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Abstract. The current study presents mineralogical and geochemical characteristics of pegmatite bodies from the 
Govedarnika Pb-Zn deposit, situated in Laki district, South Bulgaria. The studied pegmatites are composed mainly of 
K-feldspar, plagioclase, quartz and accessories of titanite, apatite, allanite and zircon. Intensive hydrothermal altera-
tion resulted in specific mineral assemblage of chlorite, hematite, epidote and carbonates. According to the mineral 
relationships, it preceded or coincided with the time of base metal ore formation and affected both pegmatites and 
host metamorphic rocks. Both pegmatite accessories and post-pegmatite hydrothermal silicates often show enhanced 
contents of some strategic elements such as Sr, Li, V, Ga, Ni and REE. Pilot U-Pb geochronology of titanite from the 
studied pegmatites yielded a lower intercept age of 39.9±2.3 Ma.
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Introduction

Several ore districts and more than 60 Pb-Zn de-
posits are distinguished in the region of the Central 
Rhodopes (Dimitrov, 1988), South Bulgaria. The 
Govedarnika deposit is located in the Laki district, 
occupying the northernmost parts of the Central 
Rhodopean ore region, where mainly high-grade 
metamorphic rocks and rare sediments are present-
ed, cut by small subvolcanic dykes. The productive 
ore mineralization, controlled by north-northeast 
oriented regional faults, is hosted mostly in the met-
amorphics of the Madan lithotectonic unit (namely 
gneisses, amphibolites, marbles; Sarov et al., 2007), 
skarns and pegmatites. The largest sulphide ore 
bodies in the Govedarnika deposit are embedded 
in skarns, representing products of metasomatic 
replacement in carbonate environment (marbles). 
Pegmatites injections are intruded into the meta-
morphic sequence, which are oblique or conform to 

the metamorphic foliation. The present study is re-
porting data on the mineral and chemical composi-
tion of the pegmatite minerals as well as a first U-Pb 
age determination of titanite from the pegmatites in 
the Govedarnika Pb-Zn deposit.

Methodology
For the purpose of this study was selected an out-
crop at level 2020C in the Govedarnika mine. The 
representative samples from pegmatite dyke were 
prepared as thin polished sections and observed by 
polarising optical and scanning-electron micros-
copy prior to the chemical investigation. The trace-
element composition and U-Pb geochronology were 
performed by the LA-ICP-MS system in the Geo-
logical Institute (BAS), defined in previous studies 
(e.g. Milenkov et al., 2022). Ablation craters were 
25–50 µm for tracing and 30 µm for dating. Exter-
nal standards: MKED1 for age determination and 
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NIST 610 for compositional characteristics. Recal-
culation of the chemical composition was made by 
Isoplot and SILLS programs, using SiO2 contents 
from the SEM-EDS analysis as internal standard. 
Correction for common lead (Andersen, 2002) was 
applied before recalculating the titanite age. Optical 
cold cathodoluminescence (CL) was used to charac-
terise internal structure and growth features of some 
accessory minerals (e.g. apatite).

Results

According to the field and petrographic observa-
tions, the general mineral composition in the stud-
ied pegmatites comprises K-feldspar, plagioclase 
and quartz (Fig. 1 A-D). The pegmatite accessory 
minerals are presented by titanite (Fig. 1C), apatite, 
allanite and zircon. Later hydrothermal silicate-

dominated mineral assemblage is overprinted on 
the primary one and consists of epidotes, chlorites, 
hematite and carbonates. The microscopic and BES 
observation revealed various mineral relationships 
and textural features within the studied pegmatite 
samples. On the other hand, the chemical composi-
tion of the pegmatite minerals is characterised by 
the variation of major and minor elements within 
the individual crystals and also in the pegmatites in 
general. K-feldspar is the predominant constituent 
in the samples mostly presented by large crystals. 
Sporadically, it is altered by late hydrothermal chlo-
rites and/or sericite. Compositionally, the K-feld-
spar is defined by ranging contents of SiO2 (63.9–
67.2 wt%); Al2O3 (16.8–19.8 wt%); Na2O (1.0– 
5.0 wt%); K2O (8.4–17.1 wt%) and negligible 
amounts of FeO, MnO and CaO. The plagioclase 
is medium-grained, often distinguished by defor-

Fig. 1. A–D, mineral relationships: A, K-feldspar, plagioclase and chlorite (PPL); B, SEM-BSE image of (A); C, BSE image of 
accessory minerals and epidote; D, apatite and titanite under CL-microscopy; E, chondrite normalized REE pattern of titanite;  
F, Concordia diagram of U-Pb dating on titanite. Abbr.: Kfs, K-feldspar; Pl, plagioclase; Chl, chlorite; Qz, quartz; Ep, epidote;  
Ttn, titanite; Ap, apatite.
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mation twinning, composing ~10–20% of the entire 
rock volume. It is characterised by the chemical 
variations in SiO2 (56.6–69.2 wt%); Al2O3 (19.0– 
26.9 wt%); CaO (0.9–9.9 wt%); Na2O (5.2– 
11.5 wt%); K2O (0.1–5.25 wt%) contents. Some in-
corporation of FeO and MnO are presented as well. 
The quartz quantity comprises ~20–40% of the 
rock. Small vermicular integrowths were defined by 
CL-microscopy as myrmekitic with mineral compo-
sition of quartz and plagioclase. 

Among the accessory pegmatite minerals, ti-
tanite and appatite are the most widespread ones. 
Titanite is presented mainly by sub- to euhedral 
wedge-shaped or prismatic crystals (Fig. 1C). Its 
chemical composition ranges within 29.3–33.1 wt% 
TiO2, 9.6–31.8 wt% CaO, 2.6–4.0 wt% Al2O3 and 
30.4 wt% SiO2. Selected LA-ICP-MS analyses are 
presented in Table 1. Apatite appears as small hex-
agonal crystals. CL-microscopy revealed a lack of 
clear chemical zoning or significant inhomogene-
ity (Fig. 1D) in apatite. Prismatic euhedral allanite 
crystals are defined as allanite-(Ce) by variations 
within the dodecahedral site, where large incorpora-
tion of La (reaching 2.2 wt% La2O3), Ce (3.47–4.75 
Ce2O3) and Nd (1.36–1.67 wt% Nd2O3) is character-
istic. The average value of SiO2~32.0 wt%, while 
major oxides range between 13.0–14.4 wt% CaO, 
18.5–19.6 wt% Al2O3, 8.2–9.1 wt% Fe2O3 and low 
content of MnO. Scarce fine-grained sub- to euhe-
dral zircons are also observed rarely. 

A distinguished hydrothermal assemblage is 
overprinted on the pegmatites, taking place on the 
lithological contacts and in narrow veinlets and 
nests within the pegmatite volume. It is composed 
by silicate-carbonate-oxide minerals, dominated 
by epidote and chlorite similar to other deposits in 
the region (Vassileva et al., 2021; Georgieva et al., 
2022). The epidote is found in aggregates of elon-
gated prismatic crystals or radial clusters, parts of 
which are replaced by chlorite and hematite. Epi-
dote is defined as clinozoisite with mean composi-
tion of 38.2 wt % SiO2, variations of Al2O3 (21.2–
26.1 wt%), CaO (17.5–24.1 wt%), Fe2O3 (4.0– 
13.8 wt%) and low contents of MnO and MgO. 
The chlorite occurs as fine, dark green grains (CPL, 
Fig. 1A-B), formed after the main minerals (such 
as feldspars and sometimes earlier biotite) or is 
observed in nests and veinlets. The chemical com-
position of chlorite is characterised by SiO2 (25.7– 
44.7 wt%), Al2O3 (15.7–27.8 wt%), FeO (2.0– 
30.2 wt%), MgO (1.0–12.6 wt%) and CaO (0.3– 
14.8 wt%). Fine-grained hematite compliments the 
silicate association, mostly replacing epidote crys-
tals. It is assumed, that the hydrothermal alteration 
is related to the ore-bearing fluids. However, pos-
sibility of earlier hydrothermal event is not fully 
excluded.

Mean values of some trace and REE of the peg-
matite- and post-pegmatite minerals are presented 
in Table 1. Strontium is the only element, which 
is in enhanced concentrations in both primary and 
hydrothermal alteration silicates. Elements like Rb 
and Ba have high concentration in K-feldspar due 
to isomorphic replacement. Higher values of Rb in 
chlorite are also noted along with Li, V, Ni, Zn, and 
Nb. Amounts of Sc, Co, Ga, Y, Cs and Pb are gen-
erally low in most minerals, however not negligi-
ble. The total sum of these elements in K-feldspar is 
0.2%, in plagioclase – 0.1%, while in epidote is up 
to 3.7% and in chlorite around 3.3%. The accessory 
minerals are the most favourable environment for 
REE-incorporation. The LREE (namely La, Ce, Nd) 
in allanite are dominant, while in the titanite this 
tendency is less manifested. The chondrite normal-
ised values for titanites show positive Eu anomaly 
and LREE slightly prevailing over HREE (Fig. 1E).

New age data of the studied pegmatites has 
been acquired by in-situ U-Pb dating of titanites. 
The analysed titanites yielded a lower intercept age 
of 39.9±2.3 Ma (Fig. 1F). According to Kaiser-
Rohrmeier (2004), the age of the ore mineraliza-
tion is 29.95±0.23Ma. Compared to the available 
geochronological data of the pegmatite bodies in the 
Pb-Zn deposits from the Central Rhodopes (Milen-
kov et al., 2022 and references therein), the U-Pb 
titanite age for the Govedranika pegmatite could 
be interpreted as similar as or younger than some 
pegmatites (e.g. in the Petrovitsa deposit) and older 
than the Pb-Zn mineralization in the Laki district. 

The new age data provides an insight about the 
temporal correlation in the region and defines the for-
mation of the pegmatites as prior to the Pb-Zn ores. 
However, a genetical link between the analysed intru-
sive rocks and the economic mineralization could not 
be expected. Considering the mineralogical and geo-
chemical details, the pegmatites from the Govedarnika 
deposit could be an object of further investigation as a 
potential concentrator of strategic elements.
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Table1. Representative LA-ICP-MS analyses of pegmatite and post pegmatite minerals in ppm; b.d.l. – below detection limit
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