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Introduction

The high-grade metamorphic basement of the east-
ern Rhodope comprises widespread occurrences of
metamafic rocks, including compositional range with
ultramafic to intermediate members. The ultramafic
rocks are represented by numerous slivers consisting
of cumulate rocks and mantle tectonites with MORB
to SSZ-like signature (Bazylev et al., 1998; Kolcheva
et al., 2000), which together with the mafic metavol-
canic and plutonic rocks are regarded as metamor-
phosed fragments of an ophiolite association
(Kozhoukharova, 1984). Among metamafic rocks, the
most abundant rock types are metagabbros and ortho-
amphibolites occurring in the basement upper struc-
tural levels. These orthoamphibolites resulted from
the main amphibolite-facies metamorphism, but pre-
serve relic eclogitic assemblage and display MORB-
like geochemistry of oceanic crust protoliths (Kolche-
va, Eskenazy, 1988; Mposkos, Perdikatsis, 1989).
Geochemical study of amphibolites in Greece has
shown their magmatic origin, whose protoliths were
tholeiites with oceanic floor MORB/IAT affinities
(Mposkos et al., 1989). Recently, Haydoutov et al.
(2004) have documented island-arc origin of am-
phibolites with an arc tholeiitic to boninitic af-
finity. However, the geochemical database of metama-
fic rocks encompassing mainly ultramafic rocks and
spatially associated amphibolites is incomplete to
constrain more precisely past tectonic environment(s)
responsible for the generation of the oceanic crust
fragments. The aim of this study is to extend the
knowledge on geochemical characteristics of
metamafic rocks in the high-grade basement and to
contribute to the better understanding of tectonic
setting for their origin, which will have implications
for the geodynamic evolution of the region. We re-
port here petrography and geochemistry of metama-
fic rocks and discuss results with respect to their tec-
tonic setting and constraints from the field data.

Geological setting, samples and analytical
methods

In the high-grade basement, the metamafic rocks are
dominantly comprised within the hanging wall up-
per high-grade unit that forms mantle of extension-
al gneiss domes, namely the Byala reka dome and
the Kesebir dome, in the footwall of late Alpine de-
tachments (fig.1, Bonev, 2006). The upper high-grade
unit represents lithologically heterogeneous succes-
sion of continental-oceanic affinity consisting of
intercalated metasedimentary and metaigneous rocks
enclosing ultramafic slivers. The footwall lower high-
grade unit consists of orthogneiss succession of con-
tinental affinity. Within the upper high-grade unit,
the amphibolites occur either as layers of varying
thickness alternating with other rock types, or as dis-
tinct lenses or boudins. The layers are dominated by
massive and banded amphibolites, defining togeth-
er with the metasedimentary lithologies the metamor-
phic layering. The amphibolite layers may represent
lava flows or dykes. Concordant sheet-like metagab-
bro-diorite bodies occur alternating with plagiog-
neisses of transposed contacts parallel or oblique to
the common foliation in both lithologies, which lat-
ter likely represent primary plagiogranite dykes. A
distinct mafic-ultramafic thrust sheet is exposed in
the core of the Byala reka dome. Field observations
indicate magmatic origin for the thicker amphibo-
lite layers and metagabbro bodies, the latter with
weakly discernible igneous textural features. Part of
finely intercalated amphibolite layers with carbon-
aceous and calc-silicate rocks, however, are likely
of sedimentary origin as also indicated by the oc-
currence of metagreywacke levels in the metamor-
phic layering, which locally resemble turbudite-like
alternation.

Six samples from thicker layers of massive ortho-
amphibolites and two samples of metagabbro-dior-
ite from the upper high-grade unit, one from the
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Fig. 1. Synthetic geologic map of the eastern Rhodope region (modified after Bonev, 2006), showing sample

locations of the studied metamafic rocks

amphibolitized eclogite of the aforementioned thrust
sheet and one from the amphibolite intercalation
within the lower high-grade unit (locations in fig. 1)
were analyzed for major and trace elements (XRF)
and rare earth elements (LA-ICP-MS) at the Univer-
sity of Lausanne, Switzerland.

Petrography and geochemistry

The massive amphibolites are fine- to medium
grained homogeneous meso-melanocratic rocks with
weak foliation. When banded, amphibolites display
layering of amphibole and plagioclase-rich bands.
Flaser-banded metagabbros-diorites with pegmatoid
patches and veins are common. The primary tex-
tures are largely obliterated by the high-grade meta-
morphism, and the rocks preserve partly original ig-
neous grain-sizes. All studied samples show meta-
morphic overprint in amphibolite-facies, with vari-
able retrogression to greenschist-facies. The mineral
assemblage contains modally decreasing amphibole
and plagioclase + quartz * garnet porphyroblasts *
epidote-clinozoisite * chlorite =+ titanite * rutile.
In a few samples primary pyroxene relics are recrys-
tallized to amphibole. The metabasic rocks cover the
range of SiO, 43—59 wt. %, MgO 4.2—7.6 wt. %, Al,O,
generally < 16 wt. %, and have relatively high FeO*/
MgO ratios (av. 1.74). Alkali contents are variable
(e.g. Na,O), with generally low-K abundances. The
range of TiO, (0.58—3.76 wt. %) defines two groups
of high-Ti (> 1%) and low-Ti (< 1%) metabasites,
with some intermediate members that cluster around
~ 1 %. In terms of trace elements, they are charac-
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terized by high Zr (75—196 ppm), Nb (1.5—10.1
ppm), and relatively high Y (7—60 ppm) contents.
Their lower Ni (11—173 ppm) and Cr (52—357 ppm)
abundances differ from the primary magmas and
Mg# values (36—64) indicate high degree of frac-
tionation of the primitive mantle-derived melts. The
metamafic rocks of basaltic to andesitic composi-
tion on the classification plots present dominantly
tholeiitic to weak calc-alkaline (more evolved rocks)
affinity.

LREE-depleted (fig. 2A) and variable degrees of
LREE-enriched chondrite-normalized patterns with
unfractionated HREE trends characterize high-Ti
group (fig. 2B). Matagabbro (KS204) and metadior-
ite (KS43) samples show flat to slight LREE-enriched
patterns similar to high-Ti group, whereas low-Ti
group exhibits both LREE-enriched and strongly
depleted, fractionated REE patterns (sample BR122).
The Eu anomalies indicating accumulation/fraction-
ation involving plagioclase possibly reflect process-
es in the mantle source. N-MORB normalized trace
element profiles define high LILE/HFSE ratios, mod-
erate to severe HFSE and HREE depletion of the
low-Ti group, and close to N-MORB to slightly en-
riched HFSE-HREE trend of the high-Ti group.
Pronounced negative Nb and to lesser extent Ti
anomalies characterizes some samples; however, other
samples show no Nb anomalies and most of them
have magnitudes always higher than MORB abun-
dances, except strongly depleted sample (fig. 2C).
On various discrimination incompatible element
plots majority of high-Ti group metamafic rocks dis-
play clear MORB affinity and few samples having
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Fig. 2. (A, B) chondrite-normalized patterns, (C) N-MORB normalized profiles, (D, E)
discrimination diagrams of metamafic rocks, contoured area in D corresponds to the field

of the samples in Haydoutov et al., (2004)

high Zr/Y ratios plot in the WPB field of oceanic
island tholeiites, whereas low-Ti metamafic rocks show
island arc tholeiite (IAT) affinity (fig 2D, E). The
metagabbro-diorite samples of intermediate Ti con-
tents have transitional MORB/IAT signature.

Discussion and tectonic significance

Petrographic study and geochemistry reveal magmat-
ic nature of the protoliths of metamafic rocks in the
upper high-grade basement unit. A major group of
high-Ti metamafic rocks are indistinguishable from
MORB-type tholeiites in terms of their HFS and
HREE abundances and normalized patterns, bear-
ing evidence for geochemical fingerprint of subduc-
tion zone-related component. The intermediate in
Ti content metagabbros-diorite pair shares similar
trace and REE characteristics with the high-Ti group
showing transitional MORB/IAT signature, whereas
low-Ti group display typical island arc (IAT) affin-
ity with clearly defined subduction-related compo-
nent. However, HFSE-enriched patterns, particular-
ly Ta and Nb contents higher than MORB abun-
dances, as well as the fields where high-Ti group
and metagabbro-diorite plots on the discrimination
diagrams, suggest contribution of OIB component
involved in the petrogenesis of magmatic precursors.

Thus, complex chemistry of metamafic protoliths
indicate their origin primarily from depleted mantle
source similar to MORB, substantially modified by
subduction-zone derived LIL- and LREE-enriched
melts and contribution of HFSE-enriched compo-
nent that produce oceanic island tholeiites. Com-
positional diversity of metamafic rocks including
magma types with MORB, transitional MORB/IAT
and IAT affinity, in turn call for the origin of their
protoliths in a paired ocean ridge-island arc envi-
ronment. Modern analogues of such tectonic set-
ting displaying transitional compositions between
MORB and island-arc basalts are many back-arc
basins. Therefore, we attribute supra-subduction or-
igin for the protoliths of metamafic rocks, which were
generated in an island arc/back-arc setting. SSZ set-
ting most completely characterizes origin and
geochemical affinity of the metamafic rocks, which
is also consistent with previous data on geochemis-
try of ophiolitic mafic-ultramafic assemblage. In this
tectonic scenario, the arc tholeiitic to boninitic mag-
matic precursors trace subduction initiation or im-
mature arc (e.g. Haydoutov et al., 2004, and this
study), whereas MORB and transitional MORB/IAT-
type metamafic rocks recognized in the present study
testify for the magmatic products erupted during
subsequent evolution of subduction that relates to
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rifting/sea-floor spreading. Clastic and carbonate
turbidite-like metasedimentary successions associated
with metamafic ophiolitic rocks, which may repre-
sent deposits from distinct regions of the arc/back-
arc system (e.g. fore-arc or intra-arc), fits interpreta-
tion of supra-subduction tectonic setting.

Conclusions

1. Field data indicate that metamafic rocks in the
upper high-grade basement unit may represent ex-
trusive and plutonic suite intimately interstratified
with metasedimentary successions of turbidite-like
character.

2. Petrography and geochemical data indicate mag-
matic origin of tholeiitic protoliths of metamafic

References

Bazylev, B. A., G. S. Zakariadze, M. D. Zhelyazkova-
Panayotova, K. Kolcheva, R. E. Oberhénsli, N. V.
Solov’eva. 1998. Genetic diversity of ophiolite ultra-
mafics from the crystalline basement of the Rhodope
massif. — Ofioliti, 22, 1, 41.

Bonev, N. 2006. Cenozoic tectonic evolution of the east-
ern Rhodope Massif (Bulgaria): basement structure
and kinematics of syn- to postcollisional extension-
al deformation. — In: Dilek, Y., S. Pavlides, (Eds.).
Post-Collisional Tectonics and Magmatism in the
Mediterranean Region and Asia. Geol. Soc. Am. Sp.
Pap. 409, 211—235.

Haydoutov, 1., K. Kolcheva, L. Daieva, I. Savov, Ch.
Carrigan. 2004. Island arc origin of the variegated
formations from the east Rhodope, Bulgaria — im-
plications for the evolution of the Rhodope massif.
— Ofioliti, 29, 2, 145—157.

rocks that have originated by fractional crystalliza-
tion of melts derived primarily from MORB-type
mantle source, modified by subduction-zone influ-
enced and likely enriched mantle components in-
volved in their petrogenesis.

3. Geochemical diversity of metabasic rocks with
MORSB, transitional MORB/IAT and IAT affinities
hints their supra-subduction origin in an island arc/
back-arc system, with identifiable arc-related and
rifting/sea-floor spreading magmatic products. Sed-
imentary package associated with the metabasic
rocks fits SSZ interpretation.

Acknowledgements. The investigation was par-
tially supported by the Sofia University Scientific
Research Fund, project No20/2006.

Kolcheva, K., G. Eskenazy. 1988. Geochemistry of me-
taeclogites from the Central and Eastern Rhodope
Mts (Bulgaria). — Geologica Balc., 18, 5, 61—178.

Kolcheva, K., I. Haydoutov, L. Daieva. 2000. Dismem-
bered ultramafic ophiolites from the Avren synform,
Eastern Rhodopes. — Geochem., Mineral., Petrol.,
37, 25—-38.

Kozhokharova, E. 1984. Origin and structural position
of the serpentinized ultrabasic rocks of the Precam-
brian ophiolite association in the Rhodope Massif. I.
Geologic position and composition of the ophiolite
association. — Geologica Balc., 14, 4, 9—36.

Mposkos, A., V. Perdikatsis. 1989. Eclogite-amphibo-
lites in the east Rhodope. — Geol. Rhodopica, 1,160—
168.

Mposkos, A., B. Perdikatsis, A. Liati. 1989. Geochemi-
cal investigation of amphibolites from eastern and
central Rhodope. — Bull. Geol. Soc. Greece, 23, 2,
413—425.

CpeanHHOOKeaHCKHU XpedeT cpelry cynpacyoyKIuOHHEH MPOU3X0.]
Ha MeTaMa()DU4YHU CKAJIM B TOPHATA BUCOKOCTENEHHA eJMHNIA

ot Metamoppuus pynaament Ha M3rounure Pogonu:

re0XMMHUYHO Pa3HOOOpa3ue U TEKTOHCKO 3HAYEHUE

Huxoaaii bones, Kaaoan Ileiiues, Jluana Huzamosa

Pe3rome. MeTtamauuHuTE CKaJIM B TOPHATA BUCO-
KOCTEeINeHHa e IUHUIIA OT METaMOPGHUSI QYyHIAMEHT
Ha U3Ttounu Pomonu aconumnpar ¢ MeTaceIUMEHTH
u MeTayiaTpamMaduTi. Mopdoiorusita u B3auMoOT-
HOIIICHUSITA HA MeTaMaQUTUTE HACOYBAT 3a MPU-
HAJJIeKHOCTTA UM KbM BYJIKAHCKA M ILTyTOHHUYHA
aconmanus. [1eTposoro-reoXMMUYHUTE PE3yJITaTh
OTpEeENIAT NPeXoAeH apUHATET Ha IPOTOJIUTHUTE C
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XapakTep Ha TOJIEUTOBU MarMaTUTU OT CPEAUHHO-
KEaHCKHUTE XpeOeTH, OCTPOBHU BT U BETPEIIHOC-
TTa Ha OKEAHCKUTE IUI0YM. [€OXMMUYHUAT Xapak-
Tep HACOYBa KbM CYMpPacCyOAyKIIMOHHUS HPOU3XOL]
Ha MeTaba3uTuTe, ChBMECTHUM C THUIA Ha MeTace-
IUMeHTUTe. Pe3ynTtatute ca JUCKYTUPAHU BbB
Bpb3Ka C TEPEHHA MO3UILUS, IETPOrE€HE3UC U TEK-
TOHCKU KOHTEKCT.



