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CRETACEOUS/TERTIARY BOUNDARY IN THE CARPATHIAN TYPE UPPER 
CRETACEOUS NEAR THE VILLAGE OF KLADORUB, VIDIN DISTRICT 

 
Dimitar Sinnyovsky, Boris Valchev, Dimka Christova-Sinnyovska 

 
University of Mining and Geology “St. Ivan Rilski”, Sofia 1700, Bulgaria 
 
ABSTRACT 
The present study of the Kladorub Formation, which is a part of the “Carpathian type Upper Cretaceous”, revealed a new K/T boundary interval section in Bulgaria. 
The studied interval comprises the boundary nannofossil zones of the Cretaceous and Paleocene - Micula prinsii and Biantholithus sparsus. Between these boundary 
zones, a 4 cm dark layer was established, marking the great change in the calcareous nannoplankton. The lithological analyses of the boundary interval between –
2.75 m to +4.00 m showed that this part of the section is represented mainly by siltstones and minor limestones and marls. 

 
INTRODUCTION 

 
The Cretaceous/Tertiary boundary is marked by a giant 

impact event 65 million years ago. It is expressed by a few 
centimetres thin layer, recognized worldwide by an iridium and 
associated trace metal spike, shocked quartz, microtektites 
and rare minerals. This layer was first established by Alvarez 
et al. (1980). It marks the great change in the Earth floras and 
faunas – major plankton extinction (more than 90 % of the 
calcareous nannoplankton and planctonic foraminifers that are 
in the beginning of the nutrient chain), about 60 % of 
angiosperm species, many groups of echinoids, corals, warm 
water molluscs and primitive mammals. This level also marks 
the final extinction of ammonites, belemnites, rudistid and 
inoceramid bivalves, nerineid and actaeonellid gastropods, 
marine reptiles, dinosaurs etc. (Barnes et al., 1996). 

 
During the last decade a gradual transition between 

Cretaceous and Paleogene deposits has been established in 
many Bulgarian sections from the Fore-Balkan and Stara 
Planina structural zone.  

 
The present investigation is devoted to a new outcrop of the 

Cretaceous/Tertiary boundary interval on the territory of the 
West Fore-Balkan, established in the rocks of the so called 
“Carpathian type Cretaceous” in Vidin district. 

 
 

PREVIOUS RESEARCH 
 

The Cretaceous/Tertiary boundary interval was established 
in different facial types in Bulgaria: limestone-marl periodites 
near Byala, Varna district (Stoykova, Ivanov, 1992) and Ljuti 
dol, Vratsa district (Sinnyovsky, 2001; Стойкова и др., 2000); 
turbidites near Emona, Bourgas district (Sinnyovsky, Stoykova, 
1995), Kozichino and Aytos Pass (Sinnyovsky, Vangelov, 
1997) and Marash river south of Kotel (Стойкова и др., 2000); 
a cyclic limestone succession near Moravitsa (Синьовски, 

1998) and Mezdra (Стойкова и др., 2000), Kozya river, 
Razkrachenitsa and Chudnite skali (Вангелов, Синьовски, 
2000; Sinnyovsky, 2001). Nevertheless, the boundary is 
geochemically proved only in three of these outcrops – the first 
one near Bjala (Preisinger et al., 1993a,b), the outcrop near 
Moravitsa, west of Mezdra town (Синьовски, 1998) and the 
outcrop along Kozya river, east of Chudnite skali (Вангелов, 
Синьовски, 2000; Sinnyovsky, 2001). 

 
The sedimentary rocks in the surroundings of the village of 

Kladorub were first described as “Lutetian” by Берегов (1937) 
who accepted the overturned beds as normal and considered 
younger age for the “shales” as compared to the “sandy 
complex”. Later they have been included into the so-called 
“Sinaya Cretaceous”, “Banat Cretaceous” or “Carpathian type 
Cretaceous”. 

 
The term “Sinaya Cretaceous” was introduced by Ст. 

Бончев (1923) for Senonian flysch deposits along Timok River. 
В. Цанков (in Цанков et al., 1960) cited the opinion of prof. 
Filipescu that these rocks were very similar to the “Banat type 
Cretaceous” and differ significantly from the “Sinaya 
Cretaceous” in Romania. In this paper, the rocks SE of 
Kladorub are described as ‘bluish marls with interbeds of 
sandy marls’ of Maastrichtian age. This is the first age 
determination of the rocks and is proved by ammonites, 
inoceramids and globotruncanides. 

 
The term “Carpathian type Cretaceous” was introduced in 

the Bulgarian geological literature by Ц. Цанков (1961,1963) to 
substitute the term “Sinaya Cretaceous” and to distinguish the 
Cretaceous rocks exposed north of the line Vrushka Chuka – 
Kiryaevo – Rakovitsa - Rabisha – Kladorub from the 
Cretaceous sediments in the West Balkan. This type Upper 
Cretaceous was mentioned by В. Цанков (1968). 

 
Ц. Цанков (1961) described the relationships between the 

South  Carpathian  and  Balkan  structures  in  the  area  using 
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Figure 1. Geological map and geological section A-A of the studied area near Kladorub village, Vidin district (after Sinnyovsky & 
Petrov, 2000 with additional data):  1 – fluvial deposits; 2 – Dimovo Formation (Sarmatian): sandstones and limestones; 3 – 

Staropatica Formation (Eocene): conglomerates, sandstones and shales; 4 – Kladorub Formation (Upper Campanian – Upper 
Paleocene): siltstones, silty limestones and marls; 5 – Simeonovo Formation (Aptian): Urgonian limestones; 6 – West Balkan 
Carbonate Group: Javorets, Ginci and Glogene Formations (Callovian – Berriasian): micrite nodular limestones; 7 – Polaten 
Formation (Bajocian-Bathonian): carbonate sandstones and sandy limestones; 8 – Kiper Formation (Bajocian-Bathonian): 

sandstones and conglomerates; 9 – Belogradchik Pluton (Paleozoic): granites; 10 – lithostratigraphic boundary; 11 – reverse fault; 
12 – normal fault; 13 – line of geological section; 14 – dip and strike: a) inclined, b) horizontal, c) overturned, d) vertical 

 
stratigraphic data from the report on the geological mapping of 
Връблянски et al., carried out in 1959. 

 
Further paleontological determinations of the ammonite 

fauna and biostratigraphic subdivision of the Maastrichtian 
near Kladorub were made by Tz. Tzankov (1963,1964). He 

described an about 90 m long outcrop of overturned 35-45 to 
the north beds of ‘ash-gray or gray-greenish silty marls’ along 
Vrubska bara, south of the village of Kladorub. Rich 
macrofossil and microfossil assemblages proved Maastrichtian 
age of these rocks. The macrofossils are represented by 
inoceramids with prevailing Inoceramus regularis d ’Orb igny , 
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Inoceramus balticus Böhm  and Inoceramus impressus 
d ’Orb igny,  and ammonites Baculites anceps leopoliensis 
Nowak, Diplomoceras cylindraceum (Def rance) , 
Hauericeras sulcatum (Kner) , Pseudokossmaticeras brandti 
(Redtenbache r ) , Pseudokossmaticeras galicianum 
(Favre) , Pseudokossmaticeras galicianum tercense 
(Seunes ) , Pachydiscus gollevillensis (d ’Orb igny) , 
Pachydiscus neubergicus (Hauer) , determining the 
Maastrichtian Constrictus Zone. The other ammonites 
determined in this association are of longer stratigraphic range. 
The author reported also a rich Maastrichtian microfossil 
assemblage composed mainly of representatives of the genera 
Anomalina and Globotruncana. 

 
Later Tzankov (1972) named these rocks “Kladorub 

Complex”. According to Тенчов, Йолкичев (1993) this is a 
nude name. The rank of the Kladorub Formation was pointed 
by Филипов et al. (1995), but the name “Kladorub Formation” 
was used for small outcrops near Rakovitsa village on the 
geological map of Bulgaria, Sheet Zaechar and Bor (Дечева et 
al., 1990), and near Kladorub village – on Sheet Vidin 
(Филипов et al., 1992). This name was qualified by Тенчов 
(1993) as a nude name. All of these authors did not argue the 
Maastrichtian age and lithological characteristics of the unit.  

 
During the field season 1998, the mapping team of Geology 

and Geophysics Enterprise, Sofia, provided 4 samples for 
nannofossil analyses. It was found that three of the samples 
are of Maastrichtian age but the fourth one contained Upper 
Paleocene nannoflora. Thus, the stratigraphic range was 
amended to Maastrichtian – Upper Paleocene (Sinnyovsky, 
Petrov, 2000).  

 
 

GEOLOGICAL SETTING 
 
The Kladorub Formation crops out SE of Kladorub Village as 

a narrow, 2 km long and 300 m wide strip trending NW-SE. 
The outcrops are restricted along Vrubska bara, Tonov dol and 
Ciganskiya dol SE of the village (Fig. 1). The outcrop along 
Vrubska bara, described by Ц. Цанков (1964) and pointed as 
“type section” of the unit (Tzankov, 1972), is almost totally 
covered. Nevertheless, the unit is well exposed along 
Ciganskiya dol, 1,3 km E-SE of this outcrop. The beds are 

overturned with strike and dip 200-220/30-60.  
 
According to previous investigations, the Kladorub Formation 

comprises sandy and silty marls of Maastrichtian-Paleocene 
age. 

 
The lower boundary of the unit is a reverse fault along the 

boundary with the Paleozoic granite of Belogradchik pluton 
(Fig. 1). The upper boundary with the Eocene conglomerates 
of Staropatica Formation is unconformable. The eastern 
boundary is a normal fault with Jurassic rocks – Polaten 
Formation and the West Balkan Carbonate Group. Neogene 
terrigenous sediments of the Dimovo Formation cover the unit 
to the west.  

 
RESULTS 

 
This paper presents preliminary results on the K/T boundary 

interval, obtained during the 2001 field season in the frame of 

the research program of the University of Mining and Geology 
“St. Ivan Rilski”. Subject of the study is the fine-grained 
carbonate-siltstone sequence of the Kladorub Formation which 
crops out SE of the village of Kladorub, Vidin District.  
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Figure 2.. Section of the K/T boundary interval in Kladorub 
Formation, situated in the valley of Ciganskiya dol, 1.3 km SE 

of Kladorub village, Vidin district: 1 – compact bioclastic 
limestone beds; 2 – siltstones, silty limestones, hypolimestones 

and marls; 3 – dark-colored K/T boundary layer; 4 – sample 
 
The corrected stratigraphic range of the unit provides a good 

opportunity to establish a new gradual transition across the K/T 
boundary in Bulgaria. 
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The first sampling in Ciganskiya dol, carried out in the 
beginning of the summer of 2001, revealed three important 
facts: 1) wider stratigraphic range of the sequence (Upper 
Campanian – Uppermost Paleocene); 2) discrepancy between 
the former lithological description of the unit and the present 
results; 3) uninterrupted section – relatively well exposed and 
without significant faults and folds. All these facts allowed to: 1) 
establish the K/T boundary layer; 2) revise the lithological 
composition of the Kladorub Formation; 3) refine the 
biostratigraphical subdivision of the Campanian – Paleocene 
interval on the basis of calcareous nannoplankton and planktic 
foraminifera. 

 
The present study presents new data about the position of 

the K/T boundary layer and the lithology of the investigated 
boundary interval. 

 
K/T boundary. Detailed lithological and paleontological 

studies were focused on the K/T boundary interval, restricted 
within 7 m (Fig. 2). It is located about 50 m North of the 
reservoir catchment in Ciganskiya dol. Three nannofossil 
zones are present in the investigated boundary interval – the 
top of the uppermost Maastrichtian Micula prinsii Zone, the 
lowermost Paleocene NP 1 Biantholithus sparsus Zone and 
NP 2 Cruciplacolithus tenuis Zone.  

 
The presence of the two boundary zones allowed locating a 

dark, 4 cm thick layer, marking sharp change in the calcareous 
nannoplankton assemblages.  

 
The samples below this layer contain rich nannofossil 

association represented by more than 50 Cretaceous species. 
The most abundant forms are: Micula decussata 
(Vekshina ),  Micula  wastika St radner & Ste inmetz,  
Watznaueria barnesae (B lack),  Cribrosphaerella ehrenbergi  
(Arkhangelsky),  Gartnerago obliquum  (St radner ) ,  
Broinsonia enormis (Shumenko),  Arkhangelskiella 
cymbiformis (Vekshina),  Microrhabdulus decoratus 
(Def landre ),  Eiffellithus turriseiffeli  (Def landre),  
Kamptnerius magnificus Deflandre,  Chiasmozygus 
litterarius  (Gorka),  Prediscosphaera cretacea  
(Arkhangelsky),  Prediscosphaera columnata Perch -
Nie lsen,  Prediscosphaera microrhabdulina Perch-
Nie lsen,  Prediscosphaera grandis Perch -Nie lsen,  
Ceratolithoides aculeus (St radner) ,  Zygodiscus spiralis 
Bramlet te  &Mart in i  e tc .  All Upper Maastrichtian markers 
are also present Lithraphidites quadratus  Bramlette  & 
Mart in i ,  Nephrolithus phrequens Gorka,  Micula murus 
(Mart in i ) ,  Micula prinsii (Perch-Nie lsen ).  

 
The composition of the Paleocene nannofossil association is 

entirely different. The taxonomical diversity in the first samples 
+5 and +10 cm above the boundary is drastically reduced. 
There are single reworked forms represented by the most 
abundant Cretaceous species Micula decussata (Vekshina),  
Watznaueria barnesae (B lack),  Arkhangelskiella cymbiformis 
(Vekshina )  and some other species. Nearly 95% of the 
nannofossil association is represented by the survivors Braaru-
dosphaera bigelowi Gran & Braarud  and Thoracosphaera 
operculata Bramlet te  & Sul l i van.  Cyclagelosphaera 
reinhadrtii Markalius inversus (Def landre)  and Neo-
crepidolithus dirimosus Perch-Nie lsen are also relatively 
frequently encountered survivors. 

The new Paleocene species Biantholithus sparsus 
(Bramlet te  & Mart in i )  appears immediately above the 
boundary layer between +5 and +10 cm. Thus, the lower 
boundary of NP 1 Biantholithus sparsus is marked by both the 
disappearance of the Cretaceous species and the appearance 
of the zonal marker. Cyclagelosphaera alta Perch_Nie lsen  
is another Paleocene species appearing in this interval. The 
first specimen was found in sample KLA+0.75 m. The 
thickness of the NP 1 Biantholithus sparsus is 2.40 m (Fig. 2). 
The first appearance of Cruciplacolithus intermedius  (van  
Heck & P r ins)  marks the lower boundary of the NP 2 
Cruciplacolithus tenuis. The lower level of the zone is 
characterized by the presence of another cruciplacoliths 
Cruciplacolithus primus Perch_Nie lsen,  appearing just 
below the zonal boundary, Cruciplacolithus tenuis  
(St radne r) ,  Cruciplacolithus asymmetricus (van Heck &  
Pr ins) and Coccolithus cavus Hay & Mohler.  

 
Lithology of the Kladorub Formation. So far the rocks of 

the Kladorub Formation, based on field determinations, have 
been described as different types of marls – sandy, silty and 
calcareous with rare limestone interbeds (see “Previous 
research”). The present granulometrical study of several 
samples from the K/T boundary interval shows high 
terrigenous content.  

 
Only two of the investigated samples may be classified as 

marls: sample KLA –0.75 – very silty marl with 28.49% CaCO3, 
26.92% clay and 43.51% silt, and sample KLA +2.10 – silty 
marl with 33.40% CaCO3, 26.40% clay and 39.40% silt.  

 
Three of the samples are classified as siltstones: the 

boundary layer, sample KLA +0.05 – clayey-carbonate 
siltstone with 51% silt, 27.85% CaCO3, 13.65% clay and 7.50% 
sand; sample KLA –0.05 – sandy-carbonate-clayey siltstone 
with 50% silt, 17.90% CaCO3, 20.05% clay and 12.05% sand; 
sample KLA +3.50 – clayey-carbonate siltstone with 52.30 % 
silt, 31.55% CaCO3, 14.60% clay and 1.55% sand. 

 
The interval immediately above the K/T boundary layer is 

more carbonate. Sample KLA +0.20 is classified as clayey-silty 
limestone with 63.60% CaCO3, 17.80% silt, 18.10% clay and 
0.50% sand. Sample KLA –2.75 is a mixed type, classified as 
clayey-silty hypolimestone: 49.20% CaCO3, 25.16% silt, 
24.65% clay and 0.77% sand.  

 
These samples show that carbonate and silt components 

are predominant in most of the samples, but the variation of 
the clay component is critical for determining the rock as marl 
or siltstone. On the basis of these results it may be concluded 
that the main rock type in the boundary interval of the Kladorub 
Formation is not marl but siltstone. 

 
 

CONCLUSION 
 
The present results confirm the unique opportunity for 

complex investigation of the K/T boundary interval in Bulgaria. 
After the recent publications on the boundary layer from 
several facial types in the Fore-Balkan and Stara Planina 
structural zone, this outcrop provides opportunities for detailed 
study of this boundary in fine-grained terrigenous rocks. The 
section of Kladorub Formation is the most complete boundary 
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section in Bulgaria, covering a well-exposed, complete 
stratigraphic interval from the Upper Campanian to the 
uppermost Paleocene. The nannofossil evidence for the K/T 
boundary interval allows further biostratigraphic, geochemical, 
sedimentological and mineralogical investigations. This section 
is a good basis for future correlation of the boundary in 
different facial environments. 
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ABSTRACT 
Based on detailed lithofacial studies of a section of Svidol Formation (Lower Triassic) located near Cerovo Village, Svoge District, a one-sequence stratigraphic unit 
was recognized and subdivided into transgressive and highstand system tracts. Parasequence sets, parasequences and higher-order cycles are recognised and 
characterized within each system tract. The unit is 27 m thick and corresponds to the sequence stratigraphic unit in the same formation that was earlier described 
near Sfrazen Hamlet, northerly along the Iskar Gorge. The detailed study of the inner architecture of the higher-order cycles allows high-resolution stratigraphic 

correlations between the two sections. Comparative analysis of the data from the two sections indicates variations in the thickness and structure of the higher-order 
cyclic units of the sequence. The absence of reliably determinable fossil fauna in the section do not allow a correct definit ion of its chronostratigraphic span. The 
character of the described mesoscale cyclicities enables their comparison with those, established in other parts of the Lower Triassic section in the area and is a step 
toward elaboration of a general cyclostratigraphic model for the whole Lower Triassic Series in the studied area. The collected new data about the structure of the 

formation suggest a possible tide-dominated delta character in some portions of the depositional environment.  

 
INTRODUCTION 

 
   The rocks of the Svidol Formation represent the transition 
between the red continental successions of the Petrohan 
Terrigenous Group (Lower Triassic) and the typical marine 
carbonate rocks of the Iskar Carbonate Group (Lower-Upper 
Triassic). Even in the nomination of the formation (Čatalov, 
1974), “… the cyclic structure of its facieses …” has been 
pointed out among its main characteristics. According to the 
same author (Čatalov, 1975), the typical for this formation 
types of stratification and its lithologic composition indicate, 
that the unit was formed in the conditions of a low-relief terri-
genous-carbonate tidal flat.  
 
   Despite of its wide distribution in NW Bulgaria and the 
Moesian platform, Svidol Formation is poorly exposed because 
of the specific lithological features of the rocks that build it up. 
For this reason, detailed lithofacial and stratigraphic descrip-
tions of concrete sections of the unit are practically lacking in 
the literature. The Iskar Gorge is one of the few areas in Bul-
garia, where relatively complete and frequent outcrops of the 
Svidol Formation occur. The southernmost outcrop of the unit, 
that is located in the gorge near Cerovo Village, Svoge District 
(Fig. 1), provides excellent opportunities for a detailed lithofa-
cial and stratigraphic study.  
 
   This paper presents the first, more detailed lithologic and 
stratigraphic description of the Svidol Formation in the area of 
the Iskar Gorge. Object of study is the section at the “Red wall” 
locality in the eastern end of  Cerovo Village. On the basis of 
detailed field and laboratory lithofacial studies, different in rank 
sedimentary cyclicities are characterized and a sequence 
stratigraphic subdiivision is proposed. After a comparison with 
results from earlier analogous investigations on Svidol For-
mation (Tronkov and Ajdanlijsky, 1998 b) near Sfrazen Hamlet, 
located to the north along the gorge, conclusions about the 

formation structure and traceability of the characterized strati-
graphic units and levels in the area are drawn. 
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Figure1. Schematic map of Svidol Formation outcrops (gray) in 
the area with location of the studied section.  

 
   The description of the fluvial deposits is based on the Miall 
(1996) lithofacial scheme. The lithologic determinations in the 
Svodol Formation are according to the proposed by Sultanov 
(1980) classification of clay-carbonate rocks. The field color 
description of the rocks in the section is based on the Rock-
Color Chart (1991).  

 
 

SECTION DESCRIPTION 
 
   The description of the studied section includes the bordering 
parts of the underlying Petrohan Terrigenous Group (PTG) and 
the overlying Mogila Formation. The aim is to provide a more 
correct determination of the scale, character and genesis of the 
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sedimentological cyclicity in the Svidol Formation and a correct 
comparison with those in the other part of the Lower Triassic 
Series in the area. 
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Figure 2. Lithologic-stratigraphic column of the studied section. 

Legend: Lithotypes (1-22): Clastic rocks (1-14): 1 - clay-
carbobate breccia-conglomerate; Sandsones (2-5): 2 –pure; 3 
–silty; 4 – mudy; 5 – limy (dolomitic); Siltstones (6-9): 6 –pure; 
7 – sandy; 8 –mudy; 9 – limy (dolomitic); Mudstones (10-13): 
10 – pure; 11 – sandy; 12 –silty; 13 – limy (dolomitic); 14 –

hyporocks; Carbonate rocks (15-22): Dolomites (15-17): 15 – 
pure; 16 – sandy; 17 –silty; 18 - mudy; Limestones (19-23): 19 

– pure; 20 – sandy; 21 –silty; 22 – mudy-sandy; 23 – mudy; 
Sedimetary structure and texture (24-34): 24 – massive; 25 – 

discontinuous; 26 – even, parallel; 27 – large scale trough 
cross-bedding; 28 – low angel cross-bedding; 29 – small scale 
cross-bedding; 30 – а) flaser, b) lenticular, c) nodular and d) bi-
directional ripples; 31 – gravel structure: а) imbrication, b) lag 

structure and c) lenses; 32 – bed shape: а) wedge and b) 
scour-and-fill; 33 – synsedimentary deformational structure: а) 
slides and b) slumps; 34 – gravel grain size : а) <2 cm ; b) 2-5 
cm and c) 5-10 cm; 35 – clastic mica: а) chaotic and b) paralel 
to lamination. Index – content (%) in the unit; 36 – paleopedo-
genic and evaporite products: а) spots, b) single and cluster-

like calcretes, and c) gypsum crystal. Index – mineralogy: crb – 
carbonate, dol – dolomite; 37 – fossils and trace fossils: а) 

brachiopoda, b) crinoids and c) bioturbations. The abbrevia-
tions are explained in the text. 

 
The Petrohan Terrigenous Group 
   The uppermost part of the Petrohan Terrigenous Group 
comprises a cyclic fluvial succession with significant develop-
ment of paleopedogenic products both in allo- and authoch-
tonous position. The thickness of the individual fluvial cycles 
ranges from 3,5 m to 4,5 m, rarely to 9 m. The base of the 
cycle is an erosional surface, covered by channel clay-
carbonate breccia-conglomerates (lithofacies Bbr). Upward in 
the cycle dominate cross-laminated sandstones of lothofa-
cieses Sl and Str, which alternate with hyporocks (lithofacies 
Fm и Fl) and less commonly with siltstones and mudstones 
(lithofacies Fsc). Synsedimentary deformations and escape 
structure are frequently observed in the sandstones.  
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   The boundary between PTG and Svidol Formation is a rapid 
lithologic transition and can be traced on the basis of: (1) the 
disappearance of the features of channel erosion, disappear-
ance of the wide development of paleopedogenic products and 
inundates; and (2) the appearance of thin layers of dolo-marls, 
appearance of features of intensive bioturbation of the deposits 
and the domination of bi-directional over one-directional ripple 
marks (Tronkov and Ajdanlijsky, 1998a; Ajdanlisjky, 2000, 
2001a).  
 
   According to the stratigraphic subdivision of the PTG pro-
posed by Tronkov and Ajdanlijsky (1998a), the described 
interval belongs to the uppermost part of mesocycle МС-2.  
 
The Svidol Formation  
   The studied section of the Svidol Formation is a type 2 se-
quence unit with thickness about 27 m, which is build up of 
transgressive and highstand system tracts (Fig. 2). The litho-
logic composition of the formation shows a large variety of 
terrigenous, terrigenous-carbonate and carbonate rocks (Fig. 
3).  
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Figure 3. Lithologic characteristics of all representative rocks 
for the studied outcrop of Svidol Formation (according to the 

classification diagram of Sultanov, 1980).  
 
The transgressive system tract (TST) is 20,7 m thick. Its 
lowermost part (7,4 m) is build up of two parasequences, rep-
resented by upward-fining lithofacial successions (Fig. 2, lti-
hofacial units 27-42). The parasequence thickness is 3,5 and 
3,9 m. Fine-grained lithofacies, hyporocks with massive struc-
ture dominate in the interval. As a rule, paleopedogenic spots, 
calcretes and cluster-like aggregates with calcite or dolomite 
composition appear in the upper part of both units. There 
again, the most abundant bioturbations are observed. As a 
whole, the interval shows the maximum mica content in the 
formation.  
 
   If we exclude the appearance of yellowish-gray to pale-olive 
(5Y7/2-10Y6/2) nuances and the few thin layers of limy gray-
ish- orange (10YR7/4) sandstone, the colors of this interval are 
identical to those that dominate in the uppermost part of the 
PTG.  
 
   The middle part of the TST is build up of three parasequenc-
es with total thickness 6 m. The thickness of a single unit var-
ies from 1,9 m to 2,15 m. Terrigenous rocks still dominate in 
this interval, but in contrast to the previous one, every parase-
quence forms a upward-coarsing lithofacial succession. Gen-

erally, the sandy lithofacieses are of wide occurrence and the 
carbonate content in the rocks is increasing upward. Charac-
teristic for the interval is the wide development of bi-directional 
small-scale cross-lamination (ripple marks), the graduate dis-
appearance of the aleopedogenic features (here presented 
only by spots), the shift of the bioturbated intervals to the mid-
dle part of the parasequences as well as the preserved mica 
occurrence in the sediments (mainly in its uppermost parts). 
Flaser and nodular lamination are significant. One small-scale 
slump-like synsedimentary deformational structure is observed 
in the lowermost of the three parasequences (Fig. 2, PS-3) in 
the package (Fig. 2, lithofacial unit 54).  
 
   The red colors, represented mainly by moderate red (5R4/4-
6), are gradually replaced upward in the interval by ochre and 
whitish-beige (5YR7/2-10YR7/4) ones. 
 
   The pattern of the uppermost 7,3 m of the TST is entirely 
different from that of the two already described intervals. De-
spite the preservation of the tendency from the middle part of 
the tract the parasequences to form upward-coarsening facial 
succession, here they are built up predominantly of marls, 
dolo-marls and muddy dolomites. The stages of maximum 
deepening are marked by silty marls. The sandstones are 
untypical for the interval. Most often, the role of the coarsest 
sediments is played by hyporocks or sandy limestones, devel-
oped as single 10-15 cm thick layers. Terrigenous mica is 
practically absent. Fine-bedding dominates among the struc-
tures in this interval. 
 
   In the lower two of the four parasequences that build up the 
interval, upward-thinning sets of dolomite-marl couplets occur. 
There again, in one of the courser dolomite layer, single small 
gypsum crystals were observed that are orientated perpendicu-
lar to the bedding. At the same level, small-scale synsedimen-
tary slide-like structure occur. Upward in the package, the 
thickness of the parasequences decreases - from 2,15 m in its 
lower part, to 1,6 m in the upper one. There, mainly within the 
layers of massive micrite limestones, single and poorly defined 
brachiopod and bivalve fragments were found. 
 
  Medium-dark to medium-gray colors (N4-5) dominate over the 
ochre and whitish-beige tones (10YR7/3-6/6) in this interval.  
 
   As a whole, the TST is build up of retrogradational parase-
quence sets, and only in its uppermost part shows the features 
of aggradational pattern on stacking. The maximum flooding 
surface (mfs) is marked by a thin fine-laminated dark-gray silty 
marl layer (Fig. 2, lithofacial unit 103).  
 
The highstand system tract (HST) is 6,4 m thick and is build 
up of a progradational parasequence set, in which the thick-
ness of the single parasequences gradually increases upward 
from 1 m to above 3,1 m (?). The parasequence set can be 
subdivided into two groups: (а) the lower two parasequences, 
which show bipartite trend of lithofacial coarsening (a feature, 
which is slightly hinted also in the uppermost parasequence 
(Fig. 2, PS-9) of the TST; and (b) the parasequences from the 
upper part of the tract that are represented by upward-
coarsening facies successions. Despite of the domination of 
marls and dolomites in this part of the section, the role of the 
coarsest sediments in the parasequences is plaid by limy 
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sandsones. Parasequence PS-11 (Fig.2, lithofacial units 111-
115) is build up by dolomite-marl couplets successions, similar 
to those in parasequences PS-6 and PS-7, but in contrast to 
them, detrital fragments of crinoids are observed in the coarser 
part of every couplet. More complex is the structure of the 
parasequence PS-12, which represents a succession of five 
uniform marl-mudstone-sandstone triplets (Fig. 2, lithofacial 
unit 116). In the uppermost parasequence of the TST, features 
of small-scale intraformational erosion are observed.  
 
   In the confines of HST, a relatively rapid change from grayish 
colors again to ochre, green and even red (10R6/5) is noted. 
 
   The upper boundary of Svidol Formation (Fig. 2, SB-2) is 
erosional and transgresive. 
 
The Mogila Formation 
   The described in detail by Tronkov (1983) cylicity in the 
shallow-marine carbonate successions from the lower part of 
Mogila Formation is observed very well in this section. Here, in 
the lowermost part of the formation, fining-upward cycles with 
thickness from 2,8 m to 3,1 m occur. Generally, the single 
cycle is formed of cross-bedded to massive calcarenites, paral-
lel bedded and massive micrite, clayey to muddy limestone 
and dolomicrites, which vertically replace each other. The base 
of the cycles is a low-relief erosional surface, often covered by 
single, mainly dolomicrite pebble- to cobble-sized intraforma-
tional clasts.  
 
 

DISCUSSION AND CONCLUSSIONS 
 
   According to their structure, the established two system 
tracts (TST and HST) and the divided in them four intervals 
(parasequence set) in the studied section of Svidol Formation 
almost completely correspond to those, established by Tronkov 
and Ajdanlijsky (1998b) in the section of the same formation 
situated to the north along the gorge, near Sfrazen Hamlet. 
The subdivision of the TST into three intervals as well as the 
general features of the interval structure are almost identical. 
The same concerns the number of similar interval parase-
quences from the two sections – three for the middle interval of 
TST and four for HST (intervals B and D in the scheme pro-
posed by Tronkov and Ajdanlijsky, 1998b). The absence of 
suitable exposures in the middle part of the Sfrazen section 
and in the lower part of Cerovo section hampers the exact 
comparison of the structure of the other two intervals. 
 
   The comparative analysis of the thickness of these units 
reveals a tendency to a relatively stable increase (from 27% to 
47%) of the thickness of almost all four parasequence sets in 
the northern (near Sfrazen) section. An exception from this 
tendency is only the lower interval of the TST, the thickness of 
which remains almost constant in both sections (7,4 m and 8 
m, respectively). The obtained data from the preliminary stud-
ies in other sections of the Svidol Formation in the area of  
Iskar gorge completely confirmed this tendency.  
 
   The identity in the parasequence set structure, as well as the 
almost complete identity (as a scale and as a structure) of the 
dolomite-marl couplets succession in both sections allows a 
high-resolutional stratigraphical correlation between them. The 

different as order cyclicities in the TST from the two sections 
can be very well correlated.  
 
   Except for a refinement of the existing stratigraphic model of 
Svidol Formation, the present study reveals also some differ-
ences in its structure between the sections in the area of Iskar 
Gorge and those from Teteven district and Vratchanska Stara 
planina Mountain, published by Čatalov (1974). For example, 
the described by Čatalov second (upper) cycle in the formation 
(represented only with its transgressive part) was not estab-
lished in the sections from the Iskar Gorge. Another significant 
difference is connected with the structure of the interval of the 
formation that represents the stage of the maximum deepening 
of the sedimentary environment. While in Teteven area, this 
interval is almost completely composed of micritic and biodetri-
tal limestones, that from the sections in the gorge is build up 
mainly of mixed terrigenous-carbonate lithofacieses. 
 
   According to Čatalov (1975), the Svidol Formation was 
formed under the conditions of an epicontinental tidal flat, for 
witch the cyclic development of the sedimentary processes 
was characteristic. On the basis of new data (Hori et al., 2001) 
it could be supposed, that the described above sedimentary 
architecture and cyclicity could be a product of tide-dominated 
delta complex development as well.  
 
   The data obtained about the scale and character of the 
mesoscale cyclicity in Svidol Formation in the area of the Iskar 
Gorge are comparable with the characteristics of the mesocy-
clicity established in the PTG (Tronkov and Ajdanlijsky, 1998a; 
Ajdanlijsky, 2000; 2001b) and in the Mogila Formation 
(Tronkov, 1983) in the same region. The fluvial mesocycles 
(МС-0, МС-1 and МС-2) within the PTG as well as the se-
quence stratigraphy unit described in Svidol Fromation are of 
the same order (probably 3-rd order, according to the scheme 
proposed by Miall, 1997, Table 3.1). The subdivision of these 
fluvial mesocycles into submesocycles and fluvial cycles, 
respectively the subdivision of the sequence into system tracts, 
parasequence sets and parasequences, reflects the transition 
to the next (higher-order) level of cyclicity in them. The struc-
ture of the individual parasequences in the Svidol Formation 
and especially the subdivision of distinct sedimentary couplets 
and triplets series in some of them on one hand, and the de-
scribed by Tronkov (1983) and Nikov (1999f) cyclicity in the 
Opletnja (lower) Member of the Mogila Formation on the other, 
approximately correspond to the 5-th order cyclicity described 
by Goldhammer et al., (1987, 1990) in the Latemar’s Alpine 
Triassic platform carbonates.  
 
   The absence of reliably determined fossil fauna in the stud-
ied section does not allow us to define more precisely the 
chronostratigraphic range of the above described cyclicities. 
 
   The meso- and upper-rank cyclicities recognised in Svidol 
Formation section near Cerovo Village, are identical with 
those, described by Tronkov and Ajdanlijsky (1998b) in the 
same formation at Sfrazen hamlet, located to the north along 
the Iskar Gorge. Despite some lateral variations in the form 
and the scale of their occurrence, they could be a good base 
for more detailed stratigraphic subdivision and correlation of 
the discussed formation in the area.  
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   The described mesoscale cyclicity is comparable to that, 
established in other parts of the Lower Triassic section in the 
area and provides a sound base toward elaboration of a gen-
eral cyclostratigraphic model for the whole Lower Triassic 
Series in the studied area. The collected new data about the 
structure of the formation suggest a possible tide-dominated 
delta character of the sedimentary environment that controlled 
the deposition of the formation.  
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ABSTRACT 
The newly established Anton ductile shear zone is characterized by distinct SL fabric, constant orientation of mylonitic foliation and stretching lineation, and uniform 
top-to-north shear sense. It follows the southern contact of Vezhen pluton and is superimposed mainly on its granodiorite phase and the rocks of Dalgidel Group. The 
mylonitic foliation within the zone is cut by undeformed aplite veins of the pluton and most probably was formed towards the end of the Hercynian tectonic cycle.  Late 
Alpine reverse faults and thrusts intersect the zone obliquely. These brittle faults are concentrated in two strips. The southern one includes the Anton reverse fault and 

the northern – the Vezhen thrust, Dzhemina reverse fault-thrust, Mechesh reverse fault, Kashana reverse fault-thrust and Svishtiplaz allochthone. The faults of the 
northern strip may be used to divide tectonic units of different age (Early and Late Alpine). 

 
INTRODUCTION 

 

   The southwestern slope of Zlatitsa-Teteven Mountain 
between Zlatitsa pass and Anton village was not subject of 
detailed geological investigations until now, except its ridge 
part. That is why the descriptions of the established separate 
fragments of fold and fault structures (Poushkarov, 1927; 
Kamenov, 1936; Mandev, 1942; Trashliev, 1961; Tsankov, 
1961; Kouykin and Milanov, 1970; Kouykin et al., 1971; 
Antonov, 1976) as well as some regional overviews (Bonchev, 
1961; Bonchev and Karagyuleva, 1961; Yordanov et al., 1965; 
Vrablyanski, 1971; Cheshitev, 1971; Tsankov, 1995; 
Cheshitev, 1995 and others) suggest contradictory ideas about 
the structure of the region studied. 
 

   The region was mapped in scale 1:25 000 in view to reveal 
its prospective for endogenic gold-sulphide ore mineralizations. 
This work presents some results of this mapping concerning 
the location, geometry, trend, kinematics and temporal 
relationships of a newly established ductile shear zone and of 
some Alpine reverse faults and thrusts known from previous 
studies. The boundary between the high-grade and low-grade 
metamorphic rocks, cropping out in Zlatitsa pass and west of 
Anton Village and assumed to be a post-, syn- or pre-
metamorphic thrust (Mandev, 1942; Tsankov, 1961; Kouykin 
and Milanov, 1970; Ivanov et al., 1987 and others), will be 
characterised in another paper. 
 
Regional setting 
   Most of the previous investigators of the western part of 
Zlatitsa-Teteven Mountain assumed that it comprises parts of 
two large tectonic units, designated by different names. The 
northern unit was at first described as Etropole anticline  
(Kamenov, 1936), and later – as Central Balkan anticlinorium 
(Kouykin and Milanov, 1970), Shipka anticlinorium (Bonchev, 
1971), Shipka Stara Planina (Cheshitev, 1971) or Etropole unit 
(Tzankov, 1995). The southern unit was characterised as 

eastern part of the Svoge anticline (Kamenov, 1936) or Svoge 
anticlinorium (Kouykin and Milanov, 1970), northern part of  
Sredna Gora anticlinorium (Bonchev, 1961) or Chelopech unit 
(Tsankov, 1995). All authors assume that the boundary 
between these two units is tectonic. It has been described as 
Sub-Balkan deep-seated fault (Bonchev, 1961), Kashana 
thrust (Kouykin and Milanov, 1970) or Dzhemina reverse fault 
(Vrablyanski, 1971; Cheshitev, 1971). 
 
   Along the ridge of Zlatitsa-Etropole Mountain, the northern 
unit is represented by a large anticlinal fold, known as Etropole 
or Central Balkan anticline. Most of the authors (Kouykin and 
Milanov, 1970; Kouykin et al., 1971; Antonov, 1976 and others) 
consider it to be the westernmost second-order fold in the 
confines of the Central Balkan or Shipka anticlinorium. The 
data from adjacent territories (Nachev, 1963; Antonov, 1971; 
1976 and others) demonstrate that it was formed at the end of 
the Early and before the Late Cretaceous. Its core is built up of 
Early Proterozoic low-grade metamorphic rocks, referred to the 
Berkovitsa and/or Dalgidel Groups and Grohoten Formation, 
as well as of granodiorites from the Late Hercynian Vezhen 
pluton. Several small and isolated outcrops of its Mesozoic 
mantle and southern limb are preserved. They comprise 
sandstones and limestones of Lower and Middle Triassic age 
(Petrohan Terrigenous and Iskar Carbonate Group).  
 
   The southern unit is a fold-and-thrust structure. It comprises 
small fragments of fold limbs, built up of Upper Cretaceous 
sedimentary rocks. Precambrian gneisses as well as Paleozoic 
low-grade metamorphic rocks and granitoids, intersected by 
Late Cretaceous subvolcanic dykes and bodies, are thrusted 
over them along longitudinal faults. 
 
Ductile shear zone 
   During the present investigation, a subequatorial ductile 
shear zone along the southern contact of Vezhen granodiorite 
pluton was recognised (Fig. 1).  It will be designated further  as 
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Anton shear zone. It comprises mainly mylonites and 
blastomylonites and less commonly cataclasite-mylonites and 
protomylonites. This zone is more than 3 km long, 500-700 m 
thick, dipping 50-60º to the south. 
 
   Most of the previous investigators have described the rocks 
in this zone but failed to recognise it as an independent and 
important element of the regional structure. Poushkarov (1903)  
first mentioned “granitogneisses” north and northeast of Anton 
village and described them as “amphibole granitogneisses” 
and “chlorite granitogneisses”. Bonchev (1908) confirmed their 
presence, but emphasised that there was no sharp boundary 
between them and “the typical granites”. Later Mandev (1942) 
also mentioned that the granodiorite close to the contact with 
the Paleozoic rocks was “gneiissified and in places 
mylonitized”. On the maps of Kouykin and Milanov (1970) and 
Kouykin et al. (1971) a “zone of cataclasis and mylonitization” 
is shown immediately north and northwest of Dzheminski 
Kamak Peak. These authors assume that the zone is related to 
the movements along Kashana thrust. According to them “the 
granodiorites lying at the front of the thrust are strongly 
schistose at a distance of 300-800 m”. This opinion is shared 
by Velchev et al. (1973f), who describe “cataclised and 
mylonitized diorites and granodiorites” as well as “striped 
mylonite” north of Dzheminski Kamak Peak. 
 
   The ductile shear zone is superimposed mainly on the 
granodiorite phase of the Vezhen pluton and partly on the 
green-schist rocks (metapelites and metaaleuropelites) of 
Dalgidel Group and the diorites of the first phase of the pluton. 
The northern boundary is a very gradual transition to less and 
less schistose granodiorites and diorites, in an interval of 
visible thickness 200 to 600-700 m. The southern boundary is 
also a gradual transition towards the low-grade metamorphic 
rocks of Dalgidel Group. 
 
   To the north of the shear zone, the granodiorite protolith is 
represented by mesocratic rocks, medium- to coarse-grained, 
of massive texture. Principal minerals are plagioclase, 
potassium feldspar, quartz, amphibole and biotite. Due to the 
fact that these minerals participate in different quantities, 
amphibole-biotite, biotite and amphibole granodiorites can be 
recognised. The diorite protolith is melanocratic, fine-grained, 
built up mainly of plagioclase, amphibole, biotite and a little 
quartz. 
 
   To the south of the shear zone, the rocks of Dalgidel Group 
crop out. They are represented mainly by metapelites and 
meta-aleuropelites, comprising chlorite, sericite, muscovite, 
quartz and albite as well as rare grains of epidot, rutile, zircon 
and ore minerals. Their structure is microlepidoblastic to 
microlepidogranoblastic. According to the quantities of the 
principal rock-forming minerals, phyllites (quartz-sericite 
schists) and quartz-chlorite-sericite schists are recognised. 
Meta-aleurolites are rarely observed as thin interbeds while 
metapsammites form single layers amongst the metapelites. In 
the valley of Elenska river and northwest of Dzheminski Kamak 
Peak, they form a packet of rhythmic flysch alternation. 
 
   The changes in the composition and the structural features 
along the shear zone allow the recognition of three domains: 
central – formed of mylonites and blastomylonites, northern – 
of granodiorite and partly diorite protomylonites and southern – 

of mylonitized greenschist rocks. Due to the gradual changes 
of the deformation gradient, the boundaries between the 
domains are transitional zones 10-50 m thick. Only in the 
western part of the zone, situated between the rivers of 
Elenska and Madzharin, anastomically ramificated narrow 
shear zones are observed in the diorite protolith. Pods of 
slightly schistose or equigranular diorites occur amongst them. 
 
   The central domain of most intensive deformation is from 30 
to 120 m thick. It is situated at a distance of several to 10-15 m 
north of the southern contact of Vezhen pluton. The mylonites 
and blastomylonites of the central domain are augen-striped 
rocks featured by relic magmatic mineral association 
comprising plagioclase (oligoclase-andesine), biotite, 
amphibole, single grains of K-feldspar (microcline) and rare 
alanite. The metamorphic association includes entirely re-
crystallized quartz, sericite, epidot and chlorite. The relic 
plagioclase is represented by crystaloclasts and 
porphyroclasts. Biotite is red-brown, affected by 
muscovitization with separation of epidot and dusty iron-
titanium products. The relic amphibole as well as the alanite 
form porphyroclasts as well. The metamorphogenic quartz is 
entirely re-crystallized and forms strips of lenticular and mosaic 
structure. These strips alternate with pods domains built up of 
fine-crystalline (due to dimension reduction) sericite, 
plagioclase and epidote. The boundaries of the porphyroclasts 
are usually resorbed but sometimes are sharp. Oval and rare 
angular porphyroclasts elongated parallel to the foliation 
prevail.  
 
   The protomylonites and cataclastic mylonites of the northern 
domain are distinguished by larger size and prevailing angular 
shape of the porphyroclasts. Plagioclase porphyroclasts 
possess frequently deformed crystal lattice and cataclasis 
developed along their periphery.  
 
  The mylonitized pelites and aleuropelites of the southern 
domain comprise apophyses of the granodiorite protolith, 
altered to protomylonites. 
 
   The ductile shear zone exibits a distinct SL-fabric of 
dominating mylonitic foliation and mineral stretching lineation. 
They are determined by planar-parallel and linear preferred 
orientation of the mica minerals and mineral aggregates, the 
long axes of porphyroclasts and domains enriched in quartz 
and mica. 
 
   The orientation of the mylonitic foliation is 80-100º/50-70º to 
south. It almost entirely coincides with the trend of the axial 
cleavage of the rocks of Dalgidel Group. To the west of the 
valley of Elenska River and to the north of Anton Village, this 
foliation is folded in cm and dm kink-folds (Table 2, b). The 
stretching lineation lies in the planes of the mylonitic foliation. 
Usually it is subparallel to the dip line of the mylonitic foliation.  
 
   The shear sense was determined by means of 
microstructural synkinematic criteria (Passchier and Trouw, 
1996), recognised in five oriented rock samples which were 
collected from different domains of the ductile zone. The 

microscopic observations of S-C’ fabrics,  - porphyroclasts, 
mica fish etc. in thin sections parallel to the stretching lineation 
and perpendicular to the mylonitic foliation demonstrate (Table 
1) that  a  thrust  shearing  top-to-north  took  place.  Additional 
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Table 1 

 
Micro-photographs of thin sections at right angles to foliation and parallel to lineation (X-Z sections) looking up towards the east for 
the samples of granodiorite mylonites of the Anton shear zone (Qz – quartz; Bi- biotite; Ms- muscovite; KFs- K-feldspar; All- allanite; 
Ser- sericite; N II): a and b – S-C’- fabric relationships and mica fish; c – tiling structure in K-feldspar porphyroclast with antithetic 
micro-faults; d – fragmented allinite porphyroclast, intersected by synthetic and antithetic micro-faults; e – mica fish intersected by 
antithetic micro-shears; f – mica (biotite) fish 
 
detailed investigations are required to clarify the kinematics of 
the ductile deformation. 
 
   The ductile shear zone between Dzheminski Kamak Peak 
and the ridge separating the rivers of Madzharin and 
Bouchoum is obliquely cut and covered by the allochthone of 
Dzhemina thrust. This zone was probably formed at the end of 
the Hercynian tectonic cycle, because it is intersected by 
undeformed aplitic veins of the Vezhen pluton (Table 2, c). 

Brittle faults 
   Several small and isolated outcrops of rocks from the 
Turonian sandstone formation are exposed amongst the 
schists and phyllites of Dalgidel Group in the southern foot of 
Zlatitsa Mountain. They mark the traces of Late Alpine faults. 
These outcrops are relics of Late Alpine fold limbs, which are 
cut by longitudinal faults. From south to north, three relatively 
larger faults are traced – Anton reverse fault, Dzhemina 
reverse fault-thrust and Kashana reverse fault–thrust, as well 
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as two smaller faults – Mechesh reverse fault and Svishtiplaz 
allochthone. 
 
   The Anton reverse fault was recognised and nominated by 
Kouykin and Milanov (1970) as “Anton thrust”. During the 
present study, the fault was traced more accurately in the field. 
It continues to the west across Sanardere valley and ends into 
Balamdere valley. The fault trends 80-85º and dips 60-70ºS. Its 
hanging wall, built up of migmatized gneisses and rocks of 
Dalgidel Group (metabasites, metagranites, felsites, quartz-
chlorite-sericite schists and phyllites) is cut by the longitudinal 
Sub-Balkan normal fault. The footwall comprises mainly 
phyllites of Dalgidel Group and only locally, immediately 
beneath the reverse fault plane, the rocks of the sandstone 
formation (Turonian) are preserved. 
 
   The Dzhemina reverse fault-thrust was established and 
nominated by Milanov et al. (1964f) as “Dzhemina reverse 
fault” and described by Vrablyanski (1971). Later it was 
considered by Kouykin and Milanov (1970) and Kouykin et al. 
(1971) as the easternmost part of “Kashana thrust”. Velchev et 
al. (1973) named it “Kashana reverse fault”. The fault is traced 
reliably from the western end of Anton village to the valley of 
Bochoum River to west. That is why it is assumed here as an 
independent rupture. The fault trace, mapped during the 
present study only in separate areas, coincides with the fault 
lines given by the previous investigators. From Anton village, 
where the fault is cut by the Sub-Balkan normal fault, to the 
valley of Kalimandere (southwest of Dzheminski Kamak Peak), 
the fault zone dips 30º/S (Table 2, d). To the west it becomes 
steeper – up to 45-50º/S. The zone includes banded tectonic 
breccia and tectonic clay (Table 2, e, f). Its thickness varies 
from 0,5 to 8-12 m. Maximum thickness was measured in 
Mandzharindere and Kalimandere River. There, the diameters 
of the breccia polygenic clasts are 1-5 cm. They are well 
polished and well rounded. (Table 2, f). 
 
   The hanging wall, i. e. the allochthone is built up mainly of 
phyllites and knotty schists of Dalgidel Group. Quartzdiorites 
and very small outcrops of granodiorites are exposed in the 
massif of Dzheminski Kamak Peak and to the east forming a 
lower imbrication plate along the left (north-northeastern) 
riverside of Zhitnitsa river (Table 2, e). The foot wall, i. e. the 
autochthone, comprises phyllites, quartz-chlorite-sericite 
schists and a flysch alternation of Dalgidel Group. Northwest of 
Dzheminski Kamak Peak it includes mylonites of the ductile 
shear zone. 
 
   West of Dzheminski Kamak Peak, the reverse fault–thrust is 
replaced by five small transversal faults of probable strike-slip 
character. The strike-slip with largest visible horizontal 
amplitude of about 500 m is traced immediately to the east of 
Elenska River. Its trend is subequatorial (10º) and the length is 
more than 1 km. 
 
   The Vezhen thrust was recognized by Mandev (1942) and 
later was considered as a western continuation of the Stara 
Planina granite nappe (Bonchev, 1961; Bonchev and 
Karagyuleva, 1961) or Central Balkan thrust (Yordanov et al., 
1965). It was described by Kouykin et al. (1971) as “Vezhen 
part of the thrust” or “Vezhen allochthone”. A small segment 
(about 300 m long) of the western termination of the thrust is 
exposed in the western part of the region studied. Along this 

segment east of Gusheva River, migmatized gneisses are 
thrust over the rocks of Dalgidel Group. 
 
   The Kashana reverse fault-thrust was recognised by 
Trashliev and Trashlieva (1956f) and Trashliev (1961) and 
described as a “deep dislocation line”, but it was named by 
Milanov et al. (1964) as “Kashana dislocation” and “Kashana 
thrust” (Kouykin and Milanov, 1970; Kouykin et al., 1971). 
According to Milanov et al. (1964), the “Kashana dislocation 
may be traced to the east along the northwestern, northern and 
eastern slopes of Svishtiplaz Peak and across the valley of 
Kouroudere River to the southwest of Balkan Chalet. Kouykin 
and Milanov (1970) and Kouykin et al. (1971) continue the fault 
trace to the west of Anton Village, assuming the Dzhemina 
reverse fault–thrust to be its easternmost part. 
 
   Despite the detailed observations around Kashana mine and 
along the ridge of Svishtiplaz Peak during the present 
investigation, reliable field criteria to trace the Kashana reverse 
fault–thrust to the east of Kashana Chalet and in the valley of 
Klissekyoi River could not be found. That is why its 
identification with the thrust along the ridge of Svishtiplaz Peak, 
assumed to be part of the Etropole thrust (Antonov, 1976) or 
with the thrust traced north of Mechesh Peak, is still 
problematic. In the area around Kashana mine, the reverse 
fault–thrust trends east – west, dipping 40-50º to south. There, 
it was proven by a number of boreholes along several profile 
lines (Trashliev, 1961). 
 
    The Mechesh reverse fault was established by Kouykin and 
Milanov (1970) and Kouykin et al., 1971), who showed it on 
their maps and sections as a small satellite fault, intersecting 
“the allochthone of Kashana thrust”. During the present study 
the fault was traced reliably only to the north of Mechesh Peak 
at a distance of about 700 m along the contact between the 
rocks of Dalgidel Group and a granite-porphyry body. Its trend 
is subequatorial (80-90º) and its average dip is about 60º to 
south. The tracing of its continuations to the west and east is 
obstructed both by the lack of exposures and the uniform 
character of the rocks of Dalgidel Group. 
 
   The Svishtiplaz allochthone was recognised by Kouykin and 
Milanov (1970) and Kouykin et al. (1971), who argued that this 
fault was the eastern continuation of Kashana thrust. Later it 
was assumed to be part of the Etropole thrust (Antonov, 1976). 
The thrust plane is traced along the northwestern and 
northeastern slopes of Svishtiplaz Peak. It is distinctly marked 
by the boundary between contact-metamorphic rocks of 
Dalgidel Group (knotty schists and hornfelses) and 
allochthonous granitoids and granite-porphyries, where thin 
lenses of Triassic sandstones (Petrohan terrigenous Group) 
and very small outcrops of limestones (Iskar carbonate Group) 
are preserved (Fig. 10). The thrust plane dips gently 15-25º to 
SSE. As mentioned above, there are no reliable field data in 
the valleys of Klissekyoi and Kouroudere River in order to 
relate Svishtiplaz allochthone with Kashana thrust. In the valley 
of Kouroudere river, southeast of Svishtiplaz Peak, a 
subequatorial fault zone determined as reverse fault–thrust 
was observed. It could be reliably traced only at a distance of 
250 – 300 m. This zone dips 45-55º to south and could be the 
eastern continuation both of Svishtiplaz allochthone or of 
Mechesh reverse fault.  
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Table 2 

 
 

а – contact between milonite aleuropelites of Dalgidel Group (DdO1) and granodiorite mylonites (Pz2) NE of Jemminski Kamak 
peak (look to west); b – crenulated mylonite foliation in the central domain of the ductile shear zone NNW of Anton village (look to 

west); c – diorite (Pz2) and granodiorite (Pz2) protomylonites, intersected by undeformed vein of aplite NW of Elenska river (look 
to northwest); d – general view of Jemmina reverse fault-thrust and Jemmina peak (look to west); e – tectonic breccia in the base of 
a granodiorite allochthonous flake of Jemmina reverse fault-thrust in the valley of Zhitnitsa river; f – banded tectonic breccia of 
Jemmina reverse fault-thrust in the valley of Madzharin river (look to east) 
 
 
 
 
   East of Govedarnika locality to the river of Bochoum, 
phyllites and knotty schists crop out. In the valleys of 
Sanardere and Slavtsi rivers, their scarce exposures are 
affected by landslides and rock-falls, which make the tracing of 
fault zones practically impossible. 
 
 

DISCUSSION AND CONCLUSION 
 
   The Anton shear zones is characterised by: 1) distinct SL-
fabric and constant trend of mylonitic foliation and stretching 
lineation; 2) identical shear sense in the three domains; 3) the 
central domain is most intensively deformed and is related 
mainly to the southern contact of Vezhen pluton; 4) within the 
diorite protolith and the green-schistic rocks of Dalgidel Group, 

а b 

c d 

e f 

DdO1 

Pz2 

Pz2 Pz2 
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this domain transitionally passes into narrow, anastomosing 
shear zones with preserved, slightly deformed or undeformed 
pods of the protolith among them; 5) undeformed aplitic veins 
of the pluton intersect the mylonitic foliation; 6) the ductile 
shear zone is obliquely or transversally cut by Late Alpine 
brittle faults.  
 
   On the basis of the features mentioned above, it could be 
assumed that the inhomogeneous ductile deformation of the 
Anton mylonitic zone took place at significant crustal depth, 
during a single, probably Late Hercynian deformation event, 
immediately after the intrusion and cooling of the Vezhen 
pluton. The primary cataclastic deformation of the granodiorites 
and diorites lead to reduction of the grain size in microscopic 
shear zones and subsequent ductile deformation.  
 
   The Late Alpine reverse faults and thrusts are concentrated 
in two strips. The southern one comprises the Anton reverse 
fault and the small reverse fault north of Tsarkvishte Village. 
The northern strip includes Vezhen thrust, Dzhemina reverse 
fault-thrust, Mechesh reverse fault, Kashana reverse fault– 
thrust and Svishtiplaz allochthone. It is problematic to treat 
them as an uninterrupted fault zone due to lack of reliable field 
criteria. They probably represent independent en-echelon 
reverse faults and thrusts with imbricated frontal parts. The use 
of faults from the northern strip to distinguish Early Alpine and 
Late Alpine tectonic units is well argumented by the field data.  
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ABSTRACT 
The Upper Arda graben basin is located in the area of Arda Mountain in the Southern Rhodopes, both on the territory of Bulgaria and Greece. The volcanic and 

volcano-sedimentary rocks overlie and associate with Upper Eocene and Oligocene terrigenous sediments. Dacites, rhyiolites and tuffs are dominating rock types. 

Ignimbrites are also quite common. The volcanics are quartz-feldspar rocks containing plagioclase and K-Na feldspar nearly in equal quantities, or with prevalence of 

plagioclase. Femic minerals are biotite, rarely amphibole and augite. The rocks are high-K and the relation K2O/Na2O does not depend on the SiO2 content. The 

modal and petrochemical composition indicate calc-alkaline to subalkaline trachydacite-trachyrhyolite or high-K calcalkaline dacite-rhyolite series. The volcanic rocks 

are part of the Paleogene collision-related volcanics from central part of the Rhodopes region. 

 
INTRODUCTION 

 

The Upper-Arda Graben (trough) or basin (UAG) (Vatsev, 

1985, 1989a) is one of the southernmost Paleogene basins in 

the Rhodope region on the territory of Bulgaria. It is located in 

the southernmost, high part of the Upper Arda region in the 

Central Rhodopes (CR) and occupies the area of Arda 

Mountain. Its southern part extends on the territory of Greece 

and is known as Dipotama basin (Baker and Liati, 1991). The 

Bulgarian part of the basin is denoted as Vitina depression  

(Bahneva, Stefanov, 1973).  

 

Brief information and data on the petrographic composition 

and stratigraphic position of the volcanics in UAG are given in 

the publications of Bahneva, Stefanov (1973) and Vatsev 

(1985, 1989a). They report data on the Oligocene age of the 

volcanics and occurrence of ignimbrites. More detailed 

petrologic characteristics of the rocks under consideration 

have not been reported so far. The petrologic and 

geochemical data about the same rocks on the territory of 

Greece are much more complete (Eleftheriadis and Lippolt, 

1984; Eleftheriadis, 1995).  

 

The present work, which is a continuation of earlier studies 

of the author, aims at giving a more detailed information about 

the volcanics of UAG and improving the understanding of the 

volcanism in the CR. The volcanic rocks are characterized on 

the basis of field, micropetrographic and petrochemical 

studies. For this purpose, 33 silicate analyses were used. 26 

of them were made in Bulgaria, of which 21 based on author’s 

investigations and analysed at the “Geochemistry” Central 

Research Laboratory of the University of Mining and Geology 

by classical water silicate analysis. The other 6 analyses are 

from literature sources and 7 are from Greece (Innocenti et al., 

1984; Ellefteriadis, 1995).  

GEOLOGICAL SETTING 

 

The Palaeogene Upper Arda volcano-sedimentary basin 

(Vatsev, 1985,1989a), as well as the other depressions in the 

CR, overlie the Pre-Cambrian basement of the Rhodopes 

region (RR) as well as Upper Cretaceous and Paleogene 

granites (Soldatos, Christofides, 1986: Kamenov et al., 1999). 

It is bordered on the north by several WNW-ESE subparallel 

faults with subsided southern blocks. The graben is 25-30 km 

long and 5-8 km wide on the territory of Bulgaria. The 

southern, wider part of the basin (10-15 km) is located in 

Greece. The relatively uplifted blocks of the basement, 

exposed along the Bulgarian-Greek border at the village of 

Arda, at Gramada summit, south-east of Mochure, at the 

villages of Vitina and Plovdivtsi, mark the complex block-

graben structure of UAG.  

 

The Upper-Eocene sedimentary fill of UAG in its northern, 

Bulgarian part consists from bottom to top of the following 

units: 1) Hulevina breccia-conglomerate Formation (200-250m) 

(Vatsev, 1985); 2) Palova sandstone Formation (70-90 m) 

(Vatsev, 1985); 3) Radichevo conglomerate Formation (150-

200 m) (Vatsev, 1985) and 4) Gudevo argillite-sandstone 

Formation (450-500 m) (Vatsev, 1985), containing seams of 

coal and tuff layers. The Late Eocene age is dated on the 

basis of fossil flora (Vatsev, 1985).  

 

The overlying Oligocene sedimentary and volcanic rocks are 

represented by: 5) Gozdevitsa sandstone-conglomerate 

Formation (150-200m) (Vatsev, 1989), containing tuff layers 

and 6) Gramada volcano-sedimentary Formation (900-1300m) 

(Vatsev, 1989).  

 

The Gramada Formation is composed of three volcanic units 

(sequences), divided by two wedge-shaped, fluvial and 
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caldera-lacustrine sedimentary and pyroclastic units: Milenovo 

tuff-argillite-sandstone Member (15-90 m) (Vatsev, 1989a and 

Mochure tuff-argillite-sandstone Member (10-25 m) (Vatsev, 

1989a). The volcanic rocks of the first (150-200 m), third (500-

600m) and fifth (250-300 m) unit show similar composition and 

structure. They comprise ignimbrites, with and without 

fiamme, lapilli and ash-tuffs, dacites and rhyolites 

(rhyodacites). The ignimbrites, dacites and rhyolites with 

porphyry texture are better developed in the upper parts of the 

volcanic units. A late element of the volcanic sequences are 

dacite-rhyolite extrusive rocks, containing phenocrysts (to 10-

15 cm) of Na-K-feldspar and less quartz and biotite, as well as 

amphibole and diopside-augite. In the upper part of the 

bodies, the rocks are grey-black and poorest in phenocrysts 

(10-20%).  

 

The Oligocene age of the rocks was proved on the basis of 

fossil flora, identified in the sedimentary rocks of Malenovo 

tuff-argillite-sandstone Member and in the late Late Eocene 

sediments of the underlying units (Vatsev, 1989a,b). The age 

of the volcanic rocks in Greece is about 27-30.6 Ma – 

Oligocene (Elefteriadis and Lippolt, 1984). 

 

One of the most important features of UAG is the close 

interrelation between volcanism and tectonics, development of 

volcanic-tectonic depressions of block-caldera type and 

significant volume of ignimbrites.  

 

 

PETROGRAPHIC CHARACTERISTICS 

 

The volcanic rocks in UAG, regardless of differences in 

genesis and stratigraphic position, are not essentially altered 

and have practically identical crystal phases. The phenocrysts  

(20 to 63 % of the rock volume) are plagioclase, Na-K 

feldspar, quartz, biotite, amphibole and augite, which are 

relatively evenly distributed.  

 

Plagioclase crystals (3-6 mm) show a zonal structure. Their 

composition varies from the centre to the periphery from 

andesine (An 50-45) to oligoclase (An 30-20). The number of 

zones varies from 3-5 to 6-7.  Normal and locally reverse 

zonality is observed. The composition of the zones varies by 

4-6 numbers of the plagioclase, but spotted zonality may occur 

as well. Some crystals have more basic cores.   

 

Na-K feldspar is represented by automorphic and broken 

individuals of sanidine, found in tuffs, ignimbrites and 

rhyodacites.  

 

Quartz crystals (2-4 mm) are transparent and slightly 

smoked grains, with irregular outlines, sometimes partially 

hexagonal or corroded by volcanic glass. Polymineral 

xenogenous quartz crystals have been found as well, 

containing powder inclusions, zircon and apatite.  

 

Biotite (2-5%) is represented by varieties rich in iron and is 

often affected by opacitization and chloritization. There are 

biotite grains with thin, darker coloured outer zone. 

 

Amphibole is a relatively rare mineral (below 1%) of 

unsteady development. It is represented by ordinary green, 

often altered amphibole. Pyroxene is a rare mineral, appearing 

as single grains of augite, often replaced by amphibole.  

 

Accessory minerals include zircon, apatite, magnetite, rutile 

and orthite. Magnetite was formed earlier and is more typical. 

The minerals filling cavities are trydimite, cristobalite, rarely 

Na-K feldspar.  

 

The ground mass of the volcanic rocks is composed of 

volcanic glass, devitirified to a different extent. There are rocks 

with vitrophyric, hyalopelitic, felsitic and spherulitic texture. 

The latter is related to devitrification of volcanic glass. Some 

varieties show relatively homogeneous structure of the ground 

mass, and others – a vague fluidal-striped texture, controlled 

by liquation processes and magma flow. 

 

The fiamme of the ignimbrites show striped structure and 

are 1 to 3 cm long and up to 1.5 cm thick. The pumice clastics 

are lenticular and vary from 2-3 to 5-7 cm in length. The 

shape, boundaries and structure of the fiamme are indicators 

of their plastic deformations within the ignimbrite flows.  

 

The volcanic rocks under consideration contain xenoliths 

and polymineral grains of gneisses and granodiorites.  

 

The observed characteristic associations of phenocrysts, 

inherent to normal calc-alkaline to subalkaline acid rocks, and 

the refraction coefficient of the ground mass (1,495-1,510) 

allow to differentiate amphibole containing biotite and mainly 

biotite dacites and rhyodacites or rhyolites, ignimbrites and 

tuffs of analogous composition. They originated most probably 

from one melt. 

 
 

PETROCHEMICAL CHARACTERISTICS 

 

The volcanic rocks from UAG are acid (SiO2 from 64 to 72 

wt%) normal calc-alkaline and subalkaline varieties. On the 

basis of the classification and nomenclature of igneous rocks 

(CNI) - (Na2O + K2O)/SiO2 diagram (Bogatikov et al., 1985) 

(Fig. 1a) they are calc-alkaline and subalkaline dacites and 

rhyodacites. Based on the same data, according to the 

classification of volcanic rocks (TAS Diagram) (Le Bas et al., 

1992), they belong to the trachydacite-trachyrhyolite series 

(Fig. 1b). According to the K2O-SiO2 diagram (Peccerillo and 

Taylor, 1976, supplemented by Ewart, 1982) they may be 

classified as dacites and rhyolites with high K content (Fig. 

1c). The ratio K2O/Na2O for most of the analyses is below 1 

(Fig. 1d). Recalculations of the normative mineral composition 

were carried out by the methods of the American geologists 

C.I.P.W. Parallel to that a number of important typochemical 

coefficients and normative characteristics were calculated.  

 

On the basis of the normative mineral composition, 

according to the AQP diagram (Le Bas, Streckeisen, 1991), 

the rocks may be referred to the calc-alkaline rhyolite (Fig. 2a) 

to subalkaline dacite-rhyolite series.  
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Figure 2. Mineralogical and petrologic diagrams of the Paleogene volcanic rocks from Upper-Arda graben: a) Diagram AQP, A – alkcaly feldspar, Q – quartz, P – 

plagioclase; b) Diagram Ab-An-Or normative minerals; c) Diagram AFM,  A = Na2O + K2O, F = FeO + 0,9Fe2O3,  M = MgO;  d) Diagram Na2O-K2O-CaO 

wt%; data of diagrams see in paper 

 

Figure 3. Variation diagrams of the parameter of Larsen of the Paleogene volcanic rocks from Upper-Arda graben 

 

Figure 1. Petrologic diagrams of the Paleogene volcanic rocks from Upper-Arda graben: a) Diagram Na2O + K2O/SiO2 wt%; b) Diagram Na2O + K2O/SiO2 wt% 

(TAS); c) Diagram K2O/SiO2 wt%; d) Diagram K2O/Na2O wt%; data of diagrams see in paper 
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Ignimbrites, dacites and rhyolites with different stratigraphic 

position do not differ substantially by the content of SiO2 and 

alkalies, the content of Na2O varying from 2.4 to 4.9, on the 

average 3.55 wt%, and that of K2O varying from 2.95 to 6.05, 

on the average 4.48 wt%. On the basis of the total content of 

alkalies (from 6.3 to 9.6 wt%), the rocks are normal and 

subalkaline, or high-K calc-alkaline. The data on the Al-An-Or 

diagram (Fig. 2b) mark the presence of K- and Na-K rocks, 

according to the distinguishing lines suggested by Irvine and 

Baragar (1971).  
 

These data, as well as the K2O/SiO2 diagram and the 

characteristic presence of K-containing minerals, emphasise 

the K specificity of the volcanic rocks. The K-content in them 

is moderate (K2O < 7 wt%), and the presence of normative 

quartz more than 20% characterises these rocks as 

trachydacites and rhyolites. The normative plagioclase 

coefficient np = 100An/(Ab + An) varies from 7.5 to 33.3 and 

its average value is 15.2; the normative quartz coefficient q` = 

100Q/(Q + Ab + An) ranges from 16.5 to 56.3, on the average 

32.2. It must be pointed out, however, that the rocks do not 

differ substantially by the content of normative Q, Or, Ab and 

An; the content of An is low (5-13 %).  
 

The rocks are poor in CaO (from 1.26 to 3.84, with average 

value 2.38 wt%) and MgO (from 0.24 to 2.58, with average 

value 2.32 wt%). The content of normative wollastonite and 

enstatite is in the range of the first several percents. The 

content of these oxides is in a reverse relation to that of SiO2 

and that of the normative An with respect to Q and Or, 

respectively.  
 

The content of Al2O3 varies from 12.6 to 16.9, the average 

value being 14.2 wt%, and the rocks are moderate low- and 

moderate high-aluminous (Bogatikov et al., 1985). Normative 

corundum practically has not been found.  
 

The UAG volcanics are characterised by low content of TiO2 

- from 0.2 to 0.58, on the average 0.35 wt%, with a tendency 

to decrease in the more acid rock varieties.  

The fiamme ignimbrites and dacites, poor of phenocrysts, 

are characterized by a decrease of the SiO2 content by 3-6 

wt% and increase of Al2O3 by 1-3 wt%, of CaO by 0.5-1 wt%, 

of MgO by 0.7-1 wt% and a negligible increase of TiO2 and 

MnO.  
 

When considering the bulk composition of the volcanics, it is 

found out that parallel to the increase of the values of Larsen’s 

parameter, the contents of SiO2 and K2O also increase, the 

content of Na2O slightly decreases and the contents of Al2O3, 

CaO, MgO, TiO2 and FeO+Fe2O3 decrease. The variation 

diagrams (Fig. 3) as well as the AFM and Na2O-K2O-CaO 

diagrams (Fig. 2c, d) mark the calc-alkaline trend of the 

volcanics.  
 

Variation diagrams constructed according to Larsen’s 

parameter (Fig. 3), mark the high-K tendency with increasing 

SiO2 content. The poorly expressed negative correlation 

between Na2O and SiO2 can be explained by the characteristic 

property of acid magmas to include Na together with Ca in the 

fraction of more difficult to melt early crystal phases 

(plagioclase, biotite, amphibole, zircon) and the early cooled 

ground mass. In this connection, it should be taken into 

consideration that, in the relatively more alkaline dacites with 

grey-black vitrophyritic matrix, the Na2O content is higher than 

that of K2O.  
 

On the basis of the modal and normative composition, as 

well as of the petrochemical characteristics of the volcanic 

rocks from UAG, they can be referred to the normal to 

subalkaline trachydacite-trachyrhyolite series (CNI, TAS) or to 

the high-K dacite-rhyolite series (K-Si diagram) (Fig. 1). The 

rocks of this series, represented mainly by ignimbrites and 

rhyodacites, are characteristic with the great similarity of their 

petrographic and normative composition. The magma 

evolution is marked by the subsequent development of 

ignimbrites, banded rhyodacites and volcanics containing 

more phenocrysts. These peculiarities of the rocks are related 

most probably to unstable conditions of crystallisation, 

transport and magma cooling. The dacite-rhyodacites with 

Figure 4. The Paleogene volcanic rocks from Upper-Arda Graben on the diagrams of correlations of Si, Mg, Ti and K. Environments: MOR – middle oceanic ridge, 

CR – continental rift, SSZ – subduction zone, CZ - continental collision; data of diagrams see in paper 
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phenocrysts of Na-K -feldspar mark the K-character of the 

volcanics and are element of an opposite trend. This melt was 

probably derived from the lower parts of the magma chamber. 
 

The volcanics from UAG are analogous to the volcanic rocks 

in other depressions in CR and WR – Smolian graben (Vatsev, 

1989), Bratsigovo-Dospat depression  (Vatsev, Katskov, 1988) 

and Mesta graben (Vatsev, Nedyalkova, 1984). 

 

DISCUSSION AND CONCLUSIONS 
 

Typical for the studied volcanic rocks is that the K2O/Na2O 

ratio does not depend strictly on the SiO2 content. This feature 

and the petrologic composition of the rocks are indicators of a 

crustal tectonic activity (Marakushev, Yakovleva, 1975).  
 

A comprehensive consideration of the problems related to 

the origin of the volcanics in UAG is impossible without 

considering the basic questions of magmatic activity as a 

whole, at least in the Central and Western Rhodopes. This is 

beyond the scope of the present study and only some basic 

problems will be outlined: 

- Cretaceous-Paleogene zonal metamorphism and 

granitization were established and dated in the region of Rila 

Mountain and Central Rhodopes (Arnaudov et al., 1980; 

Arnaudov, Amov, 1998; etc.); the composition of the 

granodiorite-granitic metatect is close to that of the gneisses 

of the basement.  

- Uniform in composition Late-Cretaceous and Paleogene 

granodiorite-granitic plutons (formerly known as South 

Bulgarian granites) are of wide occurrence (Kamenov et al., 

1999; Soldatos,Christofides, 1986; etc.) in the Central 

Rhodopes, Western Rhodopes and Pirin Mountain (Gagorcev 

et al., 1987); there are also metamorphosed granitoids in the 

Rhodopes region.  

- The basic tectonic and morphotectonic unit in the Central 

and West Rhodopes is the West-Rhodopean dome and the 

neighbouring Madan and other domes, related to the 

processes and stages of metamorphism during Cretaceous 

and Paleogene time, sequence granite intrusions and 

Oligocene dacite-rhyolitic volcanism.  

- Development of Paleogene grabens on the background of 

the metamorphic-magmatic domes, filled with considerable 

volumes of sedimentary and acid volcanic rocks - UAG, 

Smolian graben (Vatsev, 1989), Bratsigovo-Dospat depression  

(Vatsev, Katskov, 1988), Mesta graben (Vatsev, Nedyalkova, 

1984), etc.  

- Spatial relation and uniform composition of the 

consecutively intruded Late Cretaceous and Paleogene 

granite plutons and Paleogene volcanics, indicating uniform 

conditions of magma generation and emplacement in the 

same heated conduits.  

- The tectonic, metamorphic and magmatic Cretaceous-

Paleogene activities mark thickening and activation of the 

crust and activation of the upper mantle in the RR.  

Cretaceous-Paleogene basic-ultrabasic rocks are not 

established in the region, but the activated state of the upper 

mantle can be deduced from petrological data about the 

volcanics (Fig. 4) and from isotopic-geochemical data about 

the Late-Cretaceous, coarse-porphyric K-feldspar granites 

(Unit 1) of the West-Rhodope batholith; the Paleogene 

granites (Units 2 and 3) are considered to be late- and post-

collisional (Kamenov et al., 1999). 
 

The above considerations lead to the conclusion that the 

Oligocene dacite-rhyolitie volcanics originated most probably 

from palingenetic anatectic magmas, connected with tectono-

magmatic activisation of RR. Analogous ideas, concerning the 

genesis of the Oligocene volcanics from the Central Rhodope 

and West Rhodope depressions, have been reported by the 

author in the above mentioned publications.  
 

The intensive Cretaceous-Paleogene metamorphism, 

accompanied by consecutive intrusions of large granite 

plutons and formation of large magma-metamorphic domes, 

are indicators of tectonic activation and thickening of the 

Earth’s crust in the RR. They are related during the time with 

the collision in the Alpo-Himalayan belt (Dercourt et al., 1993; 

Koronovski et al., 1997; etc.). The development of Eocene-

Oligocene grabens and the volcanic activity are related to a 

following stage of uplift and extension in the West-Rhodope 

dome and the RR. The  Paleogene magmatic products from 

RR have been related to collisional processes in the papers of 

Dabovski et al. (1991), Yanev et al. (1998) or to orogenic 

episode such as a rapid  tectonic uplift under an exstensional 

geotectonic regime (Eleftheriadis, 1995). 
 

The petrologic data about the volcanics from UAG plotted on 

the diagrams SiO2/15-K2O-TiO2, SiO2/15-MgO-TiO2x2, 

SiO2/15-K2O-MgO and MgO/3-K2O-TiO2 (Fig. 4) show as well 

identical grouping; the dividing lines are proposed by Demina, 

Simonov (1999). The presented petrologic and tectonic data 

suggests that the volcanics from UAG are most probably 

collision-related. The distribution of the plots in the next-door 

neighbour part of the field of continental-rift-related volcanics, 

indicates tectono-magmatic activation of a stable (40-50 km) 

continental crust and are probably an indicator of the transition 

to a following rift stage of development. The data about 

subduction-related volcanics suggest the idea of the complex 

character of the collision and of elements of residual sbduction 

in the lower part of the lithosphere.  
 

The cessation of volcanism around the boundary Paleogene-

Neogene is accompanied by an inversion, spread all over the 

Palaeogene depressions (Vatsev, 1984, 1999). During this 

stage, minor plutons were intruded in the East Rhodopes 

(Mavroudchiev, 1992). This is a late-collisional stage of 

compression, complex faulting and shearing. 
 

The late Late-Oligocene-Neogene post-collisional stage is a 

stage of arch uplifting, extension and faulting, and having 

elements of residual collision. It is characterised similarly of 

development of considerable ore mineralizations (Amov et al., 

1993), rare basalt dikes in ER (Marchev et al., 1998) and a 

new generation of depressions and sedimentary basins in and 

around Rhodope region (Vatsev, 1984, 1999). 
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ABSTRACT 
Accretionary lapilli tuffs have been identified in four locations in Paleogene rhyodacite tuffs from Mesta graben. The lapill i are spheroids 3-12 mm in diameter, 

consisting of volcaniclastic material, mainly  volcanic glass. The lapilli consist of core and rim. Depending on the core composition, three types are distinguished: 

lapilli with ash core; lapilli with primarily centred complex core;  lapilli with stone (primary hard) core. The core diameter is usually greater than one half of the total 

diameter. The rim is composed of fine ash and is zonal. The accretionary lapilli tuffs and associated tuffs were formed in subaerial conditions during volcanic 

eruptions. They associate whit deposits of pyroclastic flows, pyroclastic surge and ash falls.  

 
INTRODUCTION 

 

Paleogene volcanics are characteristic rock types of Mesta 

graben (trough) and build up the predominant part of the 

Mesta volcano-sedimentary Group (Vatsev, 1978). They are 

most widely spread and have maximum thickness in the upper 

part of Breznitsa and Kupen Formations (Vatsev, 1978). 

According to petrological composition, they are referred to the 

dacite-rhyodacite series (Vatsev, 1979; Vatsev, Nedyalkova, 

1984). Tuffs are of wide occurrence and contain accretionary 

lapilli tuffs (Vatsev, 1979).  

 

   The aim of the present study is to characterise the 

accretionary lapilli tuffs. Accretionary or pisolitic tuffs, these 

interesting rocks, have been described in very few works in the 

Bulgarian literature (Yanev, 1965).  

 

   As a result of our investigations (Vatsev, 1979), four 

deposits of accretionary lapilli tuffs have been identified in 

Mesta graben: 1) in Gostunska river valley, southwest of the 

village of Gostun, 2) at Mogila locality, northeast of the village 

of Bukovo, 3) in the valley of Tufcha river, west of the village 

of Banichan, 4) near the village of Ossikovo.  

 

   The spheroid formations in the ash accumulations and tuffs, 

similar to pea-size grains, are given different names: mud 

balls, mud pellets, tuff pellets, volcanic hail, accretionary 

lapilli, volcanic pisolites, ash lapilli, ash hail, etc. Quite popular 

is the name accretionary lapilli (AL). The lithified grains of 

such lapilli or ash hail and the accompanying volcanic ashes, 

which form the matrix, are called accretionary lapilli tuffs 

(ALT).  

    

 

 

MEGASCOPIC DESCRIPTION OF THE ACCRETIONARY 

LAPILLI 
 

   In the four deposits in Mesta river valley, the ALT occur in 

association with ash and lapilli tuffs and effusives of rhyolite 

(rhyodacite) and dacite composition (Vatsev, 1979; Vatsev, 

1984; Vatsev, Nedyalkova, 1984). The packets of tuffs, 

containing layers of ALT, range from 0.6 to 2-8 m in thickness. 

AL occur in several layers (2-20 cm) with restricted or unclear 

spatial extent. The individual layers of such tuffs differ by the 

quantity and saturation with AL, and the latter are relatively 

limited in size. It is assumed that the change of the original 

spheres to flattened spheroids and ellipsoids by compaction 

results in diminishing of the short axes, but does not affect the 

long axes. For this reasons the long axes are the measure of 

the primary size of the spheres, accepted by all researchers. 

Fig. 1 shows the cumulative curves of the greatest diameter of 

AL, as seen in cross-section. The diameter of most lapilli is 

from 3 to 8 mm. The median of the greatest diameter in the 

deposits is: Banichan - 3,9 mm., Bukovo - 4,2 mm, Gostun - 

4,3 mm and Osikovo - 4,1mm. The largest AL in the 

investigated deposits have a diameter of 12 mm, and in single 

cases - to 20 mm. The majority of the published data about AL 

sizes from different deposits of tuffs with various age (from 

Vendian to Pleistocene), show approximately similar sizes: 

Lacroix (1904) of Pelee eruption  - from 2-3 to 5-7 mm; 

Richards and Bryan  (1927) in tuffs from Australia - 6-9 mm; 

Moore and Peck (1962) in thirteen occurrences in USA - from 

2 to 10 mm, maximum to 20 mm; Maleev (1962) in Zakarpatie 

- from 3 to 15 mm; Kotova (1965) in eight localities in East 

Kazakhstan - from 2 to 14 mm; Korotaeva and Melnikov 

(1968) and Govorova  (1975) from deposits in Ural - from 2-3 

to 12 mm; Shcherbakova (1972) in Pribalkhash - from 5 to 11 

mm, maximum 13-20 mm; Lyahovich (1956) in Siberia -from 

2-4 to 8-10 mm; Yanev (1965) in the gorge of Iskar river - from 

2 to 9 mm; est. 
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   AL from localities in the valley of Mesta river have the shape 

of flattened spheroids, flattened in the bedding plane (S1). The 

ratio between the long and short axis in sections perpendicular 

to the bedding has been measured in 10 grains for each 

deposit. The average values of these ratios are as follows: 

Gostun - 1,41; Bukovo - 1,43; Banichan - 1,38 and Osikovo - 

1,39.  

   AL usually contain a core and a rim (shell). Depending on 

the core composition, three types of lapilli have been 

distinguished: a) lapilli with ash core; b) lapilli with primarily 

centred complex core; c) lapilli with stone (primary hard) core - 

Table 1- 1-13.  

 

The AL with ash core are prevalent. Such cores are built of 

volcanic ashes, which is more coarse-grained than the 

peripheral parts. The disposition of ash particles in these cores 

is in disorder. The core centre is usually built of coarser grains, 

which diminish from the inside outwards. The majority of 

accretionary lapilli cores have spherical shape, some of them 

are slightly elongated or slightly flattened and have spheroid 

shape. In rare cases, the cores are of more complicated 

shape, caused by sticking together of two cores, coated 

subsequently by several thin layers. The core diameter is 

usually greater than one half of the total diameter of the lapilli.  

 

   Peculiar varieties of lapilli cores are those ones with primary 

formed centre and complicated structure. Primary centres, 

around which such lapilli are generated, in some cases are 

represented by small accretionary lapilli or fragments of them, 

and in other cases  - by sand-size volcaniclastic grains.  

 

   In the first case, the centre of the lapilli cores contains small 

AL - 1-3 mm in diameter. Volcanic ashes, mainly with silt grain 

size, surround this inner small AL. That outer envelope, 

actually is a outer part of core of the large lapillus and its 

thickness is greater or equal to the diameter of the inner 

lapillus. Such complex cores are surrounded by an outer rim, 

which is identical to the rims of all other AL.  

 

   In the second case, the centre of accretionary lapilli core 

contains volcaniclastic grains or fragments of AL. The first 

ones have diameter of 0,25-0,5 mm, and are considerably 

more coarse-grained than the grains, building the core. When 

the rock fragment is small and flattened-elongated or irregular, 

it is partially surrounded by volcanic ashes with silt size, and 

they form together a spheroid core. In such case the ash in the 

core is in small quantities and is unevenly distributed. The 

greatest thickness is observed over the flat and slightly convex 

walls and the smallest one - over the sharp, convex outwards 

edges of the fragments. The shape, size and petrographic 

composition of the small fragments, serving as cores of some 

AL, are similar to those of the matrix and of the tuffs, 

associating with them.  

 

   The cores of few AL consist of fragments of other broken 

AL. Fragments of this type are elongated. Their outlines 

contain parts of outer spherical surface of lapilli and uneven, 

ribbed sections with marks of breaking. Elements of the 

concentric structure of the envelope are observed in them as 

well. These data indicate in a convincing way the dynamic 

character of the AL generation. They were broken not only by 

falling on the earth, but also simultaneously with their 

formation, most probably in a turbulent pyroclastic cloud. 

Broken lapilli are mixed with unbroken ones in specimens from 

every locality – Table I – 14 -16.  

 

The quantity of AL with primary hard-stone cores is relatively 

smaller. Such cores are built of fragments of volcanic rocks 

(rhyodacite, dacite), volcanic glass or of quartz and/or feldspar 

crystals with or without stickers of volcanic glass. The 

fragments are flat, elongated or irregular, slightly rounded, 2-8 

mm in size, but there are also individuals up to 20 mm. In 

some cases the core is entirely built of stone and is covered 

by a rim of fine ash or has a negligible sticker of ash at the flat 

and concave walls.  

 

   One or several fine-grained concentric layers, composed by 

relatively finer - pelitic volcanic ash, surround the accretionary 

lapilli core. The boundary between the core and the rim is 

transitional and clear, but not an abrupt one. Depending on 

the different ratios between grain diameter and rim thickness 

and structure, two types of AL have been distinguished: a) AL 

with complex concentric rim; b) AL with surface rim - Table 1.  

 

   A characteristic feature of the AL with complex concentric 

rim is that it is composed by several fine-grained layers, and 

the core size is not as large as compared to the whole lapilli. 

The layers of the rim are mainly thin, delicate and fragile, and 

envelope tightly the core. They differ in colour and in the size 

of the building them grains. Individual layers of the rim in 

some lapilli are much thinner at one point compared to 

another; other layer or layers are discontinued, covered by 

another layers and form odd “angular unconformity”. It is 

characteristic that some layers or the rim become thinner over 

convex outwards edges. The thickness of the layers and the 

rim of strongly flattened AL is greater in their borders. 

Figure 1. Cumulative curves of the greatest diameter of 

accretionary lapilli as seen in section across bedding. 
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According to Moore and Peck (1962) this is due probably to 

the flattening of the grains and is not a primary feature. This 

opinion is maintained also by the bending and tearing of a part 

of the rim – Table 1. 

 

 

 

TABLE I  
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Table I 
 

1 – Accretionary lapilli with thick outer layer (rim) and ash core (diameter of the accretionary lapill of photo 1-16 is 7-12 mm). 

2 - Accretionary lapilli with thick zonal outer layer and ash core; darker layers are finer grained. 

3 - Accretionary lapilli with fine outer layer and ash core. 

4 - Accretionary lapilli with fine outer layer and ash core with faint preferred orientation of the grains in some layers. 

5 and 6 – Deformed, flattened accretionary iapilli with folded outer layer. 

7-11 - Accretionary lapilli with ash core, centered by clasts of: (7) volcanic glass, (8,9) volcanic rock, (10) piece of accretionary lapilli, (11) little accretionary lapilli.  

12 and 13 - Accretionary lapilli with volcaniclastic stone core. 

14 - Accretionary lapilli tuff with broken lapilli and in lover part of photo deformed accretionary lapilli, deposit Gostun (skale 1 cm).  

15 - Accretionary lapilli tuff and part of stratified tuff in base, deposit Gostun.   

16 - Accretionary lapilli tuff, deposit Banichan.   

 

 

   It is characteristic for the lapilli with surface rim, that the 

thickness of the rim is considerably greater than the thickness 

of the crust. One and rarely two-three concentric layers 

commonly build the crust. The thickness of the rim is not large 

– from 0,2 to 2 mm and is uneven at different points of the 

lapilli. 

 

   The outer surface of AL is ideal. In some cases it is 

complicated by depressions and convex ribs, resulting from 

breaking of a part of the rim. In other cases the crust is 

deformed at the contact with coarser crystal or clastic 

fragments of the matrix, or with other lapilli. Some AL are not 

well rounded and have apparently crinkled outer surface. Most 

often in the occurrences, these are minor lapilli with thin 

surface rim, at places flat, slightly concave or bent. The folds 

develop along the sides of the flattened AL, which initially 

were perpendicular or nearly perpendicular to the bedding. 

Bending of the rim is observed also in some broken lapilli. 

 

   It is assumed that such folds were formed when these less 

competent grains with thin rim collided with the earth or with 

other lapilli of the pyroclastic cloud.  

 

   The broken AL occur together with unaffected ones and 

have uneven distribution. The ratio of the broken grains to the 

intact ones is different in one or another specimen. The 

greatest quantity of broken lapilli is observed in the layers with 

prevailing development of grains with thin surface rim and 

relatively more coarse-grained tuff matrix. On the basis of this 

it can be supposed that these materials were deposited by 

higher transporting agent. The breaking of lapilli is manifested 

in different ways. Some of them have lost one side or rim, 

others are fragments of lapilli with preserved parts of the core 

and rim, and a third group represent fragments of the crust or 

the core. The fragments of the crust are flat, flat-elongated or 

irregular and are disposed with the flat side parallel or slightly 

inclined to the plane of bedding. The core fragments are 

difficult to distinguish from the matrix.  

 

 

MICROSCOPIC DESCRIPTION OF THE ACCRETIONARY 

LAPILLI 

 

   All the layers of ALT in the occurrences under consideration 

are connected by appearance, structure and composition with 

the associating with them ash- and lapilli-ash tuffs. As seen 

under the microscope, AL in all occurrences are quite similar 

in composition, structure and pattern. They, as well as the 

matrix are built of volcanic ash, i.e. clastic fragments of 

volcanic glass, plagioclase (oligoclase, andesine), sodic-

potassic feldspar, quartz, biotite and rock fragments. ALT and 

the associating with them ash and lapilli tuffs and lavas are 

acid by composition - dacite and rhyodacite (Vatsev, 

Nedyalkova, 1984).  

 

   The dark hexagonal plates and small grains of hematite with 

size around 0.001 mm in diameter are abundant in the 

outermost layers of the grains of ash hail, but they are present 

also in the silt-pelitic matrix. The last one, in some layers of 

the deposit by the village of Gostun, is considerably enriched 

in ore powder, which imparts pink to violet-red colour to the 

ALT. The outer layers of AL, as well as the fine matrix have 

deep violet-red colour. Hematite and probably gypsum are an 

early cement of AL and tuffs. Gypsum is presented in 

contemporaneous AL and tuffs (Tomita et al., 1985). 

 

   Authigenic minerals are opal, clayey minerals - 

montmorillonite, hydromica and zeolites.  

 

   Volcanic ash of AL in the studied specimens vary in size 

from very fine to the size of coarse ashes (from 0.001 to 1 

mm). The sizes of ash grains diminish clearly from the centre 

to the rim of lapilli and impart a characteristic graded zonal 

structure to them. Commonly each lapillus consists of a core, 

relatively homogenous, without clear texture, covered by fine 

concentric layers. The cores are built of coarser fragments and 

grains, similar in composition and structure to the matrix, 

which envelops the AL. In fact, at places where the matrix and 

the core of a broken lapillus are in contact, they hardly can be 

distinguished, although some slight differences in size and 

colour of grains mark the boundary. The measurements shows 

that the clastic material is less in the cores, but in some cases 

single coarse grains form the main part of them. A 

considerable part of the ashes is fine-grained and the silt 

grains are widely spread. The grain-size distribution of the 

layers, including the core, varies from 0.01 to 0.005 mm. 

 

   The cores of all AL are rimed, by one to five and more fine 

layers, the thickness of which varies from 0.02 to 0.8 mm. The 

ash grains of the rim vary in size from 0.05 to 0.6 mm. Their 

size diminishes towards the outer layers, which are the most 

fine-grained. The outermost layers contain also finer material, 

which cannot be identified under the microscope. The 

individual thin layers commonly look like graded layers in a 

sedimentary sequence. The boundaries between layers are 

distinct. The layers begin commonly with more coarse-grained 
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material, which gradually passes into finer grained material, 

usually dark coloured. The upper boundary of the layers is 

marked by a sudden interruption with the basal coarser-

grained part of the next layer. Thus, the common decrease of 

the grain-size distribution from the inside outwards is 

interrupted by slight changes. A characteristic feature of AL is 

that the grain-size distribution of the layer material varies 

along with the content of mafic minerals and first of all with the 

content of ore powder (hematite), which causes formation of 

slight concentric coloured belts. 

 

   The flat and elongated grains in the AL rim, as well as the 

scaly minerals show a preferred orientation, being tangentially 

disposed. This orientation is most pronounced in the outer 

layers, and is not observed in the core. Only in the outermost 

part of the core, when it is built of finer grains – fine silt, a 

poorly expressed preferred orientation is observed, mainly of 

the scaly minerals - biotite.  

 

   AL, as identified in Paleogene tuffs of Mesta Graben are 

quite similar by appearance and structure to such formations 

in other parts of the Rhodope Mountains, which are not 

discussed in the present paper, as well as to some formations 

in other regions, quite different in age – Vendian - Holocene 

(Moore and Peck, 1962; Kotova, 1966; Govorova, 1975; 

Maleev, 1964; Hoblitt et al., 1981; Tomita et al., 1985; ets.).   

   

 

SHORT DATA ABOUT THE ORIGIN 

 

Accretionary lapilli have been described in ash of 

contemporary volcanic eruptions (Lacroix, 1904; Moore and 

Peck, 1962; Fedorchenko, Shilov, 1963; Hoblitt et al., 1981; 

Tomita et al., 1985; etc.). Studying the ALT, the researchers 

identify not only their size, shape, structure and composition, 

but also the primary genetic features of the rocks, containing 

AL, and of those in association with them. These are the 

natural types of rocks, characterised by typical combination of 

sedimentary (lithologic) features - composition, structure, 

texture, character of the boundaries, thickness, shape, area 

development and their sequences, formed during certain 

processes and conditions of volcanic activity and 

sedimentation. These features give ground to distinguish a 

number of lithologic types of rocks (tuffs) and genotypes or 

depositional systems among the volcanic and volcaniclastic 

rocks (Botvinkina, 1974; Maleev, 1975, 1980; Fisher, 1979; 

Fisher and Schmincke, 1984; etc.) in the studied region.  

 

However, it is not possible in this paper to discuss in detail 

the origin of ALT in Mesta graben and this natural 

phenomenon, connected with volcanic explosive eruptions. 

That is why here are indicated only some data related to 

characteristic sequences of tuffs, containing AL:  

-The ALT of Mesta graben are developed in tuffs from the 

basal parts of the first order volcanic cycles. 

-The volcanic and volcaniclastic rocks in studied region are 

aerial, dacite-rhyodacite.  

-AL and ALT of Mesta graben are analogous to these 

characterised in many publications.  

-The individual genetically related sequences of 

characteristic types of subaerial tuffs consist of:  

1) Basal unit – composed by massive coarse-grained and 

grain-supported lapilli tuffs (50-30 to 15-10 cm), deposits of a 

pyroclastic flow;  

2) Unit of the massive and stratified tuffs – coarse- to fine 

massive and stratified tuffs, containing sand-wave or dune-like 

structure (3-10 cm), deposits of a turbulent pyroclastic surge;  

3) Unit of ALT and fine tuffs with unclear horizontal 

stratification (1-10 cm), deposits of ash fall and ash fall with 

AL – Table 1- 14-16. 

 

The poor development and absence of the basal unit in the 

sequences from different occurrences should be taken into 

consideration. The available sequences of the above 

mentioned types of tuffs give ground to conclude that AL of 

Mesta graben associate with deposits from the marginal parts 

of the pyroclstic flow and connected with them pyroclastic 

surge, ash fall with AL and ash fall.  
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