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Abstract Ages of pegmatites from two localities (Rakitovo, Lepenitsa) from the western Rhodope Mts. were acquired 
by U-Pb geochronology on zircon with LA-ICP-MS. The pegmatites are hosted by the metamorphic rocks of the 
Chepino lithotectonic unit. The large pegmatite/s accumulation from the “Suhata Reka” quarry (Rakitovo locality) is 
formed at 68.7±1.3 Ma, while small deformed body southwards of Velingrad town (Lepenitsa locality) yielded age 
of 63.4±1.2 Ma. Crosscutting altered andesite dyke is presumed to intrude the metamorphic rocks and pegmatite at 
59 Ma in the Lepenitsa locality. The data suggests connection with the initial stage of the magmatic activity of the 
Rila-West-Rhodope Batholith (RWRB).
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Introduction 

Granitic pegmatites are known to concentrate in-
compatible elements and become one of the impor-
tant targets in the modern investigation for strategic 
and critical raw materials. Despite the well described 
mineralogical, petrological and some geochemical 
features of the pegmatite localities in Bulgaria, the 
precise chemical composition of the minerals in 
terms of trace element incorporation and the iso-
topic characteristics are still scarce. In the frame of 
an ongoing study, new mineralogical, geochemical, 
and geochronological data about pegmatite locali-
ties is collected by applying modern analytical pro-
cedures aiming to evaluate the mineralogical and 
geochemical signature of minerals and to assess the 
potential of the Bulgarian pegmatites for critical el-
ements. Geochronological data might support the 
attempt to reconstruct and improve the knowledge 
for the temporal evolution of the Rhodope Massif 
(RM). The present study reports and interprets new 

U-Pb geochronological data on zircon from pegma-
tite bodies in the NW part of the RM. 

Analytical approach

Prior to analytical investigation, representative 
pegmatite samples and whole-rock samples for 
dating were collected from numerous localities 
in southern Bulgaria. Petrographic and BSE ob-
servation, compositional characteristics and geo-
chemical signatures of the minerals were done by 
EPMA (Masaryk University, Czech Republic) and 
LA-ICP-MS in the Geological Institute of the Bul-
garian Academy of Sciences (GI-BAS). The U-Pb 
isotope dating on separated zircons was made in 
the LA-ICP-MS Laboratory in GI-BAS as well. 
Different standard procedures using GLITTER, 
SILLS and ISOPLOT programs were applied for 
reduction and interpretation of the data for tracing 
and U-Th-Pb isotope ages. 
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Geological and field description  
of the localities 
The geochronological data in the present study re-
fer to two separate pegmatite localities (listed below 
as Rakitovo and Lepenitsa), outcropping in the vi-
cinity southwards of the Velingrad-Rakitovo line, 
western Rhodope Mts. According to the geological 
map M 1:50 000 the rocks are part of the Chepino 
lithotectonic unit (Sarov et al., 2009), consisting of 
migmatized biotitic and amphibole-biotite gneisses, 
marbles and amphibolites. Most of the observed 
pegmatite bodies in the studied area are concordant 
with respect to the regional metamorphic foliation 
in the host rocks, although some are oblique. The 
majority of observed pegmatite dykes have differ-
ent width, generally not exceeding 1 m, except for 
the large accumulation in the “Suhata reka” quarry. 
The names and description of the studied localities 
used here are as follows:

1) Rakitovo locality – presented as large peg-
matite or pegmatites accumulation cropping out in 
the “Suhata reka” quarry, exploited for the ceramic 
industry. The pegmatite is composed by K-feldspar, 
plagioclase, quartz and mica (mostly muscovite 
and less biotite). The contacts with the host biotite 
gneisses are sharp (Fig.  1A, see also Vassileva et 
al., this volume); 

2) Lepenitsa locality – small pegmatite outcrop, 
southwards of Velingrad. The studied pegmatite 
dyke (~ 0.5 m width) is intruded into gneiss/marble 
sequence and composed by K-feldspar, plagioclase 
and quartz (Fig.  1B–D). Observed and previously 
studied marble-hosted skarn mineralization yielded 
garnet U-Pb age of 42.97±0.6 Ma (Vassileva et al., 
2018). The pegmatite and host metamorphic rocks 
are crosscut by subvertical (1  m thick), NW-SE 
striking subvolcanic dyke with sharp contacts. The 
microscope observation reveals hydrothermal al-
teration (sericitization of the ground mass and chlo-
ritization of the phenocrysts) but suggests andesite 
composition. New precise U-Pb zircon age data on 
the pegmatite (sample VG 4) and altered andesite 
dyke (sample And d) are presented below. 

The rocks in the studied localities are strongly 
influenced and deformed by the NW-SE (140°) 
striking Medium-Rhodope fault zone (Hremschtitsa 
fault zone; Boyadzhiev, 1971). 

Results
The zircon population from the pegmatite body 
of the “Suhata reka” quarry (Rakitovo pegmatite) 
is presented by relatively big crystals, without old 
zircon cores. Two inherited zircons with 154 and 
156 Ma U-Pb isotope ages were measured. Most of 

Fig. 1. Field images of the studied localities: A, Rakitovo pegmatite in the ‘Suhata reka’ quarry; B–D, Lepenitsa pegmatite
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Fig. 2. Zircons dating: left diagrams 206Pb/238U mean ages and the right probability density plots diagrams with zircon age peaks: 
Rakitovo pegmatite 1A and 1B; Lepenitsa pegmatite 1C and 1D (sample VG 4); 1E, REE chondrite normalized diagram for zircons; 
1F, probability density plot of sample A and D

the analyzed zircon compositions show increased 
Al-content and common Pb-incorporation in the 
crystals, suggesting feldspar inclusions. Lanthanum 
over 1 ppm points apatite or feldspars microinclu-
sions. The calculated Th/U ratio of 0.108 is low, 
resulting from the increased U amount in the stud-

ied zircon crystals. The average content in zircons 
from the Rakitovo pegmatite is: Th 545  ppm; U 
7644 ppm; Pb 86.61 ppm. The mean 206Pb/238U iso-
tope age is 68.7±1.3 Ma. The probability density plot 
shows that the zircon crystallization starts at around 
70.04 Ma and ceased at 65–64 Ma (Fig. 2A, B). 
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The separated pegmatite zircons (sample VG 4) 
from the Lepenitsa locality are light brown to trans-
parent and crystallographically well-shaped. The 
extremely low Th/U ratio 0.086 (Th 352  ppm, U 
6791 ppm, Pb 66.97 ppm) in this sample is due to 
the abundant U-content in the zircons. LREE incor-
poration in the studied crystals, which is generally 
unrepresentative for zircons, is presumably owing 
to feldspar or apatite microinclusions. This zircon 
population contains old cores, several of which are 
with age of: 459, 478 and 533 Ma, suggesting the 
source of contamination. The increased U-content 
in accordance to the Th-content and the common 
Pb-incorporation in the analysed crystals, similar to 
the zircons from the Rakitovo pegmatite, prevent the 
possibility for a concordant age. The average plot of 
206Pb/238U reveals age at 63.4±1.2 Ma (Fig. 2C, D). 

The andesite dyke (sample And d) has a special 
role as a “natural drill core”. The separated zircon 
crystals are presented by very tiny 10–12 grains, 
characteristic feature for intermediate compositions 
(in dacitic and rhyolitic rocks the zircons are abun-
dant). Two of the youngest crystals suggest the age 
of the volcanic dyke at 59.3 Ma. The rest of crystals 
(diagram Fig. 2F) yield ages in two temporal dia-
pasons: ~147 and ~300 Ma. Several small inputs of 
Ordovician (450 Ma) and Neoproterozoic (550 Ma) 
provinces are detected. 

It might be concluded that the obtained U-Pb iso-
tope ages for the Rakitovo (~68 Ma) and Lepenitsa 

(~63 Ma) pegmatites are considered to be connected 
with the post-Late Cretaceous to vary early Pale-
ocene magmatic activity of the Rila-West-Rhodope 
Batholith, which first magmatic impulse of forma-
tion are determined by U-Pb on zircon at 71  Ma 
(Stavrev et al., 2020). 
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