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Abstract. Numerous Eocene and Oligocene volcanic tuff layers within the Eastern, Central and Southern Europe
sedimentary basins attest to extensive volcanic activity. Tephra dispersal of these tuffs covers areas of more than
1 000 000 km?, and the volume of erupted material to 1000° of cubic kilometers. The sources of the eruptions, how-
ever, remain unknown. Using precise “°Ar/*’Ar and U-Pb radiometric dating, we correlate some of these tuff layers
to three silicic Rhodope Massif Rupelian (early Oligocene) supereruptions dated at 33.2 Ma, 32.8 Ma and 31.6 Ma
and named Dazhdovnitsa, Borovitsa and Perelik. Hence, these tuff layers can now be used as regional stratigraphic
isochronous marker horizons for correlating, dating and synchronizing deposits and events in geologic and paleoen-
vironmental studies.
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Introduction

Large explosive volcanic eruptions, producing
>1000 km® of tephra, cover continental scale areas
with ash-flow and fallout deposits. The ash fall beds
from such eruptions are widely used as chronologi-
cal markers as they often can be correlated within
and between sedimentary basins, providing geosci-
entists with important information on the eruptive
volumes, magnitude and ages of individual erup-
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tions. Among the mineralogical, geochemical and
stratigraphic methods, precise age dating remains
the most powerful tool that can help in linking the
proximal ignimbrites with the distal deposits.

Over the last century, many volcanic tuff lay-
ers have been reported either in outcrops or drill
holes in numerous upper Eocene—lower Oligocene
south Tethyan basins in Italy (Coccioni et al., 2008
and references therein) in the Central and Eastern
Paratethys in Hungary (Baldi, 1984; Danisik et
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al., 2015) and Thrace basin in Turkey (Okay et al.,
2019; 2023), Limnos island in Greece (Innocenti et
al., 2009) and Russia (van der Boon et al., 2019).
The sources of these deposits remain largely un-
known. Our review on the literature showed that the
only extensive volcanism in the region at that period
was the one in the Rhodope Massif, South Bulgaria.
Rupelian pyroclastic and ignimbrite eruptions were
described in the Rhodopes since the beginning of
60s (e.g. Ivanov, 1960; Goranov, 1960; Yanev,
2007, 2017; Ivanova et al., 2012, etc.). Three of
them, named here Dazhdovnitsa, Borovitsa and Per-
elik (the last one is formerly known as 3 separate
units Bratsigovo-Dospat, Smolyan and Vitina), are
of size that can be categorized as supereruptions and
their products should have been widely dispersed
outside Bulgarian territory.

In this study we provide new precise “°Ar/*Ar
sanidine and biotite ages, as well as U/Pb zircon
ages and literature data in an attempt to correlate
the three Rupelian Rhodope ignimbrites with their
coeval tephra deposits from surrounding sedimen-
tary basins.

Analytical methods

Sanidine, biotite and zircon were separated from
collected samples from the three volcanic units.
Sanidine and biotite were dated using “*Ar/*’Ar sin-
gle crystal laser fusion or incremental heating at the
Ar Geochronology Laboratory of the University of
Wisconsin, using the MAP 215-50 mass spectrom-
eter and the Nu Instruments Noblesse 5-collector
spectrometer, and the multicollector Thermo Scien-
tific Argus VI mass spectrometer at the University
of Geneva. U-Pb zircon dating was performed at the
LA-ICP-MS laboratories of the Geological Institute
of BAS and at ETH Ziirich.

Age data and distribution of the ignimbrites
and fallout

Dazhdovnitsa eruption. In the earliest studies of
the Rhodope volcanism this eruption was known as
the First acid volcanism (Ivanov, 1960; Goranov,
1960). Detailed description of its volcanic prod-
ucts in the Eastern Rhodope is made by Yanev
(2007), who denoted it as a new lithostratigraphic
unit, named Dazhdovnitsa Formation. The type lo-
cality of the formation is 120 m thick deposits of
ignimbrites and air fall tuffs located at the SE rim
of the large 34/15 km Borovitsa caldera (Yanev,
2017 and references therein). Yanev proposed that
it is the result of four volcanic phases that gener-
ated pyroclastic flows (both ash and pumice), ac-
companied by pyroclastic fallouts. However, since
the entire section is separated only by a thin volca-
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no-sedimentary layer, we interpret the eruption as
the result of two consecutive eruptions, divided by
short time break.

Ages of Dazhdovnitsa ignimbrites. First *Ar/*Ar
ages for the eruption are published by Marchev and
Singer (2002). The age of (32.53+0.20 Ma), recalcu-
lated using astronomically calibrated Fish Canyon
sanidine standard (FCs) age of 28.2014+0.022 Ma
(Kuiper et al., 2008), gave an age of 33.23+0.18 Ma.
The newest 3 precise “Ar/*’Ar from the type lo-
cality, yielded ages of 33.167+0.040 Ma and
33.176+0.041 Ma from the lower eruption and
33.050+0.039 Ma from the upper eruption. A slight-
ly older age has been obtained from Bryagovets ig-
nimbrite (33.376+0.034 Ma), which suggests multi-
ple explosive episodes.

Mid-distance deposits. To these deposits we re-
fer ash material in the Varna Mn deposit, and Turk-
ish and Greek Thrace basin, located 200-300 km
from Borovitsa. Ash from the Mn deposit yielded
a sanidine “Ar/*Ar age of 33.380+0.078 Ma. The
deposits in Turkish Thrace basin and Greek island
of Lemnos are represented by two tuff beds sepa-
rated by 5-10 m turbidites, which confirms the two-
stage character of the Dazhdovnitsa eruption. The
upper tuff bed in the Turkish Thracian basin yielded
a “YAr/YAr age of 33.185+0.047 Ma, whereas the
lower bed in Limnos gave U-Pb zircon ages of
33.38+0.37 Ma and 33.31+0.61 Ma (Marchev et al.,
2021), identical within the error to the age obtained
for the ignimbrites.

Distal deposits. These deposits lie at a distance
more than 800—1300 km. Such deposits have been
identified in Italy, Hungary and northern Cauca-
sus, Russia. A biotite from a thin tuff layer from
the Monte Cagnero section in the Umbria-Marche
basin in Italy has been astronomically dated at
33.3 Ma. Biotite from airfall tuffs sampled from
a borehole core in the Pannonian basin yielded
33.7£1.0 Ma using K-Ar method (Balogh, Pécskay,
2001). The most remote precisely dated outcrop of
ash, ~1300 km NE of Borovitsa, is from the Belaya
River, northern Caucasus, Russia, which yielding
an biotite “*Ar/*Ar age of 33.2+0.34 Ma (van der
Boon et al., 2019).

Borovitsa eruption. Borovitsa eruption, known
as Plazishte formation (Ivanova et al., 2012), is the
second large eruption in the Eastern Rhodopes. A
voluminous part of the erupted ignimbrites fill the
Borovitsa caldera. Best extracaldera outcrops can
be seen at the edge of the caldera, however, the
most detailed description of the erupted ignimbrites
and ash-fall deposits have been made in the out-
crops close to the village of Plazishte (Ivanova et
al., 2012). The thickness of the section here is 60 m.
The preliminary calculation of the volume of the
erupted material is ~1000 km?.



Age of the Borovitsa eruption. The first pre-
cise data of proximal deposits of the eruption are
published by Singer and Marchev (2000) and
Moskovski et al. (2004). Recalculations of these
ages, using the astronomically calibrated FCs age
of 28.201+0.022 Ma, are 32.85+0.16; 32.69+0.12
and 32.97+0.14 Ma. Here we provide new high-
precision ages of 32.662+0.041; 32.71+0.16;
32.68+0.16 Ma of samples from different localities
in the Eastern Rhodopes, along with an intracaldera
ignimbrite age from Belintash of 32.77+0.13 Ma.

Mid-distance deposits. A tuff, ~6 m thick, was
described by Innocenti et al. (2009) at the Limnos Is-
land in Greece, ~200 km S of the Borovitsa caldera.
Recently, it was correlated with the Borovitsa erup-
tion on the basis of two U-Pb zircon ages of 32.6+0.4
and 32.9+0.5 (Marchev et al., 2020). Here, we pro-
vide a new precise “Ar/*Ar (32.781+0.039 Ma)
and less precise U-Pb (32.67+£0.41 Ma) from a tuff
bed from the village of Kiyikdy (Turkey). Four
U-Pb zircon ages from tuffs within Ganos turbid-
ites in the Thrace basin fall in the range 32.4+0.7
—32.6+£0.4 Ma data (Okay et al., 2023).

Distal deposits. Ages from tuffs comparable to
the Borovitsa eruptions have been previously dated
with zircon U-Pb from drillholes in the Pannon-
ian basin (32.72+0.15; Danisik et al., 2015). Three
new U-Pb zircon ages (32.49+0.65; 32.02+1.2;
32.284+0.32 Ma) have been obtained from another
drill core in this study, which are in good agreement
with the other ages.

Perelik eruption. The three large scattered out-
crops of crystal-rich rhyodacitic ignimbrites (Brat-
sigovo-Dospat, Perelik and Kotili-Vitina) in the
Central Rhodopes, previously have been consid-
ered as different eruptions. The space covered by
these ignimbrites has been estimated at 700 km?,
220 km? and 350 km? and volumes 200 km?, 65 km?
and 105 km?, respectively, an average thickness of
~300 m (Harkovska et al., 1998).

Age of the Perelik ignimbrite. Filipov et al.
(2017) published the first more precise U-Pb zir-
con ages for the Bratsigovo-Dospat locality of
30.93+0.28 Ma and 30.55+0.25 Ma. More re-
cent U-Pb zircon age from the same locality gave
31.634+0.40 Ma (Marchev et al., 2022). New high-
precision single-crystal fusion analyses from Perelik
yielded a multi-modal distribution with dates rang-
ing from 31.539+0.028 Ma to 31.884+0.030 Ma.
The measurement of the same sample in Geneva
lab yielded weighted plateau of 31.56+0.16 Ma and
total fusion age of 31.57+£0.16 Ma. The Vitina part
was dated with zircon U-Pb method which gave an
age of 31.71+£0.43 Ma.

Proximal and distal deposits. The ages of seven
tuff samples, dated with zircon U-Pb method from
different parts of the Thrace basin in Turkey, range

between 31.7+0.4 and 30.4+0.8 Ma (Okay et al.,
2023), and fall in the range of Perelik ignimbrite.
Distal biotite-bearing layer in the Contessa quarry
in Italy, yielded U-Pb zircon ages of 31.4+0.14 Ma
(Oberli, Meier, 1991), identical to the “°Ar/°Ar
age of 31.5+0.2 Ma from a tuff layer from Monte
Cagnero (Coccioni et al., 2008). Our zircon U-Pb
ages from Pannonian drillhole (31.56+0.62 and
31.31+0.38 Ma) are in agreement with the other
ages.

Conclusions

Using our new “°Ar/*Ar sanidine and U-Pb zircon
ages from Rhodope Massif ignimbrites and fall de-
posits, correlations are made with previously and
newly dated tuff layers in the Central and Eastern
Paratethys and South Tethyan basin in Italy. These
correlations show that at least three eruptions de-
rived from the Rhodope Massif thus resolving a
long-standing question about the source of these
deposits. These large silicic eruptions in the Rho-
dope Massif lasted about 2 Ma, bracketing a flare-
up period between 33.2 and 31.6 Ma. The ejected
material covered areas of more than 1 000 000 km?
and the volume of erupted material of 1000° cubic
kilometers. Therefore, these eruptions can be cat-
egorized as supereruptions and can be used as a cor-
relation tool for creation of a regional stratigraphic
scheme for that time interval in the Central and SE
Europe.

Acknowledgements: This work is supported by
the Bulgarian NSF, Grant KP-06-N24/3, National
Scientific Program “Environmental Protection and
Reduction of Risks”, D01-271/09.12.2022 and the
seed funding of Fonds Katzarovi.

References

Baldi, T. 1984. The terminal Eocene and Early Oligocene
events in the Hungary and the separation of an anoxic, cold
Paratethys. — Eclogae Geol. Helv., 77, 1, 1-27.

Balogh, K., Z. Pécskay, 2001. K/Ar and Ar/Ar geochronologi-
cal studies in the Pannonian-Carpathians-Dinarides (PAN-
CARDI) region. — Acta Geologica Hungaica, 44, 2-3,
281-299.

Coccioni, R., A. Marsili, A. Montanari, A. Bellanca, R. Neri,
D. Bice, H. Brinkhuis, N. Church, A. Macalady et al. 2008.
Integrated stratigraphy of the Oligocene pelagic sequence
in the Umbria-Marche Basin (northeastern Apennines,
Italy): A potential GSSP for the Rupelian/Chattian bound-
ary. — GSA Bulletin, 120, 487-511; https://doi.org/10.1130/
B25988.1.

Danisik, M., L. Fodor, 1. Dunkl, A. Gerdes, J. Csizmeg, M. Ha-
mor-Vido, N. J. Evans. 2015. A multi-system geochronol-
ogy in the Ad-3 borehole, Pannonian Basin (Hungary) with
implications for dating volcanic rocks by low-temperature
thermochronology and for interpretation of (U-Th)/He
data. — Terra Nova, 27, 258-269; https://doi.org/10.1111/
ter.12155.

119


https://doi.org/10.1130/B25988.1
https://doi.org/10.1130/B25988.1
https://doi.org/10.1111/ter.12155
https://doi.org/10.1111/ter.12155

Filipov, P., P. Marchev, 1. Peytcheva, A. von Quadt, S. Geor-
giev. 2017. Bratsigovo-Dospat volcanic area (Central Rho-
dopes, Bulgaria) — the link between East and West Rhodope
magmatism in late Paleogene. — In: Proceedings of the 34
International Conference GEOKHI RAS. Miass, 4-9 Au-
gust 2017, 72-74.

Goranov, A. 1960. Lithology of the Paleogene deposits in a part
of the Eastern Rhodopes. — Trudove varhu Geologiata na
Bulgaria, Seria Geohimia y Polezni Izkopaemi, 1,259-310
(in Bulgarian with English abstract).

Harkovska, A., P. Marchev, Ph. Machev, Z. Pecskay. 1998.
Paleogene magmatism in the Central Rhodope area, Bulgaria
—areview and new data. — Acta Vulcanol., 10, 199-216.

Innocenti, F., P. Manetti, R. Mazzuoli, P. Pertusati, M. Fytikas,
N. Kolios, G. Vougioukalakis, N. Androulakakis, S. Cri-
telli, L. Caracciolo. 2009 Geological map (scale 1:50 000)
of Limnos Island (Greece): Explanatory notes. — Acta Vul-
canol., 21,1-2,123-134.

Ivanov, R. 1960. Magmatism in the East Rhodope Paleogene
depression. Part 1. — Travaux sur la Géologie de Bul-
garie. Série de Géochimie et des Gites Métalliferes et
Non-Métalliferes, 1,311-387 (in Bulgarian with German
abstract).

Ivanova, R., Y. Yanev, L. Mashiels, J. Elsen. 2012. Eruptive
history and source area of 2-nd Rupelian acid phase volcan-
iclastics from northern parts of Dzhebel depression (Eastern
Rhodopes, South Bulgaria) as inferred from the pyroclastic
stratigraphy and petrography. — Rev. Bulg. Geol. Soc., 73,
1-3, 41-67.

Kuiper, K., A. Deino, F. Hilgen, W. Krijgsman, P. R. Renne,
J. R. Wijbrans. 2008. Synchronizing rock clocks of his-
tory. — Science, 320, 500-504; https://doi.org/10.1126/sci-
ence.1154339.

Marchev, P., B. Singer. 2002. **Ar/*’Ar geochronology of mag-
matism and hydrothermal activity of the Madjarovo base-
precious metal ore district, eastern Rhodopes, Bulgaria.
— Geol. Soc. London Sp. Publ., 204, 137-150; https://doi.
org/10.1144/GSL.SP.2002.204.01.09.

Marchev P., R. Raicheva., R. Ivanova, V. Grozdev. 2020. Zir-
con U-Pb age of a tuff layer from Eocene—Oligocene Fissi-
ni-Sardes unit, Lemnos Island (Greece) and its relationship
with the Eastern Rhodope volcanic eruption. — C. R. Acad.
Bulg. Sci., 73, 12, 1720-1728; https://doi.org/10.7546/
CRABS.2020.12.12.

Marchev, P.,R. Raicheva, R. Ivanova, L. Peytcheva, V. Grozdev.
2021. Early Oligocene supereruption in SE Europe outlined

120

by 33.3 Ma U-Pb ages for Lemnos tuff and correlation with
regional ash deposits. — C. R. Acad. Bulg. Sci., 74, 3, 396—
405; https://doi.org/10.7546/CRABS.2021.03.11.

Marchev P, R. Raicheva, S. Georgiev, 1. P. Savov, D. Jelev.
2022. Formation of ultrapotassic magma via crustal con-
tamination and hybridization of mafic magma: an exam-
ple from the Stomanovo monzonite, Central Rhodope
Massif, Bulgaria. — Geol. Mag., 159, 1, 81-96; https://doi.
org/10.1017/S0016756821000868.

Moskovski, S., V. Karloukovski, Z. Milakovska, A. Harkovs-
ka, M. Pringle. 2004. Lithological and magnetostratigraph-
ic correlation of Paleogene sections from the Eastern Rho-
dopes (SE Bulgaria). — Geol. Carpathica, 55, 3, 251-260.

Oberli, F., M. Meier. 1991. Age of Eocene—Oligocene bound-
ary in the Marche-Umbria basin, Italy, by high resolution
U-Th-Pb dating. — Terra, 3, 286.

Okay, A. 1, E. Ozcan, A. Hakyemez, M. Siyako, G. Sunal, A.
Kylander-Clark. 2019. The Thrace Basin and the Black
Sea: the Eocene-Oligocene connection — Geol. Mag., 156,
39-61; https://doi.org/10.1017/S0016756817000772.

Okay, A. 1., E. Ozcan, M. Siyako, K. A. Biirkan, A. Kylander-
Clark, M. Bidgood, D. Shaw, M. Simmons. 2023. Thrace
basin — An Oligocene clastic basin formed during the
exhumation of the Rhodope Complex. — Tectonics, 42,
€2023TC007766; https://doi.org/10.1029/2023TC007766.

Singer, B., P. Marchev. 2000. Temporal evolution of arc
magmatism and hydrothermal activity, including epither-
mal gold veins, at Borovitsa caldera, southern Bulgaria.
— Econom. Geol., 95, 1155-1164; https://doi.org/10.2113/
gsecongeo.95.5.1155.

van der Boon, A., R. van der Ploeg, M. J. Cramwinckel, K.
Kuiper, S. Popov, I. Tabachnikova, D. Palcu, W. Krijgs-
man. 2019. Integrated stratigraphy of the Eocene—Oli-
gocene deposits of the northern Caucasus (Belaya River,
Russia): Intermittent oxygen-depleted episodes in the Peri-
Tethys and Paratethys. — Palaeogeogr. Palaeoclimatol.
Palaeoecol., 536, 109395; https://doi.org/10.1016/j.pal-
ae0.2019.109395.

Yanev, Y. 2007. Lower Oligocene Dazhdovnitsa Formation
(new Formation) in the Eastern Rhodopes: description and
volcanological interpretation. — Rev. Bulg. Geol. Soc., 68,
1-3, 131-142.

Yanev, Y. 2017. On the geology and volcanology of the Paleo-
gene Borovitsa caldera and its frame (Eastern Rhodopes,
Bulgaria). — Rev. Bulg. Geol. Soc., 78, 1-3,97-128 (in Bul-
garian with English abstract).


https://doi.org/10.1126/science.1154339
https://doi.org/10.1126/science.1154339
https://doi.org/10.1144/GSL.SP.2002.204.01.09
https://doi.org/10.1144/GSL.SP.2002.204.01.09
https://doi.org/10.7546/CRABS.2020.12.12
https://doi.org/10.7546/CRABS.2020.12.12
https://doi.org/10.7546/CRABS.2021.03.11
https://doi.org/10.1017/S0016756821000868
https://doi.org/10.1017/S0016756821000868
https://doi.org/10.1017/S0016756817000772
https://doi.org/10.1029/2023TC007766
https://doi.org/10.2113/gsecongeo.95.5.1155
https://doi.org/10.2113/gsecongeo.95.5.1155
https://doi.org/10.1016/j.palaeo.2019.109395
https://doi.org/10.1016/j.palaeo.2019.109395

