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New U-Pb and Ar-Ar mineral ages for the Barutin-Buynovo-
Elatia-Skaloti-Paranesti batholith (Bulgaria and Greece):
Refinement of its debatable age
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Abstract. High precision ID-TIMS U-Pb data on single zircons from hornblende-biotite granodiorite (GDR)
in the Greek part of the batholith and isotope Hf-data of the dated zircons are combined in the present study
to elucidate the debatable intrusion age of the pluton and to define its magma source. The intrusion age is
determined at 55.93+0.28 Ma by two concordant zircons, one grain shows negligible lead loss, and two
zircons reveal lead inheritance, pointing to possible Permo-Triassic and Jurassic ages of the inherited
cores/grains. The hafnium isotope characteristics of the analyzed zircons (corrected for an age of 56 Ma) are
slightly positive (+1 to +3). They argue that the magma was generated either by mixing of initial mantle and
crustal magma or by remelting of former subduction/postcollision related materials.

Ar-Ar isotope dating was applied to biotite and potassium feldspar from a hornblende-biotite granodiorite
in the Bulgarian part. A plateau age of 49.99+0.88 Ma was obtained on the biotite fraction excluding the older
ages of the first and last three steps. This age is confirmed by the isochrone calculations of “’Ar/*®Ar vs.
¥ Ar%Ar and *°Ar/*°Ar vs. *Ar/**Ar at 50.6+1.2 Ma and 50.6+2.1 Ma, respectively. The data for potassium
feldspar are less confident, but generally in the range 42-44 Ma. Both Ar-Ar ages are interpreted as cooling
ages, or a slightly reset by metamorphic/tectonic overprint. The new isotope data are in agreement with recent
mineralogical, geochemical, oxygen- and strontium isotope data for the BBESP batholith, suggesting
Paleocene-Eocene time of intrusion of rock groups, which possibly differ slightly in time and genesis.
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Tpuanradpunaoc Connaroc, Autonuc Koponeoc, bopucias K. Kamenos, Upena IleiiueBa,
Anopext ¢on Kyanr, 'eopruoc Xpucroduaec, Keuanr 3enr, Xyanr Canr. Hosu U-Pb u Ar-
Ar MuHepaJiHH BBb3pacTu 3a Oartosura bapyrun-ByiiHoBo-Eaatus-Ckanoru-Ilapanemmu
(bbarapus u I'spuus): [Ipenuzupane Ha ciopHaTa My Bb3pacT

Pe3tome: Exnanunn nupkonu ot ampudon-6unorutos rpanoguoput (GDR) ot rpeikara yacT Ha 6aTonura ca
natupanu ¢ Bucoko-npenusHus ID-TIMS U-Pb meron. JlanHuTe ca cbueranu ¢ m3oTonnu Hf-maHHu OT
CBIIMTE JATHPAaHW LUPKOHH, 3a Ja C€ U3SICHU CIIOpHATa BH3pacT Ha BHEAPsABaHE Ha ILUIyTOHa M Ja ce
ONpeliesid HeroBUS MarMaTW4eH W3TOYHUK. Bb3pacTra Ha BHenpsBaHe e ompezaerneHa Ha 55,93+0,28 Ma
BBpPXY IBa KOHKOPAAHTHH IMPKOHA, €AHOTO 3bPHO OT KOMTO IIOKa3Ba HE3HA4YMTENHa 3aryba Ha OJOBO, a
JPYTH ABE 3bpHA Pa3KPHUBAT yHACIEAEHO OJI0BO, KOETO COYM 3a Bh3MOXKHH IEPMO-TPHACKa U IOPCKA Bb3pacTu
Ha YHacleAeHWTe sapa/3ppHA. M30TOmHUTE XadHHMEBH XapakTEPUCTHKH HA AaHAIM3MPAHHUTE IMPKOHU
(xopurupanu 3a BB3pacT oT 56 Ma) ca cmabo momoxwurenau (+1 to +3). Te mokassar, 4e poJoHavaIHaTa
MarMa € TeHepHpaHa dYpe3 CMEecBaHe Ha ITbpBHYHA MaHTHHHA W KOpOBAa MarM WIH € IOJydYeHa dpe3
MIPETOIsIBaHE HA [I0-CTapH CYOIYKIIMOHHHU HIIH MOCTKOIN3MOHUHH MaTepHAIIH.

Ha OnoTtnTOBM M KanneBo-(enamnaToBy Gpakuuy oT aMpuO0I-0HOTUTOB IPAaHOIHOPHUT OT OBITapckara
qacT Ha 6aTonMTa € MPUIoKeHO Ar-Ar M30TOnHO natupase. Ilonyuena e miato-Be3pact ot 49,99+0,88 Ma
oT GuoTHTOBaTa (PAKIIMS, KATO CA U3KIIFOYEHH I10-CTAPUTE Bh3PACTH Ha IBPBOTO U MOCIEAHUTE TPU CThIIANA.
Tasu BB3pacT e TMOTBBPICHA Upe3 W30XPOHHM M3UYMCICHHS BBPXy muarpamu “CAr/°Ar vs. PAr/°Ar u
A/ Ar vs. ¥ Ar/*Ar mpu 50,6+1.2 Ma u 50,6+2.1 Ma, choTBeTHO. PesyiraTTe 3a KaqneBus GeImmar ca
MM0-MaJIKO JIOCTOBEPHH, HO Haii-o0mo ca B auamazoHa 42-44 Ma. U ngBere Ar-Ar BB3pactd ca
HMHTEPIPETUPAaHNA KaTO eTamH OT OXJIaXIaHeTO Ha IUIyTOHAa WM KaTo pe3ynrar oT ciuabd edexr Ha
MeTaMOpP(HO/TEKTOHCKO CHOWTHE, OKa3ajJo BIMSHHE BBPXY M30TOIIHATa cucTeMa. HoBHTEe W30TOMHU
pe3ynTaté ca B CBIVIacMEe C IyOJMKYBaHU HAaIOCIEIbK MHHEPAIOXKKH, T€OXUMHUYHH, KHCIOPOTHH W
CTPOHIIMEBHM M30TONHM JAaHHM 3a Oatonmuta BBESP, npennaraiikn Ilaneonen-EoreHncka BB3pacT Ha
BHE/IPABAHE Ha CKAJIHHUTE I'PYNH, KOUTO € BH3MOXKHO Ja Ce pa3iMyaBaT ciabo 1o Bpeme Ha o0pa3yBaHH U
TIPOU3XO/.

Introduction unified the Bulgarian and the Greek parts into a
large composite batholith — the BBESP.

The batholith is intruded into a complex
metamorphic basement consisting of gneisses
and marbles with rare amphibolitic interca-
lations. The plutonic rocks are covered
transgressively and discordantly by Low
Oligocene  molassic  sedimentary  rocks
(Kamenov et al., 1974). The presence of
Oligocene rhyolitic rocks in the vicinity of the
plutonic intrusion provides an upper limit to
the age of the pluton.

The petrographical composition is mainly
of biotite (amphibole) granodiorite, passing
locally into quartz-diorite or monzogranite in
the Bulgarian part and of granodiorite (GDR),
granite (GR) and two-mica granite (TMG) in
the Greek part (Fig. 1). The porphyritic type
granodiorites which are outcropped in the
peripheral parts are considered as a facies
subjected to endocontact changes.

The composite batholith Barutin-Buynovo-
Elatia-Skaloti-Paranesti (BBESP) is exposed in
the southernmost part of the Rhodope
Mountains in Southern Bulgaria and in
Northern Greece (Fig. 1). It covers an area of
about 850 km’ being the biggest magmatic
body in the area. The Bulgarian outcropped
part of the batholith is around 160 km” and it is
called Barutin-Buynovo pluton (Kamenov et al.
1974). In Greece the batholith consists of the
plutons Elatia (Soldatos 1985), Paranesti
(Sklavounos 1981) and Skaloti (Kotopouli &
Pe-Piper 1989). Sometimes the name Elatia-
Skaloti (Kotopouli 1981; Kotopouli & Pe-Piper
1989) is assigned to the southern Greek parts.
Soldatos et al. (2001a b) used the name Elatia-
Skaloti-Paranesti for the whole Greek part,
which is used also in the present paper.
Kamenov et al. (1990) and Jones et al. (1992)
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Fig. 1.

Simplified geological map of the Barutin-Buynovo-Elatia-Skaloti-Paranesti batholith (BBESP)

showing the main rock-types and the location of the analyzed samples. In the inset map the main magmatic
bodies and tectonic units of the Rhodope massif in Greece and Bulgaria are shown: (LTU) Lower Tectonic
Unit (Pangeo Unit); (UTU) Upper Tectonic Unit (Sidironero Unit)

The age of the batholith is still debatable
(Table 1). Biotite K-Ar datings from both the
Greek and Bulgarian parts of the batholith gave
ages of 29.1£1.2 to 45.0+2.0 Ma (Kamenov et
al. 1974; Palshin et al. 1974; Sklavounos
1981). Rb-Sr whole-rock ages are not well
defined  as 86.7427.0  Ma  (initial
¥7S1/*6Sr=0.7060, MSWD=165) and 85+25 Ma
(Soldatos 1985; Soldatos & Christofides 1986;
Soldatos et al. 2001a). Rb-Sr biotite and
muscovite dating obtained an older than 48 Ma
age for the granodiorites of the batholith and 47
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Ma as a cooling age on the muscovite (Soldatos
et al. 2001a), whereas for muscovites of the
two-mica granite Soldatos et al. (2001a)
calculated isochrones of 43.5+0.9 to 47.8+1.0
Ma. This wide range of age data arises
questions on either they are due to the different
resistance and closure temperatures of the
applied isotope methods or to different
intrusion time of the granitoids.

Present study examined new approaches
to the age problem. It combines high precision
ID-TIMS U-Pb data on single zircons from the



Table 1. Published geochronological data of the granitoid rocks from the Barutin-Buynovo-Elatia-Skaloti-

Paranesti batholith (BBESP)

Pluton Method Mineral or rock Age (Ma) YSr/*Sr Reference
Rb-Sr WR (GRD) errochron  86.7 £27.0 0.7060 Soldatos (1985)
Rb-Sr WR (GRD) errochron 85425 0.7060 Soldatos et al. (2001a)
Elatia Rb-Sr Bt (GRD) 34.141.0 t0 43.0+1.3  0.7061-0.7066  Soldatos et al. (2001a)
Rb-Sr Bt (GR) 36.9+1.1 t0 42.0£1.2  0.7077-0.7084  Soldatos et al. (2001a)
U-Pb Zrn (GRD) 55.93 +0.28 this study
K-Ar Ms 38.3+1.1 Meyer (1968)
K-Ar Bt 29.1+1.2 to 38.5¢1.5 Sklavounos (1981)
Paranesti
Rb-Sr Ms (TMG) 43.5+0.9 to 47.8£1.0 Soldatos et al. (2001a)
0.7068-0.7075
Rb-Sr Bt (TMG) 39.4£1.2 Soldatos et al. (2001a)
K-Ar Bt 42.0£2.0 Palshin et al. (1974)
. K-Ar Bt 45.0£2.0 Kamenov et al. (1974)
Barutin-
Buynovo 5 Bt (plateau) 49.99+0.88 .
S Bt (isochron) 50.6+1.2 fhisistudy
Kf (plateau) 42.15+0.62 .
Ar-Ar 4t (isochron) 44.9+2.3 thig study

WR: whole-rock; Bt: biotite; Ms: Muscovite; Zrn: zircon

granodiorite in the Greek part of BBESP and
isotope Hf-study of the dated zircons with the
aim to elucidate the intrusion age of the pluton
and to define its magma source. We applied
also Ar-Ar isotope dating on mineral separates
(biotite and potassium feldspar) from a
granodiorite in the Bulgarian part as well, as
this system is more sensitive to metamorphic
and tectonic overprint. The stepwise heating
method, which was used in this study, allows
calculating a plateau age, discarding altered or
inherited domains in the studied minerals. The
clarification of the age of the BBESP batholith
through refinement of the dating will help not
only in petrological studies, but we believe,
will be essential for further geodynamic
reconstructions and regional correlations.

Geological background
Regional position

The Rhodope massif, which is intruded by the
BBESP batholith, lies within the eastern
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Mediterranean sector of the Alpine-Himalayan
orogenic system. To the north it is separated
from the Upper Cretaceous Sredna Gora basin
by the Alpine Maritsa fault. To the northeast
and to the east it is bordered by the Upper
Paleogene-Neogene Maritza and Thrace basins.
To the west it is separated from the Serbo-
Macedonian Massif by the Strymon valley
detachment (Dinter & Royden 1993; Lips et al.
2000). The southern parts of the Rhodope
massif are hidden in the north Aegean Sea.

The Rhodope massif was understood as
an area of large-scale nappes tectonics built up
by two large nappe units, designated as Lower
Terrain (Pangeon unit: mainly schists and
gneisses) and Upper Terrain (metaophiolites
mainly, Burg et al. 1996). Thick mylonite
zones divided the both terrains. Several
intermediate nape units are located also in-
between the both terrains. In the Greek
literature two litho-tectonic units (Papanikolau
& Panagopoulos 1981) are distinguished, the
lower tectonic unit (LTU) of lower-grade



metamorphism and the upper tectonic unit
(UTU) of higher-grade metamorphism (Fig. 1).

The metamorphic basement of the
Rhodope massif is suggested to be a product of
contractional and extensional stages (Burg et
al. 1996; Ricou et al. 1999; Ivanov et al. 2000).
The first stage caused moderate temperature
high pressure (MT-HP) to high-temperature
moderate  pressure  (HT-MP)  regional
metamorphism of the rocks, south-directed
thrusting and significant thickening of the
crust. Subsequent high-temperature
amphibolite ~ facies  metamorphism  and
migmatite and granite formation are related to
the extensional collapse of the thickened crust.
During this stage migmatites and granites were
emplaced within the core of several domes
(Byla reka, Kessebir, Central Rhodopean and
West Rila-Rhodope) and along a system of
detachment faults (Burg et al. 1990; Turpaud
2006). The former two main LTU and UTU of
(Papanikolau & Panagopoulos 1981) are
refined and explained by extensional tectonics:
migmatites and granites in the cores of the
domes are referred to the Arda Unit, consisting
of mainly Variscan rocks (e.g. Liati & Gebauer
1999; Peytcheva et al. 2004; Turpaud 2006);
the overlaying Krumovitsa, Startsevo, Madan
and Assenitsa Units (Ivanov et al. 2000),
corresponding with the UTU of Papanikolau &
Panagopoulos (1981) and Rhodope Terrain of
Turpaud (2006) consist mainly of Mesozoic
protoliths (Sarov et al. 2003; Ovcharova 2005;
von Quadt et al. 2006; Turpaud et al. 2006).
The top of this succession is occupied by the
Parvenets Unit, recently included into the so
called Thracian Unit of Sarov et al. (2006).
Upper Cretaceous to Mid-Tertiary plutonic
rocks (Jaranov 1960; Meyer 1968, 1969;
Kronberg & Raith 1977; Christofides et al.
1998 (and references therein); Peytcheva et al.
1998; Soldatos et al. 2001a, b) are exposed in
the domes (LTU) and in the UTU.

During post-collisional extension a set of
graben depressions formed. They are filled
with sediments of Eocene-Oligocene age and
the products of an acid to intermediate
volcanism (Eleftheriadis 1995; Eleftheriadis et
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al. 1989; Harkovska et al. 1998; Yanev &
Bardintzeff, 1997, Marchev et al. 1998;
Christofides et al. 2004).

The granitoids of the BBESP are intruded
into the Mesozoic high-metamorphic rocks of
the UTU, corresponding with the Madan Unit
(Ivanov et al. 2000), or to the Rhodope Terrain
(Turpaud 2006) in Bulgaria. Geophysical
studies (Riazkov et al. 1993) reveal that the
whole BBESP magmatic complex is a
relatively flat batholith elongated south-
eastward. It has a tabular shape and is inclined
to the northeast and northwest, where its
thickest part (4 km) appears (Riazkov et al.
1993). Hosting rocks are amphibolitic and two-
mica gneisses, marbles and amphibolites.
Contact metamorphism phenomena are of very
limited extension.

Petrography

The BBESP batholith consists mainly of
granodiorite (GRD), biotite granite (GR) and
two-mica granite (TMG). In the Greek part
(Elatia-Skaloti) the GRD is a medium- to
coarse-grained  (hornblende)-biotite  grano-
diorite, that varies locally from quartz-diorite
through quartz-monzodiorite and tonalite to
granite (Fig. 1). The outer northern and central-
west parts of it become porphyritic with large
K-feldspar megacrysts. The biotite GR to
leucogranite cut the GRD through the whole
outcrop in the form of non-mappable dykes
that vary in thickness from several centimetres
to several metres. It is a fine- to medium-
grained rock. The east-southeastern part of the
batholith (Paranesti) is occupied by the TMG,
which intrudes the GRD. It resembles the GR
the only difference being the presence of white
mica. Pegmatitic and aplitic dykes are
widespread.

In the Bulgarian part (Barutin-Buynovo)
the granodiorite also predominates, passing in
some places into quartz-diorite in the
neighbourhood of the country marbles. The
marginal parts are porphyritic and contain large
xenoliths of marbles and gneisses. The
granodiorite is medium-grained hornblende-



biotite  variety and sometimes some
monzodiorites and quartz-monzonite varieties
may be observed too. Dykes of fine-grained
biotite  granodiorite-porphyry and biotite
granite-porphyry cut the granodiorite. Aplitic
and pegmatitic veins occur in all outcrops.
Table 2 shows the average mineralogy
and chemistry of BBESP batholith together
with the mineralogy and chemistry of the
analyzed samples. Details on mineralogy and
petrography are given in Kamenov et al.
(1974), Soldatos (1985) and Soldatos et al.
(2001a, b). What is evident is that the
granodiorites in the Greek and in the Bulgarian
parts are similar and probably they represent
rocks of one and the same magma batch.
Geochemical characteristics and
constraint on the geotectonic setting

In the Greek part of the BBESP batholith the
silica content ranges in the GDR from 59.8
wt.% to 70.5 wt.%, in the GR from 70.5 wt.%
to 73.6 wt.%, and in the TMG from 68.6 wt.%
to 75.0 wt.%. In the Bulgarian part the silica
content ranges from 61.6 wt.% to 69.71 wt.%
for the granodiorites (Table 2). Published
major oxides confirm the genetic integrity of
the granodiorites from the both parts of the
batholith.

BBESP samples show calc-alkaline to
high-K calc-alkaline affinities. In terms of the
alumina-saturation index, they have meta-
luminous to slightly peraluminous character.

Geochemical discrimination diagrams
(Soldatos et al. 2001a, b) suggest different
tectonic setting for the GDR, GR and TMG.
On the RI-R2 diagram (not shown) of
Batchelor & Bowden (1985), the GRD samples
clearly plot in the pre-plate collision granites
field, the TMG samples plot in the syn-
collision granites field, while the Gr sample
straddle the above two fields (Soldatos et al.
2001a,b). It must be emphasized here that the
overlap around field 6 is predictable since all
granitoids evolve towards minimum melt
compositions. Jones et al. (1992) based on the
same diagram suggested a post-collision uplift
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tectonic setting for the Greek part of the
batholith although their data plot also in the
pre-plate collision granites and late-orogenic
granites fields (G1, corresponding to GDR) and
in the late-orogenic granites and syn-collision
granites field (G2, corresponding to GR and
TMG). For the same part of the batholith,
Soldatos et al. (2001a) suggested that the
magma genesis is related to a subduction
tectonic environment most likely prior to the
collision. During a continental crust subduction
in Eocene times (Schermer 1990), magmatism
with pre-plate collision geochemical features,
is generated due to the subduction of the dense
oceanic lithosphere preceded the continental
slab, giving the BBESP magma (c.f.
Christofides et al. 2001).

Previous age data and new sampling

The first geochronological work on the BBESP
pluton was done by Meyer (1968) who reported
a muscovite K-Ar age of 38.3+1.1 Ma (Table
1) from a pegmatite from Tholos area,
(Paranesti). Palshin et al. (1974) reported a
biotite K-Ar age of 4242 Ma from Barutin-
Buynovo plutonite (S. Bulgaria). Sklavounos
(1981) working on the south-eastern part of the
BBESP pluton (Paranesti area) obtained biotite
K-Ar ages of 29.1+1.2 to 38.5£1.5 Ma.
Kotopouli  (1981) suggested a possible
intrusion age of Late Cretaceous or Early
Tertiary on the ground of geological data in the
Skaloti area. Rb-Sr isotopic data on 8 whole-
rock samples of GRD from the Elatia plutonite
defined an errochron age of 86.7+27.0 Ma
(Soldatos 1985; Soldatos & Christofides 1986).

Soldatos et al. (2001b) presented new Rb-
Sr isotopic data on micas and discussed
thoroughly the age of the Greek part of the
pluton. They found that the Rb-Sr biotite ages
range between 34.1£1.0 to 43.0+1.3 Ma in
GRD and between 36.9+1.1 to 42.0+1.2 Ma in
GR. In TMG the biotite age is 39.4£1.2 Ma,
while the muscovite ages range between
43.5+0.9 to 47.8+1.0 Ma. Based on the above
results they concluded that the age of the TMG
should be at least or not too much older than 48



Ma. This age is considered as the younger limit
for the GRD, which must be older than 48 Ma,
given the field relations between the two rock
types. Hence, the age of the Greek part of the
batholith was considered at least 50 Ma.

The samples for present study were taken
from the GDR in both, the Bulgarian and Greek
part of BBESP. The D5 sample (Soldatos et al.,
2001a, b) represents a hornblende-biotite
granodiorite (GRD, Fig. 1). It is a coarse-
grained, grey to dark grey rock with 3.8 vol.%
hornblende and 14.4 vol.% biotite (Table 2).
Sample BB1 for the Ar-Ar dating was taken
from Barutin-Buynovo pluton south of and not
very far from the town Dospat (Fig. 1). Its
petrographical composition is characterized as
an even-grained and coarse-grained, grey in
colour biotite granodiorite (Table 2). Sericite
and chlorite in insignificant quantities are
observed in the sample as secondary minerals.

Analytical techniques

U-Pb isotope analyses of zircons

High-precision “conventional” U-Pb zircon
analyses were carried out on single zircon
grains at the Institute of Isotope Geochemistry
and Mineral Resources, ETH-Zurich, using an
ion counter system (Finnigan MAT 262
thermal ionisation mass-spectrometer).
Selected zircons were air-abraded to remove
marginal zones with lead loss, rinsed several
times with distilled water and acetone in an
ultrasonic bath and washed in warm 4N nitric
acid. All single grain zircon samples were
spiked with a *°U-**Pb mixed tracer. Total
blanks were less than 0.002 ng for Pb and U.
For further details see von Quadt et al. (2002).
The PBDAT and ISOPLOT softwares of
Ludwig (1988, 2001) were used for calculating
the uncertainties and correlations of U/Pb
ratios. The calculation of the U/Pb ratios
include uncertainties of the spike calibration,
Pb blank measurements, common Pb
correction, U and Pb fractionation and U decay
constant. All uncertainties are included in the
error propagation for each individual analysis.
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The decay constants of Steiger & Jager (1977)
were used for age calculations, and corrections
for common Pb were made using the Stacey &
Kramers (1975) values. The reported
“Concordia age” in the figures as well as in the
paper is referred to the calculation software
ISOPLOT of Ludwig (2001); the **Pb/**U
mean age is based on the average of the
selected analyses and the number of analyses is
taken into account for the error calculation.

Hf isotope analyses of zircons

Hf isotope ratios in zircons were measured on a
Nu Instruments multiple collector inductively
coupled plasma mass spectrometer (MC-ICP-
MS; David et al. 2001) at the Institute of
Isotope Geochemistry and Mineral Resources,
ETH-Zurich. High amounts of Zr in the
samples did not create a significant matrix
effect, and this was tested by repeated analyses
of Zr-doped standard solutions. Measured
'7°Hf/'"Hf was corrected for instrumental mass
fractionation using a 'Hf/'’Hf = 0.7325
(exponential law for mass bias correction).
Repeated analysis of the JMC-475 standard
solution during the measurement session
yielded a '"°Hf/'7"Hf ratio of 0.282141 + 14 (2
o). For the calculation of the ey; values the
following present-day ratios of the Chondritic
Uniform Reservoir (CHUR) were used:
(""*Hf/""H)=0.282769 (Nowell et al. 1998)
and ("*Lu/"""Hf)ei= 0.0334. For age correction
of the Hf isotope ratios at 52-56 Ma, a
6Lw/'"HF ratio of 0.0050 was used for all
zircons.

Ar-Ar on mineral separates (biotite and K-
feldspar)

Analyses of three samples for “’Ar/*’Ar step-
heating age were carried out in the Institute of
Geology and Geophysics, Chinese Academy of
Science, following the procedure described by
Hu et al. (1985). The samples were ground into
60-80 mesh and packaged in an aluminium foil
together with flux monitors. The flux monitors
include ZBJ hornblende (132.843.1 Ma), ZBH-
25 biotite (132.742.8 Ma), and international
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standard sample BSP-1 hornblende
(2,060£17.5 Ma). Both samples and flux
monitors were evacuated and sealed herme-
tically in quartz. K,SO4 and CaF, were added
in each package to monitor the interfering
reactions “K(n,a) *Ar, *Kna) *“Ar,
“Ca(n,a) Ar, “Ca(n,a)) **Ar and **Ca(n,ar)
*Ar. Then, the samples were put in the HS8
channel of a 49-2 Reactor for 3,092 min
irradiating with instantaneous fast neutron flux
(3.88*10"n/cm’sec), i.e. the total amount of
the integrated fast neutron flux is 1.2%¥10'
n/em’. The cadmium foil with 0.5mm in
thickness was used as a shield to prevent the
interference of slow neutrons. During irra-
diation, the sample box was circulated by
cooling water with temperature 42°C at outlet
and was rotated with 2 - 8 r.p.m. in order to eli-
minate the transverse gradient of neutron flux.
After cooling to the safe dosage, the
irradiated samples were put in an Ar-extraction
system to carry out step heating analysis. A
high frequency oven was used to heat samples
with each step of 20 min. The extracted argon
was purified by CuO and sponge titanium and
then introduced directly to RAG-10 mass
spectrometer for argon isotope analysis,
operating in the stable mode. Apparent ages
were corrected for mass discrimination,
memory effect, interference of K and Ca to Ar
isotope, and *’Ar radioactive decay. The
measured correction factors for the interference
of K and Ca to Ar isotope are
(AP’ Ar)=3.05%107, (°Ar/’Ar)c,=2.64*10"
* and (PAr/"Ar),=6.87%10" (Hu et al. 1985).
A half life of 35.1 days was adopted to correct
the radioactive decay of *’Ar. Uncertainty is
quoted at one sigma and does not include the
calculated J-factor error. Isochron regressions
used the method described by York (1969).

Isotope data

U-Pb zircon dating and Hf-isotope tracing

Five zircons from GRD (sample D-5) were
dated using conventional ID-TIMS technique.
The analytical results are shown in Table 3 and
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Fig. 2. Three of the zircons (D5-3 to D5-5) are
concordant at about 55-56 Ma, whereas two of
them (D5-3 and D5-4) are with overlapping 2-
sigma error ellipses at 55.93 + 0.28 Ma (Fig.
2). This age is interpreted as an intrusion age of
the GRD since only long prismatic to needle-
like zircons were chosen, which usually are
newly saturated magmatic, lacking any lead
inheritance (similar to the zircons in Fig. 3a
and ¢).

The rest two zircon grains (D5-1 and D5-
2) reveal lead inheritance, pointing to possible
Permo-Triassic and Jurassic ages of the
inherited cores/grains (about 240 Ma for D5-1-
upper intercept age of the discordia on Fig. 2,
and about 130 Ma for D5-2 — apparent
2%pp/28U age, Table 3). Magmatic protoliths
with similar ages and subduction/post-
collisional geochemical characteristics are
known from the northern parts of the Central
and Western Rhodope (von Quadt & Peytcheva
2005; Cherneva et al. 2006; von Quadt et al.
2006), for the Startsevo Unit in Central
Rhodope and from Northern Greece
(Ovtcharova 2005) and for the Northern Greece
(Turpaud 2006). Inherited cores are observed
on the cathode-luminescent images of
prismatic zircons from sample D5 (Fig. 3b).

The hafnium isotope characteristics of the
analyzed zircon (corrected for an age of 56 Ma)
are shown in Table 4. The epsilon hafnium (e-
Hf) values are slightly positive - generally in
the range +1 to +3. They argue for mixed crust-
mantle source of the magma. The magma was
generated either by mixing of initial mantle and
crustal magma or (more probably) by remelting
of former subduction/postcollision related
materials. The second scenario could explain
the similar e-Hf values of all zircons either
with or without lead inheritance.

Ar-Ar dating

The *Ar/°Ar incremental heating results
carried out on sample BB1 are presented with
their age spectra and “Ar/°Ar vs. *Ar/ °Ar
and *°Ar/*Ar vs. *Ar/*Ar isochrons (Fig. 4
and 5). For the analyses monomineral fractions
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Fig. 2. Cathode-luminescent images of zircons from sample D5 (Elatia pluton, Greek part of the BBESP
batholith). The long-prismatic grains (a and c) reveal magmatic oscillatory zoning, and the prismatic grain (b)

has inherited core with magmatic rim

of biotite (BB1-B) and K-feldspar (BB1-F) are
used. A plateau age of 49.99+0.88 Ma was
obtained on the biotite fraction (Table 1)
excluding the older ages of the first and last
three steps (Fig. 4). The released “Ar is
insignificantly high compared to the totally
released. This age is confirmed by the isochron
calculations of *Ar/°Ar vs. *Ar/°Ar and
OAr/Ar vs. PAr/*Ar. The yielded ages are
50.6x£1.2 Ma and 50.6£2.1 Ma respectively.
The MSWD values are acceptable (4.5 and 9.7,
whereas 1 and less is statistically the best) and
the age around 50 Ma should be well
constrained.

The Ar-Ar results on the K-feldspar
separate (sample BB1-F) are demonstrated on
Fig. 5. The plateau age of 42.15+0.62 Ma is
younger than that of the biotite, but it is the
supported by the “’Ar/°Ar vs. *Ar/*°Ar and
PAr/ Ar vs. Ar/*Ar errochrones, which are
through the points makes them more confident
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- 44.943.3 Ma and 44.942.3 Ma (Table 1). The
MSWD values of the isochrons (errorchrons?)
are rather high - 43 and 85 and we use the
dating on the K-feldspar fraction only to
confirm once more the Eocene cooling age of
the rock.

Discussion

The BBESP batholith is a composite magmatic
body consisting mainly of granodiorites and
granites (GRD, GR and TMG). Present high-
precision ID-TIMS U-Pb data on single zircons
from granodiorite (GDR) in the Greek part of
Barutin-Buynovo-Elatia-Skaloti-Paranesti
(BBESP) define an intrusion age of 55.93 +
0.28 and magma generation either by mixing of
initial mantle and crustal magma or by
remelting of former subduction/postcollision
related materials.
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Fig. 3. Concordia diagram for zircons of sample D5 (GRD, Elatia pluton, Greek part of the BBESP batholith).
The concordia age is calculated using zircons D5-3 and D5-4 (see Table 3). The epsilon Hf isotope values
(corrected for an age of 56 Ma) are written in italics next to the corresponding zircon point

Ar-Ar isotope plateau age of biotite
from the granodiorite in the Bulgarian part of
BBESP is well constrained at 49.99+0.88 Ma.
The data for the potassium feldspar are less
confident, but generally in the range 42-44 Ma.
These younger Ar-Ar ages we interpret as
cooling ages, but, as they differ from 6 to 12-14
Ma from the intrusion age. One can explain this
gap with two possible scenarios: (i)
overprinting metamorphism and deformations
or (ii) formation of BBESP according to the
model of the metamorphic domes as a “layered
tilted” magmatic body (more probable).

Soldatos et al. (2001a, b) carried out
extensive field, petrological and geochemical
studies, combined with strontium and oxygen
isotope data to suggest that GRD, GR and
TMG in the Greek part of the pluton comprise
three distinct rock groups that do not have a
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common magma source and evolution. They
also concluded that the south-westward
decrease of the Rb-Sr biotite ages could be
attributed to a thermal/tectonic event, very
probably to the thrust between the Upper and
Lower tectonic unit (Fig. 1, inset) of the
Rhodope, located to the southwest of the
batholith. The discrepancy in the Ar-Ar biotite
and K-feldspar from the GDR (from 50 to 42,
this study) are supported by the former
difference within the Rb-Sr ages of muscovite
(44-48 Ma) and biotite (34-43 Ma), the wide
range of biotite ages, even the difference in K-
Ar ages (29-42 Ma; Palshin et al. 1974;
Sklavounos 1981; Soldatos et al. 2001b). The
spreading of muscovite and biotite ages in the
TMG and GRD, respectively suggests high
temperature of the geological processes — they
had exceeded the blocking temperature of
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Fig. 4. “*Ar/*°Ar age spectra (a) and “’Ar/*°Ar - *Ar/*°Ar (b) and **Ar/**Ar - *Ar/*Ar (c) isochrons of biotite
sample BB1-B (granodiorite, Barutin-Buynovo pluton, Bulgarian part of the BBESP batholith)

biotite (300+50 °C) and probably had reached
up the blocking temperature of muscovite
(550450 °C), or just parts of the magmatic
muscovite were reset by the overprinting event.
If we suppose an overprinting metamorphism
at certain temperature conditions then it should
have left some traces in the petrology of the
rocks, which is not the case.

Alternatively, a “layered tilted” magmatic
body, related to postcollisional collapse,
extension and doming (e.g. Turpaud 2006; the
core-complex model, proposed for the Central
Rhodopean Dome by Ivanov et al. 2000 and
Sarov & Gerdjikov 2001) could interpret the
general rejuvenation of the mica ages from NE
to SW, to the centre of the Dome (Pangeon). In
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the periphery (in NE direction) the tilted blocks
and set of graben depressions are formed, filled
with sediments and volcanics of Eocene-
Oligocene age. By “tilting”, one can explain
the younger ages in the SW sector of the
batholith (34 Ma) as it cooled some 9 Ma after
the NE sector (43 Ma). In this way biotite ages
define the post intrusive regional cooling
history.

The new U-Pb zircon data of the present
study, being in accordance with the results of
Soldatos et al. (2001b), establish an
undisputable Late Paleocene magmatic age of
56 Ma for the GRD. This Eocene age is
supported by the new 50 Ma Ar-Ar biotite
cooling age. Consequently, the plutonic
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Fig. 5. “°Ar/*’Ar age spectra (a) and “°Ar/*°Ar - ¥ Ar/*®Ar (b) and **Ar/*°Ar - ¥ Ar/*°Ar (c) errorchrons of K-
feldspar sample BB1-F (granodiorite, Barutin-Buynovo pluton, Bulgarian part of the BBESP batholith)

magmatism in the UTU of the Rhodope massif
is considerably older (Eocene or older) than
that in the Lower Unit (Pangeon)/Arda Unit.
Similar ages are published recently in
Bulgarian part of the West Rhodopes
Smylyan pluton (43 Ma, Ovtcharova et al.
2003, U-Pb on Zr) and some of the small
granite bodies along the Yugovo River (43 Ma,
Ovtcharova et al. 2003), pegmatites around the
village Dolen (Arnaudov et al. 1969, 1974 —
52-49 Ma, U-Pb on Zr), Pripek granite in
Startsevo allochthon (Ovtcharova et al. 2003 —
53 Ma, U-Pb on zircons and monazites).
Eocene ages are obtained also for the Sithonia
complex in the UTU (Christofides et al. 2001).

The Hf-zircon and the Sr-WR isotope
data suggest mixed crust-mantle source of the
GDR magma. Traditionally they are related to
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a subduction tectonic environment, most likely
prior to the collision. Peraluminous or
metaluminous melts with such isotope
peculiarities could be also produced trough
melting of amphibolitic or basaltic rocks under
pressure of 8-16 kbar and temperature of 850-
1100 °C. This scenario is supported by the Hf
isotopic composition of the analyzed zircons of
sample D5 (Table 4). The AFC modeling
(Soldatos et al. 2001a) employed to test this
hypothesis used the trace element abundances
of the less evolved GRD rocks as the initial
composition, which was modified through
fractionation and assimilation of different
proportion of the basement metamorphic rocks.
Potential source rocks for GR are gneisses and
rocks of tonalitic composition. Melts produced
by dehydration melting of tonalitic rocks under



Table 4. Hf-isotope data of zircons from sample D5 (Elatia pluton, Greek [art of BBESP batholith)

Epsilon Hf Epsilon Hf T Epsilon Hf T

Lab. N (?;[g;) e H{ T HE 2 © error today 56 core
E-1/1 240 (?7) 0.282769 0.000001 -0.11 0.94 437 (?)
E-1/2 150 (?) 0.282807 0.000001 1.24 2.28 4.03 (?)
E-1/3 56 0.282829 0.000006 2.02 3.06

E-1/4 56 0.282792 0.000005 0.71 1.75

E-1/5 56 0.282799 0.000007 0.95 2.00

Abbreviations: s — small; *During analysis the "°Hf/""Hf ratio (JMC 475 standard) of 0.282141 + 14 (2
sigma) is measured using the "°Hf/""Hf = 0.7325 ratio for normalization; **For the calculation of the eHf
values the present-day ratios ('°Hf/'"Hf)cy= 0.282769 and ('"°Lu/'"Hf)cy= 0.0334 are used, and a

7614/ Hf ratio of 005

temperature of 825-850 °C and pressure of 5-8
kbar are similar in composition to the GR
rocks.

With the new precise ages of the BBESP
we could point out that Middle and Late Alpine
granitoid plutonism in Rhodope area may be
distinguished into the following chronological
three groups: (1) Upper Cretaceous plutons
(fragments of the Rila-West Rhodope batholith
and possibly Dautovo-Kresna pluton; (2)
Paleocene - Eocene plutons (BBESP batholith,
Smylyan pluton, Yugovo River granites, some
of the pegmatites around the village Dolen,
Pripek granite, Sythonia pluton etc.); (3)
Oligocene plutons (Central Pirin pluton,
Teshevo pluton, Osogovo pluton, Xanthi
pluton etc.). Mixed geotectonic setting is
suggested for most of these plutons — between
island-arc and collision-related when only
geochemistry is applied. More accurately
conformity of all these three groups with the
geodynamic environment requires much
detailed work in commitment with modern
studies in the fields of structural geology,
geochemistry, petrology and geophysics, but
the obtaining of precise age data, like the
presented for BBESP undeniably will facilitate
such task.
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