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B. Apuc.yooB, £ . AAIOB, 3. l.fepueBa , P. ApuayiJoBa, Af. llaBJIOIJa, E. EapmuUIJKuu - llempoAozo-zeoxuMu<leCKUe 
II CBUHlfOIJ0-11301/lOnllb/C OGI/1/b/C 06 a,1bllliUCKOM Mema,lf0p¢ju3Me 6 Kpucma./AU'IeCKOM KOMf!AeKCe Pooon. IleTpO

JIOr O-reOXHMH'IeCKHe H CBHHL(OBO-H30TODHhle xapaKTep iiCTifKH MHTMaTH'!eCKIIX o6pa30BaHIIH (DOCJIOHHOH 

Jie itKOCOMbl, nt:rMaTIITOBOfO II rpamiTOBOrO MeTaTeKTa) B MHrMaTI!'IeCKHX 6liOTIITOBbiX rHell:cax Jl10611HOB· 

CKOH CBIIThi T. H.a3. flpapo.u;oocKoll: cyoeprpyonhi ( ope.u;oonaraeMblli apxe ll:) a paiioae r. Apmmo , crpyKTypHal! 

llOCJleJI;OBaTeJibH.OCT h KOTOpbiX C'IIIT3Jl3Ch JI;O CIIX nop pe3yJ1hTaTOM npOl!BJleHIIll HeCKOJlbKHX perliOH3ru.Ho-Me

TeaMOp$ll'leCKHX UHKJIOB, CBIIJI;eTeJibCTBYIOT 0 pa3BHTIDI eAilliOrO YJihTp aMeTaMop$H'IecKOrO rrpo~ecca, npo

T eKlliero B p aMI<aX aJibDHHCKOrO TeKTOHO-MarMaTH'IecKOfO ~a. 

MOAeJlbHhle B03paCThl, OOpe):leJieHHhle DO 1130TOUHbiM OTHOLlleHIIl!M CBIIIil..la B KaJIHeBb!X OOJleBh!X lUna

TaX, 11 U - Pb-BOJ pacT URPKOHa 113 IICCJie):IYeMhiX MHrMaTRTOB aaxO):Il!TCll a npet~enax 62-32 MJIH. . neT. AI-IaJIH3 

113BeCTH.blX ):10 CHX nop MHH.epaJIOrH'IecKHX, reOXIIMH'IecKHX II paAIIOreoxpOHOJIOfH'IecKHX AaHHhlX 003BOJilleT 

llplllil!Th, 'ITO IICCJie}:lyeMbie M HrMaTIIThl, rpaHIITOII):Ibl rpynnhl ,IOlKH060JifapCKHX rpaHHTOB" PHJlbl-flJiai-Ulllbl 

H POAOil , ByJIKaliliThl II CODpl!lKeHHbie C HHMII IIHTPY311BHhie llOPOJ:Ibl, KaK H OOCJie):IOBaBL!ll!e Ja HilMI! Opy):leHeHIIll 

06paJOBaJII!Cb B Te'!eHHe e):lliHOfO npO):IOJllKIITeJibHOfO :Halla aru.ll.liHCKOH aKTHBIIJaui!H POAODCKOfO KpHCTaJI

JlH'IecKOfO KOMilJieKCa (Ha'llllial! C Mena). * 

Abstract. The petrological-geochemical and lead-isotope characteristics of migmatic formation s from the 
area of the town of Ardino (bedded l~ucosome, pegmatite and granite metatects) belonging to migmatic bioti te 
gneisses in the Lyubinovo Formation of the so-called Prerhodopian Supergroup (presumed Archean), whose 
structural succession has been interpreted so far as the result of several regional-metamorphic cycles, provide 
evidence of an integral ult rametamorphic process which took place during the Alpine tectono-magmatic cycle. 

The model ages calculated from lead isotope ratios in potassic feldspars and the U-Pb ages of zircons 
from the migmatites stutied are in the range of 62-32 Ma. An analysis of the mineralogical, geochemical and 
radiogeochronological evidence available at present indicates that the migmatites of this study, the granitoids 
of the group of ·'Southbulgarian granites" in the Rita and Rhodope Mts, the volcanics and the associated in
trusive rocks, as well as the later ore mineralizations have been formed during a long period of Alpine activi
ntion (from Cretaceous times on) in the Rhodope crystalline complex. • 

Introduction 

The idea of the Precambrian age of Southbulgarian high-metamorphic complex is firmly 
rooted in the geological literature of thi s country. It goes back to the last-century pioneer 

• Note of the Editorial Board. The interpretations in this papt:r are subject of discussion because not tak
ing into consideration the geological evidence: presence in the same area of non-metamorphosed Paleogene 
sedimentary and volcano-sedimentary formations (biostra tigraphically proven Paleocene, Upper Eocene and 
Lower Oligocene) which cover unconformably the migmatites studied . 
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works of Bouee, Viquesnel and Hochstetter on the geology of Bulgarian lands and has 
persisted in the later studies of C vi j c (1903), Eo H 'I e B (1915) and )]; H M H T p o B 
(1946), all of them believing that a large part of the metamorphic rocks in the Southbul
garian crystalline complexes in the Rila, Pirin, Rhodope and Srednogorie areas are of Ar
chean or Proterozoic age. Yanishevski's opinion (.51 H H III e B c K H, 1947) as well as the 
earlier suggestions of P a .a: e B (1924, 1940) that the whole metamorphic complex of "deeply 
transfotmed" and of "less metamorphosed" rocks in South Bulgaria may be of Paleozoic 
age have had no followers among the younger generations of Bulgarian geologists. Only 
.5I p a HoB (1960) has assumed that the Central Rhodope metamorphic rocks may have 
partly a Precambrian and partly a Paleozoic age. 

Since the fifties, all researchers working on the high-metamorphic rocks in this country, 
with few exceptions (Z . .l1 B a H o B et al., 1984), have been accepting their Precambrian 
age as an unquestionable fact. 

However, the U-Pb and Pb-Pb radiogeochronological studies during the last 15 or 
20 years have questioned the presence of Archean and Proterozoic crystalline rocks in South 
Bulgaria (A pH a y .a: o Bet al., 1969, 1974, 1978, 1979, 1980; Am o v et al., 1973, 1976, 
1982; K a III y K e e B et al., 1979). Furthermore, regardless of the manner of their inter
pretation, the chronological data gained by the K-Ar (1!1 o p .a: a H o B et al., 1962; II a JI h

IDHH et al., 1974;EoH)l:)!(HeB&JlHJIOB, 1976;ApHay)l:OB&JlHJIOB, 1978) 
and Rb-Sr methods (JI H JI o B et al., 1983; 3 a r o p 'I e B& My p 6 aT, 1986) are also 
incopatib1e with a Precambrian age of the Southbulgarian crystalline complexes. 

In this communication we present the results of comparative petrological-geochemical 
and lead-isotope studies of metamorphic rocks outcropping in the valley of the Egri Dere 
River, some 4 km to the n01th of the town of Ardino in the Rhodope Mts. D. Kozhoukha
rov in 1986 acquianted us with the geology of the exposure. 

Notes on the petrology and geochemistry of the metamorphic 
rocks studied 

The rocks belong to the "formation of migmatized gneisses and granite-gneisses" (K o
)1( y x a p o B, 1971, 1979), also called "formation of the undivided gneisses and migmatites" 
of the Arda Group (A3) in the Prerhodopian (Ograzhden) Supergroup of presumed Ar
chean age (K o )!( y x a p o B, 1984). K o )!( y x a p o B (1971, 1979) has described the for
mation as consisting of granite gneisses, granitized gneisses, two-mica and biotite gneisses,sil
limanite schists, intercalations of amphibolites, and boudinage orthoamphibolites and 
gabbro-norite bodies. Ultrametamorphic rock relationships in the area and geological 
structures have been interpreted by that author as repeated manifestations of Archean 
migmatization processes. 
· A first stage, associated with a regional metamorphism of the Prerhodopian Super-
group, has produced fine-banded migmatites. 

A second stage of most intense migmatization involved intrusion of aplite-pegmatite 
metatects into the granite gneisses and granitized gneisses. 

A third migmatization stage was presumably contemporaneous with the regional me
tamorphism of the incumbent Rhodope Supergroup series. In the Egri Dere area it is mar
ked by veined metatect products of granite composition which crosscut the banded migma
tites and aplite-pegmatites of the fi.<st and second migmatization stages. 

In his structural study of the same area, Z a g o r c c v (1976) has distinguished se
veral types of migmatic products associated with two metamorphic cycles. He has 1eferred 
the banded migmatites produced by layered migmatization of light-coloured minerals and the 
transversal aplite-pegmatite metatects to the first cycle, and the granite metatect, penetra
ting shear zones and crosscutting the earlier formations , to the second cycle. 

The metamorphic rocks of this study belong to fine-banded migmatized gneisses em
bedding a layered aplite-pegmatite vein (aplite-pegmatite metatect, K o )!( y x a p o B 1979) 
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Fig. 1. Relationships between the migmatic formation in the Egri 
Dere valley 
1 - banded biotite gneiss (967) ; 2 - bedded leucosome (968); 3 -
aplite-pegmatite metatect (965) ; 4 - quartz aggregates; 5 - granite 
metatect (966) 

about 0.4-0,5 m thick. Both the gneiss and the pegmatite vein are crosscut by a "granite 
vein" about 0.25-0.30 m thick (Fig. 1). 

Qualitatively, all these rock varieties are of analogous mineral composition; potassic 
feldspar, plagioclase, biotite, minor muscovite and epidote with accessory allanite, apatite, 
zircon, magnetite ± garnet and rutile. 

The magmatized biotite gneisses are of banded structure defined by diffuse bands of 
fine biotite flakes . The main mineral is plagioclase (oligoclase-andesine) occurring as com
paratively well-formed, small (about 2 mm) crystals. Potassic feldspar, orthoclase of ~p -
0.00, Alr1 (o)=Ah1(m)=0.39 (Table 1), commonly forms small (about I mm) grains but 
occasionally shows larger (4-5 mm) crystals with inclusions of mirmekitic plagioclase, 
quartz and biotite. Quartz occurs as separate fine ( < 1 mm) grains and as aggregates of 
several crystals showing mosaic extinction . Biotite forms fine flakes and locally is slightly 
chloritized. The accessory mineral s are commonly associated with it. 

The lecuosome bands in the biotite gneisses are 1-3 em thick and have lepidograno
blastic texture that becomes coarser in the more melanocratic host gneisses . Typical fea
tures are the minor occurrence of biotite and accessories and the non-uniform distribution of 
light-coloured mineral s. Coarser-grained bands (dominated by potassic feldspar and q ua1 tz) 
are seen to alternate with very thin fine-grained ones (plagioclase potassic feld spar and 
quartz) . Potassic feldspar (~p-0 .00, Ah

1
(o) = Alr

1
(ml=0.36-0.39; Table 1) is the main 

mineral of leucosome. It forms comparatively large (up to 1 em) crystals of irregular shape 
containing numerous plagioclase and quartz inclusions which frequently show parallel op
tical orientation. Two kinds of plagioclase are present: fine, lamellar oligoclase-andesine 
included in large, clear plagioclase grains of lower relief and no lamellae. Antiperthites 
occur mostly along cleavage planes, and myrmekite and myrmekite-like intergrowths of 
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T a bl e 1 

Al tetrahedral site occupancy (T1 (o}, T1 (m}, T2 (o) , T2 (m}} and Ba, Sr and Rb contents (ppm} in 
potassic f eldspars 

No of 
T t (o) \ Tt (m) I Tt (o ) + Tt (m) I T2 (o) = T2 ( m) I Ba Sr sample 

967 0,39 0,39 0,78 O, ll 5260 71 5 
968 0,39 0,39 0,78 0,11 6430 720 
971 0,36 0,36 0,72 0,14 8045 700 
965 0.38 0,38 0,76 0, 12 51 05 745 
966 0,37 0,37 0,74 0,13 5780 730 
9663 0,36 0,36 0,72 0,14 7060 740 

967 - bi otite gn ei<s, 968 and 971 bedded leucosome sampl es, 965 - pegmatite vei n, 
granite vein , 966a - pegmatoid section in th e granite vein . 
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T a ble 2 

Chemical composition (wt. %} and trace element contents (ppm) of migmatic 
formations 

No of 
967 968 971 965 966 sample 

Si02 66.62 72,45 72,74 70,1 8 66,84 
Al10 3 15,95 14 .14 13,95 15,64 16,30 
Ti02 0,50 0,03 0,01 0,01 0,37 
Fe20 3 1,75 1,20 0,69 0,81 1,4 7 
F eO 2,15 0,81 0,57 0,42 1,71 
MnO 0,06 0,03 O,Ql 0,01 0,05 
MgO 1,42 0,90 0,22 0,22 1,35 
CaO 3,25 2,04 I, 16 1,93 3,42 
Na20 4,00 2,84 2,35 3,35 4,41 
K20 3,32 5,20 7,45 6,43 2,81 
PPo 0.22 0,08 0,06 0,05 0,13 
H20 - 0,13 0,11 0,04 0,15 0,21 
Or 19,70 31 ,00 45 ,1 38,3 16,9 
Ab 36,6 26,0 21,6 30,4 40,2 
An 15,5 9,6 5.4 8,7 16,3 
Q 17,2 27,4 25,4 19,9 17.3 
Fern 10,6 5,3 2,4 2,5 9,0 
Ba 1281 2390 3935 2996 1018 
Sr 468 503 568 611 572 
Rb 105 86 137 114 103 
li 14 6 4 3 12 
Pb 18 28 37 32 19 
Zn 59 19 10 16 44 
C u 2 I I 2 2 
Ni 3 I I 2 3 
Co 7 3 2 2 6 
v 48 20 20 27 32 
Zr 223 74 22 37 145 
K/Ba 21,6 18,1 15,8 17,9 23,0 
K/Rb 263 504 453 470 227 
Ba/Rb 12 ,2 27,8 28,7 26.3 9,9 
Ca/Sr 49,,3 28,8 14,.'i 22.4 42,4 

No of sample as in Table 1. 
Or, Ab, An , Q, Fern - normative minerals calcul ated by the method of 

S te f an o v a, M. ( 1980); ana lys t: I. Savova; Pb- photocolorimetric analysis; ana
lys t: M. Pavlova; Ba, Sr, Rb, V, Zr - X-ra y fluorescence analysis; analysts: G. 
Panayotov , M. Levachka, A. Nai denova; Li , Zn, Cu, Ni. Co - AAA ; analys ts: V. 
Dragostinova, V. I<olarova, T. Nenova. 

Rb 
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plagioclase and quartz or plagioclase and potassic feldspar spread into the finer, more 
basic plagioclase. The leucosome bands show irregular distribution of feldspars and quartz 
in the different parts of the outcrop. Locally, they contain rare sericite formed after plagio
clase and fine muscovite flakes developed probably at the expense of biotite. 

The aplite-pegmatite vein has the same mineral composition as the leucosome but is 
of coarser texture and the potassic feldspar markedly predominates over the other mine
Jab. Potassic feldspar (orthoclase, L1p -0.00, Ah

1
<o>= Ah

1
<m>=0.38; Table 1) forms com

paratively large (l-1.5 em) irregular grains occasionally showing undulatory extinction. 
Lamellar plagioclase is absent, and myrmekitization is poorly developed. Quartz occurs 
as separate fine grains ( < 1-3 mm), string-shapedclusters, or lenses 10-15 x 3-5 em in size. 
Biotite is scanty, its flakes are coarser than in the migmatized gneisses. 

The granite vein is of the same mineral composition as the gneisses but has less regu
lar, locally hypidiomorphic-granular blending into lepidogranoblastic texture. Plagioclase 
is andesine with antiperthitic exsolved intergrowths and markedly predominates over po
tassic feldspar and the other mineral constituents. Potassic feldspar is orthoclase (L1p- 0.00, 
Ah

1
<o>= Ah/m)= 0.37; Table 1) forming large (0.3-0.5 em) irregular grains which contain 

inclusions of all other minerals. Separate poorly formed (of diffuse outlines) feldspar crys
tals up to 2.5 x 0.7 em in size are also to be observed. Biotite occurs as fine flakes, occasionaly 
chloritized. 

The layered leucosome (968, 971) and aplite-pegmatite vein (965) show similar chemical 
compositions (Table 2). On the diagram of normative mineral relations, these formations 
plot in the orthoclase field of the system (Fig. 2). One of the layered leucosome specimens 
(968) plots in the low-temperature field of granite cotectic, thus obeying the requirements 
for anatectic oi·igin. The other leucosome specimen (971) and the aplite-pegmatite metatect 

An 

967 
96&+. 

• 1 

0 2 

+ 3 

Fig. 2. Normative relations in the Or-Ab-An-Q(H 20) system after 
Wink I e r et at. (1975) with the triple cotectic line at PH,o=5 
kbar and the isotherm at 685°C outlining the field of low-temperature 
granite melts: 1 - banded biotite gneiss; 2 - bedded leucosome; 
3 - aplite-pegmatite metatect; 4 - granite metatect 
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(965) contain normative orthoclase in excess of its cotectic value, therefore it may be assu
med that although there was some partial melting of light-coloured minerals in the gneiss 
substrate during the formation of layered leucosome, the process was dominated by meta
morphic, i. e. subsolidus mobilization of potassic feldspar. However, we should allow for the 
irregular mineral distribution in the layered leucosome as well as for the general presence 
of quartz aggregates in the aplite-pegmatite metatect but absent from the analyzed specimen 
(965). Any analysis of mote rep1esentative specimens, closer to the real mean rock compo
sitions, should change the normative relations in the layered leucosome and aplite-pegma
tite metatect in favour of more pronounced contribution of anatexis to the process of their 
formation. Such an inference is sustained by the microscopic and chemical data (Table 2) 
indicating a certain degree of plagioclase "acidification" in the layered leucosome and aplite
pegmatite vein . 

The granite metatect resembles closely the gneisses in its major and trace element con
tents, in normative composition and percentage of melanocratic minerals (Table 2, Fig. 2). 
Such a similarity is commonly interpreted as indicative of a diatexis (M H T p o cp a H o B & 
K p a B u o B a, 1975; Shu r kin &Zinger, 1981). In our case it would imply an 
advanced stage of melting, mafic minerals included, in a substrate of the same or similar 
composition. 

Trace element concentrations in the layered leucosome and aplite-pegmatite vein are 
of very similar values (Table 2, Fig. 3). Compared to the gneisses, these migmatic forma
tions are enriched inK, Ba and Pb, contain more or less the same amounts of Sr and Rb, 
and are depleted in the rest of analyzed elements. An analogous increase of K and Ba con
tents has been reported for the leucosome from the migmatic gneisses in the Shiroka Laka - · 
Varbovo-Chepelare area (q e pHeBa et al., 1987). The Egri Dere leucocratic mig
matites show another already observed trend (¥1. 11. B a H o B, 1989 ; q e p H e B a, unpub
lished) of Sr concentration against Ca, Ba against K, Rb and Sr, and Rb depletion against 
K in host gneisses (Fig. 4). Ba contents and Ba jRb values in the migmatites are directly 
dependent on the amount of potassic feldspar present (normative orthoclase, Table 2) . 
Evidently, not only the quantity of potassic feldspar but aho Ba and Rb abundances in 
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them are of importance in these geochemical relations (Table 2, Figs 4 and 5). Ba, Rb and 
Sr proportions are similar in the potassic feldspars of all specimens studied but in those 
from the layered leucosome (968, 971) they show a tendency of increased concentration of 
Ba against Rb and Sr (Fig. 5). The distribution budget of these elements indicates that ba
rium is taken up by potassic feldspar mostly in the initial stage of migmatization, parallel 
with the increasing quantity of that mine,al in the leucosome (Table 2, Fig. 4). In the thicker 
aplite-pegmatite formation (965), which p10bably tiavelled some distance during the pro
cess, and in the granite metatect (%6), the enrichment of Ba with respect to K and Rb in 
potassic feldspars is close to that in the gneisses. 

The above geochemical evidence may be interpreted as indicating an integral ultrame
tamorphic process. The beginning of migmatization is marked by the formation of layered 
leucosome a!> the result of non-uniform metamorphic mobilization and in situ partial melt
ing of light-coloured minerals. The aplite-pegmatite metatect is a product of the same 
process in a more advanced stage when the generated "melt-mobilizate" was able to mig
rate and intrude the host rocks. Its formation presumably involved a much larger volume 
of the gneiss substrate but the thermodynamic conditions bad prevented other 
minerals besides the light-coloured ones from taking part in the anatectic process. The 
formation of the granite metatect, compositionally very close to the gneiss substrate, may 
be interpreted as reflecting further progress of the melting process, already involving ma
fic minerals and the most basic plagioclase constituents. Local granite metatect emplace
ment precisely in the shear zones (Zag or c e v, 1976) has been favoured by the specific 
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Fig. 4. Variation of the Ba, Sr and Rb concentrations as related to the structural succession of migmatic for
mations: a) in the mean rock samples ; b) in potassic feldspars. n - ratio values; Or- normative orthoclase 
in the rocks 
Fig. 5. Distributions of Ba, Sr and Rb in the mean rock samples (a) and in potassic feldspars (b) : 967 - ban
ded biotite gneiss; 968, 971 -bedded leucosome; 965 -aplite-pegmatite metatect; 966- granite metatect 
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properties of these structures, i. e. their high permeability and fluid saturation, and probably 
by local pressure drops as well (W e b e r & B a 1 b e y, 1986). 

Lead-isotope dating 

The idea of an integral migmatization process, advancing from metamorphic differentia
tion and anatexis to diatexis, is sustained by the isotopic composition data on lead in the 
potassic feldspars from the metamorphic rocks studied . 

The isotope composition of lead (concentrations permitting analysis are not le!.s than 
30-40 ppm) has been determined in two different phases: 1 - "silicate lead" believed to 
have been fixed in the crystal structure of potassic feldspars during their formation, and 
2 - readily soluble lead of minor mineral admixtures (A p H a y .n; o B & II a B JJ o B a, 
1969). The latter is largely a contaminant introduced by later processes from the environ
ment and usually shows different isotopic characteristics from those of primary "silicate 
lead" in the minerals. 

In the potassic feldspars of this study, the content of the readily soluble lead phase is 
very low (Table 3), within the margin of analytical error, because of which its isotopic ana
lysis has been omitted. We believe that the low soluble-lead concentration both in the rock 
samples (1-2 ppm) and in the potassic feldspars (Table 3) is evidence of the absence of pro
cesse!. after the metamorphic rock formation that were powerful enough to change the 
primary lead-isotope composition by introducing lead of other isotope ratios possibly pre
sent in the environment. 
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Tabl e 4 

Table 3 

Contents and phase composition (ppm) of lead in potassic feld
spars 

No of sample 
Lead phases 

967 968 971 965 966a 

l:Ph 4·1 55 56 59 58 
Pbs; 43 50 50 52 53 
Pb5r 2 3 4 3 4 

Pb5 ; - lead in the crystal structure of potassi c feldspars; 
Pbsr - soluble lead. 

No of sample as in Table I. 

isotope composition of potassic faldspars and model age of the migmatic formations 

Isotope ratios Model age 
No of 

I 
2o;pb 

I 
20spb 

I 
Model para-

sample 206Pb uranogene thorogene meter T, b.y. 
20!1Pb 204Pb 204Pb m.y. m.y. 

967 18,51 2 15,636 38,760 175 53 3,145 
968 18,491 15,622 38,695 187 62 3,110 
971 18,507 15,626 38,761 178 30 3,115 
965 18,562 15,658 38.836 142 42 3,1~ 
966 18,563 15,665 38,852 142 42 3.200 
966a 18,558 15,657 38.844 145 32 3,1 80 

No of sample as In Table 1. 



The isotope composition of lead was analyzed on a modified MH-1305 mass-spectro
meter using oxide emitter thermal ionization (AM o B, 1968) and recording ionic currents 
with an electrometer and a digital voltmeter. Isotope ratio means and their standard de
viations were determined by programmable calculator. The accuracy of isotope analysis 
is 0.1 %. Lead isotope ratios are no1malized by the SRM 981 absolute lead-isotope refe
rence sample of the USA National Bureau of Standards (Catanzaro et al. , 1968). 
The correction for isotope fractionation during mas&-spectrometry is 0.12% for an isotope 
mass difference of unity. 

The lead-isotope ratios obtained for the Egri Dere metamorphic rocks ate presented 
in Table 4 and Figs 6, 7 and 8. Their interpretation is based on the Plumbotectonics Model 

.0 l a.. 
~ 
0 
N 

" oD T a.. 
( fl.y.l ['-.. 

0 
N 

1S.70 3,3 

t 3,2 
1S.6S 

3,1 

1S.60 

3,0 

18,4 

200 

18,S 

100 
I 
I 

I 

0 

It:,. o 
[:,. 

18.6 

I 
I 
~ 

18,7 

0 

I 
ol 

18,8 18.9 

206 p&/ 204 pf> 

Fig. 6.207 Pb /20~Pb vs.206 Pb/2 04Pb diagram showing "upper crust" and "orogen" 
growth curves after the Plumbotectionics model of D o e&Z a r t m a n (1979), 
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of D o e & Z a r t m a n (1979) and on Amov's dynamic model of the continuous evolu
tion of uranogene and thorogene lead (Am o v, 19833

, 1983h). Earlier models of lead iso
tope evolution have not been used because they tend to employ best fits of "integral growth 
curves" of the so-r,alled compatible lead. On the basis of new experimental data, D o e& 
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Z a r t m a n (1979) have demonstrated that such an "integral growth curve" does not 
exist, .and that the isotope characteristics of lead from different sources, including the upper 
and lower continental crust, the oceanic crust and the, mantle, differ appreciably. They have 
proposed independent growth curves for each of these sources of major importance. 

In Am o v's (1983") model, the va rious growth curves are described by a single model 
parameter, T, which has higher values for continental crust lead , e. g. 3.3 billion years for 
the upper continental crust, and lower ones, 2.7 billion years, for the mantle. The inter
mediate values of that parameter reflect the various proportions in which crustal and mantle 
materials were mixed in the lead source. Uranogene and thorogene lead mo
del ages are calculated using different growth curves based on the model parameter T whose 
values are derived from the experimental data on uranogene lead isotope composition. We 
consider the model ages gained in this manner as more realistic than the ones derived by 
using earlier models of lead-isotope evolution. 

It has been found that uranogene lead shows more pronounced i~sotope an om ali es 
than the thorogene lead. This is due to the different chemical and geoche-mical properties 
and behaviour of uranium (U+d and U+ 4) as compared to thorium (Th+4). Hexavalent 
uranium in nature is much more mobile than thorium. Thus, uranium is fractionated during 
the processes of Earth's crust formation and evolution . In places, the upper continental 
crust becomes enriched in uranium , hence radiogenic lead in it becomes more abundant 
than in the lower continental crust where uranum is correspondingly depleted. For thorium, 
this fractionation is much less pronounced which results in much smaller differences bet
ween the thorogene lead isotope characteristics in the upper and the lower continental crust 
(D o e & Z a r t m a n, 1979).It follows that the model age based on thorogene lead would 
give a closer approximation to the real time of formation of lead-bearing minerals. In their 
turn, the isotope anomalies of uranogene lead carry information about the type of lead 
source, about uranium enrichment during the processes of metamorphism, magmatism 
an'd postmagmatic alterations. 

These general regularities of lead-isotope evolution from the basis of our analysis of 
the data obtained on lead isotope composition, source of matter and age of the Egri Dere 
migmatic formations (rable 4). For comparison, Figs 6, 7 and 8 include results of lead iso
tope studies in the Eastern Rhodope Tertiary volcanics (A p R a y .n o B et al ., 1988) as 
well as mean values of lead isotope ratios in more than 200 galena samples from Tertiary 
mineralizations in the Eastern and Central Rhodope Mts (A M o B et al., 1988). 

Although the Egri Dere migmatites show quite similar lead-isotope characteristics, 
they form two separate groups of gneiss and leucosome, on the one hand , and pegma
tite and "granite", on the other. The 207Pbf 04Pb ratio and the model parameter Tin the 
pegmatite and granite metatect are of slightly higher values than in the gneiss and leuco
some and resemble those in the volcanic rocks and base-metal mineralizations . This indi
cates different proportions of crustal and mantle matter in the respective lead sources. 
The identical isotopic composition of lead in potassic feldspars from the leucosome and 
from the gneiss indicates identical source of matter in agreement with the inference of an 
in situ mobilization of the gneiss substrate leucocratic constituents as a mechanism of the 
layered leucosome formation. Probably, the advancing migmatization with increasing dia
tectic effects had mobilized larger volumes of matter including materials of more pronoun
ced crustal characteristics which duly reflected in the lead-isotope composition of the peg
matite and granite metatects. 

U ran ogene lead in the Egri Dere migmatites, as well as in the majority of volcanic 
rocks and ore mineralizations studied , is less radiogenic than thorogene lead and corres
pondingly the uranogene model ages are greater than the thorogene ones. This is due to 
a relative depletion of the lead sources in uranium as the result of its f1actionation during 
eariier processes of Earth's crust activization. Uranium depletion was apparently most 
pronounced in the source of matter that produced the Egri Dere rocks studied. There are 
other localities where the lead-isotope composition indicates enrichment of the respective 
uranium source, e. g. the igneous rocks and associated mineralizations at Madjarovo (A M o B 
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Table 5 

U-Pb age of zircons from the migmatic gneisses of the Ardino Group 

Content. % Isotopic composition of lead , % Age, m.y. 

-S-i-ze_m_~_n_g_e----'---U----'- Pb ---20<1-Pb I 20GPb __ l 20iPb I 20S_P_b--''---206-·p_b_l ____ 20_ip_b_ 23su 235LJ 

< 0.07 
0,1-0,2 
0,2-0,3 
0,3-0,5 

0,0539 
0,0438 
0.0398 
0,0376 

0,00047 
0,00027 
0,00022 
0,00025 

0,304 
0,1 84 
0,089 
0,200 

70,104 
76,443 
81,085 
74,917 

8,942 
6,379 
5.255 
6,720 

20,650 
16,994 
13.571 
18, 163 

42 
34 
33 
35 

58 
35 
3·1 
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et al., 1985, 1988) as well as the Bachcovo Formation leptite gneisses in the Central Rho
dope Mts (A pH a y .n: o B et al., 1988). 

The thorogene lead-isotope ratios as well as the model thorogene age values vary 
in much narrower ranges than the uranogene ones (Figs 7 and 8). In most cases, the thoro
gene age of the volcanic rock s and base-metal mineralizations studed in the Rhodope Mts 
is in satisfactory agreement with that based on other geological observations. Thi s sustain s 
the already described regulatities of the variation of lead-isotope compositions which in 
that particular area obey quite well the general model of lead-isotope evolution. Therefore, 
we may conclude that the thorogene lead model age (62-30 Ma) is fairly close to the real 
age of formation of the Egri Dere migmatites. The same range of values (58-33 Ma, Table 5) 
has been found for the uranium-lead age of zircon from migmatic gneisses (determined 
by Bartnitsky in specimens provided by D. Kozhoukharov) belonging to the Lyubinovo 
Formation of the so-called Arda Group (A~), i. e. the same formation to which the Egri 
Dere migmatic formations of this study belong. 

In view of the petrological-geochemical and isotope evidence reported , it is difficult 
to assume that the age values obtained are the result of superimposed Tertiary changes 
which have "rejuvenated" the so-called Precambrian metamorphic rocks. Lead-isotope 
composition is not influenced by temperature but it may change if lead of other isotope 
proportions, differing from the original ones, is introduced into the minerals under study. 
If the Egri Dere migmatites were Precambrian formations, then the analyzed feldspars 
would have contained very low-radiogenic lead because of the low U to Pb ratio in them 
(about 0.01). In such a case, any introduction of foreign , more radiogenic lead would have 
resulted in large variations of lead-isotope compositions. There are no such variations and 
therefore no grounds for trying to find traces of Precambrian lead . Evidently, the migmatites 
of this study are newly formed products of Tertiary metamorphism which has completely 
homogenized the lead-isotope composition in relatively large volumes of the metamor
phic complex. 

Discussion 

Lead-isotope characteristics and calculated model ages of the Egri Dere migmatites sub
stantiate the petrological-geochemical interpretation depicting an integral process of mig
matization in the rocks of the Arda Group of the Prerhodopian Supergroup. Allowing 
for the restrictions in the specific model of geological dating used here, we may reasonably 
assume that the migmatites studied were formed during a relatively short time span, viz. 
within the range of the Alpine tectogenesis. 

Migmatization products are also found in th e metamorphic rocks of the so-called 
Rhodope Supergroup sequence. According to K o )!( y x a p o B (1984), regional miglliati
zation has affected its lower levels only, the rocks of the Rupchos Group (the Chepelare, 
Bogutevo and Vacha Formations) ; quartz injections in the incumbent stratigraphic units 
are regarded as products of metamorphic differentiation . )l{ . lif B a H o B et al. (1984) 
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suggest that migmatization is unevenly developed almo st within the same interval of the 
cross-section which in their lithostratigraphic scheme is occupied by the Chepelare, Lyas
kovo and Posestrimo Formations of the so-caJJed Chernatitsa Group. The same authors 
have also reported migmatization products from parts of the incumbent Dobralak and 
Bachkovo Formations which more or less correspond to the Boikovo and Bachkovo For
mations in the scheme of K o )!( y x a p o B (1984). The structural and geochemical character
istics of potassic feldspars from metamorphic rocks near the village of Skobelevo and from the 
Jzgoryaloto Gyune locality south oft he town of Krichim along the left-hand bank of the 
Vacha River argue in favour of the presence of migmatization phenomena in the upper 
two formations , too (A pH a y .n: o B a et al., 1990). 

Migmatization of the Rhodope Supergroup metamo1 phic rocks in the Central Rhodope 
Mts is not of Precambrian age either. Some of its products are migmatic pegmatites which 
may be used for dating. Uranium-lead ages derived for zircons from bedded pegmatites 
outcropping among the Vacha Variegated Formation gneisses lie within the range of 58-44 
± 12Ma (A pH a y .n: o B et al., 1990). U-Pb, Pb-Pb and fission-track method s have given 
analogous Alpine age values (53 ± 8 - 31 Ma) for bedded and cross pegmatites in the va
riegated metamorphic formation (Pt1

3) in the Easte rn Rhodope Mt s too, nea r the village 
of Dolen, Zlatograd district (A pH a y .n: o Bet al., 1969, 1974) and near the village of Mi
shevsko. Momchilgrad district (K a 111 y K e e B et al., 1979). It follow s that both the deeper 
and the higher levels of the Central Rhod ope metamorphic complex have been involved 
in a single Alpine process of migmatization . Migmatization should be regarded as a major 
event during the Alpine activization in the Rhodope crystalline series. The analysis of all 
available radiogeochronological data on metamorphic and igneous rocks and ore mine
relizations in the Rhodope Mts indicates a long period of activization since the Cretaceous. It 
has produced the migmatites of this study, the granitoids referred to the group of the so-caJJed 
Southbulgarian granites in the Rila and Rhodope Mts , the volcanics and the associated intru
sive 1ocks along with the ore mineralizations which foJlowed them . The relationships between 
the Alpine-time processes of metamorphism , granite formation and volcanism are clearly 
not easy to unravel. Their understanding needs not only structural and lithostratigraphic 
observations but also mineralogical-petrological, geochemical and radioisotope research 
on a modern level. Yet even now it is quite clear that the migmatites studied are Tertiary 
formations and their structural succession cannot be used as an argument in favour of 
the idea of a polymetamorphic and polydeformational evolution of the Rhodope crystaJJine 
massif during the Precambrian. 

The p , esent state of our knowledge of the geology of the Rhodope metamorphic com
plex provides no basis for unambiguous interpretation both of the numerous K-A r age 
data reported so far (IT a JT bill H H et al. , 1974; L i at y, 1986) and of the recent Rb-Sr 
results (3 a r o p "f e B&M y p 6 a T, 1986). The argument of K-Ar ages reflecting only a 
a "rejuvenation" caused by superimposed thermal actions and metasomatic phenomena 
seems unsubstantiated for the present. Some authors (E o .11 .n: )!( H e B&JJ H JT o B, 1976; 
IT a JT hill H H et al., 1974; and other authors) have interpreted the K-A rages as marking 
"various rejuvenation events" during the history of repeated tectonic and magmatic rewor
king of a Precambrian metamorphic complex. L i at y (1986) i~ of different oppinion. She 
has interpreted the young K-Ar ages (57-35 Ma) derived for metamorphic rocks near Xan
thi, Greece, as marking an interval of Barrow-type metamorphism followed by Oligocene 
(30 Ma) magmatism. 

3 a r o p 'I e B&M y p 6 aT (1986) , accepting a priori the Precambrian age of Rho
dope metamorphic rocks , have interpreted the Rb-Sr age (530 Ma) derived for migmati
tes of the Arda group as the result of later, Paleozoic, metamorphism involving complete 
homogenization of strontium. That age have been calculated from the so-called reference 
lines (erochrones) on a 87Sr f86Sr vs. 87Rb f86Rb plot. The authors have been unable to 
draw isochrone s in order to determine the real age of geological events because of the great 
spread of sample poi nts on the plot, and have explained that spread with Alpine-time super
imposed metasomatic processes which introduced K , Si and Rb into the rocks (3 a r o p-
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'l e B & My p 6 aT, 1986). However, it was no metasomatosis. As shown, above, the 
real process was migmatization dominated not by the supply of any elements but by the 
redistribution of the already available ones as the result of mobilization mostly of alkali 
feldspars in definite volumes of metamorphic rocks. The apparent relative increase (not 
in all samples at that) of rubidium content in the migmatic formations as compared to the 
gneisses (Table 2) is due to the higher proportion of constituent potassic feldspar and not 
to any hypothetical supply from elsewhere. We have also found no evidence sustaining the 
Statement that rubidium increases at a greater rate than potassium. The young age (96± 6 
Ma) calculated from the "erochrone" (3 a r o p 1f e B & My p 6 aT, 1986) for the Bach
kovo Formation leptite gneisses in the Rhodope Supergroup should not be explained with 
"metasomatic events" either. These authors assume the rocks are Precambrian metamor
phic formations which had suffered Paleozoic metamorphism some 530 Ma ago then were 
once again "rejuvenated" during the Cretaceous as the result of a rubidium metasomatosis. 
An alternative hypothesis of the same authors is that the leptites are of Paleozoic or Early 
Mesozoic age but later on, some 120-100 Ma ago, have suffered regional metamorphism. 

Petrological-geochemical research (lJ e pHeBa & C T a H lJ e B a, unpublished ; A p
H a y .n: o B a et al., 1990) has shown that the Bachkovo leptites are orthometamor
phic rocks of subalkalic character and the high content of K and Rb along with 
other trace elements is one of their ~:>pecific geochemical characteristics. There is no 
ground for suggesting metasomatism as the cause of K and Rb enrichment. Most likely, 
the Young Alpine migmatization described in this paper did not affect or had a slight in
fluence on the Bachkovo Formation rocks as implied not only by the potassic-feldspar 
structural-mineralogical and geochemical studies (A pH a y .n: o B et al. , 1990) but also 
by the U-Pb age of zircon in the leptite gneisses (90-82 Ma, data of :B apT H H u K H i1 & 
A p H a y .n: o B, 1986) and by the similar model age based on lead isotopes in potassic feld
spars (124-118 Ma, data of Bielicki , Amov & Arnaudov). 

The presence of Cretaceous and Tertiary metamorphic rocks in the Central Rhodope 
Mts is a fact posing a number of new problems in the geology of the so-called Precambrian 
metamorphic basement in South Bulgaria. 

It the data on microfossil (K o )!'( y x a p o B&T H M o Q> e e B, 1979, 1989) and other 
paleontological finds (lJ y M a <J e H K o & Carry HoB, 1988~ T c h o u m at chen co & 
S a pun o v, 1989), recently advanced by some authors to prove the Precambrian age 
of the Central Rhodope metamorphic complex, are confirmed they would define the age 
of the original sediments and not of the gneisses and marbles as stated by the above authors. 
The radiogeochronological studies cannot deny such evidence but they show that the meta
morphic phenomena, to which an Archean or Proterozoic age has been ascribed, took ac
tually place during the Late Ph a net ozoic. 

Translated by l . Vesselinov 
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