Jelev, 2001; 
Jelev et al., 2003; Chambefort and Moritz, 2006). 
Unfortunately, these studies do not provide detailed 
structural data or the so-important sedimentary fa-
cies analysis supporting such a scenario, and hence 
do not offer a plausible model of their presumably 
strike-slip-related evolution.

Highly regrettable is also the fact that these con-
cepts, unsupported by solid research, penetrated 
several review papers on the evolution of the Apuse-
ni–Banat–Timok–Sredna Gora magmatic belt (Fig. 
1; e.g., von Quadt et al., 2005; Zimmerman et al., 
2008; Gallhofer et al., 2015) and have gained in-
ternational recognition. Unfortunately, these ideas 
have also been embraced by the geological teams 
of mining companies in the area. Several important 
porphyry copper and polymetallic vein deposits are 
presently mined in the central part of the Sredna 
Gora Zone (Fig. 2; Elatsi, Chelopech, Asarel), and 
this will undoubtedly influence the strategies for 
further exploration. An example of such is a sci-
entific report of the US Geological Survey (Drew, 
2005), where the strike-slip tectonic model for the 
Bulgarian part of the Apuseni–Banat–Timok–Sred-
na Gora magmatic belt is based only on a confer-
ence abstract of Ivanov et al. (2000) and further 
suppositional constructions.

Over time, we have accumulated a lot of obser-
vations and knowledge along this particular area, 
which we would like to share now with the geologi-
cal scientific community. In this article, we discuss 
some of the problems of the wrench tectonics con-
cept for the evolution of the central Sredna Gora 
Zone. This includes some of the major tectonic fea-
tures, to which the strike-slip character was attrib-
uted, as well as the evolution of the Late Cretaceous 
basins. Finally, we present an alternative model for 
the evolution of the area, which we believe better 
fits the regional tectonic frame.

SHORT GEOLOGICAL BACKGROUND

At present, it is largely accepted that the Sredna 
Gora Zone in Bulgaria represents part of a large 
Late Cretaceous magmatic belt, which can be fol-
lowed from the Apuseni Mountains to the Black 
Sea (Fig. 1), formed above the subducting to the 
north, below the European plate, Neotethys slab 
(e.g., Boccaletti et al., 1974; Gallhofer et al., 
2015). The magmatic activity was coeval with the 
formation of several volcano-sedimentary basins, 
or possibly one large basin with several depocent-
ers, filled with Cenomanian to Maastrichtian de-
posits (e.g., Dabovski et al., 2009; Ivanov, 2017). 
At present, in Bulgaria, the Upper Cretaceous sed-
iments crop out in four distinct areas: Sofia, Pa-
nagyurishte, Stara Zagora, and Burgas (Fig. 1). In 
the central part of the zone, the folded and thrust 
sequences form three relatively narrow tectonic 
slivers named Chelopech, Panagyurishte, and Sta-
ra Zagora strips (Figs 1, 2; e.g., Dabovski et al., 
2009; Ivanov, 2017).

The Sredna Gora Zone was also involved 
in two major Alpine (post-Triassic) compres-
sional phases. During the first one, the Early 
Alpine phase (Late Jurassic–Early Cretaceous), 
the whole zone, together with the Balkan Zone 
to the north, was involved in the closure of the 
Triassic–Early Cretaceous basin and north-ver-
gent thrusting along the Balkan fold-thrust belt 
(e.g., Vangelov et al., 2013). During the sec-
ond compressional phase, the Late Alpine (Late 
Cretaceous–Paleogene), Late Cretaceous basins 
were closed and deformed again along the north-
vergent thrust and reverse faults (e.g., Bonchev 
1940). The translations were apparently smaller, 
compared to the first phase, varying in amplitude 
and character at different places along the orogen 
(Vangelov et al., 2013). For example, farther to 
the west in the Southern Carpathians, more ex-
tensive translations have been recorded compared 
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Fig. 1. Tectonic map of the central part of the Balkan Peninsula (modified after Schmid et al., 2008) showing major tectonic units 
and the occurrences of Late Cretaceous volcaniclastic basins from the Apuseni–Banat–Timok–Sredna Gora belt (shaded area). The 
box outlines Fig. 2. EB – East Balkan Zone.

to the Balkan fold-thrust belt (e.g., Schmid et 
al., 2008). The continuation of the Sredna Gora 
Zone there (i.e., the Getic unit) in fact represents 
a far-traveled nappe sheet confined between the 
Supragetic (above) and Danubian (below) nappes 
(Fig. 1).

The following Cenozoic evolution of the zone 
is not well constrained. It was a region of at least 
two extensional phases related to the formation of 
continental to marine late Eocene–Oligocene and 
Neogene–Quaternary basins (e.g., Burchfiel et al., 
2008; Kounov et al., 2018).
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Fig. 2. Geological map of part of the central Sredna Gora Zone, with major fault structures. The boxes outline Figs 4, 5.

MAJOR REGIONAL TECTONIC ZONES

Herein, we discuss the major tectonic zones from 
the central part of the Sredna Gora Zone, to which 
a strike-slip character has been attributed at certain 
stages of their evolution. Other important structures, 
related to the deformation of the Upper Cretaceous 
sediments in the area, are discussed further below.

Maritsa fault zone

The Maritsa fault zone was introduced for the first 
time by Bonchev (1946) as a major lineament sepa-
rating the Rhodope from the rest of the Balkanides, 
whereas its strike-slip character was later proposed 
by Ivanov et al. (1989). The Maritsa fault zone is 
indeed considered as one of the major tectonic fea-
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tures in the eastern part of the Balkan Peninsula, 
which can be traced from the area of Sofia to Edirne 
(Fig. 1) and which is characterized by its longevity 
(e.g., Bonchev, 1946). Careful examination of stud-
ies dedicated to this zone clearly shows that the ex-
istence of such a continuous regional tectonic struc-
ture has never been clearly established. Instead, 
many different in their character, age and extent 
shear zones and brittle faults have been described. 
However, it must be noted that this zone remains 
the only tectonic structure in the Sredna Gora Zone 
where a strike-slip character is confidently recog-
nized. Below, we make a short review of the stud-
ies on different segments along the eastern part of 
the zone, which has direct connection to the present 
discussion.

Iskar-Yavoritsa fault zone

This structure was first described by Dimitrov, 
(1937) as a steep fault zone along the Iskar River 
Valley (SE of Sofia, Fig. 2), where it was later fur-
ther extended to the Pazardzhik area by Boyadjiev 
(1971) who named it the Iskar-Yavornishki fault 
zone. In fact, despite a map-view spatial continu-
ity with similar kinematics along the whole zone, it 
can be considered as two distinct segments. The one 
studied in more detail, traced from the Iskar Dam to 
the Upper Thracian Basin, was later described as the 
Iskar-Yavoritsa ductile shear zone (Iskar-Yavoritsa 
SZ on Fig. 2; Georgiev et al., 2009). Georgiev et 
al. (2009) presented structural and AMS data sug-
gesting that dextral strike-slip movements along the 
zone controlled the syntectonic emplacement of Late 
Cretaceous (86–75 Ma) granitic plutons. Field data 
and those obtained from the AMS analysis reveal 
that lineations generally plunge towards the NW at 
moderate angles, suggesting that the dextral shear-
ing had a large vertical component. Similar results 
were reported also by Henry et al. (2012) for the 
Kapitan-Dimitrievo pluton northwest of Krichim 
(Fig. 2), although a particular shear zone in the area 
was not described. Later, Georgiev et al. (2014) 
presented structural and AMS studies from another 
Late Cretaceous pluton situated along the Maritsa 
fault zone (Plana pluton, Fig. 2), showing that its 
emplacement was spatially and temporally related 
to another subvertical shear zone (the Okol shear 
zone, Fig. 2) characterized by vertical movement. 
All these studies suggest a transpressional tectonic 
regime related to dextral shearing along the Iskar-
Yavoritsa zone and the syn-kinematic emplacement 
of the granites between 86 Ma and 78 Ma. Such 
a suggestion requires some strain partitioning be-
tween the transpressive Iskar-Yavoritsa shear zone 

and the extensional basins to the north, which at 
that time experienced thermal subsidence during the 
early post-rift stage (Bergerat et al., 2010).

The second segment, traced between Sofia (area 
of Pancharevo Dam) and the Iskar Dam, is known 
as the Iskar fault zone (Fig. 2). It is a brittle dextral 
fault zone that may be the northeast prolongation 
of the Late Cretaceous Iskar-Yavoritsa ductile shear 
zones. However, the entirely brittle character of 
shearing and its supposed Paleogene age (Gerdjikov 
et al., 2015) suggest that the zone could represent 
an independent segment of the Maritsa fault system.

North Rhodopean Unit

This unit includes high-grade metamorphic rocks 
cropping out in the northernmost slopes of the Rho-
dope Mountains along the Maritsa River Valley 
(Ivanov et al., 1989; Ivanov, 2017). The North Rho-
dopean Unit is the northernmost tectonic element 
of the Rhodope metamorphic complex, situated be-
tween the Northern Rhodope shear zone (Gerdjikov 
and Gautier, 2006) and the Iskar-Yavoritsa shear 
zone (Fig. 2). The penetrative ductile fabric re-
cords a dextral strike-slip sense of shear (Ivanov et 
al., 1989; Naydenov et al., 2013). Naydenov et al. 
(2013) presented detailed structural studies, com-
bined with U-Pb datings (from the area between 
Kostenets and Krichim, Fig. 2) from a part of the 
Maritsa shear zone, suggesting prolonged synmeta-
morphic evolution (from ~130 Ma to ~78 Ma). It 
must be noted that, in some studies (Sarov, 2006; 
Naydenov et al., 2013), the North Rhodopean Unit 
is regarded as a part of the newly introduced Thra-
cian lithotectonic unit.

Shear zones in the Sredna Gora Variscan 
basement

North of the Iskar-Yavoritsa shear zone, within 
the Variscan high-grade metamorphic complex of 
the Sredna Gora Zone, several sub-parallel NW-
SE trending brittle faults have been identified 
(e.g., Iliev and Katskov, 1993). In the area of the 
Topolnitsa Dam, along one of these zones, Bonev 
(1996) described ductile sub-vertical mylonites 
bearing sub-horizontal lineations and showing 
dextral sense of shear (Fig. 2). Later, Velichko-
va et al. (2004) reported muscovite and biotite 
40Ar/39Ar ages between 105 Ma and 99 Ma from 
these zones, interpreted as the age of the shearing. 
These 40Ar/39Ar data are very important as they are 
suggesting ductile deformation in the area of the 
Maritsa fault zone at the boundary between the 
Early and Late Cretaceous.
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Kashana shear zone and the problem of the 
Late Cretaceous magma emplacement

After the first detailed works along the Zlatitsa part 
of the Stara Planina Mountains, an approximately 
E-W trending, north-vergent Alpine fault zone was 
recognized (Kouikin et al., 1971; Antonov, 1976). 
The zone was called the Kashana thrust and was re-
garded as the main tectonic boundary in the central 
parts of the Balkan fold-thrust belt, separating the 
Balkan units from the Sredna Gora Zone (Fig. 2; 
Ivanov, 1998, 2017; Antonov et al., 2010). Later, 
this tectonic zone was reinterpreted as a dextral 
strike-slip fault connecting isolated north-vergent 
thrust segments (Ivanov et al., 2004; Petrov, 2005a, 
b; Petrov and Nedkova, 2011). Although this inter-
pretation was based mainly on studies in the Elat-
site open pit mine, it was suggested that the zone 
controlled not only the Late Cretaceous magma em-
placement in the area but also the Chelopech Basin 
formation (e.g., Ivanov et al., 2004).

In several conference abstracts, unpublished re-
ports and papers (Ivanov et al., 2004; Petrov, 2005a, 
b; Petrov and Nedkova, 2011), the steeply dipping 
set of NW-SE oriented dextral (named R-shears) 
and NE-SW oriented sinistral (named R′-shears) 
strike-slip faults, together with generally subequa-
torial dextral strike-slip faults (named P-shears) ob-
served in the Elatsite open-pit mine (Fig. 3a), were 
associated with the NE-SW trending Kashana shear 
zone. Although the cited above publications do not 

present any diagrams and other schemas with the 
orientation of the described structures, if we con-
sider the given by Petrov (2005a) azimuths for the 
presented as conjugated R-shears fault sets (125°–
135° for the NW-SE oriented dextral and 40°–70° 
for the NE-SW oriented sinistral strike-slip faults; 
Fig. 3b), it becomes clear that the proposed model 
is wrong. The above azimuths show that the bisec-
tor of the acute angle between the fault sets is rather 
E-W oriented (Fig. 3b), and therefore they could not 
represent a conjugate pair of R-shears. Given their 
sense of movement, such a pair of conjugate fault 
sets must have a N-S oriented bisector of the acute 
angle, which would coincide with the maximum 
stress axis (Twiss and Moores, 2001) and conse-
quently the P-shear faults would not have the sub-
equatorial orientation as presented above.

Although all these faults cut the magmatic bod-
ies in the mine pit, relative parallelism of some of 
the faults with these dykes and small stocks allowed 
Petrov (2005b) to suggest that the described struc-
tures controlled the Late Cretaceous magma em-
placement under a general transpressional regime. 
On the other hand, Handler et al. (2004) relate the 
magma emplacement to a general N-S extension, 
evidenced by the subequatorial trend of the observed 
in the mine dykes and veins. Additionally, Geor-
giev (2004) suggested that the Elatsite magmatic 
body was simply emplaced in the space between 
the southern contact of the Carboniferous Vezhen 
pluton and the south-dipping Kashana thrust zone 
(Fig. 3a).

There are now several studies (e.g., Gerdjikov 
and Georgiev, 2005, 2006a; Lazarova et al., 2006; 
Nanov et al., 2016) that have clearly proved that 
this zone has the characteristics of a generally low-
grade, brittle-ductile to ductile, thrust fault, which 
was most probably active during the Early Creta-
ceous (Fig. 2). It is well traced now along the south-
ern border of the mine pit, where it is represented by 
a brittle-ductile shallow, dipping to the south, wide 
shear zone, developed entirely in the Paleozoic 
phyllites (Figs 2, 3a, 4; Georgiev, 2004, 2008), and 
where it is cut by the later steeply dipping strike-slip 
faults and Late Cretaceous magmatic rocks (Nanov 
et al., 2018).

THE BASINS

East of Sofia, in the central part of the Sredna Gora 
Zone, two slivers of folded and imbricated Upper 
Cretaceous sediments are named the Chelopech and 
Panagyurishte strips (e.g., Dabovski et al., 2009; 
Ivanov, 2017). In reality, they represent remnants of 

Fig. 3. a) Geological map of the Elatsite mine open pit with 
traces of the fault structures (modified after Petrov, 2005, and 
Cotesta, 2015). b) Rose diagram of the conjugate fault sets in 
the mine pit as described by Petrov (2005).
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basins filled with mainly marine sediments and vol-
caniclastics, which were probably part of one and 
the same large basin during the post-rifting period 
of its evolution. Therefore, further in the discus-
sion, we will refer to them as basins (Fig. 2). Below,  
we tackle the proposed transtensional-transpres-
sional theory for the evolution of these basins, con-
fronting it against the field evidence and simple 
geological logic.

Pull-apart versus half-graben basins

Structural characteristics

Although there are several papers where the pull-
apart character of the Chelopech and Panagyurishte 
basins is mentioned (e.g., Chambefort and Moritz, 
2006, 2014; Georgiev et al., 2009; Gallhofer et al., 
2015; Vangelov et al., 2019), there are none where 
direct structural evidence based on field observa-
tions for such an evolution is presented. Only the 
study of Jelev et al. (2003) suggested, for the Chelo-
pech Basin, that its pull-apart evolution was con-
trolled by strike-slip movements along the so-called 
Sub-Balkan deep-seated fault (Bončev, 1961). The 
latter is an unproved structure introduced by Bončev 
(1961), encompassing contrasting by their character 
and time of their activities faults described along the 
southern slope of the Stara Planina Mountains. Its 
proposed manifestation today includes the subequa-

torial normal faults developed along the southern 
slope of the Stara Planina Mountains, bordering the 
Chelopech Basin to the SSW and SE (Fig. 4). Jelev 
et al. (2003) present neither structural observations 
and analysis nor any figures, and therefore we can 
conclude that the presented pull-apart basin evolu-
tion model is based mainly on hypothetical con-
structions.

We suspect that the idea for a pull-apart charac-
ter of both basins originates from the shape of the 
cropping-out remnants of Upper Cretaceous sedi-
ments in the area, as well as from the orientation of 
the tectonic structures bordering them (Figs 2, 4, 5). 
It is true that they represent near rhomboidal, gener-
ally NW-SE elongated, strips, but this is their only 
resemblance with pull-apart basins.

Most of the faults bounding the present-day 
remnants of the Upper Cretaceous sediments in the 
central part of the Sredna Gora Zone are reverse to 
thrust faults and later normal faults, which strongly 
suggests that the present-day shape of the basins is 
related mainly to their deformation during their in-
version and later extensional evolution. The particu-
lar rhomb-like shape of the SE margin of the Chelo-
pech Basin is simply due to the existence of reverse to 
thrust faults, oblique to the basin elongation, partially 
reactivated as normal faults (Fig. 4). Also important 
is the fact that the NE boards of the Chelopech and 
Panagyurishte basins are generally not fault-bound-
ed (Fig. 2, e.g.; Iliev and Katskov, 1990; Vangelov 

Fig. 4. Geological map of the Chelopech Basin with major fault structures (modified after Antonov et al., 2010, and Angelov et 
al., 2010).
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et al., 2019). Interestingly, the NW terminations of 
both basins wedge out below several reverse fault 
structures (Figs 2, 4, 5). Another fact incompatible 
with pull-apart basin evolution is the striking ab-
sence of any diagonal (cross-basin) fault structures 
typical for strike-slip type basins (e.g., Wu et al., 
2009). We, therefore, conclude that the structure of 
these basins clearly does not present any structural 
characteristics of pull-apart or any other type of 
strike-slip basin. Moreover, strike-slip and sidewall 
extensional faults along the basin boundaries (e.g., 
Wu et al., 2009), which would control its evolution, 
were not recognized.

Of course, extensional non-reactivated struc-
tures from the early rifting period of the evolution 
of both basins are probably not well preserved. The 
only structures, which, for the moment, can be at-
tributed to the rifting period, are segmented syn-
sedimentary normal faults observed mostly along 
the NNE margin of the Chelopech Basin (Figs 4, 6).  
Unfortunately, the existence of such structures 
along the opposite SSW margin of the basin could 

not be proven because this part has been strongly 
eroded and/or disintegrated by the compressional 
and later extensional structures (Figs 4, 6). Never-
theless, the existence of normal faults parallel to the 
basin margin is rather suggestive of an extensional 
graben character. Diagonal extensional structures, 
so typical for strike-slip-related pull-apart basins, 
or en-échelon extensional faults along its margin, 
characteristic for the transtensional basins (e.g., Wu 
et al., 2009), were not observed.

The deformation of the basin’s fill is relat-
ed to NW-SE trending thrust and reverse faults  
(Figs 4–7). Their steep, to the SW, dip could be be-
cause they represent inverted normal faults related 
to the rifting period (Figs 6, 7). It is important to 
notice that these NE-vergent reverse faults are de-
veloped mostly along the SW margin of the former 
basins (Figs 2, 4–7), which is more compatible with 
the reactivation of half-graben structures rather than 
pull-apart basin.

Unfortunately, the appropriate structural and 
paleostress analyses regarding strike-slip faults in 

Figure 5. Geological map of the Panagyurishte Basin with major fault structures (modified after Iliev and Katskov, 1990).
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both basins mentioned in several papers (e.g., An-
tonov and Moev, 1978; Jelev et al., 2003; Chambe-
fort and Moritz, 2006) are non-existent. Our obser-
vations clearly show that the strike-slip fault struc-
tures cut not only the Upper Cretaceous sediments 
but also most other structures (reverse and normal 
faults). This clearly shows that they have nothing 
in common with the opening of the basins and their 
syn-rift evolution.

Sedimentary facies distribution

It is true that tectonic structures related to the ex-
tensional stage of basin evolution are often poorly 
preserved due to the consequent inversion tecton-
ics, and therefore their recognition and interpreta-
tion remain challenging. However, the sedimentary 
facies distribution is often better preserved and rep-
resents, together with the evolution of the depocent-

Fig. 6. Interpretative profile through the Chelopech Basin based on surface observations. For location, see Fig. 4 trace AA′. Litho-
logical key as in Fig. 4. Scale V = H.

Fig. 7. Interpretative profile through the Panagyurishte Basin based on surface observations. For location, see Fig. 5 trace BB′. 
Lithological key as in Fig. 5. Scale V = H.

ers, sound evidence for the style of the basin evolu-
tion (e.g., Nilson and Sylvester, 1995; Noda, 2013). 
Strike-slip basins, for example, are characterized 
by lateral migration of the depocenters in the same 
directions as source terranes along the principal dis-
placement zones and generally opposite of the di-
rection of axial sediment transport (e.g., Nilson and 
Sylvester, 1995; Noda, 2013). Unfortunately, stud-
ies dedicated to facies evolution and distribution in 
both basins are still missing; nevertheless, a careful 
examination of the available geological maps (Iliev 
and Katskov, 1990; Antonov et al., 2010) gives 
some basic information on the evolution. Herein, 
we report a total lack of sedimentary properties 
indicative of pull-apart or any other type of strike-
slip basin evolution. The coarse basal sediments 
are deposited mainly along the northern margins of 
both basins, or next to inverted normal faults in the 
middle of the basin (e.g., Panagyurishte basin), and 
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are rare or completely missing along their southern 
board (Figs 4–7). This distribution is more compat-
ible with the formation of half-grabens in the evolu-
tion of the basin.

Another characteristic of pull-apart basins is 
their large stratigraphic thickness relative to the 
basin size (e.g., Hempton and Dunne, 1984; Gür-
büz, 2010). Empirical linear relationship between 
the basin length and depth is suggested as a direct 
consequence of the amount of the master fault dis-
placement (Rodgers, 1980), based on the data from 
ancient and modern pull-apart basins (e.g., Hemp-
ton and Dunne, 1984). The maximum lengths of the 
Chelopech and Panagyurishte basins are about 25 km  
and 80 km, respectively (Figs 2, 4, 5). Therefore, 
according to the above-mentioned relationship, if 
they were pull-apart basins, the sedimentary thick-
ness should be of at least 2 km for the Chelopech 
and between 5 km and 7 km for the Panagyurishte 
Basin (Hempton and Dunne, 1984). The estimat-
ed thicknesses for these basins are far from these 
numbers, especially for the Panagyurishte Basin, 
with a maximum sediment thickness of not more 
than 2 km (Iliev and Katskov, 1990). There is clear 
evidence that the maximum thicknesses measured 
today in both basins are close to the real values 
reached during their evolution. Firstly, the basin fill 
presents the whole cycle characteristic of the exten-
sional basins, from the syn-rift coarse deposits to 
the post-rift, related to the thermal subsidence, car-
bonate Mirkovo and turbiditic Chugovitsa forma-
tions, which suggest that probably not much of the 
sedimentary succession is missing. The transition 
from fine-grained distal turbidites towards coarser 
and more shallow-water sedimentation upward in 
the Chugovitsa Formation is a testimony to the be-
ginning of the inversion in the basin(s) (Vangelov et 
al., 2019). Secondly, the Maastrichtian sediments of 
the Chugovitsa Formation are unconformably over-
lain by continental Danian (Zagorchev et al., 2001) 
deposits, which leave relatively little time for sub-
stantial erosion of the Upper Cretaceous succession.

The only modern study from the area under dis-
cussion, containing detailed sedimentological data, 
is that of Vangelov et al. (2019), who described four 
stratigraphic logs from the middle of the Panagy-
urishte Basin. The difference in the basal units in 
the sections from the hanging wall of the Petrich 
fault and those from the NE unfaulted border of the 
Panagyurishte Basin (Fig. 5) are noticeable. Along 
the hanging wall of the Petrich fault, the sequence 
begins with thick, coarse clastic sediments, depos-
ited probably along the active normal fault, which 
was later inverted during compression (Fig. 7), 
while, along the NE non-faulted border of the basin, 

the sedimentation starts directly with marine sedi-
mentation. This fact suggests that the NE border of 
the basin was probably not tectonically active dur-
ing the evolution of the basin, which is incompatible 
with pull-apart basin evolution (Fig. 7). Upward, 
the sedimentation in the basin shows some verti-
cal and lateral changes, which were controlled by 
the formation and the evolution of several volcanic 
centers (Fig. 5). Therefore, we conclude that the 
evolution of the basin was controlled by NW-SE 
trending, dipping to the SW, normal faults, which 
were later reactivated as reverse faults during the 
inversion and the deformation of the basin fill 
(Figs 5, 7).

Transpression versus compression during  
the closure of the basins

Deformation in the Chelopech and Panagyurishte 
basins is discussed in several papers (e.g., Karagju-
leva et al., 1974; Antonov and Moev, 1978; Popov 
and Mutafchiev, 1980; Dotseva et al., 2016; Gerd-
jikov et al., 2019; Gerdjikov et al., in press). In a 
few of them, its transpressive character is evoked 
(Antonov and Jelev, 2001; Chambefort and Moritz, 
2006; Balkanska et al., 2018), as some of the thrust 
and reverse fault structures were reinterpreted 
as strike-slip faults. Due to the fact that there are 
several differences in the structures related to the 
deformation of both basins, we will discuss them 
separately.

Chelopech Basin

This basin is relatively better studied than the Pa-
nagyurishte Basin, thanks to the presence of the 
Chelopech gold mine in the area (Fig. 2). Our de-
tailed studies in the eastern and central parts of the 
basin clearly show the evident lack of structures 
indicative of wrench tectonics. To the SSW, the ba-
sin is bordered by a system of relatively steep to 
almost vertical, N-vergent, reverse faults, part of 
the Bunovo-Anton fault zone, which can be fol-
lowed along the southern slopes of the Stara Planina 
Mountain between Bunovo and Anton (Figs 4, 6; 
Dotseva et al., 2016). The zone follows the trace of 
the Variscan ductile Stargel-Boluvanya shear zone, 
separating the low- and high-grade metamorphic 
rocks of the pre-Alpine basement, and is strongly 
overprinted by the normal fault system bordering 
the Neogene–Quaternary Zlatitsa Basin (Zlatitsa 
graben normal fault; Gerdjikov et al., 2017), which 
testifies to repeated reactivations (Fig. 4). The 
movements along the Bunovo-Anton fault zone led 
to the formation of a fault-propagation fold where 
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the backlimb is not preserved due to exhumation 
and the subsequent erosion along the hanging wall 
(Fig. 6). Although partially destroyed, the forelimb 
represents a vertical to overturned southern limb of 
the footwall Chelopech syncline (Fig. 6). Along the 
SSW border of the basin, the Bunovo-Anton fault 
zone represents a ≤1 km wide zone including sev-
eral generally NNE-vergent reverse faults, where 
some opposite-vergent secondary structures were 
also observed. Between Mirkovo and Chelopech, 
the main structure, along which the basement rocks 
are thrust onto the basin sediments, is covered by 
the Quaternary sediments, where the sub-thrust 
zone composed of several reverse faults, cutting 
through the sediments, is well exposed (Figs 4, 6; 
Dotseva et al., 2016). In the area of Chelopech, 
along the SE border of the basin, the Bunovo-Anton 
fault zone is SW-NE oriented. Here, the main struc-
ture is also covered by Quaternary sediments and 
several SE-vergent reverse faults, together with the 
NW ones, are also observed (Fig. 4). This bending 
of the zone is still not well understood. Antonov and 
Jelev (2001) reported interfering structures in the 
area of Chelopech, suggesting that the NW-vergent 
reverse faults (Chelopech duplex) postdate the NNE 
vergent ones. The authors advocate that the SW-NE 
trending reverse faults, from the SE margin of the 
basin, were formed during a later transpressional 
stage. Such a scenario remains unrealistic because 
there is no evidence either for the required reactiva-
tion of the WNW-ESE trending reverse faults from 
the SSW border of the basin as strike-slip faults or 
for the existence of such faults along the opposite 
NNE margin.

The sediments in the basin are folded general-
ly in a WNW-ESE orientation in the central part, 
and NE-SW in the eastern part of the basin folds, 
parallel to the bordering reverse faults (Figs 4, 6). 
Oblique structures, typical of transpression, are 
absent. Therefore, it is clearly established that the 
main structures relating to the deformation of the 
basin are incompatible with wrench tectonics.

Structures that have eventually been related to the 
wrench tectonics scenarios are the faults measured 
in the Chelopech underground mine (e.g., Popov 
and Popov, 2000; Jelev et al. 2003; Chambefort and 
Moritz, 2006). Based on detailed structural mapping 
and drill-core descriptions, three fault populations 
(~N55-, ~N110-, and ~N155-trending faults) have 
been recognised (e.g., Antonov and Moev, 1978). 
It is widely accepted that hydrothermal alteration 
and the ore body geometry at the Chelopech mine 
are controlled by the ~N55- and ~N110-trending 
faults, and therefore it was supposed that all three 
fault sets were formed before the beginning of the 

compression and the final closure of the basin (An-
tonov and Moev, 1978; Popov and Popov, 2000; 
Jelev et al. 2003; Chambefort and Moritz, 2006). 
However, it must be noted that the character and 
sense of movement of these faults are usually not 
reported (e.g., Dobrev and Kuzmanova, 2015). The 
research of Chambefort and Moritz (2006) is the 
only study where some information on the charac-
ter of these faults is presented. The generally NE-
trending structures are described as ~N20- to N55-
orientated and approximately dipping at 40° to 50° 
to the SE thrusts or reverse faults. The E-W oriented 
structures are described as ~N90- to N110-trending 
and subvertical to 60° dipping to the south dextral 
strike-slip faults, and finally the SE-trending struc-
tures are described as ~N135- to N170-trending, 
mainly sub-vertical, strike-slip faults. The authors 
admit that the relative fault chronology is difficult 
to determine but suggest that the SE-trending strike-
slip faults have served as tear faults between differ-
ent segments of the NE-oriented thrust and reverse 
faults. The E-W trending strike-slip faults are de-
scribed as pre-dating the tear faults. We confirm the 
existence, also on the surface, of the NE-oriented 
reverse and SE-trending strike-slip faults and their 
relationships as described above (Fig. 4).

However, we consider as unrealistic the evolu-
tionary model of Chambefort and Moritz (2006) 
made on the basis of the above-mentioned structural 
observations and evoking transtension-transpres-
sional evolution. It is based on data from a relatively 
restricted area of the mine, which additionally con-
tradict the recent 3D computer modeling of Dobrev 
and Kuzmanova (2015) based also on underground 
fault measurements. Secondly, the model does not 
take into account the tectonic structures from the 
central and western parts of the basin, which are very 
different from those in the east. Thirdly, it presents 
non-existent structures as NE-SW trending normal 
faults controlling the opening of the basin as well 
as major E-W trending strike-slip faults bordering 
it. The non-existence of such fault sets is confirmed 
not only by our own field data, but also by recent re-
mapping of the area (Antonov et al., 2010).

Our observations from the central part of the 
basin prove the existence of at least two sets, one 
E-W and the other roughly N-S trending, mainly 
dextral, strike-slip faults together with the gener-
ally WNW-ESE oriented reverse faults. The ~N-S 
strike-slip faults could be related to the thrusting 
(acting as tear faults) in the same way as the NW-SE 
trending strike-slip faults from the Chelopech area  
(Fig. 4). The tectonic conditions, as well as the 
time of formation of subequatorial set of strike-slip 
faults, remain still unclear.
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Panagyurishte Basin

Up to now, there is no single publication discussing 
the strike-slip tectonics in this basin. Ivanov (1998, 
2017) reinterpreted the main tectonic zones related 
to the deformation of the basin as dextral strike-slip 
faults without presenting any supporting evidence.

Our studies in the area, together with examina-
tion of the published maps and papers, do not give 
any evidence of significant wrench tectonics in 
the basin (e.g., Karagyuleva et al., 1974; Iliev and 
Katskov, 1990; Gerdjikov et al., 2019). The defor-
mation of the basin fill is related to formation of 
several NW-SE trending, SW dipping, steep thrusts, 
virtually representing reverse faults, along which 
part of the basement has been exhumed (Figs 5, 7). 
Regional-scale deformation of the footwall sedi-
ments is characterized by formation of semi-pen-
etrative structures as decimeter-scale imbricates, 
striated shear planes and mostly NW-SE oriented 
folds (Fig. 8a; Gerdjikov et al., 2019, in press). It 
is also important to note that no oblique structures 
are observed in the basin and the main anti- and 
synclines are NW-SE trending, parallel to the main 

reverse faults (e.g., Karagyuleva et al., 1974; Iliev 
and Katskov, 1990; Gerdjikov et al., in press; Figs 
5, 7). As in the Chelopech Basin, the maximum dis-
placement is focused along its SW border, where 
crystalline basement is exhumed (Figs 5, 7). Along 
the NE margin, the sediments preserve its trans-
gressive contact, which remains mainly unfaulted  
(Fig. 5). As it was mentioned in the previous chap-
ter, some of the reverse faults present characteristics 
of inverted normal faults (Fig. 7).

The basin is bordered to the SW by the Kamen-
itsa-Rakovitsa fault zone, comprising NE-vergent 
reverse faults (Figs 5, 7; Karagyuleva et al., 1974; 
Gerdjikov et al., 2019, in press). Along this zone, Or-
dovician and Variscan high-grade rocks were thrust 
onto the Upper Cretaceous sediments (Figs 5, 7). 
Shear sense indicators, such as calcite fibers, im-
bricate structures and shallow dipping to the SW 
shear planes, indicate top-to-the-N to NE sense of 
movement (Gerdjikov et al., 2019, in press). Farther 
to the south, the Panagyurishte Basin is bordered 
by the Stefanchovski fault (Fig. 5; Karagyuleva et 
al., 1974), which represents a continuation of the 
Kamenitsa-Rakovitsa fault zone. To the northeast, 

Fig. 8. a) NW-SE oriented meter-scale closed upright fold in the clastic turbidites of the Upper Cretaceous Chugovitsa Formation. 
b) High-resolution Google Earth image showing the trace of the Panagyurishte fault, well marked on the present-day relief with 
a notable relative rise of the southwestern block. c) Sub-horizontal striations on the fault plane in the Middle Triassic dolostones 
along the Petrich fault zone. d) Steeply-dipping striations on the SW-dipping fault plane in the Upper Cretaceous siltstones of the 
Chugovitsa Formation along the Petrich fault zone. e) Shallow, dipping to the southwest, synthetic Riedel shears often observed in 
the soft sediments of the turbiditic Chugovitsa Formation along the steeply dipping in the same direction Petrich fault zone.
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the basin is partially bordered by the Panagyurishte 
fault, a structure whose character and real extent are 
not fully clear (Fig. 5). Karagyuleva et al. (1974) 
described it as a SW-vergent reverse fault, along 
which the Variscan granites and high-grade meta-
morphic rocks override the Upper Cretaceous sedi-
ments of the basin (Fig. 5). These authors were also 
the first to report the tectonic contact of the basin 
sediments with Pliocene–Quaternary sediments, 
suggesting younger, normal fault movements along 
the Panagyurishte fault. Such a suggestion is sup-
ported by the fact that, unlike the other tectonic 
structures related to the deformation of the basin, 
the trace of this fault is well marked on the present-
day relief with notable relative rise of the SW block 
(Fig. 8b). In light of the inversion model for the evo-
lution of the Panagyurishte Basin presented here-
in, we interpret the Panagyurishte and the situated 
west of it Krasen faults (Fig. 5) as inverted during 
the compression extensional structures which con-
trolled the deposition of the Paleogene sediments 
in the area (Figs 5, 9a, b). Later, the newly formed 
south-vergent reverse fault was reactivated as a nor-
mal fault (Fig. 9c).

The NW part of the Panagyurishte Basin is split 
into two branches by the Negushevo fault zone, 
along which hanging wall pre-Cretaceous basement 
is exhumed (Fig. 5; Bontscheff, 1910). It is now well 
established that this zone represents a N-NE-vergent 
compressional fault zone (Gerdjikov et al., 2019).

The logical continuation of the Negushevo fault 
zone to the SE is the Petrich fault (Figs 5, 7; Karagy-
uleva et al., 1974; Vangelov et al., 2019; Gerdjikov 
et al., 2019), which cuts through the sediments of 
the Panagyurishte Basin in the area of Petrich. De-
spite having been regarded for long time as an im-
portant north-vergent compressional structure (e.g., 
Karagyuleva et al., 1974), it was later reinterpreted 
by Ivanov (1998, 2017) as a dextral strike-slip zone. 
Recently, some observations supporting this view 
were evoked by Balkanska et al. (2018). They cited 
imbricate fans, contractional duplexes and push-up 
blocks of Triassic rocks along the fault zone, sug-
gesting dextral strike-slip movement. Although we 
have observed some sub-horizontal striations (Fig. 
8c), it must be noted that steeply dipping striations 
are also typical for the fault zone (Fig. 8d). A char-
acteristic of the relatively steeply dipping to the SW 
Petrich fault zone are also shallow dipping in the 
same direction synthetic Riedel shears, often ob-
served in the soft sediments of the turbiditic Chu-
govitsa Formation (Fig. 8e). Therefore, even if we 
suppose the existence of both dip- and strike-slip 
movements along this fault, their time and space 
relationships must be further clearly established. 

Finally, we find the reported by Balkanska et al. 
(2018) horsetail splay termination of the fault as 
speculative (Fig. 5).

Along the fault planes cutting the Panagyurishte 
Basin sediments and their basement, we have ob-
served both dip- and oblique-slip striations, show-
ing reverse sense of movement, together with 

Fig. 9. Evolutionary structural model (not to scale) for the sec-
tion through the Panagyurishte and Krasen faults, southeast of 
Panagyurishte (Panagyurishte Basin). The extensional phase, 
with deposition of Paleogene sediments (a), was followed by a 
contractional phase and inversion of the extensional structures 
(b). Later (c), the south-vergent Panagyurishte thrust was reac-
tivated as a normal fault. Lithological key as in Fig. 5.
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sub-horizontal, indicating a mostly dextral sense 
of shear. The latter are present mainly in the over-
turned limbs of the footwall synclines (i.e., Kay-
ryaka syncline, Fig. 7) representing single fault 
planes. The relationships between these two sets of 
faults are not clear yet and further detailed struc-
tural and paleostress studies are necessary. What is 
important is that NW-SE, as well as other orienta-
tion, strike-slip faults, most often cutting the basin 
sediments, represent only minor tectonic structures 
without important regional extent. Interesting will 
be also to investigate further the role of the oblique-
slip movements observed along some of the striated 
planes, as they may be related to transfer faults rep-
resenting lateral ramps that accommodate differen-
tial displacement between adjacent reverse faults.

Therefore, we can conclude that strike-slip move-
ments along fault structures have existed, but they 
alone cannot produce the amount of exhumation 
and the deformation patterns characteristic of the 
Panagyurishte and Chelopech basins. Furthermore, 
the interpretative cross-sections presented, based on 
field data and earlier stratigraphic studies, together 
with the overall tectonosedimentary architecture of 
the basins, enable us to conclude that the majority of 
the main tectonic structures are not strike-slip faults 
but reverse faults, which were controlled by pre-ex-
isting extensional structures. All the major reverse 
faults in both basins are NNE to NE (some NW in 
the case of the Chelopech Basin) vergent, which is 
clearly incompatible with a positive flower structure 
that would be expected during the inversion related 
to strike-slip tectonics. Additionally, the relative 
chronology of the strike-slip movements is also not 
established yet. It is important to note that a regional 
middle Oligocene–middle Miocene tectonic event, 
related to predominantly dextral strike-slip faulting, 
has been reported almost from the entire Balkan Pen-
insula, including the Maritsa fault zone (e.g., Perin-
çek, 1991; Zagorchev, 1996; Dumurdzanov et al., 
2005; Burchfiel et al., 2008; Kounov et al., 2011; 
Gerdjikov et al., 2015; Vangelov et al., 2016; Kou-
nov et al., 2018; Mladenović et al., 2019). Therefore, 
observed within the deformed sediments of the ba-
sins and their borders NW-SE trending strike-slip 
faults may represent a distinct structural overprint, 
having nothing in common with the major Late Al-
pine compressional event.

THE PROBLEM OF THE OBLIQUE 
SUBDUCTION

It is difficult to say where the proposal of connect-
ing the wrench tectonics in the Sredna Gora Zone 

with the oblique northward subduction of the Neo-
tethys Ocean below Europe during the Late Creta-
ceous began (e.g., von Quadt et al., 2005; Cham-
befort and Moritz, 2006; Georgiev et al., 2009, 
Naydenov et al., 2013). Gerdjikov and Georgiev 
(2006b) relate the strike-slip movements along the 
Maritsa fault zone with the oblique convergence 
between Africa and Europe in Cretaceous and Ce-
nozoic times, suggested by the paleogeographic 
reconstructions (Dercourt et al., 1986; Le Pichon 
et al., 1988).

In more recent plate kinematic reconstructions 
(e.g., Handy et al., 2014), the northward subduc-
tion of the Sava Ocean (part of the Neotethys) in 
the Late Cretaceous below the NW-SE trending 
part of the European margin in the Balkan Penin-
sula also created an oblique convergence. On the 
other hand, the newly published reconstruction of 
Hinsbergen et al. (2020) suggests rather orthogonal 
subduction of the Sava Ocean below Europe in the 
Balkan Peninsula, during the Cretaceous. However, 
one may always question the reliability of such re-
constructions, because the plate kinematics and ab-
solute vectors used, apart from paleomagnetic data, 
are based mainly on local structural studies. Other 
important factors, such as accurate spreading rates 
and the orientations of the mid ocean ridges and 
continental margins in the past, are also difficult to 
constrain.

Therefore, based on the results of local struc-
tural studies, we wish to find plausible explana-
tions for the existence of such a long-lived dextral 
shear zone as the Maritsa shear zone, separating 
the opposite-vergent thrust belts of the Rhodope to 
the south and the Sredna Gora and Balkan to the 
north (Fig. 1).

Below, we present two possible models. First, 
one considers strain partitioning, as was already 
suggested by Georgiev et al. (2009), to explain the 
existence of simultaneous thrusting and strike-slip 
movements in the Balkanides during the Creta-
ceous. Studies of active oblique subduction mar-
gins, such as the Java-Sumatra subduction system 
(McCaffrey, 1992, 1996), indicate that the upper 
crustal deformation may be dominated by margin 
normal contraction with only localized partition-
ing into narrow strike-slip fault systems. Similar 
cases of simultaneous thrusting and strike-slip 
faulting controlled by oblique crustal convergence 
have also been reported from the Zagros fold and 
thrust belt (e.g., Jackson et al., 1995; Talebian and 
Jackson, 2002; Ruh et al., 2017). This active belt 
is formed along the boundary of the Arabian and 
the Iranian plates, where convergence is oblique 
(~50°). Such scenarios are tested and confirmed 
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also by the scaled analogue model of McClay et 
al. (2004), designed to simulate thrust belt devel-
opment formed by orthogonal and oblique con-
vergence. Their model, where the convergence 
vector was oblique at an angle of 45° to the mar-

gin, produced doubly-vergent thrust wedges with 
thrust faults trending parallel to the margin (Fig. 
10). Segmented en-échelon strike-slip faults de-
veloped along the axial zone and subordinate 
oblique-slip motion was observed on some thrust 

Fig. 10. 45° Oblique Convergence Model from McClay et al. (2004). (a) Photograph of the end of the model run after 87 cm of 
shortening. An asymmetric doubly-vergent wedge system formed parallel to the subduction slot, oblique to the direction of conver-
gence. The retro-wedge on the left-hand side of the model is characterized by closely spaced pro-vergent thrusts that were trans-
lated backwards on the main retro-vergent thrust TR. The pro-wedge on the right-hand side of the model consists of a fan of three 
major pro-vergent imbricate thrusts and associated minor back-thrusts. Segmented en-échelon strike-slip faults cut through the 
uplifted axial zone of the model. The sequence of thrust nucleation is indicated as T1 to T3 in time; (b) Line diagram interpretation 
of (a), showing the main retro-vergent thrust TR, the uplifted central core above the subduction slot, and the pro-wedge formed by 
the three main pro-vergent imbricate thrusts T1–T3. IYZ – Iskar-Yavoritsa Zone.
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faults. This model replicates almost perfectly the 
real situation in the Balkanides, where the dextral 
Maritsa fault zone separates the pro-wedge south-
vergent Rhodope thrust complex from the retro-
wedge north-vergent Sredna Gora and Balkan fold- 
thrust belt (Fig. 10b). This double wedge of the 
Balkanide orogen was formed during two distinct 
compressional phases, called in the Bulgarian lit-
erature Early and Late Alpine. The first phase is 
related to the arrival, in the subduction zone, of 
the Drama continental fragment in the Late Juras-
sic (Ricou et al., 1998), hampering the subduc-
tion and creating compression in the upper plate. 
This stage must have continued until the end of 
the Early Cretaceous, as evidenced by the first 
signs of post-orogenic extension (e.g., Schmid et 
al., 2008; Kounov et al., 2010; Antić et al., 2016). 
This extension obviously led to substantial erosion 
of the orogen, as is demonstrated by the marine 
transgression in Cenomanian to Turonian times 
(e.g., Schmid et al., 2008; Ivanov, 2017). From the 
Turonian onward, the continuing extension was 
probably controlled by roll-back of the subducting 
slab, inducing the formation of the Sredna Gora 
magmatic belt and basin(s) (e.g., von Quadt et al., 
2005). The renewal of the compression at the end 
of the Cretaceous (Late Alpine phase) is related 
to the closure of the Sava branch of the Neo tethys 
Ocean and the beginning of the collision between 
Pelagonia and Europe (e.g., Ricou et al., 1998; 
Schmid et al., 2008). Therefore, as we have seen 
from the analogous model presented above and 
from natural examples of fold-and-thrust belt sys-
tems, as well as the field evidence from the Sredna 
Gora and the neighboring tectonic zone, wrench 
tectonics may have been focused during the whole 
Alpine evolution only along the single linear or 
en-échelon strike-slip zone (Maritsa shear zone) 
accommodating the strain partitioning created by 
an oblique convergence. Variations in the angle 
of the oblique subduction or some other processes 
could change the importance and the extent of the 
wrench tectonics.

The second model takes into account the exist-
ence of penetrative, NW-SE trending, Variscan fab-
ric in the Sredna Gora basement rocks, favorably 
oriented to accommodate strike-slip translations 
along the Maritsa shear zone. In this case, even if 
we consider that the convergence was rather or-
thogonal as suggested by some plate kinematic re-
constructions (e.g., Hinsbergen et al., 2020), taking 
also into account the suggestion by several studies 
of northward relative motion of Africa against Eur-
asia since the Campanian (Le Pichon et al., 1988; 
Handy et al., 2010), strike-slip movements could be 

exclusively produced on these primarily obliquely 
oriented shear zones or other anisotropies.

CONCLUDING REMARKS

It is important to emphasize several points. First, 
both the Chelopech and the Panagyurishte Basin 
do not present any of the major features typical for 
pull-apart basins closed during an active transpres-
sive tectonics. All evidence suggests that the com-
pression in the basins was related to inversion tec-
tonics, where pre-existing normal faults were reac-
tivated as steep reverse faults. On the other hand, 
the presence of strike-slip structures cutting their 
sediments is evident and the time of their activity 
and role in the deformation of the basin fill is yet to 
be revealed.

There is no major evidence for activity during the 
Late Cretaceous along major strike-slip structures in 
the central part of Sredna Gora or the neighboring 
zones other than the Maritsa fault zone. Natural ex-
amples from other orogens, supported by analogous 
modeling, clearly show that, during the oblique con-
vergence, the strain partitioning could be localized 
along single linear or en-échelon strike-slip zone 
separating two opposite-vergent thrust belts.

We would like to take this opportunity to appeal 
to our colleagues to avoid repeating unconfirmed 
statements and ideas that are not supported by hard 
evidence. The sad reality is that, if the principle of 
always citing only well-supported statements pub-
lished in double-reviewed publications had been 
maintained, none of these ideas would have gained 
any real acceptance.

Finally, it is not surprising that the person, 
through whom everything started, Prof. Zhivko 
Ivanov, did not publish officially a single line sup-
porting the wrench tectonics concept for the evo-
lution of the Sredna Gora Zone. His Tectonics of 
Bulgaria was published only posthumously. He 
was a man of big ideas and had obviously realized 
that he had not yet fully resolved this one.
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