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Introduction
The Skrut granitoids (Fig. 1) crop out over an area of
about 13 kn? in Belassitsa Mountain, SW Bulgaria, south
of the village of Skrut and close to the border with
Republic Macedonia. Bonchev (1920) described them
for the first time as biotite-plagioclase granites with
presumable Archean age. Later Bojadjiev et al. (1963)
consider the intrusives as part of the Paleozoic “South
Bulgarian granites”. The data of the 1:25000 mapping
(Zidarov et al., 1965, unpublished) were used for
preparing the geological map 1:100 000 and the
corresponding explanation (Zagorchev, Dinkova, 1991).
During the last years, the mineralogical and
petrological studies of the Skrut granitoids assigned
them as S-type granodiorites, and Rb-Sr whole rock
isotope data suppose Jurassic time of magma
generation (Zidarov et al., 2002). The present study
focuses on the isotope and geochemical features of
the zircons with the aim to specify aging, using U-Pb
isotope single grain method and ID-TIMS technique.
Zircon morphology and REE-distribution of the zircons
are used to unravel the geochemical evolution of the
magma. Zircon saturation thermometry contributes
to constrain the temperature of magma generation.

Geological setting

The Skrut granitoids belong to the Ograzhden Block of
the Serbo-Macedonian Massif (SMM). The pluton
outcrops as one large and few smaller bodies (Fig. 1).
Host rocks are high-grade metamorphic rocks — biotite
gneisses and two-mica gneiss-schists, considered as the
lower part of a complex thrust structure (Zidarov et al.,
in print). The contacts in the field are usually oblite-
rated — covered by quaternary sediments, tectonic or
tectonically reworked. The bodies are cross cut by
granodiorite-porphyry dykes. At the eastern contact
of the Skrut granitoids a small body of fine-grained
granodiorites is emplaced, which is correlated with
the Eocene Yavornitsa granite (Tarassova et al., 2001).
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Fig. 1. Geological map ofthe Western part of Belassitsa Mt.
(after Zidarov et al., 1965 and Zidarov et al., in print) with
sample localities. 1- amphibolites; 2- two-mica gneisses and
schists; 3- biotite gneisses; 4- serpentinites; 5- metagranites;
6- granodiorite-porphyry dykes; 7- fine-grained granodiorites;
8- Skrut granodoirite; 9- normal fault; 10- thrust; 11-
schistosity; 12- sample location and number.

The deformations are unevenly developed in the
porphyric Skrut granitoids, whereas the structure
changes from almost massive (rare) to gneissic
(prevailing). Plastic deformations lead to foliation of
the micas and the feldspars. Mineral relations and
structure suppose metamorphic overprint of green-
schist to lower amphibolitic facies. Hydrothermal
alteration is mostly limited along the Podgorski fault
or is correlated with the Eocene dykes.

Petrology and geochemistry

The studied rocks are granodiorites, according to the
classification of Le Maitre et al. (1989) and TAS
(Zidarov et al., in print). On the SiO, vs. K,O diagram
they plot in the field of the high-K calc-alkaline magmatic
series. The granitiods are mesocratic, medium-grained,
porphyric after K-feldspar (porphyries are from 1-2 to
10 cm in size). The main rock-forming minerals are
plagioclase (30-50%), potassium feldspar (6-22%),
quartz (16-30%) and biotite (9-22%). Accessories are
apatite, allanite (Tarassova, Tarassov, 2004), zircon,
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Fig. 2. Cathode-luminescent (CL) picture of zircon from sample 115 with the corresponding chondrite-normalized distribution
ofthe REE (LA ICP-MS analyses). Circles on the picture correspond to the laser ablation spot in the zircon crystals.

epidote, sphene and garnet, and secondary minerals —
muscovite, epidote, chlorite, pyrite and quartz.

Main- and trace element geochemistry is used to
define the source and tectonic environment of granite
formation (Zidarov et al., 2002). The ASI coefficient
(average of 1.07) defines them as weakly peraluminous
and gives evidence for a crust-dominated magma source.
On selected discrimination diagrams of Pearce et al.
(1984) and Harris et al. (1986) Skrut granitoids plot
mostly in the field of VAG and postCol granites.

Zircon typology

The zircons of Skrut granitoids reveal dominating
growth of the prism {//0} and the bipyramid {/0/}.
CL-images of the zircons show oscillatory magmatic
zoning (Fig. 2), without dissolution surfaces and give
evidence for high Zr-saturation of the melt. The
prevailing morphological types, defined according to
the typology method of Pupin (1980) are S,, Ss, Sg,
Py, P; G,. The typological evolution develops from
the subtypes S, 5 trough S, 5 and ends with G,. The
zircon populations are characterized by relatively low
L.T temperature indexes (340-360) and higher values
of the index I.A (550-600). These features, as well
the growth of the bipyramid {/0/}, suppose high
alkalinity of the magma. The typological evolution
trend of the zircons of Skrut granitoids overlaps with
the calc-alkaline magmatic trend of Pupin (1980).

Zircon isotope geochronology

and geochemistry

U-Pb zircon dating: High-precision U-Pb single grain
method and ID-TIMS (Isotope Dilution — Thermal
Ionisation Mass Spectrometry) technique are used for
the dating of zircons from sample 115 (Fig. 1). We chose
long prismatic beige grains with prevailing bipyramidal
{101} and prismatic faces {//0}. Two of the measured
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zircons are additionally abraded to avoid radiogenic
lead lose from the rims, which are usually richer in
uranium. For the calculation of the age the program
ISOPLOT (Ludwig, 1998) is used. All corresponding
points are concordant and yield a concordia age of
248.85+0.70 Ma (Fig. 3).

REE-distribution in the zircons: Chondrite
normalized REE patterns of the zircons from samples
144 and 115 are similar and typical for igneous rocks
(Hoskin, Ireland, 2000; Hoskin, Schaltegger, 2003;
Belousova et al., 2002). They are characterized by
decreasing LREE and steep encreasing of the HREE
(Fig. 2). The positive Ce-anomalies give evidence for
positive oxidation state of the magma, and the negative
Eu anomaly is best explained with the fractionation
of the plagioclase.

Zircon saturation thermometry: Zircon saturation
thermometry (Watson, Harrison, 1983) is a simple and
robust method of estimating magma temperatures.
Solubility of zircons is very sensitive to temperature, but,
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Fig. 3. Concordia diagram for zircons of sample 115, Skrut
granodiorite.



in most cases, weakly sensitive to other factors (Miller
et al., 2003). The possible transport of zircons as feno-
and xenocrysts permits inferences to be drown for tem-
peratures at which felsic melts are generated in the crust.

Zircon saturation thermometry is calculated using
the equation of Watson and Harrison (1983), which
rearranged for T yields a geothermometer for melt:

T,.=12900/[2.95 + 0.85M + In(496000/Zr1, ;)]

In this equation T, is the zircon saturation
temperature in Kelvins (however all temperatures in
the following text have been converted to °C), M is
theratio (Na + K +2*Ca)/(Al*Si), all in cation fraction,
Zr,; 1s the concentration of Zr in the saturated melt
(measured in the rock sample) in ppm, and 496000 is
the concentration of Zr (ppm) in the zircon.

The calculated zircon saturation temperatures of
the Skrut granitoids range from 780 to 8§10°C, lying in
the marginal field of the “cold” (T< 800°C) and “hot”
(T> 800°C) granites of Miller et al. (2003).

Discussion and conclusions

The U-Pb high-precision zircon age of the Skrut
granitoids 248.854+0.70 Ma is comparable with
recently published data from the Igralishte granite
240+13/-9 Ma (Zidarov et al., 2004). In the Greek
part of the SMM a possible candidate for correlation
may be the “variably overprinted” (De Wet et al.,
1989) Arnea granite, as its zircons yield ages from
210 to 230 Ma (single zircon evaporation method,
Himmerkus et al., 2003). Noteworthy is the fact, that
whole rock samples from both the Skrut and Arnea
granitoids, define “isochrones?” with an age of
167.3+8.1 Ma (Zidarov et al., 2002) and 155+11 Ma
(De Wet et al., 1989), respectively. It is still not clear,
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CKPBTCKUTE TPAHUTON/U OT BEJIACULIA IIVTAHUHA, 103 BbJITAPUSA:
N30TOITHO-I'EOXPOHOJIOKKHU U TEOXUMHWYHU IUPKOHOBU TAHHH

Hpena [leiivesa’ %, Anbpexm pon Keaom?, Pocuya Tumopenxosa’, Huxona 3udapos’, Eézenus Tapacosa

[opdupuute CKPBHTKCH TPAHUTOUIH CE Pa3KpUBaT
B 3amajHaTa 4JacT Ha bemacuia mimanuda B 103
Bwarapus. Bmectenu ca cpen OMOTUTOBU THaliCH U
IByCIOAeHN rHacomuctu Ha CphOcko-MakenoH-
ckuss macuB (CMM). 'maBHU ckamooOpa3yBariu
MHHEpAIId Ha TE3HW T'PAHUTOUIM Ca IIarHOKJIa3,
KanueB (eanmnar, KBap 1 OHOTHT, a aKIIECOPHH —
arnaTuT, IUPKOH, aJIAHUT, EMUJI0T, TATAHUT U IpaHarT.
[Ipervpnenu ca HepaBHOMEPHO MPOSIBEHH MPOLIECH
Ha AMHAMOMETaMOP(U3bM B 3eNICHOLINCTEH U HUCHK
amdpuOonuTOB daruec.

[IpeobnagaBanyTe MOpPOTUIIOBE IUPKOH, OTIpe-
JICTICHH TI0 TUTIOJIOKKHS MeTon Ha Pupin (1980) ca
S4> Ss, Sg, Py, P; G1. Tunonoxkara eBomonus
3aroyBa OT CyOTHNOBE S, |5, MUHaBa Mpe3 S, s U
3aBbpiuBa ¢ G;, KaTO ChBIaJa C KAILNEBOAIKATHHS
TpeH] Ha LHUPKOHHTE, ycTaHOBEH oT Pupin (1980).
CpaBHuTtenno Bucokute IA unaekcu u no-uucku 1T
WHJACKCU Ha IIUPKOHOBATa MOMYyJAaIus, KaKTO U
npeodiagaBamoTo pa3BUTHE Ha OMIUpaMuaTa
{101} nmpenmonarat BUCOKa aJKaJIHOCT Ha MarMara.
[{upkoHuTE MOKa3BaT HAMYME Ha XapaKTepHa 3a
MarMeHH YCIOBHS OCIHJIATOpPHA 30HAIHOCT Ha
pacTex, 6e3 pa3TBapsHE Ha MOBBPXHOCTTA, KOETO €
Oerer 3a BUCOKO TPECHIlaHe Ha Zr B TONMJIKATA.

TeMriepatypuTe Ha HacHIaHE 32 IUPKOHUTE OT
CKpBTCKUTE TPaHUTONIN Ca M3YMCIICHH B MTHTEpBaIa
780-810°C mo meroma Ha Watson, Harrison (1983).
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XOHAPUTHOPMATU3UPAHUTE paslpeneicHus Ha
peako3zemuute einemeHTd (P3E) B nupkonu ot
TPAaHUTOMIIUTE Ca CXOIHM M TUIUYHU 32 MarMeHH
cKaJii ¢ o0eqHsIBaHE Ha JIEKUTE U o0oraTsiBaHe Ha
texxkute P3E. [Tonoxkurennata Ce aHOManus CBU-
JIETENICTBA 32 TOJIOKUTENEH OKHCIUTENEH MOTEH-
uan Ha Marmata, gokato Eu orpunarenna anoma-
TSI Ce CBBP3Ba C (PPaKLMOHUPAHETO Ha IUIATHOKIIa3a.

Bb3pactTa Ha rpaHUTOANTE € OMpe/esieHa C KOH-
BeHmoHanen U-Pb meron mo equHWYHE LUPKOHH
kato 248.85+0.70 Ma. Ts e cxoqHa ¢ Ta3u HA HEpaB-
HoMepHO Aepopmupannte Urpanumencku (Orpax-
neH) u Apuea rpanuta (Cesepra ['spuust). C ropHo-
nepMcKa — JOJTHOTPHAcKa BB3pacT ca U MPOTOIH-
TuTe Ha oprorHaiicu (I-tum) ot Llentpannute Pomonu
(Cherneva et al., 1991), eknorntusupanu (Liati et al.,
2005) u HeeKIOrUTU3MPaHU MeTaradpa B 3amaaHu
Pononu. Hsxon cMeceHu KOpOBO-MaHTHIHU TE€OXH-
MHYHH XapaKTeprucTUKU Ha CKPBTCKUTE TPAHUTONIH,
KaKTO W JTaHHHUTE 32 MOYTH eTHOBPEMEHHA MPOSBa
Ha 0a3uveH W KHCell MarMaTHU3bM IO TOBa BpeMe
HAcOYBaT KbM T'€HepHpaHe Hal-BeposATHO B 0OcTa-
HOBKA Ha IIOCTCYOAYKLIMOHHA peaKcalys, CBbp3aHa
C OpOTreHHHMsI KOJIAIC B Kpas Ha Iajneo30sl WIH KbM
3apakJlaHeTo Ha IbJiI0oKa pasinomHa (pudrona?)
30Ha. bpaemyTe KOMIIEKCHU U3CIIEABAHUS B pailoHa
1Ie MO3BOJIAT U3TPaXAaHETO Ha M0-100pe 000CHO-
BaHU reOIMHAMUYHH MOJEIH.



