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SHORT NOTE
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ABSTRACT

Fragments of Jurassic oceanic basins are preserved along two main alignments in the Dinaric-Hellenic belt. The western alignment, extending from we:
ern Greece to Croatia, is relatively well known, whereas the eastern, represented by the ophiolites of the Vardar zone, running from eastern Greece to Ser
has been poorly investigated. In this paper, we provide new evidences for the occurrence of boninitic lavas in the Kopaonik area belonging to the Vardar zor
These rocks have been found in a sheeted dyke complex closely associated to harzburgitic mantle tectonites. This finding implies that, in contrast with pre:
ous interpretations, the Vardar zone is characterized by ophiolites originating in a suprasubduction zone setting. The occurrence of boninitic rocks gives ir
portant constraints for the geodynamic recostruction of the Dinaric-Hellenic belt.

INTRODUCTION lithosphere (MOR and SSZ) were coexisting between the
Eurasia and Adria plates. In the Late Jurassic, the continuous
Ophiolites represent fragments of oceanic lithosphere lo-plate convergence led to the obduction of ophiolites onto the
cated along the main suture zones of the collisional beltscontinental margins before the complete closure of the ocean-
Their study can provide useful data for the geodynamic re-ic areas during the Early Cretaceous or Tertiary. The conver-
construction of the collisional belts in order to assess the lo-gence, mainly characterized by west-verging deformations,
cation, as well as the petrological and geological features, o&ffected the continental areas during the Tertiary.
the fossile oceanic areas. The fragments of the Jurassic oceanic basins are pre-
In the Dinaric-Hellenic belt ophiolites are widespread, served along two main alignments in the Dinaric-Hellenic
mainly as huge nappes located along two main, north-southbelt. The western alignment, running from western Greece
trending alignments. In the easternmost alignment, correto Croatia, is relatively well known, whereas the eastern
sponding to the Vardar zone, ophiolites are generally inter-one, extending from eastern Greece to Serbia, is less investi-
preted as a lithosphere representative of an oceanic basin Igated. This alignment is represented by the ophiolites pre-
cated between the Eurasia and Adria plates. However, theiserved in the Vardar zone (Robertson and Karamata, 1994,
petrological features are poorly known and suitable infor- Trubelja et al., 1995; Dimitrijevic, 2001), i.e. a composite
mations about their geodynamic setting are still lacking. terrane consisting of both continental- and oceanic-derived
The occurrence of boninitic rocks from the ophiolite se- slices. The Vardar zone ophiolites are generally regarded as
quence of Vardar zone is reported in this paper for the firstremnants of MOR lithosphere (Robertson and Karamata,
time. This finding will provide useful constraints for the ge- 1994; Trubelja et al., 1995), though their origin in a back-
odynamic evolution of the Dinaric-Hellenic belt. arc basin is suggested by Pamic et al. (2002).
The study area, belonging to the External Vardar zone, is
located east of Kopaonik Mts. (Fig. 1b) in southern Serbia
GEOLOGICAL SETTING (Urosevic et al., 1973). Ophiolites (Fig. 1c) occur as a huge
nappe lying at the top of the tectonic pile (e.g. Dimtrijevic,
The Dinaric-Hellenic belt is a 2000 km-long alpine oro- 2001). They are thrust onto the Brzece unit represented by the
genic chain originated from the convergence between thdJpper Cretaceous ophiolite-bearing flysch. The Brzece unit
Adria and Europa plates. Its long-lived history (e.g. Dimitrije- is, in turn, thrust onto the “Central Kopaonik Series”, consist-
vic and Dimitrijevic, 1973; Robertson and Karamata, 1994; ing of Late Triassic amphibolites, phyllites and marbles. The
Pamic et al., 1998; Dimitrijevic, 2001; Pamic et al., 2002; Triassic metamorphic rocks are intruded by Lower Oligocene
Bortolotti et al., 2004 and many others) includes a Triassicl-type granitoid rocks (Dimitrijevic, 2001). In the eastern
rifting followed by a ?Late Triassic-Early Jurassic oceanic zone of the Kopaonik area the ophiolites are thrust by the
opening with development of Mid-Ocean Ridge (MOR) Brus unit, made up of Late Cretaceous turbidite deposits.
oceanic lithosphere. In the geodynamic reconstructions pro- In the Kopaonik area the ophiolites are mainly represent-
posed for the Early Jurassic, one or more oceanic basin(s) beed by strongly serpentinized mantle harzburgites and minor
tween the Europe and Adria plates are postulated. During théntrusive and sheeted dyke complexes. The study samples
latest Early Jurassic, the change in the Eurasia-Adria platesvere collected near the Grcak village (geographic coordi-
motion, resulted in an intraoceanic subduction leading to thenates: 20°57" E and 43°28’ N), where sub-parallel basaltic
development of a new oceanic lithosphere in a suprasubduadykes showing one-way vitrophyric chilled margins and
tion zone (SSZ). Therefore, two different types of oceanicranging in width from 40 to 100 cm are exposed.
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Fig. 1 - A. Tectonic sketch of the Dinaric-Hellenic belt after Bortolotti et al. (2004). Legend and abbreviations: 1 = Apulian and Pre-Apulian zone; 2 = lonian
zone; 3 = South-Adriatic zone (SAZ), Kruja (Kr), Gavrovo, Tripolitsa; 4 = Budva zone (BZ), Krasta-Cukali (K-C), Pindos; 5 = Dalmatian-Herzegovian
(DHZ) zone; 6 = Sarajevo-Sigmoid zone; 7 = East Bosnian-Durmitor zone; 8 = Dinaric ophiolite belt (DOB); 9 = Drina-lvanjica and Pelagonian zone (DIE);
10 = Vardar zone (VZ); 11 = Serbian-Macedonian Massif; 12 = Pannonian basin. Ophiolites: a = Ibar; b = Troglav; ¢ = Maljen; d = Zvornik; e = Krivaja-Kon-
juh; f = Bistrica; g = Zlatibor; h = Pindos; i = Mirdita; j = Chalkidiki; k = Goles.

B. Simplified geological sketch-map of the Kopaonik area after Urosevic et al. (1973). 1 = Metamorphic complex of Kopaonik; 2 = Brzece unit (ophiolite-
bearing turbidites); 3 = Ophiolites (ultramafic and mafic rocks); 4 = Brus unit (flysch); 5 = Kopaonik granitoid; 6= Volcanic rocks; 7 = Thrusts; 8 = Faults.

C. Interpretative E-W geological section of the Kopaonik area after Urosevic et al. (1973).

PETROGRAPHY, GEOCHEMISTRY malized HFSE concentrations (Fig. 2a) display rather deplet-
AND PETROGENESIS ed patterns at about 0.07-0.5 x N-MORB contents (Sun and
McDonough, 1989). REE exhibit the U-shaped patterns typi-
All studied samples are affected by low-grade ocean-floorcal of boninites (Fig. 2b) with medium-REE (MREE) rang-
metamorphism. Clinopyroxene is transformed into tremolite, ing in concentration between 1 and 5 x chondritic abundance
plagioclase is generally saussuritized and rarely transformedSun and McDonough, 1989). However, two groups of sam-
into albite, whereas fine-grained groundmass is commonly reples can be distinguished on the basis of their different en-
placed by clay minerals. Most of the studied rocks are por-richment in LREE with respect to HREE and absolute REE
phyritic, with clinopyroxene phenocrysts set in intergranular concentrations (Fig. 2b). The first group of samples (KP30,
(rarely sub-ophitic) groundmass, where clinopyroxene and31, 32) is characterised by a definite LREE enrichment with
plagioclase microlites are recognized. Accessory phases anespect to heavy rare elements (HREE), with LREE ranging
represented by interstitial Fe-Ti oxides. Few samples displayfrom 4 to 10 x chondrite and |&'b, = 0.97-1.64; these
coarse-grained doleritic texture with euhedral clinopyroxenesamples are also relatively less depleted in HFSE (Fig. 2a).
and subhedral-interstitial plagioclase. Veins filled by quartz- LREE enrichments are not related to fractionation processes,
zeolites-epidote assemblages are locally observed. as they are observed in the rather primitive sample KP30
Whole-rock major and trace element analyses (Table 1)e.g. Mg# = 85.3). The second group (KP28, 29, 35, 36),
were performed according with the methods reported inthough displaying a marked enrichment in LREE with re-
Saccani et al. (2004a). spect to MREE, are characterised by a clear depletion of
The analyzed samples range from basalt to basaltic anLREE with respect to HREE (Fig. 2b) and a stronger deple-
desites and display high Mg#, as well as relatively high MgOtion of HFSE when compared with basaltic rocks of the first
and CaO contents, coupled with low concentrations ofgroup (Table 1 and Fig. 3). LREE approximately range from
HFSE, such as TiQP,O,, Zr, and Y (Table 1). They display 1 to 3 x chondritic abundance and,[¢b,, ratios are be-
Ti/V ratios lower than 10 (Table 1), which are typically ob- tween 0.55 -0.62. Sample KP29 displays a marked Eu posi-
served in very low-Ti basalts from the Albanide-Hellenide tive anomaly, which is in agreement with its coarse-grained
ophiolites (Saccani et al., 2004b and references therein). doleritic texture with abundant interstitial plagioclase.
In general, the studied dykes display geochemical features According to Pearce and Norry (1979), the Zr/Y ratios
that are compatible with those of very low-Ti (boninitic) (Table 1) of the studied boninitic dykes are consistent with a
basalts (Beccaluva et al., 1984). In particular, MORB-nor- genesis from variably depleted mantle sources.



Table 1 - Bulk-rock major and trace element analyses of
boninitic dykes from the Kapaonik ophiolites
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Fig. 2 - N-MORB normalized incompatible element compositions (a) and
chondrite-normalized REE compositions (b) for the boninitic dykes from
the Kapaonik ophiolites. Normalization values are from Sun and McDo-
nough (1989).

Sample KP28 KP35 KP29 KP36 KP32 KP31 KP3
Rock Bas Bas Bas Bas Bas BAnd Bas
XRF analyses:

Sio, 44.10 48.31 49.36 49.14 52.32 54.63 51.73
TiO, 0.15 0.18 0.07 0.19 0.30 0.22 0.15
AlL,O, 9.90 8.68 16.66 12.95 10.53 12.32 11.29
FeO, 0.92 1.10 0.58 1.37 1.21 1.09 0.58
FeO 6.11 7.31 3.90 9.12 8.03 7.29 3.84
MnO 0.19 0.16 0.09 0.16 0.16 0.12 0.12
MgO 22.76 21.99 12.28 15.39 14.42 11.25 15.52
Cao 11.16 7.75 10.19 5.43 7.54 6.07 14.99
Na,0 0.14 0.52 2.03 247 161 2.92 0.67
K,0 0.01 0.07 1.18 0.21 0.24 0.02 n.d.
P,Og 0.02 0.02 0.02 0.02 0.03 0.03 0.03
L.O.I 4.64 4.08 3.60 3.48 3.16 3.19 4.13
Total 100.10 100.16 99.97 99.91 99.54 99.17 100.05
Mg# 86.9 84.3 84.9 75.0 76.2 73.3 85.3
Zn 42 63 23 52 59 38 19
Cu 10 24 55 9 18 32 8

Ni 125 476 102 233 226 121 151
Co 45 68 28 51 49 42 28
Cr 249 1082 140 482 723 283 175
\% 216 225 140 251 270 275 141
Rb n.d. 4 34 7 7 4 n.d.
Ba 8 18 133 29 44 25 n.d.
Sr 2 77 254 63 135 30 6
Zr 9 9 5 6 23 20 27

Y 11 9 8 10 13 11 11
ICP-MS analyses:

Sc 317 33.8 27.8 38.0 36.9 355 214
La 0.69 0.67 0.48 0.73 2.03 2.00 1.33
Ce 1.58 1.47 111 1.57 4.64 4.44 3.02
Pr 0.16 0.18 0.13 0.14 0.49 0.44 0.36
Nd 0.72 0.67 0.63 0.66 2.11 1.75 1.76
Sm 0.24 0.19 0.19 0.21 0.65 0.58 0.52
Eu 0.08 0.12 0.18 0.09 0.19 0.14 0.13
Gd 0.28 0.40 0.40 0.40 0.66 0.50 0.47
Th 0.06 0.08 0.07 0.08 0.16 0.11 0.10
Dy 0.64 0.67 0.48 0.78 1.23 0.95 0.71
Ho 0.19 0.20 0.15 0.22 0.33 0.28 0.18
Er 0.59 0.60 0.46 0.66 1.04 0.83 0.51
Tm 0.11 0.11 0.08 0.13 0.20 0.15 0.09
Yb 0.89 0.82 0.55 0.94 1.50 1.06 0.61
Lu 0.14 0.12 0.09 0.16 0.22 0.16 0.09
Nb 0.69 0.61 0.46 0.58 1.18 1.13 0.84
Hf 0.28 0.27 0.19 0.27 0.58 0.61 0.67
Ta 0.17 0.14 0.12 0.10 0.11 0.10 0.13
Th 0.28 0.24 0.13 0.21 0.45 0.70 0.43
U 0.16 0.12 0.07 0.13 0.17 0.34 0.16
Tiv 4 5 3 5 7 5 7
ZrlY 0.8 1.0 0.7 0.6 1.7 1.8 25
(La/Sm), 1.86 231 1.65 2.28 2.02 222 1.64
(La/Yb), 0.56 0.59 0.62 0.55 0.97 1.36 1.57

Abbreviations: Bas = basalt; BAnd = basaltic andesite; Mg# = molar
Mg/(Mg+Fe)*100; n.d. = not detected. Normalization values for REE ra-
tios are from Sun and McDonough (1989).

In the Cr versus Y diagram (Pearce, 1983), three possible
mantle sources are considered (Fig. 3), according to the
model of incremental batch melting from a MORB-type
source proposed by Murton (1989). The boninitic rocks
studied in this paper are compatible with approximately
10% partial melting of source M3. This source corresponds
to a very refractory mantle residue calculated after aboul
12% melt extraction from M2, which in turn, represents a
mantle source that experienced previous 20% MORB melt
extraction (Murton, 1989). It should also be noted that the
M3 source corresponds to a depleted harzburgite composi
tionally very similar to those found in the Albanide-Hel-
lenide ophiolites (e.g., harzburgite PE9 in Fig. 3). An origin
of Kapaonik boninites from partial melting of depleted man-
tle harzburgites is also consistent with the observed overal

variable enrichment in the most incompatible elements
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Fig. 3 - Cr vs. Y diagram (Pearce, 1983) for boninitic dykes from the Ka-
paonik ophiolites. Mantle source compositions and melting paths for incre-
3 - X mental batch melting are from Murton (1989). M1: calculated MORB

HFSE depletion (Fig. 2a). Nonetheless, the variable LREEsoyrce; M2: residue after 20% MORB extraction: M3: residue after 12%

enrichment (Fig. 2b) can be interpreted as resulting frommelt extraction from M2.

(LREE and LFSE) from subduction-derived hydrous fluids. 4). Sample KP35 corresponds to a theoretical melt (L-10%)

The REE distribution of the rather primitive KP35 very resulting from about 10% partial melting of the source S (Fig.
low-Ti basalt and mantle harzburgite PE9 is used to model the}). According to Beccaluva et al. (1984), this source is in turn
possible mutual relationships between melt and source (Figmodelled from harzburgite PE9 enriched in LREE by subduc-
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are still unresolved, the occurrence of boninitic rocks im-
plies that SSZ processes affected some portions of the Var-
dar ocean, thus providing further constraints for the geody-
namic recostruction of the Dinaric-Hellenic belt.
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