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Abstract. The rhyolites from the Central Balkan and Sinite Kamani areas are formed in a close time span from 
254.6 to 250.7 Ma, while those next to the village of Vlado Trichkov are a little bit earlier (260.3±1.0 Ma). Both age 
groups follow the voluminous late Carboniferous to early Permian igneous activity that ceased around 290 Ma. The 
geochemical characteristics of the Vlado Trichkov dacite are comparable to those from the earlier magmatic event. 
On the other hand, the rocks from the Central Balkan and Sinite Kamani areas show trends of A-type granitoids. 
The origin of this magmatic products could be attributed to a crustal melting by mantle-derived melts, penetrating or 
underplating the crust in a post-orogenic setting during the initial extension and rifting, preceding the opening of the 
Vardar-Meliata Ocean.

Keywords: Permian–Triassic, A2-type rhyolites, post-orogenic, extension.

Introduction

The Permian–Triassic magmatic rocks are found 
in different tectonic units of the Balkan-Carpathi-
an-Alpine orogen. These are the basic to acid vol-
canics and volcaniclastics in the Moesian platform 
(Chunev, 1968), the granitoids intruding the lower 
Paleozoic Ograzhden-Vertiskos Unit of the Serbo-
Macedonian Massif (e.g. Himmerskus et al., 2009; 
Poli et al., 2009; Peytcheva et al., 2009, and refer-
ences therein), the granites in the Central Sredno-
gorie Zone (Balkanska et al., 2021; Lazarova et al., 
2021), the protoliths of orthogneisses in the Rho-
dopes (Marchev et al., 2019 and references therein), 
the granitoids in Sakar and Strandzha (Bonev et al., 
2021 and references therein), the granites and vol-
canic rocks in the Carpathians (e.g., Ondrejka et al., 
2021 and references therein) continuing to the Alps 
(Huang et al., 2022 and references therein). Some 

of these rocks show clear A-type affinity, while the 
others belong to I and S type. One of the main geo-
dynamic hypotheses of their origin explains that at 
the transition from Permian to Triassic, Eurasia was 
a place of a widespread mafic to acidic magmatism 
and rifting that caused the Pangea break up (Nik-
ishin et al., 2002, and references therein). However, 
in separate segments of the orogen, some authors 
proposed a continuation of the Variscan subduction-
related magmatism (Bonev et al., 2021 in Sakar; 
Huang et al., 2022 in the Eastern Alps) or a crustal 
melting by mantle-derived melts, penetrating or un-
derplating the crust in a post-orogenic environment 
(Poli et al., 2009; Peytcheva et al., 2009). 

In the recent study, we present new petrologi-
cal and geochemical data for three upper Permian 
to Lower Triassic subvolcanic to volcanic acidic 
bodies, exposed at the village of Vlado Trichkov, 
in the Central Balkan (the Central Stara Planina 
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Mountains) and Sinite Kamani areas, supplemented 
by LA-ICP-MS zircon U-Pb dating of two samples 
from Sinite Kamani. The main purpose of this con-
tribution is to reveal the composition, particular 
time of the igneous activity as well as the presum-
able geodynamic setting of emplacement.

Geological setting 
Magmatic rocks known as “Permian quartz-porphy-
ry” and associated volcano-sedimentary succession 
were described in the Central Stara Planina Moun-
tains a long time ago (Milanov et al., 1971, and ref-
erences therein). The last comprehensive summary 
of the Permian magmatic rocks in the Balkanides 
(in the territory of Bulgaria) is made by Chunev 
(1968), where the author described mafic and pre-
dominantly intermediate to acid subvolcanic, vol-
canic and volcaniclastic rocks, locally intercalated 
with Permian sediments. They could be traced as a 
generally northwest-southeast to west-east oriented 
belt, extending from the area of Belogradchik, Iskar 
River gorge, Botevgrad, Vitinya pass, Central Stara 
Planina Mountains, Sliven to Sveti Iliya heights. 

Recently, few geochronological data of subvol-
canic and volcanic bodies have been presented – 
an acid body exposed near to the village of Vlado 
Trichkov yielded an age of 260.3±1.0 Ma (Tanat-
siev et al., 2012), subvolcanic bodies in the Central 
Balkan (Stara Planiana Mountains) area are dated at 
251.5±1.3 Ma (Georgiev et al., 2013) and those near 
to Sliven (Sinite Kamani) are 249.27±12 Ma in age 
(Georgiev, 2008). 

Field characteristics, sampling  
and analytical methods
Vlado Trichkov area – one sample is taken from 
the E-W elongated subvolcanic body, intruded in 
the Ordovician to Silurian sedimentary succession 
south of the village. 
Central Balkan area – Eight samples are taken from 
the E-W oriented subvolcanic bodies, dykes, and 
sills, associated with sedimentary and volcano-sedi-
mentary deposits, exposed in the area between Der-
menkaya and Golyam Kupen summits. Most often 
the bodies are intruded concordantly to the meta-

morphic foliation of the lower Paleozoic metasedi-
mentary rocks, having sharp intrusive contacts with 
the host. The volcano-sedimentary succession crops 
out south of Malak Kupen summit. The section be-
gins with ~20 m thick red-coloured sandstone with 
lenses of breccia-conglomerate that overlay discor-
dantly the lower Paleozoic metasedimentary suc-
cession. 
Sinite Kamani area – Ten samples are collected 
from the large acid volcanic and subvolcanic com-
plex, cropping out north of Sliven. Many domes, 
necks and subvolcanic bodies have been distin-
guished as they are intruded in similar in composi-
tion subvolcanics and volcanics. Rare pyroclastics 
are observed as well. 

The major element geochemistry is obtained, us-
ing XRF at the Sofia University St. Kliment Ohrid-
ski and the trace elements using LA-ICPMS at the 
Geological Institute of BAS. The geochronological 
in-situ U-Pb zircon studies were performed using 
the LA-ICP-MS system at the Geological Institute.

Petrography, geochemistry  
and geochronology 
Most of the rocks from the studied areas are trachy-
rhyolites to granite porphyry (Fig. 1a, b). The rock-
forming minerals are presented by quartz with clear 
magmatic corrosion, potassium feldspar, plagioclase 
(predominantly albite) and biotite in fine-grained 
groundmass. The biotite is more frequent in the rocks 
from the Vlado Trichkov area. The accessories are 
zircon, titanite, monazite and xenotime. Apatite in 
the rocks from Central Balkan and Sinite Kamani 
is rare or completely absent. The pyroclastic rocks 
contain lithoclasts from the trachyrhyolites as well as 
from rocks of the direct basement (Fig. 1c). 

Most of the analyses from the Sinite Kamani and 
Central Balkan areas show high SiO2 content between 
72.77 to 76.45 wt% and fall in the field of the rhyolite, 
and only one sample from Sinite Kamani has SiO2 of 
66.16 wt% and fall in the field of the trachyte (Fig. 1d).  
The Vlado Trichkov subvolcanic rocks have lower 
SiO2 and fall in the field of dacite. The sum of to-
tal alkalis is 9.56 to 8.07 wt% (K2O > Na2O), 
while only in Vlado Trichkov dacite is 6.04 wt%.  
The rocks are high-K calc-alkaline to shoshonitic 

Fig. 1. Characteristics of acid igneous rocks from the Stara Panina Mountains: petrography: a, b) porphyries of quartz (Qz) with 
magmatic corrosion and potassium feldspar (Kfs) in fine-grained groundmass; c) tuffs with visible ash shards and lithoclasts from 
the Central Balkan area; geochemistry: classification diagrams: d) TAS (Le Bas et al., 1986); e) SiO2 vs K2O (Le Maitre et al., 
1989); f) Al/(Ca+Na+K) vs Al/(Na+K), molar ratios (after Maniar and Picoli, 1989); g) primitive mantle normalized spidergrams 
(normalization values after McDonought, Sun, 1995); h) REE chondrite normalized spidergrams (normalization values after Boyn-
ton, 1984); geochemical classification for the A-type granites: i) 10000*Ga/Al vs K2O + Na2O (Whalen et al., 1987); j) 10000*Ga/
Al vs Zr (Whalen et al., 1987); k) Zr + Nb + Ce + Y vs (K2O + Na2O)/CaO (Whalen et al., 1987); l) Nb-Y-3Ga ternary plot used in 
discriminating between Al- and A2-type granitoids (Eby, 1992); zircon U-Pb geochronology Concordia diagrams of igneous rocks 
from Sinite Kamani area: m) early stages; n) late domes
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(Fig. 1e), peraluminous to peralkaline (Fig. 1f; two 
samples from Sinite Kamani). 

Trace-element geochemistry of the Sinite Kama-
ni and Central Balkan rocks shows similarities, with 
an enrichment in Rb, Ga, total REE and depletion 
in Sr (Rb/Sr > 1, P, Ti, Eu and Ba; Fig. 1g). Nb and 
Ta negative anomaly is visible. The chondrite-nor-
malized REE distribution patterns (Fig. 1h) exhibit 
an enrichment of light rare earth elements (LREE), 
distinct negative Eu anomalies (Eu/sqrt(Sm x Gd)
N; 0.10–0.30), indicating feldspar fractionation and 
almost flat MHREE (the so-called seagull pattern 
shape). The rocks from Vlado Trichkov exhibit 
more fractionated REE pattern with slight nega-

tive Eu anomaly (Eu/sqrt(Sm x Gd)N; 0.73) and 
depletion of HREE and has higher contents of Sr 
and P. The analyses of the Central Balkan to Sinite 
Kamani rocks show transition from normal to A-
type granites (Fig. 1i–k) and could be classified as 
A2 type (Fig. 1l). 

Previous studies show that the Central Balkan 
and Sinite Kamani rocks are formed in a close time 
span (251.5 to 249 Ma), while the Vlado Trichkov 
rocks are formed little earlier (260.3±1.0 Ma). Dur-
ing the present study, we dated two samples from 
the Sinite Kamani area in order to specify the time 
span of the magmatic activity (Fig. 1m, n). One 
sample (SK-21-1) from the volcanic and subvol-
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canic rocks, which are intruded by the numerous 
cryptodomes and subvolcanic bodies, yields an age 
of 254.6±1.6 Ma. The second sample is from one of 
the domes (SK-12-2; at the Kutelka summit), which 
based on the field relationships is formed during the 
late stages of magmatic evolution and this is sup-
ported by the obtained age of 250.7±1.9 Ma. 

Discussion and conclusions
The rocks from the Central Balkan and Sinite Kam-
ani areas are formed in a close time span between 
255 to 251 Ma, while those of Vlado Trichkov are a 
little bit earlier (260.3±1.0 Ma). Both groups follow 
the voluminous late Carboniferous to early Permian 
(Cisuralian) igneous activity that ceased around  
290 Ma in the Balkanides (e.g., Carrigan et al., 2005 
and references therein). The geochemical character-
istics of the Vlado Trichkov dacite are comparable 
to those from the earlier magmatic event. On the 
other hand, the rocks from the Central Balkan and 
Sinite Kamani areas show trends of A-type grani-
toids. Using the discrimination of Eby (1992), they 
could be considered as A2-type granites formed as 
a result of a crustal melting induced by mantle-de-
rived melts in a post-orogenic setting. The presence 
of Nb and Ta minimum can be explained by a melt-
ing of crust with orogenic characteristics. 

The origin of that magmatic event is attributed to 
crustal melting by mantle melts, penetrating or un-
derplating the crust in a post-orogenic environment, 
most probably during the initial stage of extension 
and rifting, preceding the actual opening of the Var-
dar-Meliata Ocean as proposed by Poli et al. (2009). 
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