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ABSTRACT. The Byala Formation, developed in the tectonically complicated boundary region between the Eastern Fore Balkan and Eastern Balkan, is well
investigated from paleontological and stratigraphical point of view. Despite this fact, the small foraminiferal content of the Campanian-Maastrichtian part of the unit
have not been studied micropaleontologically in details. The present article is focused on the benthic foraminiferal assemblages, which are rich and diverse. The
studied samples were picked up from three sections (Byala-south and Byala-north, revealing the uppermost Maastrichtian levels, and Beliya Nos-Byala River,
compising Lower Campanian to Maastrichtian levels) and several outcrops located on the seacoast around the town of Byala, Varna district. The studied
assemblages are composed of both agglutinated and hyaline taxa with broad stratigraphical range. They are in varied proportions and show high taxonomic diversity
(totally 84 species) and specimen’ abundance. This fact provides a good opportunity for paleoecological interpretations. As a whole, the established benthic
foraminiferal fauna could be referred to the widespread in the Tethian realm hemipelagic Velasco-type fauna.
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KAMMNAH-MACTPUXTCKN BEHTOCHU ®OPAMWHU®EPU OT BENEHCKATA CBUTA (UI3TOYHA CTAPA MNJIAHUHA)
Bopuc Bunyes’, Casa [JxypaHos?

" MurHo-2eonoxku yHugepcumem "Ce. Mean Puncku”, Cogpusi 1700

2 Cogputicku yHusepcumem ,Ce. KnumeHm Oxpudcku®, Cogpus 1504

PE3IOME. BeneHckata cBuUTa, pa3BiUTa B TEKTOHCKW YCINOXHEHUS rpaHuuYeH paiioH mexay WsTtounus MpepbankaH w Matounus bankaH, e pobpe usyyeHa B
NaneoHTONOXKO 1 CTpaTorpadicko OTHOLLEHWe. HeaaBncuMo OT To3u dhaKkT acoupmauumte oT Manki dopamuHUdepy OT KaMnaH-MacTpUXTCkaTa YacT Ha eanHuLaTa
He ca bunu 0bekT Ha AeTalinHM MUKPONapEOoHTONOXKN u3cneaBaHus. Hactosilara cratus € okycupaHa Bbpxy acouuauuute oT 6eHTOCHU (opamuHudepm, KOUTo
ca 6orati 1 pasHoobpasHn. MacneasanuTe npobu ca cbbpanu oT Tpu paspesa (bsna-or, bsna-cesep, NpeACTaBALLM Hal-TOPHUTE MacTPUXTCKM HUBA, M Benmus Hoc-
Bsna peka, BKNOYBALL [AONHOKAMMAHCKO-MACTPUXTCKW HIBA) W HAKOMKO eANHWNYHI Pa3KpUTVS, Hamupalyy ce Ha Mopckus bpsr B paiioHa Ha rp. bsna, BapreHcka
obnacr. MacneaBanuTe acoumaLim ca U3rpafeHn OT TaKCOHW C armyTUHUPaHa W XManuHHa Yepynka C LWMPOKO CTpaTUrpadcko pasnpocTpaHeHne W BbB BapupaLyy
CbOTHOLLEHUs. Te Moka3BaT BUCOKO TAKCOHOMUYHO pasHoobpasve (06wo 84 Buaa) n u3obunue ot eksemnnsapu. To3u (akT npeocTass Aobpa Bb3MOXHOCT 3a
naneoeKonoXKk/ MHTepnpeTauum. Kato usano ycraHoBeHaTa GeHTocHa dopamuHudepHa ayHa Moxe Aa 6bae OTHeCeHa KbM LUMPOKO pasmpocTpaHeHaTa B
Tetuckua pervoH dayHa ot Tuna Velasco, xapakTepHa 3a xemunenariyHaTta 3oHa.

KniouoBu gymu: beHTocHM dopammunmdepy, KamnaH, Mactpuxt, beneHcka csuta, 3touHa Ctapa nnaHuHa

Introduction 1960s they have been considered to belong to the
Mediterranean type (TpucboHoBa, 1960a; Artanaco, 1961;

The Campanian_Pa|eocene Bya|a Formation is deve|0ped in CVleOBCKVl, 2007, ﬂaGOBCKM et al., 2009) Detailed reviews on

a small area in the Eastern Balkanides and it is well  the geological investigations on the unit were given by

investigated from paleontological (calcareous nannofossils, ~ CvHb0BCKY (2006) and [laGoscku et al. (2009).

ammonites, echinoids, inoceramids, and partly small

foraminifers) and Stratigraphica| (|ithostratigraphy’ It lShOUld be noted that, despite the |n|t|a| fOf‘.amf:liniferal
biostratigraphy, ~ chronostratigraphy, ~cyclic and event  studies (TpucoHosa, 1960a, b), the detailed investigations on
stratigraphy) point of view. small foraminifers (biostratigraphical zonations — Juranov, 1983;

Valchev, 2003a; paleoecological interpretations — Valchev,
The first data on the rocks of the Byala Formation were  2003b, 2004; taxonomical study — Bunues, 2001) were focused
published by 3narapcku (1907), who described them as  Predominantly on the Paleocene part of the Byala Formation.
“whitish limy marls”. Later on Boues (1926) named the rocks ~ First planktonic foramniniferal data concerning the lowermost
“Bya|a C|ayey marls”. ,D,)KypaHOB, at first (ﬂ)KypaHOB, 1984) (Campanian) levels of the formation were I’ecenﬂy pub|lshed
united them into ‘“limestone-marl formation”, and then (ValCheV, 2017) Therefore, the present article aims (i) to reveal
(Lxyparos, 1991) formalized the unit as “Byala limestone-marl  the taxonomical composition and structure of the benthic
Formation” (see also [xyparos, 1993). Initially the rocks were ~ foraminiferal assemblages from the Campanian-Maastrichtian
referred to the Northeuropean type Upper Cretaceous (Foues,  levels of the Byala Formation, (i) to elucidate the stratigraphical
1932; KoeH, 1938; botes, 1953), but since the beginning of the
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range of the taxa and (i) to estimate their paleoecological
significance.

The Byala area is of great interest because here the
Cretaceous/Tertiary boundary was first established in Bulgaria
(Stoykova, Ivanov, 1992) in the frame of Bulgarian-Austrian
project led by Prof. Anton Preisinger. Later on, the outcrops
north of Byala beach were announced as protected geosite
named “Belite Skali” (CuHboBcku, 2003) which is included in the
“Register and Cadastre of the Geological Heritage of Bulgaria”
(CvHboBckM in XKenes, CuHboBCkM, 20031).

Geological Setting

The area of study is part of the Eastern Balkanides and it
comprises the tectonically complicated boundary region
between the Eastern Fore Balkan and Eastern Balkan (Fig. 1).
It is characterized by the presence of numerous normal, reverse
and thrust faults at a various scale (Fig. 2 shows the largest
ones only). The biostratigraphical investigations conducted
previously (e. g. Juranov, 1983; IxypaHos, 1989, CuHb0BCKM,
2006) proved that there is no complete section of the Byala
Formation revealing its total stratigraphical range. Moreover, it
was established that there are cases of overturned
stratigraphical ~ successions  or  repeatedly  occurring
stratigraphical levels (xxypaHos, 1989).

South Carpathian
orogenic system

Danube Riv.

Moesian Platform

Black Sea

0 25 50 km
——

* — study area

Fig. 1. Tectonic subdivision of Bulgaria (after [laboBcku and 3aropues,
2009) with the location of the area of study

As a whole, the Byala Formation comprises rhythmic
limestone-marl successions related to climatic oscillations
(Preisinger et al., 1993a, b) which alternate with monotonous
marl intervals. Sinnyovsky (2001) described the rhythmic
intervals as “typical periodite alternation” resulting from high
frequency climatic cycles of Milankovich and proved, on the
basis of sedimenthological analyses on samples from the Upper
Maastrichtian-Danian interval, that the “marl” beds in fact are
limestones. Thus, these alternations could be considered as
cyclic limestones. The periodites are typical predominantly for
the Campanian and Danian parts of the Byala Formation. They

1 Xenes, B., [l. CuHL0BCK/ (peq.). Pezucmbp u Kadacmbp Ha 2e0noxKume
¢heHomeHu & bureapus. 188 docuema 6 5 moma. HaumoHaneH reothoHA, Aoknag
XV-1232, 2003. (Jelev, V., D. Sinnyovsky (Eds.). Registar i kadastar na
geolozhkite fenomeni v Balgariya. 188 dosieta v 5 toma. Natsionalen geofond,
doklad XV-1232, 2003.).
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consist of couples of prominent limestone beds and soft back-
weathering interbeds (Plate la, b) with periodicities of about 1 m
(Sinnyovsky, 2001; CuHboBckm, 2006).

4

a
/6,/

7 ®c-21 8

Fig. 2. Geological map of the coastal part of the Byala area (after
MxypaHos et al., 19942)

1, Dvoynitsa Fm.: medium to coarse-grained thick-bedded sandstones,
alternating with thin-bedded fine-grained sandstones, siltstones, marls and
conglomerates (Lower—Middle Eocene); 2-3, Byala Fm.: alternation of clayey
limestones and marls (2, Paleocene, 3, Campanian-Maastrichtian); 4, thrust; 5,
chronostratigraphic boundary; 6, bedding; 7, section (a) and outcrop (b): 1,
Byala-south, 2, Byala-north, 3, Beliya Nos-Byala Reka; 8, borehole

The studied samples were picked up from three outcrop
sections located on the sea coast in the surroundings of the
town of Byala (Figs. 2, 3). Two of them (Byala-south, exposed

2 [Dxypanos, C., . Cunboscku, [1. Banrenos, X. Mumnupes, M. AHToHoB, B.
Xenes, T. bantakoB, W. Yonees. [oknad 3a pesynmamume om
U3NBAHEHUEMO Ha 2eonoxka 3adava: ‘TeonoXko U  2e0MOPEOTOKKO
kapmupare 8 M 1:25 000 Ha yacm om MsmoyHus bankaH mexdy Hoc EMuHe u
c. Cmapo Opsxoso Ha nnowj 330 ke. km.”. Hau. reodoHa, goknag IV-411,
1994, — 408 c. (Juranov, S., D. Sinnyovsky, D. Vangelov, H. Pimpirev, M.
Antonov, V. Jelev, G. Baltakov, I. Choleev. Doklad za rezultatite ot izpalnenieto
na geolozhka zadacha: “Geolozhko i geomorfolozhko kartirane v M 1:25 000 na
chast ot Iztochniya Balkan mezhdu nos Emine i selo Staro Oryahovo na plosht
330 kv. km.”. Natsionalen geofond, doklad IV-411, 1994. — 408 p.).
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at the beach, and Byala-north, located north of the beach)
reveal the uppermost Maastrichtian levels (Plate Ic, d). The
third one crops out between Beliya Nos Cape and Byala River
mouth north of the town of Byala, and it comprises Lower

Campanian to Upper Maastrichtian levels (Plate le, f). Some
small scale faults, but without data for visible displacement, are
observed in the lower half of this section (Plate Ig).
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Fig. 3. Stratigraphical columns of the sections Byala-south (a), Byala-north (b) and Beliya Nos Cape (c)

1, cyclic limestones; 2, K/T boundary clay layer; 3, hard ground; 4, fault

Samples from several outcrops located on the Byala beach as
well as between Byala-north section and Beliya Nos Cape were
studied for deriving additional taxonomical data. Here,
the tectonic structure is quite complicated — the rocks are
displaced by a series of faults and folded (Plate Ih).

Benthic foraminiferal assemblages

Taxonomical diversity and specimen abundance

The studied samples revealed high taxonomical diversity of
the benthic foraminiferal assemblages — totally 84 species were
recorded (see Appendix). The Lower Campanian levels
demonstrate lowest diversity — 26 species established. The
assemblages are dominated by taxa with hyaline tests such as
Gavelinella beccariiformis (White), Nuttalides triimpyi (Nuttal),
Nuttaldes sp., Lenticulina velascoensis White, accompanied by
the species with agglutinated tests Ammodiscus cretaceous
(Reuss), A. glabratus Cushman and Jarvis, and Marssonella
oxycona (Reuss). All of them occur as rare specimens. The
secondary contributors, including some representatives of
nodosariids, heterolepids, bolivinoids, are represented
sporadically by single specimens.

The Upper Campanian samples contain more diverse
assemblages — up to 40 species were recorded. Here the
dominating taxa are the same as in the Lower Campanian, but
with increased occurrence of the species with agglutinated tests
Clavulinoides amorphous (Cushman) and C. trilaterus
(Cushman) in addition. Here, Gaudryina cretacea (Karrer), G.
pyramidata Cushman, and Quadrimorphina allomorphinoides
(Reuss) are present as rare specimens. The secondary
contributors, occurring as single specimens, are the same as in
the Lower Campanian.

The Lower Maastrichtian assemblages include up to 60
species. “New” elements of the dominating group, amongst the
above mentioned, are Aragonia velascoensis (Cushman), which
is represented by rare to common specimens, and Nodosaria
longiscata d’Orbigny occurring as rare specimens. Gaudryina
pyramidata  Cushman and  Oridorsalis  megastomus
(Grzybovski) are also rarely encountered characteristic species.
The presence of Bulimina midwayensis Cushman & Parker and
Guttulina ipatovcevi Vassilenko amongst the secondary
contributors should be noted.

The highest taxonomical diversity was recorded from the
Upper Maatrichtian levels. All the 84 taxa were established in
the samples from this part of the Byala Formation. The
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dominating species here are Nuttalides trimpyi (Nuttal),
Gavelinella beccariiformis (White), Osangularia velascoensis
(Cushman), Aragonia velascoensis (Cushman), Clavulinoides
trilaterus  (Cushman), Gaudryina cretacea (Karrer), G.
pyramidata Cushman, Marssonella indentata (Cushman and
Jarvis), Bathysiphon discreta (Brady), Neoflabellina jarvisi
(Cushman), Gyroidinoides globosus (Hagenow), Bolivina
midwayensis Cushman. Minor elements in the assemblages are
various nodosariids, lenticulinids, anomalinids, as well as taxa
with agglutinated tests.

In this stratigraphical level a “new” element was recorded —
the typical Late Cretaceous Reussella szajnoche (Grzybovski).
It occurs rarely.

Biostratigraphical markers

All the species, recorded in this study, apart from Reussella
szajnoche, are of broad stratigraphical range (Upper
Cretaceous—Paleocene), therefore it is not possible to define
biostratigraphical markers (FAD and LAD) on the base of
benthic foraminifera.

Types of assemblages

The taxonomical composition and the structure of the benthic
foraminiferal assemblages - dominating taxa such as
Gavelinella beccariiformis (White), Nuttalides trimpyi (Nuttal),
Osangularia velascoensis (Cushman), Aragonia velascoensis
(Cushman), Clavulinoides trilaterus (Cushman), Gaudryina
cretacea (Karrer), G. pyramidata Cushman, Marssonella
indentata (Cushman and Jarvis), M. oxycona (Reuss) are
typical for the Velasco-type fauna, characteristic for the
hemipelagic realm and widely known from the Tethys region
(Cushman, 1925, 1926; White, 1928a, b, 1929; Cushman,
Jarvis, 1928; Braga et al., 1975; Proto Decima, Bolli, 1978;
Tjalsma, Lohman, 1983; etc.).

Conclusion

The study of the Campanian-Maastrichtian benthic
foraminiferal assemblages from the Byala Formation recovered
from three sections and several outcrops on the sea coast in
the surroundings of the town of Byala revealed that (i) they are
of high taxonomical diversity, (i) composed of taxa with broad
stratigraphical range, and (i) dominated by species,
characteristic for hemipelagic conditions. The last fact gives a
good opportunity for paleoecological reconstruction and further
paleogeographical interpretation of the position of the Byala
Formation in the Late Cretaceous—Early Paleogene geological
structure of Eastern Bulgaria.

Appendix

Alphabetical list of benthic foraminiferal species
Allomorphina conica Cushman and Todd
Ammodiscus cretaceous (Reuss)

A. glabratus Cushman and Jarvis

A. peruvianus Berry

Anomalinoides sp.

Aragonia velascoensis (Cushman)

Astacolus gladius (Philippi)

Bannerella retusa (Cushman)

Bathysiphon discreta (Brady)

B. microrhaphidus Samuel

Bolivina midwayensis Cushman
Bolivinoides delicatulus Cushman
Bulimina midwayensis Cushman and Parker
Chilostomelloides sp.

Cibicidoides dayi (White)

Clavulinoides amorphous (Cushman)

C. trilaterus (Cushman)

Cyclammina sp.

Dendrophrya sp.

Dentalinoides fallax (Cushman and Dusenbery)
Ellipsoglandulina chilostoma (Rhehak)
Gaudryina cretacea (Karrer)

G. pyramidata Cushman

Gavelinella beccariiformis (White)
Globobulimina suteri (Cushman and Renz)
Guttulina ipatovcevi Vassilenko
Gyroidinoides globosus (Hagenow)
Haplophragmoides suborbicularis (Grzybovski)
H. walteri (Grzybovski)

Haplophragmoides sp.

Hormosina ovuloides (Grzybovski)
Hyperammina sp.

Kalamopsis grzhybovskii (Dylazanka)
Karrerria fallax Rzehak

Karrerria sp.

Laevidentalina laticolis (Grzybovski)
Lenticulina velascoensis White

Lenticulina sp.

Marginulina sp.

Marssonella indentata (Cushman and Jarvis)
M. oxycona (Reuss)

Neoflabellina jarvisi (Cushman)

N. semireticulata (Cushman and Jarvis)
Nodosarella hedbergi Cushman and Renz
Nodosaria limbata d’Orbigny

N. longiscata d’Orbigny

Nodosaria sp.

Nonion sp.

Nuttalides trimpyi (Nuttal)

Nuttalides sp.

Oridorsalis megastomus (Grzybovski)
Osangularia velascoensis (Cushman)
Osangularia sp.

Paliolatella crebra (Mathes)

Paliolatella sp.

Pleurostomella kugleri Cushman and Renz
Praeglobobulimina sp.

Pseudoclavulina globulifera (ten Dam and Sigal)
Pseudonodosaria manifesta (Reuss)
Pseudonodosaria sp.

Pullenia coryelli White

P. quinqueloba (Reuss)

Pygmaeoseistron laevis (Montagu)

P. oxystomum (Reuss)

Pyramidulina raphanus Linné

P. velascoensis (Cushman)
Pyramidulinoides sp.

Quadrimorphina allomorphinoides (Reuss)
Q. cretacea (Reuss)
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Rhizammina indivisa Brady
Recurvoides sp.

Repmanina charoides (Jones and Parker)
Reussella szajnoche (Grzybovski)
Reussoolina globosa (Montagu)
Reussoolina sp.

Saccammina complanata (Franke)

S. placenta (Grzybovski)
Saracenaria arcuata (d’Orbigny)

S. hantkeni (Cushman)

Textularia plummerae Lalicker
Trochammina sp.

Trochamminoides sp.

Vaginulinopsis longiformis (Plummer)
V. pedum (d’Orbigny)
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ot Maastrichtian

a) periodites in the upper part of Byala—north section (Upper Maastrichtian); b) cyclic limestones at Beliya Nos Cape
section (Lower Campanian); ¢) general view of Byala-north section; d) Byala-south section: the uppermost Maastrichtian
and the lowermost Danian levels; e) general view of the base of Beliya Nos Cape section (lowermost Campanian levels); f)
the Maastrichtian levels north of Beliya Nos Cape towards Byala River mouth (view to north); g) a fault without data for
visible displacement north of Beliya Nos Cape; h) thrusted and folded levels of the Byala Formation between Byala-north
section and Beliya Nos Cape.




