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E. Ko:Jicyxapoea - MemacoMamu'lecKue 2a66pouiJbt - pe
nepbt e meKmOIIO-MemaMoprfiu•tecKoil JBOAIOL{UU Bocmo•t-
1/I>IX Porlon. ITcrMaTHT-annHTOBbte JKHnbt nepeceKaJoT cep
neHTHHHTbl llOKeM6pHHCKOH o<J!<IJHOnHTOBOH aCCOUHaUHH B 
IienopC'iKOM OOllHRTHH H Bb!JbiBaiOT 6HMeTaCOMaTH'ieCKHe 
peaKUHH. B peJynbTaTc o6pa3yJoTCllllaifKonono6HbJe Tena H3 
MeTaCOMaTHTOB, BHeWHe OOXOJKHe MarMaTH'ieCKHM ra66po
Hll3M. 3nt Tena COfJ13CHble CJlaHnesaTOCTH cepnCHTHHHTOB. 
fa66pOHllbl KpynH03epHHCTble, ORTHHCTble, MCCTaMH npH06-
peTaJOT cnaHUCD3TOH TeKcrypbl. 8 MHHepanbHOM COCTaBe 
npeo6nana10T uoHJHT, :>nHllOT, nnarHoKnaJ (oT anb6HT-onH· 
fOKnaJa llO aHOpTHTa). Y CTaHaBnHBaJOTCR eme .UHOOCH.U, 
KBapu, TanbK, xnopHT, aM<J!H60n (aKTHHOnHT H raCTHHfCHT), 
rpoccynRp, K-nonesoif wnaT, THTaHHT 11 nonOMHT. tJacTo 
Ha6monaJOTCll nceB.UOMOp<IJH'ieCKHe, KOp03HOHHble, CHMn
JleKTH'ieCKHC H llHa6nacTH'ieCKHC cTpyKrypbt. XHMH'ieCKHH 
COCTaB MCTaCOMaTH'ieCKHX ra66pOH.UOB OTnH'!aeTCll OT OC
HOBHHbiX MarMaTH'ieCKHX nopOll CBOeH H3MeH'iHBOCTbiO. C 
D.pyroif CTOpOHbl, OHH p33JlH'!aiOTCI! OT paHHCC MeTaMop<J!H-
30DaHHblX OCHOBHbiX ra66pOH.UOB, KOTOpble RBnliiOTCll COCTaB
HOH 'iaCTJ..IO o<J!<J!HonHTOBOH accouHaUHH no csoeif crpYJCrypc, 
TeKCl)'pC, XHMH'ieCKOMy COCTaBy H xapaKTepy .neQ>opM3UHH. 
MeTacoMaTH'ieCKHe ra66pOH.UbJ RBnRJOTCR CHHMeTaMop<J!H
'lecKHMH nOCTlleQ>opMaUHOHHbiMH peaKUHOHHbiMH npOllYKTa
MH, CDR3aHHblMH C llH<J!<JlepeHUHaTaMH 003JlHeH rny6HHHOH 
MHrMaTHJaUHH ITpapononcKoif cyneprpynnbt, npoRsneHHOH 
80 BTOpOM C06bJTHH DTOpOfO MeTaMop<IJH'ieCKOfO UHKna. 8oJ
MOlKHO, 'iTO OHH CHHXpOHHbl fHeHc-rpaHHTaM, o6HaJKCHHblM 
Ha acpwHHe OpnoBbiH aepx. XpoHonorH'ieCKH OHH cneny10T 
JTany CHHlle<J!opMaUHOHHOfO MeT3MOp<IJH3Ma o<J!<J!HonHTOB H 
OTMe'laiOT Ha'lano HX aCCHMHni!UHH. McTaCOMaTH'!eCKHe 
ra66pOHllbl OllHH HJ BaJKHeHWHX penepOB 8 MeTaMop<IJH'ieC
KOH JoomoUHH KpHcTannH'lecKoro <PYHllaMeHTa PononcKoro 
MaCCHBa. 

Abstract. Metasomatic gabbroids - markers in the tectono
metamorphic evolution of the Eastern Rhodopes. Pegmatite -
aplitic veins cut the serpentinites of Precambrian ophiolite 
association in Byala Reka anticline. As a result. bimetasomatic 
reactions took place and dyke-like bodies of metasomatic rocks. 
similar to gabbros appear. The bodies are concordant with the 
schistosity of the serpentinites. The rocks have coarse-grained, 
spotted or slightly schistose structure. Their mineral compo
sition is dominated by zoisite, epidote, and plagioclase ranging 
between albite-oligoclase and anorthite. The other common mi
nerals are diopside, quartz, talc, chlorite, amphibole (actinolite 
and hastingsite), grossular, K-feldspar, titanite, dolomite. The 
texture is commonly pseudomorphos, corrosional. simplectitic, 
diablastic. The varying chemical composition of the metaso
matites distincts them from the petrochemical group of the basic 
magmatic rocks. On the other hand, they differ in structure. 
texture, character of the deformation. and chemical and mineral 
composition from the earlier metamorphosed basic magmatic 
rocks which are components of the ophiolitic association. The 
metasomatic gabbroids are synmetamorphic. postdeformation 
reaction products related to the differentiates of later deep level 
migmatization of the Prarhodopian Supergroup. They were 
formed during the second metamorphic event of the second 
metamorphic cycle. Probably, the metasomatic gabbroids were 
synchronous to the gneiss-granites from the Orlov vruh peak. 
Temporally they follow the stage of syndcformation metamor
phic recrystallisation and mark the beginning of the ultrabasic 
rock assimilation. The metasomatic gabbroids are important 
markers in the evolution of the metamorphic basement of the 
Rhodope massif. 
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Introduction 

The rocks of the Precambrian ophiolitic associ
ation have been affected by the regional meta
morphism in the Rhodope massif, and as a result, 
eclogites, garnet serpentinites, amphibolites, talc
chlorite and actinolite schists, amphibole gneisses 
have been produced. The sequence of their for
mation marks phases in the metamorphic evolu
tion of the rock complex (Ko')l(yxaposa, 1984b ). 
The alteration in the chemical composition of the 
protoliths depends on the temporal and local con
ditions of the metamorphism varying from iso
chemical to allochemical one. During the migma
tisation intensive chemical reactions took place in 
at the zones where rocks with contrast composition 
were in contact. Instructive example is the peg
matisation of the ultrabasic rocks where the pro
cesses of hybridisation led to a partial or full assi
milation of the ultrabasites and appearance of me
tasomatic gabbroids. They resemble magmatic 
gabbros and sometimes were mistakenly regarded 
as such during the field mapping. In addition in 
different places in the Rhodope massif, mainly in 
the Byala Reka dome, three types of basic dykes 
are distinguished: metamorphosed dolerites, meta
somatic gabbroids and late postkinematic non -
metamorphosed basic rocks. They mark different 
episodes in the geodynamic development of the 
Rhodope massif. Therefore, they should be known 
and correctly distinguished in the field. 

The metasomatic gabbroids were examined for 
the first time in the Byala Reka dome (Ko')l(yxa
posa, 1984a , Ko')l(yxapos H .up., 1984) as dyke-like 
epidotised and migmatised gabbroids. D. Kozhou
kharov (Ko)l(yxapos, 1987) considered them as 
parts of the Zhulti Chal and Gnesdare Formations 
from the Prarhodopian Supergroup, and related 
their origin to the granitization. The presence of 
metabasic dykes in the region of the village Zhulti 
Chal is noted by other authors (Macheva, Kol
cheva, 1992) but because of the lack of appropriate 
petrologic information it is not clear which kind of 
dykes are spoken about. 

In the present paper two types of metabasites are 
described: dyke-like metasomatic gabbroids and 
metamorphosed doleritic dykes from the north
eastern periphery of the Byala Reka anticline in 
Eastern Rhodope. The aim is to determine the 
features of the two genetic types, the conditions of 
their formation, and the relative place they occupy 
in the tectono-metamorphic evolution of the 
metamorphic basement of the Rhodope massif. 
The results exposed were obtained since 1982, and 
the existence of metasomatic gabbroids was 
reported almost at the same time (Ko)l(yxaposa, 
1984a). 
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Geological setting 

The Byala Reka structure is one of the largest 
positive structures in Eastern Rhodopian block 
described as Byala Reka dome (11saHoB, 1961 ). It 
is slightly elongated to northwest and deformed by 
several generations of second-order folds (EoHHOB, 
Pycesa, 1984). The north-eastern margins are cut 
by the Byala Reka dislocation (11saHdB, 1961 ), 
marked by a row of faults (Eosmos, Pycesa, 1984). 
The central part of the structure is composed by 
leptites, porphyroblastic and migmatised gneisses 
(EoHHOB "' .up., 1963), nominated as the Strazhets 
Group of the Prarhodopian Supergroup (Ko)l(y
xapos, 1987), cut by gneiss-granites (Ko)l(yxaposa 
"' .up. 1988). The mentioned rocks are covered by 
the Boturche Group (Ko)l(yxapos, 1987), compo
sed of mica schists, quartzites, rare marble layers 
and conformable bodies of metamorphosed ophio
lites. The later along with the basic magmatites are 
supposed to had been abducted on the active 
margins of an ancient Precambrian continent 
during carbonate-pelite sedimentation (Ko)l(yxa
posa, 1984a). Later on, all rocks were regionally 
metamorphosed and transformed to different kind 
of amphibolites, eclogites, talc-chlorite and 
actinolite schists (Ko)l(yxaposa, 19846). 

Along the north-eastern periphery of the Byala 
Reka dome, the gneissic complex of the Strazhets 
Group is covered by the rocks of the Boturche 
Group consisting of the Zhulti Chal and Gnesdare 
Formations which are overlain by beds of the 
Tintyava Group (Ko)l(yxapoB, 1987). The geologi
cal relationships of the three groups are subject of 
discussion. According to recent views (EoHHOB H 

.up., 1963, 1990; EoHHOB, Pycesa, 1984; Ko)l(yxapo
sa, 1984a; Ko)l(yxapos 1987), the three groups 
formed a normal stratigraphic successions, and the 
contacts between them were consolidated during 
the metamorphic alteration. In some recent publi
cations (Burget al., 1996), the boundaries between 
the groups are considered as tectonic zones. The 
authors cited do not present any concrete facts 
about the geological situation, and the notion for a 
system of thrusts is deprived of arguments. Other 
authors (Macheva, Kolcheva, 1992) examine the 
contacts of Strazhets, Boturche and Tintyava 
Groups as intrusive ones. According to them, the 
Strazhets and Tintyava Groups are composed of 
metagranites because of mineralogical and ge
ochemical similarities between the compositions of 
the porphyroblastic gneisses of the Punovo For
mation and granites. But far not all of the gneisses 
of the Strazhets and Tintyava Group allow to be 
interpreted in such a simplified way. The statement 
that the mentioned gneisses intruded the Boturche 
Group that is partly composed by metaophiolites is 



not acceptable. It is possible that the authors 
mistakenly assume some of the dyke-like 
metasomatic gabbroids as metagranite apophyses. 
The current investigations on the north-eastern 
periphery of the By ala Reka dome (Kozhoukha
rova, 1996) have shown that the rocks of the 
Boturche Group form a closed, inclined to south
west synclinal fold reworked by second order 
folding (Fig. 1 ), the hinge line being oriented 300-
3200. The beds from the south-western limb dip 30-
400 and those from the north-eastern one, 45-70°. 
In the cores of second and third-order folds well 
developed rodding structures are visible. A later 
major fold system with axial planes striking 30-40° 
was found, too. It seems as if it is the same fold 
system spotted by EoHHOB et al. (1990) northeast of 
the Byala Reka dome. Thanks to the action of the 
two fold phases, a macroboudinage inside the 
varied formations was formed. The serpentinite 
bodies which are components of the Boturche 
group represent big boudins (Ko)l(yxaposa, 1984a) 
conformable to the host mica schists and amphi
bolites as everywhere in the Rhodope massif where 
their primary stratigraphic position has not been 
modified by late tectonic movements. Nowhere in 
the Phodope massif serpentinite rocks mark sutu
res, thrust surfaces or deep faults as some authors 
consider (Dercourt et al., 1987; Burg et al., 1990; 
Dobretsov, 1991; Sokoutis et al., 1993). The ser
pentinites have always a stable stratigraphic posi
tion in the lower levels of the varied formations, 
and are covered by Proterozoic well-stratified mica 
schists and marbles. This fact excludes the po
ssibility that they have been involved as ocean crust 
during the collision between two tectonic conti
nental units. Even less plausible is the statement 
·hat there is a piling of allochthonous sheets (Burg 
et al., 1996). In the examined region, the varied 
omplex of the Boturche Group, that contains op

hiolites, has a normal and laterally persistent 
metamorphic contact with the rocks of the Straz
hets and Tintyava Groups without thrusting or 
injection :of intrusive masses. Some movements 
'Jad been concentrated during the first major stage 

f synmetamorphic folding, along the rheolo
gically contrast boundary between the gneissic and 
:he varied complex. Along shear zones eclogi
:isation of ophiolites and blastomylonitisation of 
;>orphiroblastic gneisses took place. The last have 
:,een transformed to fine-grained gneisses, and in 
:he zones of the most intense deformation, to 
garnet-mica schists with phengite. This 
~11metamorphic deformation accompanied by 
:rystallisation is distinct from the later, mainly 
J:rittle type deformations, with restricted 
:-ecrystallisation of the quartz and micas that is 
::oncentrated along zones of Alpine diaphthoresis. 
:\ third system of open folds trending 0-1 oo can be 

seen in a small number of exposures not accom
panied by metamorphic recrystallisation. 

The stratigraphic sequence of the Strazhets, 
Boturche and Tintyava groups also needs clarification. 
The establishment of a recumbent synclinal fold at 
the north-eastern margins of the Byala Reka dome 
indicates that the Tintyava and Strazhets groups are 
the limbs of a syncline and belong to a single 
lithostratigraphic unit. Their petrographic similarity 
is another evidence in favour of their unification. 
On the other hand, the Zhulti Chal and Gnezdare 
Formations of the Boturche Group also may be 
considered to be one unit with identical composition 
to that of the Rhodope Supergroup (K.ozhoukharova, 
1996) exposed in central and western Rhodope 
Mountains. 

Metasomatic gabbroids 

Country rocks 
The bodies of the metasomatic gabbroids have 
been found inside the serpentinite megaboudins 
(Fig.l, 2), that belong to the Boturche Group. Two 
types of rocks compose the Boturche Group: 1. 
Parametamorphites, represented by mica schists 
and gneiss-schists with thin layers of quartzites and 
marbles; 2. Metaophiolites - serpentinites and 
amphibolites. 

1. Parametamorphites 
1.1. Mica schists. In the studied region garnet

muscovite and chlorite-garnet-muscovite schists 
were encountered, with two, and at some places, 
with three successive mineral parageneses, separa
ted by evidences for deformation phases. The first 
paragenesis is composed by: 

- relics of garnet (coarse-grained, 2 to 3 mm in 
diameter porphyroclasts) embracing quatrz, chlo
rite, titanite and idiomorphic inclusions of needle 
like rutile; frequently an "atoll" structure is obser
ved, or semi-corroded skeletons with high grossu
lar content (Table 1 ); 

- staurolite: prismatic, often broken, rotated, 
indicates an early lineation distorted by later folds; 

- biotite: light brown flakes replaced by musco
vite and chlorite; 

- muscovite: relatively large, bended flakes, 
included in a second generation muscovite with 
low phengite content (Table I); 

- plagioclase: oligoclase to andesine; 
- quartz: with strong undulatory extinction; 
- kyanite: deformed and altered by muscovite; 
- small grains of tourmaline, rutile and chlo-

ritoide. 
The second paragenesis forms a new schistosity, 

which flows around the garnet, porphyroclasts and 
crystallised in the pressure shadow areas. It is 
represented by: 
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Fig. I. Geological map of north-eastern periphery of the Byala Reka dome (after .[{. KoJKyxapoe, 1987 with some addition and 
interpretation of the author). Symbols: I - Quaternary and Pliocene; Boturche Group: 2 - beds of metasomatic gabbroids; 3 -
marbles; 4 - mica schists; 5 - amphibolites; 6 - serpentinites; Prarhodopian Supergroup: 7 - porphyroblastic gneisses; 8 - metagranites: 
9- leptynite gneisses; I 0- biotite gneisses; II - tectonic zone and mode of occurrence of beds; 12 - a. anticlinal axis; b. synclinal 
axis; 13 -A. detailed map of Fig. 7; B. detailed map of Fig. 2 

- chloritoid: large laminated individes with poly
synthetic twins and pleochroism from blue-gree
nish (y) to grey-greenish CP) and light-yellowish (a) 
shades; a helicitic structure is common with nu
merous rutile needles oblique to the elongation of 
the mineral, possibly indicating earlier schistosity; 

- garnet
2 

is developed as rims around the garnet1 
grains or is represented by small independent 
grains; it is clear (without inclusions), its grossular 
and spessartite content is low, but is enriched in 
almandine while the pyrope content is unchanged 
(Table I); 

- muscovite: small flakes along with the chlo
rite, form ribbon aggregates that surround the 
garnet

1 
porphiroclasts enriched with phengite 

component (Table I); 
- chlorite: tiny flakes of ripidolite with high AI 

content (Table I); 

92 

- quartz: clear, filled with rutile inclusions often 
crystallized in the pressure shadows of the garnet 
phorphyroblasts along with chloritoid, chlorite, 
garnet, muscovite (second generation) and albite
oligoclase. 

I .2. Quartzites. They are composed mostly of 
quartz (80%) and variable amounts of garnet, 
plagioclase, graphite, muscovite and hematite. 

2. Metaophiolites. The main rock varieties are 
serpentinites, pyroxenites, eclogites and amphi
bolites. 

2.1. Serpentinites. They constitute megaboudins 
with a lenticular form, and exceeding 1 km in 
length, or small lenses and thin plates alternating 
with amphibolites (Figs I, 2). All bodies are de
formed . They are concordant to the country layers 
and follow the general configuration of the varied 
formations. Their stratigraphic position and 



Fig. 2. Geological map of the region of Zhulti Chal. Symbols: I - dyke-like bodies of metasomatic gabbroids; 2 - pyroxenite veins; 
3- talc-chrysotile veins; 4- quartz veins; 5 - serpentinites; 6- amphibolites; 7- mica schists; 8- quartzites; 9- leptynite gneisses; 
I 0- porphyroblastic gneisses; II -a. first schistosity; b. second schistosity; 12. - a. fold axis; b. mode of occurrence of beds; c. fault; 
13 - location and number of sample 

association with the rocks of the varied formations 
is persistent. The rock-forming minerals are chry
zotile, lizardite and antigorite (80-95%) with rare 
relics of olivine, pyroxene and chromite. The ser
pentine minerals are replaced by talc, tremolite, 
chlorite, calcite and magnetite. In the central parts 
of the big boudin near the village Zhulti Chal the 
serpentine is predominantly of a lizardite-chryso-

tile type but at the margins of the boudin it is 
antigorite. The antigorite with tiny octaedric mag
netite marks the foliation planes of two schistosi
ties: S

1 
(parallel to the elongation of the megabo

udin striking to NW -SE and folded), and S
2 

(for
med by later antigorite, oblique to S1 and striking 
north-east). Often at the periphery of the body a 30 
em wide reaction zones of talc-chlorite and chlo-
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Table! 
Representative microprobe chemical analyses of minerals from garnet-chloritoide-chlorite schists - sample 5012 

!-core 2-rim 3 4 5 
Si02 36,04 36,46 46,04 46,74 46,98 
Ti0

2 
0,06 0,20 0,27 0,38 0,28 

Al20 3 22,54 22,41 37,79 35,21 36,25 
FeO 27,32 31,33 1,25 1,56 1,38 
MnO 7,05 5,09 0,00 0,06 0,19 
MgO 2,69 2,63 0,78 1,15 1,15 
CaO 4,17 1,80 0,08 0,10 0,03 
Nap 0,13 0,08 1,56 1,01 1,37 
Kp 0,00 0,00 7,98 8 40 8,61 
Hp 0,00 0,00 4,24 5,37 3,77 
Total 100,00 100,00 100,00 100,00 100,00 

Basis 0-24 0-24 24 24 24 
Si 5,791 5,864 6,064 6,108 6,232 
All\' 0,209 0,136 1,936 1,892 1,768 
AJVI 4,0'59 4,111 3,929 3,528 3,899 
Ti 0,007 0,024 0,021 0,037 0,028 
Fe 3,666 4,207 0,137 0,169 0,152 
Mn 0,958 0,693 0,000 0,006 0,021 
Mg 0,644 0,630 0,152 0,223 0,227 
Ca 0,717 0,310 0,011 0,014 0,004 
Na 0,038 0,025 0,397 0,255 0,351 
K 0,000 0,000 1,340 1,400 1,456 
OH 0,000 0,000 3,723 4,670 3,330 

Aim 60,87 71,73 
Sp 15,91 11,82 
Pyr 10,69 10,74 
Grs 12,53 5,71 

rite-actinolite schists had been developed. Lenti
cular or glomeroblastic segregations of coarse
grained octaedric magnetite are visible. 

2.2. Pyroxenites. Mainly dyke-like bodies have 
been observed in the internal part of Zhulti Chal 
body (Fig 2). The predominant strike of the dykes 
is NW, preserving parallelism with the elongation 
of the megaboudin. The pyroxene is a prismatic 
enstatite, reaching 5-6 em in length. It is developed 
on the serpentine and on its turn is replaced by 
needle-like amphibole. 

2.3. Eclogites. They form lenses and thin layers 
among garnet-bearing amphibolites between the 
Punovo and Boturche Group. The best exposures 
of amphibolitised eclogites have been found in the 
vicinity of the village Kazak (Ko)l(yxapoaa, 19846). 

In the eclogites two clearly distinguishable meta
morphic parageneses were established separated 
by deformation phase: a) eclogitic paragenesis -
omphacite (Jd35_36), garnet (Alm44_4lY 

3
_11SP0 6. 10 

Grs22_
31

And
2 2

_). rutile, ilmenite; P - 9 kbars, T -
400-500°C; o) post-eclogitic, transitional parage
nesis (decomposition of omphacite): diopside, 
plagioclase An

1
_
12

; c) diaphthoretic paragenesis: 
almandine, plagioclase An

26
_
35

, amphibole, zoisite, 
T- 400-sooac, P - 4-6 kbars. 

2.4. Amphibolites. They are the most abundant 
metamorphic products of the ophiolites, and form 
layers alternating with mica schists, quartzites and 
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Chid 

6 7 8 9 10 
47,12 48,71 50,53 25,02 24,92 

0,57 0,40 0,51 0,00 0,11 
33,06 31,38 28,44 41,34 24,42 

2,63 2,66 2,15 20,62 22,09 
0,00 0,00 0,00 0,78 0,00 
1,94 2,70 3,08 4,66 15,74 
0,00 0,01 0,00 0,08 0,00 
0,76 0,60 0,43 0,06 0,33 
8,84 9,75 9,81 0,00 0,03 
5,07 3,79 5,05 7,44 12,38 

100,00 100,00 100,00 100,00 100,00 

24 24 24 14 36 
6,321 6,530 6,666 2,02 5,078 
1,679 1,470 1,334 3,95• 2,922 
3,547 3,486 3,086 2,941 
0,057 0,040 0,050 0,000 0,017 
0,294 0,298 0,236 1,393 3,757 
0,000 0,000 0,000 0,053 0,000 
0,387 0,538 0,605 0,562 4,778 
0,000 0,001 0,000 0,006 0,000 
0,196 0,154 0,109 0,004 0,130 
1,512 1,666 1,650 0,000 0,007 
4,530 3,380 4,440 4,020 16,82 

serpentinites. Two fold generations and three pe
trographic types are recognised: garnet amphibo
lites, epidote amphibolites and migmatised am
phibolites. The garnet amphibolites are exposed at 
the north-eastern part of the Zhulti Chal mega
boudin. The first paragenesis consists of low-alu
mina hornblende, andesine, garnet, epidote, rutile 
and apatite crystallised in P-T conditions corre
sponding to 480-540°C and 4-5 kbars. The mineral 
crystallisation is followed by breaking and rotation 
of the minerals. The second paragenesis is marked 
by the same minerals forming coronas or replacing 
the earlier ones. The higher alumina content in the 
hornblende and the more anortitic feldspar testify 
for a temperature increase up to 560-580°C. Du
ring the migmatisation of the amphibolite layers, 
quartz-feldspatic segregations and a new parage
nesis of quartz, oligoclase-andesine, amphibole, bi
otite, barite, epidote, chlorite, titanite, and idio
morphic magnetite had been formed. The mea
sured crystallisation temperature is in the range of 
560-620 oc. 

Petrographic features 
of the metasomatic gabbroids 

Along the north-eastern periphery of the Byala 
Reka dome to the north of the village Zhulti Chal 
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Fig. 3. Draft of a body of metasomatic gabbroids, valley of 
Kerezliyska Reka. Symbols: I - serpentinites; 2- chlorite and 
actinolite-chlorite schists; 3 - amphibolites; 4 - metasomatic 
gabbroids with agglomerate and spotted structure; 5- a. schistosity 
and shearing of serpentinites; b. location and number of sample 

Table2 

and along the valleys of the rivers Kavashka and 
Kerezliyska a number of dykes and lenses of peg
matoid gabbroids are exposed cutting the serpe
ntinites of the Zhulti Chal megaboudin (Figs 1, 2). 
The prevailing strike of the bodies is NW -SE (290-
3300). They are subvertical or dipping 60-70° to the 
SW. The thickness of the bodies varies from several 
em to 4-5 m. Xenoliths of partially assimilated 
serpentinites, chlorite schists and garnet amphibo
lites are visible in their marginal parts where a 
zonality of the bodies appeared (Fig. 3). At the 
contact the serpentinites are altered to talc-chlorite 
schists and amphibolites. 

The metasomatic gabbroids have a varied appearan
ce and irregular structure (Plate I). In some locations 
the structure is massive, equigranular and fine-grained, 
whereas in others it is block, agglomeratic, streaky, 
lenticular or schistose (Plate I, I, 2). Often in the 
internal parts of the bodies pegmatoid segregations 
of coarse-grained (1-2 em) plagioclase, amphibole, 
epidote, etc. are formed. Often slight schistose 
"leopard" structure of grey-greenish and light grey 
stains 2-4 x 1-2 em in size is seen resembling that of 
the augen gneisses. Some parts of the rock are almost 
monomineral with textures varying from grana
blastic to nematoblastic or ophitic. The most 
common are reaction textures: coronas, corrosion 
relationships, different kind of pseudomorphs, 
symplectites and diablastic intergrowths. The textures 
reflect a complicated process of metasomatic 
crystallisation, replacement and assimilation 

Representative microprobe chemical analyses of minerals from metasomatic gabbroids - sample 5098a 

I -alb 2 - kfl 3- zs 4- chi 5 -chi 6- ms 7- grt 8- czs 9- czs 
Si02 63,13 63,91 38,50 35,67 27,70 45,33 39,67 38,21 38,31 
Ti0

2 
0,00 0,09 0,02 0,00 0,00 0,07 0,11 0,24 0,30 

Alp3 
35,70 19,60 34,19 20,10 24,70 38,17 22,39 27,87 28,82 

FeO 0,10 0,12 0,38 1,16 8,31 0,00 2,37 7,47 6,02 
MnO 0,00 0,00 0,01 0,15 0,20 0,14 0,44 0,09 0,15 
MgO 0,00 0,00 0,00 30,23 26,82 1,51 0,06 0,00 0,00 
CaO 0,22 0,00 24,55 0,19 0,00 0,17 34,82 22,70 22,20 
Nap 10,85 0,12 O,Q7 0,32 0,29 0,19 0,00 0,14 0,28 
K.p 0,00 16,16 0,00 0,10 O,Q3 9,81 0,14 0,15 0,07 
Hp 0,00 0,00 2,28 12,08 11,95 4,61 0,00 3,13 3,84 
Total 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 

basis 32(0) 32(0) 13(0 36(0 36(0 24(0 240 13 13 
Si 11,066 11,820 2,914 6,625 5,362 5,959 5,995 2,974 2,932 
AJ'V 5,311• 4,271• 0,086 1,375 2,638 2,041 0,005 0,026 0,068 
AI VI 2,965 3,027 2,999 3,873 3,983 2,531 2,533 
Ti 0,000 0,012 0,001 0,000 0,000 0,006 0,012 0,014 0,017 
Fe 0,013 0,017 0,023 0,171 1,275 0,000 0,283 0,460 0,365 
Mn 0,000 0,000 0,001 0,023 0,032 0,015 0,056 0,005 0,010 
Mg 0,000 0,000 0,000 8,367 7,738 0,295 0,013 0,000 0,000 
Ca 0,041 0,000 1,991 0,038 0,000 0,024 5,638 1,893 1,821 
Na 3,687 0,043 0,010 0,116 0,055 0,047 0,000 0,020 0,041 
K 0,000 3,813 0,000 0,022 0,003 1,645 0,025 0,015 0,006 
OH 0,000 0,000 1,150 14,960 15,430 4,039 0,000 1,624 1,960 

Or 0,00 98,88 Aim 4,70 
Ab 98,90 1,12 Sp 0,93 
An 1,10 0,00 Pyr 0,22 

Grs 94,15 

Symbols: alb- albite; kfl - K-feldspar; zs- zoisite; chi -chlorite; ms- muscovite; grt -garnet; czs- clinozoisit 
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Table 3 
Representative microprobe analyses of minerals from metasomatic gabbroids 

5098g 5098g 
epidote diopside 

Si0
2 

38,02 36,82 53,25 
Ti02 

0,00 0.14 0,00 
Alp3 34,08 29,11 2,07 
Fep3 

0,79 6,93 0,90 
FeO 
MnO 0,00 0,10 0,25 
MgO 0,14 0,13 17,14 
CaO 24,45 23,78 25,43 
Nap 0,00 0,00 0,54 
K.p 0,00 0,00 0,29 
Hp 2,52 2,99 0,13 
Total 100,00 100,00 100,00 

basis 13/0.0H 13/0,0H 6(0) 
.Si 2,874 2,834 1,922 
AVV 0,126 0,166 0,078 
ALVI 2,911 2,476 0,011 
Ti 0,016 
Fe3+ 0,045 0,402 0,024 
Mn 0,006 0,008 
Fch 
Mg 0,015 0,015 0,923 
Ca 1,980 1,962 0,984 
Na O,Q38 
K 0,013 
OH 1,269 1,535 

Q-1.906 
J- 0,076 
mg-1,00 

between the basic-ultrabasic rocks and the 
pegmatitic solutions (Plate I, 3-6). 

The mineral composition of the rocks varies, too. 
Ca-Al minerals from the epidote group and the basic 
plagioclases predominate. At the margins of the 
bodies (Fig. 3) compact porcelain-like masses are 
observed composed by tiny prismatic crystals of 
zoisite forming radiated or disordered aggregates 
(Plate I, 1, 2). The zoisite shows lamellar, zonal, 
sometimes hour-glass crystal structure with anomal 
low blue interference colours, parallel extinction 
and negative optical character. In the same porcelain 
masses microcrystalline individuals of albite, K
feldspar, chlorite and talc are found (Table 2). The 
fine-grained mass often recrystallised in fissures to 
a more coarse-grained clear zoisite in association 
with chlorite. On its turn, the zoisite is replaced by 
epidote forming a mesh texture (Plate I). 

Epidote forms thick prisms or is fine-grained. It 
is developed in the interstices between zoisite prisms 
in the ophitic-like textures. Its chemical composition 
differs from that of the zoisite by a higher iron 
content (Table 3). It occurs also as alteration 
products on the zoisite and along with the latter 
replaces the relic garnets in the inclusions of garnet 
amphibolites. 
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2334v 2334d 5098g 
anorthite actinolite chlorite 

43,53 34,47 53,91 28,60 
0,00 0,26 nd. 0,00 

35,37 20,20 4,36 22,96 
0,00 2,76 11.76 7,62 

28,92 
nd 0,60 nd 0,16 
0,00 3.76 17,42 28,49 

20,03 9,02 11,01 0,00 
1,06 0,00 0,00 0,00 
0,00 0,00 1,53 0,08 
0,00 nd nd 12,08 

99.99 99,99 99,99 99,99 

32 (0) 24 (0) 24 (0) 36(0) 
8,094 5,635 7,700 5,439 
7,754 0,365 0,300 2,561 

3,527 0,434 2,586 
0,031 
0,338 1,263 1,090 
0,082 0,025 
3,746 
0,915 3,708 8,075 

3,989 1,579 1,685 
0,191 0,251 

0,018 
15,33 

F 0,118 
Or-O Al-59,25 
Ab-2,00 Sp- 1,30 
An-98,0 Pr-14,47 

Gr-16,80 
Ad-8,18 

Plagioclase also shows an irregular distribution 
as no less than two generations were established. In 
the first one the mineral developed mainly in me
dium to coarse-grained xenomorphic individuals 
with patchy extinction and unclear lamellar con
stitution. Some parts of the mineral are symple
ctites of plagioclases and quartz. The larger indi
viduals often include poikiloblastically zoisite and 
epidote and also sheaf-like aggregates of tremolite 
and actinolite. The plagioclase is enriched in 
calcium and varies considerably even in a single 
grain from andesine-labradore to anortite An95, 

(Table 3). Plagioclases of the second generation 
are localised in zones or veins formed during later 
impulse of pegmatite solutions penetration. They 
are fine- to coarse-grained, clear, with lamellar 
constitution. The composition is more acid ranging 
from oligoclase to andesine - An

22
_
40

• Often it is 
associated with quartz. 

Pyroxene. Sometimes it is found in badly preserved 
relics or pseudomorphs, and sometimes by relatively 
fresh grains similar to those found as veins in the 
serpentinites. Usually it is diopside and rarely 
enstatite. The replacement product is amphibole. 

Amphibole. It is represented as relatively large 
(1 -5 mm) prismatic or isometric individuals 



Table 4 
Representative microprobe chemical composition of amphiboles and plagioclases from metasomatic gabbroids - sample 40 

amph-2 
rim 

Si0
2 

52,028 47,153 51,898 51,269 
Ti0

2 
0,117 0,309 0,066 0,071 

Alp3 
6,227 11,659 4,897 6,028 

FeO 10,150 11 ,283 9,506 10,437 
MnO 0,209 0,232 0,168 0,098 
MgO 15,872 13,056 16,379 15,685 
CaO 11,994 12,225 13,005 13,109 
Nap 0,923 1,308 0,707 0,668 
K.p 0.000 0,185 0,097 0,100 
Zrp3 0,000 0,012 0,002 0,056 
Cr

2
0

3 
0,051 0,023 0,797 0,136 

BaO nd nd nd nd 
Total 97,570 97,445 97,522 97,657 

basis 23(0) 23(0) 23(0) 23(0) 
Si 7,415 6,821 7,428 7,348 
AJIV 0,585 1,179 0,572 0,652 
AJVI 0,461 0,809 0,254 0,366 
Ti 0,013 0,034 0,007 0,008 
Fe 1,210 1,365 1.138 1,251 
Mn 0.025 0,028 0,020 0,012 
Mg 3,372 2,815 3,495 3,351 
Ca 1,832 1,895 1,994 2,013 
Na 0,255 0,367 0,196 0,186 
K 0,000 0,034 0,018 0,018 
Zr 0,000 0,001 0,000 0,004 
Cr 0,006 0,003 0,090 0,015 
Ba 

Or 
Ab 
An 

including or cutting through the early garnets or 
pyroxenes. The mineral contains brown-greenish 
spots in its central parts occupied by fine-grained 
rutile and magnetite that is evidence for assimila
tion of older pyroxene or amphibole. The shapes of 
the spots (angular with light rectangular domains) 
resemble the corona structure of amphibolitized 
gabbro norites, observed on other places in the 
Rhodope massif (Ko)l(yxapooa, 1967; flpHcTaoooa, 
1996). Possibly it is amphibole pseudomorphs on 
basic magmatites. Single amphibole individuals 
has grown synchronous to the plagioclase. Sample 
40 (Table 4) represents a typical, for the metaso
matic gabbroids, paragenesis in advanced stage of 
homogenisation and mineral equilibrium. The am
phibole in the central parts is transitional between 
actinolite and Mg-hornblende, in the periphery the 
alumina content increasing. The increasing anorti 
tic content in the accompanying plagioclase (Tab
le 4) indicates for progressive trend in the tempe
rature regime of crystallisation. Actinolite is com
mon but not evenly distributed mineral. It can be 
found in the peripheral parts of the bodies in asso
ciation with chlorite where replaces the serpe-

13 Geolog ica Balcanica, 29. 1-2 

plag-1 plag-2 plag-2 
rim core rim 

57,068 53,706 57,857 47,492 
0.000 0,000 0,000 0,000 

26,854 28,924 26,320 32,650 
0,117 0,080 0,131 0,023 
0,000 0,000 0,000 0,000 
0,000 0,000 0,000 0,000 
9,588 12,351 8,088 17,128 
5,787 4,594 6,539 1,919 
0,010 0,000 0,009 0,000 
nd nd nd nd 
nd nd nd nd 

0,000 0,063 0,066 0,000 
99,424 99,716 99,010 99,212 

32(0) 32(0) 32{0) 32{0) 
10,282 9,747 10,437 8,788 
5,703 6,187 5,596 7,121 

0,000 0,000 0,000 0,000 
0,018 0,080 0,020 0,004 

0,000 0,000 0,000 0,000 
0,000 0,000 0,000 0,000 
1,851 2,402 1,563 3,396 
2,022 1,616 2,287 0,689 
0,002 0,000 0,002 0,000 

0 
0,000 0,004 0,005 0,000 

0,05 0,00 0,00 0,00 
52, 18 40,18 40,18 16,87 
47 77 59 82 59 82 83 13 

ntinite inclusions. Bundle like aggregates of needle 
actinolite are observed in quartz feldspatic seg
regations. 

Chlorite which is developed within the serpe
ntinite is of talc-chlorite type and single individuals 
in quartz-feldspatic medium are enriched in AI 
sheridanite according to the classification of Hey 
(Xeif, 1954). 

Dolomite is sporadic. It builds up fine crystalline 
aggregates together with chlorite. The dolomitic 
component is 93,74%. 

Accessories are rutile, titanite, magnetite, ilmenite, 
and in the pegmatoid segregations, also zircon. 

The mineral association in which the epidote 
minerals predominate, the strong variations in the 
chemical composition and uneven development of 
the mineral species as well as the presence of 
replacement textures imply a typical metasomatic 
process that took place between the pegmatitic 
derivatives and the serpentines. Similar types of 
metasomatites are found in other areas of Rho
dope massif where pegmatitic solutions had penet
rated the rocks of the ophiolitic association (Ko)l(y
xapooa, 1998). 
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Table 5 
Chemical composition of metasomatic gabbroids of Byala Reka dome, village Zhulti Chat 

Si0
2 

Ti02 
Alp1 
Fep1 
FeO 
MnO 
MgO 
CaO 
Nap 
Kp 
PPs 
Hp 
Loss 
Total 

ppm 
Ba 
Sr 
Rb 
Zr 
Ti 
Mn 
Cr 
v 
Co 
Ni 
Cu 
Pb 
Zn 
Li 
Sc 
y 

50,41 
0,41 

I 5,42 
1,56 
4,72 
0,09 

11,51 
13,42 

0,83 
0,05 
0,01 
0,15 
1,14 

99,75 

70 
52 
20 
24 

710 
793 

54 
226 

31 
139 

IS 
9 

24 
8 

nd 
nd 

Petrochemistry 

2 
893 

44,61 
0,13 

17,76 
1,73 
4,39 
0,13 

11,54 
15,26 

0,58 
0,06 
0,01 
0,21 
3,33 

99,74 

80 
154 
20 
20 

244 
778 
156 

96 
31 

252 
108 

3 
36 

9 
32,77 
nd 

3 
894 

39,90 
0,61 

18,57 
4,11 
7,43 
0,12 
9,75 

13,98 
1,10 
0,10 
0,01 
0,24 
3,85 

99,86 

70 
671 

33 
35 

980 
1325 
52 
455 
34 
127 
20 
23 
44 
7,5 
nd 
nd 

50,15 
0,42 

16,30 
2,63 
5,16 
0,14 

10,82 
8,75 
2.87 
0,13 
0,05 
0,09 
2,30 

99,81 

70 
179 
20 
56 

680 
1211 
304 

91 
28 

171 
16 
5 

45 
4,5 

nd 
nd 

of the metasomatic gabbroids 

47,10 
0,01 

17,95 
1,85 
5,70 
0,10 

12,50 
11,80 

0,32 
0,04 
0,01 
0,26 
2,47 

100,1 

80 
47 
20 
31 

218 
1120 

39 
129 
33 

114 
34 

I 
47 

22,5 
nd 
nd 

The metasomatic gabbroids have a chemical com
position approaching that of the basic magmatic 
rocks of the gabbro group but, on the other hand, 
do not correspond exactly to any of the petroche
mical species (Table 5). As the minerals themselves 
so the bulk chemical composition vary. The Si0

2 
is 

between 34,9 and 50,41 % and the sum of alkalis 
from 0, 25 to 2,87 % as they fall in the field of 
ultrabasic and basic magmatic rocks (Fig. 4•). The 
higher content of CaO (8,75-23,62 %) shifts the 
composition outside the gabbro field (Fig. 4b). The 
same is the picture on the discrimination diagrams 
for FeO, MgO, CaO, Ti02 (Fig. 5) where the large 
dissipation of the points out of the petrochemical 
fields is not characteristic for the magmatic rocks. 
The sharp changes in the petrochemical values 
were established even in the frame of one body of 
metasomatic gabbroids -samples 5098a and 5098b 
(Table 5; Figs 4, 5). The distribution of the trace 
elements is similar, especially that of the strontium 
content, which is controlled by that of the feld 
spars. The petrochemical discrepancy between the 
metasomatic gabbroids and magmatic rocks and 
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46,70 
0,01 

19,30 
2,20 
4,25 
0,07 

10,14 
15,09 

0,55 
0,02 
0,01 
0,22 
1,57 

100,1 

80 
51 
20 
30 

193 
719 

79 
97 
28 

164 
33 
10 
36 

nd 
nd 

6 

45,30 
0,16 

19,80 
2,66 
6,98 
0,08 
8,80 

13,66 
0,42 
0,04 
0,01 
0,18 
1,99 

100,1 

80 
34 
20 
31 

976 
907 

21 
545 

42 
53 

174 
I 

61 
21 

nd 
nd 

46,04 
0,01 

19,98 
2,10 
6,60 
0,09 
8,85 

13,06 
0,38 
0,04 
0,02 
0,25 
2,38 

99,78 

80 
35 
20 
29 

226 
998 

94 
626 

34 
82 
39 

I 
54 

13,5 
nd 
nd 

9 
5098a 

34,90 
0,04 

22,70 
3,39 
2,85 
0,14 

14,51 
14,92 

0,35 
0,00 
O,Q2 
1,01 
5,16 

99,99 

50 
140 
23 

7 
294 

1164 
30 
99 
29 

103 
54 

4 
20 
35 

nd 
34 

10 
5098g 

39,49 
O,Q2 

29,17 
0,79 
0,50 
0,03 
3,62 

23,62 
0,25 
0,00 
0,01 
0,10 
2,80 

99,95 

so 
20 
20 

7 
186 
360 

II 
19 
3 
4 

17 
3 
4 
3 

nd 
38 

the significant variations in the chemical compo
sitions (Fig. 6) confirm their metasomatic origin. 

Metamorphosed basic dykes 

They outcrop as several isolated bodies in the 
south-eastern limb of the syncline 1.5 km to the 
south of village Gougoutka (Fig. 7). The dykes cut 
the subvertical, dipping to the north -east 20-6()<> 
with angle 35-75° beds of Gnezdare Formation, 
presented by garnet-biotite tourmaline-bearing 
gneiss-schists. The strike of the dykes is north-east 
25-30". They have been deformed by later mo
vements so their contacts are bended (Fig. 8). In
side the dykes, xenoliths of country rocks are 
observed as it is not clear. whether they had been 
torn apart during the injection or somehow me
chanically included during the later deformation. 
Their contacts are marked by quartz veins 3-4 em 
thick. The gneisses are strongly compacted, fine
grained and silicified. The metamorphosed dyke 
rocks are fine-grained, grey-greenish garnet am
phibolites with relic porphyritic texture (Fig. 8•), 
expressed by rectangular white spots with length 
0,5 to 1,5 em and width 0,3 to 1 mm, resembling 
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Fig. 6. Diagram for the chemical alterations of the metasomatic gabbroids 

prismatic plagioclases. They are oriented in pa
rallel to the outlines of the dyke like trachytoidal 
texture. The larger spots parallel to the contacts 
are concentrated in the perypheral parts of the 
dyke (6 to 7 for a cm2), and at the central parts 
they are smaller and rarely distributed (Fig. 8a). In 
the chilled contacts porphyroid individuals disa
ppear. The mentioned zonality features typical for 
the dykes are evidence for their subintrusive ori· 
gin. It was established by microscopic work that 
white "porphyroids", are pseudomorphs after ma
gmatic plagioclases filled with polymineral fine
grained aggregate of plagioclase, quartz, calcite 
and zoisite or with single plagioclase poikiloblast 
including amphibole. 

The metamorphic process took place in two 
phases, marked by two mineral paragenesis. The 
first paragenesis includes - amphibole, garnet, 
zoisite, rutile, feldspar, quartz, ilmenite. It was ob
served mainly in the central parts (samples 2299, 
2300). The minerals are fine-grained composing 
the matrix and the pseudomorphs. The ilmenite 
(4-6%) is probably a relic from the magmatic 
stage, with size 0,1-0,2 mm. Its form is irregular, 
sometimes torn. It is rimmed or replaced by rutile 
and titanite. The second mineral paragenesis is 
composed of plagioclase (oligoclase - An15.

25
), 

quartz, epidote, titanite, amphibole, biotite. It is 
developed in lenticular segregations commonly 2-
3 mm wide. They are localised in the peripheral 
parts of the dykes. Minerals from the first para
genesis - amphibole and plagioclase recrystallised 
and increased in size or had been replaced by new 
minerals - zoisite by epidote, rutile by titanite, 
amphibole partly by biotite. At the exact contact 
assimilation processes related to the second me
tamorphic phase had been more intensive, and the 
garnet amphibolite is only partially preserved. Ob
viously the later metamorphism was accomplished 
at a greater activity of alkalines and silica. In addi
tion to the described rocks in the studied area have 
been found small exposures of metagabbros with 
relic magmatic amphibole. 

The chemical composition of basic dyke rocks 
determined by a sample from the centre of the dy
ke - No 2299 (Table 6, Fig. 4, 5) corresponds to 
high titanium tholeiite. The iron content is rela
tively low - Fe-1 0-11% and also Al20 3 

- around 
15%. Some increase over the average amount in 
alkalines was found for Na

2
0 - 3-3,4%. Consi

derable differences in composition from the peri
phery and the central parts of the dyke have not 
been found except a small increase in the amount 
of silica. On petrochemical diagrams the compo-
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Table 6 
Chemical analyses of metamorphosed basic dykes 

weight% 2299 2300 ppm I 22991 2300 

Si02 48,06 49,12 Ba 69 12 
Ti02 2,07 2,05 Sr 178 179 
Alp1 

15,31 15,62 Rb 7 II 
Fe

2
0

1 
1,92 2,12 Zr 133 149 

FeO 8,70 8,14 Ti 11484 10864 
MnO 0,19 0,18 Mn 1311 1419 
MgO 6,43 6,25 Cr 136 156 
CaO 10,44 10,37 v 237 246 
Nap 3,39 3,02 Co 30 30 

~0 0,34 0,38 Ni 62 63 

Ppl 0,21 0,16 Cu 35 31 
H

2
0 · 1,10 ).05 Pb 93 66 

H
2
0 · Zn 83 78 

Loss 1,76 1.42 Li 25,5 30 
Total 99,92 99.88 La 8,9 9.2 

Ce 17,0 16,4 
Sm 5.5 5,2 
Eu 1.36 1,44 
Tb 0,9 0,8 
Yb 3,6 3,3 
Lu 0,59 0,54 
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Fig. 8. Detailed geological map of a little region south of village 
Gougoutka - outcrop of deformed and metamorphozed dyke of 
basic rocks. I. 2- details of the map. Symbols: I - amphibolized 
basic rocks; 2 - biotite gneisso-schists; 3 - peripheral zone of 
dyke; 4 - transitional zone of dyke with rel ic porphyritoid 
structure ; 5 - internal zone of equigranular amphibolites; 6 -
location and number of sample 

sitional points of dyke rocks fell in the field of tho
leiites (Figs 4. 5), whereas these of the metasomatic 
gabbroids are outside this field. 

Genesis of metasomatic gabbroids 

Metasomatic gabbroids from the location Zhulti 
Chal are typical reaction products that do not 
belong to the primary components of the Ophio
litic Association. They differ from the metamor
phosed basic dyke magmatites found near the 
village Gougoutka after their mineral, petroche
mical and structural features. The similarity of the 
two types of rocks is only to the dyke - like shape 
of the bodies and some proximity of the mineral 
composition. But while the veins of metasomatic 
gabbroids are relatively linear and slightly defor
med those of metamorphosed basites carry prints 
of ductile deformations. The relic trachitoid tex
ture and zonal arrangement of a porphyritic pseu
domorphosis is specific for the metabasic dyke 



rocks, and the block, glomeroblastic or spotted 
texture, for the metasomatic ones. The metasoma
tic mineral association: zoisite, epidote, basic pla
gioclase (An90) together with acid plagioclase 
(An20-30), a variety of replacement textures, and 
visible assimilation of serpentinite from pegmatitic 
material undoubtedly speak for a metasomatic 
origin of the gabbroids. The odd and variable che
mical composition compared with the clear tho
leiitic ones of the dykes substitute the picture of a 
typical metasomatic process. The above reasoning 
affords us to accept the metabasites from the area 
of Gougoutka, as premetamorphic subintrusive 
rocks, eventually parts of an ophiolitic association, 
and the metasomatic gabbroids, for later metamo
rphic and post-tectonic products, related to pene
tration of pegmatite solutions into the rocks of the 
Ophiolite Association. An analogy exists in the 
geological relationships and mineral composition 
between the metasomatic gabbroids and decilica
ted pegmatites of the Rila mountain (ApHayAOB, 
1976; ApHayAOB, TieTpyceHKO, 1968). However, 
the desilicated pegmatites of Rila has zonality and 
contain emerald, chrysoberil, phenacite, orthite, 
fluorite, phlogopite, oxides of rutile, columbite
tantalite, augite, and euxsenite group (ApHayAOB, 
1976) being evidence for their genetic link with 
granites. Metasomatic gabbroids have irregular 
spotted structure and simple mineral association 
that implies migmatic pegmatites poor of volatile 
and rare components. 

The formation of metasomatic gabbroids at the 
expense of basic and ultrabasic ophiolites is not an 
isolated phenomenon and may be observed in other 
locations of the Rhodope massif being at different 
stages of development. Examples have been found 
in the valley of the river Arda in the neighbourhood 
of the villages Devesil (Krumovgrad district), Zherka 
(Ziatograd district), Vaklinovo (Gotse Delchev 
district), etc. (Ko)l(yxaposa, 1998). An analogy in the 
origin may be inferred for pegmatised amphibolites 
which resemble magmatic gabbroids near the peak 
Damga in the Rila mountain. Same massive coarse
grained amphibole-plagioclase rocks of the contact 
aureole of the West-Rhodope batholith in the Velin 
grad district are similar in composition (Ko~apo
sa, 1977). Metasomatic gabbroids are reaction 
products created by mingling of pegmatitic 
derivatives enriched in Si, AI and alkalis, and basic 
ophiolitic rocks enriched in Mg, Ca and Fe. The 
geochemical trend of the process is directed towards 
averaging of the composition of reacting substances. 
Gabbroization of serpentinites is one of the forms 
of assimilation of ophiolitic rocks taking place 
during the regional metamorphism. In the early 
stages of the process a nearly isochemical recrysta
ll isa tion of serpentinites and transformation into 
:ale-chlorite schists and metamorphic pyroxenites 
begins, passing into clear metasomatic alteration, 

when an increased mobility of the components took 
place. 

Structural end metamorphic evolution 
of the metamorphic complex 

The several successive mineral associations and 
deformation phases are evidence for continuous 
polyphase metamorphic evolution (Table 8; Fig. 
9). The earliest metamorphic events are related to 
the formation of porphyroblastic and leptitoid 
gneisses of the Strazhets Group from the Prarho
dopian Supergroup, which is a sole for the Bo
turche Group. Wide lateral distribution of uniform 
quartzo-feldspatic gneisses, migmatic lenticular 
and porphyroblastic structure, abundance of peg
matite - aplite layered and intersecting segrega
tions and granite bodies, witnesses for a deep level, 
and a continuous migmatic process, reaching high 
degree of selective melting. The most probable P-T 
conditions of crystallisation were T - 650-750°C 
and P - 4-8 kbars. The Strazhets Group corre
sponds to ancient Precambrian granite-gneissic 
infracrustal continental complexes. 

A new stage in the geotectonic development of 
the region begins with formation of marginal sea 
basins over the shelf of the ancient continent and 
obduction of ophiolitic fragments (Kozhoukha
rova, 1984a, 1985), which together with carbonate 
pelitic sediments, covered the eroded granite
gneiss complex of the Prarhodopian Supergroup. 
A second regional metamorphic cycle begins with 
recrystallisation of the sediments and ophiolites of 
the Boturche Group. It is divided into two me
tamorphic events. The first one developed in the 
low temperature amphibolite facies (Table 7), re
stricted from the stability of serpentinite - 580°C 
(Murre!, 1985). Interrupted by deformation pha
ses, the metamorphic recrystallisation took place 
in compressional setting marked by folding. Three 
episodes may be distinguished (Table 8), fixed by 
three paragenesis in the mica schists and amphi 
bolites, recurrent zonation of garnets and amphi 
bolization of eclogites. The temperature trend is 
progressive. Formation of glaucophane in the early 
phase of eclogite crystallization (Kon'-!esa, UoH
'-!esa, 1993), shows onsetting temperature 360-
4500C, reaching - 500-550°C at the culmination 
and in the zones of local migmatisation of amphi
bolites during the third episode - 620°C. More 
complex variation marks a pressure reaching cul 
mination at the second episode, when in the coun
try mica schists abundant chloritoide and musco
vite with high phengite content appear. The eclo
gitization probably developed during the second 
episode. A characteristic feature of the metamor
phic process is the unsteady spatial distribution of 
the temperature and pressure. Eclogitization is not 
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Fig. 9. Petrogenetic grid after B. W. D. Yardly, 1989, reaction I after K. Bucher and M. Frey, 1994 for the metamorphic rocks 
from north-eastern periphery of Byala Reka dome. Field of metamorphism: I - Prarhodopian Supergroup; 2 - Rhodopian 
Supergroup; 3 - metasomatic gabbroids; geothermobarometric estimations: 4 -eclogites; 5 - amphibolites; 6 - mica schists; 
7- metasomatic gabbroids; 8- trend of P-T parameters 

developed everywhere but in local zones of incre
ased pressure which are located at the lithologic 
contacts between the competent gneisses of the 
Strazhets Group and varied materials of the Botu-

Table 7 
P - T conditions of crystallization of metasomatic gabbroids 

Samples Mineral association 

5098a - porcelain-like Ab+Kfd + Q+Zo+Ta + 
peripheral mass +Chl+Ms+Grs 

5098g - fine -grained Di + Gr+Zo+Ep+An+l 
gabbroid +Chi 

5098j - fine-grained Amf + Ep+ Zo+ An
186

•11, 

gabbroid (Table 2) 
2334 -medium-grained Amf+An

9
s+Zo+Ep+Gr 

gabbroid +Chi 
2334 -medium-grained the same minerals 

gabbroid (Table 3) 
40 - coarse-grained Amf1+An

1160
,+Q+Zr 

gabbroid (Table 4) 

40 - coarse-grained Amf2+ An2183,+ Q+Zr 
gabbroid (Table 4) 
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rche Group. lnterformational friction in this zone 
produced relatively higher temperatures and pre
ssure necessary to trigger eclogitic recystallization. 
Similar processes have been established in the 

Geothermometer T p 

albite - K-feldspar 400°C 2 kbars 

garnet-clinopyroxene 4II°C 2 kbars 
<I>oKapeo et al. 1989 
amphibole-plagioclase 498-501°C 2 kbars 
Blundy, Holland, 1990 
garnet -amphibole 459°C 2 kbars 
Graham, Powel, 1984 
amphibole-plagioclase 518-519°C 2 kbars 
Blundy, Holland, 1990 
amphibole-plagioclase 
Blundy, Holland, 1990 634-640°C 2 kbars 
<I>epwTaTep, 1990 500-600°C 2 kbars40 
amphibole-plagioclase 
Blundy, Holland, 1990 656°C 2 kbars 
<I>epwTaTepp 1990 600-700"C 2 kbars 
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Table 8 
Metamorphic evolution of the Byala Reka dome 

-

Metamorphic 
complexes 

Rhodopian 
Supergroup 
Boturche Group 

Zhulti Chal and 
Gnesdare 
Formations 

Prarhodopian 
Supergroup 
Strazhets 
Group 

First metamorph. 
cycle 
Archaean - lower 
Proterozoic 

First 
migmatization 
Porphiroblastic, 
banded and 
leptitic gneises 
Pl -f-KF+Q+Bi 
T - 600-750"C 
P - 4-6 kbars 

Transitional 
emersion period 
Riphean 

Obduction of 
ophiolitic fragments 
covered by carbonate
pelitic 
sedimentational 
complex 

Uplift, erosion 
and weathering 

Second metamorphic cycle 
First syntectonic metamorphic event 
F1rst ep1sode l :Second episode ITliiro ep1sode 

Fl Dl F2 02 F3 03 

schists schists schists 
Grl+Stl+Bi!+Ms1 Gr2+St2+Ms2+Chld+ Bi2+ Ms3+Q3+Pl3 

+Pll +Q1 +Ru1 Chl+Pl2+Q2+Ru+Ky 

amphibolites 

Amf1 + Pl
1 
+Gr

1 
+Ep1+Ru

1
+Ap 

serpentinites 

Ant+Ta+Chl+ 
+Cai+Mt+Trm 
T - 480-540"C 
P - 4-6 kbars 

amphibolites 

Amf
2 
+ Pl

2 
+Gr 

2 
+ 

Ep2+Ru2 
serpentinites 

Ant+Ta+Chl+ 
Cai+Mt+Trm 
T - 480-5500C 
P - 4-8 kbars 
eclogites 
Omf+Grl + Rutl 
T - soo-sso·c 
P - 10-12 kbars 

Regressive metamorphic alterations 
Ms + Chi + PI + Q + Bi + Gr 
T - 400-550"C 
P - 4-6 kbars 

local slight 
migmatized 
amphibolites 
Amf

3
+Bi+PI3+Q+ 

Ep3+Tit+Chi+Mt+Ba 
amphibolized 
serpcntinites 
Amf+Ep+Zs+Tit+Mt 

T - 560-6200C 
P - 3-5 kbars 
amphibolizcd 
eclogites 
Amf+Pl2+Gr2+ 
+Zs 

Second posttectonic 
metamorphicevent 

F4 

Metasomatic 
gabbroids 
Amf+Tit+Q+Ep+Zs+ 
Ta+Chl+Kfl+Al+An 
fine -coarse 
massif amphibole 
gneises 
Amf

4 
+PI

4 
+Q2 + 

Tit
2
+Bi+Zr 

Second partial 
migmatization 
KF+ Pl+Q+Bi+Zr 



Avren syncline (Kozoukharova, 1996), where 
eclogitization was observed in narrow shear zones 
inside serpentinites. The anisotropic distribution of 
pressure was also expressed in variation of SifAI 
ratio in muscovite that determines wide transitio
nal field between typical muscovite and phengite. 
During the same metamorphic event diaphtoritic 
alteration have been imposed over the porphy
roblastic gneisses of the Punovo Formation at the 
contact with the Boturche Group. It is demonstra
ted by the appearance of muscovite-chlorite-gar
net schists including feldspar tectonoclasts from 
porphyroblastic gneisses. A number of shear zones 
subparallel to bedding and particularly to the 
foliation of diaphtoritic muscovite-garnet schists 
cuts the porphiroblastic gneisses. Its surfaces be
come more abundant with approaching the con
tact of ihe Boturche Group where similar deform a
tion phenomena and wide development of musco
vite and rarely of biotite have been present. The 
muscovite foliation is subparallel to NW-SE direc
ted fold axial planes. 

The second metamorphic event is weaker than 
the previous one, and with a less intensive recrystalli
zation. Alteration was more intensive in .z.ones of 
pegmatisation where alochemical changes took · 
place. Migmatised amphibolites have been trans
formed to amphibole gneisses with a massive struc
ture. Replacement of low alumina amphibole and 
actinolite by high alumina ones, and of rutile by 
sphene, is an evidence for a decrease of the oxygen 
potential and a local temperature increase that im
plies a possible operation of deep crustal processes. 
Aplite-pegmatite fluids generated in deep levels 
penetrated along zones of increased permeability 
in relatively calm tectonic conditions. 

Late folds elongated in north -east direction 
impose some deformation. In structural sense the 
most substantial effect is the formation of 
macroboudins (Fig. I). Mineral transformations 
related to the second folding are represented by 
quartz veins striking NE-SW and appearance of 
second antigorite schistosity marked in the serpe
ntinites (Fig. 2). 

Discussion 

Because of their temporal and spatial development, 
the metasomatic gabbroids ofByala Reka dome play 
important role as a marker in the tectono-metamor
phic evolution of the basement. Their presence in a 
particular geological environment gives a chance 
for reexamining some traditional problems concerning 
the metamorphic basement. 

I . Metamorphic complexes and metamorphic 
cycles. One of the first questions that arise, is 
whether the Strazhets and Boturche Groups bel
ong to a single lithostratigraphic unit (Prarhodo-

I06 

pian Supergroup), with common metamorphic 
history or they are two different in age and litho
logy complexes? According to all researchers of 
the region (ooHHOB H .up., 1963; oOHHOB, Pycesa 
1984; Kozhoukharov et al., I978; Ko)l(yxapoo, 
1987; Ko)l(yxaposa H .up. 1988) the metamorphites 
of the Strazhets Group are represented by relati
vely homogeneous quartz-feldspatic gneisses (gra
nite participation is also possible) of deep-level ori
gin. Macheva, Kolcheva (1992) also have already 
accepted the existence of two different rock com
plexes, although they groundlessly assummed the 
intrusion of the "Strazhets gneisses" in the varied 
rocks of the Boturche Group. A quite different 
lithology and metamorphism, transitional between 
greenschist and amphibolite facies, is typical for 
the rocks of the covering Boturche Group. Its 
original composition is represented by an alterna
tion between quartzites and limestones, pelites and 
ophiolitic fragments. They are metamorphosed in 
P-T conditions typical for the upper crust level. 
Differences in lithology, metamorphic incompati
bility (hyatus) and diaphtoritic alteration superi
mposed over the porphyroblastic gneisses of the 
Strazhets Group witness for interruption of the 
primary stratification and the ·metamorphic pro
cess. The granite-gneissic complex of the Strazhets 
Group had been consolidated, completed its deep 
level metamorphic reworking, uplifted and eroded 
when a new ophiolite-sedimentary rock complex 
was deposited. The imposed later regional meta
morphism was prograde for the petites and ophio
lites, and retrogressive for the Strazhets metag
ranites and migmatites. It is reliable to consider the 
rocks of the Strazhets and Boturche Groups be
longing to different stratigraphic successions and 
metamorphosed in two metamorhic cycles. The 
lithology of the rocks of the Boturche Group are 
comparable with the lower stratigraphic levels of 
the Rhodopian Supergroup. Restricted participation 
of marbles in the Gnesdare and Zhulti Chal For
mations, and abundance of ophiolitic bodies is due to 
lateral variation of the primary composition (Kozho
ukharova, 1996a). It may be inferred that today's 
region of Byala Reka dome had been nearer to the 
edge of the ancient continent than the northern parts 
of Central and Western Rhodope. The boundary bet
ween the two complexes has been consolidated by 
later metamorphism, so in some exposures, a com
plete conformity can be observed. The primary tran
sgressive position of the Boturche Group is esta
blished by the clear "geographic and angular uncon
formity" (Ko)l(yxapos, 1987). Thus, the new data, 
published in recent years, convincingly affirm the 
long ago uttered idea (BeprHnos H .up., 1963; Ko
)l(yxapos, I968) for existence of two complex (Ko
)l(yxapos, I984). 

2. Age of the metamorphic rocks. The age of the 
protoliths of the Rhodopian Supergroup, to which 



the Boturche Group is attributed, is determined by 
microfossils (Ko)f(yxapos, THMo<f>ees 1979, 1989; 
Tchoumatchenco, Sapunov, 1989; Ko)f(yxapos, 
KoHJanosa 1990) as Precambrian - Lower to 
Middle Riphean. Thus the age of the Rhodopian 
Supergroup is restricted to the Riphean. The 
question about the age of the metamorphic events 
that reworked the rocks of the Boturche Group is 
far more complex. Some new data for the rocks of 
the Biyala Reka dome obtained by U-Pb method 
for zircons from different levels of the Strazhets 
Group have shown 305±19 to 319±9 Ma and 1700 
- 1800 Ma (Peycheva, Quadt, 1995). The first age is 
attributed to granite formation (also to the forma
tion of porphyroblastic gneisses), and the second 
one, to some unspecified crust material included 
in the metagranite. The authors allow an incon
gruity considering all Strazhets gneisses as meta
granites. Because of the lack of detailed petrogra
phic map with sample location, it is not clear whet
her the authors (Peycheva, Quadt, 1995) have dis
criminated correctly the real metagranites, called 
Orlov vruh metagranites (Kozhoukharova et al., 
1988), from the host gneisses. So far the reader is 
not acquaintant with the petrologic character and 
the phase of formation of the analyzed samples. 

It was emphasised (Tieii'iesa H .up., 1992; Peyt
cheva, Quadt, 1995) that zircons from sample 1-47 
(metagranites) showing an age of 310±5,5 Ma 
possess an euhedral form. Similar habit have the 
late generation of zircons from pegmatite-aplite 
veins cutting locally migmatised amphibolites from 
the second metamorphic event (Table 8) as well as 
in pegmatoid central zones of the metasomatic 
gabbroids. These zircons differ in habit from defor
med and clouded crystals from earlier metamor
phic phases resembling those observed (Peycheva, 
Quadt, 1995) in the central parts of euhedral zir
cons from sample 1-46. It is reasonable to admit 
that crystallisation of euhedral zircons marks ala
ter migmatisation phase from the second meta
morphic cycle that took place in the deep level of 
the Strazhets gneisses. The mentioned phase is 
manifested by pegmatite veins that generated the 
metasomatic gabbroids. The suggestion here for a 
possible correlation between the metasomatic 
gabbroids with the Byala Reka gneiss-granites can 
be proven only after correct data about the age of 
the metasomatic gabbroids would be obtained. It 
would highlight also the problem about the 
existence of a possible third Palaeozoic metamor
phic cycle, expression of which may be the second 
postdeformational metamorphic event and meta
somatic gabbroids. 

Pegmatites cutting the Lower Tectonic Unit in 
northern Greece (it is the analogy of the Strazhets 
Group) have yielded an age of 334 ±3 Ma by Rb/Sr 
analysis on muscovites supposed to be relics from 
the magmatic stage of metagranites (Mposcos, 

Wawrenitz, 1995). The mentioned authors do not 
recognise the full succession of metamorphic 
phases and the different generations of pegmatites; 
thus, it is not clear what is the position of the 
examined rock sample in the metamorphic evolu
tion. It is important that the new isotopic data fix a 
great metamorphic event with Hercynian age. The 
discussed event has to be taken into account by the 
those who advocates only a Cretaceous metamor
phism. Nevertheless, the cited data indicate a Her
cynian rejuvenation of the Rhodope massif during 
which crustal granite magmas have been generated 
producing pegmatitic solutions and local migma
tisation in the East-Rhodope block. It is possible 
the small granite bodies from Orlov Vruh in Biala 
Reka dome also to be of Hercynian age. 

Conclusion 

The metamorphic complex constituting the Byala 
Reka anticline is composed of two sequential 
stratigraphic units differing in lithology and in the 
type of metamorphism. The lower one is repre
sented of the rocks of the Strazhets and Tintyava 
Groups and represent an infracrustal metamor
phic complex that includes a variety of migmatised 
gneisses and metagranites, penetrated by several 
generation of pegmatites. It has a deep-level cha
racter and is typical for the ancient continental 
Precambrian terrains. The lithology and metamor
phism of the complex correspond to these of the 
Prarhodopian Supergroup. The upper unit inclu
des the rocks of the Boturche Group. It was prima
rily composed of pelites, quartzites, marbles and 
abducted basic and u1trabasic ophiolitic frag
ments. Because it was transgressively deposited in 
Riphean times over an already metamorphosed, 
uplifted and eroded complex and taking into acco
unt its lower grade of metamorphism, we may refer 
to it as a supracrustal complex. It can be regarded 
as analogous to the Rhodopian Supergroup from 
the other parts of the Rhodope massif. 

The metamorphic transformations of the entire 
rock complex have passed in two cycles. The first 
cycle is responsible for the transformation of the 
Prarhodopian Supergroup and had been comple
ted before the Riphean. The second cycle is related 
to the progressive alteration and deformation of 
the Rhodopian Supergroup as well as to the retrog
ressive reworking of the Prarhodopian Super
group. 

Two metamorphic events have happened during 
the second cycle. The first, syndeformation event is 
marked by intensive ductile reworking in a com
pressional regime. At this time tight folds with axial 
planes striking NW-SE have been formed, the 
biggest of which is exposed as recumbent, closed 
syncline in the north-eastern periphery of the By-
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1. Block fabric of metasomatic gabbroid (Sample 5098a) from marginal zone of dyke. Locality - valley of Kerezliyska Reka 
river: a . compact porcelanous zoisite aggregate; 2. talc-chlorite aggregate from initial stage of assimilation of serpentinite 
xenolith. 

2. Fine-grained aggregate with granoblastic texture (Sample 5098a): z- zoisite, ch - chlorite, ep _,_ epidote. Magnification: x 
50, XPL. 

3. Metasomatic gabbroid with inequigranular pegmatoid structure, consisting of amphibole and plagioclase. (Sample 5098) 
4. Metasomatic gabbroid with reaction texture (Sample 5098?). pi - plagioclase, amf- amphibole, ch - chlorite; ep - epidote. 

Magnification x 50, XPL. 
5. Metasomatic gabbroid with coarse-grained pegmatoid structure from advanced stage of assimilation and recrystallization 

of ultrabasic substrate (Sample 42): amf- amphibole, amf-ch - amphibole-chlorite aggregate, q-f- quartz-feldspathic 
aggregate. Locality - valley of Kerezliyska Reka river. 

6. Reaction zone in coarse-grained metasomatic gabbroid (Sample 42): pi -plagioclase, amf- amphibole, bi -biotite, ms
muscovite, ch - chlorite, ep - epidote. Magnification: x 50, XPL. 

ala Reka dome. The metamorphic recrystallization 
was carried out in dynamic setting in the lower de
gree of the amphibolite facies, T - 450-580°C and 
P - 5-7 kbars. In narrow shear zones of interla
minar friction in conditions of higher pressure and 
temperature, a crustal type eclogitization has been 
imposed over the basic and ultrabasic components 
of the ophiolites. Zones of eclogitisation are found 
in terrains of intense folding and most often at the 
lithologic contacts. Three metamorphic episodes 
have been established. The second postdeforma
tional event passed in a relatively calm tectonic 
environment. It is marked by local migmatisation 
and granite formation in the deeper levels of the 
gneiss complex of the Prarhodopian Supergroup. 
Its expression are the pegmatite-aplite derivatives 
penetrating the zones of increased permeability of 
the rocks of the Boturche Group. As a result of 
bimetasomatic reactions between pegmatite-aplitic 
fluids and serpentinites and amphibolites, dyke
like bodies of metasomatic gabbroids have arisen. 
They have skarnoid mineralisation: zoisite, epido
te, diopside, anortite, titanite, grossular, amphibo
le, coexisting with albite-oligoclase, K-feldspar, 
quartz, talc, chlorite, actinolite. 

Late folding deformed the axes of the earlier 
folds producing a new generation of north-eastern 
trending folds. The conjugate action of the two 
folding phases is responsible for the macroboudi
nage of the rocks of the Boturche Group. With the 
late folding local development of secondary schis
tosity in serpentinites appear. 
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