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Introduction 

The Late Cretaceous evolution of Bulgaria is 
connected with geodynamic processes affecting 
the northern Tethys margin - northward sub
duction of Tethyan oceanic crust initiation, de-
elopment and extinction of a volcanic island 

arc system, with incipient back-arc rifting dur
ing its final phases. According to structure, type 
of magmatic activity, longitudinal and transver-
al petrochemical zonation and stage of evolu

tion this island arc system is close to the mature 
en iatic magmatic island arc. 

On the territory of Bulgaria the Late Creta
ceous island arc system roughly coincides with 
the Srednogorie volcano-intrusive zone (SVIZ). 
In global aspect SVIZ is one of the earliest sub
duction related segments of the Eurasian active 
continental margin. Three volcano-intrusive ar
eas - western (WSVIA), central (CSVIA) and 
eastern (ESVIA) - can be distinguished in 
svrz on the basis of the nature of basement, 
crustal thickness regional geophysical fields, 
type of magmatism (composition, facies, age 
magmatic structure, etc.), accompanying sedi
mentation, metamorphism, metallogeny. The 
deposition in SVIZ is of Mediterranean type, 
mainly hemi-pelagic, with accumulation of vol
cano-clastics and turbidites. Time span of mag
matic activity -Turonian - Campanian. 

In the geodynamic interpretation of the sub
duction related Late Cretaceous magmatism, 
the island arc system consist of several parts: 1. 
Frontal part (Rhodope intrusive unit); 2. Axial 
part (Strandzha region of ESVIA and dominant 
volume of CSVIA and WSVIA); 3. Rear part 

ambol-Bourgas region of ESVIA and certain 
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volume of CSVIA and WSVIA); 4. Back-arc rift 
(North Bourgas region of ESVIA) (Stanisheva
Vassileva, 1989; Georgiev et al., 2001 ). 

Groups of ultrabasic, basic, intermediate and 
acid rocks occur in the Late Cretaceous 
magmati m in SVIZ. Basic and intermediate 
magmatites dominate. This is an abundant ba
salt magmatism, complexly differentiated, with 
multilevel enrichment of K - from almost K
lacking, tholeiitic, through CA, HKCA, SH 
HKSH to highest, hyper-K (bulgaritic) level. 
This bulgaritic differentiation trend of the Late 
Cretaceou volcanism is a sumed to be the ear
liest expression of Mediterranean K-petrochem
istry. 

Results 

The most preserved structure of the arc system 
is within its eastern area (ESVIA) where relics 
of axial and rear parts may be clearly distin
guished as well as of the back-arc rift. 

In the axial part of ESVIA the volcanic rocks 
range from basalt, basaltic andesite to rhyo
dacite- in very scattered localities. The varia
tion is attributed to fractionation of plagioclase, 
mafic silicates (amphibole dominates) and 
titanomagnetite. Seriality: TH, CA, HKCA. 

The rear part is characterized by the presence 
of ultrabasic, basic and intermediate rocks: 
picrite, limbourgite-augitite, basanite, picro-ba
salt, absarokite, shoshonite, latite, trachyte. All 
these varieties fall in the SH and HKSH series. 
The role of diopside fractionation in the evolu
tion of the magmatic rocks should be empha
sized in connection with the deep level genera-
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Fig. 1. MORB-normalized incompatible trace element patterns of representative 
volcanic samples from .East Srednogorie island arc system. Normalizing values from 
Sun, McDonough, (1989) 

tion of high-Mg magmas. The initial 87Srj86Sr ing. the subduction character of Late Creta
ratios of the range 0,704-0,705 (JI:unoa, CTa- ceous magmatism in ESVIA and showing the 
HHIIIeaa-Bac:uneaa, 1998) are in favour of the contribution of sediment component by the for
mantle. derived origin .of the parental magmas. mation of the volcanic rocks from this island 

In the back-arc rift following pecularities are arc system will be discussed. 
characteristic: (1) Wide distribution of the effu- Incompatible trace elements data for samples 
sive subfacies, containing the thickest in whole from the three parts of the arc system are sum
Late Cretaceous island arc system lava se- marized in MORB- normalized trace element 
quences; (2) Formation of the enormous vol- ·plot (Fig. 1). The volcanics from the three parts 
ume of pillow lavas; (3) Thick tephroturbidite of the arc system have typical for subduction 
sequences; (4) Great amount of hyaloclastites, ·. related magmas incompatible trace element 
hydroclastic and palagonitic tuffs included. The :patterns with eru:ichments in large ion lithophile 
thickness of the latter, established by drilling, is .elements (LILE) relative to high field strength 
great- over 1,1 km. elements (HFSE). The rocks from the axial part 

The rocks in the back-arc rift are basic and of the arc, however, have lower LILE and HFSE 
predominatly intermediate. As compared to the concentration. They are more depleted in HFSE 
axial and rear parts of the arc the seriality is relative to MORB than those from rear part and 
with higher K-alkalinity- HKSH and hyper-K the back-arc rift. With the K-enrichment from 
or bulgaritic. Characteristic feature of the the axial part towards the back-arc rift increase 
bulgaritic rocks (hyper K - trachyte) is that re- the contents of large ion lithophile elements; 
gardless of their ~0 content (up to 12 wt.%) there is also some enrichment of Zr, Hf and Ta 
they are: (a) silica saturated; (b) containing in relative to MORB (Fig.l). The depletion of Ti 
the porphyry generation neither foids, nor K- only remain quite constant in the three parts of 
feldspar. The latter occurs only in the matrix. the arc system independently from potassium 
The phenocrysts (5 to 10%) are plagioclase, oli- enrichment. This is the most striking difference 
vine, diopside, titanomagnetite and little biotite. between the potassic lavas erupted in arcs and 

The regional low-pressure, medium to low those erupted in continental settings (Edwards 
temperature hydrothermal metamorphism, et al.,1994 and references therein). 
mainly in zeolitic facies, is specific. The enrichment in respect to MORB can be 

Some aspects of the petrochemical and clearly seen comparing the values of key trace 
geochemical evolution of this island arc element ratios in the investigated volcanic rocks 
magmatism are considered in earlier works with those inN- and E-MORB, and OIB (Table 
(Boccaletti et al., 1978; Manetti et al., 1979; 1 ). The values of K{fi, Ba/Ce and Ba/Zr in
Stanisheva-Vassileva, Daieva, 1990). In the crease towards back-arc rift and are much 
present study some trace element data confirm- higher than those inN- and E-MORB and OIB. 
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Table 1 
Trace element ratios for volcanic rocks from East Srednogorie island arc system 

ratios Kffi Ba!Ce Ba!Zr Zr/Ce Ti/Zr Ce/Yb Zr/Hf 
axial part 4 9,5 4 2,4 62 15,4 38,8 
rear part 11,4 11,3 6,5 2,2 37 30,8 39 
b. arc rift 16,6 11,2 8,3 1,5 48 25,2 27 
N-MORB 0,1 0,8 0,1 9,8 103 2,4 36 
E-M ORB 0,4 3,8 0,8 4,9 82 6,3 36 
om 0,7 4,8 1,2 3,5 61 37 36 

Note: Data for MORB's and OIB after Sun, McDonough, 1989. 

In general the values of the other ratios (ZrfCe, typical island . arc signatures, e.g. BafLa vary 
Ti/Zr, CefYb, Zr/Hf) are closer to those of OIB. from 17 in axial- to 22 in rear part and 27 in 
There is a decrease of these ratios in the back- back arc rift; SrfNd is greater than 25 in axial
arc volcanics (clearly expressed in the values of and rear part, but in the rift rocks this ratio is 
CefYb and Zr/Hf ratios), explained as a result 24; ThfTa ratio is much greater than this in 
of specific magma genesis involving a trachytic MORB and is between 20 and 28; the CefPb
residuum of highly evolved, K-rich, primary values are < 10 in all parts of the arc system. It 
magmas, and higher level of formation {Sta- is shown that magmas derived from the oceanic 
nisheva-Vassileva, Daieva, 1990). . mantle have near-constant CefPb ratios ::::: 25, 

Many incompatible trace element ratios (Ba/ whereas sediments have markedly lower CefPb 
La> 10; SrfNd >25; ThfTa > MORB; Ce./Pb < · ratios (1,7-2,3 for Indian .ocean sediments; 
1 0) have been used for characterization of vol- Edwards et al., 1994 and references therein) . 
carrie arc rocks (Edwards et aL,1994 and refer- ·. Therefore Ce/Pb ratios should be sensitive to 
ences therein), and it has been implied that dis- the addition of subducted sediment to the 
tinct ratios are produced by addition of slab- mantle wedge. Sun & McDonough (1989) show 
derived material to the mantle source. The val- that mixing as little as 1% of pelagic sediment 
ues of these ratios in investigated rocks have the with subducted oceanic crust is expected to 
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Fig. 2. CefPb vs . Pb diagram (after Edwards et a!., 1994) for the volcanic rocks from East Srednogorie island arc system 
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change this ratio considerably from the nearly 
constant value (25±5) for MORB. Because Ce 
and Pb have similar partition coefficients, frac
tional crystallization and partial melting will 
have little effect on CefPb ratios. On the CefPb 
vs. Pb plot (Fig. 2) the rocks from Eastern 
Srednogorie island arc system are situated close 
to the calculated mixing curve between MORB 
and sediment (Edwards et al., 1994). Obviously, 
this shows the involvement of pelagic sediment 
in generation of the volcanic rocks from East
ern Srednogorie. The slight negative Ce anoma
lies observed in many of the chondrite-normal
ized REE patterns of the volcanic rocks from 
axial and rear parts of the arc system support 
this interpretation. The latter are described as 
typical of arc volcanic rocks and have been ex
plained by the presence of small amounts of 
subducted pelagic sediments in the source. 

The LILE-enrichment in the investigated vol
canic rocks can not be explained with the con
tribution of pelagic sediment component only. 
Pelagic sediments have very high Ba/Rb, Ba{fh 
and Rb{fh ratios. Such ratios are not observed 
in the investigated volcanic rocks. The compari
son with the Cenozoic volcanic rocks from the 
Aegean Island arc (Mitropoulos et al., 1987) 
show that Eastern Srednogorie volcanic rocks 
have BafTh and Rb/Th ratios close to these of the 
Aegean Island arc rocks and higher than, and 
near to average upper continental crust. Thus, 
the magma-crust interaction during magma as
cent, or secular storage in the crust, could be an
other component of magma generation in the 
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area studied. This factor is discussed usually con
sidering the geochemical features of mature arcs. 
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