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Abstract. Earliest studies on the Silurian System in Bulgaria are associated with the names of Dimitar 
Allahverdzhiev and Stefan Bonchev. Allahverdzhiev was the first to find Silurian graptolites in this country; 
his specimens are housed in the Laboratory of Geocollections of the Geological Institute (Bulgarian Academy 
of Sciences). Bonchev laid the foundations of the lithostratigraphic subdivision of Palaeozoic sediments in 
the West Balkan Mts. by distinguishing all their lithologic variations. In terms of regional tectonic zonation, 
the study area is a part of a first-rank Late Alpine unit, the Srednogorie Zone, represented by the Svoge Unit. 
The lithostratigraphy of the Palaeozoic marine successions in the Svoge Unit consists of nine formal units 
(Grohoten, Tseretsel, Sirman, Saltar, Mala Reka, Yabukov Dol, Ogradishte, Romcha and Katina formations) 
and one informal unit (silty-clayey metaformation). Their distribution is illustrated in a geologic map. The 
biostratigraphic subdivision of the Silurian System in Bulgaria is based on graptolites. Herein, the latest two 
“standard” zonal schemes are shown: the Generalized graptolite zonation and the Graptolite zonation for the 
peri-Gondwana (Europe). About 25% of these graptolite zones have not yet been recognized in Bulgaria; the 
extent of the others is plotted against a generalized section of the Silurian System for the region.

Sachanski, V. 2015. The Silurian in the West Balkan Mts. (Svoge Unit, Srednogorie Zone) – 110 
years later. Geologica Balcanica 44 (1–3), 3–15.
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INTRODUCTION

In the evening of October 13, 1905, a meeting of the 
members of the Bulgarian Naturalist Society was held in 
Sofia. At that meeting, Messrs. Dimitar Allahverdzhiev 
and Stefan Bonchev reported that for the first time on 
the Balkan Peninsula, in the West Balkan, they had dis-
covered sedimentary rocks older than Devonian. Thus, 
they set the beginning of studies on the Silurian System 
in Bulgaria.

In early June, 1905, in the vicinity of Buhovo Village, 
Allahverdzhiev came upon the first irrefutable grapto-
lite imprints, which proved the presence of the Silurian 
System in Bulgaria. He shared his finds with his close 
friend Stefan Bonchev, who had already been studying 
the geology of the West Balkan Mts. for several years. In 
September the same year, Bonchev himself came upon 
similar finds (Bontcheff, 1906).

Allahverdzhiev published the results of his re-
search in three papers: in German, in Bulgarian and in 

French (Allachverdjieff, 1905; Allahverdzhiev, 1906; 
Allahverdjiew, 1908). In the latter, 8 graptolite speci-
mens were illustrated. However, only one of them, de-
scribed as “Monograptus Nilssoni” Barr. (Allahverdjiew, 
1908, Pl. IV, Fig. 2; refigured herein as Fig. 6.6), has 
survived. Together with other 23 specimens collect-
ed by Allahverdzhiev, it is stored in the Laboratory of 
Geocollections of the Geological Institute (Bulgarian 
Academy of Sciences). This is the oldest graptolite col-
lection in Bulgaria.

Bonchev focused his studies on the lithostratigraphy 
and distribution of the lower Palaeozoic sediments, and 
drew up the first geological map of the area (Bontscheff, 
1906; geological map published in 1907).

Although Allahverdzhiev never published other 
papers, and Bonchev, with his copious creative work, 
has been recognized as patriarch of Bulgarian tecton-
ics (Tsankov, 1994), the two remained close friends. In 
consequence, it is not surprising that, 20 years after the 
discovery of the first Silurian graptolites on the Balkan 
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Peninsula, Dimitar Allahverdzhiev became one of the 22 
co-founders of the Bulgarian Geological Society, along 
with its first chairman Georgi Bonchev and first secretary 
Stefan Bonchev (Nikolov, Mavrudchiev, 2005).

The aim of the present paper is to show present-day 
knowledge of the litho- and biostratigraphy of the Silurian 
System in the West Balkan by analyzing the contribution 
of two notable Bulgarian geologists and teachers, Dimitar 
Allahverdzhiev and Stefan Bonchev.

GEOLOGICAL SETTING

In terms of regional tectonic zonation, the study area 
(Fig. 1) is a part of a first-rank Late Alpine tectonic 
unit, Srednogorie Zone, represented by the Svoge Unit 
(Dabovski, Zagorchev, 2009, and references therein). 
In structural respect, this unit has been considered by 
most authors as a regional north-vergent positive struc-
ture: Central Balkan anticline, Svoge anticline, Svoge 
megaanticline, Svoge anticlinorium, Svoge allochthone 
(Explanatory notes to Angelov et al., 2010a, b, c, d, 2011, 
and references therein). The Svoge Unit is the northern-
most fragment of the Srednogorie Zone, and is thrust to 
the north over the West Balkan Unit of the Balkan Zone. 
The Neogene–Quaternary Sofia Graben is superimposed 
on the Svoge Unit from the southwest.

The pre-Mesozoic basement of the unit is a tech-
nically overprinted Palaeozoic, mainly shale succes-
sion that is topped by Upper Devonian to lowermost 
Carboniferous flysch. This sequence is part of the 
Palaeozoic Balkan Terrane (Yanev, 2000; Yanev et al., 
2005). The latter is overlain with angular unconformity 
by Upper Carboniferous and/or Permian clastics. The 
Mesozoic section is represented by peri-Tethyan Triassic 
successions, continental and shallow-marine Lower–
Middle Jurassic sediments and Upper Jurassic–Lower 
Cretaceous platform carbonates (Dabovski, Zagorchev, 
2009). The Mesozoic sedimentary cover and the base-
ment rocks were affected by intensive Early and Late 
Alpine faulting.

The focus of the present review is on lithostratigraph-
ic (Fig. 2) and biostratigraphic (Fig. 3) subdivision of the 
Silurian System in the Svoge tectonic unit.

LIThOSTRATIGRAphy

Current lithostratigraphy

In the period between 2007 and 2010, geological remap-
ping in scale 1:50 000 of parts of the Fore-Balkan, West 
and Central Balkan Mountains, and the northwest sec-

Fig. 2. The first subdivision of Palaeozoic sediments in the 
Balkan (after Bontscheff, 1906) plotted against current lithos-
tratigraphy (after Angelov et al., 2010e). The legend also ap-
plies to Fig. 3.

←
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Fig. 3. Silurian time scale with graptolite zonations of Melchin et al. (2012) and Loydell (2012) correlated with a generalized 
section of the Silurian System in the study area. Zones not yet recognized are given in white. Stratigraphic levels of some of the 
sediments depicted in Figs. 4–6 are also indicated.
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tors of the Central Srednogorie was conducted, with task 
leader Valko Angelov. The study area spreads over five 
map sheets (Angelov et al., 2010a, b, c, d; Angelov et 
al., 2011). In the explanatory notes to these map sheets, 
a detailed description of the current understanding of 
the lithostratigraphic subdivision of the pre-Variscan 
Palaeozoic marine sediments in the Svoge Unit is given, 
with relatively complete reference list. The brief descrip-
tion of the formations here is based on the explanatory 
note to Angelov et al. (2010b). Their stratigraphic range 
is shown in Figs. 2–3. 

The Grohoten Formation (Spassow, 1958; Spasov, 
1960; Tenchov, 1993) consists of grey, dark grey and 
black shales, and grey and light grey quartzites. In gen-
eral, the lowermost and middle levels are built up of 
packages of quartzites. The thickness of these packages 
varies from a few meters to several tens of metres. They 
can be traced over distances of several hundred to sev-
eral thousand metres. The lower boundary of the unit is 
a lithologic gradation from the light grey, green to beige 
metashales of the silty-clayey metaformation, or is a sharp 
lithologic contact with the latter at the base of the low-
ermost continuous quartzite packages in the section. The 
upper boundary is a short lithologic gradation into the 
green shales of the Tseretsel Formation. The thickness of 
the formation is estimated within wide limits: 750–800 m 
(Spasov, 1960) to 3300 m (Tenchov, Yanev, 1987). 

The Tseretsel Formation (Spassow, 1958; Spasov, 
1960; Tenchov, 1993) comprises predominantly light grey 
to grey-green, crudely-bedded shales, containing in some 
places siderite concretions. Dark grey mottles with ir-
regular outline and centimetre-size are also characteristic. 
The upper boundary of the unit with the sandstones of the 
Sirman Formation is a sharp lithologic contact. The total 
thickness of the unit varies between 100 and 350 m.

The Sirman Formation (Sachanski, Tenchov, 1993; 
Tenchov, 1993) consists of dark grey to black, thin- to 
medium-bedded, very fine to fine grained sandstones al-
ternating with thin beds of dark grey shales. Diamictites 
are encountered mainly in the lower levels of the section. 
The upper boundary with the black lydites of the Saltar 
Formation is a sharp lithologic contact (Fig. 4.1). The to-
tal thickness is about 5–10 m.

The Saltar Formation (Sachanski, Tenchov, 1993; 
Tenchov, 1993) is characterized by randomly alternat-
ing thin beds of graptolite-bearing grey to black lydites, 
siliceous shales and pure shales. The lydites are dense, 
brittle, thin-bedded sediments that consist of crypto- to 
micrograined chalcedony or quartz-chalcedony ground-
mass. They commonly contain skeletal fragments of ra-
diolarians. The SiO2 content in the rocks reaches up to 
80–90%. The siliceous shales and shales are black (en-
riched in organic matter and SiO2), thin-bedded, dense 
rocks. They form thin (2–5 сm) interbeds between the 
lydites (Fig. 4.4). A level (5–6 m thick) of grey-green 
shales (silty in the lower part and laminated in the up-
per part) is observed in the middle levels of the section 
(Figs. 4.2–4.3). Light grey silicified shales (enriched 
in pyrite) occur in the upper levels (Figs. 4.5–4.6). 
The upper boundary is a short gradation into the black 
shales of the Mala Reka Formation. The thickness of 
the unit is about 30 m.

The Mala Reka Formation (Sachanski, Tenchov, 
1993) consists of predominant black shales, silty in the 
upper part of the section (Fig. 5.3), with abundant grap-
tolite fauna (Fig. 4.3). The shales are dense, thin-bedded 
(≤ 5 mm), and contain abundant disseminated organic 
matter. They grade into silty shales with increasing of 
the clastic admixtures (8–12%). This lithologic variety is 
represented by thicker beds (≤ 5 сm) with typical lami-
nated structure. They are enriched in pyrite. The sequence 
of the formation is homogeneous, showing neither verti-
cal nor lateral changes. Intercalations of yellowish shales 
(Fig. 5.1) are observed only in the lower levels, and one 
bed of slightly calcareous black shales (yellow at weath-
ering), up to 1 m thick, occurs in the middle part of the 
section (Fig. 5.2). The upper boundary is a lithologic gra-
dation into the laminated grey shales of the Yabukov Dol 
Formation. The total thickness of the unit is estimated 
between 70 and 150 m.

The Yabukov Dol Formation (Sachanski, Tenchov, 
1993; Tenchov, 1993) consists almost entirely of grey 
to grey-green laminated silty shales that grade, in some 
places, into pure shales. The occurrence of black shales 
to silty shales is minor. The laminated shales and silty 
shales are thin-bedded to thick-bedded rocks composed 
of microflake clay groundmass which is locally mixed 
with micrograined calcite. The silt component comprises 
quartz and mica in variable amounts. Disseminated or 
fine-crystalline pyrite is common constituent. The typi-
cal banding (millimetre alternation of dark- and light-
coloured laminae) is due to the irregular distribution 
of organic matter which is concentrated in the darker 
intervals (Fig. 5.4). The silty admixtures are concen-
trated in the light-coloured laminae, which are thin-
ner (from 1–2 mm to rarely 3–4 mm). The black shales 
and silty shales occur irregularly in different levels of the 
section, forming thin intercalations or packages (up to 
1–2 m thick). They are commonly thin-bedded and con-
tain graptolite fossil remains (Fig. 5.5). Cherty nodules 
with siderite (Spasov, 1960) are characteristic of the mid-
dle part of the section (Fig. 5.6). Well-preserved crinoid 
remains are observed in the Pridolian levels. The upper 
boundary with the Ogra dishte Formation is a relatively 
thick (up to 10–15 m) lithologic gradation in which the 
laminated structure of the rocks progressively disap-
pears as they grade into black thin-bedded shales. The 
thickness of the Yabukov Dol Formation is between 
100 and 300 m.

The Ogradishte Formation (Angelov et al., 2010e) 
consists of predominant black thick-bedded (15–30 сm) 
silty shales (Fig. 6.1) and thin-bedded (up to 5 mm) shales 
(Fig. 6.2). In some places, the bedding is outlined by thin 
laminae of pyrite (Fig. 6.3). The uppermost part of the 
section is represented by an irregular alternation of beds 
and packages of black shales plus grey laminated silty 
shales. The upper boundary is gradational, marked by the 
last intercalation of black silty shales, which are absent 
in the overlying Romcha Formation (Fig. 6.1). The total 
thickness of the formation is about 250–300 m.

The Romcha Formation (Angelov et al., 2010e) 
consists of predominant greenish and grey-greenish 
crudely-bedded shales. A characteristic lithologic feature 
of the Romcha Formation is the occurrence of lenticular 
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Fig. 4. Field photos of Silurian formations in the Svoge Unit: 1 – The lower boundary of the Saltar Formation (ribbon cherts) is 
a sharp lithologic contact with the sandstones of the Sirman Formation. The Ordovician/Silurian boundary is placed at the ap-
pearance of Akidograptus ascensus Davies, 1 m above the base of the Saltar Formation in Saltarski dol Coomb (top of picture); 
2 – Barren interval (grey-green shales on the left) covers thin-bedded black graptolite-bearing shales (Stimulograptus sedgwickii 
and Lituigraptus convolutes zones) and folds in siliceous shales (on the right) in the Saltar Formation, west of Asaritsa Peak;  
3 – The middle levels of the Saltar Formation west of Asaritsa Peak comprise very thin-bedded black shales and siliceous shales with 
graptolites (Spirograptus guerichi Zone) overlying a barren interval (bottom right); 4 – About 5-m thick randomly alternating thin 
beds of black lydites, siliceous shales and graptolite-bearing shales north of Tseretsel Village (Saltar Formation). The shales pre-
dominate in the lower half of the section (Spirograptus turriculatus Zone), whereas lydites prevail in the upper part (Streptograptus 
crispus Zone); 5 – The upper boundary of the Saltar Formation (ribbon cherts) is a short gradation into the black shales of the 
Mala Reka Formation north of Vlado Trichkov Village; 6 – Light grey siliceous shales (enriched in pyrite) occur in the uppermost 
levels of the Saltar Formation (a detail of Fig. 4.5). Geographic coordinates of the photos: 1 – N 42° 53' 11.0", E 023° 26' 17.0";  
2 – N 42° 50' 28.4", E 023° 33' 11.0"; 3 – N 42° 50' 28.7", E 023° 33' 11.3"; 4 – N 42° 54' 47.0", E 023° 19' 55.5"; 5 and 6 –  
N 42° 52' 23.0", E 023° 22' 32.0".
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Fig. 5. Field photos of Silurian formations in the Svoge Unit: 1 – Yellowish shale intercalations in the lower levels of the Mala 
Reka Formation, west of Asaritsa Peak; 2 – A bed of slightly calcareous black (yellow when altered) shales, up to 1 m thick, occurs 
in the middle part of the Mala Reka Formation north of Vlado Trichkov Village; 3 – Black shales in the Mala Reka Formation are 
pale grey to yellowish on weathered surface, northeast of Ogradishte hamlet; 4 – Typical “Varicoloured purple”, Yabukov Dol 
Formation west of Vlado Trichkov Village; 5 – The thin-bedded black shales occur irregularly in different levels of the Yabukov 
Dol Formation and contain graptolite fossil remains (in the vicinity of the railway station of Vlado Trichkov Village, Monograptus 
formosus and Neocolonograptus ultimus + Neocolonograptus parultimus biozones); 6 – Siderite concretion in the middle levels 
of the Yabukov Dol Formation, north of Vlado Trichkov Village. Geographic coordinates of the photos: 1 – N 42° 50' 29.1",  
E 023° 33' 12.0"; 2 – N 42° 52' 26.0", E 023° 22' 32.0"; 3 – N 42° 52' 37.0", E 023° 21' 51.5"; 4 – N 42° 52' 34.0", E 023° 21' 33.0"; 
5 – N 42° 51' 36.0", 023° 22' 14.3" E.
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Fig. 6. Field photos of Silurian formations in the Svoge Unit: 1 – Thick-bedded black silty shale (Ogradishte Formation) and their 
transition into the grey-green shales of the Romcha Formation (on the right), west of Vlado Trichkov Village (Angelov et al., 
2010); 2 – Thin-bedded black shale from the lower part of Ogradishte Formation west of Tseretsel Village and the position of the 
Silurian–Devonian boundary; 3 – Pyrite-rich black shales from the lower part of the Ogradishte Formation, west of Vlado Trichkov 
Village; 4 – The first Bulgarian graptolite field discovered by Allachverdjeff (1905), northeast of Buhovo Village; 5 – Specimen 
from the same locality (Fig 4.4), collected and illustrated as “Monograptus Nilssoni” Barr. by Allahverdjiew (1908, Pl. IV,  
Fig. 2); 6 – Lobograptus progenitor Urbanek from the same locality (Fig 4.4), collected on June 20, 2015. Geographic coordinates:  
1 – N 42° 52' 29.0", E 023° 21' 39.0"; 2 – N 42° 55' 03.5", E 023° 17' 55.5"; 3 – N 42° 52' 31.5", E 023° 21' 37.5"; 4 – N 42° 46' 43.0", 
E 023° 35' 24.0".
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nodules and discrete thin (1–5 сm) discontinuous sandy-
clayey layers that mark the normal position of the bed-
ding. Dark-coloured mottles are locally present in the 
shales. The upper boundary with the grey-greenish chert 
and silicified shales of the Katina Formation is a sharp 
lithologic contact. The total thickness of the formation is 
about 300–350 m.

The Katina Formation (Tenčov, 1965; Tenchov, 
1993) consists of turbidities and deep-water pelitic 
sediments. The major lithologic types are sandstones, 
shales, silicified shales and lydites. Lower pre-flysch 
and upper flysch successions are distinguished in the 
section. The base of the former consists of thick-bedded 
grey-greenish chert and silicified shales. The thickness 
of this interval is 25–40 m. The thicker flysch part of the 
section consists of sandstones, shales and one 15–20 m 
thick package of black ribbon-cherts (lydites) in the 
lower 60–80 m (Fig. 7.6). The Katina Formation is cov-
ered discordantly, with erosional contact, by Permian and 
Lower Triassic rocks. Estimates of the total thickness of 
the unit vary from 600 m (Yanev et al., 1995) to 1045 m 
(Boncheva, Yanev, 1993).

Bonchev’s first works

The work of Bontscheff (1906) is of fundamental im-
portance for establishing the aforementioned formations 
as described herein. He noted that the lower Palaeozoic 
sediments in the West Balkan Mts. are not highly varied 
and described them according to their presumable age as 
follows (Fig. 2):

a. Black thick-bedded clayey strata without evi-
dent cleavage, almost compact. They are equivalent to 
the black thick-bedded (15–30 cm) silty shales of the 
Ogradishte Formation (Angelov et al., 2010e);

b. Black thin-bedded clay shales that cleave into thin 
slates. They are enriched in pyrite, and their colour is a 
result from high organic content. Bonchev pointed out 
that these black Silurian shales, and partly [emphasis 
added] the thick-bedded strata, are very rich in grapto-
lites. These are characteristic features of the Mala Reka 
Formation (Sachanski, Tenchov, 1993), in which grap-
tolites are encountered in its whole extent, as opposed to 
the Ogradishte Formation where graptolites occur only in 
the lower parts of the unit.

c. Varicoloured purple: very-thin-bedded varicol-
oured (generally with purple hue) shales. Their charac-
teristic features are: 1) presence of broadly ellipsoidal, 
partly cherty, concretions; 2) absence of fossils; 3) low 
CaCO3 content in some parts of the section; 4) pres-
ence of thick-bedded varicoloured clayey-sandy layers, 
bluish to blue-greenish, that contain very rare, almost 
unidentifiable graptolites. The “varicoloured purple” 
corresponds to the Yabukov Dol Formation (Sachanski, 
Tenchov, 1993).

d. Quartzites: light to dark grey-blue, occasionally 
black, 10–20 cm thick layers with interbedded shales. 
This alternation is equivalent to the Saltar Formation 
of Sachanski, Tenchov (1993). According to Bonchev 
(Bontscheff, 1906), these quartzites very often occur at 
the boundary between the thus-described Silurian rocks 
and the overlying grey-greenish shales but sometimes 

they are observed among the latter. Bonchev (Bontscheff, 
1906) emphasized that the quartzites should not be con-
fused with the Lower Carboniferous ones from the vi-
cinity of Katina Village which are rusty-grey and have 
high clay content, or with the grey-white quartzite sand-
stones, also Carboniferous, that form the highest parts of 
Chukava Peak. Nowadays, the siliceous rocks exposed 
along the Katinska River are referred to the base of the 
Katina Formation whereas those at Chukava Peak are 
considered as quartzite interbeddings in the Ordovician 
Grohoten Formation.

e. Grey-greenish laskars (shales). They are the most 
widely distributed. In some places, their colour grades 
into grey-yellowish, and they contain small-sized con-
cretions. Dark bluish or black elongated, irregularly-
shaped spots are common. The spots’ origin is allegedly 
organic (Yanev et al., 1995) since they deeply penetrate 
the strata, although some authors considered them to be 
inorganic (Spasov, 1960, 1989). Neither the argillites 
nor the concretions contain any fossil remains, and thus 
Bonchev (Bontscheff, 1906) assumed that these rocks 
are Devonian, based only on their stratigraphic position. 
He concluded his commentary on the matter with the 
words: “Perhaps, someone luckier than me would solve 
this problem.” Those “lucky ones” would appear almost 
70 years later, but, in the meantime, following authors 
accept Late Ordovician age for these sediments de-
scribing them as Tseretsel Formation (Spassow, 1958; 
Spasov, 1960).

Besides distinguishing the abovementioned units, 
Stefan Bonchev sketched the first geological map for the 
region. In the map, the black thick-bedded clayey strata, 
the black thin-bedded clay shales and the varicoloured 
purple are combined under the name “Black Silurian 
shales”. Since Bonchev (Bontscheff, 1906) opined that 
all grey-green argillites are younger than Silurian, the lat-
ter are interpreted as cores of synclines, which, in most 
cases, is not true.

By the time all grey-green shales in the area were as-
sumed to be of Ordovician age, Kalvacheva (1969) re-
ported Silurian–Devonian and Devonian acritarchs from 
similar rocks in the valley of Svidnitsa River. Lakova (in: 
Yanev et al., 2005) determined more precisely the age 
of these rocks as Emsian, based on chitinozoans. Thus, 
Stefan Bonchev’s assumption that Devonian grey-green 
shales are present in the area has been proven. That part 
of the section corresponds to the Romcha Formation 
(Angelov et al., 2010e).

One of the most difficult stratigraphic questions lies 
in the fact that the area considered is built up of rock va-
rieties with very similar lithologic composition but with 
different stratigraphic position (Figs. 2, 7). This applies 
the most to the Ordovician Tseretsel Formation (Fig. 7.1) 
and the Devonian Romcha Formation (Fig. 7.2), both 
consisting of grey-green argillites, as well as to the mid-
dle Silurian Mala Reka Formation (Fig. 7.3) and the up-
permost Silurian–Lower Devonian Ogradishte Formation 
(Fig. 7.4) both of which comprise black graptolite-bear-
ing shales. Solving this stratigraphic puzzle we owe to the 
late Valko Angelov (Fig. 7.5), a notable Bulgarian geolo-
gist, who, in the late 1970s, participated in the geologi-
cal mapping in scale 1:25 000 of the West Balkan Mts. 
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He also discovered that the base of the Katina Formation 
is a normal stratigraphic boundary within the Devonian 
grey-green shales (Romcha Formation); up until then, it 
was largely accepted that this lithostratigraphic unit lies 
upon varied basement of Ordovician and Devonian rocks 
(Tenčov, 1965).

Together with indicating the distribution of the units 
he established, Stefan Bonchev also described their cov-

er. He noted that the Carboniferous south from Tsarichina 
Village to Katina Village has different appearance com-
pared to the fossil-rich, coal-bearing Carboniferous 
[Svoge coal basin] and “there is consistency in the strati-
fication [emphasis added] between the greenish shales 
[Romcha Formation] and the undoubted Carboniferous”, 
in which fossil-plant imprints are rarely encountered. 
Almost 60 years later, Yanaki Tenchov came upon Upper 
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Devonian flora and included these sediments in his Katina 
Formation (Tenčov, 1965), and the normal stratigraphic 
contact was “rediscovered” 14 years after that. Bonchev 
(Bontscheff, 1906, p. 56) investigated the boundary be-
tween the greenish shales near Lokorsko Village (i.e., 
Tseretsel Formation) and the dark greenish shales, which 
he presumed being of Carboniferous age. The latter are 
enriched in muscovite and sericite, and have pronounced 
silky lustre. Bonchev (Bontscheff, 1906) emphasized 
that, in spite of the difference in appearance, it would 
be difficult to draw the boundary on the map since the 
two lithologic varieties are apparently concordant. He 
also described the gradual transition between the rocks 
of the Tseretsel and Grohoten formations, which were 
originally introduced as Tseretsel and Gradishte layers, 
respectively (Spassow, 1958).

From the review given above, it is apparent that, de-
spite some stratigraphic inaccuracies, Stefan Bonchev 
managed to distinguish all lithologic varieties of the 
Palaeozoic sediments in the area. These sediments would 
be differentiated into formal lithostratigraphic units years 
later due to the work of a number of researchers.

BIOSTRATIGRAphy

Biostratigraphy of the Silurian sediments in the Svoge 
Unit is based on graptolites. After the pioneering work 
of Allahverdzhiev (Bontscheff, 1906), in which 20 taxa 
were described, many authors (Spasov, 1960, and refer-
ences therein) have contributed to broadening the knowl-
edge of graptolite taxonomic diversity in the region 
which redounded to the first biostratigraphic subdivi-
sion of the Silurian in Bulgaria (Spassow, 1958; Spasov, 
1960). Sachanski (1998) supplemented this zonation, and 
indicated the types of the biostratigraphic units. He also 
correlated the biostratigraphic scheme with the Standard 
Scale of the Silurian of Koren’ (1984). Later on, Sachanski 
et al. (2010, Fig. 2) adopted the Generalized Graptolite 
Zonation (Koren’ et al., 1996; Melchin et al., 1998) and 
plotted the zones identified in the Svoge Unit against the 
lithostratigraphy. Melchin et al. (2012) presented the lat-
est refinements in the Generalized Graptolite Zonation. 
At the same time, Loydell (2012) published a Silurian 
zonal scheme for the European part of the peri-Gondwa-
na, a palaeogeographic region to which the area regarded 
herein belongs. The two subdivisions show insignificant 
differences (Fig. 3). The bases of the majority of the grap-
tolite biostratigraphic units, interval zones as defined by 
the International Stratigraphic Guide (Salvador, 1994), 
are drawn at the first appearance of the index species.

In Bulgaria, a number of index taxa have not yet been 
recognized (Fig. 3). In the first Bul garian grapto lite 
field, discovered by Di mitar Allahver dziev (Fig. 6.4), 
specimens of Lobograptus progenitor Urbanek (Fig. 6.6) 
were recently found. There are also unpublished data 
on the presence of Pristiograptus parvus Ulst and 
Bohemograptus tenuis (Bouček). However, in order 
to fill in the “blanks”, a more detailed investigation is 
required since some of the zones may in fact be only a 
few tens of centimetres thick. One of the difficulties is 
that, regardless of their confined distribution (Fig. 1), the 
lithostratigraphic units are significantly tectonically com-
plicated. Particularly intensive is the folding of the sedi-
ments of the Saltar Formation that were deposited prior 
to Lituigraptus convolutes Chronozone. It is possible 
that these are soft-sediment slumping deposits, already 
observed in other peri-Gondwanan terrains (Sachanski 
et al., 2015), or that they resulted from later brittle-duc-
tile deformation. Solving this problem requires detailed 
structural studies. On the other hand, in the Yabukov 
Dol Formation, graptolites occur only in rare black shale 
interbeds, so some upper Silurian zones may in fact be 
unidentifiable.

DISCUSSION AND CONCLUSION

From lithostratigraphic point of view, the subdivision of 
Palaeozoic marine sediments in the Svoge Unit is well-
founded and detailed, although data on their age beyond 
the confines of the Silurian interval should be refined, 
mainly through additional micropalaeontological studies. 
Nine formations have been established, whose lithologic 
features were, one way or another, enunciated 110 years 
ago by Bontscheff (1906). The only informal unit is the 
silty-clayey metaformation, which occupies the strati-
graphically lowest levels of the section (Explanatory 
notes to Angelov et al., 2010a, c, and references therein). 
Still debatable remains the question about the boundaries 
of the Sirman Formation. Regarding its upper bound-
ary, (Explanatory note to Angelov et al., 2010b) opined 
that “[a] package of black shales,” 1–2 m thick accord-
ing to them, “overlying the sandstones of [the] Sirman 
Formation is distinguished at the base of the less-de-
formed sections. In most places, this package is [tectoni-
cally] reduced and the section of [the] Saltar Formation 
begins with lydite rocks.” Angelov et al. (1995) also 
mentioned another shale transition (6–10 m thick) be-
tween the sandstones and the lydites. Yanev et al. (1995) 
estimated the thickness of this transition to be 13–15 m, 
whereas Yanev (1992) observed between the sandstones 

Fig. 7. Lithologic similarities between different lithostratigraphic units: Grey-green to light grey shales – Tseretsel (1) and Romcha 
(2) formations; Black shales with graptolites – Mala Reka (3) and Ogradishte (4) formations; 5 – The last field photo of the re-
markable Bulgarian geologist Valko Angelov with his young colleague Vasil Sirakov (November 1, 2008, outcrop of the Katina 
Formation near the Tsarichina Village). Geographic coordinates: 1 – N 42° 52' 48.5", E 023° 20' 07.0"; 2 – N 42° 52' 27.0",  
E 023° 29' 46.0"; 3 – N 42° 52' 25.0", E 023° 22' 31.5"; 4 – N 42° 55' 03.0", E 023° 17' 58.0"; 5 – N 42° 53' 26.5", E 023° 14' 43.0".

←
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and the lydites a 13–16-m thick package of “[a]rgillites 
(sandy underneath) with Graptolithes [sic].” (Parentheses 
in original.) Perhaps, this opinion has been influenced by 
Spasov’s (1960) conception. In Morugov dol Coomb, 
Shuma Village, he observed “dove-grey sandy-clayey 
shales” with Orthograptus vesiculosus, and assumed 
these sediments to be the base of the Silurian. He also 
opined that the absence of the lowermost Silurian grap-
tolite zones Akidograptus ascensus and Parakidograptus 
acuminatus is due to hiatus, or the stratigraphic level of 
the sandstones (i.e., the Sirman Formation) is coeval with 
the missing zones. Eventually, both of these zones and 
the uppermost Ordovician Normalograptus persculptus 
Zone were recognized in the black lydites and siliceous 
shales from the lowermost stratigraphic levels of the 
Saltar Formation (Sačanski, 1993; Lakova, Sachanski, 
2004).

According to Yanev (1992) and Yanev et al. (1995), 
the sandstones of the Sirman Formation overlie with an-
gular and metamorphic discordance, or seeming concord-
ance, the eroded surface of the Tseretsel Formation, and 
mark the onset of a new sedimentary cycle. Tanatsiev et 
al. (in press) prove that neither of the formations in the 
Svoge Unit has undergone metamorphic alteration, and 
thus refute that statement. Although the lower boundary 
of the Sirman Formation is sharp, it is a normal strati-
graphic contact. Chatalov et al. (2014), Chatalov (2014) 
and Sachanski et al. (2015) regarded these sandstones as 

event deposits related to the Late Ordovician glaciation 
of Gondwana.

Biostratigraphy of the Silurian System in the area 
considered needs to be updated. Additional studies are 
required in order to find index species of yet unidenti-
fied graptolite zones from the zonations of Melchin et al. 
(2012) and/or Loydell (2012). That can be achieved by as 
much detailed sampling as possible of tectonically unaf-
fected sections and their precise correlation. In that way, 
a more accurate idea of the thickness of both bio- and 
lithostratigraphic units can be acquired. Combined with 
sedimentological and structural investigations, these bi-
ostratigraphic data may unravel the presence of soft-sed-
iment slumping deposits in the Saltar Formation.
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