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Abstract. The Sredogriv low-grade metamorphic rocks belongs to the Montana Unit of the Western Balkan Zone in
Northwestern Bulgaria. The low-grade rocks predominantly consist of metamorphosed in greenschist facies clastic
and clastic-marly precursors and minor basic to acidic extrusive and intrusive presumably olistostromic rock bodies.
Here, we present detrital zircon age constraint for clastic rock of the Sredogriv metamorphics of unknown till now
depositional timing, together with an age of the clastic rock unconformably overlying these metamorphics. Detrital
zircons in the Sredogriv metaconglomerate yielded a maximum depositional age of 523 Ma, additionally maximum
age of deposition is defined at 263 Ma for a conglomerate of the Smolyanovtsi Formation from the first unconform-
able sedimentary cover. Mostly continental detrital material from magmatic source built the protolith of the Sredogriv
metamorphics, which are recycled in the clastic cover rocks. Hence, the greenschist facies metamorphism of the

Sredogriv metamorphics took place between 523 Ma and 263 Ma.
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Introduction

The Balkan Zone forms part of the Alpine fold-and-
thrust belt exposed in Northwest Bulgaria. In this
region, the zone consists of Forebalkan and Western
Balkan units (Dabovski, Zagorchev, 2009). Other
subdivision identifing the Western Balkan Zone
includes thrust-imbricated Berkovitsa, Montana,
Vratsa and Belogradchik units (Ivanov, 2017). The
Western Balkan Unit is built of Neoproterozoic-
Cambrian crystalline basement and Late Paleozoic-
Mesozoic cover rocks. In the past, the crystalline
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basement is reffered to Diabase-phyllitoid for-
mation (Dimitrov, 1929) or complex (Boyadjiev,
1970), in which three lithostratigraphic groups have
been subdivided, namely Cherni Vrah, Berkovitsa
and Dalgi Djal groups (Haidutov et al., 1979; Hay-
doutov, 1991). These units differ in their character
as such as the Cherni Vrah is ophiolitic, the Berk-
ovitsa Group is island arc-related, and the Dalgi
Djal Group is olistostromic. The age of the Cherni
Vrah Group was defined as Precambrian by a sin-
gle U-Pb zircon crystallization age of a gabbro at
563+5 Ma (Von Quadt et al., 1998). The latter age
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was interpreted as detrital by Kiselinov et al. (2017)
that dated the Cherni Vrah gabbro as Devonian at
391.2+1.3 Ma by LA-ICP-MS method on multiple
zircon grains. Cambrian age of 493.0+6.6 Ma was
defined for the Berkovitsa Group Pilatovo gabbro
by U-Pb method (Carrigan et al., 2003). The coun-
terpart of this group in Eastern Serbia demonstrates
Devonian ages 380-405 Ma (Zakariadze et al.,
2007; Balica et al., 2014; Plissart et al., 2017). The
Sredogriv low-grade metasedimentary rocks have
been correlated with the Dalgi Djal Group (Hay-
doutov,1991).

In this contribution, we present detrital zircon
U-Pb geochronology for the depositional timing
of the precursors of the Sredogriv low-grade meta-
morphic rocks, as well as on the clastic sedimentary
rocks of its immediate cover. The aim of this study
is mainly to provide age constraints relative to the
depositional history of an important crustal element
of the Western Balkan Unit, as well as to brackets
the temporal frame of the experienced greenschist
facies metamorphism.

Geological setting

The Sredogriv metamorphics (Angelov et al., 2006)
belong to the Montana Unit, which is a component
of the large scale Western Balkan Zone (Ivanov,
2017). Intially, they have been subdivided into the
Sredogriv Formation (Moskovski et al., 1963), and
later included into the diabase-phyllitoid complex
(Kounov, 1974; Ivanov et al., 1987). The Sredogriv
metamorphics, togheter with Permain clastic and
volcanic rocks, build up the basement of the Mon-
tana Unit, which is covered by Lower Triassic and
Middle Jurassic-Early Cretaceous clastic-carbon-
ate successions (Angelov et al., 2006). The Mon-
tana Unit is thrusted over the Belogradchik Unit
along the late Alpine Vedernik thrust. The age of
the Sredogriv metamorphics is inferred to be Silu-
rian (Bonchev, 1910), Devonian-early Carbonifer-
ous (Dimitrov, 1929), pre-Devonian (Moskovski
et al., 1963) and Ordovician by analogy with the
Dalgi Djal Group (Haydoutov, 1991). According to
Moskovski et al. (1963), the Sredogriv Formation
consists of a lower terrigeous member and an upper
terrigenous-tuffaceous member. Haydoutov (1973)
unifies the Sredogriv Formation together with four
other formations into the terrigenous-volcanogenic
suite called “Stara Planina flyschoid Formation”.
Intense deformation, greenschist facies metamot-
phism and modified primary stratification led An-
gelov et al., (2006) to unify the parametamorphic
rocks along with allochthnous magmatic rocks into
a single unit called the Sredogriv metamorphics.
Kiselinov (2011) has distinguished six deforma-
tional stages of the Sredogriv metamorphics and

obtained Neoproterozoic U-Pb zircon protolith age
of 618+£10 Ma for the Protopopintsi metagranitoid,
which is considered as an olistolith within these
metamorphics.

Field observations and samples

The Sredogriv low-grade metamorphics consist of
alternating sericite schist, sericite-chlorite schist,
calc-schist, phyllite, metaaleurolite, metasandstone
and metaconglomerate. Basic and acidic metaigne-
ous bodies within this metasedimentary succession
are considerd allochthonous, representing various
olistostromic bodies (Angelov et al., 2006). In the
field, it is hardly to identify the olistostomic nature
of the magmatic rocks because some demonstrate
features of dykes (thin elongated bodies) or sills (fo-
liation/stratification-parallel thin bodies) within the
metamorphic succession.

A single sample L4 is collected from a metacon-
glomerate from the Sredogriv low-grade metamor-
phics. This polygenic metaconglomerate consists of
quartz, gneiss, phyllite, schist, granitoid clasts that
range in size from 2 to 6 cm, all set in a medium-
to coarse-grained matrix of similar compositon to
that of the clasts. Another sample L15 is collected
from a conglomerate that belongs to the inferred
Lower Permian Smolyanovtsi Formation from the
first unconformable sedimentary cover of the Sre-
dogriv metamorphics. The conglomerate consists
of quartz, gneiss, phyllite, schist, granitoid and vol-
canic clasts that range in size up to 15 cm, all setina
coarse-grained matrix of similar compositon to that
of the clasts.

Results

For the sample preparation and analytical proce-
dures of U-Pb geochronology the reader is referred
to Bonev et al. (2019). In sample L4, the 2°Pb/¥U
ages obtained from 105 analyses range from
1996 Ma to 516 Ma (Fig. 1a). From seventy-seven
concordant zircons a series of clusters were estab-
lished with different density and various ages. The
main age cluster of twenty-three zircons yielded a
concordia age of 597.1+3.3 Ma, followed by a clus-
ter of seventeen zircons that gave a concordia age of
587.5+3.5 Ma, and a cluster of fourteen zircons with
a concordia age of 640.8+5.8 Ma. Eight concordant
zircons cluster at 555.5+0.36 Ma, five concordant
zircons cluster at 611.3+4.7 Ma and three concord-
ant zircon cluster at 624.6+£6.2 Ma. Two zircon pairs
gave concordant ages, respectively, at 687+49 Ma
and at 199612 Ma. Single zircons yielded con-
cordant ages at 944+21 Ma and at 791+12 Ma. The
five youngest concordant zircons provided an age of
523.0+6.5 Ma, and hence, define a maximum early
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Fig. 1. U-Pb LA-ICP-MS diagrams for zircon analyses of dated samples. (a) Kernel diagram of zircons from sample L4, (b) Con-
cordia diagram for the five youngest zircons in sample L4, (¢) Kernel diagram of the zircons in sample L15, (d) Concordia diagram

for the five youngest zircons in sample L15

Cambrian depositional age (Fig. 1b). The Th/U ra-
tios of the dated zircons of this sample range from
0.14 to 1.77, which is typical for magmatic zircons.

In sample L15, the **Pb/>*U ages obtained
from 100 analyses range from 2009 Ma to 261 Ma
(Fig. 1c). From eighty-three concordant zircons,
a series of clusters were established with differ-
ent density and various ages. The main age clus-
ter of twenty zircons yielded a concordia age of
279.5+1.5 Ma, followed by a cluster of thirteen zir-
cons that gave a concordia age of 285+1.6 Ma, and
a cluster of twelve zircons with a concordia age of
271.5+1.6 Ma. Eleven concordant zircons cluster
at 292.5+1.7 Ma, seven concordant zircons cluster
at 267.4+1.8 Ma, five concordant zircons cluster
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at 264+2.5 Ma, four concordant zircons cluster at
590.6+6.6 Ma and three concordant zircon cluster
at 276.142.6 Ma. Single zircons yielded concord-
ant ages at 2009+£25 Ma, at 72012 Ma and at
323.5+£5.8 Ma. The five youngest concordant zir-
cons provided an age of 263.3+£1.9 Ma, and hence,
define a maximum latest middle Permian deposi-
tional age (Fig. 1d). The Th/U ratios of the dated
zircons in this sample range from 0.23 to 0.96.

Discussion and conclusions

The Sredogriv metaconglomerate has an early Cam-
brian maximum depositional age of 523 Ma. The
high Th/U ratios of the detrital zircons reflect a mag-



matic provenance, and the documented predominant
age clusters of detrital zircons testify for the similar
age as the detrital zircon age of the Cherni Vrah
gabbro from the Berkovitsa Group (563 Ma) and
the Protopopintsi metagranite (618 Ma), the latter
hosted in the Sredogriv metamorphics. Paleo- and
Neoproterozoic zircons reflect recycled old conti-
nental source. In turn, the Smolyanovtsi Formation
has a latest middle Permian maximum depositional
age of 263 Ma. This formation hosts well-defined
recycled components from a Neoproterozoic mag-
matic source, the Sredogriv metamorphics, as well
as a detrital material from the late Carboniferous to
middle Permian intrusive and extrusive bodies well-
known in the Western Balkan zone.

The stratigraphic position and the maximum
depositional age of the Smolyanovtsi Formation
clearly defines the upper age limit of the greenschist
facies metamorphism and associated deformation
experienced by the Sredogriv metamorphics as pre-
middle Permian.
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