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H. Ha'leB - Ilo30HeMelloBa/l naAeozeoounaMUKa So11zapuu. B BepxaeMeJioBoe BpeMll TemcxaJl cHcreMa COCIOJl-
. na H3 lfeT&rpex IIJIHT. Oaa BKJIIO'iana EspaJKIO, OKeaHH'iecKHil: HeOTeTHC, AnyJIH10 (c Me~epecoM) H AclJpmcy 

(c ApasHeil:). MelK,ey HeoremcoM (Bap.aapcKKM OKeaaoM) H JJ:o6py,alKaacKHM KHMMepHii:cKHM oporeHOM pac
IIOJJlU'!LJICJl I>amcaHCKKH MKKpoKOHTHHeHT. 0H 6hrJI e,aKHbiM B aJib6-TypoHCKOe BpeMll, a II03,ll;IIee (B KOHbllKe
bMIIaHe) pacnancJl BCJie,aCTBHK pacrJ[l!(eHHJl. IIaneoreO,UHHaMH'IecKHe o6craHoBKH 6&IJIH 3Ta11HbiMH H CMeWI
JIIICb BO BpeMeHH: 1 - JIHMHH'IecKaJl H rpa6eHOBaJ[ (aJib6-CeHOMaH?); 2- MeJIKOBO,ll;Hbie KOHTHHeHTaJIJ,Hbre MOpll: 
(am.6--rypoH); 3 - 3miKOHTHHeHTaJibHoe MOpe yMepeHHo.i!: nry6HH&r (KOHbllK-MaacrpHxr), KyJibcxoe OKpaHH
Hoe MOpe (TypoH-MaaCTPHXT), 3MHHCKoe OKpaHHHOe MOpe (rypoH- naneoQeH) H Cpe.arrorOpCKHil: MelK,ll;yro
BO.It Tpor (KOHbllK-KaMIIaH); 4 - HaJIOl!CeHHbre MeJIKOBO,ll;Hbre MOpJl HJIH aJIJIIOBHaJibHaJl 06CTI1HOBKa (Maa
CTPHXT), C03,UaHHbre B pe3yJibTare pacTll:l!CeHHll B TypoHe H KOHbJ[Ke, .11x 3aKJ'biTHe 06yCJIOBJieHO KOJIJIH3He:lt CO 
~TOCTbro H Ha,UBHraHHeM nocne KaMIIaHa, nocne MaacrpHxTa HJIH Bo BpeMll naneoneHa. KO.Il1IH3HH or
BOCliTCll: K THnaM: KOHTHHeHT- ,ayra H .zzyi'a- KOIITHHeHT. 0poreHe3 MHfPHPOBaJI BO BpeMeHH C lOra K ceBepy. 
IlaJI:eoreo,UHHaMH'IecKaJl 3BOJIIOQHJ[ OCyll.leCTBJIJ[JiaCb no MO,UeJIH naCCHBHOH KOHTHHeHTaJibHOft OKpaHHbr (B 
am.6e- TYPOHe) HJIH aKTHBHOil: KOHTHHeHTaJibHOit OKpaHHbi- C DaJIKaHH,UHOA OCTpoBO,UylKHO:It CliCTeMOA 
B MarMaTH3MOM (B KOHbllKe- KaMIIaHe). 

Abstract. The Tethyan system consisted in the Late Cretaceous of four plates, and namely Eurasia, the 
oceanic Neotethys, Apulia ( + Menderes) and Africa (+ Arabia). The Balkan microcontinent was situated 
between the Neotethys (Vardar ocean) and the Dobrogea cimmerian orogen. It was an integral whole (Al
bian-Turonian), or was fragmented through extension (Coniacian-Campanian). The paleogeodynamic envi
ronments persisted through a given stage, and changed in time as follows: I - limnic and graben environments 
(Albian?--Cenomanian?); 2) shallow epicontinental seas (Albian-Turonian); 3) moderately deep epiconti
nental sea (Coniacian- Maastrichthian), Kula marginal sea (Turonian-Maastrichtian) and Emine marginal 
sea (Turonian-Paleocene), and Srednogorie intra-arc trough (Coniacian-Campanian); 4) superimposed shal
low seas or aluvial (fluvial) environment (Maastrichtian). Their formation is controlled by the Turonian and 
Coniacian extension, and their end is due to collisions with folding and thrusting after the Campanian, after 
the Maastrichtian, and during the Paleocene. The collisions were of the types continent - arc and arc - con
tinent. The orogenesis migrated in time from the south to the north. The paleogeodynamic evolution procee
ded according to the model of the passive continental margin (Albian- Turonian),or active continental margin, 
with the Balkanide island-arc system and igneous activity (Coniacian-Campanian). 

Introduction 

The Late Cretaceous (Middle Albian- Maastrichtian; 105-65 Ma BP) paleogeodynamics 
of Bulgaria has been related to the processes in the Eastern Mediterranean. The formation 
of typical rock associations continued during the Late Cretaceous, and namely, of radio
larites, ophiolites and shales, in oceanic environments, of Ca-alkaline volcanics (basalts, 
andesites, dacites) in island-arc systems, of flysch in marginal and inter-arc basins, and of 
sh.allow-w~ter sedimentary rocks (limestones, sandstones) in epicontinental seas over 
mtcrocontments, Eurasia and Gondwana. 

The present paper deals with the sedimentary rock sequences (products), the proces
ses, sedimentation environments, paleogeodynamic environments · and their evolution in 
the Late Cretaceous. 
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The final stage of preparation of the manuscript was partially financed by the project 
"Geologic development and paleogeodynamics of Bulgaria during the Mesozoic and Ter
tiary" of the National Fund "Scientific Research". 

Historic notes 

The Late Cretaceous evolution of Bulgaria has been interpreted usually in an isolated man
ner. It has been discussed mostly in a geosynclinal aspect (II; a H K o B, 1968; 6 o H 'I e B 

H .l(p., 1970; 6 0 H lJ e B, 1971; H a 1{ e B, 1969a, 6; K 'b H 1{ e B, 1964, 1966, 1971; r 0 'l e B 

et al., 1970; K a p a r 10 JI e B a et al., 1974). Some attempts for paleogeodyna
mic (plate-tectonics) interpretations have been recently made (G r u b i c, 1974; B o c
c a l e t t i et al., 1974; A n to n i j e vi c et al., 1974; H s u et al., 1977; H a 'I e B, 1976, 
1978, 1980a, b, 1986; Bogdan o v, 1977; A i e II o et al., 1977; B o c cal e t t i et al., 
1978; 6 o H 'I e B, 1978, 1986; Bon c e v, 1978, 1987; N ache v, 1978, 1979, 1980, 1982, 
1986, 1987; H a 'l e B & Jl He B, 1980; H a 'I e B & H a 'l e B, 1986a, b; H a 'I e B & 
C y JI T a H o B, 1978, 1979; H a 'I e B et al., 1967, 1981, 1982; Boy ad j i e v, 1979; P o
'P o v, 1981; Stan i she v a- V a s s i lev a, 1980; Dab o v ski, 1980, 1988; De r
c o u r t et al., 1986). According to one of the concepts, the Bulgarian territory is divided 
in two parts (Rhodope and Moesia) with subduction processes between them (D e w e y 
et al., 1983), or into two plates (Ponto-Caspian and Thraco-Anatolian) separated by a col
lisional space (B o n c e v, 1978; 1986). According to another idea, the Balkanide orogen 
was formed at an active continental margin, with subduction of the Vardar oceanic crust 
beneath the southern (Rhodope) edge of the Balkan microcontinent. The Balkan micro
continent is situated between the Cimmeride Dobrogea orogen and the Vardar ocean 
(Neotethys) (H suet al., 1977; N ache v, 1978, 1979, 1980; A i e II o et al., 1977; B o c
c ale t t i et al., 1978; De r co u r t et al., 1986). The Srednogorie trough is a back-arc 
basin (B o c c a l e t t i et al., 1974), a part of the Mesotethys (G rub i c, 1974), a "con
flict space" (B o n c e v, 1978), a rift (An to n i j e v i c et al., 1974; B o n c e v, 1978; 
Bogdan o v, 1977; Popov, 1981; Boy a dj i e v, 1979) or is situated between the 
Serbian-Macedonian-Rhodope arc and the Balkanide arc, and possesses an inter-arc cha
racter (H a 'I e B, 1977, I980a, b; N ache v, 1978, 1979, 1980a, b, 1986). 

Eastern Mediterranean 

The Late Cretaceous or Albian-Maastrichtian stage (105-65 Ma BP) has been characteri
zed by cardinal changes in the movements of the lithospheric plates, microcontinents and 
island arcs. The general movements occurred along a left-lateral wrench fault, towards 
north, with a velocity up to 4 cmfa. The movements had a contrast character: spreading 
in the southern part, with opening of a new oceanic branch ("Mesogea"); southern and 
northern subduction zones in the eastern Neotethys; a strong shortening and convergence 
of Eurasia with Africa-Arabia; collisions in different time between Apulia and Eurasia, 
Pelagonia with the Balkan microcontinent, Kir~hehir microcontinent with the volcanic 
arc, the Daralagez block with the volcanic arc of Lesser Caucaus; obductions towards 
south and north with formation of ophiolitic melanges in the Central Anatolides and Lesser 
Caucasus (Sevan-Akerin zone, K n i p per et al., 1986). The paleogeodynamic reconstructions 
(fig. 1) point at the presence of several Tethyan elements (De r c o u r t et al., 1986). 

Eurasia represented a dry land or a shallow sea. The widespread sandstones, shales, 
limestones, and chalk indicate a shallow-water to hemipelagic sedimentation in a vast epi
continental sea. 

The Ponto-Caspian zone with its limestones and shales is an indication of shallow
water sedimentation in epicontinental basins. The Novorossiysk and Chartaliysk clastic
limestone flysch (up to 2000 m) indicate a hemipelagic sedimentation with extra- to intra
clastic re-sedimentation in the troughs. In the Black Sea and the South Caspian Sea, deep 
marine rocks, flysch, and Ca-alkaline volcanics have been most probably formed. 
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Fig. 1. Late Cretaceous paleogeodynamic map of the Ea~tern Mediterranean (after De r court et al., 1986, 
with modifications by the author) 
1- continental crust (emersion drylands); 2- thick continental crust; 3 - thin continental crust or sub
oceanic crust; 4 - oceanic crust; 5 - paleogeodynamic environments with flysch; 6 - mid-ocean ridges 
with rifts and spreading; 7- oceanic subductions; 8- collision, obduction or thrusts; 9- volcanoes in 
island arcs 

The Carpathians have been characterized by shallow-water to hemipelagic limestones 
pelagic red shales, and Inoceramus flysch. They are a result of deep marine sedimentation 
and extraclastic re-sedimentation in a marginal sea. The Austrian (mid Cretaceous) de
formations formed the Dacides in the Carpathians. 

The Balkan microcontinent will be described hereafter. The Dzirula microcontinent 
was a dryland or a shallow sea which was the source area for intraclastics into the flysch 
of Great Caucasus. 

The Neotethys is marked by flysch and basalts in the Vardar zone, and by limestones, 
flysch and Ca-alkaline volcanics in the Pontides and Lesser Caucasus. The subduction of 
oceanic crust was topped by volcanic arcs and extensional troughs related to the Neo
tethys to the east. 
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The Pelagonian and K.iqhehir microcontinents were partially drylands. Limestones 
indicate a shallow marine sedmentation in epicontinental seas. 

The Pindos ocean is marked by micritic limestones formed by hemipelagic oceanic 
sedimentation. To the east, it was related to the Neotethys, with subduction, island arc and 
Ca-alkaline volcanism in the southern part. 

Apulia, Gavrovo and Menderes were mainly drylands. The limestones indicate shal
low-water sedimentation in epicontinental seas. 

The Ionian trough is characterized by breccias and micritic limestones formed by 
hemipelagic sedimentation. The Levant and South-Tauride oceans were characterized by 
spreading, and a link to the Neotethys towards east. 

Africa-Arabia formed drylands. The limestones and shaly limestones indicate shal
low marine sedimentation in northern epicontinental seas over parts of Africa-Arabia. 

Balkan microcontinent 

The Balkan microcontinent was situated between the Paleotethys and the Cimmeride Dob
rogea orogen to the north, and the Neotethys (Vardar ocean) to the south. The interpre
tation of the Balkan microcontinent as a part of a passive or active southern margin of 
Eurasia is not proven. The Moesian platform is a relict of the Balkan continent which has 
not been included in the Alpine orogen. 

Products 

The correlation between the Upper Cretaceous sections (figs.2, 3) in the boundaries of the 
Balkan microcontinent indicates a regular vertical sequence of the lithological types, together 
with considerable zonal facies changes. 

Quartzite-like sandstones, illite shales or clays and black coal are at the base (Ceno
manian?) of the sections in the East Balkan (Emine zone) and the Srednogorie zone. They 
are interbedding in 40 cyclothems, and have a total thickness of up to 200 m. Laterally, 
they pass into the eastern part of the East Balkan Mts in breccias, sandstones and shales 
in several olistostroms (Cenomanian?) with a thickness which reaches 500 m. 

The conglomerates, sandstones, limestones, and marls represent either lateral corre
lates or follow upwards (Albian, Cenomanian, Turonian). They are up to 500 m thick (fig. 
2), and occur in all sedimentation zones: North Bulgaria (Moesian platform), South Car
pathians, East Balkan, and Srednogorie zone (fig. 3). 

In North Bulgaria (Moesian platform), micritic and foraminiferal limestones and coc
colithic limestones (chalk) (Coniacian- Maastrichtian) or biodetritic to biomorphic 
limestones (Maastrichtian) are still present. The thickness of the limestones varies from 
50 to 300 m (figs. 2, 3). 

Grauwackes (or quartz sandstones), siltstones and illite shales habe been deposited 
(Turonian - Maastrichtian) in the South Carpathians (Kula zone). These rocks are in
terbedding in rhythms, and build up the Kula flysch which is up to 2000 m thick (figs. 2, 3). 

Multiple and rhythmic interbedding of grauwackes (or quartz sandstones), siltstones 
and illite shales, clastic limestones, micritic limestones and clayey limestones ("marls"), 
or of tephraturbidites (tephroid rocks) and clayey limestones, occurs in the East Balkan 
(Emine zone) in the Turonian- Maastrichtian (and partially- in the Paleocene). These 
rocks build up the mixt Emine flysch with a thickness reaching up to 2000 m (figs. 2, 3). 

Different rock types have been deposited in the Srednogorie zone (Coniacian - Cam
panian). The micritic and clayey limestones (Coniacian- Campanian) contain planktonic 
foraminifers, and have a thickness from 10 to 500 m. Grauwackes (or quartz sandstones), 
siltstones, calcareous illite shales or clayey limestones are in a multiple rhythmic inter
bedding. They build up a grauwacke-silty flysch, from 100 to 800 m thick. Two members 
are outlined in the section, and they have Coniacian and Campanian age, respectively. Clas
tic, micritic and clayey limestones are also in a multiple and rhythmic interbedding, thus 
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Fig. 2. Correlation of Upper Cretaceous rocks and assemblages 
1 - olistostroms with argillaceous matrix; 2- conglomerates, gravel rocks; 3- grauwackes, quartz sand
stones; 4- siltstones; 5 - clays; 6- shales; 7 - sandy limestones; 8 - clayey limestones; 9 - lime
stones; 10 - biodetritic and biomorphic limestones; 11 - coccolithic limestones; J2 - clastic limestone-s; 
13 - concretionary and layered sil icic rocks; 14 - tephraturbidites; 15 - volcanic tuffs; 16 - effusive rocks; 
Sedimentary assemblages (numbers above the columns); 1 - clayey-sandy assemblage; 2- breccia-sandstone
shale assemblage; 3- sandstone· limestone assemblage; 4 - limestone assemblage; 5 - biodetritic-lime
stone assemblage; 6 - Kula shale-silstone-grauwacke flysch assemblage; 7 - Emine mixed flysch assem
blage; 8- Srednogorie limestone-tuff-tephraturbiditic assemblage; 9- limestone-clayey-sandstone assemblage; 
10- conglomerate assemblage 

forming a clastic-limestone flysch up to 1000 m thick. This flysch is also widespread in the 
eastern part of the Central Srednogorie, and in the western part of the Eastern Sredno
gorie zone. Tephraturbidites (tephroid rocks) and micritiG to clayey limestones are inter
bedded rhytmically in the Coniacian, Santonian and Campanian. The tephraturbidites are 
blocky to ashy. They possess litho-, crystallo- or vitroclastic texture. Genetically, they are 
represented by tephraolistostroms, tephrafluxoturbidites, tephraturbidites, tephralaminites 
and tephracontourites. The limestones contain planktonic foraminifers. These rocks form 
a tephraturbiditic flysch of Coniacian - Campanian age. The flysch is thick-rhythmic 
proximal, or thin-rhythmic distal one, with a thickness reaching 3000 m. The volcanic tuffs 
(Coniacian- Campanian) have basaltic, andesitic, trachyandesitic or trachytic compo
sition. The structure is blocky or ashy. The thickness reaches up to 5000 m. The volcanic 
tuffs have a local development around separate submarine volcanoes . The Coniacian
Campanian sedimentary rocks of different rock types build up separate and mappable 
geologic bodies (sedimentary members, formations , groups). Lateral facie s zones have 
been distinguished formed by limestones - grauwacke-siltstone flysch - clastic lime
stone flysch- tephraturbiditic flysch -volcanic tuffs. The zones have a symmetric dis-

7 



Cenomanian Turonian 

Companion 

Maastrichtian 

100 krn 

E:3~ I :-_:_-:Is 

~9 Gto 

Fig. 3. Late Cretaceous paleogeodynamic environments in Bulgaria (modified after H a 'f e a, 1986) 
I -continent (drylands); 2- limnic environments; 3- Kotel graben; 4 - epicontinental seas; 5- Kula 
marginal sea; 6- Emine marginal sea; 7- Srednogorie inter-arc trough; 8 - superimposed sea; 9- flu
vial environment; 10 - paleotransport directions. A - Geographic sketch. B - Morphotectonic sketch 

tribution from the south to the north or build up perivolcanic fans. The vertical distri
bution in the sections often includes limestones with marls - grauwacke-silty flysch -
tepharaturbiditic flysch - volcanic tuffs - clastic- limestone flysch. The distal tephra
turbiditic flysch often associates (from 5 to 200 m) with pillow-lavas. 

Conglomerates, sandstones, calcareous clays, grainstones and biomorphic limestones, 
with a total thickness of 10 to 1300 m, have been deposited in the Srednogorie zone during 
the Maastrichtian. They are locally occurring in the Western and Eastern Srednogorie zone. 
The continental rounded boulder to pebbly conglomerates reach a thickness of 200 m. 
They occur only in a part (Panagjuriste) of the Central Srednogorie zone (figs. 2, 3). 
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In the Srednogorie zone, the Coniacian- Campanian sedimentary rocks associate 
with effusive rocks (fig. 2). In Western Sredna-gora Mts, Ca-alkaline to subalkaline ande
sites and basalts are present. In Central Sredna-gora Mts, Ca-alkaline to subalkaline in
termediate to acid effusive rocks dominate. Tholeiitic, Ca-alkaline, subalkaline and K-al
kaline basalts dominate in Eastern Sredna-gora Mts (S t a n i s h e v a - V a s s i l e v a, 
1980; P o p o v, 1981; .[{_a 6 o B c K H, 1988). Nearly 50 volcanoes of central type are 
found (Breznik, Vitosa, Celopec, Panagjuriste, Bakad.Zik, Zidarovo, Varli brjag, Rosen, 
Papija etc.). Volcanic gorges, necks, lava flows and dykes are obserbed. The effusive rocks 
form mappable geologic bodies. 

The intrusive rock types are gabbros, monzonites, syenites and granites. They are 
observed in the form of plutons, sills and dykes. In the basement, they are concentrated 
in two linear intrusive zones, and namely: Marica zone with the plutons of Vitosa, Plana, 
Gucal, ElSica-Bosulja, Kapitan-Dimitrievo and Plovdiv, and Strandia zone with the plutons 
of Manastir, Granitovo, Oman, Fakija, Gramatikovo, Malko-Tarnovo, Var8ilo etc. The 
plutons Varli-brjag, Zidarovo, Rosen and Izgrev associate with intrusive rocks and are 
localized in the Burgas volcano-plutonic zone (Boy a dj i e v, 1979; .[{a 6 o B c K H, 

1988). The Medet pluton, and dykes in the areas of Zlatica, Etropole and Botevgrad are 
localized in the transversal Panagjuriste-Medet zone (3 a r o p 'I e a, q y He a, 1974). 
Dykes are observed also in the East Balkan. The small intrusive bodies at Jugovo and 
Zomica as well as granitoid bodies in Pirin Mts. are also considered as Upper Cretaceous 
(.l( a 6 0 B C K H, 19 88). 

Processes 

The rock types and their associations are used. as criteria for identifying the types of sedi
mentation and re-sedimentation during the Late Cretaceous (H a 'I e B, 1978, 1986, 1987; 
N ache v, 1987, 1989) (figs. 4, 5, 6, 7). 
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Fig. 4. Model of the Srednogorie trough (after N ache v, 1987) 
1-11 - sedimentation and volcanic environments: 1 - continents (drylands), 2 - shelf, 3 - basin &lopes, 
4- submarine canyons, 5 - foot, 6 - basin bottom plains, 7 - submarine volcanoes, 8 - submarine 
volcanoe slope, 9 - submarine volcanoe foot , 10 - depressions between volcanoes, 11 - volcanoe chan
nel and chamber; 12- primary shelf extraclastic sediments; 13 - thick-bedded proximal grauwacke-silt
stonc flysch; 14- thin-bedded distal grauwacke-siltstone flysch; 15- upper deep-water fan; 16 - middle 
deep-water fan; 17 -lower deep-water fan ; 18 - primary shelf bioproducing limy sediments; 19 - thick
bedded proximal interclastic-limestone flysch; 20 - thin-bedded distal interclastic-limestone flysch~ 
21- hemipelagic micritic hmestones; 22 - effusive rocks ; 23 - volcanic tephra and tuffs ; 24- thick
bedded proximal tephraturbiditic flysch; 25 - thin-bedded distal tephraturbiditic flysch 
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Fig. 5. Genetic model for 
the interrelations between 
normal sedimentation, rese
dimentation, and early dia
genetic silicification 
I- micritic limestones (pe
lagites); 2 - clastic limesto
nes (re-sedimentation ro
cks); 3 - silicic sponge 
spiculae; 4 - calcitic spon
ge spiculae; 5- layered 
and concretionary silicic 
rocks; A - dissolution of 
silicic relics; B - calcitisa
tion of sponge spiculae; C
origin of layered and con
cretionary silicic rocks; 
ML- micritic limestones; 
CL - intraclastic limesto
nes; Tb - lower parallel 
lamination; Tc'-cross bed
ding and convolutions; 
Td- upper parallel lami
nation; Te- pelagic in
terval 

The clastic and clayey continental sedimentation as well as the submarine-slump re
sedimentation have been typical probably for the end of the Albian Age and the beginning 
of the Cenomanian Age. 

The Cenomanian and Turonian have been characterized mainly by clastic and calca-
reous shallow-water marine sedimentation. 

Deep-marine hemipelagic calcareous to pelagic clayey sedimentation developed from 
the Coniacian to the Maastrichtian in North Bulgaria, from the Turonian to the Maastri
chtian in the Kula zone, from the Turonian to the beginning of the Paleocene in the Emine 
zone, and from the Coniacian to the Campanian in the Srednogorie zone. 
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Fig. 6. Palinspastic sketch of Bulgaria (Coniacian, Santonian and Campanian) 
1- continental crust (emersion drylands); 2 - oceanic crust; 3 - shallow-water platforms limestones; 
4- pelagic limestones; 5 - extraclastic turbidites (grauwackes, siltstone); 6 - intraclastic turbidites 
(clastic limestones); 7 - tephraturbidites (tephroid rocks); 8 - submarine volcanic activity with lavas; 
9- oceanic subduction 

Fig. 7. Coniacian - Campanian paleogeodynamics of Bulgaria 
1- shallow-sea limestones; 2- pelagic limestones; 3 - extraturbidites; 4- proximal turbidites with ex
traolistostroms; 5 - distal intraturbidhes; 6 - proximal tephraturbidites; 7 - distal tephraturbidites; 8 -
effusive rocks and volcanic tuffs of submarine volcanoes 
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The normal sedimentation has been combined with re-mobilization, re-transporta
tion and re-sedimentation of extraclastics from an exogenic source (drylands), intraclastics 
from an inter-basinal (shelf) source, and volcaniclastics (or tephra) from a submarine 
volcanic source. Thus, the processes of re-sedimentation belong to the following types: 
grauwacke type from the Turonian to the Maastrichtian in the Kula zone, from the Turo
nian to the beginning of the Paleocene in the Emine zone, and partially from the Coniacian 
to the Campanian in the Srednogorie zone ; intraclastic-limestone type from the Campa
nian to the Maastrichtian in the Emine zone, and locally during the Campanian in the Sred
nogorie zone ; volcaniclastic or tephra type from the Coniacian to the Campanian in the 
Srednogorie zone, and locally in the Santonian and Campanian in the Emine zone. The re
sedimentation was related to gravity bottom paleocurrents. The paleocurrents had dif
ferent dynamics and mechanisms: 1) submarine slumps -extra-, intra- and tephraoli
stostroms; 2) massive (dense) grain flows -extra-, intra- and tephrafluxoturbidites; 3) 
turbiditic paleocurrents- extra-, intra- of tephraturbidites and laminites; 4) deep-marine, 
bottom contour paleocurrents -extra-, intra- or tephracontourites (figs. 4, 5, 6, 7). 

The directions of the paleocurrents were to the north or south (transversal), towards 
east or west (longitudinal) or radial at the peripheries of the submarine volcanoes (H a
'f e B, 1986, 1988; N ache v, 1987, 1988). 

Clastic, hydrogenic-biogenic calcareous or clayey sedimentation occurred locally in the 
Western and Eastern Srednogorie zone, and the continental clastic sedimentation occurred 
also locally in the area of Panagjuriste. 

Therefore, in the Albian - Maastrichtian (Late Cretaceous) sedimentation cycle (figs. 
4, 5, 6, 7) the continental clastic and clayey sedimentation has been replaced by shallow
water clastic and calcareous one. A deep-marine hemipelagic calcareous to pelagic normal 
clayey sedimentation followed together with a superimposed extraclastic grauwacke, in
traclastic limestone, and tephra re-sedimentation. During the Maastrichtian Age, shallow
marine clastic, calcareous or clayey sedimentation or a continental clastic sedimentation 
occurred again. 

Sedimentation and pa/eogeodynamic environments 

The content, structure and distribution (in space and time) of the Upper Cretaceous sedi
mentary rocks, and the corresponding processes, are indicators for the identification of 
different sedimentation environments (fig. 3) in Bulgaria- the Balkan microcontinent 
(H a 11 e B, 1976, 1980, 1986, 1987; H a 'feB & H a q e s, 1986; N ache v, 1980a, b, 
1982, 1987). 

The continental accumulation (probably in the Albian and Cenomanian) occurred in 
delluvial, aluvial, fresh-water lacustrine or marshy sedimentation environments or in a 
limnic paleogeodynamic environment. 

The normal clayey sedimentation and the superimposed clastic submarine stumpy and 
contourite re-sedimentation in the Emine zone probably in the Albian and Cenomanian Ages, 
occurred in the intermountainous Kotel graben (H a q e B, 1986). The graben was pro
bably coeval to the !ironic paleogeodynamic environment. 

During the Albian, Cenomanian and Turonian, clastic, calcareous and clayey sedimen
tation occurred in littoral and neritic environments of shallow epicontinental seas in north
west and east Bulgaria, and in the Srednogorie zone. The transgression took place in north
west Bulgaria in the Middle to Late Albian but most of all, in the Cenomanian. 

During the Coniacian and up to the Maastrichtian Age (fig. 3) the predominantly 
biogenic calcareous sedimentation (coccolithic and micritic limestones) proceeded in North 
Bulgaria in moderately-deep (to 1000 m) epicontinental sea with littoral, neritic environ
ments and internal depressions. The transgression progressed towards south. 

In the Maastrichtian, biogenic (biodetritic and biomorphic) sedimentation in North 
Bulgaria occurred in lithoral and neritic environments of a regressive shallow epicontinen
tal sea. The uplift tendency controlled the total regression. 
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The Kula shaly-silty-grauwacke flysch (Turonian - Maastrichtian) was deposited 
on basin slopes, in canyons, at the foot or the bottom part of the Kula back-arc trough or 
marginal sea. It was a part of a deep, narrow asymmetric north-south trending back-arc South 
Carpathian (Kula) marginal sea (figs. 3, 6). 

The Emine mixed flysch (Turonian - Paleocene) was deposited on basin slopes, foot 
and bottom part of a deep narrow asymmetric trough, and a subparallel Emine back-arc 
marginal sea with southern shelf, slopes, foot and bottom part (fig. 7). The submarine vol
canism (two submarine volcanoes with slopes and foot) was poorly represented. To the 
north, the marginal sea was contingent with an epicontinental sea but locally the Varbica 
dryland was situated (H a q e B, 1986). 

The sedimentation environments in the Srednogorie zone (fig. 7) were represented 
by northern and southern shelves, basin slopes and foot, canyons and bottom part as 
well as subaqueaceous volcanoes with volcanic slopes, canyons, foot and depressions 
between the volcanoes in a deep (to 4000 m) symmetric and subparallel interarc Sredno
gorie trough. The trough was characterized by a high seismicity and active hydrodynamics. 
About 50 submarine volcanoes were active in its bottom part, and intrusive (plutons 
and dykes) igneous activity took place. In the Maastrichtian, the sedimentation in the 
eastern and western parts of the Srednogorie zone proceeded in littoral, shallow and 
deep neritic environments, locally with depressions of a superimposed shallow epiconti
nental sea (figs. 3, 6). In the Panagjuriste area, also probably during the Maastrichtian, 
the continental alluvial clastic sedimentation occurred in an alluvial paleogeodynamic envi
ronment (fig. 3). This environment was probably coeval with a superimposed shallow sea 
(H a 'l e B & H a q e B, 1986). 

Paleogeodynamic evolution 

A four-plate system (model) existed in the Tethys realm during the Late Cretaceous (fig. I) 
The principal African plate was separated from the Apulian-Menderes plate along a rift 
with spreading in the Levant-Taurid ocean. The oceanic Neotethys plate was limited by 
a southern and a northern zones of oceanic subduction. A system of marginal seas (Car
pathian, Black and Caspian)- probable relics from the Paleotethys, -was situated at 
the southern margin of the principal Eurasian plate. As a whole, processes of convergence 
and closure or shortening of the Tethys proceeded. 

The Balkan microcontinent was an entity since the end of the Albian to the Turonian. 
The paleogeodynamic evolution followed the model of a passive continental margin. Sub
duction of the Vardar oceanic crust was activated towards north in the Turonian and Co
niacian Ages. This process reflected also in extension and fragmentation of the Balkan 
microcontinent (early "Subhercynian" movements). The South-Carpathian (Kula) and 
Emine marginal seas (back-arc troughs) limited to the north the Balkan island-arc system 
which consisted of Vardar trough, Serbo-Macedonian-Rhodope frontal arc, Sreduogorie 
inter-arc trough with an active sumbarine volcanic arc, and a third, Balkanide arc (H a
lf: e B, 1976, 1978, 1980, 1986; N ache v, 1980, 1982, 1986, 1987, 1988; H a q e B & j{ He B, 

1980; H a 'I e B et a!., 1981; H a 'I e B & H a 'I e B, 1986). The new paleogeodynamic envi
ronments have been formed in different times: the South-Carpathian (Kula) and the Emine 
marginal seas during the Turonian, and the island-arc system, the Srednogorie inter-arc 
trough included, at the beginning of the Coniacian. Active submarine island-arc volcanic 

·· activity with a Ca-alkaline, subalkaline to K-alkaline character developed within the vol
canic arc situated over the Vardar subduction. Slight volcanic manifestations are recorded 

· in the Emine marginal sea and the Balkanide arc. Instrusive (plutons and dykes) igneous 
activity occurred in the frontal arc, the inter-arc trough, and the third arc (figs. 3, 8). The 
paleogeodynamic evolution proceeded following the model of active continental margin 
with island-arc system and magmatism (figs. 9, 10). . 

The liquidation of the new paleogeodynamic environments proceeded also in different 
. times, and namely: the Srednogorie inter-arc trough - after the Maastrichtian ("Lara-
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Fig. 10. Late Cretaceous paleogeodynamic evolution of the Eastern Mediterranean 
1 -continental crust; 2- oceanic crust; 3- volcanic rocks; 4- flysch; 5 -deep marine sediments 
(pelagites); 6 - shallow-sea sedimentary rocks; 7- volcanoes; 8 - intrusions; 9 - spreading; 10 - ocea
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mide" movements); the Kula marginal sea - after the Maastrichtian ("Lar<1mide" move
ments); the Emine marginal sea -during the Paleocene (late "Laramide" movements). 
Therefore, the main structures are also of different age. Thus in the Srednogorie zone they 
are pre-Maastrichtian or late Subhercynian (but not Laramide, as Bon c e v, 1978, sugge
sted). The liquidation of the paleogeodynamics environments by folding and collision was 
controlled by collision events. The Pelagonian microcontinent collided with the island 
Balkan arc, with obduction of Vardar ophiolites towards south and north. The island 
Balkan arc collided with the Moesian block from the Balkan microcontinent (already joi
ned to Eurasia by the Cimmeride Dobrogea orogen) during the Maastrichtian and the 
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·Paleocene. Processes of collision with folding and uplift controlled the formation of oro
:Senic zones in given paleogeodynamic environments. The orogenesis migrated temporally 
:(figs. 2, 3) from south to north (H a 'I e B, 1976, 1986). Therefore, the Late Cretaceous 
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paleogeodynamic evolution of Bulgaria was characterized by changes in the stages of evo
lution and in the paleogeodynamic environments: 1) limnic environment and Kotel graben 
environment (Albian?- Cenomanian); 2) shallow epicontinental seas (partially Albian
Turonian); 3) moderately deep epicontinental sea (Coniacian - Maastrichtian), Kula mar
ginal sea (Turonian- Maastrichtian), Emine marginal sea (Turonian to Paleocene), 
and Srednogorie inter-arc trough (Coniacian- Campanian) ; 4) superimposed shallow 
epicontinental seas or alluvial environment (Panagjuriste) in the Maastrichtian. The Mid 
Alpine evolution of Bulgaria followed the model of a passive continental margin (Albian -
Turonian), and an active continental margin (Coniacian- Campanian) with island-arc 
system and igneous activity (N ache v, 1987, 1989). 

Discussion 

The problems of the Late Cretaceous paleogeodynamics of Bulgaria have been recently 
the subject of stratigraphic, sedimentologic, petrologic, tectonic and metallogenetic con
cepts. The Upper Cretaceous of Bulgaria belongs to 3 types of bioprovinces: 1) "North
European (platform) type" ; 2) "Mediterranean (geosynclinal) type"; 3) "Carpathian type" 
(U: a H K o B, 1968; K 1> H 1f e B, 1964, 1966, 1971). The sedimentological reconstructions 
and interpretations are based mainly on the results of the systematic basin (genetic) ana
lysis (H a 'I e B, 1967, 1980, 1986, 1987; N ache v, 1978, 1979, 1980, 1986, 1987). The 
petrologic studies elucidated the composition of the volcanic and intrusive rocks, the mag
matic series and assemblages, the metasomatic and metamorphic rocks (B o y a d j i e v, 
1979; D a b o v s k i, 1980, 1988; S t a n i s he v a- V a s s i I e v a, 1980). The tectonic 
concepts are based mainly on results from the structural analysis, and discuss structures, 
deformation processes and the tectonic character of the Upper Cretaceous zone (.6 o H

'1 e B, 1971, 1978, 1986; .6 o H 1f e B, et al., 1970; r o 'I e Bet al., 1970; K a par 10 rr e B a 
et al., 1974; K 1> H 1f e B, 1971; Bon c e v, 1978, 1987; Dewey et al., 1973; B o c c a
I e t t i et al., 1974, 1978; D e r co u r t et al., 1986). The metallogenetic concepts discuss 
mainly the ore types, ore formations, and the genetic types of the ore deposits (B o g d a
nov, 1977; Popov, 1981). 

Some problems of the Upper Cretaceous in the zones outlined and in Bulgaria are 
discussed hereafter. 

Basement 

The Upper Cretaceous formations are situated discordantly (parallel to angular uncon
formity) over Precambrian, Paleozoic, Triassic, Jurassic or Lower Cretaceous rocks. 
In the southern part, the basement sufferred deformations during the Albian, in the Early 
Austrian orogenic phase (Austrides or early Alpides). There is a gradual transition between 
the Albian and Cenomanian rocks in the Pleven district. The designation of the Precam
brian rocks of the "Thracian massif" as a basement for the Upper Cretaceous in the Sred
nogorie zone (.6 o H 1f e B, 1971) is in contradiction with the relationships observed in the 
section s. 

Crustal thickness 

The thickness of the Earth 's crust (above the Mohorovicic' di scontinuity) is between 30 
and 40 km in North Bulgaria. It varie s within the Srednogorie zone between 35-40 kfll in 
the western part, more than 40 km in the central part, and between 27 and 32 km in the 
eastern part. These data can not be used as a criteria for distinguishing zones of different 
crustal thickness nor as an argument for structural tripartite dismemberment of the Sre
dnogorie zone. 
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Kula and Emine marginal seas 

The Kula (or South-Carpathian) marginal sea with flysch (Turonian- Maastrichtian) 
and the Kula marginal sea with flysch (Turonian- Paleocene) acted almost synchronously. 
The normal sedimentary rocks (pelagites) in the Kula zone are represented by almost car
bonateless hydromicaceous shales. In contrast to that, the pelagites of the Emine zone are 
micritic limestones, clayey limestones ("marls"), and partially, calcareous shales with 
planktonic foraminifers (H a 1£ e B, 1986, 1987). The normal sedimentation in the two troughs 
was obviously of a different character. These data characterize the Kula and Emine seas as 
back-arc but independent basins with different bathymetry (figs. 2, 3) (H a 1£ e B, 1976; 
H a 'I e B & ..si H e B, 1980). 

Migration of folding 

The liquidation of the Late Cretaceous basins took place in conditions of compression 
with folding and uplift, and of collision with thrusting. It occurred in different times: be
fore the Maastrichtian in the Srednogorie inter-arc trough (late Subhercynian phase); 
after the Maastrichtian in the Kula marginal sea (Laramide phase); during the Paleocene 
in the Emine marginal sea (late Laramide orogenic phase). Therefore, a temporal migra
tion from south to the north characterized the folding. The basins were of different types, 
and played different roles in the Mid-Alpine paleogeodynamic evolution ofBulgaria. With
out doubt, the Mid-Alpine stage ended in the Paleocene, and its continuation to the Mid
dle Eocene (I> o H 'I e B, 1986) is not founded. The Ypresian orogenic phase was only lo
cally manifested in the Kula-Obzor marginal basin (foredeep) and had not the importance 
of an "Illyrian turning point" (I> o H 1£ e B, 1986). 

Basin correlations 

The correlations be tween the Late Cretaceous basins in Bulgaria and its neighbour coun-
- tries have been made following many and different principles. For example, a continua

tion of the Late Cretaceous basins has been sought for to the east in Crimea and Caucasus 
(I> e r court et al., 1986). In fact, the Emine marginal sea most probably had its termina
tion in the west part of the Black sea. The Srednogorie inter-arc trough continued to the 
east but also had its termination in the Black sea without a link to the Pontides which con
tinued into the Adzharo-Trialetian trough (Cretaceous, Paleogene) (figs. 1, 6). 

Paleogeodynamic environments 

The sedimentologic paleogeodynamic reconstructions confirm the presence of a shallow 
epicontinental sea in North Bulgaria, as well as of the Kula marginal sea, Emine marginal 
sea, and Srednogorie inter-arc trough (H a 'I e B, 1976, 1986). The terms "North-Euro
pean" (U: a H K o B, 1968) and "Carpathian" (U: a H K o B, 1968) types of Upper Creta

. ceous do not possess a paleogedynamic sense. The designation "Mediterranean (geo-
synclinal) type" Upper Cretaceous (U: a H K o B, 1968; K 1> H 'I e B, 1971) is based solely 
pn the igneous (volcanic) manifestations. In this manner, the Emine and Srednogorie basins 
are artificially united. The sections of the Upper Cretaceous in the Emine and Srednogorie 
zones are of different types. The distributions of the flysch types (coarse flysch - flysch 
and sub-flysch) in the Emine zone is from south to the north. These sedimentological re
sults are sufficient criteria for the reconstruction of two independent paleogeodynamic 

· environments, and namely, the Emine marginal sea, and the Srednogorie inter-arc trough 
. (N a c he v, 1978, 1979, 1982, 1989) (figs. I, 3, 6, 7, 9). 
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Tripartite character of the Srednogorie trough 

The Srednogorie zone has been divided in three parts (B o u 'I e B, 1971, 1978, 1986) mainly 
on the basis of existence of two transversal first-order faults {"lines"), and namely, the 
Etropole and Jambol lines. The same subdivision was recently (S t a n i s h e v a - V a s
s i 1 eva, 1980; Popov, 1981) maintained by the studies on the features of the igneous 
activity. However, the results from the sedimentological investigations point out mainly 
on the existence of a unique basin and paleo geodynamic environment (H a 'I e B, 1976, 
1986) (figs. 1, 3, 6, 9). 

Incomplete information for the Upper Cretaceous in the Srednogorie zone 

The Upper Cretaceous formations in the western and eastern parts of the Srednogorie 
zone are comparatively slightly eroded. Thus, the transversal facies zonality can be success
fully studied. In the Panagjuriste and Plovdiv-Stara Zagora parts of the central Srednogorie 
zone, only northern bands of the zone are preserved until the southern parts have been 
significantly eroded. This fact is hindering the tracing of the transversal facies changes, 
and the information about the Upper Cretaceous is very incomplete (fig. 3). 

Time of the volcanic activity 

The volcanic activity has been previously designated as "Upper Cretaceous", "Senonian" 
or "Maastrichtian" (ll. a H x o B, 1968), and the intrusive igneous activity, as "Senonian", 
"Laramide" or "Upper Cretaceous -Paleocene" (B o y a d j i e v, 1979). There are some 
hints about volcanic manifestations in the Turonian (IJ. a u x o B, 1968) or Cenomanian 
(K 1> H 'I e B, 1966, 1971). The volcanoes in the Srednogorie zone acted in different times: 
Coniacian- Santonian and Campanian in the western part (H a 1{ e Bet al., 1981), Conia
cian, Santonian and the beginning of the Campanian Age, in the central part (H a 'I e B & 
H a 'I e B, 1986), and Coniacian - Santonian (and Campanian?), in the eastern part (H a
'1 e B, 1978; H a 'l e B & C y n Tau o B, 1979; H a 'le B et al., 1982). The general strati
graphic range of the volcanism is Coniacian- Campanian but the activity of each of the 
50 submarine volcanoes began in the Coniacian and ended in the Santonian or the Campa
nian. In the western part of the Srednogorie zone, volcanoes acting only during the Cam
panian have been also described (H a 'I e B et al., 1981). The total duration of the Conia
cian - Campanian volcanic activity was about 15.5 Ma. 

Thickness of the Upper Cretaceous formations 

The thicknesses of the Upper Cretaceous formations differ substantially and vary from 
100 to 5000 m. The thicknesses in the Srednogorie zone which covered the time span Conia
cian - Campanian, depended on the rock type, and changed considerably in a transversal 
direction: from the zone of the limestones {100-700 m) through the tephroid rocks (flysch) 
(500-3000 m) to the zone of tuffs with effusive rocks (1000-5000 m). The thicknesses vary 
also in a longitudinal direction, in the western, central, and eastern parts of the zone, but 
in narrower boundaries. The variation of the maximum thicknesses is from 300 m (North 
Bulgaria) through 2000 m (Kula and Emine zones) to 5000 m in the Srednogorie zone (H a
'1 e B, 1976, 1986; H a 'I e B et al., 1981; H a 1{ e B & H a 1{ e B, 1986) (figs. 4, 7, 8, 9). 

Types of volcanoes 

The volcanoes in the Srednogorie zone were first considered only as related to fractures 
and linearily distributed (B o u 'I e B, 1971; Boy ad j i e v, 1979). The following types 
have been determined later on (S t a n i s he v a- V a s s i 1 e v a, 1980; P o p o v, 1981): 
fissure volcanoes; polygenic central; stratovolcanoes; simple single volcanoes; volcanoe-
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plutons. On some maps and sketches (B o c cal e t t i et al., 1974; Aiello et al., 1977; 
D e r c o u r t et al., 1986) the volcanoes are shown usually within the Macedonian- Rho
dope arc to the south of the Late Cretaceous basin. The Coniacian - Campanian volca
noes are determined in the sedimentologic paleogeodynamic reconstructions as subaqual. 
They have been localized mainly over the bottom plain of the Srednogorie inter-arc trough. 
The subaqual volcanoes were positive structures with tendency of growth and uplift. At 
a given stage of their development they appeared as volcanic islands. The Srednogorie inter
arc trough played the role of principal volcanic island arc (N a c h e v, 1978, 1986, 1987). 
After folding and deformation, the Sredonogorie inter-arc trough was transformed into 
the Srednogorie paleovolcanic arc. Subaerial single volcanoes existed in the Emine zone. 
Subvolcanic and intrusive igneous activity was recorded in the Macedonian-Rhodope and 
Balkanide arcs but no evidence about the existence of subaerial volcanoes has been found. 
The Coniacian - Campanian volcanic activity possessed a high coefficient (abou~ 50 to 
90) of explosivity (S t a n i s c he v a - V a s s i l e v a, 1980). Pillow-lavas are known 
in the western (H a 1J e B et al., 1981) and the eastern (Stanish eva-Vas i 1 eva, 
1980) parts of the Srednogorie zone, and have not been found in the relict central part. 
As a rule, pillow-lavas are localized in the perivolcanic (mantle) parts of the tephroid flysch 
which indicates a descent of pillow-lava flows from the volcanoes on the slopes to the foot. 
The long paleotransport and the interaction between lava and bottom sediment and water 
favoured the formation of pillow-lavas (H a 1J e B, 1978; H a 1J e Bet al., 1981; H a 1J e B & 
H a 1J e B, 1986; N ache v, 1986) (figs. 4, 7, 8, 9). 

Boundary between the Srednogorie and Emine zones 

The boundary between the Srednogorie and Emine zones is traditionally related to a "Trans
Balkan deep fault" (.6 o H 1J e B, 1971, 1986). A primary, sedimentation link between the 
two zones is sought for with the concept of "Mediterranean type Upper Cretaceous" (K 1> H

lf e B, 1966, 1971; S tan i s he v a - V a s s i 1 eva, 1989). According to the sedimento
logic reconstructions, the boundary does not coincide neither with the Trans-Balkan deep 
fault nor with the orographic boundary, which both are late and secondary phenomena. 
The natural boundary is interpreted as a sedimentation boundary between two independent 
basins. It is traced north of Bjala, Sliven, Sotirja, Glusnik, Venec, Karnobat, Aytos, Bata, 
Tankovo and Nesebar. It divides two different types of Upper Cretaceous sections, and 
is marked by breccia-conglomerates· and olistostroms. It has a flexural, retrocharriage and 
posttectonic character. The unification of the two basins contradicts to the inter-arc cha
racter of the Srednogorie zone, and to the back-arc character of the Emine marginal sea 
(H a 1J e B, 1976, 1980, 1987; N ache v, 1982, 1989) (fig. 7). 

Southern boundary of the Srednogorie zone 

The southern boundary of the Srednogorie zone is traditionally traced (.6 o H 1J e B, 1971, 
1986) along the Pernik fault, the Tran-Kosarevo fault, or the "Marica deep fault". It is 
believed that the latter had a "paleogeographic significance, and separated and control
led the facies and the Late Cretaceous evolution" (.6 o H 1J e B, 1986). In reality, these faults 
were formed considerably later. The southern boundary was situated in fact more south
erly as indicated by the presence of several outcrops (Predejane, Targoviste, Kriva palan
ka) of Upper Cretaceous limestones and marls in the Macedonian zone as well as of 70 m 
Upper Cretaceous tuffites and limestones with planktonic foraminifers in borehole 2 
at the village of Dolno Lukovo in the Eastern Rhodope Mts. (Boyan o v et al., 1982; 
H a 1J e B, 1986, p. 28). The lowlands of the Macedonian-Rhodope arc have been pro
bably covered by marine waters in the Late Cretaceous (fig. 9) but this problem needs addi
tional studies. 
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Panagjuriste and Burgas transversal zones 

The Panagjuriste volcanic zone continues to the north around the town of Srednogorie 
and in the Celopec volcanic structure. Subvolcanic bodies, intrusions and dykes are known 
also in the Zlatiska Stara-planina Mts., and around the village of Praveska Ukavica in the 
Fore-Balkan zone. All these igneous manifestations can be linked to a transversal Pana
gjuriste zone (3 a r o p q e B, q y He B, 1974). In an similar manner, the Burgas volca
nic zone can be considered to continue to the north, in the Emine zone where single sub
aqua) volcanoes (Tranak and Zaimcevo), subvolcanic bodies and small intrusions and dykes 
(Tranak) have been observed. The manifestations of volcanic igneous activity along this 
line may be correlated with a Burgas transversal zone. The island arc volcanism may occur 
not only in the principal volcanic arc but also in adjacent zones, or to possess a transzonal 
character (figs. 6, 8). 

Banat-Srednogorie zone 

The idea about an "independent united Banat-Srednogorie tectonic and metallogenic zone" 
(Popov, 1981) is based mainly upon the Late Cretaceous igneous activity in Banat and the 
Srednogorie zone. Banat, as a part of the South Carpathians, has a principally different 
tee tonic structure and evolution from that of the Srednogorie zone, and in the Apuseni 
Mts. even Jurassic ophiolites are proven. On the other hand, Late Cretaceous magmatism 
is recorded also in the Vardar zone (Belgrade), the Pontides, Caucasus, and in the Botev
grad area (Fore-Balkan zone) but these regions are not included in the Banat-Srednogorie 
zone (Po p o v, 1981). The igneous activity often penetrates adjacent tectonic zones (re
gions) and has a transzonal character. Simultaneity does not mean uniformity, and the 
manifestations of Late Cretaceous magmatism are not the absolute criterion for to moti
vate uniform tectonic and metallogenic zones (figs. I, 3, 6, 8). 

Wilson's geodynamic model and the volcanic arc 

The Late Cretaceous paleogeodynamics of the Eastern Mediterranean and the volcanic 
arc should be related with the mature stage in the geodynamic model of W i I s o n (1968). 
Spreading and subduction occurred in the Tethys. The subduction controlled the fragmen
tation of the Balkan microcontinent. The evolution of the passive margin of the microcon
tinent was followed by evolution of an active margin. The Late Cretaceous paleogeodynamic 
evolution of the Tethys as a whole was similar to that of the recent Pacific ocean (figs. 1, 3, 
6, 8, 9, 10). 

Character of the Late Cretaceous basins 

The nature of the Late Cretaceous basins and the models of their development have been 
the subject of discussions. The following environments are determined by the sedimento
logic paleogeodynamic reconstructions: shallow epicontinental sea in North Bulgaria, Kula 
marginal sea (Kula back-arc trough), Emine marginal sea (Emine back-arc trough), and 
Srednogorie inter-arc trough (N a c h e v, 1979, 1986, 1989). The complex of Late 
Cretaceous (Cenomanian- Maastrichtian) basins in the Srednogorie zone has been 
defined as "eugeosyncline", "orthogeosyncline", "miogeosyncline" or "taphrogeosyncline" 
(B o H q e B, 1971, 1986), "lineament-geosynclinal trough" (B o H q e B et al., 1970; B o H
'1 e B, 1971, 1986; Bon c e v, 1978, 1987), "subduction zone between Moesia and the Rho
dope" (Dewey & Bird, 1971; Dewey et al., 1973; B o H q e B, 1978; Bogdan o v, 
1977; De r c o u r t et al., 1986); "Mesotethys" (G r u b i c, 1974); "Upper Cretaceous 
paleorift" (An to n i j e vi c, et al., 1974); "impermanent rift- a system of troughs 
with Upper Cretaceous, Late Paleogene and Neogene filling" (B o n c e v, 1978, 1987); 
"rift with spreading" (D a b o v s k i, 1980); "rift with partial spreading" (S t a n i s h e-
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v a-Vas s i 1 eva, 1980); "rift with subduction" (Popov, 1981); "rift with telescoping 
magmatism" (B o y a d j i e v a, 1979). The Srednogorie basin has been defined also as 
"back-arc trough" (B o c c a I e t t i et al., 1974; H s u et al., 1977) or as an "inter-arc 
trough" (N a c he v, 1978, 1986, 1989). The Srednogorie zone has been also characterized 
as a "Srednogorie volcano-intrusive zone" similar to the model of the isl\lnd arcs (B o c
c a I e t t i et al., 1974; S t a n i s h e v a- V a s s i I e v a, 1989). In the latest stages 
of its development in the Black Sea and the Burgas region, an embryonal back-arc 
rift has been formed (A ;::(a M H .sr et al., 1974; B o c c a 1 e t t i et al., 1978; S t a n i s he
va- V a s s i I eva, 1980). The zone consisted of three clearly defined volcano-intrusive 
areas: western, central and eastern ones. The Eastern Srednogorie volcano-intrusive area 
contain s four magmatic regions situated from south to north as follows: Strandza volcano
intrusive region, Jambol-Burgas volcano-intrusive region, North-Burgas volcanic region, and 
Luda-Kamcija volcanic region. "The magmatic evolution occurred in the Late Cretaceous 
and is similar to the evolution of developed to mature island arcs" (S t a n i s h e v a -
V a s s i 1 e v a, 1989). Three main regions of development of the igneous activity are dis
tinguished, with temporal migration from the south to the north characterizing a trans
versal petrochemical zonation: a) low-K magmatism- in the Strandfa volcano-intrusive 
region (frontal volcanic arc) ; b) constantly high-K magmatism during all the evolution -
in the Yambol-Burgas volcano-intrusive region (axial and back part of the volcanic arc); 
c) very K-rich magmatism - in the North-Burgas volcanic region (back-arc rift) (S t a
ni s h e v a - V a s s i 1 e v a, 1989, pp. 27-32). This petrologic concept contains many 
points which can be subject of discussion. Thus the idea of "volcano-intrusions" is in con
tradiction to the already described volcanoes and later independent intrusions (B o y a
djiev, 1979; .LJ:a 6oBCKH, 1989). 

The zonation of the Eastern Srednogorie can not be applied to the Central and Wes
tern Srednogorie. The subvolcanoes and intrusions of the Zlatiska Stara planina Mts 
and Osikovica in the Fore-Balkan zone are not included in the Srednogorie zone. A part 
of the intrusions in Pirin and Rhodope Mts are considered as Late Cretaceous and indi
cate the existence of a Macedonian-Rhodope frontal arc instead of a Strandza frontal vol
canic arc. The idea that the Yambol-Burgas region represented an "axial and back part 
of the volcanic arc" and that the North-Burgas region was a "back-arc rift" is in contra
diction to the presence of volcanic, subvolcaninc and intrusive igneous activity in the Emine 
marginal sea which had the character of a back-arc element in respect to the volcanic arc 
(figs. I, 3, 8, 9). 

Thus, the petrological concepts overstimated some features of the igneous activity in 
space and time, and totally eliminated the sedimentological interpretations and reconstruc
tions. A complex interpretation would reach a better understan~ing of the nature of the 
Late Cretaceous basins in Bulgaria. 
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