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Acid pyroclastic rocks from the Sheinovets caldera, Eastern
Rhodopes: Lithostratigraphy, characteristics and age
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Abstract. The Sheinovets caldera is located in the easternmost parts of the Eastern Rhodopes Paleogene
volcanic area, beside the border with Greece. The caldera is filled up with more than 1000 m thick sequence
of pyroclastic, epiclastic, and sedimentary rocks crossed by several rhyolite domes. This intracaldera
sequence is divided into 2 informal lithostratigraphic units: sedimentary and pyroclastic. The sedimentary
unit, which consists of sandstones and mudstones, interfingers and is replaced laterally by the lowermost
exposed parts of the pyroclastic unit and is covered by its upper levels. The pyroclastic unit is divided into 2
packets: lower, pumice tuff packet and upper, lithic breccia one. The lower packet consists mainly of
zeolitized ash and lapilli-tuffs with some breccia levels. These rocks are massive, ungraded and poorly sorted
and we suggest that they must have been deposited from subaqueous pyroclastic pumice flows. The upper,
lithic breccia packet consists of coarse-grained clast-supported pyroclastic breccia containing mainly dense
rhyolite fragments. These rocks could have been vent-derived or/and deposited from rock avalanches, formed
during emplacement and growth of rhyolite domes. Volcanic activity began with some high-energetic plinian
phases, resulted in creation of the Sheinovets caldera, continued and terminated with dome formation
(Peléan-type activity). Samples both from the sedimentary and pyroclastic units have been studied for their
nannofossil content. It has been found nannofossil association assigned to NP 21 zone including the topmost
part of Priabonian and the base of Rupelian.
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Pestome. Kanpgepara IlleitHoBer; ce Hamupa B Hal-u3TO4YHaTa 4yacT Ha V3TOUHOpOJOICKAaTa MajgeoreHcKa
ByJKaHCKa obnact. Kannepara e nsnbiHeHa ¢ aedena Hag 1000 m cepust OT THPOKIACTHYHH, CITUKJIACTUIHU
M CEIUMEHTHHU CKaJIM, IpecedeHa OT HIKOJIIKO PHOJUTOBHM Kymosa. Tasu cepusi € pasjueneHa Ha 2
HeoQUIMATHN JIMTOCTpaTUrpaCcKu EIUHHIM: CEIUMCHTHA M MUPOKIACTHYHA. [IbpBaTa, ChCTaBeHA OT
ISICPYHMIM M aJieBPOJIMTH, JIaTepaJHO C€ 3aMecTBa U C€ IIOKpHUBa OT Hal-ZOJHUTE 4YacTH Ha
MUPOKJIACTUYHATa 3apyra. B mocnennara ce 060co0sBaT 2 mauku: I0JHA, HA MIEM30BUTE Ty(H U rOpHA, HA
JUTOKJIACTUYHUTE Opekuu. JlonHaTa mayka € M3rpajeHa OT 3eONUTH3MPaHU MENeNHH U JIAIWINEBU Tyhu c
HUBa OoT Opekun. Te ca macuBHHU, Oe3 rpajanysa Ha KbCOBETE, 3JI€ COPTUPAHHU U BEPOATHO Ca OTJIOKECHH OT
MIOJIBOJTHH, MAPOKIACTHYHH, IEM30BHU MOTOIH. ['OpHATa Mayka € OT TpyOH JIMTOKIACTHYHH OpPEKYH, B KOUTO
KBCOBETE, PUOJHMTOBH MO CHCTaB, NpeobianaBar. Te BepOATHO ca OTKBCHATH OT MPOBOMISNIMS KaHAI HpPU
HM3PUTBAHMATA H/WIIN Ca OTIIOKEHH OT CKAIHU JIABMHU, Bh3HUKHAJH 10 BpeME Ha BHEIPSIBAHETO M PacTekKa Ha
Kynonute. BynkaHckara IeHHOCT € 3aroyHaia ¢ BUCOKOCHEPTHIHHY, TUIMHUAHCKH (a3h, B pe3yNTaT Ha KOUTO
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ce ¢ (opmupana IlleliHoBernkara kannepa. [leiiHocTTa € NpPOABIDKMIA M 3aBbpLIMIA C BHEAPSBaHE Ha

puonuToBuTe Kynonu (Ilenelicku THI aKTUBHOCT).

3a Hanmuuue Ha HaHO(MOCWIM ca W3CJIEABAHM O0pa3ly KaKTO OT CEAMMEHTHATa, Taka U OT CEAUMEHTHH
MPOCIION CpeJl MUPOKIACTHYHATA 33/Ipyra. Y CTaHOBEHOTO CHOOIIECTBO € OTHECEHO KbM 30Ha NP 21, kosTo
oOxBala Hali-rOpHUTE YacTH Ha MPHabOHa U OCHOBATa Ha pyIiela.

Kniouoeu oymu: xucenn NUpOKIaCTUTH, NTAJICOT€H, BAPOBUT HaHOIIAaHKTOH, NP 21, M3tounu Pomonu
Aopec: T'eonoruuecku HHCTUTYT, bbarapcka akagemus Ha naykute, 1113 Codus, benrapus

Introduction

The object of this study is the pyroclastic suc-
cession infilling a volcanic structure situated in
the easternmost parts of the Eastern Rhodopes
Paleogene volcanic area, about 10 km south-
west of Svilengrad, to the south of the villages
Malko-Gradishte and Mezek (Fig. 1a). To the
east the studied field continues in Greece
(Filippidis et al., 1995).

It is known as Malko-Gradishte volcano
(Ivanov, 1960), Valche-Pole (Yanev et al.,
1983) or Sheinovets dome-cluster located
within a caldera of the same name (Yanev,
1995, 1998). Through the post-Paleogene tec-
tonic movements the caldera was broke up and
only a part of it, included in the Ibredjek horst,
is exposed nowadays. The Ibredjek horst is a
submeridional structure developed between
Lozen and Bryagovo depressions
(Kozhoukharov et al., 1995). The northern
Lozen depression is filled with Neogene
(Ahmatovo Formation) and Quaternary de-
posits. To the south, within the Bryagovo
depression, the rocks of Valche-Pole Molasse
Formation (Upper Oligocene-Miocene [?]) are
exposed. These younger sedimentary rocks
cover north and south margins of the Shei-
novets caldera and only south-western part of
caldera fault is possible to be seen now; it is
best exposed to the west of Sheinovets peak
(Fig. 1a).

The Sheinovets caldera is filled up with a
very thick (more than 1000 m) sequence of
pyroclastic, epiclastic and sedimentary rocks
crossed by several rhyolite domes with zeo-
litized perlite peripheries forming the Shei-
novets dome-cluster (Fig. la). A few sub-
meridional rhyolite dykes are intruded along
the south margin of now exposed part of the
caldera. Mainly Upper Eocene sedimentary

rocks and metamorphites from the basement of
the Paleogene depression are outcropped
within the Ibredjeck horst (Boyanov et al.,
1963; Kozhoukharov et al., 1995), to the west
of the caldera fault. To the southeast of Malko-
Gradishte village the Upper Eocene conglom-
erates and sandstones are cut by plenty of
strongly altered sill-like rhyolite bodies and
dykes (not shown in Figure 1a).

The aims of this research are to character-
ize the pyroclastic rocks, to fix the chronostra-
tigraphic position of the intracaldera sedimen-
tary and epiclastic rocks in the Paleogene
section and to determine the succession and
type of the volcanic events.

Previous works

There are no many detailed descriptions of this
most eastern manifestation of the Paleogene
volcanic activity in Bulgaria. Based upon a
characteristic fossil assemblage Boyanov et al.
(1963) assign the sedimentary rocks from the
studied field to the IV™ horizon of Priabonian.
In limestone breccia south of Malko-Gradishte
village were found the following species':
Nummulites fabiani (Prever) A, B, Nummulites
chavannesi de la Harpe, Nummulites striatus
(Brug), Discocyclina augustae Von der
Weijden, Discocyclina merthae
(Schlumberger), Asterocyclina stella Gumbel.
About the thick pyroclastic sequence

! Boyanov, 1., P. Mavroudchieva, M. Ruseva, 1. Vaptsarov,
1. Ivanov, M. Maksimova, G. Valeva, V. Valkov, N.
Valkova, Y. Shabatov, A. Vacheva, S. Iliev, S. Vasilev, B.
Mavroudchiev. 1962. Report on the geological mapping
and searching for mineral resources in the eastern parts of
Rhodopes and the westernmost part of Sakar Mountain, on
scale 1:25 000, carried out in 1961. Geofond, CG (in
Bulgarian).
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Fig. la. Location and geological map of the Sheinovets caldera. The numbers indicate samples analized for
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Fig. 1b. North-south cross section (along line B) through the caldera

@ur. la. ['eonoxka xapta Ha kannepara Illeiinosen. C uudpu ca 03HaYCHH aHATM3UPAHHUTE 38 HAHO(POCHIN
npobu. A, B, C - mpubnu3uTesHo pasmnoioxeHne Ha uscieasanurte npodunu (ur. 3,4 u 5)

®ur. 16. T'eonoxku npodun (o nunust B) npes kangepara

covering these sediments the authors consider
to be of Oligocene age.

In some general works on the Eastern
Rhodopes Paleogene volcanism (Yanev et al.,
1983, 1990; Harkovska et al., 1989; Yanev,

1998) this volcanic activity is thought to be
Priabonian on the analogy of the near-by Lozen
volcano (Harkovska et al., 1976) and because
of the identical geochemical characteristics of
their lava products.
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Goranov (in Kozhoukharov et al., 1995)
accepts the Priabonian age of the sedimentary
rocks on the base of the aforesaid data and by
analogy with the Upper Eocene sedimentary
layers alternating with rhyolite tuffs at the base
of Lozen volcano (Harkovska et al., 1976).
According to the author the pyroclastic se-
quence laterally replaces the sedimentary one
and also is of Priabonian age (Fig. 2).

The investigations of the Greek part of the
Sheinovets caldera are turned mainly to the
zeolites resulting from alternation of the vol-
canic glass (Kirov et al., 1990; Filippidis et al.,
1995). According to the quoted authors these
rocks are Priabonian.

The intracaldera sequence: Character-
istics and stratigaphic implications

The rock sequence filling up the Sheinovets
caldera is divided into two informal lithostrati-
graphic units: sedimentary and pyroclastic.

Sedimentary unit

This unit occupies the lowermost part of the
intracaldera sequence. It is best developed just

After Kozhoukharov etal.,
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Fig. 2. Relationship between stratigraphic schemes
of Kozhoukharov et al. (1995) and the proposed in
this study. 5/1Pg,’ - breccias and rhyolite tuffaceous
breccias packet, 5/2Pg,’ - sandstone packet, 5/3Pg,*
- acid tuffs, tuffites and bioconstructed limestones
packet

®ur. 2. CpnocraBka Ha cTpaTurpadckaTa cxema Ha
KoxyxapoB u gp. (1995) u mnpemioxeHara B
HacTosmara pabora. 5/1Pg,’ - mauka Ha Gpexun u
puomuroBn TydoGpekun, 5/2Pg,’ - machUHMKOBA
nauka, 5/3Pg,’ - mauka Ha kucenu Ty(u, TyOUTH U
OpraHOreHHU BapOBHLH

to the southeast of Malko-Gradishte village
(Figs. la and 3). Its lower boundary is not
exposed. The sedimentary unit is an alternation
of dark, greyish-green to greyish-black poly-
mictic sandstones and mudstones containing
redeposited pyroclasts. To the east and south-
east it interfingers and is replaced laterally by
the lower parts of the pyroclastic unit. The
zone of transition is an alternation of the
sedimentary rocks and finegrained tuffs. The
pyroclastic beds become thicker in the south-
east, whereas the sedimentary ones disappear.
It has been found that the fossils-containing
limestone breccia (Boyanov et al., 1963) has a
quite uncertain stratgraphic position. It can be
seen as a few not large, separate blocks along
the periphery of the rhyolite dome crossing the
sedimentary unit south of Malko-Gradishte
village. It contains mainly angular limestone
clasts; rarely fragments of metamorphic rocks
can also be seen. It is likely these blocks to
have been risen in the examined stratigraphic
level together with the rhyolite dome (Fig. 1a).
Besides, the features of the breccia do not rule
out a possible redeposition of described spe-
cies, as it was noted by the authors. Therefore,
these data should be received with reservations.

Pyroclastic unit

This unit consists chiefly of pyroclastic and
less epiclastic rocks. It is exposed to the south
of Mezek village and occupies the southeastern
parts of the studied field. On the base of
lithological features reflecting differences in
mode of formation the pyroclastic unit has
been divided into two parts: lower, pumice tuff
packet and upper, lithic breccia packet.
Pumice tuff packet. Tt comprises greater part
of the pyroclastic unit. The lower levels of this
packet interfinger with the sedimentary unit
and the upper ones cover it (Figs. 1 and 3).
Pumice tuff packet consists mainly of ash
or lapilli-tuffs (according to the non-genetic
classification of Fisher, 1961). Some levels are
matrix-supported breccias containing block-
sized lithic fragments (commonly a few tens of
cm, rarely more than 1 m and as an exception -
over 10 m). The  tuffs contain
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Fig. 3. Range-chart of the calcareous nannofossil taxa recorded in the section A with inferred litho- and

chronostratigraphy

@ur. 3. BepTuKaaHO PasNpOCTPaHEHHE HA YCTAHOBEHMTE HAHO(QOCWIIHM TAaKCOHM B paspe3 A, 3aeIHO ¢

OTHACJIICHUTEC JINTO- U XpOHOCTpaTI/II‘pa(i)CKI/I CIANHUIN

lithics, crystals and crystal fragments, and fine
glass shards in varying proportions.

Normally lithics having a wide range of de-
grees of vesiculation and sizes predominate.
Juvenile, highly vesiculated pumice is most
abundant. Usually pumice clasts are ash or
lapilli-sized but rarely can be larger than 10
cm. Lapilli- and ash-sized fragments showing
perlitic cracks are most typical of the central
and upper parts of the packet. Dense rhyolite
clasts are present in the whole packet but the
breccia levels are rich in very large rhyolitic
blocks (over 1 m and larger). The largest
rhyolite blocks have been found near the

border line, to the east of Mindova-Mogila
peak. Large lithic fragments, defined as
“rhyolite bombs”, are also known from the
Greek part of the caldera (Kirov et al., 1990).
Accessory clasts of metamorphic rocks can
have various sizes (usually 1-3 mm) and are
also possible to be found. Angular fragments
and rarely free crystals of plagioclase, biotite,
quartz, and sanidine are always present but
commonly in small quantity. The glass shards
are angular, fine ash-sized particles, which
result from the magmatic explosive
fragmentation of pumice vesicle walls. Rich in
glass shards are only separate beds to the west
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Fig. 4. Range-chart of the calcareous nannofossil taxa recorded in the section B with inferred litho- and

chronostratigraphy

@ur. 4. BepTHKaJIHO pasnpoCTpaHCHUE Ha YCTAHOBCHHUTC HaHO(i)OCI/IJIHI/I TaKCOHHU B pa3pe3 B, 3acIHO C

OTCIICHUTE JIMTO- U XPOHOCTPATUrpadCKH €IUMHULIN

and south of Mezek village. Irrespective of
their type and size all clasts made of volcanic
glass are completely zeolitized (Tzvetanov et
al.,, 1983; Kirov et al., 1990; Aleksiev,
Djourova, 1995).

Thin beds and lenses of epiclastic rocks
have been found at different levels within the
pumice tuff packet (Figs. 4 and 5). These rocks
are dark-colored, fine-grained, finely laminated
and contain mainly normally deposited or re-
deposited volcanic material. Sometimes they
contain carbonates and fossil remnants. Some
lenses of reef limestones can be seen to the
west and south of Mezek village. They are ex-
posed within a tectonic block with northwest-
southeast direction (Fig. la) that might have
been subsided during the post-Paleogene horst

formationThe limestones might reflect some
shallowing of the marine basin resulting from
its fast filling with pyroclastic material and
probably correspond to some upper levels of
the pumice tuff packet.

Lithic breccia packet. The pumice tuff packet
is overlain by coarsegrained, clast-supported
pyroclastic breccia. The last one is exposed on
the south flank of the Ibredjeck horst, just
south of the rhyolite domes occupying the
highest summits. Its lower boundary is
gradational and the upper is not exposed.
According to Goranov (in Kozhoukharov et al.,
1995) this breccia occurs at the base of
pyroclastic interval (Fig. 2), but it is not the
case (Fig. 1Db).
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Fig. 5. Range-chart of the calcareous nannofossil taxa recorded in the section C with inferred litho- and

chronostratigraphy

Our. 5. BeprukaiHO pasmpocTpaHeHHE Ha YCTAaHOBEHHTE HAHO(GOCHIHU TakCOHM B paspe3 C, 3aemHO C

OTJIENEHNUTE JINTO- U XPOHOCTPATUTPAPCKH €JUHHULIU

The thickness of the lithic breccia packet
is about 100-150 m. It consists mainly of cog-
nate lithic clasts, which strongly prevail over
matrix. Lapilli to block-sized rhyolitic frag-
ments (usually up to 10-12 cm) are most abun-
dant. Lapilli-sized clasts of metamorphic rocks
(amphibolites, gneisses and schists) are also
present. They are much better rounded and
probably have been derived from the Upper
Eocene coarse-grained sedimentary rocks. The
matrix includes fragments mainly of plagio-
clase, quartz, sanidine and biotite, finegrained
lithic and zeolitized particles having perlitic
cracks. As an exception fine pumice clasts and

glass shards may also be seen in the lowermost
levels of this packet.

Calcareous nannofossil biostratigraphy

Sixty-four samples, not only from the intracal-
dera sequence but also from the Upper Eocene
coarsegrained sediments outside the caldera,
have been processed and studied for their
nannofossil content. Seventeen of them contain
well-preserved nannofossil species and they all
are from the intracaldera units. For the sake of
convenience the samples are arranged along
three sections (Fig. 1). Nannofossil abundance
and diversity varies significantly along each of
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the studied sections. Richest nannofossil sam-
ples come from the mudstone interbeds of the
sedimentary unit, whereas the poorest and bar-
ren samples are located within the pyroclastic
unit (Figs. 3-5). The barren samples are not
included in the figures.

Almost identical nannofloristic associations
have been recorded both in the sedimentary
unit and in the epiclastic lenses of the lower
packet of pyroclastic unit. They comprise the
following species: Ericsonia formosa, E. sub-
disticha, Dictyococcites bisectus, Bicolumnus
ovatus, Reticulofenestra ~ umbilica, R.
oamaruensis, Sphenolithus moriformis, S.
pseudoradians, Helicosphaera compacta, H.
reticulata, Discoaster tanii ornatus,
Zygrhablithus  bijugatus, Braarudosphaera
bigelowi, Coccolithus pelagicus. This associa-
tion is assigned to NP 21 nannofossil zone of
Martini (1971), spanning the topmost part of
Priabonian and the base of Rupelian Stage.
According to the recent data, the absolute age
of the lower and upper boundaries of this zone
are respectively 34,2 and 32,8 M.y. (Berggren
et al., 1995).

This age assignment is based on the co-
occurrence of Ericsonia formosa (last occur-
rence in top NP 21), Ericsonia subdisticha (to-
tal range in NP 21), Bicolumnus ovatus (total
range in NP 21), Helicosphaera moorkensi
(total range in NP 21), Discoaster tanii ornatus
(first occurrence in base NP 21). As far as
Zygrhablithus bijugatus is usually interpreted
as characteristic Eocene species, its last occur-
rence in the sections studied is tentatively used
to separate two parts of NP 21 zone. This spe-
cies is not considered as reliable diagnostic
marker for Eocene/Oligocene boundary and
our biostratigraphic interpretations are tentative
(Figs. 3-5).

These age assumptions can be applied to
the lowermost levels of the intracaldera
sequence - the sedimentary unit and laterally
replacing it lower part of the pumice tuff
packet. They also concern the epiclastic and
sedimentary rocks-containing levels of the
pumice tuff packet from tectonically displaced
sections of the intracaldera succession.
Unfortunately, there are not nannofossil data

about the age of the upper part of the
pyroclastic interval including the most upper
parts of pumice tuff packet and the upper, lithic
breccia packet.

The study of the reef limestones, located
within the rocks of pyroclastic unit, has shown
some fragments of spongia, corals, bryozoans,
foraminifers, ostracods, nummilitids, gastro-
pods, worms, all habitants of a warm, shallow-
marine basin, well aerated. Two species of
nummulitids have been identified (by V. Sa-
pundjieva) only: Nummulites incrassatus de la
Harpe (Mid Eocene-Oligocene) and N. bouillei
de la Harpe (Upper Eocene-Oligocene).

Discussion: Formation of the pyroclastic
rocks and succession of the volcanic
events

The main features of the pyroclastic rocks from
the lower packet make us consider that they
have been deposited from dense, pyroclastic
pumice flows, generated by high plinian col-
umn collapse (Fisher, Schmincke, 1984; Cas,
Wright, 1988; Sparks, 1978, 1986; Sparks et
al., 1973). A large part of the finest ash from
downwind plume must have been deposited far
away from now studied field. The only fall-out
deposits, which have been found there, are
finegrained diffusely layered pumice beds
alternating with the rocks of the sedimentary
unit to the southeast of Malko-Gradishte vil-
lage. Pumice flow deposits (i.e. ignimbrites)
are thick, ungraded, poorly sorted, and mas-
sive. The rhyolite fragments in them are proba-
bly vent-derived. In separate outcrops sharp
smooth surfaces can be seen between levels
showing different proportion and grainsize
distribution of the particles, which probably
separate the individual emplacement units. The
thin layers consisting essentially of glass shards
and finegrained pumice must have been depos-
ited from ash clouds billowing above and be-
hind a moving pyroclastic flow (Fisher, 1979;
Cas, Wright, 1988).

The presence of thin lenses of epiclastic
rocks, and especially of reef limestones is evi-
dence of normal sedimentary processes operat-
ing during repose periods between eruptions.
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Some of the features of the pumice tuffs, such
as low grade of welding (resulted in some flat-
tening of larger pumice clasts) and complete
zeolitization of the volcanic glass are also indi-
cative of their deposition in marine envi-
ronment.

No ignimbrite source area has been local-
ized in the studied field. Eastward increase of
the maximum size of lithic clasts might be
indicative of the vent region proximity (Sparks,
1975). But it should be noted that the pyroclas-
tic flow may transport very large, metres-sized
lithic fragments significant distances from
source (Davies et al. 1978; Allen, Cas, 1998).
Therefore, we can only suppose that the vent
region of Sheinovets caldera ignimbrites pre-
sumably lay to the east of the studied field,
maybe out of the exposed part of the caldera, in
an area now occupied by younger deposits.

The rocks from the upper, lithic breccia
packet could have been vent-derived lithic
products or/and deposited from hot or cold
rock avalanches, formed during emplacement
and growth of rhyolite domes, by directed
blasts, explosive or gravitational dome col-
lapses (Cas, Wright, 1988).

It is common knowledge that volcanic
eruptions are short-lived compared to others
geological processes, such as the sedimenta-
tion, but during them vast volumes of pyro-
clastic material can be deposited. Therefore, in
the absence of significant sedimentary layers in
the upper parts of the pyroclastic sequence, we
can conclude that there were not appreciable
breaks of the volcanic activity. The deposition
of these rocks might have taken short time after
the formation of the lower, paleontologically
dated parts of the intracaldera units. For exam-
ple, more than 100 m thick valley-filling
ignimbrites were deposited during only 11 to
16 hours lasting episode I of 1912 eruption at
Novarupta (VTTS, Alaska) (Fiersten, Hildreth,
1992).

Obtained field evidence shows that vol-
canic activity in the studied field began with
several plinian phases, during which large vol-
umes of pumice were ejected. The initial, rela-
tively low energetic stages might have been
phreatomagmatic because of the unrestricted

access of water to the vent(s). Gradually erup-
tions became highly energetic, with an off
chance of water/magma interaction, and the
activity became dominantly dry-explosive.
These violent eruptions resulted in creation
(subsidence) of the Sheinovets caldera. Vol-
canic activity continued and terminated with
dome formation (Peléan-type activity). There
are no indications of the time-position of dome
formation in regard to the caldera collapse. The
rhyolite dykes intruded along the south margin
of this part of the Ibredjeck horst are consid-
ered by Lilov et al. (1987) to have been
produced by another, probably Upper Oligo-
cene magmatic event.

Acknowledgments. We would like to thank Dr. V.
Georgiev and his team for helping us in the field
trips. We are also grateful to Dr. V. Sapundjieva for
the nummulite determinations and to L. Hesckia for
designing of the map. Special thanks are due Dr. A.
Harkovska, who started studying of this field
together with Y. Yanev, for very helpful discussion
and criticism of the paper.

References

Aleksiev, B., E. Djourova. 1995. Mordenite zeolites
to the west of the town of Svilengrad in the NE
Rhodopes, Bulgaria. - In: Sofia Zeolite Meet-
ing’95. Intern. Symp., Abstracts, p. 3.

Allen, S. R., R. A. F. Cas. 1998. Lateral variations
within carse co-ignimbrite lithic breccias of the
Kos Plateau Tuff, Greece. - Bull. Volcanol., 59,
356-377.

Berggren, W. A., D. V. Kent, C. C. Swisher, III, M.-
P. Aubry. 1995. A revised Cenozoic geochrono-
logy and chronostratigraphy. - In: Geochro-
nology, Time Scales and Global Stratigraphic
Correlation. Soc. Sedim. Geol., Spec. Publ., 54,
129-212.

Boyanov, 1., B. Mavroudchiev, I. Vaptsarov. 1963.
On the structural and formational peculiarities of
part of the Eastern Rhodopes. - Izvestia Geol.
Inst., 12, 125-186 (in Bulgarian with an English
abstract).

Cas, R. A. F., J. V. Wright. 1988. Volcanic Succes-
sions;, Modern and Ancient. London, Chapman
& Hall, 528 p.

Davies, D. K., M. W. Quearry, S. B. Bonis. 1978.
Glowing avalanches from the 1974 eruption of
volcan Fuego, Guatemala. - Geol. Soc. Am.
Bull., 89, 369-384.

Fiersten, Y., W. Hildreth. 1992. The plinian erup-

55



tions of 1912 at Novarupta, Katmai National
Park, Alaska. - Bull. Volcanol., 54, 646-684.

Filippidis, A., A. Kassoli-Fournaraki, A.
Tsirambides. 1995. The zeolites of Petrota and
Metaxades (Thrace) and the kaolins of Leucogia
(Macedonia), Greece. - In: Sofia Zeolite
Meeting’95. Intern. Symp., Guide Post-meeting
Field Trip, 49-62.

Fisher, R. V. 1961. Proposed classification of vol-
canoclastic sediments and rocks. - Geol. Soc.
Am. Bull., 72, 1409-1414.

Fisher, R. V. 1979. Models for pyroclastic surges
and pyroclastic flows. - J. Volcanol. & Geo-
therm. Res., 6, 305-318.

Fisher, R. V., H.-U. Schmincke. 1984. Pyroclastic
Rocks. Berlin, Springer-Verlag, 472 p.

Harkovska, A., Y. Yanev, P. Dikova. 1976. Acid
volcanism of Upper Eocene (Priabonian) age in
the Eastern Rhodopes Paleogene depression. - C.
R. Acad. bulg. Sci., 29, 4, 579-582 (in Russian).

Harkovska, A., Y. Yanev, P. Marchev. 1989. Gen-
eral features of the Paleogene orogenic
magmatism in Bulgaria. - Geologica Balc., 19,
1,37-72.

Ivanov, R., 1960. Magmatism in the Eastern Rhodo-
pes Paleogene depression. Part I - Geology. —
Trudove Geol. Bulg., Ser. Geochim., Pol. Izkop.,
1, 311-387 (in Bulgarian with a German
abstract).

Kirov, G. N., A. Filippidis, A. Tsirambidis, R. G.
Tzvetanov, A. Kassoli-Fournaraki. 1990. Zeoli-
te-bearing rocks in Petrota area (Eastern
Rhodope massif, Greece). - Geol. Rhodopica, 2,
500-511.

Kozhoukharov, D., I. Boyanov, E. Kozhoukharova,
A. Goranov, S. Savov, G. Shilyafov. 1995.
Explanatory Note and The Geological Map of
Bulgaria on Scale 1:100 000; Svilengrad Map
Sheet. Com. Geol. and Min. Res., Geology &
Geophysics Corp., 67 p.

Lilov, P., Y. Yanev, P. Marchev. 1987. K/Ar dating
of the Eastern Rhodopes Paleogene magmatism.
- Geologica Balc., 17, 6, 49-58.

Martini, E. 1971. Standard Tertiary and Quaternary
calcareous nannoplankton zonation. — In: 2-nd
Planktonic Conf., Rome, Proc., 739-785.

Sparks, R. S. J. 1975. Stratigraphy and geology of
the ignimbrites of Vulsini volcano, Central Italy.
- Geol. Rundsch., 64, 497-523.

Sparks, R. S. J. 1978. Gas release rates from pyro-
clastic flows: an assessment of the role of
fluidisation in their emplacement. - Bull. Volca-
nol., 41, 1-9.

Sparks, R. S. J. 1986. The dimensions and dynamics
of volcanic eruption columns. - Bull. Volcanol.,
48, 3-15.

Sparks, R. S. J., S. Self, G. P. L. Walker. 1973.
Products of ignimbrite eruptions. - Geology, 1,
115-118.

Tzvetanov, R. G., G. N. Kirov, I. T. Topolova. 1983.
Zeolite mineralizations in the tuffs of the Malko-
Gradishte and Efrem volcanoes, Eastern
Rhodopes. - Ann. Univ. Sofia, Geol.-Geogr.
Fac., 77, 1-geol., 71-79 (in Bulgarian with an
English abstract).

Yanev, Y. 1995. General characteristics of the Late
Paleogene collision volcanism in the Rhodopes.
- In: Sofia Zeolite Meeting’95. Intern.
Symp., Guide Post-meeting Field Trip, 3-19.

Yanev, Y. 1998. Petrology of the Eastern Rhodopes
Paleogene acid volcanics, Bulgaria. - Acta Vul-
canol., 10, 2, 265-277.

Yanev, Y., B. Karadjova, A. Andreev. 1983. Distri-
bution of alcalies and genesis of the acid
effusives in part of East Rhodopes Paleogene
depression. - Geologica Balc., 13, 3, 15-44 (in
Russian with an English abstract).

Yanev, Y., Y. Yordanov, R. Boyadjieva, P. Lilov, A.
Andreev. 1990. Geochemistry of the collision-
related acid Paleogene volcanism in the Eastern
Rhodopes, Bulgaria. - Geol. Rhodopica, 2, 241-
250.

Accepted April 27, 2000
Ipuema na 27. 04. 2000 e.

56



