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Abstract. Asenitsa unit metapelites (Central Rhodope massif) have a high variability in mineral, bulk chemical and
trace element composition. Kyanite, staurolite and garnet are the major minerals in schists and show intensive ret-
rograde change. Discrimination diagrams based on immobile trace elements indicate continental island arc or active

margin setting of deposition.
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Introduction and geological setting

Asenitsa unit (Ivanov et al., 2000; Sarov, 2012) in-
cludes amphibolite facies ortho- and para-metamor-
phic rocks and occupies structurally higher levels
of the Central Rhodope metamorphic complex. The
lower boundary with the higher-grade Arda unit is
the Middle Rhodopian detachment, while the upper
boundary with Parvenets complex (Thracian Unit)
is covered by younger sediments (Ivanov et al.,
2000). Burg (2012) refers the Asenitsa unit to the
Imbricated gneiss and gneiss-marble units between
Lower and Upper terranes. The lower part of the
unit is orthogneisses dominated. The orthogneisses
are mainly two-mica and leptitoid with crustal geo-
chemical features (Cherneva et al., 2008) and Juras-
sic protolith age (150 Ma, von Quadt et al., 2006).
The para-metamorphic sequence occupies the up-
per levels of the metamorphic pile and comprises
kyanite-staurolite-garnet schists, calc-schist, mica
gneisses, minor amphibolites and massive marbles
on the top (Ivanov et al., 1984).
Kyanite-staurolite-garnet schists from the Asen-
itsa unit are also known as a part of the Byala
Cherkva Formation (Ivanov et al., 1984). Kozhouk-
harov et al. (1960) gave the first more detailed pet-
rographic and geochemical data from prospecting
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works in area. Guiraud et al. (1992) modeled petro-
genetic grids for metapelites with different bulk
composition (including carbonate-bearing) and
define the peak metamorphic conditions at 550 °C
and 1.3 GPa. Excluding these pioneering works, the
metapelites from the Asenitsa unit remain out of the
focus of further research. Detrital zircon population
is inherited from a magmatic protolith of Jurassic
age (144-146 Ma, Georgieva et al., 2019).

Petrography

Variations in the mineral modal composition of
metapelites from the Asenitsa unit are significant.
In some samples, kyanite, or garnet or staurolite
are the main minerals, quartz and white mica in the
matrix are also in varying proportions. Kozhouk-
harov et al. (1960) distinguished two mineral as-
sociations: staurolite-kyanite and garnet-staurolite
schists. In first association, the garnet is scarce,
while in the second it appears as big porphyrob-
lasts. In our study, we distinguished three types of
metapelites: kyanite, staurolite and garnet schists:
1) Kyanite schists are composed of abundant ky-
anite elongated subparallel to the foliation (Fig. 1a).
Some grains are banded with numerous rutile in-
clusions, defining an oblique inner foliation. Stau-
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rolite forms small anhedral grains stocked in de-
formed bands or euhedral crystals in quartz or in
muscovite-rich matrix. Garnet fragments are rare
and oxidized. Muscovite overgrowed kyanite dur-
ing the retrograde stage. The typical association is
kyanite-quartz-rutile; 2) Staurolite schists consist of
staurolite, muscovite, chlorite, quartz and opaque
minerals. Staurolite shows varying modal composi-
tion and in some forms clusters of subhedral grains
(Fig. 1b). Chlorite is presented in the matrix as syn-
to post-kinematic flakes and is more abundant,
when the modal proportion of staurolite is lower.
Despite the high variation in mineral composition
neither kyanite nor garnet are present in these sam-
ples. The typical mineral association is staurolite-
muscovite-quartz and late chlorite; 3) The presence
of big garnet porphyroblasts (~6 mm) is the most
impressive feature of the third type of metapelites.
Some garnets have massive core with inclusions of
chloritoid and skeletal rims with abundant quartz
and muscovite (Fig. 1c). Kyanite and staurolite
fragments in the matrix are replaced by chlorite
and muscovite. The foliation penetrates the garnet
rims and envelops the remnants of kyanite, stau-
rolite and smaller garnets, indicating an intensive
deformation and fluid infiltration at low tempera-
ture. The typical mineral association is garnet-mus-
covite-quartz.
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The three types of metapelites reflect different
stages of their metamorphic evolution from kyanite-
to staurolite- and garnet-dominated mineral assem-
blages. It is difficult to estimate the role of protolith
composition for the formation of the mineral asso-
ciations, as during the retrograde stage muscovite,
chlorite and quartz have intensively replaced the
index minerals.

Geochemistry

Metapelites from the Asenitsa unit were analysed
for major and trace elements to unravel their prov-
enance and tectonic setting. We selected 11 samples
from the three types of metapelites and we found
significant variety in all major elements. For SiO,
the studied samples show a wide range from 45 to
67 wt%. The highest values of SiO, (62—-67 wt%) in
garnet-quartz-muscovite schists reflect the abundant
quartz content and respectively few Al-rich miner-
als (ALO, 16-18 wt%). Kyanite schists have the
highest Al,O, content up to 38 wt%. For the stauro-
lite- and garnet-bearing schists are typical low K,O
(~1-2 wt%) and high Fe,O," (~8—11 wt%) content
with some variation in the groups. Increase in K,0
content for these two groups is observed when more
muscovite and quartz are present in the matrix.
The low K,O and Fe,O,* values in kyanite schist
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Fig. 1. Photomicrographs in transmitted light (a—c): a, banded kyanite porphyroblasts with subhedral staurolite grains in quartz-
muscovite matrix, kyanite-quartz-rutile schist; b, cluster of subhedral staurolite grains in muscovite-quartz-chlorite matrix, stauro-
lite-muscovite-quartz schist; ¢, skeletal rim of a garnet porphyroblast, garnet-muscovite-quartz schists; d, Log (SiO,/Al,O;) versus
log (Fe,0,/K,0) classification diagram of Herron (1988) for terrigenous sandstones and shales; e, Th-Sc-Zr/10 discrimination

diagram of Bhatia and Crook (1986).
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(~1 and 4-5.5 wt%) reflect the low proportions of
staurolite and secondary muscovite. The low con-
tents of K,0, Na,O (0.4—4.8 wt%) and CaO (0.4—
1.4 wt%) reflect in high CIA (70-93) but the mo-
bility of these elements during metamorphic reac-
tions is significant. Although the high variations of
major elements, on the Herron (1988) classification
diagram the metapelites fall into Fe-shale and shale
fields (Fig. 1d). The sum of REE in metapelites also
varies in the range from 54 to 254 ppm, negative or
no Eu anomaly (Eu,/Eu,*=0.60-0.98) and slightly
fractionated LREE to HREE pattern (La,/Lu, from
1.3 to 11.7). The lowest XREE content, U-shaped
chondrite-normalised pattern and no Eu anomaly is
typical for garnet schists with abundant quartz and
muscovite present in the matrix. HFSE are often
considered immobile during metamorphism but we
found significant variation in the trace component
variation in three groups of metapelites. The Th/Sc
ratio varies from 3.4—4 in kyanite schists, 1.2 (aver-
age from 7 samples) in staurolite-rich schists to 0.4
in rocks with big garnet porphyroblasts. Although
the observed variations, on the Th-Sc-Zr (Fig. le)
and Th/Zr-La/Sc discrimination diagrams of Bhatia
and Crook (1986), most of the samples cluster in
continental island arc and active continental margin
fields.

Conclusions

The studied metapelites from the Asenitsa unit show
high variability in mineral, bulk chemical and trace
element composition. Based on the typical mineral
association, three types of metapelites were distin-
guished: kyanite, staurolite and garnet schists. The
presence of relict minerals and abundant quartz,
muscovite and chlorite during the retrograde P-T
path suggests a mobility of some major and trace
elements. The variations in mineral and chemical
composition prevent the accurate interpretations of
the role of weathering conditions and source materi-
als for formation of different mineral associations in
studied metapelites. Discrimination diagrams based
on immobile trace elements indicate continental is-
land arc or active margin setting of deposition of
material with crustal geochemical features.
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