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II. Ilonoe, T Eep3a, A . Tpy6u'l , f{ Homte 
fl030fleMeA060U Ma2MamU<IeCKUU U MemaAA02efiU
'leCKUU naRc AnycceHbl - EaHam - TuMoK - Cpeoflo
zopue (ABTC) 6 Kapnamo-EaAKafiCKOM opo2e11e. 
MarMaTI1lfeCKI1H 11 MeTa.nJioreHI1lfecKI1H nolle AnyceHhi
oaHaT - T11MOK - Cpe~Horop11e (ABTC) Halfi1HaeTCll c 
AnyceHCKHX rop ( c cesepa), npoxo~I1T qepe3 Jana~HYIO 
lfaCTb IOlKHbiX KapnaT (EaHaT - s PyMhiH1111), qepe3 
T11MOKCKHH pai1oH (s socTOlfHOH Cep61111) 11 ~a.nee , oxsa
TbiBall Cpe~HoropcKyiO JOHY (EoJirap11ll), npo~OJilKaeTcll 
qepe3 qepHoe Mope Ha Tepp11TOp1111 Typ111111. 

Ero OCHOBaHI1e npHHa~JielKI1T K IOlKHOH 0Kpa11He 
EsponeH:cKoro KOHTI1HeHTa. ABTC nolle Ha.JIOlKeH Heco
macHo Ha 6oJiee ~peBHI1e, BKJI. paHHeMeJIOBhie cTpyKTy
pbi . EoJiee TOro - s paH:oHax Mypew 11 Boeso~11Ha OH 
nepeceKaeT Bap~apcKy!O ocp110JII1TOBYIO JOHy. 3To noKa-
3biBaeT, 'ITO o6pa30BeHI1e nOliCa CBll3aHO C HOBb!M 
JTallOM aJibnHHCKOH JBOJIIOL\1111, HaCTyni1BWI1M llOCJie 
cy6~yKL\1111 Bap~apcKoro OKeaHa 11 nocJie~osasweH: 3a 
Heif KOJIJII1311eH. 3TOT HOBh!H :nan npOTeKaJI B ycJIOBI1liX 
3KCTeHCI10HHOf0 reO~I1HaMI1lfeCKOfO pelKI1Ma, a nOliC 
ocpopMJieH B pe3yJihTaTe nOCTKOJII13110HHOfO o6pyweHI1ll 
oporeHHOH nocTpOHKI1. 

XapaKTepHall ~Jill nollca no3~HeMeJioBall MarMaTI1-
yecKall aKTI1BHOCTb c ee cy6aKsaJibHbiMI1 syJIKaHI1lfeCKI1-
:\111 nopo~aMI1 11 KOMarMaTI14eCKI1MI1 11HTPY311liMI1 Halfa
Jia Cb s ceHoMaHe 11 JaKOH411JiaCb s MaacTp11xTe. ByJIKa
HHlfeCKI1e nopO~hl H aCCOL\1111py!Oll\He C HHMI1 OCa~OlfHhie 
OTJIOlKeHHll npe11MymecTseHHO Q>JI11wesoro THna cJia
ra!OT pa3pe3hl MO!l\HOCTbiO B 2-3 ~0 7-8 km. reHep11-
pOBaHHe MarMbi s ABTC nollce ocymecTBJiliJIOCh Ha 
pa3HblX my6HHax, 'ITO 11 onpe~eJIHJIO pa3JII1411ll B COCTaBe 
pacnJiasos. AccOL\11al\1111 nopo~ np11Ha~JielKaT K 113BeCT
KOBo-meJIOlfHOH, TOJiei1TOBOH, cy6meJIOlfHOH 11 meJIOlf
HOH cepHliM. IleTpoJIOrHlfeCKI1e oco6eHHOCTI1 meJIOlfHhiX 
11 cy6meJI04HbiX nopo~ 11 ~aHHbie no Sr-1130TonaM yKa-
3biBa!OT Ha MaHTHHHhlH reHe311C pacnJiaBOB. l-iJBeCTKOBO
ll\eJIOlfHhie MarMhl reHep11posaJII1Cb npe11MymecTseHHO B 
30He MelK~Y MaHTHeH 11 HHlKHeH KOpOH. 

CaMhiMI1 BalKHhiMH ~Jill nollca liBJiliiOTCll cyJibcpi1~Hbie 
Me~Hhle opy~eHeHHll (BKpanJieHHble 11 MaCCI1BHhle) opy
~eHeHI1ll. HeKOTOpbie 113 HHX co~eplKaT npoMhiWJieHHbie 
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Abstract. The Apuseni-Banat-Timok-Srednogorie (ABTS) 
Magmatic and Metallogenic Belt can be traced from the 
Apuseni Mountains in the north, through the western 
part of the South Carpathians (Banat) in Romania, the 
Timok region in East Serbia, the Srednogorie zone 
(Bulgaria) and continues in Turkey through the Black 
Sea. 

The basement belongs to the southern margin of the 
European continent. The ABTS Belt is unconformly 
superimposed on older structures, including the Early 
Cretaceous ones. Furthermore, it crosses the Vardar 
ophiolite suture in the Mures and Voevodina regions. 
These facts indicate a new stage in the alpine evolution 
which followed the subduction of the Vardar Ocean and 
subsequent collision. This new stage was characterized 
by an extensional geodynamic regime. The ABTS arcuate 
rift was formed as a result of postcollisional orogenic 
collapse. 

The Late Cretaceous magmatic activity with submarine 
volcanic rocks and comagmatic intrusions began during 
the Cenomanian and ended during the Maastrichtian. 
Volcanic and associated predominantly flysch-typ e 
sedimentary deposits form a 2-3 to 7-8 km thick pile. The 
magma generation in ABTS extensional belt was realized 
in different depth level, which determines differences of 
melt compositions. Rock association of calc-alkaline, 
tholeitic, subalkaline and alkaline series are established. 
The petrologic features of the alkaline and subalkaline 
rocks and several Sr isotope analyses show the mantle 
origin of the parent magma. The calc-alkaline magma was 
generated predominantly around the boundary between 
mantle and lower crust. 

Porphyry copper and copper massive sulphide 
deposits are the most important. Some of them have an 
economical content of gold and/or molybdenum. There 
are skarn arrd vein type copper deposits , too . Other 
important deposits are iron, tungsten-molybdenum and 
lead-zinc skarn deposits . Besides, small hydrothermal 
base metal-gold, barite, porphyry gold , silver and 
volcano-sedimentary iron-manganese deposits are 
known. The plutonic, subvolcano-plutonic, volcano
plutonic, volcano-subvolcanic and volcanic ore-bearing 
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KOJIH'ieCTBa JOJIOTa H/HJIH MOJIH6,neHa. KpoMe Toro 
YCTaHOBJieHbl Me,nHb!e MeCTOpO)I(,neHHH CKapHOBOrO H 
)I(HJibHoro THna. Ba)I(HOe JHa'ieHHe HMeiOT )l(eJieJHbie, 
OJIOBHHO - MOJIH6,neHOBble H CBHHUOBO-UHHKOBbie 
CKapHOBblbie MecTopo)l(,neHHH. KpoMe TOro B o6xsaTe 
no.Rca paJMel.l.(eHbi He6oJibWHe noJIHMeTaJIJIH'ieCKHe -
30JIOTbie, 6apHTOBbie, BKpanJieHHbie 30JIOTble H cepe6pH
Hhle, a TaK)I(e syJIKaHoreHHO-oca,no'iHbie )l(eJieJo-Map 
raHuesbre MecTopo)l(,neHHH. BbiHBJieHbi nnyTOHH'ieCKHe, 
cy6ByJIKaHH'feCKHe·nJiyTOHH'ieCKHe,ByJIKaHH'ieCKHe·nJiy
TOHH'ieCKHe H BYJIKaHH'ieCKHe py.nosMel.l.(aiOI.l.(He cTpy
KTYPbi. reoxHMH'feCKHe accouHaUHH yKaJbiBaiOT Ha 
npeHMyl.l.(eCTBeHHO MaHTHHHbie HCTO'iHHKH py,noreHe
pHpylOI.l.(HX 4JJilOH,nOB. 

structures are distinguished. The geochemical asso
ciations show the predominance of mantle sources of the 
ore-forming fluids. 

Popov, P., Berza, T., Grubic, A., Ioane, D. 2002. Late Cretaceous Apuseni-Banat-Timok
Srednogorie (ABTS) Magmatic and Metallogenic belt in the Carpathian-Balkan orogen 
Geologica Bale., 32, 2-4; 145-162. 

Key words: Late Cretaceous; magmatic and metallogenic belt; Carpathian-Balkan orogen. 

Introduction 

The presence of Cretaceous igneous rocks in 
the Carpathian-Balkan orogen is mentioned in 
the middle and second half of the l91h century. 
Breithaupt (1861) has given a name "timochite" 
to the hornblende andesite in the Timok region, 
while Cotta (1864) has described the intrusive 
rocks in the South Carpatians as "banatite", 
named after the region of their occurrence. 
Petrascheck (1942) points out the unity of the 
Late Cretaceous magmatic rocks within the so
called "Subbalkan zone", extending from 
Bourgas to Maidanpek (Fig. 1 ). Giusca et al. 
(1966) emphasized the similarities between the 
Upper Cretaceous igneous rocks from Apuseni 
Mountains and the South Carpatians with those 
of the Timok region and the Srednogorie zone. 

Fig. 1. Position of Apuseni-Banat-Timok-Srednogorie 
Magmatic and Metallogenic Belt in SE Europe 

146 

Later this magmatic belt has been referred to as 
Banat-Srednogorie belt or zone (Popov, 1981, 
1987; Bogdanov 1983), as well as Banatitic belt 
(province) (Giusca et al. 1966; Russo-Sandu
lescu, Berza, 1979; Berza et al., 1998) or as 
Laramian belt (Cioflica, Vlad, 1973). This 
magmatic belt is also expressed in distinct 
tectonic and metallogenic features. In this 
paper we suggest to call it the "Apuseni-Banat
Timok-Srednogorie (ABTS) Magmatic and 
Metallogenic Belt" because this name entirely 
covers its geographic extent and geological 
meaning. This belt is about 1 000 km long and 
from 30 to 120 km wide (Fig. 2) and represents 
an integral part of the Carpathians and 
Balkanides (Fig. 2). The ABTS Belt can be 
traced from the Apuseni Mountains in the 
North, to the western part of the South Carpa
thians (Banat) in Romania, Timok region and 
Ridanj-Krepoljine zone in Eastern Serbia, then 
it curves to the East, where it comprises the 
Bulgarian Srednogorie and (by geophysical 
data) continues in the south-western part of the 
Black Sea. A northwestern branch of the belt is 
buried under the Tertiary deposits in Voevodina 
(Kemenci, Canovic 1975). Its magmatic and 
metallogenic characteristics will be elaborated 
in the following sections. 

Pre-Late Cretaceous geology 

The Pre-Late Cretaceous basement of the 
ABTS Belt is characterized by continental crust 
with 35-45 km thickness (Dobrev and Shchukin 
1974). It is composed of various rocks from 
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Fig. 2. Geological sketch of the Apuseni-Banat-Timok-Srednogorie Magmatic and Metallogenic Belt 

Proterozoic to Lower Cretaceous age (Fig. 3). 
The largest part of this territory belongs to the 
active margin of the Mesozoic European conti
nent. Its structure is formed as a result of a 
number of superposed tectonic events. More 
precisely, this territory is integrated to Europe 
in the time of the Caledonian-Hercynian evolu
tion (Nachev, Yanev, 1980; Haydutov, 1991; 
Krstic, Karamata, 1992; Khain, 1996; Krautner, 
1996). The Late Proterozoic-Early Cambrian 
Thracian suture (Haydutov, 1991) as well as the 
following Paleozoic rock association and tec
tonic movements mark this circumstance. The 
pre-Paleozoic basement is represented by crys-

talline blocks in the northern part of the 
Thracian (including the Rhodopian, Serbo
Macedonian and Central Srednogorie areas) 
and the eastern part of the Pannonian massifs. 

During the Triassic-Early Cretaceous times a 
shelf type sedimentary cover developed on the 
Moesian plate and neighboring southern and 
western areas (Pre-Balkan, Western Balkan, 
Eastern Serbia) as well as in the Strandzha, 
South Carpathian, Apuseni Mts. regions (Fig. 
3). A typical ophiolite association of Lower
Middle Jurassic age crops out along the Vardar 
suture (including the Mures zone), that shows 
the position of the closed Vardar paleo-ocean. 
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Fig. 3. Scheme of the Pre-Upper Cretaceous geology in the Eastern part of the Balkan Peninsula 

A number of subduction -related granitic 
intrusions (as the Stip pluton) are developed 
along the eastern border of Vardar suture. 
Typical Tithonian-Berriasian flysch successions 
(without any volcanic rocks) filled the Nish
Troyan trough (Nachev, Yanev, 1980). This 
trough possibly represents an embryonic back
arc basin related to the closure of the Vardar 
Ocean. The later (syncollisional) evolution of 
this trough is mark by gradually moving of the 
zone of maximum sinking to the north on the 
Moesian plate margin. Foredeep-type Haute
rivian-Aptian terrigenous-carbonatic sedimen
tation is characteristic for this structure (Pirot
Turnovo trough by Nachev, Yanev, 1980). 
Another syncollisional trough with Lower 
Cretaceous flysch sedimentation (which is 
named as Schumadia through) covers the 
Vardar suture and neighbor areas. The 
Tithonian deposits with blocks of ophiolitic 
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rocks there are situated in the lower part of the 
column, which show the time of the Vardar 
Ocean closing. Another type of environment is 
marked in the Severin trough, where the 
Cretaceous flysch sedimentation is associated 
with basic magmatic activity. 

The Vardar Ocean closure and the subse
quent collisional processes related to the in
tense Late Kimmerian (post-Tithonian) and 
Austrian (post-Aptian) tectonic deformation 
phases respectively. The numerous fold and 
thrust synsubductional and early-collisional 
structures are formed. The folding is most in
tense in the basins. The thrust structures pre
dominantly developed in two types of zones. 
The first is situated near by the Vardar suture, 
where the Late Kimmerian synsubductional 
structures prevail. There are obducted sheets of 
ophiolitic rocks in this zone, too. The second 
type zones are formed around the Moesian 



plate boundary as well as in the Apuseni region. 
They include the Austrian structures. It is pos
sible to interpret these zones as back-arc thrust 
belts formed in response to back-arc basin in
version. 

Amphibolite facies metamorphism with 96 ± 
6 Ma age (based on five samples) or 118 Ma 
age (based on one sample) by Rb/Sr data is 
established by Zagorcev, Moorbath (1986) in 
the Precambrian rocks in the Rhodope area. 
This is evident that it is related to stacking 
of nappes during the Middle Cretaceous 
collision (Bonev et al., 1995). Similar syn
collisional Middle Cretaceous (118 ± 1 Ma) 
meta-morphism is mentioned in the South 
Carpa-thians by Bojar et al. (1998) as well as in 
the Western Carpathians (1 05 Ma) by Jacko, 
Vozar (1996). Besides in Pirin and West Rho
dope regions several granitic plutons are 
developed with 88 ± 15 (Bezbog pluton), 92 ± 
22 (North Pirin pluton) and 87 ± 27 Ma age by 
Rb/Sr data (Soldatos and Christofides 1986; 
Zagorcev et al., 1987). These data are the 
reason for some authors to compare these 
plutons with Upper Cretaceous magmatic rocks 
of the Srednogorie zone. They interpreted these 
plutons as island arc magmatic activity ma
nifestation and the Srednogorie zone as sub
duction-type back-arc rift or marginal sea 
basin. But more precise treatment of this 
problem, by paleontological data, show that the 
Upper Cretaceous magmatic rocks in the 
Srednogorie zone are formed in Coniacian
Campanian time, i.e. 88-74 Ma. At the same 
time, the age of the debatable granitic plutons is 
closer to the age of metamorphism (es-pecially if 
we take the maximum values for the ages). This 
circumstance permits to take up the formation 
of granitic and metamorphic rocks as a result of 
the same deformation event. The type of granitic 
rocks corroborates this idea, as the 87Srj86Sr ratio 
(0.710-0.712 by Zagorcev et al. (1987) and 0.706-
0.707 by Sol datos and Christo-fides (1986) show 
its formation as result of crustal anatexis. 

Almost the whole territory of the Balkan Pen
insula is lifted above the sea level at the end of 
the Aptian as a result of Austrian tectonic pro
cesses. The different rocks and structures are 
exposed at the surface (Fig. 3). The same holds 
for the ophiolites of the Vardar and the West
Dinaride sutures, wherever residual Fe-Ni ore 
deposits are formed. The Upper Cretaceous de
posits overlay transgressively and unconfor
mably this compound basement. As a result the 
ABTS Belt occurs discordantly over the older 
structures, including the Austrian tectonic 
structures. Furthermore, it crosses the Vardar 
ophiolite suture in the Mures and Voevodina 

regions. These facts are an indication for the be
ginning of a new stage of the Alpine evolution. 

The Upper Cretaceous intrusions in Apuseni 
Mountains intersect the Early Cretaceous north
vergent Codru and Biharia thrust systems 
(Northern Apuseni), as well as the Jurassic 
ophiolites of the Mures zone (Southern Apuseni) 
(lstrate 1978; Stefan et al. 1992). Besides, small 
intrusions cut the Santonian-Maastrichtian 
deposits around the border of the Transylvanian 
depression. At the same time the volcanic rocks 
of Vladeasa complex and associated Santonian
Maastrichtian deposits overlie metamorphic 
rocks of the Variscan basement and Mesozoic 
cover with Apulian facies of the Bihar Unit 
(autochton) in the Apuseni Mts. 

Numerous large to small intrusions are devel
oped in the South Carpathians of Romania 
(Banat) and Yugoslavia (Eastern Serbia). The 
Upper Cretaceous sedimentary rocks in the 
Poiana Rusca region, including the Maastri
chtian volcanic deposits and intrusions, are su
perposed on the high-grade metamorphic base
ment and Jurassic-Lower Cretaceous cover of 
the Getic Nappe. Southwards, Late Cretaceous 
magmas intruded along several, north -south
trending faults. Now in the northern end are ex
posing plutonic massifs, in the middle area hy
pabyssal and at the southern end, subvolcanic 
rocks. The western and the principal zone of 
them are the Bocsa-Oravita-Moldova Noua 
zone, in Romania, and the Ridanj-Krepoljin 
zone in Serbia. These intrusions intersect the 
Mesozoic deposits (including Aptian) as well as 
the Precambrian or Paleozoic metamorphic 
rocks of the Getic Nappe. The volcanic rocks, 
which are widespread in the Timok region, are 
superposed on the Getic Nappe, too. Turonian 
volcanic rocks overlay the ophiolites of Vardar 
beneath the Tertiary deposits in Voevodina. 

The Upper Cretaceous volcanic and sedi
mentary rocks of the Srednogorie zone cover 
partially the Upper Jurassic flysch in the back
arc Nish-Troyan trough or succeeding Early 
Cre-taceous molasse deposits in Pirot-Turnovo 
trough, described by Nachev, Yanev (1980), or 
the rocks of the basement. The Upper 
Cretaceous complex is superposed on the Early 
Cretaceous fold-and-thrust structures, as well as 
on the Strandzha and Kremikovtsi thrusts. 

Upper Cretaceous magmatism and 
associated sedimentary rocks 

The Upper Cretaceous magmatic rocks of the 
ABTS Belt are concentrated in individual re-
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Fig. 4. Scheme showing the age of volcanic activity in the 
individual regions of the ABTS Belt 

gions or along faults and form complexes of 
volcano-plutonic centers or groups of single 
volcanoes or intrusive bodies (Fig. 2). The 
quantity of the volcanic products is irregularly 
distributed within the belt. The most intensive 
magmatic activity is found in the Eastern 
Srednogorie, where more than 30-40 % of the 
whole magmatic rocks in the belt occurs. The 
magmatism in the Central and Western Sre
dnogorie, as well as in the Timok region is not 
so intensive but well exposed. The volcanic 
activity in the Poiana Rusca and Northern 
Apuseni areas is well developed, despite its 
comparatively little amount. Hypabyssal and 
subvolcanic intrusions are more characteristic 
for these areas as well as of Bocsa-Oravita
Moldova Noua and Ridanj-Krapoljin zone in 
South Carpathians. In the other parts of the 
ABTS belt the volcanic products occur mainly 
as tephroidal components. 

The Upper Cretaceous magmatic activity 
began during the Cenomanian and ended at the 
end of the Maastrichtian (Fig. 4). Submarine 
volcanic and comagmatic intrusive processes 
represent it. The Cenomanian volcanism occu
rred in the Timok region as well as in limited 
areas at the northern border of the Eastern 
Srednogorie zone. The volcanic activity is parti
cularly intense during the Turonian in the Ti
mok region (Timok and Borska Reka For
mations), including the branch in the Voevo
dina region. The majority of the magmatic 
rocks are formed during the Coniacian
Maastrichtian. More precisely, the magmatic 
activity is manifested at the Coniacian-Santo
nian in the West and Central Srednogorie, at the 
Santonian-Campanian in the East Srednogorie 
and at the Maastrichtian in Banat and Apuseni 
regions. The Coniacian-Campanian magmatic 
activity is well established in Timok and Voe
vodina regions. More precisely, the Dumbrava 
Formation is Coniacian-Santonian and Sarba
novac and Jazevica Formations are Campa-
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nian. The age determination of the volcani 
rocks in various regions is based on paleo
ntological data by various authors. 

Since the study of von Cotta ( 1864), hundred3 
of investigation have discussed petrologic 
data of the Late Cretaceous igneous rocks fro 
the ABTS Belt (reviews in Drovenik et al., 196 -
Divljan, Karamata, 1967; Cioflica, Vlad, 19T'; 
Radulescu, Sandulescu, 1973; Bocaletti et al~ 
I 978; Russo-Sandulescu, Berza, 1979; Stanishe
va-Vassileva, 1980; Popov, 1981; Cioflica eta 
I 995; Djordjevic et al., 1997; Berza et al., 1998)
The data of more than 1500 traditional (wet 
chemical analyses are reliable, but muc 
modern investigation of instructive trace 
elements and isotopes is still needed before 
bringing the knowledge of the petrology of these 
magmatic rocks to an up-to-date level. 

On the basis of petrochemical data, Popo' 
(1981) and Berza et al. (1998) have establishec 
th·e development of rock associations of the 
calc-alkaline, tholeiite, subalkaline and alkaline 
series. The results are shown on the traditional 
petrochemical diagrams (Figs. 5, 6, 7) fo 
individual or group of volcanoes and plutons. I 
is necessary to mention that the differen
varieties of rock in some sites belong to diffe
rent magmatic series. It is possible to explain 
this circumstance with the local specificity o 
the magma generation, differentiation an ' 
contamination processes in the individual areas. 

The rocks of the calc-alkaline series spread 
out almost along the whole length of the zone. 
This series includes the rocks of the North 
Apuseni and South Carpathians (Bocsa-East. 
Ocna de Fier, Ascutita, Oravita, Sasca, Mol
dova Noua, Lilieci-Purcaria and Lapusnicel
Teregova plutons), the prevalent part of the 
rocks of Timok region (Timok, Borska reka 
Crna reka, Dumbrava) and Ridanj-Krepoljine 
zone, the rocks of the southern part of the 
Western Srednogorie (Burela, Breznik, Lyulin 
and Zavala volcanoes, Plana and Goutsal 
plutons), the prevalent part of the rocks of 
Central Srednogorie (Chelopech-Elatsite, Asa
rel-Medet, Krasen-Petelovo and Elshitsa vol
cano-plutonic centres) and rocks of the nu
merous intrusions in the southern part 
(Strandzha region) of the Eastern Srednogorie 
(Granitovo, Zhelyazkovo, Maiko Turnovo, 
Manastira, Chernozem-Razdela and Vurshilo 
plutons). The volcanic rocks belong to the 
rhyolite-andesite association and comprise 
predo-minantly andesite, rare dacite. Rhyolitic 
rocks are widespread in Apuseni Mountains. The 
intrusive rocks are related to the gabbro-diorite
granodiorite association. Diorite and grano
diorite are the most widely distributed rocks. 
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Ovchihulm, Svoboda and Cholanilsa volcanoes 
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Granitovo and Zhelyazkovo plutons 
Maiko Turnovo . Manastira , Vurshilo and 
Chernozem-Razdela plutons 

Fig. 5. Si0
2
-Kp-Na

2
0 diagrams (wt.) for igneous rocks of the ABTS Belt 
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East Srednogorie - Bourgas region East Srednogorie - Strandzha region 

Fig. 6. Si02-K,P diagrams (wt.) for igneous rocks of the ABTS Belt {legend as fig. 5) 

The rocks of the tholeiite series are exposed in 
Papiya volcano, Izgrev and Gorska Polyana 
plutons in Eastern Srednogorie. The rocks of 
the Vitosha volcano in the Western Srednogorie 
belongs to the tholeiite series, but show 
transition to the calc-alkaline one. Besides, the 
basic variety of numerous calc-alkaline intru
sions in Eastern Srednogorie (Maiko Turnovo, 
Manastira, Chernozem-Razdel and Vurshilo 
plutons), Lyulin volcano (Western Srednogo
rie), as well as the andesite-basalt of Crna reka 
in Tirnok region show a tholeiitic tendency. It is 
interesting that the basic variety of the 
subalkaline Surduc and Bocsa-West intrusions 
(South Carpathians) show a tholeiitic tendency, 
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too. The volcanic rocks belong to the andesite
basalt association, and the intrusive rocks are 
distinguished as a gabbro-diorite association. 

The rocks of the subalkaline series developed 
almost along the entire length of the ABTS Belt. 
Their presence is more significant in the 
Western Srednogorie (Vitosha pluton, Rakitovo 
and Nedyalkovo volcanoes), less in the Central 
Srednogorie (Ovchi Hulm, Svoboda and Cho
banitha volcanoes and Plovdiv pluton), and 
they prevail in the Eastern Srednogorie (Rosen, 
Vurli bryag, Zidarovo, Bakadzhik, Elhovo vol
cano-plutonic centers, Oman and Gramatikovo 
plutons). Western Bocsa and Surduc plutons 
(South Carpathians) show subalkaline tenden-
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Fig. 7. Alk-FeO*-MgO diagrams (wt.) for igneous rocks of the ABTS Belt 

, too. The volcanic rocks, predominantly of 
hoshonitic type, belong to trachyandesite
. achybasalt association (including alkaline 
olivine basalt, trachyte etc.). The intrusive rocks 

e grouped in a gabbro (essexite)-monzonite
enite association. The syenite and monzonite 
e predominant. 
The rocks of the alkaline series are mainly 

eveloped in the northern part of the Eastern 
rednogorie (Tunkovo, Medovo, Dubnik, Bul
rovo and Banevo volcanoes), but they also 

occur as minor intrusions along the Ridanj
Krepoljin fault (Eastern Serbia). The volcanic 
ocks are separated in a tephrite-trachyte asso
·ation (tephrites, basanites, tephriphonolites, 

phonolites and alkaline trachytes etc.). Intru
sive rocks are exposed in several small areas. 

The igneous rocks of the ABTS Belt are 
ually characterized by a high KjSi0

1 
ratio 

ig. 6). The rocks of calc-alkaline senes are 
with high K content and with medium-K 
endency in some structures. The subalkaline 
ocks belong predominantly to the shoshonitic, 

rare to high-K group. The points of the alkaline 
ock are in the field of shoshonitic group and 
orne of them are above the diagram. 

The petrological features of the alkaline and 

0 Geologica Balcanica, 2-4/2002 

subalkaline rocks as well as the low initial 87Sr/ 
86Sr ratios (0.7042-0.70435) measured for 
Vitosha pluton (Zagorcev, Moorbath, 1987) as 
well as for Polski Gradets pluton (0.704) 
(Kamenov, Tarasova, 1995) show the origin of 
the parental magma from the upper mantle. At 
the same time, the calc-alkaline magma was 
generated predominantly around the Moho 
boundary, with limited contamination from the 
crust in some areas . .This circumstance is mar
ked by usually low-grade magma differentiation 
in the individual structures as well as the 87Sr/ 
86Sr ratios, which are 0. 7053-0.7090 for volcanic 
and intrusive rocks in Northern Apuseni (Stefan 
et al., 1992) and 0. 703-0.706 for Romanian 
South Carpatians (Cioflica et al., 1996, 1997). 
Therefore, different depth levels of magma 
generation determine difference of magmatic 
melt compositions. These different magmatic 
melts were polyphase and intruded into the 
higher level of the Earth's crust, including 
extrusion at the surface. 

The geochemical studies of the intrusive bo
dies in the Central Srednogorie (Boyadjiev et al., 
1988) and Manastira intrusion in the Eastern 
Srednogorie (Alexiev, Daieva, 1982) establi
shed that the intermediate and acidic rocks of 
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the calc-alkaline and subalkaline series show 
relative deficiency and cerium character of 
rare-earth elements and negative europium 
anomaly. The gabbro and lamprophyres are si
milar to tholeiites. The one-way decrease with 
considerable differences of Eu' values in rock 
varieties of the polyfacial plutons usually is a 
criterium for deep differentiation and pa~tial 
intrusion of magmas. The LafYb values and the 
low Eu content in plutons indicate ortho
magmatic crustal-mantle genesis and tholeiitic 
tendency of the parent magma. 

The Late Cretaceous sedimentation, which is 
realized together with the volcanism, is different 
in the separate regions. Sedimentation started 
with terrigenous coal-bearing rocks and follo
wed with carbonatic-terrigenous flysch-type 
sedimentation during Cenomanian-Turonian in 
Srednogorie. The flysch-type of resedimented 
tephra deposits (tephroid flysh by Nachev, 1987) 
or volcano-sedimentary deposits is associated 
with the Coniacian-Campanian effusive rocks. 
Post-volcanic, predominantly carbonatic-terri
genous flysch deposits of Campanian-Maastri
chtian age in Western and Central Srednogorie 
or Maastrichtian age in Eastern Srednogorie are 
formed. As a result, the Upper Cretaceous effu
sive and sedimentary rocks constitute a 2 to 8 
km thick pile. In the neighbor areas the sedi
mentary columns are 200-500 m thick but part 
of them where above the sea level as well. 

Carbonatic-terrigenous deposits are associa
ted with Cenomanian-Turonian volcanic rocks 
of the Timok region in Eastern Serbia (Djorde
vic and Janjic, 1990). Predominantly epiclastic 
rocks with limestone intercalations are formed 
during the late Turonian-Santonian. Limestone 
and volcano-sedimentary deposits are asso
ciated with Coniacian-Campanian volcanic 
rocks. Upper Maastrichtian conglomerates (Bor 
type) and rudistic limestone covers the volcanic 
rocks. On the same lineament, north of the 
Danube, the Sopot basin contains Maastri
chtian conglomerates pierced by porphyry gra 
nodiorites, but lacks volcanic rocks. It is impo
ssible to show the character of sedi-mentation 
in Ridanj-Krepoljine zone and Wes-tern part of 
South Carpathians areas, because there are no 
Upper Cretaceous sedimentary rocks. 

Gosau-type Santonian-Lower Maastrichtian 
carbonatic-terrigenous deposits constitute the 
pre-volcanic column in Poiana Rusca and Ha
teg region (Willingshofer, 2000 and references). 
Upper Maastrichtia:1 effusive rocks associate 
predominantly with terrigenous, sometimes 
coal-bearing deposits and is cut by granodior
itic intrusions. 

Santonian-Campanian deposits ( conglomer-
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ate, sandstone and rudistic limestone) underlay 
the Maastrichtian volcanic rocks in the North 
ern Apuseni Mountains in several Gosau-type 
basins and on the western margin of the 
Transylvanian basin. Major dioritic, granodior
itic or granitic bodies cut them. 

It is important to note the presence of a Late 
Cretaceous flysch-type through along the Var
dar and Inner Dinaride zones. They are devel
oped predominantly on the Late Jurassic to 
Early Cretaceous ophiolite sutures. At the same 
time shallow-water basins or the small island 
are developed in other areas. 

Metallogeny 

Numerous ore deposits of different types 
determine the metallogenic characteristic of the 
ABTS Belt. They are genetically or para
genetically connected with the evolution of 
individual Late Cretaceous magmatic centers. 
The differences of the magma composition and 
depth of magma generation determine some 
features of the deposits. These circumstances 
are the cause for the mobilization of different 
elements in ore-forming processes and for the 
different evolution of ore-magmatic systems. In 
general, the geochemical association of copper, 
gold and high Re contents in molybdenite shows 
the predominance of a mantle source for the 
ore deposits. At the same time lead and zinc are 
mobilized from the crust as a result of the 
contamination processes in some ore fields. 

Fourteen types of ore deposits can be iden
tified based on the existing data (Popov, 1996b) 
(Fig. 2). Among these porphyry copper and 
massive sulphide copper deposits are the most 
important. Some of them have an economic 
content of gold and/or molybdenum. There 
are skarn and vein-type copper deposits, too. 
Other important deposits are iron, tungsten
molybdenum and lead-zinc skarn deposits. 
Besides, small hydrothermal vein base metal(± 
gold), barite (vein or stock-like), porphyry gold, 
silver (vein) and volcano-sedimentary iron
manganese deposits are known. There are some 
magmatic iron-titanium, quartz-sulphide gold 
(shear zone type) and quartz-antimony non
economic occurrences. The results of the 
structural and mineralogical studies of these 
deposits are the subject of many publications. 
The main characteristics of these deposits are 
summarized in Table 1. 

Four principal ore-magmatic systems can be 
found in the ABTS Magmatic and Meta llogenic 
Belt on the base of correlation of the host plu
tons and volcanic features with the ore deposit 



Table I 
Main features of the different type of ore deposits in the ABTS Belt 

Type of ore Relationship Type of Host rocks Contact or Ore bearing Main ore Name and 
mineraliza- with magmatic magmatic hydrothermal structures elements location of 
tion association bodies alterations deposits 
Iron- Tholeiitic Plutons Gabbro (early Hornfels: Upper parts of Fe, Ti :tV Velikovels (ES) 
Tttanium gabbro-dioritic precipitate of actinolitization, layered intrusions Surduc (SC) 
magmatic association 
deposits 

intrusions) epidotization etc. 

Iron-skarn Tholeitic Plutons Skarns, rarely Calcic, rarely Contact between Fe: Ocna de Fier. 
deposits gabbro-dioritic recristallized magnesian skarn Late Cretaceous Fe:tCu: Dognecea (SC); 

orCa-alkaline carbonatic rocks :t hornfels hypoabyssal Fe:t Pb, Tincova (PR): 
gabbro-diorite- plutons and Zn: Magureana Vatei, 
granodioritic Mesozoic B Cacova, Masca 
associations carbonatic rocks Baisoara {A); 

rarely carbonatic Kroumovo, 
xenoliths Drama, 

Boyadzhic, 
Fakiya, Vurshilo 
(ESl 

Tungsten- Ca-alkaline Plutons Carbonatic Ca and Mg scam: Contact between Mo, Bi, W: Baita Bihor (A) 
molybde- gabbro-diorite- (with many Mesozoic rocks; silification, carbonatic rocks B: 
numskam granodioritic dykes in Late Cretaceous argillization, and dykes or Cu, U,Bi. 
deposits associations host rocks) dikes and granite carbonatization granites; overthrust W: 

zone Pb, Zn: 

Copper Ca-alkaline Plutons Skarnized Ca and Mg skarns Contact between Cu M. Turnovo (ES): 
skarn gabbro-diorite- carbonatic rocks :t hornfels Late Craceous :tMo: Ora vita, Ciclova, 
deposits granodioritic hypabyssal plutons :tMt Varad, Sasca, 
(porphyry- associ at ions and carbonatic :tPb,Zn Montana, Moldova 
related) rocks Nova (SC): 

Turnu Rueni (PR): 
Lita Baisoara (A) 

Zinc-lead Ca-alcalinc Plutons or Preliminary Ca and Mg skarns; Contact between Cu. Pb, Zn Dognecea, Ocna 
skarn gabbro-diorite subvolcanic skamized :t silification, hypabyssal plutons :tAu. Ag deFier (SC); 
deposits granodioritic or dykes carbonatic rocks chloritization, or subvolcanic {:t Mo) Tincova (PR); 

dacite-andesitic argillization. dykes with Brusturi-
associations fcldspatization carbonatic rocks Luncusoara, 

Gruiul Durnii, 
Valea Seaca (A) 

Porphyry Ca-alkaline Volcano- Hypoabyssal Potassic Jointed and Cu:tMo Assarel, Medel, 
copper dacite-andesitic subvolcanic quanzmonzonite metasomatism, fractured upper (:t Au) Elatsite (CS): 
deposits ancVor or granodiorite, silicification, pans of Majdanpck, Veliki 

gabbro-diorite- subvolcanic Subvolcanic argillization, hypoabyssal or Krivel (T): 
granodioritic diorite and sericitization, subvolcanic Moldova Noua, 
associarions granodiorirc propylytizati~n intrusions and host Lapuscnicc/ Mare. 

porph yres or rocks Valea Nasovat-
andesite Lelieci (SC) 

Porphyry Ca-alkaline Volcano- Hydrotherrnaly Silicification, Jointed and Au Pctelovo (SC) 
gold dacitc-andesitic subvolcanic alterated advanced fractured central 
deposits associations andesites or argillization pans of volcanic 

dacites structures 
Copper Ca-alkaline Volcano- Andesitic and Silicification, Fault and s Elshitsa, Radka, 
massive- dacite-andesitic subvolcanic dacitic rocks argillization, brecciated zones Cu:tAu Chelopech, Krasen 
sulphide associations sericitization, along the contacts (CS); Bor (T) 
deposits propylitization of subvolcanic 

bodies or necks 
with effusives 

Vein copper Subalkaline Volca~ Trachyte, Propylytization, Preliminary radial- Cu:tAu Vurli Bryag, 
or lead- latiandesite- plutonic latiandesite, sericitization, concentric Rosen, Zidarovo 

zinc-copper latibasaltic and latibasall etc; silicification, volcanogenic 
deposits gabbro- syenite, esscxite rarely potassic faults 

monzonite- etc. metasomatism or 
syenitic skarnization 
associations 

Au-Pb-Zn- Zidarovo, 
Cu Tamarino 
Mo-U-Fe Rosen 
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Table 1 - continuation 

Type of ore I Relationship I Type of 'Host rocks -, Contact or I Ore bearing ~ Mainore I 
Nwneand 

mineraliza- with magmatic magmatic hydrothermal structures elements location,of 
tion · · hodies nit, • ,!, • 

Barite Ca-alkaline Volcano- Late Cretaceous Propylytization Brecciated Stara Zagora(ES); 
(quartz- dacite-andesitic subvolcanic subvolcanic sericitization, subvolc. intrusions Ba±Au Bocsa (SC) 
sulphide) and/or andesites silicification, 
deposits gabbro-diorite- granodiorite- rarely 

granodioritic porphyres; carbonatization 
associations Mesowic 

sediments; 
Paleowic 
metamorpfites 

Faults Kashana (CS); 
Bor (T) 

Gold Ca-alkaline Volcano- Late Cretaceous Quartzitization, Faults Au Negarshtitza,(CS); 
(quartz- dacite-andesitic subvolcanic andesite and argillization, (±Pb,Zn, Dobromirtsi, 
sulphide) or gabbro- or plutonic granodiorite- sericitization, Cu) (±W) Iglika (ES); 
deposits diorite- porphyr; propylytization (± Sb) Zlache, Blagoev 

granodioritic metamorphite Kamen (T) 
associations and granites(Pz) 

Base metal Ca-alkaline Plutonic or Mesowic Marbleization Contact between Pb,Zn,Ag Kutchaina, Antina 

hydrother- gabbro-diorite- volcano- limestone volcanic neck and (±Au) Tchuka(RK) 

mal deposits granodioritic subvolcanic limestone 
associations 

Late Cretaceous Faults Pb, Zn Riul Mic, 
Granits; Jurassic Silicification, ±Au,Ag Rachitele, Julesti-
basalt argillitization, V.Fagului, Borod-

propylitization, Cornitel (A); 
rarely 
carbonatization, 
adularization 

Late Cretaceous Brecciated and Pb,Zn,Cu Bocsa(SC); 
granitoide and jointed wnes, ±Au,Ag Binin, Cazanesti-
rhyolite; faults V.Sasului (A) 
sedimentary 
rocks; schist, 

Vein quartz- Ca-alkaline Volcano- Paleowic Faults (parallel to . Sb(W) Osani tsa (T) 
antimonitic dacite-andesitic subvolcanic chlorite schists schistosity) 
deposits association 
Fe-Mn Ca-alkaline Volcano- Andesitic Silicification, Contacts between Mn Pozharevo (WS) 
volcano- dacite-andesitic subvolcanic pyroclastite argillization, pyroclastics and 
sedimentary associations propylytization overlying 
deposits sedimentary rocks 

Fe Klisoura (WC) 

Abbreviations of regions: A- Apuseni; SC- South Carpathians; T-Timok; WS- West Srednogorie; CS- Central Srednogorie; ES- East Srednogorie. 

types. These environments are the function of 
the timing of fluid separation (porphyry versus 
non-porphyry environments), type and evolu
tion of magmatic centers, depth of magma em
placement, size of intrusion, geology of in
truded rock pile and the biotite versus horn
blende crystallization, involving the evolution 
of KfNa ratio of fluids, i.e. development of po
tassic and phyllic alteration zones (Popov, 
1996b; Berza et al., 1998). 

1. The plutonic ore-magmatic systems 
(non-porphyry environment) are represented 
predominantly by diorite-granodioritic bodies 
of various sizes, which are intruded in the rocks 
of the pre-Upper Cretaceous basement (Fig.· 
8a). They are formed at a hypabyssal level as a 
result of single or multiple intrusion events. 
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The hydrodynamic connections with the surface 
as well as the permeability of this system are 
relatively poor. Two main stages can be 
identified in the evolution of these structures: 
intrusive and postmagmatic. The magnetite
ilmenite-titanomagnetite magmatic ore mine
ralizations, as well as the magnetite ore mine
ralization with the magnesian skarn are formed 
during the plutonian stage. The calcium skarns 
(with magnetite) are generated in the first phase 
of the postmagmatic stage. The skarns are 
developed mainly in the contact zones, rarely 
around the post-intrusive dikes or along the 
faults. The hydrothermal ore mineralization 
(mainly aposkarn) of different composition is 
formed during the second phase of the 
postmagmatic stage. 



a b c d 

Fig. 8. Cartoon presentation of the ABTS magmatic-metallogenic models 

Various skarn deposits were formed and rare 
magmatic mineralizations occurred in these 
plutons. They are typical mainly in the Apuseni 
Mts., Southern Carpathians and Strandzha 
regions where the thickness of the effusive 
complex is comparatively small. The skarn
copper deposits (Maiko Turnovo, Oravitsa, 
Chiklova, Varad) as well as the skarn-iron 
deposits (Okna deFier, Kroumovo, Dryanovo, 
Tincova, Magureaua Vatey) predominate. The 
skarn tungsten-molybdenum (Baita-Bihor) and 
skarn lead-zinc (Dognecea, Tincova, Ascutita, 
Valja Mare) deposits are less developed. Lead
zinc or copper-lead-zinc mineralizations with 
silver and gold content (Riul Mic, Rachitele, 
Jubesti, Cazanesti, and Bacsa) are developed 
sometimes in the periphery of these plutons. 
The magmatic magnetite-ilmenite-titanoma
gnetite ore occurrences (Velikovets) have not of 
economic importance. 

Some barite stockwork mineralizations (Bos
ca) as well as quartz-sulphide-gold ore shear 
zones (Dobroselets) are connected with the 
plutons, too. 

2. The volcano-plutonic ore-magmatic 
systems (non-porphyry environment) are cha
racterized by thick stratovolcano and coma
gmatic hypabyssal monzonite-syenite bodies, 
which are intruded in volcanic shoshonite-type 
deposits (Fig. 8b ). A characteristic feature is the 
development of radial-concentric volcanogenic 
faults that determine the spatial position, 

morphology and internal structure of the ore 
veins. The presence of these faults and their 
multiple activation (as indicated by successive 
dikes and ore veins) determine a comparatively 
higher permeability of these systems. 

Four stages can be distinguished in the 
evolution of these structures: volcanic, volcano
genic faulting, intrusive and postmagmatic: The 
volcanic stage is marked by the formation of the 
accumulative cones of the central stratovol
canoes. The stage of volcanogenic faulting is 
characterized by development of radial-con
centric faults caused by the magma intrusion 
and subsequent collapse. The faulting is accom
panied by the emplacement of numerous 
subvolcanic dikes and sometimes even larger 
subvolcanic bodies. Polyphase hypabyssal plu
tons are formed during the intrusive stage as a 
result of the multiple emplacements of magma
tic melts. They are intruded in the central parts 
of the volcanoes, and sometimes in the ring-like 
caldera faults. The postmagmatic stage is 
ch~racterized by the renewal of the movements 
along some faults as a result of the regional 
tectonic stress field. Numerous ore veins are 
formed along these faults. 

The ore-bearing volcano-plutonic centers 
occurred mainly in the Bourgas volcano
tectonic depression of Eastern Srednogorie. 
They control the position of the copper, gold
copper and gold-lead-zinc mineralizations in 
the Rossen, Zidarovo, Vurli Bryag and Tama-
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rino ore fields. The ore veins are developed in 
the volcanic rocks near the contacts with the 
intrusive bodies. 

3. The subvolcanic ore-magmatic systems 
(porphyry environment) are formed without 
clear relation with effusive activity. Groups or 
single porphyric stocks, linear or tongue-like 
subvolcanic intrusions (Fig. 8c), which are 
essentially apophyses of deeply buried plutons, 
represent this system. Tb'ese intrusions intersect 
the rocks of the basement and the Jurassic
Lower Cretaceous cover. Two main stages can 
be identified in the evolution of each 
subvolcanic ore-magmatic system: intrusive and 
postmagmatic. The first is marked by the 
formation of hypabyssal to mesoabyssal 
intrusions and its apophyses on subvolcanic 
level. They are the result usually of multiple 
emplacements of magmatic melts. Their spatial 
position is controlled by longitudinal and/or 
diagonal reactivated or new faults. The 
postmagmatic stage is characterized by intense 
hydrothermal activity. Numerous ore deposits 
and associated altered wallrocks are formed as 
a result. Porphyry-copper ore deposits are 
established in these systems (Majdanpek, 
Suvorov - Moldova Noua, Sasca, and Pro
horovo). These deposits occur usually together 
with skarn mineralization. Additionally, por
phyry-copper ore deposits with a pyrite halo are 
established, too (Bozovici). 

4. The volcano-subvolcanic ore-magmatic 
systems (porphyry environment) are wides
pread in the ABTS belt. The basic economic ore 
resources of massive-sulphide and porphyry
copper deposits in the considered metallogenic 
zone were formed in these systems (Pana
gyurishte and Timok areas). They consist of 
submarine accumulative volcanic cones and 
subvolcanic intrusions of calc-alkaline compo
sition (Fig. 8d). Intensive faulting accom
panying volcanic activity and block segmen
tation of the volcanic edifices is characteristic. 
They were formed over a considerably conso
lidated basement of old granites and meta
morphic rocks. The high permeability and 
presence of a direct hydraulic connection with 
the surface are characteristics of these systems. 

The following stages can be identified in the 
evolution of each volcano-subvolcanic ore
magmatic system, but typically not all possible 
stages are found in the particular magmatic 
centers. The effusive stage is the first one, and is 
characterized by the accumulative volcanic 
cone formation . Insignificant volcano-sedimen
tary pyrite mineralizations or massive sulphide 
ores are formed in the central parts of some 
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sites. Early subvolcanic bodies are sometimes 
intruded before the effusive activity (Chelo
pech). Hypabyssal to subvolcanic intrusions are 
formed in depth in other structures (Elshitsa).. 
The stage of volcanogenic faulting is the next. It 
is characterized by intensive block faulting o 
the volcanoes, along the longitudinal and di
agonal (rarely radial-concentric) faults. The 
separate blocks are displaced in vertical direc
tion. As a result, both effusive and basement 
rocks are at the same hypsometric level. The 
third main stage is characterized by emplace
ment of subvolcanic or subvolcano-hypabyssal 
intrusions and dikes. They are developed along 
the volcanogenic and reactivated older faults or 
in the central parts of the structures. They inter
sect both volcanic and basement rocks. The 
most intensive hydrothermal activity and for
mation of numerous mineral deposits and oc
currences mark the next, postmagmatic stage. 

Massive sulphide copper-pyrite or gold-cop
per-pyrite and porphyry-copper deposits are 
mainly formed in volcano-subvolcanic systems 
(Panagyurishte and Timok areas). The irregular 
massive sulphide ore bodies are developed pre
dominantly in the exocontact and partly in the 
endocontact zones of the subvolcanic dike-like 
intrusions (Bor, Chelopech, Elshitsa, etc.). The 
porphyry-copper mineralization is localized in 
areas of intensive jointing in the upper parts of 
the subvolcanic intrusions as well as in the en
closing effusive rocks or rocks of the basement 
(Asarel, Medet, Elatsite, Veliki Krivel). Poor 
porphyry gold mineralization is established 
near-surface (Petelovo). A large accumulation 
of ore clasts in the block tuffs has been found in 
the Bor ore ·field (Novo Okno ). Besides, vein
type or shear zone gold-base metal, gold, barite, 
antimonite ore mineralizations sometimes oc
cur, usually in the periphery of the systems. 
Volcano-sedimentary iron -manganese deposits 
occur at the foot of the volcanoes (Pozharevo). 
Sulphide-barite stock-like metasomatic depos
its (Stara Zagora) are established in some struc
tures. 

The close relationships in time and space 
between the magmatic complexes, on the one 
hand, and the mineral deposits of different type, 
on the other, show clearly the genetic relations 
between the ore-forming processes and the Late 
Cretaceous magmatism. The lower age boun
dary of the mineralization, typical of almost all 
types of deposits is clearly distinguished 
because in most cases it is lo~ated completely or 
partially in the Upper Cretaceous volcanic or 
intrusive rocks. Only some gold veins (as 
Blagoev Kamen in Timok region) have no direct 



Fig. 9. Position of the local magnetic anomalies in the Eastern part of the Balkan Peninsula 

relationships with these igneous rocks. The 
post-volcanic and post-ore sedimentary rocks 
of Maastrichtian or Campanian-Maastrichtian 
ages, which covered the ore-bearing volcanic 
rocks, mark the upper age boundary of the ore 
mineralizations. The upper age boundary of the 
mineralization is not always expressed clearly in 
some places. But the structural position and the 
ore-bearing structure evolution point to an 
Upper Cretaceous age. 

Main tectonic features 

The ABTS Belt has an interesting position in the 
Alpine Carpathian-Balkan Orogen. In the light 
of the plate tectonic model, numerous authors 
interpret the volcanic belt in relation with the 

north or northeast dipping subduction zone of 
the Vardar Paleo-Ocean (Dewey et al., 1973; 
Boccaletti et al., 1974; Hsu et al., 1977; Aiello et 
al., 1977; Dabovski et al., 1991; Karamata et al., 
1997; Jankovic, 1997). According to other 
authors, this belt originated above a subduction 
zone of southern to western dip in relation with 
closing of Transylvanian and Severin-Krajina 
troughs (including Nish-Troyan) (Radulescu, 
Sandulescu 1973, 1980; Boccaletti et al., 1973; 
Herz, Savu, 1974; Bleahu, 1974; Bogdanov et 
al., 1974; Vlad, 1997). A third group of authors 
considers this zone as an extensional (paleorift) 
structure (Antonijevic et al., 1974; Boncev, 
1976; Ivanov, 1979; Grubic, 1980; Popov, 1981, 
1987, 1996; Berza et al., 1998). 

The duality in the above-mentioned papers 
does not permit to decide the problem about 
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the relationship between Late Cretaceous mag
matic activity and subduction processes. Fur
thermore, the ABTS Belt is formed after com
plete closure of the mentioned ocean-type 
troughs and the following Middle Cretaceous 
collision related tectonic deformations and 
metamorphism. Late Cretaceous subduction
related metamorphic belts have not been iden
tified. Besides, the magmatic belt crosses the 
Vardar ophiolite suture and the boundary of 
adjacent microcontinents in Western Romania 
and Serbia (Voevodina) as well as the Nish
Troyan trough in Bulgaria and Eastern Serbia. 
Additionally, the whole territory was above sea 
level prior to the Late Cretaceous sedimenta
tion and magmatic activity. The area was sub
ject to intensive erosion and weathering of the 
Vardar ophiolites. Additionally, the weathering
type Fe-Ni ore deposits was formed. We inter
pret these facts as a manifestation of a different 
stage in the evolution of the Alpides in SE Eu
rope (Popov, 1981, 1996; Berza et al., 1998), fol 
lowing the subduction and subsequent early 
collisional processes. 

The determination of the character of the 
geodynamic regime should take into account 
the fact that the rock associations of the sepa
rate magmatic centers indicate the different 
magma sources. Such combination in the ~ag
matic rock composition indicates the magma 
generation at different depth levels. It is the rea
son for duality in the geodynamic characteristic 
of the magmatism. The rocks of the calc-alka
line series are typical of subduction environ
ment, but the rocks of the subalkaline and alka
line series are more representatives of rift envi
ronment. Additionally, the magmatic activity 
moves to the north in the eastern part, and to 
the southwest in the western parts of the Belt. 
These features show that it is impossible to in
terpret the magmatism as subduction-related. 
The increase of the magmatic rock alkalinity in 
the space has the same tendency. A tendency of 
increasing K and Na contents in the magma at 
the later stages is established, too, which points 
to a certain deepening of the magmatic parent 
hearth (Popov, 1981 ). The later m~re alkaline 
rocks intersect or overlay the earlier)and less al-
kaline rocks as a result ·-·., 

The basic to intermediate rocks predominates 
in the ABTS Belt. Numerous positive gravity 
and magnetic anomalies are established along 
its whole length (Dobrev et al., 1967; Yosifov .et 
al., 1986; Bilibajkic and Bilibajkic (unpubl. re
port); Ioane (in this paper)). Especially, the 
positive magnetic anomalies indicate the posi
tion of the separate volcano-intrusive centers in 
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high level of the Earth's crust (Fig. 9). They dif
ferentiate the Belt distinctly from the adjacent 
crustal blocks. Linear magnetic anomalies are 
also established in Eastern Srednogorie, which 
mark an initial spreading processes (Yosifov el 

al., 1986). This fact correspond with thinning of 
the Earth's crust from 40-50 km in Central 
Srednogorie, about 28 km near the seaside to 
18-16 km at 60 km far out in the Black Sea (by 
present-day data). These facts indicate that 
mantle diapirism, related to the stretching. 
played a role during magma emplacement. 

The ABTS Belt is formed under extensional 
tectonic conditions during the Late Cretaceous. 
which mark a new period of post-collional rift
ing in the evolution of the orogen. Up to 8 km 
thick pile of volcanic and sedimentary rocks has 
been deposited in deep trough, whereas, in 
neighboring areas distinctly less (200-500 m) 
sediments are formed. The extensional regime is 
demonstrated by the branching of the belt in the 
northeastern periphery. Furthermore, extension 
seams to be widespread as is marked by the de
velopment of other flysch troughs along the 
Vardar and Dinaride zones. Tectonic contrac
tion occurred in different periods and regions 
on the background of prevailing extension. The 
dominance of the extensional tectonics is· char
acteristic for the Alpine-Carpathian region dur
ing the Late Cretaceous, too (Neubauer et al., 
1995; Willingshofer et al., 1999). 

The linear rift-parallel, often polyphase (tele
scope-type) hypabyssal and subvolcanic intru
sions, as well as the numerous high-order horst 
and graben indicate the prevalence of tensional 
stresses, too. A number of individual volcano
tectonic depressions and grabens were formed 
as a result of the magmatic activity and the re
gional extension. These are the sections of the 
most intense volcanic activity and the most sig
nificant subsidence, such as the Bourgas depres
sion and the West-Srednogorie depression, the 
Timok, Panagyurishte and Chelopech grabens, 
Poiana Rusca and Northern Apuseni areas. 

The extension along the ABTS Belt is mini
mum in the north-western and maximum in the 
eastern parts. This circumstance is indicated by 
differences in the volumes of the Upper Creta
ceous volcanic and sedimentary rocks in these 
regions. It is possible to explain this fact with 
some clockwise rotation of the southern block. 
Numerous Late Cretaceous diagonal NNW 
and NE oriented strike-slip faults are developed 
along the Srednogorie area. They control the 
area of the maximum extension as well as the 
maximum of magmatic activity and metallo
genic processes. 



The rift-forming faults along the Srednogorie 
ne have ESE (100-120°) and ENE (60-70°) 

-- ections. Except by the vertical movements, 
e first of them are characterized by sinistral 
d the second - by dextral strike-slip 

lacements. These facts indicate some east-
t compression, which is realized simu
eously with north-south extension. It is most 

ely that this faulting related with a dextral 
mike-slip movement along the Srednogorie 
m oe during Late Cretaceous. Besides, a dextral 
grik:e-slip movement is realized along the 

ardar zone as well as along the Timok fault in 
e eastern border of the Timok magmatic 

region (Bonchev, 1971). The orogen-parallel 
mike-slip faults are characteristic in this time 
or the Alps zone, too (Neubauer et al., 1995; 

ang, Neubauer, 1998). These processes are 
robably in relation with the opening of the 

Atlantic Ocean (Le Pichon et al., 1988). 
There are presently contrasting paleomag

etic data. Rotations are very important in the 
orthwestern part of the ABTS Belt (Apuseni

South Carpathians). The paleomagnetic investi
""' tions in Romania (Patrascu et al., 1990, 1992; 

urmont et al., 1990) point to a large clockwise 
rotation during Tertiary and a significant north
.-ard transport. On the contrary, the Moesian 

ea and Srednogorie zone appears as a part of 
stable Europe. The paleomagnetic investiga
·ons in the Srednogorie suggest no significant 

rotation but about 200 km displacement to
ards the north (Nozharov et al., 1977, 1984, 

1987). 
The discussed data show that the transpre
ion and transtension processes in the Carp a

tho-Balkan area and the accompanying rota-
·ons and the strike-slip motions are realized in 

the frame of the Alpine continental collision. 
These processes influenced the features of the 
ABTS Belt forming. But is very hard to explain 
the ABTS Belt as a product of strike-slip mo
tions with significant displacement only. Be
-ides, the northward motion of the western 

anat-Apuseni) part of the ABTS Belt is oc-
urred predominantly during the Tertiary. The 

gravitational collapse after the preceding 
crustal thickening was probably the one of the 
causes for Late Cretaceous extension (Willin
gshofer, 2000). It was in combination with the 
related to mantle diapirism magmatic activity. 

In conclusion, the peculiarities described 
above show that the Apuseni-Banat-Timok
Srednogorie Belt originated and developed as a 
result of extensional tectonics. The mantle 
diapirism determines the Late Cretaceous ex
tension of the crust and manifestation of post-
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collisional collapse. The occurrence of the 
magmatic front could be treated as a conse
quence of the transformation of the subducted 
fragments from the Vardar and Dinaride paleo
ocean. As a result the secondary type rift is 
formed (Grubic, 1992). These processes oc
curred after the subduction and early collision 
stages of the evolution. The existence of the Belt 
as an individual active tectonic unit ended with 
the intensive late or post-Maastrichtian (Lara
mian) tectonogenesis. The Laramian and the 
post-Lutetian (Pyrenean) deformations mark 
the late collision stage of the Alpine evolution 
in the region. 
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