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Introduction

During the late Eocene—early Oligocene, the Rho-
dope Massif was the site of intensive late-to post-
collisional volcanism. A series of voluminous si-
licic eruptions produced ash fall and pyroclastic
flow deposits that cover vast areas in the Central and
Eastern Rhodopes. For 60 years now, these deposits
have been used as prominent stratigraphic markers
in the Eastern Rhodopes (Ivanov, 1960). Tradition-
ally, three main phases of explosive volcanic activ-
ity are distinguished, designated as First, Second
and Third acid volcanism, respectively (FAV, SAV,
TAV) (e.g.,Yanev et al., 1998), with FAV and SAV
originating from the Eastern Rhodopes and TAV
originating from the Central Rhodopes. Previous
K-Ar dating suggested that this volcanism occurred
at 34, 33-32 and 31-30 Ma, respectively (Yanev et
al., 1998). Later more precise “°Ar/*’Ar data on sani-
dine and biotite and zircon U-Pb data constrained
the ages of FAV, SAV and TAV at 33.23-33.75 Ma,
32.5-32.9 Ma, and 31.8 Ma, respectively (Marchev
etal., 2019).

The SAV, which originates from the Eastern
Rhodope Borovitsa volcano, is considered the larg-
est volcanic eruption in the Rhodopes. The erup-
tion produced 1000 km’ volcanic material and
resulted in the formation of a large 34x15 km cal-
dera (Ivanov, 1972). Recently Yanev (2017) char-
acterized the Borovitsa volcano as a supervolcano,

whereas Marchev et al. (2019) described new re-
mote deposits of the eruption and categorized it as
a supereruption.

Eruptive products of the FAV in the Eastern
Rhodopes are also well recognized. The stratotype
of the eruption, named Dazhdovnitsa Formation
(Yanev, 2007), is located close to the rim of the
Borovitsa caldera, It is represented by 120 m out-
crop of alternating ash and pumice tuffs and weak-
to medium-welded ignimbrites. The thickness of
the Eastern Rhodope deposits diminishes gradually
away from Borovitsa, but in most locations it re-
mains several tens of meters. The deposits of this
volcanism outside the Rhodopes, however, are to-
tally unknown. Here we present for the first time
precise age data for the pyroclastic material outside
of the Rhodopes taken from Varna Mn region and
island of Lemnos in Greece, along with ignimbrites
from the Eastern Rhodopes. We combine these data
with published age and stratigraphic data for tuffs
from other localities in order to understand the re-
gional dispersal of the volcanic ash and to evaluate
the scale of eruption.

Description of the deposits
and sampling

Samples for the FAV from the Eastern Rhodopes
were taken from ignimbrite outcrops close to the
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villages Kovil and Bryagovo (Plovdiv district). The
Kovil ignimbrite consists of two medium welded
pyroclastic flows separated by a layer enriched in
metamorphic lithics at the base of the upper flow.
The two flow units have similar composition, com-
prising large (up to 6 cm) pumice clasts, shards and
crystal clasts of plagioclase, sanidine quartz, am-
phibole, clinopyroxene, biotite and magnetite. The
ignimbrite of Bryagovo is nonwelded, composed of
pumices, ash and rare large perlite (up to 50 cm) and
rhyolite clasts and crystal clasts of plagioclase, sani-
dine, quartz, biotite, magnetite and rare amphibole.

Material for dating from Varna manganese re-
gion was taken from two localities. The first locality
is near the village of Pripek. It represents several
thin tuffite layers in the Mn ore. The dated tuffite is
composed of terrigenous (plagioclase, K feldspar,
quartz, muscovite, epidote) and volcanogenic (pla-
gioclase, sanidine, biotite, amphibole, clinopyrox-
ene) crystal clasts. The second sample comes from
the collection of L. Vasilev, Geological Institute,
Bulgarian Academy of Science (GI, BAS). It repre-
sents a manganese ore from Obrochishte mine con-
sisting of brown Mn carbonate pisolites hosted in
a grey clay mesostasis which contain large volume
of volcanogenic (amphibole, biotite, clinopyroxene,
plagioclase, sanidine, quartz and glass) and terrig-
enous (plagioclase, K feldspar, quartz, muscovite)
crystals.

The locality in the Greek Island of Lemnos oc-
curs at St. Sozon Cape in the SE part of the island. It
represents two 6—7 m tuff beds separated by 6—7 m
of sediments from the Priabonian—Rupelian Fissi-
ni-Sardes unit. The dated sample is taken from the
lower and upper part of the lower tuff layer. It is
composed of large (up to 2 mm) crystals and frag-
ments of plagioclase, amphibole, biotite, magnetite,
quartz and rare sanidine, comprising about 60—70%
of the rock set in the predominantly clay matrix.

Samples, analytical methods
and results

The samples from Kovil, Bryagovo, Pripek and
Obrochishte were dated by “Ar/*’Ar dating of K
feldspar separated and analyzed using the Noblesse
multicollector mass spectrometer in the University
of Wisconsin-Madison, USA. Zircon from the Lem-
nos Island sample was dated by U-Pb method using
the LA-ICP-MS equipment at the Geological Insti-
tute, BAS, Sofia.

Separated K feldspar grains from Kovil (sam-
ple BG25b), and Briagovo (sample BGla) was
pure sanidine (125—-180 my), which yielded ages of
33.376+0.034 Ma, and 33.303+0.044 Ma, respec-
tively. Eight sanidine crystals from Pripek (sample
Bg27d) gave an age of 33.309+0.057 Ma, closer
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to the age of Briagovo sample. K feldspar crystals
separated from sample Bg50 were predominantly
terrigenous microcline and orthoclase with only one
sanidine crystal which gave an age of 33.380+0.078
Ma. U-Pb zircon age of the sample S17 and S14
from island Lemnos yielded concordia age of
33.38+0.37 Ma and 33.31£0.61 respectively, indis-
tinguishable within the error from those obtained
from the “*Ar/*°Ar sanidine ages.

Discussion and conclusions

Previous age data (33.23-33.75 Ma) demonstrated
that the FAV is close to the Priabonian—Rupelian
boundary. Although the stratigraphic studies in Var-
na Mn deposits (300 km NE) and Lemnos Island
(200 km south) from the stratotype locality showed
that their eruptive materials are also close to the Pri-
abonian—Rupelian boundary (Aleksiev, 1959; Inno-
centi et al., 2009), the lack of age data did not allow
their direct correlation with the FAV eruption. The
newly obtained precise “’Ar/*Ar and zircon U-Pb
age data clearly show that the eruption covers a vast
area in Bulgaria and Southern Thracian Basin. Ad-
ditional evidence for the space distribution of the
eruption comes from the age and stratigraphic data
from other remote localities. For example, Balog
and Pecskay (2001) yielded an age of 33.7+1.0 Ma
from a biotite in a tuff layer from Buda Basin, in
Hungary. Okay et al. (2019) reported a U-Pb zircon
age of 33.9+0.4 Ma from a tuff layer near Kiyikdy
in the Turkish Thrace basin. Apart from Varna Mn
region, alteration products of volcanic ash have
been described in all other stratigraphically similar
Parathetis Mn deposits in Ukraine, Georgia, Tur-
key, Slovakia, and Kazakhstan (review in Varent-
sov, 2002). Even the rough calculation for the space
dispersal of this eruption shows that it covered more
than 1 000 000 km?. Thus, our data demonstrate that
the FAV is comparable or even larger than SAV
and it can be categorized as another supereruption.
The FAV and SAV supereruptions highlight the re-
gional geologic importance of these eruptions and
the possibility to use their volcanic products to better
constrain the regional chronostratigraphy in South-
eastern and Central Europe. Finally, the large amount
of the volcanic material from FAV in the manganese
deposit can throw a light on the long standing debate
about the source of metals in the largest Phanerozoic
Mn deposits in the Parathetis region.
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