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He. Xaiii>ymoB, Kp. fleH - reoxuMU'IecKue u Nd-u3omonHble xapaKmepHble 11epmbl i>oBapuccKUX o(/juoAumoB u 
MemaMaZMamumoB CmpyMcKoii iJuopumoBoii (/jopMaJIUU 8 103 EoAzapuu. Hccne)lOB3HHJIMH B 103 lionrapHH 
yCTaHOBJJeHO HaJJH'IHe JlBYX Ocj>HOJlHTOBb!X 6JJOKOB B BapHCCKOit lllpaKHitCKOlt CY1)'pe. 3TH Ocj>HOJlHTOBbie cj>par
MeHTbl TeCHO npOCTpaHCTBeHHO CBJ13aHbl CO CTPYMCKOit )lHOpHTOBOit cj>opMaUHeit (C)llll), C KOTOpOit OHH TeKTO· 
HH'IecKH HM6pHKHpOBaHbl. 0cj>HOJIHTOBbie cj>parMeHTbl o6pa30BaBbl )laitKOBblM KOMDJleKCOM, KOTOpblii 
liBJllleTCJI 'laCTblO e)lHHHUbl napanneJJbBbiX )laeK. C)llll - 3TO MeTaMopcj>H30BaHHbiit MarMaTH'!eCKHH KOMITJleKC, 
CJIOJKeHHbiH nopo,naMH pa3H006pa3HOrO COCTaBa (OT Macj>H'!eCKOfO )lO KHCJIOfO), C KaJJbUHeBo-weJJO'IHblM xa
paKTepOM, npH MHoro:nanHOM npoliBJJeHHH MarMamJMa.BoMHorHx MecTax )laHKH C)l«l> nepeceKaJOT ocj>HOJIHTbT. 

)laHHbie aHaJIH30B pe)lKHX H pacceJIHHbiX 3JJeMeHTOB H Sm-Nd·H30TOnoa oTpaJKaJOT pa3JJH'IHOe npoHc
XOJK!leHHe 060HX KOMDJieKCOB. 0cj>ROJ1HTOBa.H aCCOURaUHJI CJJOJKeHa R3 ner:exO)lHblX OKeaRH'!eCKHX 6a3aJJbTOB, 
npOHCWe)llliHX H3 HCTOweHHOll: MaHTHH. flpe)lDOJJaraeTCJI, 'ITO C)llll npOHCXO)lHT H3 MeHee HCTOllleHHblX Ma
TepHaJJOB, B yCJJOBHJIX 3HCHMaTH'IecKO.lt OCTpoBHOit ,nyrH. 

Abstract. Recent research carried out in SW Bulgaria has di stinguished two ophiolite blocks along the 
Variscan Thracian suture. These ophiolite fragments are closely associated with the Struma Diorite Formation 
(SDF). with which they are tectonically imbricated. 

The ophiolite fragments are formed by a dyke complex considered as dismembered part of a sheeted 
dyke unit. 

The SDF is a metamorphosed igneous complex built up of rocks with variable composition (mafic to acid), 
multistage origin (intrusive, volcanic) and calc-alkaline character. In many localities dykes of SDF rocks inter
sect the ophiolites. 

Combined trace element and Sm-Nd isotopic data document different origins for l::oth complexes. The 
ophiolite association is formed by transitional oceanic basalts, extracted from depleted mantle. For the SDF 
an origin from less depleted source material in an ensimatic island arc setting is favoured. 

Introduction 

The presence of ophiolite blocks is a diagnostic feature of ancient suture zones. This is 
typical for the Variscan Thracian suture along which several large ophiolite massifs crop 
out (H a y do u to v, 1989). These massifs, however, are situated away from the direct 
contact between the collided continental blocks- the Proto-Moesian platform and the 
Thracian microcontinent (Fig. 1). Recent research carried out in SW Bulgaria has distin
guished two ophiolitic blocks along this contact (Hay do u to v, et al., 1993a). The mig
matites of the Thracian microcontinent are thrusted over them. Their tectonic position is 
significant for understanding the specific features of the suture. These ophiolite fragments 
are closely associated with the rocks of the Struma Diorite Formation (SDF), with which 
they are tectonically imbricated. The aim of this research is to establish the geochemical 
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Fig. 1. Sketch of recent position of Thracian suture (after H a y d o u t o v, 
1989) 
1 -migmatites of the Thracian massif; 2 - ophiolite massifs; 3 - island-arc as
sociation; 4 - Variscan granitoids in Thracian massif; 5 - Variscan granitoids 
intruded in island-arc association; 6 - post-Ordovician sedimentary cover; 7 -
probable frontal line of obduction; 8- Thracian suture; 9-11 -position of 
small ophiolite fragments 

affinities of both igneous complexes- the old ophiolites and SDF and draw inferences on 
their genesis. This is important not only for clarifying the regional features of the Thra
cian suture, but also for understanding the Early Paleozoic and Precambrian development 
of a much larger area. 

Ophiolite blocks in SW Bulgaria 

The ophiolite fragments Kopriven and Vraneshtitza crop out in the Vlahina tectonic block 
(Fig. 2). The surface-outcrop area of the first fragment is about 10 km2, and of the se
cond- 50 km2 (Hay do u to v et al., 1993a). These fragments are built up by a dyke 
complex. It is formed of a continuous repetition of metamafic dykes, composed by meta
gabbro in their middle parts and flanked by metabasalts. The average dyke width is about 
4 m. The mentioned repetition is considered as a typical structural pattern of a sheeted 
dyke unit. 

52 



\ Boboshevo 

~ 
[\ OSQFIA ( . _.,.. , . 

. .... . ... . __ \ 

r.··: :.·::'·.:-:'1 4 -5 
--- 6 

..-< 7 

Fig. 2. Geological sketch of Vlahina block (after Z a g
o r c e v, S to j a no v, 1988, with additions and al
terations) : 
1 - Kadyica Formation; 2 - South Bulgarian granite; 
3 - Struma diorite Formation; 4 - ophiolite associa
tion; 5 - serpentinites in Thracian migmatites; 6 -
planar structure in the sheeted dykes ; 7 - foliation 

Keratophyre bodies are also exposed in this complex: The thickness of the keratophy
res varies- from 10-15 em to 40 m. The volume of the felsic rocks does not exceed 
0.5% from the investigated ophiolite blocks. In general the felsic bodies are parallel to 
the dykes. Earlier, these rocks have been considered as oceanic plagiogranites (Hay do u
t o v et al., 1993). However, recently petrographic correlation with the keratophyres of 
the Struma Diorite Formation (Hay do u to v et al., 1992) has shown that this inter
pretation is not correct, and finally the geochemical investigation in the present research 
clarified their genesis. 

Both ophiolite blocks have a similar tectonic position. They are located along the con
tact with the migmatites from the Thracian microcontinent. The migmatites are thrusted 
over the rocks of both blocks (Figs. 1 and 2). 

The geochemical features of the ophiolites, as well as the structural ones are very 
important criteria for clarifying their genesis. The major elements properties of the inve
stigated metamafic rocks indicate their affiliations to MORB. All the analyses are concen
trated in the field of the sheeted dykes on Hughes' AFM diagram (Hughes, 1982). 
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Table 1 

Incompatible trace element data 

518 
520-a 
522 
525 
16-2 
J7-b2 
39-2 
22-2 

25-2 

37-2 

15-2 

(continued) 

518 
520-a 
522 
525 
16-2 
17-b:' 
39-2 
22-2 
25-2 
37-2 
15-2 

Sample 

meta basalts 
matabasalts 
metabasalts 
metabasalts 
metagabbro 
metagabbro 
metagabbro 
keratophyre 
ofSDF 
keratophyre 
of SllF 
keratllphyre 
ofSDF 
metamicrogabbro of 
SDF 

Gd 

5.05 
5.I6 
4.63 
6.I2 
5.80 
5.23 
4.43 
3.73 
3.53 
3.67 
3.80 

5.21 
5.50 
4.89 
6.22 
5.84 
5.50 
4.76 
3.61 
2.87 
3.43 
4.06 

Rb 

4 
4 
8 
2 

10 
3 
I 

22 

3 

20 

8 

3.10 
3.29 
2.89 
3.78 
3.36 
3.24 
2.89 
2.25 
1.80 
1.99 
2.44 

Sr 

I75 
164 
260 
137 
197 
194 
389 
326 

3I8 

343 

277 

Yb 

3.09 
3.26 
2.81 
3.72 
3.20 
3.24 
2.91 
2.47 
1.70 
2.25 
2.47 

Zr 

I20 
I 13 
10I 
13I 
140 
93 
84 

2I4 

140 

201 

57 

Nb Y I La I Ce I Nd I Sm I Eu 

8.7 
7.8 
7.5 
8.9 
9.4 
7.0 
6. I 
8.6 

8.6 

8,4 

4.5 

32 
30 
28 
34 
32 
26 
27 
2I 

19 

21 

23 

Lu Th 

0.43 
0.47 
0.40 
0.52 
0.44 
0.46 
0.4I 
0.24 
0.26 
0.33 
0.43 

0.52 
0.50 
0.54 
0.84 
0.46 
0.37 

3.0 
3.4 
1.2 
0.75 

8.70 20.5 13.4 
7.36 I9.0 I3.2 
7.68 I8.6 I2.3 

10.9 25.2 16.6 
10.2 25.4 16.8 

8.2I 20.5 I 3.4 
6.89 16.1 10.9 

21.0 43.4 19.7 

27.1 51.7 22.2 

17.3 34.3 15.9 

8.90 I8.0 IO. I 

3.76 1.49 
4.08 1.53 
3.52 1.50 
4.65 1.70 
4.56 1.65 
3.95 I.60 
3.28 1.33 
4.28 1.44 

3.87 I.30 

3.63 I. 49 

2.99 1.13 

Among the trace elements tnnsitional, low field strength (LFS), and high field strength 
(HFS) elements have been distinguished. The average contents of the elements from these 
&roups, as well as of the REE in the metagabbros and metabasalts are comparable to tho
St' in the T-MORB (Hay do u to v et al., 1993a). 

All the considered data for the composition, including the geochemical properties, and 
the structure of the rocks from both blocks indicate that they are dismembered parts of 
a sheeted dyke unit. 

Struma Diorite Formation 

The Struma Diorite Formation is a metamorphosed igneous complex characterized by 
several specific features. First of all a variable composition is typical for the complex. 
It is built up of rocks with gabbroic, dioritic and granitic composition (Jl. H M H T p o B, 

1931; )]. H M H T p o B a, 1967; 3 a r o p 'l e B, 1966~. Moreover, the SDF is formed by dif
ferent igneous facies- intrusive and volcanic, and a dyke association, cutting the SDF, 
is also widdy distributed (Ton p a K 'l He B a, X a p K o B c K a, 1968). It reflects late 
volcanic activities. The presence of different intrusive, volcanic and dyke associations un
derlines another specific feature of the association - its multistage origin. 
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Table 2 

Sm-Nd isotopic results 

U7Sm / I 
Sample Sm Nd 1« Nd U 3Nd [WNd I eNd (600 Ma) 

518 4.39 15.4 0.1725 0.512838 (I 0) + 5.8 
520a 4.01 13.6 0.1790 0.5 12829 (29) + 5.1 
522 3.75 12.9 0.1754 0.512860 (II) + 5.9 
525 4.74 16.6 0.1724 0.512818 (12) + 5.4 
16-2 4.78 17.3 0.1671 0.51 2782 (11) -;- 5.0 
17-b2 3.70 12.6 0.1773 0.512886 (I 0) + 6.4 
39-2 3.34 11.3 0.1783 0.512882 (6 .1 ) ..:.. 6.1 
22-2 3.92 19.1 0.1240 0.512481 (I I) + 2.5 
25-2 4. 17 23.4 0.1078 0.512469 (9) --:-3.5 
37-2 3.48 15.5 0.1357 0.512538 (12) + 2.7 
15-2 2.95 !0.5 0.1698 0.512710 (II) +3.4 

On the basi s of the major element abundances, a calc-alkaline character is specific for 
the magmatism of the Formation. This geochemical character is established clearly also by 
the contents and the di stributions of the trace and RE elements (Hay do u to v et al., 
1992). The SDF is closely spatialy connected with the described above ophiolite fragments. 
Generally they are tectonically imbricated. However in many cases dyk es of SDF igneous 
rock s intersect the ophiolites. 

All these specific features indicate the formation conditions of SDF -its was created 
in the root s of an island arc. SDF is of Late Proterozoic- Early Cambrian age. Its K-Ar 
age is 560-660 Ma (L i 1 o v, 1981 ). It means that the ophiolites are Precambrian . 

Specimen description 

The reported research involves detailed geochemical investigation on : 3 specimens of me
tagabbro (the middle parts of the dykes - sample s 16-2, 17-b2, 39-2), 4 specimens of me
tabasalts (the margin s of the dykes- samples 518, 520a, 522, 525) from the ophiolite as
sociation ; 3 specimens of keratophyres (samples- 22-2, 25-2, 37-2), and 1 specimen of 
mafic rock s (sample 15-2) from the SDF. The petrographic observations on the rock sam
ples have been carried out by K. Kolcheva (H a y d o u t o v et al. , 1992 and 1993a). 

Ophiolite association 

Metagabbro. It is built up mainly by amphibole (60-70%, rarely- up to 90%). The rest 
of the rock-forming minerals are from the epidote group (5-20%), albite (20%), titanite 
(5-10%), chlorite (up to 10%). The metagabbro is completely recrystallized and foliated. 
Only in a few cases relics of gabbro-ophitic textures could be observed. The amphibole 
is of metamorphic origin and is actinolite. The plagioclase is completely recrystallized and 
represented by albite (An 5.10) . 

Metabasalts. These rocks in compari son with the metagabbro a re more intensely re
crystallized and foliated. Most of the metabasalts are altered into actinolite schi sts. The 
actinolite forms 60 to 90% of the rock. The other rock-forming minerals are from the 
epidote group, titanite, quartz and albite. 

Struma Diorite Formation 

Keratophyres. They are completely recrystallized and foliated. These rocks could be subdi
vided in two types: one of them more felsic and massive (sample 25-2), while the other one 
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Fig. 3. Chondrite-normalized diagram for selec
ted incompatible elements in : 
a) metabasaltic rocks; b) metagabbroic rocks. 
Normalization values from S u n, M c D o n o
u g h (1989) 

Fig 4. Chondrite-normalised diagram for se
lected incompatible elements in keratophyres 
and microgabbro (15-2) from SDF. Normali
zed values as in Fig. 3 
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contains more chlorite and is more foliated (s. s. 22-2, and 37-2). Their principal minerals 
are plagioclase (30-50%) and quartz (30-50%). The plagioclase is albite (An0.5) . The rest 
of the mineral s form 5-10% of the rock. These are chlorite, epidote, sericite, garnet, ortite 
and titanite. Accessory minerals - rare fine grains of apatite, zircon, and monazite. 

Metamicrogabbro. On the basis of their mineral contents it is comparable with the 
ophiolitic metagabbro. The structural features of the two rock types differ, however. The 
metamicrogabbro is fine grained and was formed in hypabyssal conditions. 

Geochemistry 

Anal y tical procedure s 

Eleven samples have been analysed for selected immobile incompatible elements (Zr, Nb, 
Y and Th in felsic specimens) by wavelength dispersive X-ray fluorescence spectrometry 
at Ecole des Mines d'Ales (France) following methods outlined by Pin et al. (1988). Rb 
and Sr were al so measured by XRF. REE concentrations were determined at URA lO 
Clermont-Ferrand by sequential ICP-atomic emission spectrometry, after sample decom
position using a lithium metaborate flux and chemical separation of the lanthanides by ca
tion exchange in HN03-oxalic acid mixtures, with precision and accuracy of ca. 10%. 

Sm-Nd isotopic analyses involved measurement of Sm and Nd concentration s by the 
isotope dilution method, with total spiking using a mixed 149Sm-150Nd tracer. Mafic rocks 
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were dissolved with HF in PFA vials at mode rate temperature whereas felsic sample s were 
decomposed in PTFE bombs at 190°C during one week to in sure total opening of refracto
ry minerals . The REE were isolated from the matrix elements by cation exchange in HCl 
and HN03 . Sm and Nd were separated from each other and the other rare earths by ex
traction chromatography using HDEHP on teflon powder (Rich a r d eta!., 1976). Mass 
spectrometric procedures were as described by P i n et al. (1988). 

Results and interpretation 

Incompatible trace elements data are listed in Table I and reported a s chondrite normali
zed (so-called "spidergrams") diagrams (Fig. 3, 4). In these patterns, only Sr is known to 
be mobile during sea-water alteration and metamorphism. 

a) mafic samples 
Irrespective of their basaltic (Fig. 3a) or gabbroic (Fig. 3b) origin, all the mafic rocks 

have similar patterns, characterized by a faint enrichment of the more incompatible ele
ments (Nb, Light REE) relative to the less incompatible elements (Heavy REE). Negative 
Sr anomalies in most samples are interpreted to reflect plagioclase fr actionation or sea
water alteration, or both. Positive Sr anomalies in two gabbroic samples (39-2 and 15-2) 
might be accounted for by accumulation of plagioclase crystals. 

There is no conspicuous Nb anomaly on the normalized patterns, and [Th]N (INAA 
data from Hay do u to v et al., 1993) is lower than [Nb]N in every case. 

Elemental ratios such as Zr {Nb (13-25) and Zr/Y (3.6-3.9), the slight LREE enrich
ment and the absence of negative anomalies of Nb all suggest affinities with oceanic 
basalts transitional between N-type MORBs (strongly depleted in Th, Nb and LREE) and 
the so-called Plume- or Enriched-type MORBs (for example E rIa n k, K a b I e, 1976). 

Due to the very limited spread exhibited by 143Sm/144Nd ra tio s, no meaningful 
Sm-Nd isochron can be obtained, and 143Ndf144Nd ratio s have been corrected for in situ 
decay of 147 Sm assuming a 600 Ma age (Table 2). Age corrected isotopic data are expressed 
using the usual epsilon notation (De P a o I o, Was s e r b u r g, 1976), i. e. the frac
tional deviation (in parts in 104) of the 143Nd f144Nd ratio in the sample from the 
143Nd /144Nd of the chondritic-equivalent to Bulk Earth - reservoir at the same epoch. 
It this framework , samples with positive ENd were extracted from re servoirs which were 
characterized, on a time-integrated basis, by chondrite normalized Sm /Nd ratio above 
unity, i. e .. with LREE-depleted patterns (typical example : the convective oceanic mantle). 
In contrast, samples with negative ENd originated from sources which were cha racterized 
for a long time by LREE-enriched chondrite normalized patterns (typical example : the 
continental crust). See D e P a o I o ( 1988) for further detail s on Nd isotope geoche
mistry. 

Most ENd (600 Ma) show a limited range of values, from + 5.0 to + 6.4. The micro
gabbro 15-2 from the Struma Diorite Formation has distinctly less radiogenic Nd isoto
pes (ENd600 Ma= + 3.4), implying different sources or petrogenetic evolution for this 
rock. Thi s difference is further corroborated by a negative Nb anomaly, and a stronger 
enrichment in LREE. 

The epsilon data of ca. + 5 {+ 6 require that the metabasalts and metagabbros from 
the ophiolite association were extracted from a mantle source which was characterized by 
a pronounced time-integrated depletion of the LREE. However, the mantle reservoirs were 
somewhat less depleted than typical N-MORB sources, for which E Nd600 Ma values of 
about + 9 would be expected (Z i n dIe r, 1982). This is in agreement with the transitio
nal MORB characteristics documented by incompatible trace element data. 

b) felsic samples 
Compared to mafic rocks from ophiolite association, the keratophyres from the SDF 

are characterized by more fractionated REE patterns, and large negative Nb anomalies 
(Fig. 4). Significantly higher Zr{Nb (16-26) and ZrjY (7-10) ratios linked to clear positive 
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anomalies of Zr (s.s. 22-2 and 37-2) on the patterns probably reflect zircon accumulation. 
These rock s also have less radiogenic isotopic compositions, as expressed by £ Nd600 Ma 
comprised between + 2.5 and +3.5. This isotopic characteristic points to source materials 
which were less depleted than those of the ophiolite association. In contrast, the microgab
bro 15-2 and the keratophyres could be broadly cogenetic, based on their similar isotope 
and incompatible element signatures. 

The LREE enrichment and negative Nb anomalies, combined with moderately posi
tive £ Nd values, are suggestive of some involvement of components of continental crustal 
origin. Albeit distinct, this contribution was subordinate and might correspond to sub
ducted sediments in an island arc setting, or to partial melts assimilated by magmas deri
ved from a depleted mantle, in an ensialic context. 

Summarizing, combined trace element and Sm-Nd isotopic data document different 
origins for the ophiolite association (mafic rocks only) and the Struma Diorite Forma
tion (mostly sampled as keratophyres). These data suggest: 

- an origin of the ophiolite association from transitional oceanic basalts, extracted 
from the depleted mantle and having crystallized as gabbros and basalts without any signi
ficant interaction with components derived from the continental crust; 

- an origin of the SDF from less depleted source materials, possibly in an island
arc or an active continental margin setting. This scenario would agree with the relative 
chronology of both associations. 

Conclusions 
The geochemical features of both the studied igneous complexes are very important for 
considering their origin. The determination of these properties is based on modern geo
chemical methods which makes the obtained results more reliable and comprehensive. 

Concerning the combined trace elements and Sm-Nd isotopic data for the metamafic 
rocks from both the blocks Kopriven and Vraneshtitza an ophiolitic origin from transi
tional oceanic basalts is documented. These basalts are extracted from a depleted mantle. 
These data support earlier conclusions (Hay do u t o v et al. , 1993a) for the ophiolite cha
racter of the dyke complex. 

For the rocks of the SDF, an origin from less depleted source material, possibly in an 
island-arc setting, is proposed. This conclusion fully coincides with the results of the macro
component analyses (H a y do u to v et al., 1992) for the felsic rocks of the Formation. 
Concerning the SDF microgabbro (sample 15-2) there exists some differences between the 
earlier results and these reported here. Regardless of the fact that it plots in the MORB 
field on discrimination diagrams (Hay do u to v et al. , 1993) as do the samples of the 
ophiolite gabbro (16-2, 17-2, and 39-2) lower contents of FeOt. Ti , V, and Zr are noti
ced. These properties of the microgabbro are in agreement with the re sults of the present re
search that the SDF was possibly formed in island-arc setting. This conclusion is confir
med by the felsic bodies of SDF intersecting the ophiolites which clearly indicates an ensi
matic origin of the island arc. 
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