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Abstract. U-Pb detrital zircon geochronology provides middle Permian—earliest Triassic (272-246 Ma) maximum
depositional ages for the Zelenigrad and Vranska Formations of the Belogradchik Unit. These ages match the depo-
sitional span (305-249 Ma) of the sedimentary successions in the St. Iliya Heights of the Sakar-Strandzha Zone, in
addition to their structural, textural and compositional similarities. The older zircon populations reveal erosion of
Neoproterozoic basement, a feature characteristic for Gondwana-derived blocks. The gap between Cambrian and
Carboniferous ages of the detrital zircon record of the Belogradchik Unit is ascribed to the Avalonia-type nature of
the feeding provenance.
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Introduction

Clastic sedimentary successions formed in pre-
dominantly continental environments overlie un-
comformably the lower Paleozoic metamorphic
basement in the West Fore-Balkan. They are of pre-
sumable late Carboniferous—Permian depositional
age and postdate the collisions between Gondwana-
derived continental blocks (Moesian, Balkan and
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Thracian terranes) and the southern margin of Lau-
rasia (Yanev, 2000). Following the Avalonia—Lau-
rasia collision (incl. Moesian terrane) in the early
Paleozoic, the southern margin of Laurasia became
a passive margin from the Silurian to the Carbon-
iferous (Okay, Nikishin, 2015). The Thracian Su-
ture is believed to divide the Carpathian-Balkan
ophiolite island-arc assemblage obducted on the
Moesian Platform in the Early Ordovician, from the
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Thracian terrane (Haydoutov, 1991). The colli-
sion between the Moesian and Balkan (incl. Thra-
cian) terranes occurred in late Carboniferous and
resulted in the formation of the Variscan Orogen
(Yanev, 2000).

Late Carboniferous—Permian clastic sedimen-
tation related to the post-collisional Variscan his-
tory was also inferred for the Sakar-Strandzha Zone
(Chatalov, 1985) and based on lithostratigraphic
similarities correlated with late Paleozoic clas-
tic depositional units in the Balkanides (Chatalov,
1965). In this study, we performed U-Pb detrital
zircon geochronology on two samples of the late
Paleozoic clastic sequences in the West Fore-Bal-
kan in order to compare their timing of deposition
with their probable temporal counterparts from the
Sakar-Strandzha Zone.

Geological Background

The study area is located between the villages of
Sredogriv and Borovitsa, where several Paleozoic
lithostratigraphic units crop out (Fig. 1A). These in-
clude the largest surface exposures of the Sredogriv
Formation, which comprises of various low-grade
metapelitic to metapsephitic lithologies represented
by quartz-sericite and black schists (Moskovski et al.,
1963). Recently, U-Pb zircon dating of a Sredogriv
metapsephite yielded maximum age of deposition
in the early Cambrian (see Bonev et al., 2024; this
volume). The late Paleozoic part of the Belograd-
chik Unit is built up of several terrigenous forma-
tions (Angelov et al., 2006a and references therein):
Borovitsa, Zelenigrad, Karlovitsa and Vranska For-
mations. The lower boundary of the Borovitsa For-
mation has not been constrained, but most likely it
is transgressively overlying the older metamorphic
basement. The Zelenigrad Formation is character-
ized by gradual transitions with the underlying Boro-
vitsa and the overlying Karlovitsa Formations and
the latter one exposes erosive upper level transition.
All three formations are made up of various clastic
materials of breccia-conglomerates to argillites, but
the Zelenigrad and Karlovitsa Formations are also
known to host thin layers of limestones, tuffs and
coal as well as volcaniclastics and lava flows. The
Vranska Formation covers either the Sredogriv meta-
morphic basement or older sediments of the late Pale-
0zoic successions. It consists of various by grain size
clastics from breccia-conglomerates to siltstones and
sporadically pyroclastics. The Vranska Formation is
characterized by an erosive upper transition with the
overlying Petrohan Terrigenous Group. Based on the
biostratigraphic ages of the Zelenigrad Formation
and its relations with the other three formations, their
inferred age falls within the latest Stephanian-early
Permian interval.
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In the St. Iliya Heights of the Sakar-Strandzha
Zone, the Elenovo meta-breccia-conglomerate For-
mation is stratigraphically overlain by the St. Iliya
Formation and the latter is unconformably covered
by the Pitovo Formation (Chatalov, 1985). The three
formations have maximum age of deposition within
305-249 Ma (Bonev et al., 2022). These units have
experienced a low-grade metamorphism, but by
structural, textural and compositional features the
St. Iliya Formation shares similarities with the clas-
tic rocks of the Belogradchik Unit (Chatalov, 1965).

Materials and methods

Two samples were analyzed for detrital zircon
ages to decipher the timing of sedimentary depo-
sition of: 1) a breccia-conglomerate hosting vari-
ous lithoclasts of metamorphic rocks and crystalo-
clasts from the Zelenigrad Formation (N 43.59099
E 22.72714); and 2) a coarse-grained conglom-
erate from the Vranska Formation (N 43.58705
E 22.78336). U-Pb zircon dating on both samples
was performed at the Geological Institute of Bul-
garian Academy of Sciences (GI-BAS) using a
New Wave UP193FX LA coupled to ELAN DRC-
e quadrupole ICP-MS setup. Optical cathodolumi-
nescence (CL) imaging was carried out for iden-
tifying inherited cores, cracks and inclusions in-
side the crystals using a motorized optical system
Cathodyne NewTec Scientific attached to micro-
scope Leica 2700 at GI-BAS.

Results and discussion

The detrital zircon population of 104 crystals from
the Zelenigrad Formation comprises predominantly
angular fragments or well preserved crystal shapes
indicative of limited transport to the deposition site
and poor sorting. A subordinate population of 2144—
1422 Ma few crystals characterized by rounded
shapes have probably been reworked and recycled
multiple times from older sedimentary successions.
In the Kernel density estimation (KDE) diagram
(Fig. 1B), two peaks are well-displayed: 1) the most
prominent peak is defined by multiple concordant
clusters at 662+5.2 Ma, 629+5.8 Ma, 608.9+3.8 Ma,
588.8+5.2 Ma, 582.9+8 Ma, 567.3+4 Ma and re-
flects either erosion of a Neoproterozoic basement
or recycling of the Sredogriv Formation; 2) the sec-
ond prominent peak is related to early Carbonifer-
ous—middle Permian ages clustering within 358—
272 Ma. The youngest population of three zircons
yielded a Concordia age of 272.9+4.1 Ma (Fig. 1B)
that is interpreted to reflect the maximum age of
deposition of the Zelenigrad Formation. The vast
majority of zircons have magmatic origin based on
their Th/U ratios varying between 0.17 and 2.13.



CL imaging revealed mostly homogenous recrys- The timing of deposition of the Vranska Forma-
talized zircons, although some crystals exhibit os- tion was constrained with 105 zircon analyses. CL
cillatory zoning that testify to preserved magmatic  imaging revealed mostly angular-shaped fragments
features. Dark CL images are very typical charac- and crystal forms, pointing to a proximal deposi-
teristic for the youngest zircon population. tion. Oscillatory zoning is often visible in the CL
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Fig. 1. (4) Compiled geological map after Angelov et al. (2006, 2006a); (B) Kernel density estimation (KDE) diagram of the de-
trital zircon populations with input of 2%Pb/?U vs. 27Pb/*’U diagram of maximum depositional age of the Zelenigrad Formation;
(C) KDE diagram of the detrital zircon populations with input of °Pb/?*¥U vs. 2’Pb/**U diagram of maximum depositional age of
the Vranska Formation
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images, suggesting preserved magmatic features.
Th/U ratios (0.09—1.24) for 98 out of all zircons also
confirm their magmatic origin. The KDE diagram
(Fig. 1C) shows two main peaks. The first one is de-
fined by numerous Neoproterozoic—early Cambri-
an zircon populations clustering at 620.8+5.3 Ma,
585.94£3.1 Ma, 559.7+£8.3 Ma, 522.5+6.7 Ma. The
second most prominent peak is delivered by a large
number of Paleoproterozoic zircons, but few of
them yielded concordant clusters at 2054+13 Ma
and 2002423 Ma. Since units of these ages are not
known in the study area, most likely the dominat-
ing presence of Paleoproterozoic—early Cambrian
populations reflects recycling of the underlying
Sredogriv metamorphic basement. Only three of all
studied zircons from the Vranska Formation yield
late Carboniferous—Early Triassic ages, two of them
concordant at 302.6+4.3 Ma, and the youngest one
at 246.8+6.9 Ma (Fig. 1C). Therefore, the maxi-
mum age of deposition of the Vranska Formation is
determined as Permo—Triassic.

Conclusions

The clastic basins of the late Paleozoic—early Meso-
zoic part of the Belogradchik Unit formed during
middle Permian—earliest Triassic (272-246 Ma)
time as constrained by the maximum depositional
ages of Zelenigrad and Vranska Formations. These
ages generally match the time span of deposition
(305249 Ma) of the sedimentary successions in the
St. Iliya Heights of Sakar-Strandzha Zone, although
according to detrital zircon geochronology the latter
had started to develop earlier, prior the opening of
clastic basins within the Belogradchik Unit.
Another similarity between the clastic suc-
cessions from Belogradchik Unit and the Sakar-
Strandzha Zone is found in the record of Neopro-
terozoic zircons. Typically, Gondwana-derived
blocks are characterized by a Neoproterozoic
basement, whereas Laurasia has an Archaean—Pal-
aeoproterozoic shield (Okay, Nikishin, 2015). One
distinctive feature of the clastic successions from
Belogradchik Unit is the gap between Cambrian
and Carboniferous ages of the detrital zircon pop-
ulations, in contrast to the Sakar-Strandzha Zone
counterparts where Ordovician—Devonian detrital
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populations are very common (see Bonev et al.,
2022). This characteristic suggests a provenance of
either Avalonia-type terranes (Moesian) accreted to
Laurasia during the early Paleozoic or of Armorica-
type terranes (Balkan and Thracian) subsequently
accreted to Laurasia during the Carboniferous.
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