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decomposition in pegmatite
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IIpepasznpenenenne Ha REY+ACT ejieMeHTH B MOJIMMUHEPAJIHA arperaTa
NPH Pa3naj Ha MOHALMUT B MEerMATUT
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Abstract. Seclected pegmatite dyke intruded within the gneiss-marble-amphibolite sequence of the Rhodope
Metamorphic Complex was studied for its REY+ACT mineralization in attempt to assess the potential of these
pegmatites for critical and strategic raw materials. Mineral composition of K-feldspar and albite is complemented
by abundant common accessories of zircon, apatite, monazite, allanite, and titanite. The REY+ACT mineralization
is presented as single euhedral crystals (zircon, thorianite, Y-Nb oxide, titanite and fluorapatite) or as complex
multimineral nodule-like aggregates. The nodule core typically consists of decomposed Th-bearing monazite-(Ce)
altered to different degree by intergrown Th-bearing apatite/thorite assemblage. Fluid-involved reactions led to
mineral transformations and redistribution of the elements like LREE, Y, Th, U, and formation of the inhomogene-
ous allanite-(Ce)/REE-epidote rims enveloping the aggregated earlier phases.
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commodities. Special attention was paid to the com-
posite monazite-breakdown aggregates and associ-
ated later replacement minerals, which concentrate
REY+ACT elements.

Introduction

Numerous Alpine pegmatite bodies connected with
the Rila-West Rhodope Batholith (southwest Bul-
garia), intruded either in the granite pluton or into
the gneiss-marble-amphibolite metamorphic host in
the western and central parts of the Rhodope Meta-
morphic Complex. In attempt to evaluate the poten-

Materials and methods

Mineral samples were prepared as thin and thick

tial of pegmatites for critical and strategic raw ma-
terials, namely rare earth elements (REE), yttrium
(Y) and actinides like U and Th (REY+ACT), a se-
lected representative dyke hosted in the high-grade
metamorphic sequence was studied. The investi-
gation was focused on assemblages of accessory
minerals as they are major carrier of the important
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polished sections. The pegmatite mineralization
and its characteristics were studied by a complex
approach involving optical microscopy prior to
SEM-EDS, EPMA (Cameca SX100, Department
of Geological Sciences, Masaryk University,
Brno) and LA-ICP-MS (NWR 193 nm Excimer la-
ser UP-193FX, Perkin-Elmer ELAN DRC-e quad-
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rupole inductively coupled plasma mass spectrom-
eter, Geological Institute of Bulgarian Academy of
Sciences, Sofia).

Results

The studied pegmatite outcrops several km south-
wards of Velingrad town hosted by the gneiss/mar-
ble sequence of the Chepino Lithotectonic Unit.
The 1m wide dyke is conformable with respect to
the metamorphic fabric and show signs of deforma-
tion. It is composed mainly of quartz, K-feldspar
and albite without any zonal distribution. In BSE
image, single euhedral to subhedral crystals and
polymineral clusters of zircon, allanite, titanite and
fluorapatite are commonly observed within the feld-
spar matrix (Fig. lA—E). Occasionally, Y-Nb oxide
and thorianite single crystals occur as well. Uranin-
ite inclusions in zircon are common (Fig. 1B). Char-
acteristic Fe-oxides and martite/epidote lamellae are
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formed by later hydrothermal alteration processes
(Fig. 1F).

Apart from the single crystals (Fig. 1A-B)
and mineral clusters (Fig. 1D-E), nodule-like ag-
gregates are typically present, arranged in certain
bands in the pegmatite volume (Fig. 2). Enclosed
in quartz or quartz/K-feldspar matrix, those multi-
mineral assemblages occur as replacement after pri-
mary monazite crystals. The phosphate-dominated
core consists of decomposed (to different degree)
monazite-(Ce) replaced by fine-grained fluorapatite
/thorite intergrowths (Fig. 2A—-B). Sometimes, the
monazite morphology is preserved (Fig. 2D-G) as
well as relics of the primary mineral; however, full
chemical and morphological transformation took
place in some aggregates along with formation of
thorite/apatite or seldom thorianite/apatite core as-
semblages (e.g. Fig. 2H). Thorite forms fine net-
work of drop-like (Fig. 2B) and worm-like (Fig. 2F)
textures in the core, intergrown with apatite. How-
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Fig. 1. BSE images of pegmatite accessory minerals: 4, Y-Nb oxide single crystals in K-feldspar matrix; B, zircon crystal with
secondary uraninite; C, inhomogeneous allanite-(Ce); D, cluster of zircon/apatite and uraninite; £, zircon/apatite clusters; F, sec-
ondary Fe-oxides/epidote assemblage. Abbr. (after Warr, 2021): Aln-(Ce), allanite-(Ce); Ab, albite; Ap, apatite; Ep, epidote; Kfs,

K-feldspar; Mnz, monazite; Qz, quartz; Thr, thorite; Zrn, zircon.
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ever, it occurs also as anhedral grains and crack-
fillings in/on the aggregate periphery (see Fig. 2H).
Inhomogeneous allanite-(Ce)/REE-bearing epidote
are always present at the rims (Fig. 2) where allan-
ite-(Ce) forms the first zone which overgrows the
nodule cores, gradually changing to REE-bearing

Kfs

20kV X150

100um

20kV X300 50um 11 51 BEC

epidote in the outermost zones. Zircon is often pre-
sent in the nodules together with allanite, either in
their cores (Fig. 2C) or in mantles (Fig. 2F). In such
cases, secondary uraninite grains complement the
mineral assemblage. The size of the whole aggre-
gate rarely exceeds 200 um.

x370 50pum

11 51 BEC

20kV X550 20pm 10 51 BEC

Fig. 2. BSE images of the monazite alteration and replacement textures. 4, overview of two coronitic microstructures within peg-
matite quartz/K-feldspar matrix; B, close view of the core, showing monazite transformed into apatite/thorite intergrowths; C, zir-
con grains attached to allanite-(Ce) in the polymineralic aggregate core; D, G, monazite euhedral crystal transformed into apatite/
thorite association with corona of allanite/epidote; E, F, close view of D; H, core of apatite/thorite intergrowths, showing complete
transformation of monazite. Abbr. as in Fig. 1.
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The primary monazite relics are relatively ho-
mogeneous in BSE images and correspond to Th-
bearing monazite-(Ce). Thorium content varies be-
tween the grains in the range of 12.37-15.39 wt%
ThO, and sometimes (as in Fig. 2E) increases
towards the crystal rims. It typically contains in-
creased amounts of Y and LREE (in wt%): Y,0,
(1.53-2.74), La,0O, (11.14-17.67), Pr,0, (2.22—
2.67), Nd,0, (9.10-9.77), Sm,0, (1.74-2.61),
Gd, O, (1.12-1.94). Only trace amounts of Dy,
Tb, Er were detected. The incorporation of Ca
(~1.20 wt% CaO) is consistent with the cheralite
substitution in the monazite structure.

Epidote- and allanite-group minerals from the
rims of the complex aggregates reveal a wide range
of gradually changing compositions between allan-
ite-(Ce) in the inner parts and REE-bearing epidotes
at the contact of the nodule with matrix. Cerium and
La decrease systematically outwards, reaching more
than 10 wt% of Ce,O;, and 5 wt% La,O,, respective-
ly. Significant and stable amounts of 7.75-7.80 wt%
Y,0, (0.36-0.38 apfu Y, X1, vuqy, ~0.42 apfu) were
detected in some epidote zones (referred as yttro-
epidote in Fig. 1F), whereas its concentration in
allanite-(Ce) is lower (2.5-4.8 wt% Y,0,). Gado-
linium contents (1-1.3 wt% Gd,O;) show a positive
correlation with Ce in allanite. Later epidotes in the
pegmatite volume are REE-free.

Zircon is characterized by moderate Hf contents
(~4.11 wt% HfO,,) while uraninite contains ~3 wt%
Y,0, and ~9.50 wt% ThO.,.

Discussion and conclusions

Despite structural and compositional simplicity,
monazite reacts in different ways to changing 7-P,
and mineral/fluid interactions. It is unstable in late,
Ca-rich metasomatic processes and fluid-involved
reactions (Grapes et al., 2005); this led to monazite
breakdown associated with transformations and re-
precipitation of new mineral assemblages, involv-
ing redistribution of P, LREE, Y, Th, and U. Most of
the released elements were diluted and redistributed

The published material was presented at the National Conference
with international participation GEOSCIENCES 2024.

in the newly formed assemblage of apatite, thorite,
allanite, and epidote through dissolution-precipita-
tion mechanism. The limited mobility of the HFSE
contributed to the formation of apatite/thorite cores
of the multimineral nodule-like aggregates, which
were lately overgrown by minerals rich in LREE,
mainly allanite-(Ce) and REE-enriched epidote.
The degree of monazite breakdown and mineral
transformation differs among the separate grains,
resulting in textural variety (Fig. 2). Similar mona-
zite/epidote aggregates are interpreted as coronitic
microstructures, which were previously described
from amphibolite facies by Finger et al. (1998) in
orthogneisses and Grapes et al. (2005) in blackwall
metasomatic rocks.

The formation of the studied REY+ACT min-
eral assemblage reflects to some extent the tectono-
magmatic evolution in this region of the Rhodope
Metamorphic Complex. The studied pegmatite
dyke shows conformable position with respect to
the metamorphic fabric, bearing the signs of defor-
mation which might have utilized the clustering of
the pegmatite accessories. Later Ca-rich hydrother-
mal processes are responsible for the epidote/chlo-
rite/Fe-oxides association.
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