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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

© Bbarapcko reoJoruuecko ApyxecTBo U bbiarapcka akanemus Ha Haykute, 2022

https://doi.org/10.52215/rev.bgs.2022.83.3.89

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 pum for tracing and 30 um 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 SiO, 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-
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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 SiO, (63.9—
67.2 wt%); AlLO, (16.8-19.8 wt%); Na,0O (1.0-
5.0 wt%); K,O (8.4-17.1 wt%) and negligible
amounts of FeO, MnO and CaO. The plagioclase
is medium-grained, often distinguished by defor-
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Fig. 1. A-D, mineral relationships: 4, 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. 4bbr.: 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 SiO, (56.6-69.2 wt%); Al,O, (19.0—
26.9 wt%); CaO (0.9-9.9 wt%); Na,0 (5.2—
11.5 wt%); K,O (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%
Ti0O,, 9.6-31.8 wt% CaO, 2.6-4.0 wt% AlLO, and
30.4 wt% SiO,. 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% La,0,), Ce (3.47-4.75
Ce,0;) and Nd (1.36-1.67 wt% Nd,O,) is character-
istic. The average value of Si0,~32.0 wt%, while
major oxides range between 13.0-14.4 wt% CaO,
18.5-19.6 wt% AlLO,, 8.2-9.1 wt% Fe,O, and low
content of MnQO. 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 % Si0O,, variations of Al,O;(21.2—
26.1 wt%), CaO (17.5-24.1 wt%), Fe,O, (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 SiO, (25.7—
44.7 wt%), AlO, (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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Tablel. Representative LA-ICP-MS analyses of pegmatite and post pegmatite minerals in ppm; b.d.l. — below detection limit

Mineral K-feldspar

Sample GV_17 GV_15B GV_22A GV_22B

Ga 1836 20.95 17.14 18.83 19.12 20.54 20.62 13.94 13.07 13.05 13.03 1751 18.51 17.87 15.40
Rb 413.90 471.43 559.41 389.11 431.50 419.00 309.14 410.69 44337 436.63 423.89 436.79 387.63 377.67 386.76
Sr 186.10 134.16 135.54 171.90 176.97 224.61 200.21 193.35 170.99 198.79 231.09 252.89 199.88 192.69 187.32
Cs 4.97 5.18 3.18 243 479 4.46 6.12 6.70 5.23 6.52 6.24 547 3.09 0.81 0.93
Ba 57221 690.74 516.57 359.12 452.70 675.94 1076.25 1190.13 1151.49 1193.60 1094.89 71745 1144.08 1277.20 886.07
Eu 0.51 b.dl 0.45 0.92 0.89 0.43 0.59 0.83 0.81 0.49 130 1.36 1.16 0.77 1.24
TI 235 4.43 2.55 1.86 1.84 1.62 2.79 2.00 2.82 2.43 1.79 259 278 1.76 1.66
Ph 95.89 46.52 62.35 90.67 99.29 94.09 23.26 78.65 69.90 84.40 100.43 117.72 97.57 92.74 90.79
(Mineral Plagioclase

Sample GV_22C GV_17 GV_15B GV_22A GV_22B GV_18A2

Li b.d.l bdl 6.56 bdl 4.97 b.dl b.dl 1578 27.95 b.dl b.dl b.dl bdl b.dl bdl
Ga 3589 41.95 31.49 20.30 21.05 3201 16.14 45.10 38.95 27.94 22.99 34.58 26.92 6.71 425
Ge b.d.l bdl. bd.l b.dl bdl 13.13 <18.7114 <16.8603 <14.4622 <17.4982 <16.7161 <23.1736 <18.7175 <9.6778 7.18
Rb 220 0.99 10.05 76.78 4599 58.09 2251 193.37 63.80 212 27.94 102.97 2.59 891 28.23
Sr 174.00 222,93 210.51 234.73 321.25 262.31 32118 370.56 434.77 195.08 120.84 154.89 182.87 110.38 119.89
Ba 20.57 2238 11.68 109.54 39.60 77.81 39.54 75.96 47.30 18.20 60.37 28.32 19.64 10.41 60.21
Ph 15.53 17.42 20.91 4.63 10.63 20.81 14.24 6.07 14.99 29.68 16.39 24.42 27.31 0.40 0.64
Mineral Allanite-(Ce) sample GV_22C Titanite sample GV_22C

Sc 160.54 182.90 224.66 173.61 169.53 187.78  [Se 7.87 7.34 637 3.05 724 8.80 2.04 1.86
\4 1234 15.15 15.74 7.00 13.08 15.06 \4 157.21 142.39 157.66 164.17 164.79 167.01 222.06 181.01
Zn 160.45 153.97 137.25 126.17 157.65 150.88  [Ni 71.80 7851 S1L14 94.64 68.65 67.82 70.92 56.50
Ga 812.57 852.98 791.74 707.55 825.00 881.13  |Zn 6.04 4.87 11.65 8.13 7.79 5.81 423 20.81
Ge 797.21 846.88 781.58 739.09 820.82 878.76  [Ga 5.40 11.78 6.55 715 7.34 7.56 6.35 6.91
As 93.70 100.29 90.89 92.28 97.42 99.73 Ge 7.76 19.37 597 7.31 9.78 6.76 6.09 8.91
Sr 129.96 112.73 61.50 60.43 96.73 73.10 Sr 17.06 15.75 18.03 18.07 17.59 15.89 12.84 11.80
Y 2481.10 2586.50 3023.98 3114.64 2404.69 221828 Y 69.26 600.33 102.62 200.86 182.33 369.81 503.58 316.23
| Zr 19.11 16.62 19.93 14.18 19.96 17.00 Zr 53.80 116.86 43.34 11421 100.28 34181 24743 92.72
In 423 3.69 3.65 491 3.81 452 Nb 1592.40 2951.75 1997.93 2015.53 2266.47 2659.98 4507.07 2281.73
Sn 26.55 2435 28.60 28.24 25.09 23.95 Mo 33.03 33.65 23.41 40.29 34.87 56.51 4299 36.95
La 17016.53 17013.34 14978.49 12945.50 17737.05 18926.96 |Sn 117.86 122.29 216.53 170.95 259.67 162.57 262.94 22739
Ce 35000.84 35720.94 33525.65 29687.67 36100.98 40607.18 |La 1541 88.23 15.59 17.96 28.85 21.62 10.29 1253
Pr 371422 3767.70 3557.16 3212.49 3726.25 4116.10 |Ce 41.68 292.04 39.86 47.05 67.32 53.83 47.95 43.19
Nd 12999.92 13205.85 12350.79 11665.90 13034.07 14160.34 |Pr 4.92 4237 5.38 6.28 8.99 7.36 9.73 6.15
Sm 2758.74 2806.99 2634.88 2656.74 2660.04 274585 [Nd 18.19 207.35 25.19 29.53 39.01 36.08 56.47 32.16
Eu 94.75 106.53 108.25 99.46 95.73 103.55  [Sm 5.26 72.22 10.06 13.44 16.32 19.90 31.75 1531
Gd 1874.91 187435 1792.34 1908.62 1768.55 174179  |Eu 14.75 31.84 17.41 18.53 19.03 2333 26.02 14.86
Th 21275 21592 22523 234.78 201.66 198.50  [Gd 7.71 89.37 13.68 24.92 20.07 32.23 4183 20.21
Dy 862.90 914.67 991.17 1024.58 844.05 798.98 |Tb 117 17.87 235 424 3.95 7.20 11.09 4.84
Ho 1.27 118.16 129.18 134.19 106.50 10035 [Dy 1021 102.71 16.16 34.88 27.91 5431 82.92 42.03
Er 205.19 217.61 263.95 259.87 196.14 178.70  [Ho 220 21.92 321 744 6.01 12.28 16.60 1124
Tm 17.97 18.99 25.68 22.69 18.05 15.69 Er 6.79 62.66 9.86 23.02 19.42 40.40 57.44 33.93
Yb 95.35 96.96 131.26 110.08 94.80 84.02 Tm 1.50 8.65 146 3.05 297 6.16 7.88 551
Lu 1113 12.12 14.82 11.58 1031 10.50 Yb 7.25 52.03 10.70 15.54 20.02 4322 50.07 43.92
Hf 176 245 2.14 147 253 1.44 Lul 1.02 6.43 137 172 2.66 532 545 455
Ph 4127 35.16 2239 25.68 39.94 36.65 Hf 2.82 541 2.11 450 520 17.33 17.44 6.66
Bi 0.92 1.61 1.34 119 1.03 112 Ta 5379 149.82 77.11 61.49 103.99 216.26 237.93 120.63
Th 6934.72 535593 2708.13 4401.10 6805.28 5840.42 (W 5798 76.41 127.13 158.52 179.97 84.76 46.99 33.59
U 658.79 703.65 622.93 679.27 600.59 606.71  |U 44.28 110.77 35.21 30.74 61.19 450.55 228.63 253.32
(Mineral Epidote Chlorite

Sample GV_20B GV_17 GV_18A2 GV_17 GV_15B GV_22A GV_22B GV_18A2
Li 2.68 445 bdl bdl 738 bdl 7477 149.34 49.47 77.42 184 81 176.50 133.20 133.87 152.25
Sc 13.65 529 79.86 19.63 bdl 4.36 1551 9.42 214.54 26.11 61.45 37.86 63.33 26.05 1572
\4 8.76 18.92 129.27 56.30 2161 5841 41.61 3584 8525 88.57 304.60 24822 179.92 147.76 191.92
Cr bdl bd.l <35.9858 <31.7484 <43.4479 <30.0927 <19.74 <14.3098 <59.1792 23635 465.73 296.45 59.48 90.27 700.50
Co bdl 0.68 bd.lL 0.94 bdl bdl 1331 34.88 14.18 6.51 52.25 36.95 34.20 29.67 37.69
Zn 21.07 54.74 11.05 10.98 529 179.84 34222 219.44 15551 94228 882.26 83335 706.25 527.84
Ga 4353 4346 240.42 49.13 71.95 74.60 79.64 168.96 66.39 90.00 92.08 91.44 76.18 64.29
Ge 12.05 15.99 12.05 <12.0122 <12.1094 b.dl b.dl 25.86 <15.2393 <11.3305 <11.8564 <14.5023 <13.1316 <11.4361
As 1558 2297 33.24 7.18 512 b.d.L bdl 6.35 b.dl b.d.l b.d.l b.dl b.d.l bdl
Rb 0.55 0.32 7.32 6.54 bdl 313.66 22242 177 569.41 21.70 50.22 4231 54.06 200.07
Sr 1214.66 1053.78 285.99 303.63 201.17 202.54 18.93 10.18 384.22 77.58 11.26 12.88 10.26 10.73 3.53
Y 742 3.18 106.45 29.66 3.92 1.71 433 1.73 196.49 0.85 223 1.63 3.68 237 1.13
Zr 101 20.48 292 133 b.dl b.dl 1.00 b.dl 4.69 124 bdl 043 0.99 bdl 0.48
Nb 2.15 37.67 36.52 26.14 0.84 b.dl 105.15 53.12 0.58 1.91 109.69 125.66 164.57 66.91 2.87
Sn b.dl 232 26.35 28.82 3.67 275 6.19 3.80 35.83 8.66 9.65 12.36 17.89 3.01 4.67
Sh 20.52 3191 13.41 10.83 2.80 3.17 bdl bdl 10.34 bdl b.dl 1.08 bdl bdl bdl
Cs 0.46 028 1.72 046 842 b.dl 65.54 3438 081 2235 6.74 742 456 1036 13.70
Ba 1.85 3.58 b.d.l b.dl 2.83 b.dl 5291 32.15 5.88 217.63 9.00 17.35 643 1141 17.86

Kaiser-Rohrmeier M., R. Handler, A. von Quadt, C. Heinrich.
2004. Hydrothermal Pb-Zn ore formation in the Central
Rhodopian Dome, South Bulgaria: Review and new time
constraints for Ar-Ar geochronology. — Schweizerische
Mineralogische und Petrographische Mitteilungen, 84,
1-2, 37-58.

Milenkov, G., R. Vassileva, S. Georgieva, V. Grozdev, 1. Pe-
ycheva. 2022. Trace-element signatures and U-Pb geochro-
nology of magmatic and hydrothermal titanites from the
Petrovitsa Pb-Zn deposit, Madan region, Central Rhodopes
(Bulgaria). — Geologica Balc., 51, 2, 79-91.

Sarov, S., E. Voinova, S. Moskovski., T. Jelezarski, K. Nay-
denov, D. Nikolov, I. Georgieva, N. Petrov, N. Markov.
2007. Geological Map of Republic of Bulgaria, Map sheet
K-35-74-G (Davidkovo). Ministry of environment and
waters.

Vassileva, R. D., G. Milenkov, S. Georgieva, E. Stefanova.
2021. Chlorite alteration in pegmatite from the Madan Pb-
Zn deposits: mineral association, chemical composition and
temperature of formation. — Rev. Bulg. Geol. Soc., 82, 3
(Geosciences 2021), 70-72; https://doi.org/10.52215/rev.
bgs.2021.82.3.70.

92


https://doi.org/10.52215/rev.bgs.2021.82.3.70
https://doi.org/10.52215/rev.bgs.2021.82.3.70

