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Introduction
The Variscan orogenic belt formed during the late 
Paleozoic as a result of the convergence and sub-
sequent collision of the two major paleocontinents 
Laurasia and Gondwana, including a number of 
smaller microplates and fragments of magmatic 
arcs. Widespread late- to post-collisional magma-
tism formed a number of large granitoid plutons 
(with minor mafic component) delineating long and 
well pronounced magmatic belt. 

Along the southern foot of Central Stara Planina 
Mountain, Bulgaria, the contact between the high- 
and low-grade metamorphic complexes marks an 
important transpressional ductile Variscan structure 
with an orogenic-scale significance (Gerdjikov et 
al., 2010). The activity of this tectonic zone, called 
Stargel-Boluvanya, is dated using Ar-Ar at ~334 Ma, 
shortly after the thermal peak of the metamorphism 
in the Sredna Gora high-grade metamorphic com-
plex (~337 Ma, Carrigan et al., 2006). The Vezhen 
granitoid pluton represents a post-kinematic unde-
formed fragment and is intruded in the low-grade 
metamorphic complex with presumed Cambrian–
Ordovician age (Antonov et al., 2010), forming 
a contact zone of hornfelses, spotted schists and 
skarns. It is constituted predominantly of even-
grained to porphyroid, medium to coarse grained 
granodiorite, rarely quartz diorite and quartz mon-
zodiorite (Kamenov et al., 2002). Specific element 
is the presence of mafic to intermediate enclaves 
which reveal mingling processes. A number of acid 
to intermediate and mafic in composition dikes and 
subvolcanic bodies are intruded in the pluton itself 
and in the nearby basement rocks. Unlike the wide-

spread Variscan synmetamorphic shearing, Alpine 
overprint is localized, and mylonitic deformation 
can be observed along the margin of Vezhen pluton 
and also in some of the dikes, intruded in the low-
grade metamorphic rocks (Lazarova, Gerdjikov, 
2008)

The aim of the following contribution is to con-
strain better the protholith age of the low-grade met-
amamorphic basement, the time span of the tectonic 
activity, syn-kinematic and post-kinematic carbon-
iferous igneous events of that particular segment of 
the Balkan orogen, Bulgaria.

Sampling and analytical methods 
The sampling strategy includes dating of: quartz 
veins, formed as a result of upper crustal low-grade 
metamorphism of clayey sediments in the low-grade 
metamorphic complex; mylonitic leucogranite dike 
intruded in the low-grade metamorphic complex; 
the main variety of the Vezhen granodiorite, inter-
mediate to acid dikes and subvolcanic bodies and a 
mafic dike.

In-situ U-Th-Pb age dating of the zircons and 
mineral geochemistry is made applying the LA-
ICP-MS method and the equipment at GI-BAS.

Results
Quartz veins. Sixty-three spot analyses of separate 
zones of 45 zircon crystals are made. The zircons 
contain inherited cores and magmatic oscillatory pe-
ripheries are observed. Some crystals have endured 
processes of metamictization and recrystallization 
most probably due to hydrothermal event (meta-
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morphism). The wholly recrystallized crystals are 
dated at 334.2±3 Ma (weighted average Pb206/U238 
age, Fig. 1a). During the fluid transfer and quartz 
vein formation zircons from the host rocks (the low-
grade lower Paleozoic succession) are inherited. These 
zircons reveal ages that represent the detritus com-
ponent of the lower Paleozoic sedimentary succes-
sion. The ages fall in several intervals: 474–441 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). The Th/U ratio 
of the detritus magmatic zircons is in the range of 

0.1–0.59, while in the metamict and recrystallized 
ones decrease to 0.008. The youngest and most 
abundant age interval shows that the sedimentation 
took place after/or during the Ordovician–Silurian 
and contains material from the local basement and 
recycled zircons.

Mylonitic leucogranite dyke. It is intruded in the 
low-grade metamorphic phyllitoid complex south 
of Svishti Plaz summit and shows mylonitic defor-
mation. Twenty eighth analyses of different zones 
of the zircons are made. The zircons are long to me-
dium prismatic and show well expressed magmatic 

Fig. 1. Zircon LA-ICPMS geochronology of: a, quartz vein in the low-grade metamorphic phyllitoid complex; b, mylonitic leu-
cogranite dike; c, the main variety of Vezhen granodiorite; d, intermediate to acid dikes and subvolcanic bodies; e, mafic dike
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oscillatory zoning. The magmatic Concordia age is 
307±1 Ma (Fig. 1b). 

The main variety of the Vezhen granodiorite. 
The age of the Vezhen pluton is dated by Kamenov 
et al. (2002) by a few grains, using U-Pb (ID-TIMS) 
at 314±4.8 Ma. During the present study we ana-
lyzed 26 spots of the zircons. The crystals show 
typical magmatic oscillatory zoning. The magmatic 
Concordia age is dated at 306.9±0.99 Ma (Fig. 1c). 
The older age of the previous dating most probably 
is due to conventional TIMS analyzes of few grains 
that represent antecrysts and/or negligible inherit-
ance from older cores. 

Intermediate to acid dikes and subvolcanic bod-
ies. The analyzed samples from acid to intermediate 
dykes and subvolcanic bodies shows concordant mag-
matic ages in the interval of 306 to 301 Ma (Fig. 1d, 
e). Several intervals of inherited component are dis-
tinguished: 430–465 Ma, 520–580 Ma, 600–650 Ma, 
800 Ma, 1000–1450 Ma, and 2320 Ma. 

Mafic dike. The separated zircons from a mafic 
dike (fine grained gabbro) intruded in the granodi-
orite are a few. The estimated magmatic Concordia 
age is dated at 305.9±2.7 Ma (Fig. 1f) and the inher-
ited component is 543 Ma and 1375 Ma. 

Conclusions
Our new data have important consequences for the 
understanding of the Paleozoic evolution of the stud-
ied segment of the Central Balkan orogen. Firstly, for 
the first time the age of the low-grade metamorphic 
complex is geochronologically constrained and its 
age is with no doubt Ordovician to post-Ordovician. 
Secondly, three episodes of tectonic and igneous ac-
tivity are time-framed during the present contribution 
using LA-ICPMS zircon dating:

The ages of the metamictic zircons (334.2±3 Ma) 
from the quartz veins fit perfectly with the age esti-

mates of Gerdjikov et al. (2010) and most probably 
represent fluid activation triggered by the tectonic ac-
tivity of Stargel-Boluvanya zone.

Two magmatic events mark the end of the Vari-
scan synmetamorpic deformations. To the north of 
the studied area, the Ribaritsa deformed metagran-
ites are dated at 313.1±4.6 Ma (Antonov et al., 2010). 
The low-grade metamorphic succession is intruded 
also by strongly sheared leucogranite dykes, which 
are dated at 307±1 Ma. Immediately after, the post-
kinematic undeformed Vezhen pluton is intruded. 
Its main variety is dated at 307±0.85 Ma, while a 
cross-cutting mafic dike is dated at 305.9±2.7 Ma, 
and subvolcanic bodies reveal ages in the interval 
306–301 Ma.
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