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The Eocene — Oligocene migmatization in the Cen-
tral Rhodope is well known long since U-Pb isotope
dating of monazite and zircon produced incontest-
able results. The migmatite age variation 36 to ~50
Ma is structurally dependent (Ovtcharova et al., 2002;
Cherneva et al., 2003) supporting the idea of later
exhumation of a diatexite dome core structure (Cen-
tral Rhodopian Dome, Ivanov et al., 2000). The time
span of synmetamorphic generation and in situ crys-
tallization of crustal anatectic melts in the Central
Rhodope overlaps partially the period of intrusive
granite magmatism in the Western Rhodope (Upper
Cretaceous — Eocene, 68 Ma, 43—40 Ma, and 37.5
Ma; Peytcheva et al., 1998; von Quadt, Peycheva,
2005). Part of the host rocks there are migmatites of
unknown age, described as “granitized” rocks (Valk-
ovet al., 1989).

Geological setting and field relations

Migmatites are widespread to the north-east of the
Rila-Rhodope batholith. Migmatitic gneisses of meta-
dioritic to metagranodioritic compositions form a
domain, situated just below the North Rhodopian
thrust (Geological map of Bulgaria, scale 1:200 000;
Ivanov et al., 1989; Gerdjikov et al., this volume).
The foliation dips to NE, N and NW; and the min-
eral lineation and syn-migmatitic fold hinges dis-
play a NW-SE trend in the range of 310—340°. The
mesoscopic shear-sense criteria confirm the SE di-
rection of tectonic transport.

The field observations cover outcrops along the
Chepinska, Mutnitsa, and Stara river valleys, 12—15
km far of the Rila-Rhodope batholith contact. The
migmatites are dominated by concordant to the foli-
ation leucosomes that show subsolidus ductile de-
formation. Domains of lower deformation preserved
metric scale irregular to lens-shaped granite bodies

(fig. 1). These display distinct nevertheless grada-
tional contacts with the adjacent migmatitic gneiss-
es. The textures are inhomogeneous, massive or neb-
ulitic, due to visible gneissic relics. At some places
massive domains of gravitational melt migration
broke the foliation in the gneiss matrix (anatectic
erosion of mesosome). Based on migmatitic struc-
tures and morphology in the area we use the term
“baby-granites” and consider these bodies as small
anatectic melt portions separated at the end of the
regional ductile deformation.

Numerous cross-cutting veins (granitic, aplitic
and pegmatitic) penetrate the migmatites and dis-
play diffusive to sharp intrusive contacts. The rela-
tionships between cross-cutting veins and migma-
tites suggest syn- to post migmatization intrusion of
the allochtonous granite magma, related most prob-

Fig. 1. Anatectic granite body NNE from Cepina railway
station (GPS point: N 42.10642; E 024.10586)
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ably to the younger granite units (Unit 2 and 3, Ka-
menov et al., 1999) of the Rila-Rhodope Batholith
(RRB).

Samples studied

The study focuses attention on the outcrops near to
the Cepina railway station in the Chepinska river
valley. The selected samples represent: migmatitic
gneisses of dioritic composition (B38G) and leuco-
some saturated biotite gneisses (B3A, B39G); con-
cordant leucosomes formed in situ (B3B, B39L), and
injected parallel to the foliation (B38L); anatectic
“baby” granites from two separate bodies B3D and
B3G (fig. 1), and B37. The rock-forming mineral
assemblages comprise biotite, plagioclase, K-feldspar
and quartz, with amphibole in the dioritic gneisses.
The products of migmatization are quartz-feldspar
dominated, with variable mineral proportions on a
thin-section scale. Missing peritectic mafic miner-
als suggest water-saturated melting. The accessory
mineral assemblages in the gneisses include magne-
tite, zircon, allanite, apatite, and titanite. The con-
cordant leucosomes contain sparse zircon grains
only, except for B38L, where abundant zircon and
allanite are present. Monazite appears in the anate-
ctic granites. It is found in mineral separates, to-
gether with allanite, apatite, zircon and magnetite.

Geochemistry

The rocks are metaluminous to slightly peralumi-
nous (gneisses A/CNK 0.7—1.1, leucosomes and an-
atectic granites 0.9—1.2). The normative mineral
proportions of the later correspond to low-tempera-
ture granite melts. The major elements variation of

the gneisses is strongly affected by the presence of a
melt, nevertheless dominant occurrence of Ca-alka-
line magmatic protoliths could be assumed. The LIL
elements distributions change systematically in the
succession gneisses — in situ formed leucosomes —
anatectic granite bodies. Increasing K/Ba, and Rb/
Sr, and decreasing Ba/Rb ratios mark trends consis-
tent with differentiation of felsic magma. They em-
phasize the role of the most incompatible LILE dur-
ing anatectic melt migration and crystallization. The
lower contents of HFSE (Zr, Y, Th, U) and REE in
the products of migmatization suggest limited solu-
bility of accessory phases in the melt. The contents
of Zr and LREE (fig. 2a) however cluster close to
the saturation concentrations in felsic peraluminous
melts at 700—750°C (Watson Harrison, 1983; Watt,
Harley, 1993). The temperatures would theoretically
be high enough to cause advanced melting at water-
saturated conditions, involving most mafic minerals
and producing melts enriched in Fe, Mg and Ca,
which is not observed. The ¢Hf values of the dated
zircons (0.3 to 4.7, fig. 3a) support an idea of zircon
inheritance from orthometamorphic rocks of mixed
crustal-mantle origin.

The REE patterns and relationships with LILE
and HFSE display features typical for amphibolite
facies water-saturated melting (low REE melts with
a positive Eu-anomaly) that appear from in situ leu-
cosome and anatectic granite compositions (fig. 2 b,
¢, e, ). Very close characteristics have the anatectic
granite melts in the Central Rhodope (Cherneva,
Georgieva, 2005). The variation of the Eu/Eu* val-
ues of anatectic granite bodies (fig. 3f), and the pos-
itive correlation with K/Rb (fig. 2 3¢) could reflect
contamination with gneiss relics (biotite) resulting
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Fig. 2. Geochemical data on the migmatites from the Chepinska river valley. See the text for

details
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Fig. 3. Concordia plots showing U-Pb TIMS dating of a) single-zircons, and b) single monazites

in local inhomogeneity of the melt. The injected leu-
cosome differs from in situ formed ones by higher
HFSE and REE, low La/Yb ratio, and deep negative
Europium anomaly (fig. 2a, b, c, e) resembling a
strongly differentiated felsic granite magma. Simi-
lar distribution patterns display Unit 3 granites of
the RRB (Kamenov et al., 1999).

U-Pb geochronological method and results

Zircons and monazites from sample B3D were dat-
ed by ID-TIMS (Isotope Dilution-Thermal Ionisa-
tion Mass Spectrometry) U-Pb techniques on single
grains. In order to minimize the effects of secondary
lead loss the zircons were air abraded prior to anal-
ysis while the monazites were not pretreated. Single
zircons were selected, weighed and loaded for disso-
lution into pre-cleaned miniaturized Teflon vessels.
After adding a mixed 2*Pb-?°U spike zircons were
dissolved in HF + 7N HNO, and monazites in 6N
HCI. Pb and U were separated by anion exchange
chromatography in 40 ul micro-columns, using min-
imal amounts of ultra-pure HCI. The isotopic anal-
yses were performed at ETH-Zurich on a MAT262
mass spectrometer equipped with an ETP electron
multiplier backed by a digital ion counting system.
The multiplier was calibrated by repeated analyses
of the NBS 982 standard (Todt et al., 1996). Mass
fractionation effects were corrected for 0.09%+0.05
per a.m.u. Both lead and uranium were loaded with
Iml of silica gel-phosphoric acid mixture on out-
gassed single Re-filaments, and isotope ratios deter-
mined by sequential measurement of all ion beams
on the electron multiplier. Total procedural com-
mon Pb concentrations were 0.8pg for zircon and
monazite. The uncertainties of the spike and blank
lead isotopic composition, mass fractionation cor-
rection, and tracer calibration were taken into ac-
count and propagated to the final uncertainties of
isotopic ratios and ages. Calculation of ages and
averages was done with the Isoplot/Ex v. 3 program
of Ludwig (2005). Ellipses of concordia diagrams
represent 2 sigma uncertainties.

Four long prismatic zircons were selected and
analyzed, all of them showing different degree of Pb
loss. All analysis are straddling a discordia line,
which anchored through zero yields an upper inter-
cept age of 150+/-5 Ma (MSWD 1.6), fig. 3a. Hav-
ing in mind the low saturation temperature for zir-
cons in anatectic melts (fig. 3a) we assume inherit-
ance of these zircons from the substratum, accom-
panied with a certain degree of Pb loss, and there-
fore we interpret the upper intercept to reflect the Zr
crystallization in the former magmatic protolith. Due
to intensive air abrasion the possible overgrowth re-
sulted from migmatitic melt crystallization was prob-
ably partly removed. When the discordia line is not
anchored to zero the lower intercept is 37+/-27 Ma
and upper intercept is 162+/-13 Ma. Three single
monazite grains were analyzed from the same sam-
ple. The data are all inversely discordant due to 2°Th
excess and their 27Pb/?5U age varies between 59 Ma
and 63 Ma (fig. 3b). The age variation is interpreted
to be due to inhomogeneous mixture of different age
components in Mnz (probably old core and younger
rim). No definitive conclusion on the time of the
monazite crystallization can be drawn from these
data; we envisage a complex growth history of mon-
azite, partly linked to migmatitic melt crystallization
and therefore the time of “baby-granite” formation.
The scattering U-Pb TIMS ages of single monazite
grains are indication for younger overgrowth on old
cores which can not be resolved without in-situ iso-
topic dating.

Conclusions

The main features of migmatites studied could be
summarized as follows: 1) small anatectic melt por-
tions, produced by amphibolite facies water-saturated
melting; 2) limited participation of mafic minerals
in the process of melting; 3) possible inheritance of
accessory minerals from the substratum; 4) melt sep-
aration at the end of the regional ductile deforma-
tion; 5) syn- to post migmatization intrusion of al-
lochtonous granite magma belonging most probably
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to the younger units of the RRB. The 150 Ma old
zircon in the anatectic granite body B3D was inher-
ited most probably from a magmatic protolith of
mixed crustal-mantle origin. The best candidates are
widespread gneisses of metadioritic composition. The
time span of the melting event is supposed to be closer
to the late RRB magmatic activity (43—37 Ma), than
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,bede-rpaHuTH* B MUTMAaTUTH OT J0JMHATa Ha p. YenuHcka,
3anaaau Pogonu — reoxumust u U-Pb n3oronHo natupane

HAd MOHAIIMAT U IUPKOH

3aamka Yepuesa, Mapusa Oeuaposa, Jumo Jumos, Aabpexm ¢hon Keaom

Pe3rome. IIpencraBenu ca mbpBY F€OXPOHOJIOKKU U
F€OXVMMUYHHA NaHHU 32 MUTMATUTU OT 3amagHuTe
Poponu, mpoaykT Ha BOOJOHACUTEHO TOIIEHE B aM-
¢bubonuToB darmec, ¢ oOpasyBaHe Ha MaJKd Tejia
OT aHATEeKTUYEeH I'PAHUAT B Kpasi HA perHMOHAJHATA
miactuyHa gedopmarusi. U-Pb uzoronno gatupa-
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HE Ha [IMPKOH M MOHAIUT OT TE3H TeJjla XapaKTepu-
3Wpa Bb3pacTTa Ha I[UPKOHA YHACJIENCH OTMarMeH
MPOTOJIUT C KOPOBO-MaHTHEH mpousxon (150 Ma),
U CMECEHH Bh3PaCTOBU KOMIIOHEHTHU IPH MOHAIIU-
Ta (59—63 Ma), oTyacTu CBbp3aHHU C KPUCTAJIU3A-
[UATA HA aHATEKTUYHATA TOIWJIKA.



