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Abstract. Metaeclogites from the Devesil Unit, East Rhodopes are studied. Well preserved eclogite paragenesis is
presented by omphacite+garnet+rutile and is obliterated by still high temperature retrograde assemblage of newly
formed garnet, diopside, amphibole, plagioclase, titanite, and quartz. The P-T conditions of the high pressure metamor-
phism are in the range 620—665 °C and 1.8-2.0 GPa, whereas the retrograde stage occurs at temperature 600650 °C
and pressure 0.6-0,8 GPa. Cathodoluminescence images and LA-ICP-MS dating of zircon grains point to multiple
metamorphic origin of the mineral the earliest with Late Permian—Early Triassic age, followed by Early Jurassic and

Early Cretaceous metamorphic events.
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Introduction

The Rhodopes region comprises a complex assem-
bly of allochthonous continental terranes with dif-
ferent composition, age, and metamorphic evolu-
tion, which were derived from successive Alpine
stages of nappe-stacking and post-collisional exten-
sion. Numerous eclogitic boudins and slivers are
scattered throughout these terranes being exhumed
to the Earth’s surface from deep crustal levels or
mantle depths and representing important witnesses
of subduction-collision processes. In the last two
decades plenty of geochronological data have been
collected for high- and ultrahigh pressure rock crop-
ping out in the Rhodopes area, some of which con-
troversial. The use in recent years of microscale dat-
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ing of distinct zircon domains containing relics of
multiple metamorphic events is a key tool to char-
acterize the polyphase evolution of complex meta-
morphic terranes.

In this study, we describe the petrological char-
acteristics of HP mafic rocks from Devesil lithotec-
tonic Unit in the East Rhodopes, zircon U-Pb geo-
chronological data, and P-T conditions of metamor-
phism using conventional geothermobarometry.

Geological setting and petrography

The eclogitic rocks under study are part of the De-
vesil Lithotectonic Unit (DLU) (Sarov et al., 2008),
which is located in the Eastern Rhodopes (Bulgar-
ia). It is built of metagabbro associated with meta-
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plagiogranites, marbles, metapelites with sporadic
thin intercalations of metaquartzites, and lenses of
amphibolized eclogites. The unit is limited at the
bottom and top by ductile shear zones — Kesebir
and Devesil zones, separating it from Kesebir and
Krumovitsa Units, respectively.

Metaeclogites are found as sporadic small blocks
and interlayers within garnet-two mica schists in
several localities of the lower section of the Deve-
sil Unit. They are dark green in color with massive
structure. In the strongly deformed parts monomin-
eralic stripes of fine grained garnet are observed.
The protoliths of metaeclogites are basic magmatic
rocks with MORB characteristics (S10,=44.8—
48.9% and MgO = 5.7-6.7%).

The high-pressure (HP) mineral assemblage
garnet (Grtl)+omphacite (Omp)+rutile (Rt) is pre-
served only in the least retrogressed rocks. Apatite
and zircon are accessory phases. Grtl grains form
small partially rounded porphyroblasts up to 0.2 cm
in diameters, which are rich in numerous inclusions
of omphacite, quartz, rutile and needle-like clusters
of oriented rutile exolutions. Grtl shows prograde
zoning with increase of almandine and pyrope com-
ponents from core towards margins up to 66.4% and
21.3%, respectively and decreasing of grossular in
the same direction from 28.9 to 12.1%. Spessartine
remains relatively constant rapidly increasing at the
rims. In the scarce samples of minor retrogression,
omphacite is by far the dominant eclogite facies
mineral preserved as pale green subhedral grains
both in the garnet porphyroblast and as main ma-
trix constituent. However, in the more intensively
retrogressed domains the mineral is partly or com-
pletely replaced by albite-clinopyroxene (diopside)
symplectites which are a common decompression
feature in HP and UHP eclogites. The Jadeite-com-
ponent of clinopyroxene varies in the range 42.8—
56.70%. Rutile occurs as numerous small grains in
garnet porphyroblasts or in symplectitized matrix
rimmed by sphene and ilmenite. The calculated P-T
conditions of the HP metamorphic stage correspond
to 620—665 °C and 1.8-2.0 GPa.

The retrograde mineral assemblage in more am-
phibolitized domains consists of Grt2+diopside-
plagioclase symplectitestamphibole+plagioclase.
Grt2 forms small idioblastic recrystallized inclu-
sion-free grains. Sometimes Grt2 porphyroblasts
are arranged in monomineralic bands up to 1-2 cm
thick, consisting of anastomousing large monocrys-
taline grains up to 6 mm in length armored by fine-
grained idioblastic individuals. The mineral is al-
most unzoned being rich in spessartine component
(up to 23%) and depleted in pyrope (max 11%), the
grossular minal is in the range 6.2—17.4%. The sym-
plectitic pyroxene is nearly pure diopside with Jd
component 2.4-3.3%, while plagioclase is albitic
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in composition (An, ,,,). Amphibole is common
mineral at advanced stages of retrogression. Dur-
ing this high-temperature amphibolite facies over-
print poikilitic porphyroblasts of large green-yellow
Mg-hornblende are formed containing inclusions of
garnet, clinopyroxene-albite symplectites, quartz
and rutile. The intensely amphibolitized metaeclog-
ite domains consist mainly of atoll-shaped garnet
relics, large amphibole poikiloblasts, plagioclase
and quartz. Calculated P-T conditions of this retro-
grade metamorphic stage are highly limited to 0.6—
0.8 GPa and 620-640 °C.

Zircon internal structure, chemistry,
and U-Pb geochronology

We separated about 90 zircon grains from which
only the half are used for U-Pb LA-ICP-MS dating
and trace element analysis, the others are used for
inclusions study.

Zircon crystals are colorless to pile-yellowish and
transparent with a size of 80-120 um. The grains
are mainly short prismatic to partially rounded or
oval in shape with aspect ratio of 1:2 to 1.5:2. CL
images reveal their complex internal structure with
a broad dark internal parts and thin (up to 10 pm)
bright irregular rims (Fig.1a). Sector and in particu-
lar fir-tree zoning, typical for formation in eclogite/
granulite facies (Schaltegger et al., 1999; Corfu et
al., 2003) is very common feature for dark central
domains of the studied zircons. Some crystals show
partially dissolved or resorbed irregular outlines
around which thin dark shells are formed. The inter-
nal structural features and the smoothed outlines of
zircon crystals suggest high grade metamorphic ori-
gin (Rubatto, Hermann 2003; Bingen et al., 2004)
supported also by their low Th and U contents:
0.3-2.9 ppm for Th and 7.5-68.7 ppm for U, and
thus very low Th/U ratio (0.02—0.08), being much
lower than in igneous rocks (usually >0.1) (Row-
ley et al., 1997; Rubatto, 2002; Bingen et al., 2004;
Wu, Zheng, 2004; Yakymchuk et al., 2018). Low
REE contents and chondrite-normalized REE pat-
terns without negative Eu anomaly (Rubatto, 2002)
is in accordance with their metamorphic origin too.
Moreover, it can also be concluded that zircons are
formed in the presence of garnet and rutile but in
the absence of plagioclase (Hermann et al., 2001;
Rubatto, 2002; Rubatto, Hermann, 2003) that is
under eclogite (or granulite?) facies conditions.
No difference are observed in Th and U contents,
Th/U ratio, and chondrite-normalized REE pat-
terns between different CL zones (cores, rims, and
shells) of zircon grains, i.e. they are chemically
homogenous.

To understand the metamorphic conditions at
which zircons (re)crystallized, we calculated Ti-in-
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Fig. 1. @) CL image of zircon crystal from Devesil metaeclogites with different growth zones. Yellow circles and numbers are
analyses made at Department of Earth Sciences, ETH-Zurich; red numbers are analyses from the Isotope Laboratory at the Geologi-
cal Institute BAS), Sofia; b) Concordia diagram of zircon dark domains cluster at ca. 260 Ma. The small Concordia diagram at the
top right shows various amounts of Pb-loss after ca. 260 Ma. Data plotted below ca. 260 Ma cluster are from rims and shells of old

grains, and newly formed grains.

zircon temperatures, which vary in broad limits
from 568 to 683 °C. This means that mineral forms
in a protracted temperature interval, mainly at the
decompression stage of the metamorphism as pre-
dicted by Kohn et al. (2015) for most zircons from
HP/UHP eclogites.

Mineral and fluid inclusions identified in the
central parts of the zircon grains (e.g. titanite, rutile,
quartz, omphacite, sodium alumina augite, albite,
high-density CO,-rich fluid inclusions), indicate
that at least part of the host mineral was formed
under HP conditions. In addition, linearly arranged
fluid inclusion formed across the grains at the later
more low pressure and low temperature stage of the
metamorphism.

U-Pb dating of zircons from Devesil eclogites
was done at first at the Geological Institute (BAS)
in Sofia using quadrupole-based LA-ICP-MS. Be-
cause of the very low U and Th contents of zircons
additional measurements were made at the Depart-
ment of Earth Sciences, ETH-Ziirich using high
resolution mass spectrometer. The latter analyses
at smaller spot diameter allowed collecting sig-
nal even from the thin outer shells of the zircon
grains. A total of 85 spot analyses were measured on
42 grains, which are scattered along the Concordia
diagram from ca. 270 to 93 Ma (Fig. 1b). A large
cluster of 42 spot analyses is formed around 260 Ma
and several smaller clusters — at 170-180 and at
113-93 Ma. The first one comprises analyses from
the CL-dark domains of the grains including sec-

tor and fir-tree zones. 2°°Pb/?**U age for this group
is 260.3+1.7 Ma (Fig. 1b). The other two clusters
consists of 5 to 10 spots and represent analyses in
the rims and the shells of the grains, respectively as
well as in the new formed grains. We interpret the
age of 260.3£1.7 Ma as time of the HP/HT meta-
morphism. The second cluster may be attributed to
the important for the Rhodopes Jurassic subduction
event and the other scattered spots may be linked
to the opening of the isotope system by subsequent
thermal events during Cretaceous—Paleogene time.

Conclusions

Investigations of metaeclogites from Devesil Litho-
tectonic Unit, East Rhodopes provide new petrologi-
cal and geochronological data for the involvement of
these rocks in Late Permian 260.3+1.7 Ma HP/HT
metamorphic event at 620-665 °C and 1.8-2.0 GPa,
followed by exhumation by near isothermal decom-
pression at temperature 600—640 °C and 0.6-0.8 GPa
pressure. Partial dissolution of old and formation of
new zircon grains suggests that Jurassic—Early Cre-
taceous subduction at 170—130 Ma has had a signif-
icant impact on Devesil eclogites. Additional U-Pb
mineral ages of garnet, rutile, and titanite will help
to bring more reliability in the geological meaning
of the calculated ages.

So far, there are no records of Permian eclogites
in the Rhodopes and neighboring areas, but structur-
al and chemical features of studied zircons as well
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as the composition of fluid and mineral inclusions
allow us to assume their metamorphic high pressure
origin. Liati (2005) and Bauer et al. (2007) report-
ed Permian ages of zircons from West and East
Rhodopes eclogites, respectively 246+4 Ma and
288+6 Ma, measured in oscillatory zoned cores of
the grains and therefore interpreted as protolith ages.
Miladinova et al. (2013) published data for Triassic
in age eclogites (ca. 243 Ma) from Rila Mt. associ-
ating their formation with the southward subduction
of Palaeotethys during Triassic time and contempo-
raneous opening of Neotethys to the south, assum-
ing the subsequent collision processes responsible
for the incorporation of these eclogites in the Upper
Allochthon of the Rhodopes nappe stack.
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