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Abstract. The Central Balkan Zone belongs to the north-vergent fold-and-thrust belt of the Alpine Balkan oro-
gen. In this zone, pre-Permian low-grade rocks, metamorphosed during the Variscan orogeny, were later re-
worked at two main stages of the Alpine compressional tectonics. Several tectono-stratigraphic subdivisions of
these metamorphic rocks were previously presented, based on a purely stratigraphic approach in the absence of
detailed structural studies and, most importantly, of reliable paleontological and geochronological records. In
this study, we propose a new framework of the low-grade metamorphic rocks from the Central Balkan Zone,
applying a critical analysis of the existing data combined with new geochronological data and detailed lithologi-
cal and structural observations. Based on the structural relationships and geochronological constraints, several
new entities, such as the Korduna, Bilo and Zvezdets units, were established together with a reassessment of
the previously recognized Diabase-Phyllitoid Complex (DPC). Both DPC and the Bilo Unit are now defined as
Cambrian-Lower Ordovician (?) mélange complexes part of an accretionary wedge and/or forearc basin formed
along the north Gondwanan margin. In the Bilo, Murgash and Etropole mountains, a tectonically uninterrupted
Cambrian—Upper Ordovician section, characterized by a normal metamorphic gradient from low-grade to non-
metamorphosed terrigenous rocks, is recognized. The deposition of these sediments is related to the subduction
of the Prototethys and the early evolution of the Rheic Ocean. An inverted metamorphic gradient recognized
along the southern slopes of the Etropole and Zlatitsa-Teteven mountains through the Korduna and Zvezdets
units is related to Variscan syn-metamorphic deformation in the Stargel-Bulovanya Tectonic Zone.
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INTRODUCTION (Fig. 1). The zone is an element of the Balkan fold-

and-thrust belt, overriding the Moesian Platform to
The Central Balkan Zone, best exposed within the  the north and overthrust by the Sredna Gora Zone
central parts of the Stara Planina mountain chain to the south (e.g., Boyanov et al., 1989; Dabovski
of Bulgaria, is part of the Alpine Balkan orogen et al., 2002; Ivanov, 2017, and references therein).
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Fig. 1. Tectonic map of the central part of the Balkan Peninsula showing the main Ediacaran—Lower Paleozoic metamorphic units and
the Carboniferous—Permian plutons that were variably metamorphosed and deformed during the Variscanand Alpine orogenies. Highly
reworked and metamorphosed Ediacaran-Lower Paleozoic rocks from the Rhodope Metamorphic Complex are excluded for simplic-
ity. Map compiled from various sources (Basic geological maps of Yugoslavia 1:100 0000; Geological maps of Bulgaria 1:100 000 and
1:50 000; Geological map of Greece 1:500 000; and Okay et al., 2001; Satacinska et al., 2022). The box outlines Fig. 2.

Despite the strong Alpine overprint, some exclu-
sively low-grade remnants of the pre-Permian base-
ment are preserved in the western and central parts
of the Balkan orogen (Fig. 1). In the Central Bal-
kan Zone, along the Iskar River gorge as well as
in the Murgash, Bilo, Etropole and Zlatitsa-Teteven
mountains, several pre-Permian low-grade meta-
morphic units with differing lithologies and tectonic
positions crop out (Fig. 2). These units were first
described as the Diabase-Phyllitoid Complex (Dim-
itrov, 1939), whereas later several tectono-strati-
graphic subdivisions were presented, attributing
Ediacaran to Ordovician age of these sedimentary
sequences (Fig. 3; Haydoutov et al., 1979; Ivanov
et al., 1987; Angelov et al., 1992; Cheshitev et al.,
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1994a, b; Angelov et al., 2010a—e; Antonov et al.,
2010a). The first subdivision follows the model of
Haydoutov et al. (1979), introduced initially for the
low-grade rocks of the Western Balkan Zone and
later adopted for all pre-Permian rocks in the whole
Balkan Zone. According to this model, three main
units were established: i) Cherni Vrah ophiolites;
ii) Berkovitsa volcano-sedimentary; and iii) Dalgi
Del olistostrome complexes (Angelov et al., 1992;
Cheshitev et al., 1994a, b). Later, Ivanov et al.
(1987) considered part of the DPC, exposed along
the Iskar River gorge and the Gabrovnitsa River val-
ley (Fig. 2), as an olistostrome sequence deposited
in an epicontinental basin and containing ophiolitic
debris. The most recent stratigraphic framework of
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the low-grade metamorphic rocks of the Central
Balkan Zone is presented on the geological map of
Bulgaria in scale 1:50 000 (Angelov et al., 2010a—e;
Antonov et al., 2010a, b). On the map, Angelov et
al. (2010c—e) distinguished several tectonically jux-
taposed metamorphic units: i) the Berkovitsa Group;
ii) the Lakavitsa and Trudovets metamorphic com-
plexes, situated in the hanging wall of the Plakalnit-
sa Fault Zone (Fig. 2); and iii) several terrigenous
low-grade metamorphic units exposed in the Bilo
Mountain and in the area between the Quaternary
Botevgrad Basin and the Iskar River gorge (Fig. 2),
interpreted as a chaotic mélange (Fig. 3). Addition-
ally, the low-grade metamorphic rocks exposed in
the Etropole and Zlatitsa-Teteven mountains and
previously attributed to the Neoproterozoic—Cam-
brian Berkovitsa Group (Angelov et al., 1992) were
defined as independent Mafic, Pelitic and Siltstone-
Shaly metamorphic formations (Fig. 3; Angelov
et al., 2010e; Antonov et al., 2010a, b). All these
tectono-stratigraphic subdivisions were based on
very little structural studies and, most importantly,
on poor paleontological and geochronological re-
cords (e.g., Kalvacheva, 1982). Assessment of the
relative age of these rocks was further hampered by
the fact that most of their contacts with the young-
er non- to only weakly metamorphosed Paleozoic
rocks are tectonic (e.g., Angelov et al., 1992). The
oldest well-dated transgressive cover of the low-
grade metamorphic rocks known in the Central Bal-
kan Zone is Carboniferous in age (Fig. 2; Cheshitev
et al., 1994a). Recently, Gerdjikov and Balkanska
(2013) and Balkanska et al. (2021) introduced the
term Stara Planina Low-Grade Metamorphic Com-
plex to describe the low-grade metamorphic rocks
of different age and tectonic position from the Cen-
tral Balkan Zone (Fig. 1).

At present, a number of new geochronological
analyses (e.g., Georgiev et al., 2016; Kiselinov et
al.,2017; Zak et al., 2021) have allowed a significant
reassessment of the previous stratigraphic subdivi-
sions of the Stara Planina Low-Grade Metamorphic
Complex to be made. The incorporation of the geo-
chronological data in the newly presented tectonic
models is crucial for their accuracy and reliability,
as recently was emphasized by the re-evaluation of
the age and geodynamic evolution of the Lower De-
vonian Carpatho-Balkan Ophiolites (Fig. 1; Zaka-
riadze et al., 2012; Balica et al., 2014; Kiselinov et
al., 2017; Plissart et al., 2017), including the Cherni
Vrah ophiolites, previously considered Ediacaran
(Haydoutov, 1989; von Quadt et al., 1998). The fur-
ther attempts to decipher the Paleozoic geodynamic
evolution of these rocks are closely related to the

integration of the geochronological constraints with
good knowledge of their lithological and structural
features.

Our contribution is based on a critical analysis
of the existing data combined with new geochronol-
ogy and detailed mapping in the area of the Mur-
gash, Etropole, Bilo and Zlatitsa-Teteven moun-
tains, as well as along the Iskar River gorge and the
Gabrovnitsa River valley (Fig. 1). This allows us
to present a new tectono-stratigraphic framework of
the low-grade metamorphic rocks from the western
parts of the Central Balkan Zone, where the follow-
ing units are distinguished: Korduna, Bilo, Zvezdets
and Diabase-Phyllitoid Complex. Their tectonic re-
lationships, metamorphic evolution and geodynam-
ic significance is considerably re-evaluated, which
allowed some correlations to be made with other
Lower Paleozoic units from the Balkan orogen also
elucidating some aspects of the poorly studied Early
Paleozoic geodynamics of the Balkan Peninsula.

GEOCHRONOLOGY

Zircon U-Pb analysis

To constrain the time of the main metamorphic
event in the low-grade rocks of the Zlatitsa-
Teteven Mountain, we have applied a U-Pb analy-
sis on a sample collected from metamorphic quartz
vein concordant to the foliation in the host schists
(Fig. 4a). The location of the sample is given in
Fig. 2 and the selected cathodoluminescence (CL)
and BSE images and analytical data in Fig. 5a, b.
Appendix A presents a comprehensive table with
results from the U, Th and Pb isotopic measure-
ments, while the CL images of analyzed zircon
grains are provided in Appendix B.

Methodology

The zircon fraction was extracted, using conven-
tional procedures, including crushing and sieving,
followed by Wilfley table, magnetic and heavy
liquids separations. Cathodoluminescence images
were taken prior to zircon analyses aiming to iden-
tify inherited cores, cracks and inclusions, using
SEM JSM-259 6610 LV at the University of Bel-
grade. U-Pb isotope analyses of particular zircon
zones were carried out, using a New Wave Research
(NWR) Excimer 193 nm laser-ablation system at-
tached to a Perkin-Elmer ELAN DRC-e inductively
coupled plasma mass spectrometer (LA-ICP-MS)
at the Geological Institute, Bulgarian Academy of
Sciences. The spatial resolution was 35 pm at a fre-
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Fig. 4. Photographs of the studied low-grade metamorphic units: a) sampled quartz veins from the lower structural level of the
Korduna Unit (Sample locality: N 42°44'13.164"; E 24°3'39.132"); b) dismembered greywacke beds in a chlorite-sericite schist
matrix, NW of Anton; c) high-strain fabric in the uppermost structural levels of the Korduna Unit, marked by isoclinal folds and
stretched quartz veins; d) fully recrystallized siltstone from the lower structural levels of the Bilo Unit; e) centimeter-scale isoclinal
folds transposing the main foliation in the lower levels of the Bilo Unit; f) cleaved siliciclastic sediments from the Zvezdets Unit;
g) mylonitic gabbro from lowermost parts of Central Sredna Gora High-Grade Metamorphic Complex.
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quency of 8 Hz. Measurement procedure involved
calibration against an external zircon standard
(2604+3 Ma; Jackson et al., 2004) at the begin-
ning, middle and end of the analytical block. This
technique allows suitable effects. Raw data were
processed using lolite software (Paton et al., 2011);
207Pb/206Pb, 208Pb/232’1“h’ 206Pb/238U and 207Pb/235U ra-
tios were calculated and the time-resolved ratios for
each analysis were then carefully examined. Opti-
mal signal intervals for the background and ablation
data were selected for each sample and automatical-

333.6+£5.83

ly matched with the standard zircon analyses. U-Pb
Concordia ages were calculated and plotted, using
ISOPLOT 4.15 (Ludwig, 2003).

U-Pb zircon data

Fifty-five spot analyses of different zones (rims
and cores) of zircon crystals from the sample were
made. Most of the analyzed zircons exhibit inher-
ited cores and magmatic oscillatory peripheries
(Fig. 5). Some crystals have undergone metamic-
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Fig. 5. LA-ICP-MS zircon geochronology results for the hydrothermal quartz vein from the Korduna Unit: a) CL and BSE images
of selected zircon grains; b) probability density plot diagram; c) weighted average diagram of recrystallized zircons.
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tization along the peripheries, other show evidence
of fluid-assisted recrystallization (Appendix B).
Most of the zircons yield ages falling in several in-
tervals (Fig. 5a): 441-474 Ma (the most abundant);
517-541 Ma; 622-657 Ma (3 grains); 700 Ma
(1 grain); 1020-1673 Ma (3 grains); and 2045 Ma
(1 grain). These grains are considered as xenocrysts
trapped from the Lower Paleozoic host sediments
during the fluid circulation and quartz vein forma-
tion. Three analyses from two recrystallized crystals
give weighted average *°Pb/?*U age of 334.2+3 Ma
(Fig. 5b). This age is considered as related to a
Variscan metamorphic event, corresponding to
the hydrothermal activity and vein formation. The
Th/U ratio of the xenocrystic magmatic zircons is
in the range of 0.01-0.59, suggesting a magmatic
origin of most of the crystals. In the metamict and
recrystallized zircons, the ratio decreases to 0.008
probably due to the fluid-assisted trace-elements’
redistribution.

NEW TECTONO-STRATIGRAPHIC
FRAMEWORK OF THE STARA PLANINA
LOW-GRADE METAMORPHIC COMPLEX

The Stara Planina Low-Grade Metamorphic Com-
plex embraces all the low-grade pre-Permian terri-
genous successions intercalated with volcanic and
volcaniclastic rocks and tectonically imbricated
with various magmatic rocks from the Central Bal-
kan Zone (Fig. 1). The absence of reliable paleon-
tological data, the imposed intense deformation and
internal tectonic imbrications rendered the previ-
ously used purely stratigraphic approach to estab-
lish a framework of this complex rather inadequate.
Therefore, in this study, we use structural relation-
ships and new geochronological data to distinguish
several independent units characterized by their age,
lithology, structural frame and tectonic position. In
the following text, we present lithological and struc-
tural descriptions of the newly distinguished units
together with their lateral extent and boundaries
(Fig. 2). The new framework is based not only on
the detailed lithological studies but also on estima-
tions of the strain gradients, syn-metamorphic fab-
ric and sense of shear. While parts of the Zlatitsa-
Teteven and Etropole mountains were mapped in
detail, most of the observations in the Bilo Moun-
tains, Iskar River gorge and Gabrovnitsa River val-
ley were made along key profiles. Beyond the scope
of this study remain the metamorphic rocks exposed
along the Plakalnitsa Fault Zone north of the Bo-
tevgrad Basin, considered as part of the Berkovitsa
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Group and Lakavitsa complex (Fig. 2, Angelov et
al., 2010d).

Korduna Unit

The unit is exposed along the southern slopes of the
Zlatitsa-Teteven Mountains, east of the Late Cre-
taceous Chelopech Basin (Fig. 2). During the lat-
est mapping of the area (Antonov et al., 20104, b),
these rocks were considered as a part of the Pelitic
and Mafic metamorphic formations (Fig. 3). Our ar-
guments to distinguish a new unit in this area are the
newly obtained geochronological data and redefi-
nition of its tectonic relationships with the neigh-
boring rocks. To the south, the Korduna Unit is
overthrust by the Central Sredna Gora High-Grade
Metamorphic Complex (CSGHGMC; Gerdjikov et
al., 2013) along the Variscan Stargel-Bulovanya
Tectonic Zone (SBTZ, Figs 2, 6; Gerdjikov et al.,
2007, 2009; Lazarova et al., 2010). To the north, it
is underlain by the Zvezdets Unit (Figs 2, 6).

The Korduna Unit consists of phyllites, amphi-
bole and mica schists, intercalated with lens-like
bodies of metabasites, metagranites and quartzites.
Similar rocks occur as a narrow sliver within the
SBTZ north of Stargel (Fig. 2). The unit represents
a tectonic mélange of sedimentary and igneous
rocks with a different origin, brought together and
affected by an intense syn-metamorphic deforma-
tion related to the SBTZ (Fig. 4b). The penetrative
foliation is moderately dipping to the south, paral-
lel to the contact with the gneissic CSGHGMC of
the hanging wall of the SBTZ (Fig. 6a). In the Kor-
duna Unit, two structural levels, differing by their
metamorphic degree and specific lithologies, could
be distinguished. The upper structural level, situ-
ated immediately below the high-grade gneisses of
the CSGHGMC, consists mostly of coarse-grained
schists with mineral assemblages pointing to a high
greenschist facies metamorphism. Metabasite, me-
tagranite and metasandstone lenses hosted in the
schists are abundant. The thickness of this upper
level varies considerably along the strike, reaching
few hundreds of meters in some places. Rootless
and drag folds, together with highly stretched and
boudinated metamorphic quartz veins (Fig. 4c), are
indicative of a high shear strain. The lower structur-
al level is phyllite-dominated, including bodies of
metabasites and quartzites with various dimensions.
Here, the rocks are fine-grained, composed mostly
of sericite and chlorite and minor quartz and plagio-
clase. Due to a primary fine-grained texture of the
dominant lithologies, estimation of the intensity of
the ductile shearing based on a grain-size reduction
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Fig. 6. Geological sections AA’, BB’ and CC' (Fig. 2). Lithological key as in Fig. 2. Scale V = H.

of the rock-forming minerals was not possible. All
structural observations show that the Korduna Unit
represents a gently southward-dipping and strongly
sheared complex, exhibiting an inverted metamor-
phic gradient from a high- to mid-greenschist fa-
cies in the uppermost levels to low-greenschist fa-
cies metamorphism in its lowermost parts (below
400 °C).

There are no paleontological age constraints of
the Korduna Unit. We assume an Early Ordovi-
cian—Early Silurian maximum age for the sediments
of this unit, as suggested by the dominant younger
xenocrystic zircon population of 474-441 Ma from
the syn-metamorphic quartz vein parallel to the
foliation in the low-grade metasedimentary rocks
(Fig. 4a). We consider these xenocrystic zircons as
representing a detrital input in the host sediments
later trapped in the metamorphic vein. Intermedi-
ate to acid magmatic rocks were the most probable
source of these detrital zircons (Georgiev et al.,
2020). These data are consistent with the Early Silu-
rian U-Pb zircon age of 443.0+1.5 Ma reported for
a diabase from the upper structural level of the Kor-

duna Unit (Peytcheva and von Quadt, 2004). The
newly obtained U-Pb age of 334.2+3 Ma (Fig. 5)
yielded by the hydrothermal vein (Fig. 4a) from
the Korduna Unit is interpreted as related to the
Variscan metamorphism in these rocks. This age
is indistinguishable from the muscovite “Ar/*Ar
age of 333.9+0.2 Ma obtained from the gneiss of
the overthrusting CSGHGMC and interpreted as
related to the greenschist facies retrogression in
these rocks (Gerdjikov et al., 2010).

Bilo Unit

The Bilo Unit represents another mélange-like low-
grade metamorphic unit, largely exposed to the
south of the Quaternary Botevgrad Basin in the Bilo
Mountain and the north-easternmost parts of the
Murgash Mountain (Fig. 2). Initially, it was subdi-
vided into several terrigenous formations (Ivanov et
al., 1976), which were later described as the follow-
ing metamorphic formations: Sandstone-Siltstone,
Siltstone-Quartzitic and Siltstone-Shaly (Fig. 3;
Angelov et al., 2010d). The same unit was also as-
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signed to the Dalgi Del Group (Kalvacheva, 1982).
The lower contact of the unit is not exposed, and it
is overlain by the Zvezdets Unit (Fig. 2).

The Bilo Unit consists mainly of chlorite-sericite
schists, phyllites and quartzites derived from silt-
stone, mudstone and sandstone protoliths. Varying
in size bodies and lenses of metamorphosed ultra-
basites, gabbro, gabbro-dolerites and dolerites, are
largely presented in the sedimentary sequences (An-
gelov et al., 2010d). Manganese-rich spessartine-
bearing quartzites, known as coticules/gondites, are
typical for the unit (Ivanov et al., 1976).

Syn-sedimentary structures and primary strati-
graphic succession is difficult to be reconstructed
due to the strong syn-metamorphic deformation
(Fig. 4d). The north—south trending syn-metamor-
phic foliation is steeply dipping to the west at odds
with the generally northwest—southeast trending
foliation in the neighboring metamorphic units
(Fig. 6b). The most strongly deformed are the east-
ern domains of the Bilo Unit, which represent the
lowermost structural levels relative to the dip of the
penetrative foliation. The entire section is intensely
foliated and later folded in generally north—south
trending folds (Ivanov et al., 1976). At the outcrop
scale, the foliation is isoclinally folded and an axial
planar cleavage, defined by new growth of chlorite
and sericite (Fig. 4e), was developed. Kalvacheva
(1982) reported a normal metamorphic gradient
based on the size of the metamorphic minerals in the
Bilo Unit. This progressive gradient is marked by a
transition from coarse-grained schists in the lower
part of the section to low-grade schists to very low-
grade phyllites in the upper part. The metamorphic
gradient is also closely related to an upward gradual
decrease in the syn-metamorphic structural overprint
of the rock section, which is capped by the very low-
grade rocks of the Zvezdets Unit (Fig. 6b). The con-
tact with the overlying Zvezdets Unit is difficult to be
clearly defined in the field and is generally marked
by the disappearance of both the coticule horizons
and the metabasite lenses.

The age of the low-grade sedimentary rocks
in the Bilo Mountain, now attributed to the Bilo
Unit, was previously poorly defined as Middle Or-
dovician, based on some findings of coalified and
strongly fragmented palynomorphs (Kalvacheva,
1982).

Zvezdets Unit

This unit represents a lower greenschist facies suc-
cession of phyllites exposed mainly in the Murgash
and Etropole mountains (Fig. 2). Generally, it co-
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incides with the previously distinguished Silicate-
Carbonate Formation (Belev, 1963), Zvezdets
Formation (Spasov, 1989) or Pelitic and Siltstone-
Shaly metamorphic formations (Fig. 3; Angelov et
al., 2010e; Antonov et al., 2010a). The metamor-
phic succession is covered by the Middle to Upper
Ordovician Grohoten Formation (Fig. 2). West of
the Bebresh River valley, the contact with the un-
derlying Bilo Unit is gradual, marked by a down-
ward increase in the metamorphic grade (Fig. 2).
North of the Late Cretaceous Chelopech Basin, the
Zvezdets Unit is overlain by the metamorphic rocks
of the Korduna Unit (Fig. 2).

The Zvezdets Unit represents a monotonous
finely laminated (centimeter-thick layers) alterna-
tion of phyllites and chlorite-sericite schists, which
protoliths are siltstones and mudstones. Quartzite
and metabasite lenses are rare. The metamorphic
transformations took place at ~300-350 °C as was
suggested by Belev (1963). The syn-metamorphic
planar fabric is often weak, and the primary strati-
fication is frequently preserved (Fig. 4f). Several
generations of folds, related to polyphase Variscan
and Alpine tectonics, were distinguished (Nanov
et al., 2016). Due to the consequent brittle-ductile
faulting, the foliation planes are variously trending
(Fig. 60).

No paleontological or geochronological data are
reported from this unit, and a Cambrian—Ordovician
age was previously assumed since it is overlain by
the Middle to Upper Ordovician Grohoten Forma-
tion (Fig. 2; Angelov et al., 2010e).

Diabase-Phyllitoid Complex

The DPC is a greenschist facies mélange-like as-
sociation of sedimentary and igneous rocks, first in-
troduced by Dimitrov (1929), whose type sections,
exposed along the Iskar River gorge between Bov
and Lakatnik and the Gabrovnitsa River valley (Fig.
2), were previously precisely described (Dimitrov,
1929; Ivanov, 1970, 1972; Pristavova et al., 2003;
Angelov et al., 2009). Ivanov et al. (1987) present-
ed the DPC as an olistostrome sequence, relating
the mélange structure to sedimentary phenomena.
Despite the long history of research (including a
large amount of data reported in numerous explo-
ration reports), important questions as the exact
superposition of the constituent sub-units, the ori-
gin of the mélange structure (for example primary
or tectonic) and the age are still unresolved (e.g.,
Bonchev, 1986).

Our observations along several profiles show
that structures indicative of an olistostrome origin
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are in fact missing and most of the contacts be-
tween the different lithologies are tectonic. This
feature points to a considerable similarity between
the strongly deformed mélange DPC and the Bilo
Unit, as the only notable difference is the presence
of manganese-rich sandstones (coticules) in the lat-
ter. The upper age limit for the metamorphism in the
DPC is provided by the cross-cutting Late Carbon-
iferous magmatic rocks (Angelov et al., 2008). The
oldest transgressive cover of the DPC are the terri-
genous sedimentary rocks of an Early Triassic age.
The contacts with the other low-grade metamorphic
units and non-metamorphosed Paleozoic sediments
are tectonic (Fig. 2). The lower contact of the unit
is not observed.

The lower levels of the DPC are exposed between
Bov and Lakatnik (Fig. 2), and consist of irregularly
distributed igneous bodies, mainly of mafic compo-
sition, tectonically intercalated with phyllites and
metasandstones (Ivanov, 1970). This is the typical
rock association exemplifying the original (accord-
ing to Dimitrov, 1929) description of the unit. Al-
though preserved ophiolitic successions are missing
in the DPC, the presence of ultramafic rocks and
pillow lavas in the section suggests of an oceanic
origin of part of the igneous rock fragments (Ivanov
et al., 1987). Upwards, the succession continues
with metasandstones and sporadic metaconglom-
erates, topped by metapelites and metasiltstones
intercalated with chlorite schists (metamorphosed
basic tuffs) and lenticular mafic bodies (Ivanov
et al., 1987). Along the Gabrovnitsa River valley,
the basal part of the section is not exposed (Fig. 3;
Pristavova et al., 2003).

The entire DPC is strongly foliated to myloni-
tized, as weakly deformed are only some low-strain
lenses of massive igneous rocks. Linear fabric is not
observed. The foliation shows variable orientations,
most probably due to the presence of large-scale
folds (Ivanov, 1970; Pristavova et al., 2003).

Until recently, only poorly defined micro-
paleontological data were available. Kalvacheva
(1972) reported some Middle to Upper Ordovician
acritarch fauna from the upper part of the DPC.
However, these determinations must be taken with
caution as all the reported subgroups and species
actually have their first occurrence already in the
Early Ordovician (Servais et al., 2014). The trian-
gle acritarchs presented as proving the Middle and
Late Ordovician age of the DFC sediments in fact
appeared on the Gondwanan margin since at least
the late Tremadocian (Servais et al., 2014), whereas
some genera are even placed now in the Cambrian
(Raevskaya and Servais, 2009).

More robust constraints are provided by recently
obtained geochronological data. From the lower part
of the unit, two basalt bodies (pillow lavas) were
dated at 519.9+3.6 Ma and 519.8+3.5 Ma (Georgiev
et al., 2016), and for the overlying metasandstones
an Early Cambrian maximum depositional age is
suggested based on detrital zircon U-Pb geochro-
nology (Zék et al., 2021). Therefore, we can con-
clude that an Early Cambrian—Early Ordovician (?)
age of the DPC is more plausible.

Ordovician to Devonian non-metamorphic
succession

A continuous, paleontologically well-dated Mid-
dle Ordovician to Devonian sedimentary section is
documented in detail in the eastern part of the stud-
ied area along the Murgash Mountain and in the re-
gion of Svoge (Fig. 2; overview in Boncheva et al.,
2010, and Sachanski, 2015). It covers conformably
the Zvezdets Unit and is transgressively covered
by the Upper Carboniferous (Namurian—Westphal-
ian) sedimentary rocks of the Svoge Basin (Fig. 2;
Angelov et al., 2010a). The non-metamorphosed
rocks of the Ordovician to Devonian succession are
folded but any signs of an intense penetrative defor-
mation and recrystallization are absent. Below, we
describe in detail only the Middle-Upper Ordovi-
cian part of the section referred to the Grohoten For-
mation (Spasov, 1960), as it represents an important
age constraint of the underlying metamorphic units.

Grohoten Formation

The Grohoten Formation is the lowermost strati-
graphic unit of the Paleozoic non-metamorphosed
succession in the Central Balkan Zone (Angelov et
al., 2010a, c, and references therein). It overlies the
Zvezdets Unit in the Murgash Mountain and is cov-
ered by the Upper Ordovician Tseretsel Formation
in the Iskar River gorge (Fig. 2; Sachanski, 2015).
The Grohoten Formation consists of generally
non-metamorphic, weakly cleaved siltstones and
mudstones intercalated with quartzarenites in its
lower levels. Igneous rocks are absent unlike the
underlying Lower Paleozoic low-grade units. Only
Kalvacheva and Nedjalkov (1976) reported the oc-
currence of mafic lenses in the sedimentary section
west of the Vitinya Pass (Fig. 2). However, our at-
tempts to find these mafic rocks were unsuccessful.
The Darriwilian—Sandbian age of the Grohoten
Formation is defined based on palynological data as
well as graptolite and trilobite fauna (Kalvacheva,
1978; Gutiérrez-Marco et al., 2003). Georgiev et
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al. (2021) reported an Early Ordovician maximum
age based on Tremadocian youngest detrital zircon
population in these rocks.

Relationships between the low-grade
metamorphic units and the non-metamorphic
Lower Paleozoic sediments

Deciphering the true nature of the contact between
the low-grade metamorphic units and the overly-
ing non-metamorphic Lower Paleozoic sediments
is crucial for the assessment of not only the age of
the metamorphic succession but also their tectonic
position and evolution. Unfortunately, most of the
actual contacts represent Alpine tectonic zones,
which give very little, if any, information about the
Paleozoic evolution of these units (see the next sec-
tion for details).

Previously, in some localities (e.g., the Vitinya
Pass and the summits of the Etropole Mountain;
Figs 2, 6), a lack of structural break (Belev, 1963;
Spasov, 1989) and even a transgressive contact be-
tween the Grohoten Formation and the Zvezdets
Unit were reported (Chunev and Kozhoukharov,
1968; Angelov et al., 2010d, e). Our field observa-
tions support the idea of the primary stratigraphic
contact between these units, which was probably
consequently tectonically reactivated. In the Mur-
gash Mountain, as well as along the southern slope
of Zvezdets Peak (Figs 2, 6b, c), although the con-
tact is not directly exposed, the rocks of the Gro-
hoten Formation clearly occupy hypsometrically
higher position than those of the Zvezdets Unit. In
this area, the lowermost part of the Grohoten For-
mation is often occupied by poorly stratified and
strongly silicified arenitic sandstones considered
analogous to the Armorican Quartzite of Early to
Middle Ordovician age well known from Western
European sections of the Rheic Ocean (e.g., Gutié-
rrez-Alonso et al., 2007). Southwest of Vrachesh
(Fig. 2), the foliation of the Zvezdets Unit is con-
formably oriented to the bedding and cleavage in
the Grohoten Formation. Similar relationships are
observed also northeast of Stargel near Zvezdets
Peak (Fig. 2).

Main Variscan and Alpine tectonic zones

The prolonged Variscan and Alpine tectonic evo-
lution has significantly modified and obliterated
the primary relationships and tectonic position of
the low-grade metamorphic units from the Central
Balkan Zone. Bellow, the major tectonic zones and
their significance for the evolution of the studied
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units, as well as their recent position in the orogen,
are discussed in detail.

Variscan tectonic zones

The Stargel-Bulovanya Tectonic Zone (Fig. 2), de-
fined as the main Variscan structure in the studied
area (e.g., Gerdjikov et al., 2010), represents a kilo-
meters-thick, south-dipping ductile shear zone fol-
lowing the southern slopes of the Zlatitsa-Teteven
Mountain. Previously, Haydoutov (1989) referred
to the zone as part of the Variscan Thracian suture,
separating two peri-Gondwanan terranes: Thracian
and Balkan. Along the SBTZ, the gneiss-dominated
section of the CSGHGMC, affected by a mid-Car-
boniferous (~336 Ma, Carrigan et al., 2006) partial
melting during the thermal peak of metamorphic
conditions, is emplaced over the low-grade meta-
morphic rocks of the Korduna Unit (Fig. 2). The
east—west striking foliation within the shear zone
dips generally to the south (Fig. 6a) and the rarely
observed lineation is southeast- to southwestward
plunging. Shear-sense criteria as porphyroclast sys-
tems, shear bands and asymmetric boudins indicate
general top-to-the-north tectonic transport (Fig. 4g).
Ductile shearing along the SBTZ led to the inver-
sion of the metamorphic gradient of a pre-existing
right-way-up metamorphic sequence in the footwall
Korduna Unit. The observed steep metamorphic
field gradient over only ~400 m thick rock section
from high- to sub-greenschist facies metamorphic
conditions suggests a substantial internal stretching
and shearing, leading to telescoping of the meta-
morphic isograds across the SBTZ. Continuous ex-
humation of the hanging wall led to the greenschist
facies retrogressive overprint in the CSGHGMC.
Muscovite “Ar/**Ar geochronological data suggest
an age of ~334 Ma for this shearing-related retro-
gression (Gerdjikov et al., 2010). The herein report-
ed 334.2+3 Ma old metamorphic quartz vein from
the upper level of the Korduna Unit (Fig. 2) is most
probably related to the fluid circulation associated
with the syn-tectonic metamorphism.

The contact between the Korduna and Zvezdets
units could also be considered as a part of the shear
domain related to the SBTZ (Figs 2, 6a). The appar-
ent difference in the metamorphic grade and strain
magnitude between the penetratively foliated and
recrystallized phyllites of the Korduna Unit and the
underlying structurally concordant but weakly de-
formed phyllites of the Zvezdets Unit suggests the
existence of a syn-metamorphic tectonic contact
separating both entities. The inverted metamorphic
grade suggests overthrusting of the higher-grade onto
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the lower-grade unit. The similarity in orientation,
kinematics and deformation style between this zone
and the SBTZ evidences a possible kinematic link.

Variscan age of the SBTZ is also confirmed by
the fact that the syn-metamorphic fabric of the Kor-
duna Unit is sealed by the Late Carboniferous Ve-
zhen Pluton (Fig. 2; Gerdjikov et al., 2007; Geor-
giev et al., 2020). The ductile shear zone separat-
ing the Korduna and Zvezdets units was partially
reactivated by the Alpine low-grade Kashana Shear
Zone (Fig. 2).

Alpine tectonic zones

The present-day structural frame of the Central Bal-
kan Zone is a result of two compressional phases
related to north-vergent thrusting and folding (e.g.,
Vangelov et al., 2013). In the Bulgarian geological
literature, these two phases are referred to as Early
(Late Jurassic—Early Cretaceous) and Late Alpine
(Paleogene). However, the attribution of the main
tectonic zones of the study area to one or the other
compressional phase is still questionable due to the
lack of reliable age constraints. The following main
Alpine structures were defined in the study area:
Plakalnitsa, Vidlich, Bebresh and Bunovo-Anton
fault zones and Kashana Shear Zone (Fig. 2).

The Plakalnitsa Fault Zone is a complex north-
west—southeast trending zone of north-vergent
thrusts and minor south-vergent back-thrusts (Fig. 2).
In fact, it represents the thick-skinned westernmost
limit of the Central Balkan Zone along which the
pre-Alpine basement rocks override the Mesozoic
sedimentary cover (e.g., Vangelov et al., 2013). In
the hanging wall of the zone, various Carboniferous
granites and locally their high-grade metamorphic
host rocks are exposed (Lazarova et al., 2007; An-
tonov et al., 2010b).

The Vidlich Fault Zone is another major north-
vergent thrust zone, which in the studied area
stretches between the Iskar River gorge and the Beb-
resh River valley (Fig. 2). In the Iskar River gorge,
where the Grohoten Formation is emplaced over
the Mesozoic cover, the thrust character is best ex-
pressed with the presence of imbricate fans in the im-
mediate footwall (Fig. 2). Eastwards, where the Gro-
hoten Formation overlies mainly the DPC (Fig. 2),
the contact is still not well studied and therefore
primary transgressive relationships could not be
excluded. Farther east, between Osenovlag and the
Bebresh River valley (Fig. 2), where the translation
amount along the Vidlich Fault Zone most prob-
ably decreased, only few small high-angle thrusts
and reverse faults were recognized (Angelov et al.,

2010c). Our field observations support the idea of
general lack of a major thrust structure inducing
considerable translations in this area.

The Bebresh Fault Zone is another important
Alpine tectonic structure in the studied area, traced
along the Bebresh River valley from Vrachesh to
Stargel, where it is probably linked with the Bu-
novo-Anton Fault Zone (Fig. 2). The fault zone is
poorly studied and detailed structural data are still
missing. Along the Bebresh River valley southeast
of Vrachesh, it is loosely defined and there is no
clear evidence of a major displacement (Fig. 2).
Farther southeast, the zone is described as steep
thrust fault along which the low-grade metamorphic
rocks of the Zvezdets Unit override the Late Car-
boniferous Bebresh Pluton (~310.0+6.4 Ma; An-
gelov et al., 2010e) and the sedimentary rocks of the
Grohoten Formation (Fig. 2; Antonov et al., 2010a).
In this area and farther southeast in the surround-
ings of Stargel, the fault zone represents a system
of northwest—southeast trending, mainly steeply
dipping to the southwest, faults (Fig. 2). Bonchev
(1986) was the first who suggested the presence of a
significant strike-slip component along the Bebresh
Fault Zone. The steep dips of particular faults and
their anastomosing geometry, as well as the rela-
tively small vertical translations, indeed suggest the
strike-slip nature of the zone. In fact, the Bebresh
Fault Zone could be regarded as a transform zone
with limited compressional component, linking the
Vidlich and Bunovo-Anton thrusts (Fig. 2).

The Bunovo-Anton Fault Zone follows the
northern margin of the Zlatitsa Basin and is large-
ly covered by its Neogene—Quaternary sediments
(Fig. 2). The zone partially reactivated the Variscan
SBTZ and is cut by the system of normal faults bor-
dering the Zlatitsa Basin (Fig. 2). The north-vergent
translations along the zone led to the deformation of
the Upper Cretaceous sequences of the Chelopech
Basin (Fig. 2; e.g., Kounov and Gerdjikov, 2020).

The Kashana Shear Zone is the main tectonic
structure attributed to the Early Alpine evolution
of the area (Fig. 2; e.g., Gerdjikov and Georgiev,
2005, 2006; Lazarova et al., 2006; Lazarova and
Gerdjikov, 2008). The north-vergent thrust tecton-
ics along the ridge of the Etropole and Zlatitsa-
Teteven mountains was first suggested by Trashliev
(1961) from drill-hole data. Later, Antonov and
Jelev (2002) described the zone as a system of com-
pressional brittle faults. More recent studies proved
that this zone represents an Early Alpine low-grade
brittle-ductile to ductile thrust (e.g., Gerdjikov and
Georgiev, 2005, 2006; Lazarova et al., 2006; La-
zarova and Gerdjikov, 2008; Nanov et al., 2016).
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The Kashana Shear Zone is east—west trending and
generally shallowly dipping to the south. The ob-
served shallowly plunging to the south lineation
and shear-sense indicators point to the top-to-the-
north tectonic transport. The zone cuts the original
Variscan tectonic contact between the Korduna and
Zvezdets units, imposing a partial reworking of the
earlier fabrics (Fig. 2).

PALEOZOIC GEODYNAMIC SIGNIFICANCE
AND CORRELATIONS

The new structural and geochronological data clear-
ly show that the Stara Planina Low-Grade Meta-
morphic Complex, initially collectively described
as DPC, in fact incorporates a number of units
differing in age and Paleozoic geodynamic evolu-
tion. Below, we discuss the tectonic relationships
between the studied units together with their geody-
namic significance and correlations with other low-
grade metamorphic units from the Balkan orogen
and more distant parts of the Rheic Ocean in Central
and Western Europe.

Diabase-Phyllitoid Complex and similar units

The DPC is the only Paleozoic unit in Bulgaria
from which Early Cambrian pillow lavas are report-
ed (Georgiev et al., 2016). The other unit, where
remnants of an Ediacaran—Upper Cambrian oceanic
crust are geochronologically proven is the Frolosh
Complex of the Kraishte Zone (Fig. 1; Zagorchev
et al.,, 2011; Kounov et al., 2012). However, a
straightforward correlation between both units is
not possible due to several major differences. Un-
like DPC, the Frolosh Complex lacks an important
terrigenous part and is strongly tectonically inter-
calated with the Ediacaran—Lower Cambrian calc-
alkaline magmatic rocks with an arc signature (the
Struma Diorite Complex — Stephanov and Dimit-
rov, 1936; Haydoutov et al., 1994). If the Struma
Diorite and Frolosh complexes are regarded as a
magmatic arc and obducted ophiolitic suite, re-
spectively (Kounov et al., 2012; Anti¢ et al.,
2016), the DPC mélange-like unit was described as
part of an accretionary wedge and/or forearc basin
(Zak et al., 2021).

Correlations were also made between the DPC
and another mélange-like unit — the Dalgi Del
Group of the Western Balkan Zone (Fig. 1; Angelov
et al., 1992). The latter, representing a terrigenous
low-grade complex containing numerous fragments
of ophiolite and calc-alkaline magmatic rocks, is
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considered as a transgressive cover of the low-grade
volcano-sedimentary sequences of the Berkovitsa
Group (Fig. 1; Haydoutov, 1989). The age of the
Dalgi Del terrigenous sediments is loosely defined
as Early Silurian—Devonian on the basis of relics of
porous dry-land plant tissue findings (Ercegovac et
al., 2011). This age, together with the fact that the
Carpathian-Balkan Ophiolites (Fig. 1, CBO, Hay-
doutov, 1989) are now well dated as Early Devonian
(Zakariadze et al., 2012; Balica et al., 2014; Plissart
etal.,2017; Kiselinov et al., 2017), put some doubts
on the previously suggested CBO provenance of the
ophiolitic fragments in the Dalgi Del sediments.
On the other hand, if they indeed belong to the lat-
ter, this suggests a post Early Devonian age for the
Dalgi Del Group, which partially confirms the pale-
ontological findings.

For the sediments of the Berkovitsa Group, a
Cambrian age is suggested based on the young-
est detrital zircon population (~500 Ma) and the
age of the oldest magmatic rocks intruding them
(49346.6 Ma zircon U-Pb age of gabbroic sill, Car-
rigan, 2005). Previously, all these low-grade volca-
no-sedimentary complexes from the Balkan Zone
(DPC, Dalgi Del and Berkovitsa groups), together
with the Frolosh and Vlasina complexes from the
Kraishte Zone, were considered as part of a single
terrane (Fig. 1; e.g., Haydoutov, 1989; Haydoutov
and Yanev, 1997). In the last ten years, however,
an increasing number of studies have highlighted
several differences between these units (e.g., Kou-
nov et al., 2012; Anti¢ et al., 2016; Georgiev et al.,
2016; Zak et al., 2021). Additionally, to the above-
mentioned differences, we should add the fact that
the Vlasina Complex must be older than the DPC
and the Berkovitsa Group, as it is intruded by Edi-
acaran granites (e.g., Kounov et al., 2012; Anti¢ et
al., 2016) and a maximum depositional age of 577
+5/—6 Ma is reported (Zak et al., 2021). Furthermore,
although of similar age, the DPC and the Berkovitsa
Group differ in their lithologies. The latter repre-
sents a volcano-sedimentary, probably arc related,
complex containing not only mafic but also a large
amount of acid volcanic rocks and some marbles. Re-
cently, detrital zircon U-Pb geochronological analy-
sis suggested that, although tectonically juxtaposed
during the Alpine and probably already during the
Variscan orogeny (e.g., Kounov et al., 2012; Anti¢
et al., 2016), these units occupied different positions
along the northern margin of Gondwana — eastern for
the Sredna Gora and Stara Planina complexes and
western for the Vlasina Complex (Z4k et al., 2021).

Due to similar lithologies and tectonic position,
the Berkovitsa Group sequences were correlated
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with those of the Eselnita Formation of south Ro-
mania (Plissart et al., 2017), whereas the latter was
interpreted as formed in a rifting environment dur-
ing Early Palaeozoic times (Iancu et al., 2005). At
the scale of the western and central European Rheic
Ocean (e.g., Nance et al., 2010), the lithological
characteristics of the Berkovitsa Group make it very
similar to the Cambrian volcano-sedimentary suc-
cessions of the Ossa-Morena Zone (Southwest Ibe-
ria) and Vesser Complex (Saxo-Thuringian Zone of
the Bohemian Massif) characterized by a bimodal
felsic and mafic volcanic activities and MOR-re-
lated rocks from an early stage of the Rheic Ocean
evolution (Linnemann et al., 2007; Sanchez-Garcia
etal., 2010).

Alternatively, the DPC and the Berkovitsa Group
could be regarded as different parts of an accretion-
ary wedge/forearc basin system (Zak et al., 2021;
Zak et al., in review) related to the Prototethys sub-
duction. This basin(s) might represent an equivalent
of the Late Cambrian Chamrousse oceanic domain
developed along the southern Gondwana margin and
which became a part of the Variscan belt of Western
Europe (e.g., von Raumer and Stampfli, 2008).

Lower Paleozoic sections from the Bilo and
Murgash mountains and Zvezdets Peak

An uninterrupted section of low-grade terrigenous
rocks could be followed in the Bilo and Murgash
mountains and in the area of Zvezdets Peak (Figs
2, 6). Apart from the evident lack of major tecton-
ic zones along their contacts, a normal metamor-
phic gradient is observed from the lowermost Bilo
coarse-grained schists through the Zvezdets phyl-
lites to the non-metamorphosed siltstones and mud-
stones of the Grohoten Formation. Up until now,
there are no reliable geochronological and paleonto-
logical constraints from the metamorphosed part of
this section and its age is considered as pre-Middle
Ordovician (pre-Darriwilian) as it is covered by the
Middle—Upper Ordovician sediments of the Groho-
ten Formation (Fig. 2). Apparent lithological and
structural similarities between the Bilo Unit and
DPC allow some correlations to be made between
these two mélange units.

Despite the lack of an apparent angular and struc-
tural unconformity between the Zvezdets Unit and
the overlying Grohoten Formation, there is, how-
ever, an apparent difference in metamorphic grade
and deformation between both units. Therefore, it
could be tentatively suggested that a primary trans-
gressive contact was consequently reactivated as a
post-Variscan extensional decollement running at

the base of the Grohoten quartzarenites and leading
to the exhumation of the relatively older and high-
er-grade rocks of the Zvezdets Unit. A relatively
larger amount of Late Variscan exhumation east of
this contact is well evidenced by the fact that, in the
Zlatitsa-Teteven Mountain, deeply eroded Carbon-
iferous granitoids, intruding the Lower Paleozoic
formations, are covered by Permian—Lower Triassic
sedimentary rocks (Fig. 2). In contrast, in the Bilo
and Etropole mountains, these sedimentary rocks
transgressively cover only the Lower Paleozoic sed-
iments and Carboniferous volcanic rocks (Fig. 2).

The subduction of the Prototethys in the Bal-
kan area continued until the Early—-Middle Or-
dovician (e.g., Balintoni et al., 2010; Anti¢ et al.,
2016) and the oldest known sediments associated
with the Rheic Ocean in Bulgaria are of a Middle
Ordovician age (e.g., Spassov, 1973; Sachanski
et al., 2005; Boncheva et al., 2010). Furthermore,
from the Lower Complex of the Serbo-Macedonian
Massif (Fig. 1), Middle Ordovician rifting-related
tholeiitic dykes were reported (Antic et al., 2016).
Therefore, the mélange-like Bilo Unit and DPC of
probable Cambrian—Early Ordovician age could
represent parts of an accretionary wedge/forearc
basin system formed along the Gondwanan margin,
which was later transgressively covered by the Mid-
dle Ordovician deposits of the newly formed, in this
part of Europe, Eastern Rheic Ocean. Linnemann et
al. (2008) already suggested rift propagation from
the west in the area of the Ossa-Morena Zone to-
wards the east to the Saxo-Thuringian Zone and
more easterly situated areas of Europe during the
Cambrian. In Western and Central Europe, since the
Early Ordovician, a new phase of extension related
to the Rheic Ocean evolution is observed, accom-
panied by a large-scale volcanic activity, erosion of
the rift shoulders and deposition of the Armorican
Quartzite (e.g., von Raumer and Stampfli, 2008).
As it was mentioned before, the thick quartzarenite
layers at the base of the Grohoten Formation could
be correlated with the Armorican Quartzite of the
Western European part of the Rheic Ocean. The ap-
parent lack of a major unconformity between the
pre- and post-Middle Ordovician sequences in the
Balkan area suggests that they have probably es-
caped the Cadomian arc-continental collision, and
the newly formed during the Early Ordovician in
the west Rheic Ocean propagated eastward into a
still open oceanic realm. Recently, Zak et al. (in
press) have envisaged a possible absence of a true
seafloor spreading related to the Rheic Ocean in the
Balkan area, where the northern Gondwanan mar-
gin represented an extended shelf.
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Another possibility, which could not be fully
excluded for the time being, is that the discussed-
above contact between the Middle—Upper Ordo-
vician sediments and the underlying low-grade
metamorphic rocks represents in fact a diachro-
nous breakup unconformity marked in other parts
of the Rheic Ocean by a transgressive quartzarenite
correlative with the Lower Ordovician Armorican
Quartzite (e.g., Noblet and Lefort, 1990; Gutiér-
rez-Alonso et al., 2007; Nance et al., 2010). This
would imply that the Cambrian—Lower Ordovician
Bilo Unit, DPC and even the Berkovitsa Complex
were not parts of a back-arc and/or forearc basin(s)
related to the Prototethys subduction as suggested
before (Kounov et al., 2012; Zak et al., 2021), but
rather represent volcano-sedimentary sequences re-
lated to the rifting of the Rheic Ocean.

For the Kraishte area, to the southwest (Fig. 1),
where an apparent discordance between the green-
schist Ediacarian-Lower Cambrian Vlasina Com-
plex and the overlying Lower Ordovician sediments,
as well as the low-grade to non-metamorphosed
Silurian—Devonian sedimentary sequences of the
Vlasina-Morava Unit, are also missing, Kounov
et al. (2012) suggested a continuation between the
Ediacaran—Early Cambrian backarc Vlasina Basin
and the Rheic Ocean. The metamorphic difference
between the distinct sedimentary sequences Antic et
al. (2016) related to a telescoping of a Variscan nor-
mal gradient metamorphic section during the late
Early Cretaceous shortening and northeast-directed
thrusting.

Paleogeographic affinities of the Lower
Paleozoic section

When discussing Lower Paleozoic sedimentary
sequences in Europe, it is inevitable to raise the
question concerning their eventual affinity to the
Gondwanan margin or the Avalonian Plate during
the Rheic Ocean evolution. For the Ordovician—
Devonian section of the western part of the studied
area, it has already been suggested that these sedi-
ments were deposited along the Gondwanan margin
(e.g., Gutiérrez-Marco et al., 2003; Boncheva et al.,
2007; Chatalov, 2017; Georgiev et al., 2022). From
this section, Chatalov (2017) reported Hirnantian
glaciomarine deposits typical also for other peri-
Gondwana terranes and not known from the Avalo-
nian shelf (e.g., Kroner and Romer, 2013). Recent-
ly, detrital zircon U-Pb geochronology analyses on
middle Darriwilian sandstone from the lower part of
the Grohoten Formation designate the Trans-Saha-
ran Belt as most probable source area for these sedi-
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ments (Georgiev et al., 2022). All these results are
consistent with the paleobiogeographic data from
the Ordovician System of the Balkan Zone. The
Middle Ordovician benthic faunas (brachiopods and
trilobites) and acritarchs from this zone are closely
related to peri-Gondwanan provinces (Kalvacheva,
1990; Gutiérrez-Marco et al., 2003).

On the other hand, the spessartine-rich quartzites
(coticules), as those from the Bilo Unit (Ivanov et
al., 1976), were exclusively reported from the Early
Paleozoic Avalonian shelf (e.g., Kroner and Romer,
2013). The only exception is the manganese-rich
rocks occurring in the greenschist-facies volcano-
sedimentary complex of the Ossa-Morena Zone, in
the Iberian Massif of southwestern Spain (Jiménez
Millan and Velilla, 1998). However, the existence
of coticules in the Bilo Unit could not be used as
reliable evidence of a possible Avalonian affinity.
The apparent lack of any significant tectonic bound-
ary, representing a Rheic suture between this unit
and the rest of the Lower Paleozoic sedimentary
sequences with proven Gondwanan provenance,
clearly reject such a possibility.

The available tectonostratigraphic, paleontologi-
cal, and geochronological data from the Moesian
Platform suggest that it was part of the Avalonian
Plate, which was separated from North Gondwana
and accreted to Baltica (Laurussia) during the Late
Ordovician-Early Devonian (e.g., Oczlon et al.,
2007; Kalvoda and Babek, 2010; Balintoni et al.,
2014; Okay and Nikishin, 2015; Okay and Topuz,
2017). Therefore, the main Rheic suture must be
positioned between the Moesian Platform and the
Lower Paleozoic rocks from the Balkan Zone. This
suture is not recognized yet, probably being cov-
ered by the thick Mesozoic and Neozoic sediments
of the Moesian Platform or strongly sheared and
displaced by the Variscan wrench tectonics (e.g.,
Zéak et al., 2021).

Korduna and Zvezdets units

The recognition of the Zvezdets phyllites as an in-
dependent tectonostratigraphic unit is one of the
key elements that helped to resolve the complicated
evolution (including Variscan and Alpine tectonic
events) of the rocks along the southern slopes of the
Etropole and Zlatitsa-Teteven mountains (Figs 2,
6a). The lower metamorphic grade, lower strain in-
tensity and almost complete lack of magmatic rocks
in the Zvezdets Unit clearly differentiate it from the
mélange-like and intensively deformed Korduna
Unit. These major differences between both units,
together with their age difference, define their con-
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tact as a major Variscan tectonic zone, which was
partially reactivated by the Alpine Kashana Shear
Zone (Figs 2, 6a).

One of the other major breakthroughs is the
recognition of the inverted metamorphic gradi-
ent in the Korduna Unit, which allows attribut-
ing it to the Variscan Stargel-Bulovanya Tectonic
Zone. All this also suggests a possible affinity of
the Korduna Unit to the CSGHGMC rather than to
the SPLGMC. The Lower Silurian basic volcanic
rocks reported from the Korduna Unit (Peytcheva
and von Quadt, 2004) have no correspondent in any
of the other known Silurian sediments, not only in
the Balkan Zone but also in the neighboring zones
of the Balkan orogen. This let us consider the Kor-
duna Unit as an exotic entity, which obviously has
arrived from a part of the Rheic Ocean up until
now unknown in the Balkans.

Correlations with other Early Paleozoic units
from the Central Balkan Zone

Farther east, in the central parts of the Stara Planina
Mountains, several other Early Paleozoic metamor-
phic units, part of the Central Balkan Zone, are ex-
posed (Fig. 1). In the Karlovo Mountain (Fig. 1),
the SPLGMC is presented by a volcano-sedimen-
tary sequence containing scarce lenses of metaba-
sic rocks, all metamorphosed in low-grade green-
schist facies conditions (e.g., Milanov et al., 1971;
Cheshitev et al., 1994a, b). This complex, for which
an Ediacaran—Early Cambrian maximum age was
suggested (Zék et al., 2021), is intruded by Early
Cambrian granitoids (Balkanska et al., 2021). It
correlates well, in terms of rock composition and
protolith ages, with the Berkovitsa Group (Hay-
doutov, 1991), although the latter contains larger
amount of volcanic and magmatic rocks and an ap-
parent Cambrian age is suggested (Zék et al., 2021;
7k et al., in press).

In the Shipka Mountain (Fig. 1), part of the pre-
Permian basement of the Central Balkan Zone con-
sists of limestones covered by rhythmic terrigenous
sediments, to which a Devonian age was attributed
(Kalvacheva and Prokopov, 1988). These sediments
are similar to the Devonian deposits in the Kraishte
Zone (Boncheva et al., 2010), although the upper
part of the complex could also be correlated with
the Upper Devonian turbiditic sequences of the
Iskar River gorge (Fig. 2).

The Devonian from the Shipka Mountain differs
from the other Devonian sedimentary sections of
the Balkan Zone by the presence of limestones and
mafic volcanic rocks. Similar rocks have been de-

scribed in the low-grade Lower Paleozoic sequences
in the Strandzha Zone of southeast Bulgaria (Fig. 1;
Dabovski et al., 1994, 2002), whereas the Devoni-
an age is reported for the carbonate turbidites (La-
kova et al., 1992; Boncheva and Chatalov, 1998)
and diabases (Lilov and Maliakov, 2001). Devo-
nian mafic volcanic rocks have also been recog-
nized in the terrigenous sequences in the Kraishte
Zone in Bulgaria (Zagorchev and Boncheva, 1988)
and in the Paleozoic of Central Serbia (Krsti¢ et
al., 2002). Farther west in Central Europe, similar
Devonian sequences, consisting of mafic volcanics
intercalated with terrigenous sediments and cov-
ered by carbonates, have been reported from the
Rhenohercynian and Moravo-Silesian zones (e.g.,
von Raumer et al., 2017).

The easternmost unit, which is attributed to the
metamorphic basement of the Balkan Zone, is the
Lazovo Complex exposed in the Tvarditsa Mountain
(Fig. 1; Ivanov et al., 1974), described as one of the
rare remnants of a Cadomian metamorphic basement
in Bulgaria (Gerdjikov et al., 2013). The complex
comprises intermediate, mafic and ultramafic igne-
ous rocks and metasedimens, all metamorphosed at
high-grade amphibolite facies conditions (Georgiev
et al., 2006; Statelova, 2006). A protolith zircon
U-Pb age of ~600 Ma is obtained from orthogneisses
in the eastern part of the complex (Statelova et al.,
2011). The Lazovo Complex is juxtaposed along a
ductile shear zone with the Shivachevo orthogneiss-
es, which were recently dated at 319-315 Ma (Dorr
et al., 2021). The Shivachevo orthogneisses were
correlated with the similarly deformed and metamor-
phosed in medium- to high-grade greenschist facies
Carboniferous (zircon U-Pb age of 313.1+4.6 Ma,
Antonov et al., 2010b) Ribaritsa granitoids from the
Central Balkan Zone (Fig. 2; Dorr et al., 2021). This
correlation suggests that, although metamorphosed at
a higher degree than the other pre-Permian units of
the Balkan Zone, the Lazovo Complex most prob-
ably is part of this lithotectonic unit and not of the
high-grade basement of the Sredna Gora Zone (Dorr
etal., 2021).

CONCLUSIONS

In this study, we propose a new framework for the
low-grade metamorphic rocks from the Central
Balkan Zone, applying a critical analysis of the
existing data combined with new geochronologi-
cal analysis and detailed lithological and structural
observations. Based on their structural relationships
and new geochronological constraints, several new
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units such as the Korduna, Bilo and Zvezdets units
were established together with a reassessment of the
previously recognized Diabase-Phyllitoid Complex.

In spite of the still poor time constraints and in-
tense deformation, which led to the obliteration of
the primary stratigraphic relationships and probable
omission of large amount of the sedimentary record,
several hypotheses are developed concerning the
geodynamic evolution of the studied rocks.

The Diabase-Phyllitoid Complex and the Bilo unit
are now defined as Cambrian-Lower Ordovician (?)
mélange complexes, probably representing parts of
an accretionary wedge and/or forearc basin formed
along the Gondwanan margin during the subduction
of the Prototethys. In the Bilo, Murgash and Etropole
mountains, an apparently conformable Cambrian—
Upper Ordovician section, characterized by a normal
metamorphic gradient from low-grade to non-meta-
morphosed terrigenous rocks, is recognized. The dep-
osition of these sediments is related to the subduction
of the Prototethys and the early evolution of the Rheic
Ocean, whereas their metamorphism and deformation
is attributed to the Variscan orogeny.

An inverted metamorphic gradient recognized
along the southern slopes of the Etropole and Zlatit-
sa-Teteven mountains through the Korduna and
Zvezdets units is related to a Variscan syn-metamor-
phic shearing in the crustal-scale Stargel-Bulovanya
Tectonic Zone. Along this zone, the Stara Planina
Low-Grade Metamorphic Complex is overthrust by
the Central Sredna Gora High-Grade Metamorphic
Complex, to which the rocks of the Korduna Unit
probably also belong.
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Appendix A. LA-ICP-MC isotope data (U, Th and
Pb) of zircons from the sample measured in this
study. (These data are available online at https://
www.geologica-balcanica.eu/sites/default/files/
supplementary/Gerdjikov_Geol_Balc_52-1_2023_
Appendices.zip).

Appendix B. CL and BSE images of all dated zir-
cons. (These data are available online at https://
www.geologica-balcanica.eu/sites/default/files/
supplementary/Gerdjikov_Geol_Balc_52-1_2023_
Appendices.zip).
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