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ABSTRACT. Two lithostratigraphic units of the Mediterranean Upper Cretaceous - Mirkovo and Chugovitsa Formations crops out in the form of a narrow strip in the
north-east suburbs of Sofia, between Buhovo, Jelyawa and Eleshnitsa. The subject of the present work are reliable measurement of the thickness of the units and
biostratigraphic nannoplankton subdivision of the fossiliferous intervals. Mirkovo Formation is composed of 300 m thick motley limestones and marls. The uppermost
60 m of the unit are composed of marls belonging to the Voden Member of Mirkovo Formation. The upper part of the section is composed of the deposits of
Chugovitsa Formation represented by 300 m thick turbidite sequence. Four Campanian nannofossil zones are characterized, from lower to upper: Broinsonia parca
(lower Lower Campanian), Ceratolithoides aculeus (upper Lower Campanian), Uniplanarius gothicus (lower Upper Campanian) and Uniplanarius trifidus (Upper
Campanian). The uppermost one is recognized for the first time in this area and is represented by its lower part, and the others are present in the section by their
complete volumes with lower and upper boundaries. Nannofossil content of the Mirkovo Formation is rather poor. The lower 140 m of the unit belong to the
Coniacian and Santonian Stages and the following 140 m include Broinsonia parca nannofossil zone. The uppermost 20 m of the marls of the Voden Member and
120 m of the turbidite sequence of the overlying Chugovitsa Formation are referred to Ceratolithoides aculeus nannofossil zone. The rest of the turbidite sequence
in the section near Jelyava belongs to Uniplanarius gothicus nannofossil zone, and the topmost level of the turbidite sequence in the section near Eleshnitsa
indicate the presence of the next younger nannofossil zone Uniplanarius trifidus.
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PE3IOME. [18e nutoctpaTurpadcku eguimum ot Meauteparckus tun FopHa Kpeaa - Mupkoscka 1 YyrosuLuka cBuTa, ce paskpusaT nog opmata Ha TsicHa vBuLa
B CeBEpOM3TOYHMTE npearpaams Ha Codus, Mexay byxoeo, Xensisa 1 Enewwnnua. MpeameT Ha HacToswaTta paboTa ca AOCTOBEPHOTO U3MepBaHe Ha AebenuHute
Ha eAnH1LMTE W BrocTpaTurpadicka Noasnba no HaHOMMAHKTOH Ha POCUNOHOCHUTE WHTepBanu. MupkoBckaTa CBUTa € u3rpafieHa oT MbCTPY BapOBULM M Mepreni
¢ aebenvHa 300 m. Hait-ropHute 60 m OT eguHMLaTa ca U3rpageHun oT Meprenu, npuHaanexawy Ha BogeHckus uneH Ha MupkoBckata cBuTa. [OpHaTta YacT Ha
pa3pesa € u3rpageHa oT ceauMeHTUTe Ha YyroBuLukaTa cBUTa, NpefcTaBeHa oT TypbuanTHa nocneposatenHoct ¢ febenuHa Haa 300 m. XapaktepusnpaHi ca 4
KamnaHcKk1 HaHOOCUIHKM 30HM, 0TAONY-Harope: Broinsonia parca (goneH Jone Kamnan), Ceratolithoides aculeus (ropeH JoneH Kamnan), Uniplanarius gothicus
(aoneH MopeH Kamna) u Uniplanarius trifidus (TopeH Kamnan). MocnegHata e ycTaHoBeHa 3a NpbB MbT B TO3W PalioH U e NpeacTaBeHa camo OT Halt-JonHUTE CU
HMBa, @ OCTaHanuTe NPUCHCTBAT B pa3spesa C Lenns cin obem, ¢ AONHUTE W FOpHUTE ci rpanmuuyn. HaHodocunHOTO ChabpxaHnue Ha MupkoBckata cBuTa € gocTa
6eaHo. JonHute 140 m oT egnHuuaTa npuHaanexat Ha Konuackust n CaHToHCKkMs eTax, a cnegpaliute 140 m obxeawat HaHodocunHa 3oHa Broinsonia parca.
Hait-rophute 20 m oT meprenute Ha BogeHckus uned u 120 m oT Typbuautute Ha oTropenexallata YyroBuilka CBUTA CE OTHACAT KbM HaHodoCUHa 30Ha
Ceratolithoides aculeus. OctaHanata yact oT TypbuauTHaTa nocnefoBaTeNHOCT B paspesa npu YKensisa npuHagnexu Ha HaHodocunHa 3oHa Uniplanarius
gothicus, a Hai-BUCOKUTE 1 HUBA B pa3pe3a Npu Enewwnuua nHavkvpaT NpucbCTBUETO Ha CrieABallaTa no-mMnaga HaHodocunHa 3oHa Uniplanarius trifidus.

Introduction Jelyava provides new data about the thickness of the units
and the boundaries and volumes of the Campanian
Calcareous nannoplankton assemblages, recovered from the ~ nannofossil zones.

Mediterranean type Upper Cretaceous in the north-east
suburbs of Sofia, between Buhovo and Eleshnitsa are rather
poor. Indications of three Campanian nannofossil zones have Sections and units
been established in the studied area 12 years ago -

Broinsonia parca, Ceratolithoides aculeus and Uniplanarius The sections of the Mediterranean Upper Cretaceous near
gothicus (Quadrum gothicum after CuHboBcku, 1993). Eleshnitsa and Jelyava (Figs. 4, 5) are almost complete

Up to now the section near Jelyava has been investigated outcrops, including the basally disposed Turonian marls and
and dated by Dimitrova et al. (1981), QumutpoBa et al. (1984), the overlying glauconite sandstones, motley limestones, marls
Haues & Haues (1989, 2003). On the map of Bulgaria in scale and turbidites, referred to Senonian (Coniacian-Campanian).
1:100 000 the rocks are correlated with the formal Llankos (1965) first described Upper Cretaceous section near
lithostratigraphic units established by Moev & Antonov (1976) Jordankino (now Eleshnitsa) and dated all carbonate rocks
and Moes & AHToHOB (1978) in the Chelopech area. The overlying Turonian marls as Maastrichtian. Later Dimitrova et
present investigation of the sections near Eleshnitsa and al (1981) subdivided the limestones, marls and turbidites in
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the section Jelyava into Coniacian-Santonian (382 m) and
Campanian (560 m). JumutpoBa et al. (1984) subdivided the
section into Coniacian (113 m including the basal glauconite
sandstone unit), Santonian (200 m) and Campanian (170 m
carbonates and 250 m turbidites). Haues & Haues (1989,
2003) accepted this subdivision. None of these authors
reported the presence of large-scale slump structures,
resulting in significant augmentation of the thickness.

Fig. 1. The Santonian part of the Mirkovo Formation north of
Eleshnitsa village is composed of grey and motley limestones with
well expressed cyclicity - thick beds with obscure internal structure

In the base of the Senonian is situated 7 to 15 m thick
sandstone unit, represented by grey to grey-violet carbonate
glauconitic sandstone with inoceramid and rare echinoid
shells. Qumutposa et al. (1984) described this unit as the base
of their “limestone-marl formation”. It overlies the Turonian
marls by parallel unconformity. In Jelyava section it is
represented by medium to coarse-grained glauconite
sandstone with grey to grey-violet colour. This unit crops out
500 m NE of Buhovo on the left slope of Buhovchitsa River,
where it overlies transgressively red continental Permian
rocks. In the section north of Eleshnitsa this sandstone unit is
composed of fine-grained grey sandstone with thickness 7-8
m. The next unit is composed of grey and motley limestones
and marls. Qumutposa et al. (1984) described this portion of
the section as “limestone-marl formation” corresponding to the
“first”, “second” and “third horizon” of the Maastrichtian of
BpbbnsHcku et al. (1961). They correlated its upper half with
the Mirkovo Formation of Moev & Antonov (1976). YyHes
(1995) united the two units in the map of Bulgaria in scale
1:100 000. Here the stratigraphic interval between the basally
situated glauconite sandstones and the turbidite sequence of
Chugovitsa Formation is referred to Mirkovo Formation. It is
subdivided into several packets, differing in its lithology and
structure. Mirkovo Formation as a whole is represented
predominantly by motley, thick bedded to massive limestones
and marls (Fig. 1), and rare ash tephroidal rocks (Fig. 2). The
uppermost marl packet is correlated with the Voden Member
of Mirkovo Formation. The thickness of the unit is 300 m in
section Eleshnitsa. In section Jelyava it is not well exposed
and contains slump structures, so the thickness could not be
measured properly. The outcrops near Buhovo are located on
the hills just NE of Buhovo, north and south of Buhovchitsa
River.

The Voden Member is composed of grey and violet marls
(Fig. 3). It crops out only in the sections Jelyava and
Eleshnitsa with thickness about 60 m. North of Eleshnitsa its
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lower part is represented by motley marl, and the section near
Jelyava is composed entirely by grey marl. The top of the
section in both outcrops is composed of turbidite deposits
correlated with the Chugovitsa Formation of Moev & Antonov
(1976). In the base they are dominated by marl interbeds and
thick marl packets (Fig. 6). The thickness of this turbidite unit
is more than 300 m.

Nannofossil subdivision

The nannofossil content of Mirkovo Formation is rather
poor. Nevertheless the frequent sampling allowed to
recognize some of the nannofossil events in the base of the
unit and to establish the Santonian-Campanian boundary in
the upper part of the unit in sections Jelyava and Eleshnitsa.
The appearance of Micula decussata Vekshina, 1959 is
established in the sample situated 14 m above the base of the
sandstone unit in section Eleshnitsa. This level is world-wide
correlatable event in the middle of Coniacian. The appearance
of another stratigraphically important species Broinsonia parca
(Stradner, 1963) is established in the sample situated 140 m
above the base of the sandstone unit. It means that the lower
140 m of the section Eleshnitsa belong to Coniacian and
Santonian. The appearance of the next stratigraphically
important species for the Campanian Stage Ceratolithoides
aculeus (Stradner, 1961) is in the sample 20 m below the
boundary between Mirkovo and Chugovitsa Formations in
both Jelyava and Eleshnitsa sections.

Broinsonia parca Zone

Author: Verbeek (1976).

Definition: Interval from the first occurrence of Broinsonia
parca (Stradner, 1963) Bukry, 1969 to the first
occurrence of Ceratolithoides aculeus (Stradner, 1961)
Prins & Sissingh in Sissingh, 1977.

Age: Early Early Campanian.

Common taxa: Watznaueria barnesae (Black, 1959)
Perch-Nielsen, 1968, Eiffellithus eximius (Stover,
1966) Perch-Nielsen, 1968, Micula decussata
Vekshina, 1959, Arkhangelskiella ~ cymbiformis
Vekshina, 1959, Broinsonia parca (Stradner, 1963)
Bukry, 1969 ssp. parca, Broinsonia parca (Stradner,
1963) Bukry, 1969 ssp. constricta Hattner et al. 1980,
Bukryaster hayi (Bukry, 1969) Prins & Sissingh in
Sissingh, 1977, Lucianorhabdus cayeuxii Deflandre,
1959, Lucianorhabdus arcuatus Forchheimer, 1972,
Prediscosphaera microrhabdulina Perch-Nielsen, 1973,
etc.

Remarks: The appearance of the zonal marker is world-wide
correlatable event, established slightly above the Santonian-
Campanian boundary. In many earlier works it has been
accepted as a marker of this boundary. The lowermost
Campanian UC 13 zone of Burnett (1998) is defined as an
interval between the first occurrence of Arkhangelskiella
cymbiformis Vekshina, 1959 and Broinsonia parca
(Stradner, 1963) Bukry, 1969 ssp. parca. This zone is
not recognized in the sections, because of the poor
preservation of the material. Broinsonia parca (Stradner,
1963) Bukry, 1969 ssp. constricta Hattner et al. 1980,
appears nearly simultaneously with the zonal marker.
Boundaries: The lower boundary is established 140 m above
the base of the sandstone unit, and the upper one — at 280 m



(20 m below the transition between Mirkovo and Chugovitsa
Formations).
Thickness: 140 m.

lv.;‘ *

Fig. 2. Tephra layers in the middle of the Mirkovo Formation 190 m
above the base north of Eleshnitsa Village, Broinsonia parca Zone,
Lower Campanian

Ceratolithoides aculeus Zone

Author: Verbeek (1976).

Definition: Interval from the first occurrence of Ceratolithoides
aculeus (Stradner, 1961) Prins & Sissingh in
Sissingh, 1977 to the first occurrence of Uniplanarius
gothicus (Deflandre, 1959) Hattner & Wise, 1980.
Age: Late Early Campanian.

Common taxa: Watznaueria barnesae (Black, 1959)
Perch-Nielsen, 1968, Eiffellithus eximius (Stover,
1966) Perch-Nielsen, 1968, Micula decussata
Vekshina, 1959, Arkhangelskiella ~ cymbiformis
Vekshina, 1959, Broinsonia parca (Stradner, 1963)
Bukry, 1969 ssp. parca, Broinsonia parca (Stradner,
1963) Bukry, 1969 ssp. constricta Hattner et al. 1980,
Ceratolithoides aculeus (Stradner, 1961) Prins &
Sissingh in Sissingh, 1977, Lucianorhabdus cayeuxii
Deflandre, 1959, Lucianorhabdus arcuatus
Forchheimer, 1972, Prediscosphaera microrhabdulina
Perch-Nielsen, 1973, etc.

Boundaries: The lower boundary is established 280 m above
the basis of the sandstone unit (20 m below the boundary
between Mirkovo and Chugovitsa Formations). The upper
boundary is 110 m above the boundary between the two
formations. Sinnyovsky (1993) reported 250 m thickness of
the zone in section Jelyava, but the present investigation
shows that the thickness is less than 150 m.

Thickness: 140 m.

Uniplanarius gothicus Zone

Author: Martini (1976).

Definition: Interval from the first occurrence of Uniplanarius
gothicus (Deflandre, 1959) Hattner & Wise 1980 to
the first occurrence of Uniplanarius trifidus (Stradner,
1963) Hattner & Wise 1980.

Age: Early Late Campanian.

Common taxa: Watznaueria barnesae (Black, 1959)
Perch-Nielsen, 1968, Eiffellthus eximius (Stover,
1966) Perch-Nielsen, 1968, Micula decussata
Vekshina, 1959, Arkhangelskiella ~ cymbiformis
Vekshina, 1959, Broinsonia parca (Stradner, 1963)
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Bukry, 1969 ssp. parca, Broinsonia parca (Stradner,
1963) Bukry, 1969 ssp. constricta Hattner et al. 1980,
Ceratolithoides aculeus (Stradner, 1961) Prins &
Sissingh in Sissingh, 1977, Uniplanarius gothicus
(Deflandre, 1959) Hattner & Wise 1980,
Lucianorhabdus cayeuxii Deflandre, 1959,
Lucianorhabdus ~ arcuatus ~ Forchheimer, 1972,
Prediscosphaera microrhabdulina Perch-Nielsen, 1973,
etc.

Remarks: Martini (1976) defined this zone in the Pacific as a
middle Campanian interval. Verbeek (1977) gave it a very
restricted range confirmed by Stradner (1984) in site 530 in
the Angola Basin, Atlantic Ocean. Late Campanian age of the
zone was reported by many authors. First indication in
Bulgaria was reported by CunboBcku & Xenes (1992) in the
transition between Draganovo and Emine Formations near
Tunkovo Village in East Srednogorie. CuHboBckn (1993)

defined its boundaries in several sections from West
Srednogorie.
Boundaries: The lower boundary was described by

Cunboscku (1993) in the studied section Jelyava. The upper
boundary was described by the same author in the sections
near the villages Izvor and Nedyalkovo, Pernik District. The
upper part of the zone is established at Cape Emine where it
includes more than 100 m of the section of Emine Formation
(Sinnyovsky, 2004). For the first time it is described in its full
volume in a single section north of Eleshnitsa Village in this
work.

Thickness: more than 100 m.
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Fig. 3. The marls of the Voden Member in the upper part of Mirkovo
Formation 240-300 m above the base of the section Eleshnitsa,
Broinsonia parca—Ceratolithoides aculeus Zones, Lower Campanian

Uniplanarius trifidus Zone

Authors: Bukry & Bramlette (1970).

Definition: Interval of the total range of Uniplanarius trifidus
(Stradner) Hattner & Wise.

Age: Late Late Campanian.
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Fig. 5. Section Jelyava. The section is described along Jelyava River.
The outcrops of the Mirkovo Formation are incomplete and uppermost
levels of Chugovitsa Formation are in the river bed in the centre of the
village. 1 - marl; 2 - sandstone; 3 - limestone; 4 — marl; 5 - turbidite

Fig. 4. Section Eleshnitsa. Mirkovo Formation is described north of the
village, along the road to Vitinya; Chugovitsa Formation is described on
the east slope of Eleshnitsa River in the weekend house estate. 1 — marl;
2 - sandstone; 3 - limestone; 4 — marl; 5 — tephra layers; 6 - turbidite
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Common taxa: Watznaueria barnesae (Black, 1959)
Perch-Nielsen, 1968, Uniplanarius trifidus (Stradner)
Hattner & Wise, Eiffellithus eximius (Stover, 1966)
Perch-Nielsen, 1968, Micula decussata Vekshina,
1959, Arkhangelskiella cymbiformis Vekshina, 1959,
Broinsonia parca (Stradner, 1963) Bukry, 1969 ssp.
parca, Broinsonia parca (Stradner, 1963) Bukry, 1969
ssp. constricta Hattner et al. 1980, Ceratolithoides aculeus
(Stradner, 1961) Prins & Sissingh in Sissingh,
1977, Uniplanarius gothicus (Deflandre, 1959) Hattner
& Wise 1980, Lucianorhabdus cayeuxii Deflandre, 1959,
Lucianorhabdus ~ arcuatus ~ Forchheimer, 1972,
Prediscosphaera microrhabdulina Perch-Nielsen, 1973,
Reinhardtites levis Prins & Sissingh in Sissingh,
1977, etc.

Remarks: Originally the stratigraphic range of the zone was
Upper  Campanian lowermost Maastrichtian.  After
emendation of the Campanian-Maastrichtian boundary by
Rawson et al. (1996), the whole stratigraphic range of the
zone remained in the frame of the Upper Campanian, and the
disappearance of both Uniplanarius trifidus (Stradner)
Hattner & Wise and Eiffellithus eximius (Stover, 1966)
Perch-Nielsen, 1968 could be used for definition of the
Campanian-Maastrichtian boundary, although the latter
disappears a bit earlier. The zonal marker is established in
isolated outcrops west and east of Eleshnitsa village in scarce
outcrops of the uppermost levels of Chugovitsa Formation.
Distribution: Up to now, indications of the zone have been
established in many Bulgarian sections of both Epicontinental
and Mediterranean type Upper Cretaceous. The zone is
established for the first time in this area.

Thickness: The zone includes at least 50 m of the section
near Eleshnitsa village.

i S
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Fig. 6. The lower part of the turbidite sequence of the Chugovitsa
Formation 320 m above the base of the section north of Eleshnitsa
Village, Ceratolithoides aculeus Zone, Lower Campanian

Conclusion

The outcrops between Buhovo and Eleshnitsa provide a
complete section and a good possibility for dating the
Senonian sediments of the so called “Buhovo-Negushevo
strip”. Zonation of the Coniacian-Santonian stratigraphic
interval is not possible because of the poor nannofossil
content. The appearance of Micula decussata Vekshina
dates the middle of Coniacian 14 m above the base of the
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Senonian deposits. Santonian nannofossil markers are not
recognized. The base of the Campanian is considered to be
slightly below the appearance of Broinsonia parca (Stradner,
1963) Bukry, 1969, marking the lower boundary of
Broinsonia parca Zone at 140 m above the base. Into this zone
a packet of tephra layers and breccia, containing particles of
Palaeozoic rocks. This proves lasting volcanic activity through
the Campanian Stage. The stratigraphic volume of
Ceratolithoides aculeus Zone is defined more precisely by
defining the upper boundary on the basis of first appearance of
short-rayed forms of Uniplanarius gothicus (Deflandre,
1959) Hattner & Wise 1980. Thus the thickness of the
zone is calculated on 140 m.

Uniplanarius gothicus Zone is defined by the presence of the
marker species in an interval about 100-150 of the section. For
the first time in the area is recognised the uppermost
Campanian zone - Uniplanarius trifidus, which confirms the
absence of Maastrichtian rocks in these outcrops of the
Mediterranean Upper Cretaceous.
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