GEOLOGICA BALCANICA, 38. 1—3, Sofia, Dec. 2009, p. 5—14.

Timing of Igralishte pluton in Ograzhden Mountain, SW Bulgaria:
implications for the tectono-magmatic evolution of the region
Irena Peytcheva1,2, Albrecht von Quadt2, Michail Tarassov3,
Nikola Zidarov3, Eugenia Tarassova3, Valentin Andreichev4
Geological Institute, Bulgarian Academy of Science, 1113 Sofia; e-mail: ipeytcheva@geology.bas.bg
Institute of Isotope Geochemistry and Mineral Resources, ETH-Zurich, 8092 Zurich; e-mail: quadt@erdw.ethz.ch
3
Central Laboratory of Mineralogy and Crystallography, Bulgarian Academy of Science, 1113 Sofia;
e-mail: mptarass@dir.bg; nzidarov@interbgc.com, etarassova@mail.bg
4
Institute of Geology, Ural Division, Russian Academy of Sciences, 167982 Syktyvkar, Russia;
e-mail: izo@geo.komisc.ru
(Submitted: 26.01.2009; accepted for publication 18.11.2009)

1
2

Abstract. U-Pb-zircon and monazite ID-TIMS and in-situ LA-ICP-MS and EPMA analyses are
combined to define the magmatic age of the Igralishte granite, which is exposed over 32 km2 in
the high-metamorphic rocks of the Serbo-Macedonian Massif (Ograzhden Mountain, SW Bulgaria). The granite is dated at 243.28 ± 0.84 Ma by concordant zircons (ID-TIMS data) and this
intrusion age is confirmed also by in-situ LA-ICP-MS and EPMA monazite analyses. The intrusion of the Igralishte granite at middle Triassic time defines the age of the high-grade metamorphism in Ograzhden Mountain as Pre-Triassic. A tectonic and hydrothermal overprint is
dated at 36.36 ± 0.56 Ma by the Rb-Sr whole-rock-biotite reference line. This age is considered
as the youngest thermal event in the region of the Igralishte pluton that reached the 300 ± 50 °C
closing temperature of the Rb-Sr isotope system in the biotite, but could not fully reset the
Rb-Sr isotope system of the muscovite. The initial strontium ratio of 87Sr/86Sri = 0.7078 and the
inheritance of old lead components in the zircons suppose crustal-dominated source of the
magma. Preferred tectonic scenario suggests dehydration melting and granite formation in the
middle/upper crust at the Permian-Triassic boundary and the Lower-Middle Triassic caused by
mafic intrusions at the base of the crust.
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INTRODUCTION
The Igralishte granite (Fig. 1b) crops out over a territory of 32 km2 in the Ograzhden Mountain between
the villages Igralishte and Krustiltsi, SW Bulgaria (Boyadjiev et al., 1966; Ignatovski, 1969a, b, 1970; Zidarov
et al., 2004). The pluton is intruded in the high-metamorphic rocks of the Serbo-Macedonian Massif (Fig.
1a; e.g. Sandulescu, 1984), or the Ograzhden Unit of
the Morava-Rhodope tectonic zone (e.g. Dabovski et
al., 2002) — a major tectonic unit on the Balkan Peninsula. This unit is mostly composed of high to me-

dium grade meta-igneous and meta-sedimentary rocks,
such as gneisses, micaschists, amphibolites, amphibole-biotite schists and rare marbles. It was docked to
the western rim of the Moesian microplate during the
Carboniferous (e.g. Karamata, 2006). Alternative interpretation suggests an accretion of the Ograzhden
Unit and its continuation in the internal Hellenides
in Greece — the Vertiskos Unit to the southern European craton during the Late Jurassic/Early Cretaceous
(e.g. Himmerkus et al., 2009 and reference therein).
Recent field, geochemical and geochronological
studies in the Bulgarian parts of the Serbo-Macedo5

Fig. 1. a) Tectonic sketch map of the Balkan Peninsula (modified after Sandulescu, 1984); b) Schematic geological map of the
region of Igralishte granite in Ograzhden Mountain (modified after Zagorchev and Dinkova, 1990, 1991 and Zidarov et al., 2004)
with the location of samples A-7 and E-12.

nian Massif revealed Ordovician (~460 Ma) granitic
protoliths for significant part of the gneisses (Zidarov
et al., 2003; Macheva et al., 2006; Titorenkova, 2006).
The metamorphism is considered usually polyphase
(e.g. Balogh et al., 1994; Zagorchev, 1976; Pristavova
et al., 2007), but so far only one high-grade Variscan
metamorphism is supposed for the metagranites of
Ograzhden and Belassitsa Mountain (Zidarov et al.,
2003; Macheva et al., 2006 and preliminary data of
Zidarov et al., 2007b). The Variscan basement is intruded by the irregularly, but generally weakly deformed Skrut granitoids in Belassitsa Mountain (Zidarov et al., 2007a), the Igralishte granite (Bulgaria)
and the Ograzhden granitoids (F.Y.R. Macedonia)
in Ograzhden Mountain. The succession is intruded
and overlain by Late Alpine (Pecskay et al., 2001;
Zidarov et al., 2009) dykes and volcanites.
This study is focused on the Igralishte pluton with
the aim: (i) to date the granite by precise U-Pb single
zircon and monazite ID-TIMS (Isotope Dilution —
Thermal Ionization Mass Spectrometry) techniques,
complemented with in-situ LA-ICP-MS and EPMA
dating; (ii) to assess the time of the overprinting tectonic/hydrothermal events by the Rb-Sr method on
mineral and whole rock (WR) samples; (iii) to provide additional information about the magma sources
using Rb-Sr isotope data and trace and REE-distributions of the zircons, and (iv) to constrain the origin and evolution of the granite in the context of the
tectonic evolution of the region.
GEOLOGICAL BACKGROUND
AND SAMPLING
The Igralishte pluton is built up by porphyritic after
feldspars middle- to coarse-grained two-mica granites. Main rock-forming minerals in the granites are
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(Tarassova et al., 2008): plagioclase (An20—10), biotite
(Fe-rich), muscovite (zoned crystals with TiO2 content to 1.2 wt.%), quartz, potassium feldspar. The accessory minerals are zircon, monazite and xenotime.
SiO2 content of the granites between 74.1—75.7 wt.%
and the K2O of 3.21—3.98 wt.% define the studied rocks
as calc-alkaline and high-potassium calc-alkaline
granites (after Peccerillo and Taylor, 1976). The
sum of alkalis (Na2O+K2O) varies between 7.49 and
8.48 wt.%. The granites are peraluminous with aluminum saturation index (ASI) equal to 1.05—1.29.
Monazite and zircon saturation temperatures (Tzr and
MzLREE, respecively) are estimated at ~770 °C, using
the thermometers of Watson and Harrison (1983) and
Montel (1993). Magmatic muscovite in the studied
rocks indicates the minimum pressure of crystallization of the acidic melt at 3—3.5 kbar (Tarassova et
al., 2008). Secondary minerals of the granites are
sericite, chlorite and epidote-group minerals.
Pegmatitic, aplitic and quartz veins crosscut the granites and the host metamorphites.
The structural peculiarities of the Igralishte granite
are studied in detail by Ignatovski (1969a, b; 1970).
The contacts of the pluton to the host metamorphic
rocks are intrusive and steep. Ignatovski (1969a, b)
described primary and secondary structures within
the pluton. The primary structures are magmatic flow
layers and lineation of the feldspar porphyries. The
postmagmatic deformations (secondary structures)
are related to the tectonic overprint of the granites.
The same author distinguishes different kinds of faults
and schistosity that are conform to the foliation of
the metamorphic host rocks.
The samples A7 and E12 for present study are both
leucocratic two-mica coarse grained granites from outcrops in the vicinity of Igralishte village (Fig. 1) and are
representative for the compositionally quite homogeneous Igralishte pluton.
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Abbreviations: abr — abraded; prism — prismatic; Rho — correlation coefficient 206Pb/238U — 207Pb/235U

Table 1
U-Pb isotope data for zircons and monazites of sample A7, Igralishte granite, Ograzhden Mountain, Bulgaria

ANALYTICAL TECHNIQUES
High-precision Isotope-dilution thermal ionization
mass-spectrometer (“conventional” ID-TIMS) U-Pb
zircon analyses were carried out on single zircon
grains at the Institute of Isotope Geochemistry and
Mineral Resources (IGMR), ETH-Zurich, using an
ion counter system attached to a Finnigan MAT
262 thermal ionization mass-spectrometer. Selected
zircons were air-abraded in order to remove marginal zones of lead loss. For details of the chemical
procedure of U and Pb separation see Von Quadt
et al., 2002. The PBDAT and ISOPLOT programs
of Ludwig (1988, 2003) were used for calculating
the uncertainties and correlations of U/Pb ratios.
All uncertainties are reported at the 2s level. The
decay constants of Steiger and Jäger (1977) were
used for age calculations, and corrections for common Pb were made using the values by Stacey and
Kramers (1975).
Laser ablation ICP-MS spot analyses were done
using Excimer laser (ArF 193 nm) and PE SCIEX
Elan 6000 ICP-MS at IGMR-ETH, Zurich. We used
spot diameters of 40 (dating) and 20 mm (trace elements). The reproducibility of the data during this
work was estimated measuring the NIST 610 standard. The concentrations of the elements were calculated using SILLS 1.03.0 (Murray et al., 2007). The
in-situ age data (U-Th-Pb method) were calculated
using GLITTER® software (Macquarie University)
and corrected for both instrumental mass bias and
elemental and isotopic fractionation. Laser frequency (10 Hz), baseline (30s), integration time (40s) and
energy (15 J/cm2) were identical for all analyses. Ages
were calculated using ISOPLOT (Ludwig, 2003) with
average 2 sigma uncertainties of 2—5%.

The in-situ electron probe microanalysis (EPMA)
dating of monazite was carried out in the Central
Laboratory of Mineralogy and Crystallography (Bulgarian Academy of Science) using a scanning electron microscope Philips 515 SEM equipped with a
WEDAX-3A analytical system. A short analytical
protocol (analysis of Th, U and Pb), PET crystal,
ThMa, U Mb, PbMa analytical X-ray lines, acceleration voltage of 25 kV, electron beam current of
150 nA, matrix correction procedure with the “average composition of monazite” for the Igralishte granite and FRAME ZAF correction algorithm were applied in the present study. The age calculation was
performed using the approach and theoretical background of Montel et al. (1996). Further details are
published by Tarassov et al. (2004).
Whole rock Rb-Sr analyses were performed at the
Geochronological Laboratory of Russian Academy of
Science in Syktyvkar (Russia). The contents of Rb and
Sr were determined by ID-TIMS using 87Rb/84Sr tracer. The uncertainties in the 87Rb/86Sr determination
are 1.5% (2s). ISOPLOT program (Ludwig, 2003) was
used for the calculation of the isotopic parameters.
GEOCHRONOLOGY
Long prismatic beige zircon grains of sample A7 were
separated for the conventional ID-TIMS analyses.
We avoided the short-prismatic crystals commonly
containing inherited cores in peraluminous granitic
rocks. Some of the analyzed grains are additionally
air-abraded to remove the outer parts that are usually enriched in uranium. In these parts the structure
could be damaged by the U-decay and easily loose
the radiogenic lead during overprinting processes.

Fig. 2. U-Pb Concordia diagrams for zircons and monazites of the Igralishte granite (sample A-7): a) Age of the granite
calculated using the concordant and discordant zircons. The monazite points are shown in grey and are not included in the
calculations; b) Concordia age, calculated using three air-abraded concordant zircons
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Six out of seven zircons (Table 1) plot on a discordia line (Fig. 2a) with an upper intercept age of
240 ± 11 Ma (MSWD 0.33). The non abraded zircons show lead loss, which is possibly due to high
U-concentrations (1200—1500 ppm, Table 1) and
the Alpine tectonic/hydrothermal overprint. Three
abraded grains are concordant within their error limits and define a concordia age of 243.28 ± 0.84 Ma
(Fig. 2b), interpreted to reflect better the time of the
granite intrusion. One abraded grain (zircon 2, Table 1) points to contamination of the magma with
Lower Paleozoic material.
The analyzed monazites are discordant (Table 1
and Fig 2a). Based on petrographic observations for
an early crystallization of zircon and monazite
(Tarassova et al., 2008), we can combine the U-Pb
analyses on one concordia diagram. As shown on
Fig. 2a the discordant monazites lie above the zircon
discordia line. The monazites have apparent ages
(Table 1) around 170—180 Ma and define another
line with an Upper Cretaceous lower intercept age
(78 ± 2.2 Ma; upper intercept age anchored at 243.28
± 0.84 Ma). This age has possibly no geological
meaning, as the position of the monazites (above the

Fig. 3. Back-scattered electron (BSE) images of monazites from
samples A7 and E12 with well pronounced oscillatory magmatic zoning. The lighter zones are with higher content of Th
and U (analysis 9 in Table 2). a) U- and Th-rich central part of
monazite A7/2 reveals possible lead loss (apparent LA-ICP-MS
206
Pb/238U age of ~220 Ma), whereas the other zone is dated at
~250 Ma. b) Monazite E12/1: The small rings indicate the points
of EPMA dating, and the bigger circles show the position of
laser ablation spot with the estimated 206Pb/238U age (for the 2s
error uncertainties see Tables 2 and 3).

Table 2
In-situ LA-ICP-MS data for monazites of samples A7 and E12
Sample/
grain

Analysis
#

E12-8-1

fe22a05

206

Pb/238U

0.03251

1 SE
0.00032

207

Pb/235U

0.3455

1 SE
0.0081

207

Pb/206Pb

0.07563

1 SE

208

Pb/232Th

1 SE

Apparent ages, Ma
206

Pb/238U

208

Pb/232Th

0.00154

0.00841

0.00020

206

169

E12-8-2

fe22a06

0.03276

0.00033

0.2662

0.0074

0.05690

0.00137

0.00913

0.00023

208

184

E12-8-3

fe22a07

0.03268

0.00031

0.2566

0.0056

0.05610

0.00108

0.00923

0.00024

207

186

E12-7-1

fe22a08

0.03364

0.00033

0.2797

0.0066

0.05993

0.00122

0.00929

0.00025

213

187

E12-7-2

fe22a09

0.04658

0.00046

2.2222

0.0490

0.34270

0.00594

0.00877

0.00025

294

176

E12-1-1

fe22a10

0.03430

0.00034

0.2626

0.0068

0.05529

0.00122

0.00939

0.00028

217

189

E12-1-2

fe22a11

0.03996

0.00048

1.3814

0.0454

0.25322

0.00594

0.00748

0.00024

253

151

E12-1-3

fe22a12

0.03321

0.00034

0.3440

0.0092

0.07521

0.00168

0.00830

0.00028

211

167

A7-2C1

ju30a07

0.03500

0.00037

0.3903

0.0095

0.08089

0.00157

0.01488

0.00023

222

298

A7-2R1

ju30a08

0.03970

0.00031

0.2831

0.0051

0.05167

0.00105

0.01909

0.00028

251

382

zircon discordia) could be due to U/Th disequilibria
effects causing negligible excess of 206Pb (Schärrer,
1984; Parrish, 1990). Another possibility points to
negligible amounts of inherited lead in the zircons
which shifted the corresponding points right of the
concordia (to higher 207Pb/235U values).
The in-situ LA-ICP-MS and EPMA dating of monazites (Fig. 3a, b; Table 2, 3) are in agreement with the
conventional data. They generally confirm the magmatic age of ~245 Ma and the partial lead-loss in
some U- and Th-rich parts of the grains (Fig. 3a and
Table 3; only the 206Pb/238U ages are well measured,
applying the LA-ICP-MS method, whereas other ratios are used mainly for general estimations of the
concordance of the points and common-lead content). Analyses 7—10 correspond to almost intact mon2 Geologica Balcanica, 1—3/2009

Table 3
EPMA age-data for monazites from the Igralishte pluton (sample A7 — analyses 1—6 and sample E12 — analyses 7—10). All
data are presented with 2s absolute error uncertainties
N

Th, wt.%

U, wt.%

Pb, wt.%

Age, Ma

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

5.086±0.031
5.668±0.033
5.607±0.032
3.383±0.025
6.209±0.035
3.941±0.027
4.438±0.029
4.743±0.030
7.678±0.040
4.708±0.030

0.160±0.004
0.166±0.005
0.149±0.004
0.128±0.003
0.441±0.006
0.393±0.006
0.266±0.005
0.187±0.004
0.263±0.005
0.261±0.005

0.056±0.003
0.059±0.003
0.057±0.003
0.037±0.002
0.076±0.003
0.057±0.003
0.058±0.003
0.055±0.003
0.096±0.004
0.063±0.003

225±12
219±12
210±11
219±14
224±10
247±12
246±14
231±14
252±12
255±13
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Table 4
Rb-Sr isotope data for whole rock (WR), biotite (Bi) and muscovite (Ms) of sample A-7
N
A7WR
A7Bi
A7Ms

Rb,
ppm
208
1287
632

Sr,
ppm
110
16.8
35.4

87

Rb/86Sr

2s error

5.4860
224.18
52.264

0.0823
3.3627
0.7840

87

Sr/86Sr

2s error

0.72677
0.83971
0.81678

0.00024
0.00022
0.00022

(87Sr/86Sr)i
at 243 Ma
0.70781

Table 5
In-situ LA-ICP-MS data for trace and REE composition of
zircons from sample A7, Igralishte granite

Fig. 4. 87Rb/86Sr vs. 87Sr/86Sr diagram for biotite (Bi), muscovite
(Ms) and whole rock (WR) fractions, sample A7, Igralishte
granite. The age is calculated using the slope of the Bi-WR
reference line

azite (Fig. 3b) with EPMA age datings being very close
to the conventional data; analyses 1—6 show lower
EPMA ages corresponding to the monazite with partially disturbed isotopic system.
The Rb-Sr data (Table 4) give evidence for Late
Alpine overprint of the Igralishte granite. The slope
of the two-point reference line WR-biotite corresponds to an age of 36.36 ± 0.56 Ma (Fig. 4). Noteworthy is the position of the Ms above the Bi-WR
line. The closure temperature of the Rb-Sr isotope
system in the biotites is 300 ± 50 °C, whereas for the
muscovites it is defined at 500 ± 50 °C (e.g. Dodson,
1973). We do not observe metamorphic or magmatic
overprint reaching high temperatures of 500 ± 50 °C,
therefore, the two-point reference line WR-muscovite with an age 135.4 ± 2.3 Ma might have no geological meaning.
WHOLE-ROCK ISOTOPE
AND ZIRCON GEOCHEMISTRY
We used the measured strontium ratio 87Sr/86Sr of sample A7 and the age of the granite 243.3 Ma (defined
by the U-Pb method on zircons) to calculate the initial strontium ratio 87Sr/86Sri = 0.7078 of the rock (Table 4). This ratio infers a possible mixed (crustalmantle), but crustal dominated source of the granite
magma of the Igralishte pluton.
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oxide*/
element

A7-1-R

A7-1-C

A7-3-C

A7-3-R

Na2O
Al2O3
SiO2
P2O5
K2O
CaO
TiO2
FeO
Y
Zr
Nb
Sn
Cs
La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
Hf
Ta
Pb
Th
U
Th/U

0.001
0.026
32.78
0.268
0.001
0.077
0.001
0.154
3469
331076
14.4
15.8
0.08
4.29
38.6
2.56
15.5
17.4
4.40
73.8
27.7
328
112
472
101
932
163
8705
4.29
345
629
1817
0.35

0.0
0.006
32.78
0.219
0.001
0.076
0.001
0.065
2017
324154
10.1
15.9
0.07
0.27
7.54
0.14
1.43
1.95
0.39
17.2
10.3
150
63.6
317
74.4
750
142
9794
6.75
333
117
1767
0.07

0.0
0.057
32.78
0.130
0.001
0.065
0.011
0.005
294
335027
1.12
15.4
0.07
0.09
0.35
0.11
1.56
3.49
0.23
14.5
4.65
35.4
10.1
31.9
4.96
39.1
6.16
8915
0.16
4.81
0.38
14.89
0.03

0.050
0.339
32.78
0.333
0.066
0.106
0.015
0.245
6692
368318
42.7
36. 8
0.43
26.6
119
18.6
90.7
72.5
17.9
155
63.34
714
224
980
221
2160
339
12421
11.1
515
728
4159
0.17

* The oxide content is given in weighed %, and the concentration
of elements in ppm.

Cathodoluminescence (CL, zircons) and BSE
images (monazites) of both accessory minerals reveal magmatic oscillatory zoning (Figs. 3 and 5).
The REE patterns of the zircons (LA-ICP-MS measurements, Table 5 and Fig. 5) are typical for magmatic rocks with low content of LREE and steeply
increasing HREE. The REE-distributions are characterized by weak positive Ce-anomaly and weak
Eu-negative anomaly. The latter is most probably
due to the fractionation of plagioclase that is also

Fig. 5. Cathode-luminescence (CL) pictures of zircons from sample A-7 of the Igralishte granite with the corresponding chondritenormalized distribution of the REE. Circles on the pictures show the position of laser ablation spot in the zircon crystals

inferred from the negative Eu anomaly of the wholerock REE patterns (Tarassova et al., 2008). Alternatively, it can be the result of early contamination
by crustal rocks.
The absolute REE contents are higher in the outer parts of the grains. As visible from the CL images
(Fig. 5) in both grains the central parts are recrystallised (bright areas) and loosed the light and middle
REE or all REE. In zircon A7-1 we can suppose that
the recrystallization started in the areas with the highest U and Th content. In the core of the grain A7-3
the REE concentration decreased one or two orders.
The flat patterns of the HREE in this core give evidence for crystallization with a concurrent growth
of garnet (Rubatto, 2002; Liati, 2005). Therefore, this
core is referred as inherited from a metamorphic rock.
DISCUSSIONS
The isotope-geochronological data about the Igralishte
pluton give evidence for a Pre-Alpine intrusion of the
Igralishte granite, dated at 243.28 ± 0.84 Ma. The closest pluton with a similar age (248.85 ± 0.70 Ma) is the
Skrut granodiorite that is exposed in Belassitsa Moun-

tain, around 30 km to SSE (Zidarov et al., 2007a and
references therein). The Kerkini in Greece, only few
kilometers to S and SW from the Skrut granodiorite,
was recently dated at ~248 Ma (Christofides et al., 2007).
Permian-Triassic ages have been reported for I-type
metagranites from the Central Rhodopes (Cherneva et
al., 1991) as well as for metadiorites from the northern
parts (Ardino lithotectonic unit) of Western Rhodopes
(253 ± 13 Ma; von Quadt and Peytcheva, 2005). Similar ages of 245.6 ± 3.9 Ma and 255.8 ± 2.1 Ma have
been determined for the amphibolitized and/or eclogitized metabasites in the western and eastern parts of the
Greek Rhodopes (Liati, 2005).
Zircons and monazites of the Igralishte pluton
reveal oscillatory zoning that is evident for magmatic growth. The in-situ dating of the magmatic
grains/rims (~220—245 Ma) are in agreement with
the precise ID-TIMS dating. Some of the analyzed
zircons contain inherited cores with Lower Paleozoic or older age (Table 1). The hosting high-metamorphic rocks are one candidate as source of these
zircons, showing similar old ages (460 Ma old metagranites, Zidarov et al., 2003, 2007b; Titorenkova,
2006). A part of monazite crystals reveals slightly
younger ages (Fig. 3; Tables 2 and 3) which could be
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related to lead-loss through fluid interaction
(Townsend et al., 2000) during the Alpine magmatism and tectonic overprint (e.g. Pecskay et al., 2001;
Zidarov et al., 2009; Ignatovski, 1970).
The Rb-Sr reference line whole rock — biotite gives
evidence for a Late Alpine overprint of the Igralishte
granite at 36.36 ± 0.56 Ma. This age is considered as
the youngest tectonic-thermal event in the region of
the Igralishte pluton. If the biotite suffered earlier overprints (between the Triassic and Oligocene) exceeding its blocking Rb-Sr isotope temperature, they would
be overlooked, as the mineral Rb-Sr “isotope clock”
was restarted at Late Alpine time. The muscovite defines another reference line with the whole rock (Fig.
4), which slope corresponds to an age of 135.4 ± 2.3
Ma. Two types of muscovite being of magmatic and
hydrothermal origin respectively are found in the
Igralishte granite (Tarassova et al., 2008). As mentioned
before, the granite does not show any petrographic
and structural characteristics for a metamorphic overprint exceeding the blocking temperature of the RbSr system in the Ms (500 ± 50 °C). Therefore, the age
of ~135 Ma could be interpreted as partly reset and as
a mixture of magmatic (Triassic) and Late Alpine hydrothermal muscovite (e.g related to magmatism in
Ograzhden and Pirin Mountains; e.g. Pecskay et al.,
2001; Machev et al., 2000), rather than as linked to a
real geological event.
The distribution of the trace and REE of the analyzed zircons (Fig. 5) are typical for granitoid rocks
(Hoskin and Ireland, 2000; Belousova et al., 2002).
Both studied grains contain parts with lower contents of U, Th and the REE (light areas in the CL
images). The similar pattern of REE-distribution in
the A7-1 zircons suggests recrystallization or leaching by hydrothermal fluids during the tectonic overprint or the Late Alpine volcanic activity (e.g. Pecskay et al., 2001; Machev et al., 2000) of the magmatic zircon. In the second zircon (A7-3, Fig. 5) the
absolute content and REE-patterns of the central
recrystallised and the outer magmatic zone are clearly
different. This observation, together with the flat patters of the HREE suggests that the zircon core crystallised during a metamorphic event with concurrent growth of garnet (amphibolite or higher facies
of metamorphism). Again, the host metamorphic
rocks (metagranites and gneiss-schists; Zidarov et al.,
2007b) are the best candidate as possible source for
the inherited cores of the Igralishte granite.
The isotope whole-rock Rb-Sr data and the inheritance in the zircons of Igralishte granites give
evidence for dominating crustal influence on the
geochemical characteristics of the magma. This conclusion is supported by the whole rock major and
trace-element chemistry of the granites and by the
mineral composition of the magmatic muscovite,
accessory monazite and xenotime (Zidarov et al., 2004;
Tarassova et al., 2008). On the other side, the acidic
magma (SiO2 content >70 %) has a moderate initial
strontium ratio of 87Sr/86Sri = 0.7078 that suggests contribution from a mantle source (either as mantle
magma or as reworked older mantle-derived rocks).
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The same controversy between the mixed crust-mantle isotope characteristics and the prevailing “crustal” whole-rock chemistry are observed in the Skrut
granitoids, too (Zidarov et al., 2007a).
To give a reliable explanation for the mixing of
evidence for mainly crustal versus negligible mantle
sources we need considering our new data together
with all data for Permian-Triassic and Lower-Middle Triassic (240—250 Ma) magmatism in Ograzhden and the adjacent regions. Paleotectonic reconstructions (Stampfli and Borel, 2002) suggest the onset
of rifting at the Permian-Triassic boundary, primary
south, and later (Middle Triassic) also north of the
Serbo-Macedonian Massif; these rift zones (Meliata
and Maliac oceans) developed further, forming the
Vardar ocean in Jurassic time (e.g. Robertson, 2004;
Schmidt et al., 2008). Coming back to the magmatism at 240—250 Ma in the study region, it ranges
from mainly acidic and intermediate in Ograzhden
and Belassitsa to gabbroic (Liati, 2005) and dioritic
(von Quadt and Peytcheva, 2005) in the Western Rhodopes. The trace-element-based discrimination diagrams for the tectonic setting of Igralishte and Skrut
granitoids suppose late- to postcollisional and/or
volcanic-arc tectonic settings, respectively (Zidarov
et al., 2007a; Tarassova et al., 2008). In contrast,
Christofides et al. (2007) define the Kerkini granites
(few kilometers S of Skrut granite on the Greek territory) as A-type (anorogenic) granites and relate them
to a possible rifting. Although the major element and
mineralogical characteristics of all granitic rocks
converge at high SiO2 content, there are some features of the Igralishte granite (Tarassova et al., 2008)
that are evident for non-A-type granitic magma, as it
is defined by King et al. (2001 and references therein): (i) the zircon saturation temperature is <830 °C;
(ii) the two-micas peraluminous Igralishte granites
crystallized from a crustal source at high water fugacity; (iii) trace-element geochemical discriminations (e.g. Harris et al., 1986) do not support the formation as WPG (within-plate granite).
Therefore, based on the available data for the Permian-Triassic and Lower-Middle Triassic magmatism
in Ograzhden and Western Rhodopes, we suppose a
tectonic scenario that is closer to the model of
Schaltegger and Gebauer (1999) for the Permian to
Triassic late-orogenic magmatism and multiple mantle underplating in the Alps: the geochemically bimodal magmatism suggests mafic intrusions at the
base of the crust that trigger dehydration melting and
granite formation in the crust; the geodynamic scenario might comprise large shear zones running
through the Variscan orogen, reaching deep into the
lithosphere and causing lithospheric extension along
narrow corridors. Later on, they could develop as rift
zones with the opening of Triassic oceans.
CONCLUSIONS
1. U-Pb zircon TIMS dating define a Middle Triassic age of 243.28 ± 0.84 Ma for the Igralishte plu-

ton. This age is supported by in-situ LA-ICP-MS and
EPMA monazite dating.
2. Rb-Sr isotope data (initial strontium ratio of 87Sr/86Sri
= 0.7078) and the inheritance in the zircons are in
agreement with the whole-rock geochemical and mineral-petrological data for crustal-dominated source
of the magma.
3. The post-metamorphic intrusion of the granite
defines the high grade metamorphism in Belassitsa
Mountain as pre-Triassic in age.
4. Tectonic and hydrothermal overprint is dated at
36.36 ± 0.56 Ma. This age is considered as the youngest tectonic-thermal event in the region of the Igralishte pluton that reached the 300 ± 50 °C closing
temperature of the Rb-Sr isotope system in the biotite.

5. Preferred tectonic scenario suggests mafic intrusions at the base of the crust that triggered dehydratation melting and granite formation in the middle/upper crust at the beginning of the Middle Triassic.
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