
© Българско геологическо дружество и Българска академия на науките, 2021 https://bgd.bg/review-bgs

Национална конференция с международно участие „ГЕОНАУКИ 2021“
National Conference with International Participation “GEOSCIENCES 2021”

СПИСАНИЕ НА БЪЛГАРСКОТО ГЕОЛОГИЧЕСКО ДРУЖЕСТВО,  
год. 82, кн. 3, 2021, с. 84–86

REVIEW OF THE BULGARIAN GEOLOGICAL SOCIETY,  
vol. 82, part 3, 2021, p. 84–86

Pre-Mesozoic basement of Tvarditsa Stara Planina Mountain, Central South 
Bulgaria: U-Pb geochronology and regional implication
Домезозойски фундамент на Твърдишка Стара планина, Централна 
Южна България: U-Pb геохронология и регионално значение 
Wolfgang Dörr1, Anna Lazarova2, Ianko Gerdjikov3

Волфганг Дьор1, Анна Лазарова2, Янко Герджиков3

1 Institute of Geosciences, Goethe University, Altenhöferallee 1, 60438 Frankfurt am Main, Germany 
2 Geological Institute, Bulgarian Academy of Sciences, 1113 Sofia; E-mail: alazarova@geology.bas.bg
3 Sofia University St Kliment Ohridski, 15 Tsar Osvoboditel Blvd., 1504 Sofia 

Abstract. The easternmost coherent tract of the pre-Mesozoic basement of the Carpatho-Balkanide belt is exposed 
in Tvarditsa Stara Planina Mountain. Two metamorphic units – the Lazovo and Shivachevo complexes as well as the 
Tvarditsa pluton were distinguished, as their ages are still not well constrained. Here, we present U-Pb (ID-TIMS) 
data for the Shivachevo complex and the Tvarditsa pluton, putting this information in the regional context of the late 
Variscan geodynamic evolution of the region.
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Introduction 
The structural and geochronological data accumu-
lated in the recent years show that the pre-Mesozoic 
basement of the Carpatho-Balkanides comprises 
various in age and nature rocks, constituting the 
Variscan orogen of Southeastern Europe. The east-
ernmost coherent tract of the basement is exposed 
in Tvarditsa Stara Planina Mountain. It incorpo-
rates two metamorphic units – the Lazovo and Shi-
vachevo complexes as well as the Tvarditsa pluton 
(Ivanov et al., 1974). The observed field relation-
ships between these rocks and the Permian–Meso-
zoic cover clearly evidence the pre-Permian age of 
the basement, but precise geochronological data 
for the protoliths and metamorphic transformations 
are still lacking. In this study we present U-Pb (ID-
TIMS) data from samples of the Shivachevo com-
plex and Tvarditsa pluton, putting this information 
in the regional context of the late Variscan and Al-
pine geodynamic evolution of the region. 

Geological setting 
The lowermost structural position within the meta-
morphic basement is occupied by the Lazovo com-

plex. The overview of the available data indicates that 
it is a compositionally variegated polymetamorphic 
unit, affected by at least three metamorphic events 
– first HP-HT, second LP-HT and later, related to 
the Alpine tectonics (Georgiev et al., 2006; State-
lova, 2006). The complex comprises metaigneous 
(intermediate, mafic and ultramafic) and metasedi-
mentary rocks, poorly studied in terms of protoliths, 
metamorphism and structural relationships. Quite 
provisional are the Cadomian zircon LA-ICP-MS 
protolith ages of ca. 600 Ma, obtained from gneiss-
es in the eastern part of the complex (Statelova et 
al., 2011) as well as the 40Ar/39Ar age of ca. 338 
Ma of syn-metamorphic white micas from schists 
(Statelova, 2006). The other metamorphic unit of 
the Tvarditsa basement is the Shivachevo complex, 
initially distinguished as a high-grade/gneissic en-
tity, subsequently retrogressed in greenschist facies 
conditions (Ivanov et al., 1974). Geochemical and 
microfabric data (Statelova et al., 2004; Statelova, 
Machev, 2005) allow to regard the complex as con-
sisting of greenschist facies metagranitoids. All the 
rocks show a penetrative S- to SW-dipping steep 
(50–65°) mylonitic foliation (Ivanov et al., 1974; 
Statelova, Machev, 2005; Georgiev et al., 2006), 
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developed in greenschist facies (Statelova, Machev, 
2005). The Tvarditsa pluton is an E-W elongated 
body of ca. 80 km2, composed of monzodiorites, 
granоdiorites, biotite and leucocratic aplitoid gran-
ites (Ivanov et al., 1974). 

The sedimentary cover of the Tvarditsa base-
ment incorporates: i) a Permian section of terri-
genous (conglomerates, gravels and sandstones) 
and vocaniclastic sediments as well as acid volcan-
ics (Ivanov et al., 1974); ii) a complete Lower to 
Upper Triassic section of terrigenous sediments at 
the base grading upwards in a limestone-dolomite-
argillaceous sequence, which discordantly over-
lays the basement and Permian rocks; iii) an Upper 
Cretaceous section, starting with a Turonian flysch 
alternation, unconformably covered by a Campa-
nian–Maastrichtian limestone-marly sediments;  
iv) Quaternary deposits of the Tvarditsa basin. 

The basement-cover relationships are compli-
cated due to the compressional, generally north-
vergent Alpine tectonics. The northern contact of 
the Shivachevo complex with the Lazovo meta-
morphics and Tvarditsa pluton (Fig. 1) coincides 
with the E-W trending and S-dipping Strazheran-
ski north-vergent fault zone (Ivanov et al., 1974), 
recently interpreted as related to the Late Jurassic–
Early Cretaceous (i.g. early Alpine) tectonics (Geor-
giev et al., 2006; Gerdjikov et al., 2008). The initial 

intrusive relationships are preserved only between 
the Tvarditsa pluton and the host Lazovo complex 
(Ivanov et al., 1974) as a several tens of meters wide 
contact aureole sealed the metamorphic fabric. The 
northern contact between the Lazovo complex and 
the Permian section (Fig. 1) is mainly of tectonic 
nature, as in the Lazovo river valley, the metamor-
phic basement is emplaced over the Permian rocks 
as decametre-scale thrust imbrications have been 
observed (Georgiev et al., 2006; Gerdjikov et al., 
2008). The deformation induced very low-grade 
metamorphic transformations and foliation fabric 
development in the Permian volcano-sedimentary 
succession. Basing on a structural analogy with 
similar zones in Zlatitsa Stara Planina Mountain 
it is concerned as related to the early Aline tecton-
ics. The post-Late Cretaceous age (late Alpine) is 
proofed for the Sapdere reversed fault (Ivanov et 
al., 1974), which footwall comprises rocks of the 
Shivachevo complex as well as Upper Cretaceous 
sediments, and the hanging wall – the Shivachevo 
metamorphics only. 

Results and regional implication
Three samples, BU 600 (N 42.709742; E 25.896218) 
from the Tvarditsa pluton, and BU 601 (N 42.709742;  
E 25.896218) and BU 602 (N 42.711328; E 25.775397) 

Fig. 1. Geological map of a part of Tvarditsa Stara Planina Mountain, modified after Ivanov et al. (1974) and the Concordia dia-
gram with the analyzed U–Pb zircon (TIMS) data of the Tvarditsa pluton
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from the Shivachevo complex are dated (Fig. 1). 
Sample BU 600 is a quartz monzodiorite, com-
posed of hornblende, biotite, plagioclase, K-feld-
spar, quartz, and accessories apatite, zircon and 
titanite. Samples BU 601 and BU 602 are of de-
formed K-feldspar phyric granitoids, consisting of 
primary K-feldspar, plagioclase, quartz and biotite 
(sample BU 602), as in domains of an intense de-
formation (sample BU 601) these minerals are par-
tially or completely replaced by fine-grained white 
mica, epidote, quartz, albite and chlorite. The single 
grain zircon U-Pb age determination using isotope 
dilution thermal ionisation mass spectrometry (ID-
TIMS) analysis is made as a standard mineral sepa-
ration technique is applied. The Concordia age of 
the Tvardtitsa pluton is 315±0.5 Ma (Fig. 1). Data 
from samples BU 601 and BU 602 are partly scat-
tered, but the most reliable time of the Shivachevo 
granitoid emplacement is 319–315 (±2–3) Ma. 

Putting the obtained data in the regional context 
of the Variscan basement evolution, several impor-
tant correlations can be made. Although the preci-
sion of the structure and age of the Shivachevo com-
plex needs additional studies, from the available and 
newly obtained data these deformed granitoids are a 
correlate of similar bodies exposed in the Teteven-
Troyan part of Stara Planina Mountain referred to as 
the Ribaritsa (meta)granitoids (Kuykin et al., 1971; 
Ivanov et al., 1974; Lazarova et al., 2007; Antonov 
et al., 2010). Similar to the Shivachevo complex, 
the Ribaritsa unit consists almost entirely of de-
formed in medium- to high-grade greenschist facies 
granitoids, which preliminary 206Pb/238U age data 
point to late Carboniferous (313.1±4.6 Ma) magma 
emplacement and crystallization (Antonov et al., 
2010). Analogous greenschist deformation accom-
modated the slightly younger (307.8±3.9 Ma) Am-
baritsa sheet-like pluton, constituting a considerable 
part of the Botev Vrah thrust, as it was related to a 
transpressional tectonics, revealed in the later stage 
of the Variscan evolution (Balkanska et al., 2021). 
Furthermore, the greenschist facies Shivachevo 
complex undoubtedly is a part of the basement of 
the Stara Planina Zone, since such low-grade me-
tagranitoid units were not recognized in the Sredna 
Gora Zone basement. 

In the Tvarditsa Stara Planina area, the current 
superposition of the strongly foliated Shivachevo 
granitoid complex with the undeformed, but a bit 
younger (?) Tvarditsa pluton suggests significant 
vertical and horizontal translations along Straz-
heranski north-vergent fault zone. It is feasible 
to assume that in the interval 320–315 Ma, the 
protoliths of the Shivachevo complex were more 
deeply buried than the Tvarditsa granitoids. Ob-
viously, similar to the Ambaritsa granitoids, the 
Shivachevo metagranites recorded one of the last 

increments of ductile Variscan tectonics. It is like 
enough, that the greenschist granitoids were up-
lifted and transported to the north during the early 
Alpine orogeny. This hypothesis can be tested via 
analysis of the clasts in the Permian–Triassic si-
liciclastis sediments. 

The 315 Ma Tvarditsa pluton provides the up-
per age limit of the high-grade metamorphism in 
the Lazovo Complex. Structural as well as newly 
presented geochronological data indicate that the 
Shivachevo orthometamorphics are an example of 
a late Variscan granitoid intrusion that recorded the 
last increments of ductile orogenic processes. 
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