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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 Bul-
garia). 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 intru-
sion of the Igralishte granite at middle Triassic time defines the age of the high-grade meta-
morphism 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 terri-
tory of 32 km2 in the Ograzhden Mountain between
the villages Igralishte and Krustiltsi, SW Bulgaria (Boy-
adjiev et al., 1966; Ignatovski, 1969a, b, 1970; Zidarov
et al., 2004). The pluton is intruded in the high-meta-
morphic 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 Pe-
ninsula. This unit is mostly composed of high to me-

dium grade meta-igneous and meta-sedimentary rocks,
such as gneisses, micaschists, amphibolites, amphib-
ole-biotite schists and rare marbles. It was docked to
the western rim of the Moesian microplate during the
Carboniferous (e.g. Karamata, 2006). Alternative in-
terpretation suggests an accretion of the Ograzhden
Unit and its continuation in the internal Hellenides
in Greece   the Vertiskos Unit to the southern Euro-
pean 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-Macedo-
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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 in-
truded by the irregularly, but generally weakly de-
formed Skrut granitoids in Belassitsa Mountain (Zi-
darov 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 tec-
tonic/hydrothermal events by the Rb-Sr method on
mineral and whole rock (WR) samples; (iii) to pro-
vide additional information about the magma sources
using Rb-Sr isotope data and trace and REE-distri-
butions of the zircons, and (iv) to constrain the ori-
gin 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 gran-
ites. Main rock-forming minerals in the granites are

(Tarassova et al., 2008): plagioclase (An20 10), biotite
(Fe-rich), muscovite (zoned crystals with TiO2 con-
tent to 1.2 wt.%), quartz, potassium feldspar. The ac-
cessory 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 alu-
minum 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 crystalliza-
tion 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 gran-
ites 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 out-
crops in the vicinity of Igralishte village (Fig. 1) and are
representative for the compositionally quite homogene-
ous Igralishte pluton.

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.


