
© Българско геологическо дружество и Българска академия на науките, 2024 https://bgd.bg/review-bgs

Petrography and geochemistry of the Sredogriv metamorphites, NW Bulgaria

Tzvetomila Vladinova1, Lyubomirka Macheva2, Hristiana Georgieva1, Petyo Filipov1,  
Radoslav Kalchev1, Tanya Stoilkova3, Nikolay Bonev4,5

1 Geological Institute, Bulgarian Academy of Sciences, Department of Geochemistry and Petrology; Akad. G. Bonchev Str. 
Bl. 24, 1113 Sofia; E-mails: tz_vladinova@geology.bas.bg; ch_georgieva@geology.bas.bg; p_philipov@geology.bas.bg; 
radoslavradevkalchev@abv.bg
2 Institute of Mineralogy and Crystallography “Acad. I. Kostov”, Bulgaria Academy of Sciences, Sofia;  
E-mail: lu_macheva@dir.bg
3 Sofia University “St. Kliment Ohridski”, Department of Mineralogy, Petrology and Economic Geology;  
15 Tzar Osvoboditel Bd., 1504, Sofia; E-mail: tstoilkova@gea.uni-sofia.bg
4 Sofia University “St. Kliment Ohridski”, Department of Geology, Paleontology and Fossil Fuels; 15 Tzar Osvoboditel Bd., 
1504, Sofia; E-mail: niki@gea.uni-sofia.bg
5 Bulgarian Academy of Sciences, 1000 Sofia, Bulgaria

Петрография и геохимия на Средогривските метаморфити, СЗ България

Цветомила Владинова1, Любомирка Мачева2, Християна Георгиева1, Петьо Филипов1, 
Радослав Калчев1, Таня Стоилкова3, Николай Бонев4,5

Abstract. The petrological and geochemical data for the Sredogriv metamorphics determine protoliths of metaconglom-
erates and metasandstones with varying clay content and a significant amount of acidic igneous fragments. The geochem-
istry, geochronology, and mineralogy of these lithic clasts coincide with the exposed in the close vicinity allochthonous 
Neoproterozoic–Cambrian orthometamorphic bodies (Protopopintsi metagranite). The tectonic discrimination diagram 
defines a continental island arc tectonic setting simultaneously with the accretion of peri-Gondwanan fragments to the 
Balkan Ensemble followed by the development of the Early Silurian–Devonian epicontinental basin.
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Introduction and geological setting

The low-grade metamorphic rocks from the Western 
Stara Planina Mts. found to the south and southeast 
of the Belogradchik Unit, were identified by Nedy-
alkova and Harkovska (in Moskovski et al., 1963) 
as the Sredogriv Formation. This formation was 
subdivided into two series: 1) Lower Terrigenous 
and 2) Upper – Terrigenous-tuffogenic one, grouped 
as Sredogriv metamorphites, (e.g. Kiselinov et al., 
2009). These rocks display a disrupted primary 

stratigraphic succession that includes low-grade 
metaconglomerates, metasandstones, and various 
types of schists such as quartz-chlorite, quartz-seric-
ite, quartz-chlorite-sericite, as well as black schists, 
phyllites and calc-schists. Additionally, there are 
allochthonous bodies of basic and acid magma-
tites, with protolith ages ranging from Neoprotero-
zoic to Cambrian and/or Cambrian to Ordovician 
(630–540 Ma) (Kiselinov et al., 2009). The lower 
boundary of the Sredogriv metamorphites is not 
constrained, and in the north, they are tectonically 
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overlain by Permian, Triassic, and Jurassic rocks. 
The suggested Late Devonian–early Carbonifer-
ous metamorphism of the Sredogriv Formation is 
related to the early Carboniferous collision between 
northeastern peri-Gondwana terranes and the Laur-
asia margins (Kiselinov, 2011). So far, geochemical 
studies of the Sredogriv metamorphites are focused 
on the study of orthometamorphites (metabasic and 
metaacidic rocks) (Haydoutov, 1991; Kiselinov et 
al., 2009). In this study, we aim to shed light on the 
geochemistry and provenance of the metasedimen-
tary part of the Sredogriv succession. This research 
presents preliminary petrographic and geochemical 
data (focussing on major and trace elements) that al-
low us to speculate about the tectonic setting of the 
sediment deposition source.

Analytical methods and samples
The selected five whole-rock samples were crushed 
to a fine powder following standard procedures. 
Major element analysis was performed using X-ray 
Fluorescence (XRF) at the Laboratory for chemi-
cal analyses of geological materials of the Faculty 
of Geology and Geography at Sofia University “St. 
Kliment Ohridski”. Trace elements were measured 
using laser ablation inductively coupled plasma 
mass spectrometry (LA-ICP-MS) at the Geologi-
cal Institute of the Bulgarian Academy of Sciences, 
using the whole-rock SiO2 content as an internal 
standard and NIST 610 as an external standard. The 
Sredogriv metamorphites were sampled with a few 
specimens including metaconglomerates, quartz-
chlorite, sericite-chlorite and black schists collected 
from the vicinity of the villages of Gyurgich and 
Sredogriv. 

Petrography 
The selected samples represent different types of 
clastic sediments – from metaconglomerates to 
clayey metasandstones and phyllites.

Metaconglomerates are coloured in differ-
ent shades of grey. The clasts (vary in size from 
1.5×1.5  cm to 10×15  cm) are usually elongated 
along the foliation by intensive deformation. Their 
content reaches up to 40%. The conglomerates are 
polymictic, dominated by granite, metabasic rocks, 
medium acidic volcanics, schists, and minor mono-
mineral milky or grey quartz. The matrix consists 
exclusively of fine-grained clayey minerals, rarely 
with discrete sericite stripes. Quartz and plagioclase 
grains <0.1 mm are rarely scattered in the matrix. 
Pyrite is an accessory mineral, concentrated mainly 
in clay layer, mantled by quartz pressure fringes. 
Anastomosing or oblique to the foliation tensile 
fractures are filled with carbonate, and both cross-

cut the matrix. Rusty oxidized areas are associated 
with carbonate veinlets.

Quartz-chlorite-sericite schists (metasand-
stones) are dark grey to greenish in colour and 
they exhibit a schistose texture. These rocks con-
sist of alternating mica-rich and quartz-rich bands 
2–3  mm thick. The mineral assemblages in both 
types of bands are similar, including quartz, chlo-
rite, sericite, and plagioclase. The quartz-rich bands 
are characterized by a fine-grained quartz matrix, 
mainly monomineralic subrounded to subangular 
quartz clasts, polycrystalline quartz and, less fre-
quently, plagioclase, and polymineralic quartz-feld-
spar clasts. The mica content in these bands does 
not exceed 20%. In contrast, the mica-rich bands 
contain fewer clasts, primarily consisting of smaller 
monomineral quartz grains. The mica minerals pre-
sent are finely intergrown and strongly crenulated, 
with a significant amount of opaque matter gener-
ated from pressure solution. Both types of bands 
also display the presence of detrital mica minerals, 
perpendicular to the foliation. 

Phyllite is very fine-grained, dark grey to black 
coloured variety found as thin intercalations among 
other described rocks. It consists exclusively of 
very fine-grained quartz and parallel to the foliation 
dusty black aggregates (graphite?) of varying thick-
ness (0.01–0.1  mm) (Fig.  1a) or is composed of 
fine-grained quartz matrix and rare larger anhedral 
to elliptical quartz and subhedral plagioclase clasts. 
The clast size rarely exceeds 0.1  mm. Anastomo-
sing calcite veins crosscut the rock.

Metaaleurolites have a whitish-rusty colour and 
consist of fine-grained quartz, fine flakes of musco-
vite, stilpnomelane, and black material (graphite?). 
The rock exhibits centimetres wide isoclinal folds. 
Quartz makes up ca. 90% of the rock’s composition 
and forms thick bands in which fine biotite flakes 
are scattered. The rock displays a banded appear-
ance, characterized by thin microlithons parallel 
to the foliation, enriched with an opaque brownish 
insoluble residue that results from pressure dissolu-
tion, outlining the isoclinal folds. The white mica 
is compressed into thin bands within the limbs of 
quartz folds, exhibiting strong crenulation and cre-
ating a new foliation (Fig. 1b). Alongside the mica, 
there are also fine black opaque bands of unsoluble 
mineral.

Geochemical results
The content of major oxides SiO2 (55.36–
73.27 wt%), Al2O3 (13.12–24.03 wt%), and Fe2O3

t 
(2.66–6.57 wt%), MgO (0.64–2.28 wt%) is similar 
to average upper continental crust composition after 
Taylor and MacLennan (1985). The higher value 
of Na2O/Al2O (0.06–0.34) compared to K2O/Al2O3 
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(0.07–0.19) confirms the plagioclase predominance 
over K-feldspar. The strong negative correlation of 
SiO2 and Al2O3 (–0.98); TiO2 (–0.93), Fe2O3

t (–0.82) 
could be related to quartz predominance and sort-

ing of the precursory sedimentary rocks. The ma-
jor minerals (muscovite, chlorite, and plagioclase) 
induce a pronounced positive dependence between 
Al2O3 with K2O (0.70) and Fe2O3

t (0.71). The loga-

Fig. 1. a) fine-grained quartz and parallel to the foliation black aggregate (Gr = graphite?) (crossed polars); b) crenulated white 
mica bands within quartz matrix (crossed polars); c) log SiO2/Al2O3 vs. Na2O/K2O classification diagram (Pettijohn et al. 1972);  
d) discriminant function diagram (Roser, Korsch, 1988) of major elements for evaluating provenance; e) chondrite-normalized 
REE diagram (chondrite values by Taylor, McLennan, 1985); f) La/Th vs. Hf diagram for discriminating source rocks (Floyd, 
Leveridge, 1987)
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rithmic values of SiO2/Al2O3 and Na2O/K2O on the 
classification diagram according to Pettijohn et al. 
(1927) indicate greywacke protolith composition 
(Fig.  1c). The discrimination functions (DF) ac-
cording to Roser and Korsch (1988; Fig. 1d) reveal 
a dominance of intermediate igneous input. The 
moderate degree of alternation corresponds to the 
Chemical Index of Alteration (CIA = 69–80; Nes-
bitt, Young, 1984).

The trace elements could clarify the provenance 
origin, depositional settings, and heavy sorting be-
cause of their low mobility during diagenesis and 
metamorphism. Most of them (e.g. V, Rb, Ta, U, 
Th, and REE) are incorporated into rock-forming 
minerals (micas) evidenced by a positive correlation 
with major oxides (Al2O3, Fe2O3, K2O, and MgO). 
Th/Sc (0.24–0.43) and Zr/Sc (6.65–12.98) ratios 
indicate compositional variation consistent with 
upper continental crust (McLennan et al., 1993). 
Chondrite-normalized REE patterns (Fig. 1e) con-
firm continental crust signature with LREE en-
riched (LaN/SmN = 2.37–3.71) and HREE depleted 
(GdN/LuN = 1.11–1.60) and negative Eu-anomaly 
(0.66–0.83). The classification diagram of Floyd 
and Leveridge (1987) based on low-mobility ele-
ments (La, Th, Hf) assigns a predominance of an-
desitic arc with mixed felsic source (La/Th ~ 5, Hf 
< 5 ppm, Fig. 1f). The HFSE elements (La, Th, Sc, 
Zr, Ti) used for discrimination of tectonic regimes 
(Bhatia, Crook, 1986) suggest continental island arc 
tectonic setting.

Conclusions
The petrographic observations of the Sredogriv 
metamorphites correspond to geochemical data 
that confirms metasedimentary variations with the 
presence of white mica, chlorite, the dominance 
of plagioclase over K-Feldspar, and trace element 
incorporation into the rock-forming minerals. The 
data suggests protoliths of impure sandstone varie-
ties with the presence of clay. Terrigenous materials 
are equivalent to upper continental crust composi-
tion with mainly intermediate igneous input. The 
determined andesitic composition of source rocks 
could be related to surrounding allochthonous Neo-
proterozoic-Cambrian and/or Cambrian-Ordovician 
(630–540 Ма) orthometamorphic bodies, e.g. Pro-
topopintsi metagranite, metavolcanic and metaba-
saltic rocks (see Kiselinov, 2011). This time frame 
is further confirmed by the recently determined 
early Cambrian maximum depositional age of the 
Sredogriv metamorphities (see Bonev et al., 2024 
this volume), which corresponds to Neoproterozo-
ic-Cambrian and/or Cambrian-Ordovician ages re-

ported by Kiselinov et al. (2009). The tectonic dis-
crimination defines continental island arc tectonic 
setting in support to the tectonic models of accre-
tion of peri-Gondwanan fragments to the Balkan 
Ensemble followed by the formation of an Upper 
Silurian-Devonian epi-continental basin Kiselinov 
et al., (2009).
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