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Rhodopes: preliminary results

MuHepasaHa acouuanuda B nerMmatut ot Pb-Zn naxoauine Jxypkoso,
HenTpaauu Poxonu: npeaBapuTeJHu pe3yjaTaTi

Sylvina Georgieva, Rossitsa D. Vassileva, Georgi Milenkov
Cuneuna I'eopeuesa, Pocuua /l. Bacunesa, I'eopcu Munenkos

Geological Institute, Bulgarian Academy of Sciences, Sofia 1113; E-mails: sylvina@geology.bas.bg; rosivas@geology.bas.bg;
georgimilenkov7@gmail.com

Abstract. Deformed pegmatites of varying thickness and position are a significant constituent intruded in the meta-
morphic complex, hosting the Djurkovo Pb-Zn deposit in Central Rhodopes. The mineral composition of the peg-
matites consists of plagioclase, K-feldspar, quartz, and minor micas. The main accessory minerals are allanite, titan-
ite, apatite and zircon. Late hydrothermal alteration of pegmatites led to the formation of epidote, adularia, sericite,
chlorite, carbonate, quartz and leucoxene. Rare earth carbonate-phosphate assemblage (REE+Y, Th, U), manifested
as < 20 pm anhedral grains, is observed along fractures and dissolved zones in allanite and titanite. Because of the
limited mobility of REE in fluids, these elements are barely transported during the hydrothermal activity and are in-
corporated in new phases, precipitated in the frames of the altered accessory minerals. The studied pegmatites contain
a significant amount of accessory minerals rich in incompatible elements and therefore could be considered as their

potential source.
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Introduction

Recently, the interest in pegmatites as source for in-
dustrial materials (feldspar for ceramic) and critical
elements (Li, Be, Cs, Nb, Ta, REE, etc.) increases
and enforces revision and additional investiga-
tion in pegmatite-rich regions. In the Central Rho-
dopes, South Bulgaria, numerous pegmatite bodies
of different size, shape and position are major rock
constituent intruded in the metamorphic complex,
hosting the main vein and metasomatic Pb-Zn ore
mineralization in the country. The ongoing min-
ing activity in the region (Petrovitsa, Krushev Dol,
Djurkovo, Govedarnika deposits, etc.) reveals their
presence in depth and enables the possibility to in-
vestigate their mineral and chemical peculiarities
and to estimate their potential for critical elements.
This study provides preliminary data about the min-
eral composition of the pegmatites from Djurkovo
Pb-Zn deposit.
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Geological setting

The Djurkovo Pb-Zn deposit is located in the Laki
ore region, South Bulgaria. The region is situated
in the northern part of the Central Rhodope meta-
morphic complex and hosts hydrothermal Pb-Zn
(£Ag) ore deposits, formed during extensional re-
gime (Marchev et al., 2005). Along with Madan and
Davidkovo, these ore regions hosted in the Central
Rhodope metamorphic complex have been dated
as Oligocene (Kaiser-Rohrmeier et al., 2004). Ac-
cording to the **Ar/*’Ar thermochronology on hy-
drothermal K-feldspar from the Laki ore district, the
economic mineralization in the Djurkovo deposit
took place between 32-30 Ma and ceased at ~30
Ma (Buret et al., 2013). The Laki ore region is at-
tached to four NNE-trending ore-bearing faults that
crosscut the near east located Borovitsa volcanic
rocks as well. The region is characterized with rich
Pb-Zn mineralization, occurring either as subver-
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Fig. 1. 4, B, Macrophotographs of pegmatite outcrop, the Djurkovo mine, level 472; C, D, Microphotographs of occurrence and
mineral relationships of the accessories; E-H, BSE images of the studied minerals. Abb.: Kfs, K-feldspar; Ep, epidote; Aln, allan-
ite; Ttn, titanite; Zir, zircon; Leu, leucoxene; Xtm, xenotime; Urn, uraninite.
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tical open-space filling veins, formed in the meta-
morphic rocks (mostly gneisses) or as metasomatic
replacement in marble layers, forming rich skarn-
ore bodies. The mineralization of the Djurkovo
deposit is located in two main NNE-SSW trending
ore veins (named Eastern apophysis and West 2),
hosted in gneisses and marbles (Buret, Kouzmanov,
2011). Apart from the gneisses and marbles, abun-
dant concordant or crosscutting pegmatite bodies
(~1 m wide) are frequently observed in the host
rocks. These pegmatites are often deformed, boudi-
nated, folded or cut by faults (Fig. 1A, B).

Three main stages in the paragenetic sequences
are outlined for the vein Pb-Zn mineralization in the
deposit (Buret, Kouzmanov, 2011): an early quartz-
pyrite; a polymetallic (galena, sphalerite); a late car-
bonate stage. In the metasomatic bodies a prograde
skarn stage occurs due to the fluid-rock interaction.
The related hydrothermal alteration led to formation
of adularia, epidote, chlorite, and later carbonatiza-
tion (Vassileva et al, 2020 and references therein).
The source of these hydrothermal events in the re-
gion, resulting in the ore mineralization is still sub-
ject to debate.

Results

Materials used in this study are hydrothermally al-
tered pegmatite samples from the Eastern apophy-
sis area, level 472 of the Djurkovo Pb-Zn deposit.
The mineral composition of the studied pegmatites
represents mainly feldspars, quartz, and minor mi-
cas (muscovite and less biotite) (Fig. 2). The pet-
rographic observation reveals that the quantity of
quartz is about 20-25 % of the rock volume, and
plagioclases prevail over K-feldspars. The main ac-
cessory minerals formed in pegmatites are allanite,
apatite, titanite, and zircon (see Fig. 1C-H). The
profile sampling across a selected pegmatite body
does not show clear zonal distribution of the miner-
als. Plagioclase and K-feldspar form coarse-grained
aggregates with myrmekite intergrowth texture
typically appearing on their borders. Quartz usu-
ally forms irregularly distributed medium- to fine-
grained anhedral grains, often occupying the inter-
stitial space between plagioclase and K-feldspar
porphyries. Undulate extinction, sutured grains and
lobate grain boundaries are often observed in the
quartz grains. Minor amounts of muscovite and bio-
tite flakes formed on the boundaries between quartz
and feldspars or in feldspars are present. One of the
main accessory minerals — allanite, typically forms
up to 1 mm dark brown, single euhedral to subhe-
dral crystals among grains of feldspar and/or quartz.
Back-scattered electron images reveal distinct
patchy or irregular zonal patterns in the mineral.
The mineral is frequently replaced along the periph-

ery or fragmented and intersected by late hydrother-
mal epidote (see Fig. 1E-H). Titanite is developed
as euhedral to subhedral crystals (up to 2 mm) in as-
sociation with feldspars. Part of the crystals are de-
formed or folded. Weak chemical inhomogeneity,
owing to different Al contents, expressed as patchy
zoning could be outlined. The mineral is partly or
entirely altered by leucoxene (mostly anatase ac-
cording to the XRD data; see Fig. 1D, F, H). Apatite
(up to 600 um) and zircon (up to 200 pm) occur as
euhedral crystals in association with feldspars.
Widespread hydrothermal alteration, overprint-
ing the pegmatites and affecting the entire rock vol-
ume is clearly visible. The hydrothermal mineral
association consists of epidote-group minerals, adu-
laria, sericite, chlorite, carbonates, leucoxene and
quartz. Rare disseminations of galena, sphalerite
and minor chalcopyrite are observed. The alteration
assemblage is similar to those in pegmatites from
other deposits in the region (e.g., Petrovitsa Pb-Zn
deposit, Madan ore region, Georgieva et al. 2022).
Adularia, sericite, and carbonate replace almost
the entire volume of feldspars, forming thin network
of veinlets and nests. Monomineral adularia veins
(up to 500 pm thick) with well-shaped subhedral
crystals are also observed. Epidote (sensu lato) as
one of the widespread alteration minerals generally

Post-pegmatite
hydrothermal
stage

Minerals  [Pegmatite stage

plagioclase
K-feldspar
quartz
mica
allanite
titanite
apatite
zircon
garnet
adularia
epidote
leucoxene
chlorite
carbonate
REE carbonate
xenotime
uraninite
thorite

muscovite, boitite sericite

Fig. 2. Paragenetic table presenting the mineral association se-
quence in the Djurkovo deposit
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occurs as sub- to euhedral prismatic single crystals
(up to 500 um) or clusters, and along with carbon-
ate, adularia, and sericite forms nests and veinlets
among feldspars. Chlorite is developed mainly on
micas or is observed as thin veinlets and nests. Gar-
net sub- to anhedral crystals (up to 5 mm) occur
among quartz and feldspars. Inclusions of K-feld-
spar, quartz, allanite, calcite, and chlorite are distin-
guished in their grains. Preliminary data concerning
the chemical composition of these garnets reveal
almandine (48.5-42.6), grossular (35.5-25.9), and
spessartine (23.9—12.4). They mainly form in the
peripheral zone of some pegmatite bodies, close to
the contact with gneisses that suggests metasomatic
influence.

Later rare-element (REE+Y, Th, U) mineral as-
semblage manifested as less than 20 um anhedral
grains and aggregates are precipitated along the
fractures and dissolved zones in allanite and titan-
ite as an alteration product of the pegmatite acces-
sories. According to our preliminary data, allanite
accommodates REE+Th carbonates and uraninite
(~5 um), whereas REE+Y carbonates, thorite, and
xenotime are established along with leucoxene in
the altered titanite. Thorite is also observed as <
5 pm grains in zircon. Detailed mineralogical and
chemical evaluation of these mineral phases will be
an object of further study.

Concluding remarks

Pegmatites of varying thickness and position are in-
jected within the metamorphic rocks, hosting Pb-Zn
deposits in Central Rhodopes. In the Djurkovo de-
posit, pegmatites are deformed, boudinated, folded,
or cut and displaced by faults. Detailed study reveals
an abundance of accessory minerals such as allanite,
titanite, apatite and zircon that generally accumulate
significant amounts of incompatible elements such
as REE+Y, Th and U. The hydrothermal alteration
of these pegmatites led to partial dissolution of the
accessories and extraction and reprecipitation of the
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incompatible elements as new minerals — mainly
carbonates and phosphates. These new minerals
precipitated in the frames of the altered accessory
minerals, because of the limited mobility of REE
in fluids, hampering any long distance transport of
these elements.
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