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Introduction

The Petrochan and Klissura pluton are exposed in the
core of the Berkovitsa anticline, SE—NE of the Berk-
ovitsa town in the Western Balkan. Usually they are
considered as part of the “Stara Planina Calc-Alka-
line Formation” (Dimitrov, 1959; Vutov, 1967, 1968;
Mircheva, Veznev, 1969; Dimitrova, Arnaudova,
1977). Based on some peculiarities of the Klissura
granite and the relationships to the surrounding
high-grade metamorphic rocks N and NW of the
village of Burzya (former called Klissura) Haydou-
tov et al. (1979, 1992) came to the conclusion that
both units are part of the diatectites of the Burzya
migmatitic complex with a probable Cambrian age
(Carrigan et al., 2003). Here we present new field,
geochemical and isotope-geochronological data for
both plutons with the aim to understand their geo-
tectonic position, generation and relationships.

Geological setting and sampling

The position of Klissura granite is defined by a sys-
tem of faults striking NE 50—55° and NW 320—340°,
which were reactivated several times (Malinov et al.,
2004). The granite is fine-, medium- and coarse-
grained, often pegmatite-like. Usually in the mar-
ginal parts to the phyllites and diabases of the Berk-
ovitsa group (Haydoutov et al., 1979) they get por-
phyritic and in the field it is very difficult to distin-
guish these porphyritic parts from the porphyry va-
rieties of the Petrochan pluton. White aplitic veins
cross cut the body in some places.

The main rock-forming minerals are plagioclase
(albite-oligoclase), K-feldspar, quartz, hornblende,
biotite and muscovite, and the accessories — zircon,
monazite and magnetite. The structure of the gran-

ite is hipidiomorphic to granoblastic. Despite on the
surface the granites look leucocratic and amphib-
ole-free (Dimitrov, 1932; Vutov, 1967—1968; Mirche-
va, Veznev, 1969; Dimitrova, Arnaudova, 1977) in
fresh samples from boreholes. Malinov et al. (2004)
describe more than 5% of green hornblende, the lat-
ter usually recrystallised in structurally controlled
fissures/fractures. According to the classification
diagram of Peccerillo and Taylor (1976) the fresh
rocks of the Klissura pluton belong to the high-K
granites, whereas weathered samples lie in the fields
of normal granites and high-K granodiorites.

The Petrochan pluton is a complex body, built
up by gabbroic to granitic rocks with a prevailing
distribution of the acid and intermediate varieties.
According to Haydoutov (1979) and Haydoutov et
al. (1992) it is formed in a vertical magma feeder
structures, in the cross area of the E—W situated
Variscan Stara planina tectonic belt and a perpen-
dicular N—S fault. The magmatic succession result-
ed from prolonged magma replenishment. The plu-
ton is metaluminous with calc-alkaline and high-K
calc-alkaline affinity. Mafic magmatic enclaves
(MME) are characteristic feature of the Petrochan
pluton in the outcrops north of Spantchevtsi village.
The MME reveal transitional composition between
the gabbroic and granitoid magma. They have sim-
ilar composition like the granitoids of the Petrochan
pluton, but different proportion of the main rock-
forming minerals. Field, petrographic and geochem-
ical data for the enclaves and the main rock variet-
ies give evidence for processes of magma mingling
and mixing, additional to the normal AFC process-
es (Tacheva et al., this volume).

Based on field observations the time relationships
between the Klissura and Petrochan plutons are not
clear, as the contacts are tectonic (NE from Burzya),
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covered by weathered sediments and soil, or the plu-
tons are separated by the host rocks. The host Early
Paleozoic (Carrigan et al., 2003; Peytcheva, von
Quadt, 2004) phyllites and diabases of the Berkovit-
sa group are contact metamorphosed. The Petrochan
pluton is overlain by Mesozoic sediments. Isotope
dating of Carrigan et al. (2003) suggests an age of
about 500 Ma for the Klissura granite (in situ SIMS
analyses). Conventional U-Pb ID-TIMS and in situ
LA-ICP-MS studies of zircons and monazites by
Malinov et al. (2004) on the other side argue for a
Carboniferous age (329.7 = 5.4 Ma) of granite for-
mation. For the granodiorites of the Petrochan plu-
ton Carrigan et al. (2005) recently determined an
age of 304 = 4 Ma.

In present study we used for dating samples from
the porphyry Klissura granite (AvQ136), hybrid gab-
bro and a granodiorite of Petrochan pluton from a
quarry N of Spantchevtsi village (AvQ-171 and AvQ-
172, respectively) and a gabbro cropping out N of
Berkovitsa, which according to the present geologi-
cal map 1:100 000 represents the first phase of the
Petrochan pluton (sample AvQ-195). The isotope
analyses are carried out at the Institute of Isotope
Geology and Mineral Resources, ETH-Zurich us-
ing a precise conventional U-Pb-zircon and mona-
zite method and ID-TIMS (Isotope Dilution — Ther-
mal Ionisation Mass Spectrometry) techniques, com-
bined with in-situ LA-ICP-MS analyses of both ac-
cessories.

U-Pb isotope geochronology
and isotope tracing

Zircons of sample AvQ-136 are mainly brownish,
transparent, prismatic, and the monazites are trans-
parent, yellow-green or yellow-orange. In CL (cath-
ode luminescent) and BSE (back scattered electron)
images zircons show magmatic oscillatory zoning,
U-rich outer parts, and in the shorter crystals inher-
ited cores and recrystallized parts are present. This
complex composition reflects in the discordant po-
sition of the measured zircons on the Concordia di-
agram (fig.1) and the bigger scatter of the points.
Two zircons and two monazites define an Upper in-
tercept age of 317 £ 12 Ma, which coincides rough-
ly with the age of the equigranular coarse-grain Klis-
sura granite (329.7 = 7.6 Ma; Malinov et al., 2004).
The common origin of both varieties become more
clear, when calculating separately the zircon and
respectively the monazite ages of samples AvQ-135
and AvQ-136; in this case the age for the zircons is
332 + 7 Ma (using not abraded grains) or 340.2
4.5 Ma (using also two abraded crystals) and 318.0
+ 8.2 for the monazites. Although the time differ-
ence is not significant, younger monazite age could
be explained by generally later crystallization or/and
low-T hydrothermal lead loss.

In situ LA-ICP-MS analyses of zircons from the
porphyritic Klissura granite are consistent with con-
ventional age data. Although older (Lower Paleozo-
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Fig. 1. U-Pb concordia diagram for zircons of samples
AvQ135-C1 and AvQ-136, Klissura granite
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Fig. 2. U-Pb concordia diagram for zircons from
granodiorite sample AvQ-172 of the Petrochan pluton

ic) cores are present in some measured zircons, the
majority of the 2°Pb/?*¥U ages are Carboniferous with
weighted average of 324 + 28 Ma.

Both samples from the Spantchevtsi quarry of
Petrochan pluton are Variscan in age, but younger
than the Klissura granite. Transparent brownish zir-
cons of the granodiorite (AvQ-172) define a discor-
dia line with upper intercept age 308.2 *+ 8.5 Ma,
but two air-abraded zircons are concordant at 307
+ 1 Ma (fig. 2).

Zircons of sample AvQ-171 reveal some charac-
teristic features of hybrid gabbros, as they are ob-
served in the Velichkovo gabbro (southern parts of
Central Srednogorie (Peytcheva et al., 2005) — they
are brownish, U-rich and in sufficient quantity. Two
of the measured zircons are discordant, with lead
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Fig. 3. U-Pb concordia diagram for zircons of sample
AvQ-171, hybrid gabbro from the Spantchevtsi quarry
of Petrochan pluton

loss, whereas two others are concordant at 302.7 *
3.3 Ma (fig. 3).

The gabbro of Berkovitsa is still not precise dat-
ed, as there two types of zircons are observed — the
first defining a Lower Paleozoic age, and the second
almost concordat at ~305 Ma. Not like the hybrid
gabbro from the Spantchevtsi quarry, zircons are
sparse and U-poor.

Source characteristics of the magma are inferred
from the e-Hf-zircon values, corrected for the age of
crystallization. Noteworthy they are positive in all
zircons and give evidence for mantle influence in
the studied rocks. The highest e-Hf (T) zircon val-
ues are measured in the gabbro samples (respective-
ly +5.0 and +4.2) and the Petrochan granodiorite
AvQ-172(+5.2).
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Discussion and conclusions

Klissura and Petrochan plutons are Variscan in age.
They have Ca-alkaline affinity and reveal equigran-
ular and porphyritic textures.

Klissura pluton is built up only by acid rocks —
granites and granodiorites with an age 332 + 7 Ma.
Although the latter coincides with the time of high-
grade metamorphism in Central Srednogorie base-
ment (Carrigan et al., 2005) and let us suppose the
same age of metamorphism of the Burzya migmatite
complex, the positive e-Hf zircon values of the zir-
cons suggest more complicated generation of the
granitoid magma with a participation of mantle
source.

U-Pb dating of the Petrochan pluton follows the
idea of Haydoutov et al. (1992) for prolonged mag-
ma replenishment. Granodiorites are dated at 307 +
1 Ma, and the hybrid gabbro of the Spantchevtsi
quarry at 302.7 £ 3.3 Ma. In the same range is the
age 304 = 4 Ma, calculated by in situ SIMS dating
of Carrigan et al. (2005). Mafic magmatic enclaves
(MME), field relationships of the basic and acid
varieties and characteristic petrographic and
geochemical features give evidence for processes of
magma mingling and mixing, additional to the nor-
mal AFC processes (see also Tacheva et al., this vol-
ume), whereas the basaltic magma intruded in not
fully solidified granitoid mush in a middle/upper
crust magma chamber. The positive e-Hf (T) of dat-
ed zircons (mainly between +2 and +5) give evi-
dence for mixed crust-mantle origin of the magma
and confirm the idea for post-collisional tectonic
setting of their generation.
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Ilerpoxancku u Kiincypcku miyronu B 3anaanus bajakan:
B3aMMOOTHOIIIEHUS, in situ u KouBeHuuoHajaHo U-Pb natupane
Ha MUPKOHHN/MOHAIIUTHA U H30TONMHHN XapaAKTEPUCTUKH

Hpena Ileinuesa, Aabpexm gon Keaom, Oznan Maaunos, Eaena Taueea, Pocen Heodankos

Pesrome. ITerpoxanckusat u KiaucypckusT mwiyToH
ce pa3KpWBaT B sAKaTa HA bepkoBckaTa aHTHKIIH-
HaJa B 3amaauus bankan. OOMKHOBEHO ce pas3riieK-
JlaT KaTo 4acT oT ,,CTapOoIUTaHMHCKATa KAJIIHEBO-
aJikajHa (opManus®, HO ChIECTBYBAT W MHEHUS,
ye KimmcypckusiT rpaluT € AMaTEeKTUT OT JOJTHOTA-
Jieo3oiickus bpp3uiicku MUrMaTUTOB KOMIUIEKC. B
HACTOSIIOTO U3CJIEIBAHE CE IPEACTABSAT HOBU IIO-
JIEBU, TEOXUMUYHU U U30TOIMHO-T€OXPOHOJIOKKH JTaH-
HU 3a [IBaTa ILUTyTOHA, C IIeJI Ja ce pa3bepaT TAXHa-
Ta Te0JI0KKA MO3UIUs, TEHEpUPaHe ¥ B3aMMOOTHO-
meHus. 3a JaTUpaHe ca U3IMOJI3BaHW o0pasmu OT
nopdupHaTa pazHoBumHOCT Ha Kincypckus rpa-
HUT (AvQ136), rpaHOAUOPHUT M XMOPUIHO rabpo OT
IlerpoxaHckus IWIYTOH B Kapueparta npu c. CrnaH-
yeBid (AvQ-172 u AvQ-171), xakto u rabpo, pas-
kpuBaio ce HenocpencrseHo FO ot rp. bepkosu-
11a, pa3niexaaHo gocera kaTto mbpea (asa Ha [let-
POXaHCKHUS ILTYyTOH.

JBaTa u3cienBaHu IIyTOHA ca ¢ Bapuctka
BB3pacT. Te mpuHamJIeXAT KbM KaJIIMEeBO-aJIKaTHA-
Ta MarMeHa Cepusi ¥ UMaT KakTO PAaBHOMEPHO3bP-
HECTH, Taka U MOpGUPHU PA3HOBUIHOCTH.

KucypckusT IIyTOH € U3rpaieH caMo OT Ku-
CeJIM CKaJIM — TPAHUTHU U TPAHOJAMOPUTH C BB3PACT
332 + 7 Ma. Bwrpeku ue nocjaeqHaTa CbOTBETCTBA
Ha BPEMETO Ha BHUCOKOCTENEHEH MeTaMop(us3bm
BbB PyHmamenta Ha Llentpannoro CpemHoropue
(Carrigan et al., 2005), u ciemoBaTeaHO HOTO0OHA
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BB3PACT MOXE Ja C€ MPEIIOJIOXKHU U 32 METAMOP-
¢u3ma HA BBp3MiiCKUsI MUTMAaTUTOB KOMILIEKC,
no3utuBHUTE cToWHOCTU Ha €-Hf (T) Ha maTtupa-
HUTE MUPKOHM IPEAI0Iara Ho-CJI0XeH MEXaHN3bM
Ha TCHEpHUpPAHE HA TPAHWTOMIHATA Marma C ydJac-
THE ¥ HA MAHTHEH U3TOYHUK.

U-Pb natupane na [leTpoxaHCKHUS IUTYyTOH MO -
Kperns unesTa Ha XanayTos u ap. (1992) 3a npoabi-
KUTEJIHO MOCThIBaHEe HA MarMu. [ paHonuoputure
ca ¢ Bp3pact 307 = 1 Ma, a xubpuaHOTO rabpo oT
kapuepata npu CriaH4eBIM € JaTUPAaHO KaTO KaTo
302.7 £+ 3.3 Ma. B cwinus mHTEpBAaJ € U Bb3pacTTa
Ha rpanoguoputute 304 + 4 Ma, nonyueHa c in situ
SIMS meton ot Carrigan et al. (2005). Maduunute
marmeHnu Bkirouenus (MMB), mosieBuTe 1 BpeMeBH
B3aMMOOTHOIIIEHUS HA OA3MYHUTE U KUCEIN Pa3HO-
BHUJITHOCTH, U XapaKTEPHUTE MeTpOorpad)Cku U reo-
XUMHUYHA 0cobeHoctr Ha MMB (Brxk chiro TaueBa
U Ap., TO34 COOPHUK), JaBAT OCHOBAHHUE 2 CE MPe/-
MOJIOXKH, Y€ 00pa3yBaHETO UM € Pe3yJITaT HE CaMO
Ha nudepeHnuanus U QpakiMOHUpPaHEe HA MbPBO-
HavaJiHa 0a3uvHA MarMa, HO ¥ Ha MPOIIeCH Ha CMecC-
BaHE Ha MarMu, KaTO BUCOKOTeMIepaTypHaTa 0a-
3UMYHa MarMa € MHTPYyIHMpaHa B €lIHA MO-CTyJeHa
KHCeJia TONMWIKA B MarMeHa kaMepa B ropHaTa Kopa.
IMosutuBHMTE cTOoMHOCTH Ha &-Hf (T) B nupkxoHuTe
(ocHOBHO B MHTepBaja +2 10 +5) HOTBBPKIaBAT
KOPOBO-MaHTUIHMS UM IPOU3XOJ BBB BEpOSTHA
MOCT-KOJIM3MOHHA TEKTOHCKA 00CTaHOBKA.



