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Образуване на метаморфен циркон и рутил в подложката  
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Цветомила Владинова1, Милена Георгиева2, Дейвид Чу3 

Abstract. The mica-bearing schist of the Thracian lithotectonic unit basement represents a granite protolith over-
printed by high-grade metamorphism. The zircon population displays Silurian protolith age with inherited older Neo- 
to Paleoprotezoic cores affected by a Carboniferous metamorphism. The Late Cretaceous–Paleogene metamorphic 
rutile could have resulted from extensive volcanic activity within the Maritsa dextral strike-slip shear zone. The apatite 
geochemistry has a composition corresponding to low- and medium metamorphic and metasomatic apatite.

Keywords: accessory minerals, geochronology, geochemistry, metagranite, Thracian lithotectonic unit. 

Geological setting and field observation

The Thracian lithotectonic unit (TLU) is composed 
of pre-Triassic basement transgressively overlain 
by Triassic–Jurrasic ortho- and para-metamorphic 
rocks (two-mica plagiogneisses, leucocratic gneiss-
es to gneiss–schists, amphibolites, carbonate-sili-
cate schists and marbles; Sarov, 2006), overprinted 
by greenschist to lower amphibolite facies metamor-
phism. The basement is considered as Precambrian 
preserved evidence of two metamorphic events and 
correlated with the Variscan high-grade basement 
of Europe (e.g. Ivanov, 2017 and review therein; 
Bonev et al., 2019a). The Variscan fragments with 
early Paleozoic protolith ages underwent migmati-
zation at 334±6 Ma (Naydenov et al., 2013).  The 
authors assume that these fragments were incorpo-
rated into western TLU succession due to activity 

on the Maritza dextral strike-slip shear zone which 
separates the Srednogorie zone from the Rhodope 
zone. The final stage of Maritsa dextral strike-slip 
shear zone activty is constrained by Late Cretaceous 
andesite-diorite emplacement in the central part of 
the TLU (e.g. Sarov, 2006). The age of protolith 
rocks is defined by dating of detrital zircon popula-
tion in Triassic–Jurassic metasediments cover (Vla-
dinova et al., 2018; Bonev et al., 2019b;). Detrital 
zircons from the basement rocks only rarely record 
late Paleozoic high-grade metamorphism. Only in 
one case the CL-dark metamorphic rims of zircons 
in upper Cambrian granitoid yield edivdence for 
late Paleozoic metamorphism (weighted average 
U-Pb age of 334±27 Ma, mean Th/U=0.05) (Vla-
dinova, Georgieva, 2020). Our research applies U/
Pb geochronology and accessory mineral geochem-
istry (zircon, rutile, and apatite) to mica-bearing 
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schist from the basement of the TLU to constrain 
the protolith age and the nature and timing of the 
metamorphic event/s. 

We studied a mica-bearing schist (TV-55, 
N  41°50' 33.8352, S  41°50' 33.8352), that crops 
out in a relatively small outcrop near Nikolovo Vil-
lage. The rocks exhibit clear foliation, defined by 
alternating quartz and phyllosilicate bands (Fig. 1a). 
Boudinated pegmatite (Fig. 1b) and quartz veins 
(Fig. 1c) are presented. The previous interpretation 
of the zircon age data was a Carboniferous proto-
lith age with older cores preserved (Yordanov et al., 
2008). The metamorphic rocks are unconformably 
overlain by a transgressively unit of sedimentary 
rocks (conglomerate-sandstone) of Priabonian age 
that is spatially associated with the Nikolovo vol-
canic subcomplex of similar age.

Methodology
Zircons, rutiles, and apatites were separated from 
the sample according to standard methodologies. 
In order to characterise their internal structure, CL 
images of zircons and BSE photographs of rutiles 
and apatites were acurired. Cold-CL images were 
obtained using a CATHODYNE optical cathodo-
luminescence system (NewTec Scientific, France) 
at the Geological Institute of the Bulgarian Acad-
emy of Sciences. To establish precisely the age and 
geochemical zonation in acccesory minerals, multi-
element mapping was undertaken using a Photon 
Machines Iridia ArF excimer laser coupled to an 
Agilent 7900 ICP-MS in Trinity College Dublin, 
Ireland. Zircon U/Pb geochronology was undertak-
en using spot ablations using the same intrumenta-
tion. Only concordant data were used for age deter-
minations.

Petrographic observation
The major minerals are fine-grained white mica, bi-
otite, chlorite, plagioclase, garnet, and quartz. The 
phyllosilicate minerals alternate with quartz bands 
and define the foliation in the rock. Post-kinemat-
ic white mica (Fig. 1d) and biotite flakes are also 
presented. Biotite rims usually contain numerous 
quartz inclusions. The quartz bands have polygo-
nal triple boundaries (Fig. 1d), rarely with undulose 
extinction. The anhedral plagioclase in the white 
mica bands is almost completely sericitized. The 
garnet crystals (~0.5–1  mm) in the matrix are re-
sorbed, brittle deformed and chloritized (Fig. 1e), 
while garnet inclusions in plagioclase are euhedral 
and better preserved. The chloritization of garnets 
is associated by fine-grained opaque minerals. The 
opaque minerals, determine under plane polarized 
light are abundant in bands parallel to the foliation. 

Short-prismatic to acicular rutile is associated with 
chlorite (Fig. 1f). Single zircon and apatite crystals 
are found among the phyllosilicate bands. Based on 
the mineral assemblages and previous studies, the 
protolith rocks is interpreted as a leucocratic plagi-
ogranite.

Geochronology and trace elements  
of accessory minerals
The zircon population (63–125 µm) is presented by 
subeuhedral to anhedral, rarely oval crystals with 
colourless to pink colour. CL images display ho-
mogeneous to oscillatory cores and some xenocryst 
cores (Fig. 1g) with mean Th/U ratio of 1.08 and 
thick, CL-dark metamorphic rims with a mean Th/U 
ratio of 0.07 (Fig. 1h). The multi-element mapping 
shows, in addition to the contrast in Th/U ratio, a 
significant enrichment of Y in the rims compared 
to the zircon cores (Fig. 1i) related to release of Y 
during garnet resorption. The CL-dark metamor-
phic rims yield U-Pb ages between 315 and 336 Ma 
(Fig. 1k) withn a concordia age of 327.6±1.0  Ma 
(MSWD = 1.7; Fig. 1l). The Neoproteroic-Silu-
rian cores vary between 426 and 696 Ma and the 
Meso- and Paleoproterozoic group of cores range 
from 944–1746 Ma. The age distribution was con-
firmed by 206Pb/238U multi-element zircon mapping 
(Fig. 1m).

The colourless apatites (63–125 µm) are semi-
prismatic to anhedral. On BSE images they are 
completely homogenous to patchy with thin dark 
cracks throughout the grain or only in the apatite 
rims (Fig.  1n). The patchy apatite could be influ-
enced by Late Cretaceous volcanism/hydrother-
mal alternation. Otherwise, homogenous apatite is 
confirmed by the geochemistry and age data from 
multi-element mapping with negligible difference –  
higher Th/U ratio to really thin rims (Fig.  1o). 
The low Sr/Y ratio (0.43–3.84 with mean of 1.19) 
and moderate ƩLREE (La-Nd, 144–1000 ppm) is 
characteristic of low- to medium metamorphic and 
metasomatic rocks (O’Sullivan et al., 2020). The 
REY+Sr multi-element pattern is more similar to 
apatites from high-grade metamorphic rocks and 
S-type granitoids, with deep negative Eu (EuN/EuN

* 
= 0.16–0.26) and Sr (SrN/(PrN*NdN)0.5 = 0.1–0.42) 
anomaly and relatively flat distribution of LREE 
and HREE (O’Sullivan et al., 2020). 

Rutiles (63–125  µm) are subhedral to anhe-
dral with a yellowish colour. BSE images show a 
nearly completely homogeneous structure, rarely 
with inclusions or lighter lamellae (probably Fe ox-
ides). The U content (0.06–61.33 ppm) allows the 
application of rutile geochronology. The lowest U 
contents correspond to analyses with larger error 
uncertainties and probably high common lead. The 
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Fig. 1. a) mica-bearing schist with distinct foliation of quartz and phyllosilicate bands, b) boudinated pegmatites, c) quartz veins, 
d) alternation between muscovite-sericite and polygonal quartz bands, with post-kinematic white mica, (XN), e) brittle deformed 
garnet aggregates with chloritized rims accompanied by fine-grained opaque mineral (IIN), f) chlorite with opaque minerals inclu-
sions and various shaped and sizes of rutiles, (IIN), g) CL zircon images of igneous cores with dark metamorphic rims, h) U (ppm) 
multi-element mapping in zircon, i) Y (ppm) multi-element mapping in zircon, k) U-Pb Concordia diagram with inset histogram 
plot for 696–309 206Pb/238U age, l) U-Pb Concordia diagram of 327.6±1.0 Ma (MSWD = 1.7), m) 206Pb/238U age multi-element map-
ping in zircon, n) BSE images of homogenous apatite; o) U (ppm) multi-element mapping in apatite, p) Terra-Wasserburg plot with 
lower intercept age of 38±11 Ma (MSWD = 13).



202

Terra-Wasenburg diagram define a discordia line 
with a lower intercept age of 38±11  Ma (MSWD 
= 13) interpreted as the time of new rutile growth 
(Fig. 1p).

Conclusion
This study employed a modern, integrated acces-
sory mineral study to constrain the protolith age, 
timing and nature of metamorphism in the TLU. 
The observed recrystallized plagioclase porphyries 
were accompanied by newly formed metamorphic 
minerals (white mica, chlorite, garnet, rutile, zir-
con) and polygonal quartz correspond to granite 
precursor rock. The zircon population displays 
Silurian protolith age with inherit older Neo- to 
Paleoprotezoic zircon cores affected by Carbon-
iferous high-grade metamorphism. The Neopro-
terozoic–Silurian ages are related to orogeny in 
the northern Gondwana margin and continuous 
amalgamation of Gondwana blocks to Laurasia 
(e.g., Okay, Nikishin, 2015 and reference therein). 
The younger zircon rims indicate Carboniferous 
(~328  Ma) high-grade metamorphism, described 
also in the Strandja Massif in Turkey (Okay et al., 
2001). The genesis/development of the Late Cre-
taceous–Paleogene metamorphic rutile could be 
provoked by extensive volcanic and hydrothermal 
activity within the Maritsa dextral strike-slip shear 
zone. The apatite geochemistry has a composition 
corresponding to low- and medium grade meta-
morphism and metasomatism.
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