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Chapter 1

Introduction

The end of the Cretaceous and the begmnning of the
Paleogene mark one of the most remarkable passages
of time in the geological development of the Bulgar-
1ant lands, filled with many events. According to the
latest data. thas interval covers the time between 63.5
{(=0.3) and 48.6 (=0.2) mullion vears (Ma) (Luter-
bacher et al.. 2004). It 15 highly dynamic period with
regard to the evolution of our planet — a number of
remarkable global events occur. the most striking of
which was the mass extmction of organisms at the
Cretaceous — Tertiary boundary, as well as the un-
usual warming of 4-8 °C at the boundary between the
Paleocene and Eocene Epoch (the Paleocene-Eocene
thermal maximum}).

1.1. Background

This study 1s focused on the stratigraphy and global
events in the Paleocene-early Eocene time 10 northern
Bulgana, bazed on the study of calcarecus nannofos-
sils. Research has been conducted by the author in the
period 1986-2008 and for the first time 1n the Paleo-
gene stratigraphy of Bulgana, based on the group of
calcareous nannofossils. Most of the calcareous nan-
nofossils are remams from the caleite cell-wall cover-
ing of unicellular algae — the coccolithophores (phy-
lum Haptophyta). Coccolithophores are one of the
main components of phytoplankton in modern seas
and oceans. The term “calcareous nannofossils™ is
used for all calcareous microfossils with dimensions
smaller than 30 um Although they were discoverad
as early as the 19® century by the German natural-
15t Christian Ehrenberg_ therr crucial importance for
biostratigraphy was realized in the 19305 with re-
gard to oil and gas exploration and oceanic dnlling
Their crucial biostratigraphic value was particularly
verified during the global research programs — Deep
Sea Drilling Project (DSDP. 1968-1983) and Ocean
Drilling Project (ODP. 1985 — present dav). In these
programs, calcareous nannofossils are the first prior-
ity group (ortho-group) during the stratigraphic sub-
division of the majority of the well sections. Tvpical
for the nannofossils 15 their incredible abundance and
the fact that they are commonly occurning m manine
sediments deposited in the last 220 Ma of the geo-
logical history of our planet — from the late Triassic

to the present. Currently zonal schemes bazed on nan-
nofossils represent one of the main standards in the

Cenozoic with biostratigraphic resolution of between
I mullion and 60 000 years.

I undertook the research of calcareous nannofossils in
the Paleogene sediments, mainly under the influence
and visionary advices of my teacher — late academi-
cian Todor Nikolov and also thanks to the suggestions
of the late Prof Vasil Vuchev I am deeply obliged to
both for their scientific mtuition and the confidence
that this 15 a new, promising research field. which 1s
worth developing in Bulgaria.

Of course, the beginning was extremely difficult. Af-
ter a long penod (1986-1990) of collection of refer-

Fig_ 1.1 Working onboard af the drilling Rig “Ocean
Liberator™ of Texaco, June 1993
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Fig. 172, The “basket™ — an exotic elevator for getting on and off the drilling Rig “Ocean Liberator™

ences and experimenting with different techniques
for processing and preparing of nannofossil samples,
I published my first article on the Paleogene i the
Pleven area (Stovkova, 1990). A huge role in my pro-
fessional career and mv development as a nannofossil
expert was played by my participation in the Austrian-
Bulzarian project “Mesozoic boundaries 1n Bulgana.
Permian Triassic and Cretaceous Tertiary Boundary™.
Within this project I had the opportunity to work 18
months during the peniod 1991-1993 in Vienna, under
the guidance of Prof A. Pretsinger (TU Vienna) and
under the direct supervision of Prof Herbert Strander
(Geologishe Bundesandstalt — Vienna). It 1s through
my work on the Cretaceous Tertiary in the Austrian-
Bulgaran project that I got the tug chance m May
1993, to work on board of the explmatmﬂ drlling
rig “Ocean Liberator”, which did the first drilling for
Texaco Exploration Offshore Ltd. on the Black Sea
shelf — Galata-1 well (Figs. 1.1, 1.2). This well dis-
covered the first commercial gas field in the shelf in
Upper Cretaceous-Paleocene sediments, which 1s de-
veloped now and provides about 16% of the needs of
the country (Fiz.1.3, 1.4}

Then in 1993 on board of Texaco drilling nig, T had the
unique opportunity to apply an on-site-biostratigra-
phic analysis — through dating of sediments by nan-
nofossils duning the dnlling (express well-site nan-
nofossil dating, for the first time 1 Bulgaria). Later
I realized that for the first time 1n the world, my cel-
league Mitch Covington applied on-site nannofossil
dating on an o1l rig of Exxon, in the Gulf of Mexico i
1989 — only 4 years earlier. I admut I am particularly
satisfied when I see the application of mv research in
practice for the purposzes of hy drocarbon exploration
and o1l geology. This gave me a special incentive and
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motivation for my further work Thus, after 1993 Thad
the opportunity to perform biostratigraphic subdri-
sion and correlation based on calcareous nannofossils
in all offshore drilling activities that followed. made
by different oil and gas companies. T also had the op-
portunity to process a few previously dnlled wells —
Samotine-More, Samotino-Iztok, R-79 Shkorpilovisi
(Stovkova, 1994). Nanevo and Elizavetino {my un-
published data). Nannofossil stratigraphy 1s of crucial
importance not only for the stratigraphic subdivision
of sections. but also in regional-stratigraphic explora-
tions and studies. Over the past 20 something years I
have had the opportunity to work in cooperation with
various colleagues — regional geologists, stratigra-
phers, tectonicists, hydrogeologists and engineenng
geologists, applving nannofossil dating of sediments
in the Jurassic — Neogene mnterval.

Fig 13 Testing ofthe gas pressnre ofthe newly discovered

gas field Galata-1. “Ocean Liberator™, August 1003



1.2. Object of the study

The main goal pursued by this research is to sum-
marize the existing stratigraphic data on the Paleo-
cene — lower Eocens mnterval and bazed on that, to
detect and reveal the most important global events in
the geological past of northern Bulgana for this time
period. This achievement 15 based mamnly on my own
research, however data from previous authors are also
included, published 1n the explanatory notes to the
1:100000 geological map sheets of Bulgaria Most of
the data by other authors are expressed through my
reinterpretations, as a result of the implemented re-
viston and resampling I did in all major regions of
Paleocene and lower Eocene sediments in northern
Bulgania. Of crucial importance for me was also my
involvement in the project “Geology of Bulgana™,
developed by the Geological Institute, particularly in
the part “Paleogene geology of Bulgana™ In course
of this project. n the period 2000-2006, T was ac-
tively mvolved in field research and revisions of the
Upper Cretaceous and Paleogene, which outcrops
over large areas of the country — mainly 1n the Central
Fore Balkan East Balkan Eastern Srednogorie. This
gave me the opportunity to have my own regional-
stratigraphic field observations and to construct a
modem biostratigraphic scheme for dating the Upper
Cretaceons — Palengene lithological units. T believe

that 1t 1s necessary to make a modern summary of the
new data_ accumulated in the past 30 vears, since the
last summary of werk on the Paleogene is that of Bel-
mustakov (1968) 1n Stratigraphy of Bulgana, over 50
years ago.

1.3. Acknowledzements

I am indebted to the leadership of the Geological In-
stitute “Strashimir Dimstrov™ of BAS, for its full sup-
port — mcluding financial support for field trips on the
project “Geology of Bulgaria™, and their understand-
g during the completion phase of this book.

To Melrose Resources SARL, owners of the first gas
production field in the Black Sea shelf “Galata-17,
thanks for the opportunity to use all thewr data from

offshore areas and to publish some of them.

I am grateful to many of my colleagues who have_ to
varying degrees, contributed for the successful com-
pletion of this study. T owe a debt of gratitude primar-
ily to my teacher, late academician Todor Nikolov, for
the modern level of theoretical knowledge i biostra-
tigraphy and paleontology, which he has been giving
since my university years. and which I subsequently
supplemented and broadened.

Fig. 14 Production Platform “Galata™ of Melrose Resources SART Black zez, June 2004
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The biggest impact on my shaping as a specialist has
my colleague Mann Ivanov, with whom I share more
than 40 wvears of froitful professional partnership and
complementarity. We have made together most of the
field studies and research on various scientific topics.
His rational criticism and appropriate suggestions have
always been stimulating and virtually priceless for me.

A turning point 11 my career as a nannofossil worker
was my three-vear Post-doc trainng m Vienna Aus-
tria, working on the joint Austrian-Bulganan project
on the Cretaceous Tertiary boundary. The project was
led by the late Prof Anton Preisinger, to whom [ am
particularly indebted. He was a tireless opponent dur-
ing stimulating discussions, and also provided the op-
portunity to specialize on nannofossil taxonomy with
a world-recogmized expert and the pioneer of nanno-
fossil palacontology and stratigraphy — Prof. Herbert
Stradner from the Austrian Geologcal Survey.

My long-standing professional collaboration, dis-
cusston and exchange of data and literature with my
colleazue Prof Dimitar Sinnvovsky has been mnvalu-
able. We both learned from each other and together
explored nannofossil stratigraphy and taxonomy.

In recent vears my collaboration with Dr Jaume
Dinarés-Turell from the Institute of Geophysics and
Volcanology in Rome, Ttaly, has proven to be very
frurtful As a member of the Working Group of Paleo-
cene stratigraphy to the International Commussion of
Stratigraphy, he provided me with the latest data on the
stage stratotypes and the leading criteria for drawing
thetr boundaries, as well as data for the orbital cyclicrty
i the classical Zumaia section, Basque Country, Spain.
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Positive influence on my personal development has
come from numerous informal discussions with col-
leagues from the Department of Palaeontology, Stra-
tigraphy and Sedimentology: the late Platon Tchou-
matchenco, Ivo Sapunov, Iskra Lakova, Elena Kole-
va-Rekalova, Daria Tvanova, Valert Sachanslk, Polina
Andreeva, Georgi Granchovsky

Last but not least, [ am grateful to my colleagues from
other departments of the Institute and outside it, with
whom I have worked together on various projects:
the late Christo Dabovski, Ivan Fagorchev, Geormi
Dimov, Sava Juranov, Ivan Boyanov, Alexander Go-
ranov, Dimcho Evstatiev, Yordan Evlogiev, and Don-
cho Karastanev.

In the process of dlustration of this book, I have been
provided with significant technical assistance {draw-
ing of graphics and processing of photographs) by
Dr Vyara Idakieva, Mrs Theodora Sakaltvska and
Mrs Magdalena Yurukova, to whom I am deeply in-
debted.

I thank my colleague Prof Jozef Michalik, Earth
Science Institute of Slovak Academv of Science,
Bratislava, for generously supporting SEM access
and photographv of selected nannofbssil samples.

Finally. T would like to warmly thank Prof Michael
Sandy (University of Dayton, Ohio, USA) for hus 1n-
valuable linguistic suggestions and constructive com-
ments that considerably helped me to mmprove the
book Without his elegant professional ntervention
this book would not be as it 15



Chapter 2

Materials and methods

2.1. Materials

The study area comprises the entire territory of north-
ern Bulgana — from the river Timok to the Black Sea,
including the Bulgarian continental shelf To the west,
north and east 1t reaches the state border of Bulgaria.
To the south 1ts border runs roughly along the Balkan
and Srednogorie tectonic zone — Fig. 2.1 (Dabovska
etal , 2002).

The materials. which served as a basis of the wordc
are dertved from surface outcrops and subsurface well
sections, located throughout the entire region The
studied sections and outcrops are in the Kula zone, the
Moesian Platform, West and Central Fore Balkan as
well as in the Central and East Balkan Fifty five dif-
ferent sections have been studied —main and addition-
al (Fig. 2.2), as well as hundreds of single outcrops.
Offshore sections (5 dnlled wells — Galata-1. Gala-
ta-2, Samotmno-More, Varna-West, Yo Shimanov)
are biostratigraphically subdivided and correlated by
nannofossils. Apart from them, for the final mterpre-

e -Balkan i

f:.‘-‘:.‘[. .lp ;_\__-l""'\n._-'.!:
ﬁ £

~Gih e

tations was used data from the wells Bogdanov-East,
Epsilon, Galata-East, Samotino-1, Samotino-2, Eliza-
vetino and Nanevo.

The location and age of the samples studied can be
wdentified on 1:100000 geological maps. These loca-
ttons are shown on Fig. 2.2. It 15 difficult to calculate
the exact number of analyzed samples. For example,
solely m the sections around Byala, around 450 to 500
samples have been examined The same number of
samples was studied for the sections in Central north-
ern Bulgana (Pleven), and for the Kladorub section
226 samples were logged. In any case, the total num-
ber of samples analvzed 15 between 3300 and 4000

2.2. Methods

2.2.1. sample processing methods for calcareous
nannofossils

Namnofossils represent a fossil group that s very

i

l:
Tﬂ‘:_?lq&:#
South Moasi Pla_t_ffqﬂ‘!ﬁ'argin

- e
LTI
e g

100 km

Fig. 2 1_Study area {entire terntory of northern Buolgania), indicated on the tectonic map of Diabovala et al (2002)
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Fig: 2.2 Location of the investigated sections and outerops — a total of 35 land sections and offshore well sections,

situated in the territory of northern Bulgaria

well suted for study, as they are found 1 almost all
lithological types of sediments and the processing of
samples 1s quick and easy. Their small size (2-30 um)
allows taking very small samples as an amount of
sediment — usually a piece of rock as big as a gram
of rice 15 enough for a sample. The size of the nan-
nofossils 15 their greatest advantage, because even the
smallest rock pieces (ditch-cuttings) obtamned duning
drilling can be analvzed — without the need to dnill a
core. This advantage easily becomes a disadvantage,
as they are very often reworked and can be contami-
nated when water flows mito the cracks (from top to
bottom 1n the outcrop) or even when vou touch them
with your fingertips. Thus, establishing whether there
15 reworking or contamination requires special atten-
tion, expenence and expertise of the researcher.

Sampling

The sampling of sections (exposures and drillings) for
nannofossil contents is done by selecting appropriate
lithological types of sediments.

Usually soft rock types are preferred. such as marl
and marly limestone, mudstone, calcareous clay.
Sometimes well preserved, nich assoctations are also
found m clayey sands, glaucomtic sandstones, silts
and stltstones. Moreover, other things being equal,
lighter carbonate-rich sediments are the preferable
choice. Pure limestone, conglomerate and firm sand-
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stone are less favorable for extraction of nannofossils.
Metamorphic processes have a negative effect on the
nannofossil content of sediments. In metamorphosed
seduments nannofossils are found only in those af-
fected by low-grade metamorphism — such 13 the
case with the nannofossils of Miers Bluff Formation
cropping out around the Bulgarian Antarctic Base on
Livingston Island, Antarctica (Stoyvkova et al., 2002;
Pimpirev et al | 2006).

The sampling interval depends on the study’s objec-
tives — at 20-50 m pilot samphing or at 1-5-10 cm in
the case of detailed sampling in order to identify cer-
tain events. Usually a sampling interval of 1-3 m 1s
sufficient to subdivide the section and determine the
biostratigraphic zones. A fresh chip of rock measuning
around 2-3 em’ 15 used. Durmg the laboratory prepa-
ration of the sample. all outer surfaces of the specimen
are trimed, so there s no chance for surface contami-

nation of the sample. Subsequently we can proceed
with the appropriate treatment.

Standard methoeds of processing

Simple smear-slide preparation

A “simple” microscope slide preparation means mak-
g 1t directly from the rocks without any treatment, so

as to preserve a MAXIMUM amout of the original nan-
nofossil association contained in the sampie All outer



surfaces of the sample are trimmed, a small portion of
sediment 1s scraped with a needle onto a glass smear
shde. Then a drop of distilled water 1s placed on this
and a needle 13 used to homogenize the suspension,_ as
larger particles are pushed to the edge of the shde. The
suspension is spread evenly, with an average density
along the entire shde and 15 quickly dned on 2 warm
table. The dnied suspension 1s affixed with a glass
coverslip and mounting mednum (Canadian balsam),
carefully, avoiding air bubbles inside the smear slide.
Applying a very layer thin of the mounting medmum
15 highly destrable. This is done so you can properly
focus the nannofossils while examming them under
the hight microscope. The sample 15 labeled and left
for about 30 minutes on a warm table to complete the
sohidificanion of the Canadian balsam_ Some synthetic
adhesives like Norland optical adhesive, etc.. having
a similar refraction mdex, can be used to replace the
Canadian balsam successfully.

Recently, very interesting studies that show the rapd
dissolution of the nannofossils after their removal
from the drill core have been published (Self-Trail &
Seefelt. 2005). The nannofossil content of a core sam-
ple strongly depends on the time when the processing
has been performed. If it 15 done within the first week
after the extraction from the core (1-6 davs), the origi-
nal nannofossil aszociation 18 100% preserved. After
the 7% day, however, a process of dissolution begins
and the number of species and specimens gradually
decreases over time. The process contmnues until total
dissolution 15 reached after around 7 months (Self-
Trail & Seefelt, 2005). Therefore, 1n order to preserve
as much as possible from the oniginal nannofossil as-
semblage and to make reasonable interpretations, it 1s
necessary that the samples are processed and affixed
in permanent smear slides immediately after sam-

pling.
Centrifuging

Using a centrifuge, the fraction between 2 and 30 pm
(which 1s believed to contain the majority of nanno-
fossils) 15 separated. The sample 15 crushed to powder,
placed in a test tube and distilled water 1s added. Then
it 15 centrifuged bnefly (around 15 seconds) at 350
rpm. The suspension is decanted into another tube, the
restdue consisting of the largest particles 15 discarded.
The suspension is centrifuged agaimn for 30 seconds
at 1000 rpm. and then the upper flud contaming the
finest particles 15 decanted. Distilled water 1z added
and the procedure 1s repeated several times up until
the sample 1= clear Finally, the resulting residue 12
prepared on a shide, affixed with Canadian balsam az
described above.

Preparation of samples for SEM

When observing and photographing the nannofos-
sils with a Scannming Electron Microscope (SEM) the
samples have to be cleaned in advance using the cen-
trifuge techmique in order to concentrate the residue
of nannofossils. Otherwise searching for the nanno-
fossils amongst the other rock particles 15 a waste of
valuable time.

1. The sample 13 centrifuged to form a suspension and
15 placed with a pipette on a thin glass coverslip.

2_The coverslip 15 dried and attached to 2 metal stub
using colloidal silver

3. The sample is coated with gold (500 A) or even bet-
ter with a double-lavered coat — carbon and then gold.

4. Observations and captuning of the nannofossils are
made with a magnification of 5 000 to 30 000, occa-
stonally even up to 50 000 times.

Detailed paleontological research, especially descrip-
tion of new taxa, 1s impossible without SEM study.

Routine determinations for stratigraphic purposes are
made with a hght polarizing microscope. With the
progress of digital photography 1n microscopic im-
ages_ 1t 15 now possible to tllustrate nannofossil spe-
ctes quickly and with a relatively good quality, as seen
with an ordinary microscope.

2.2.2. Paleontological-stratisraphic methods

Paleontological-stratigraphic methods are fundamen-
tal methods for subdivision and correlation of sed:-
ments. They are based on the pninciple of ireversibil-
ity of the organism’s evolution throughout geological
fume.

For biostratigraphic subdivision of the sections, char-
acteristic bio-events such as first occurrence. last oc-
currence, co-occurrence, abundance (acme) of par-
ticular taxa are used for correlation. Depending on the
criteria, different tvpes of biostratigraphic units are
defined (Salvador. 1994 — International Stratigraphic
Gude).

I will not dwell on different types of biostratigraphic
zonies here. T will only highlight that calcareous nan-
nofossils are one of the two basic groups (together
with planktomic forammifers) of marme plankton,
with the highest evolutionary rates dunmng the Ce-
nozoic. Zonal schemes are based prnimanily on evo-
lutionary events: the first and last occurrence of -
portant nannofossil species, supplemented by some
abundance-events. The most frequently used type of
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hiostratigraphic zones are interval zones, whose zonal
houndaries (hie-hortzons) are defined by bio-events.
The first occurrence of a given planktome taxon 1s
usually considered as an almost synchronous event
in spatial and temporal terms_ since the time for itz
global proliferation 1 marine conditions 15 geologi-
cally virtnally instantaneous.

The huge volume of data concerning the stratigraphic
distnibution of nannofossils 1 the Cenozoic 15 sum-
marized in two fundamental zonal schemes — those of
Martint (1971c) and Okada and Burky (1980}, with
additions of Perch-Nielsen {19853). These schemes
have proven therr broad applicability and have been
largelv used as global zonal standards. Recently, Agz-
ntm et al. (2014) proposed a new low- to oud-latitude
biozonation for the Paleogene. It 15 based on semi-
guantitative counting of biostratigraphically useful
nannofossil taxa from DSDP/ODP sites and on-land
sections n the Atlantic. Pacific and Tethvan regions,
however it 15 not vet commonly used.

Special emphasis should be put on the fact that nan-
nofossil zonal schemes are matched and calibrated to
the zonal divisions of other fossil sroups: ammonites,
belemnites, planktic foramunifers, spores and pollen,
radiolarians, as well as to magnetostratigraphic units
— magnetic polarity chrons.

2.2.3. Quantitative methods and their application

These metheds were developed 1n the last three de-
cades in respect to the rapid development of palaeo-
ecology, sequence stratigraphy and seismostratigra-
phy, particularly when dnlling for oil and gas. Nu-
merous case smdies. concentrated mainly in the Gulf
of Mexico, have shown that the maximum (peak) 1n
abundance of micro- and nannofossils 1n combina-
tion with lithologic data, can be used to 1dentify the
maximum flooding surfaces (mfs) within depositional
sequences. Vice versa, the mimmum m abundance
and change in the nature of nannofossil associations
15 usually associated with sequence boundaries (Ar-
mentrout, 1996; Emery & Myers, 1996).

Special attention should be paid to the mterpreta-
tion of abundance peaks — 1n particular determuning
whether they are connected to the maximum flood-
ing or resulted from specific sedimentary processes
such as gravitational flows, landslides, etc. The stan-
dard nannofossil zonation scheme of Martint (1971¢)
for the Paleogene and Neogene is correlated to the
global scheme of Hag et al. (1988). Therefore, using
quantitative methods of counting, along with precise
biostratigraphic control, we can distinguish sequence
stratigraphic umits of third order 1n a sedimentary se-
quence (well-section or exposure).

Detected relationship with
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In Bulgania the first attempt to use quantitative analy-
sts of manne microplankton (calcareous nannoplank-
ton and calcareous dinocysts), in the interpretation and
division of sequences from the second and third order,
was made by Stovkova and Ivanova (2000, 2001). It
was performed 1n the Upper Turassic — Lower Cre-
tacepus sequences and based on the assumption that
the peaks in species diversity and quantitative abun-
dance reflect peaks in sea level rise (mfs), while the
minima correspond to the boundanes of the sequence
units. Thus, with precise biostratigraphic control, 1n
the Kimmendgian — upper Valanginian mnterval, three
second order sequence umts and 10 tlurd order se-
quences have been identified, and were compared with
the global scheme of Hardenbol et al | 1998 (Fig. 2.3).

When applying quantitative analysis of nannofossil
associations, the brief procedure 1s as follows:

1. A smear slide 15 prepared from raw sediment of
each sample, following the standard preparation tech-
maque (Bown & Young, 1998).

2. Nannofossil abundance and species nchness were
determmed by counting all specimens per 100 fields of
view at the central traverse of a given smear shide Ad-
dittonally, a random traverse was applied to spot some
rare species. Another widelv used approach ts to count
all observed nannofossil specimens until reaching 300.

MAGNETOSTRATIGRAPHIC PROFILE from BJALA (Buigario)

i?t'u E,u

3. Resulting data for the number of species represent-
ed in the sample and number of specimens of each
species are depicted in a graph and Excel-table.

Semi-guantitative analysis

This technique identifies and registers the approxi-
mate amount of each species 1n a sample. The number
of spectmens field of view 15 recorded, resulting mn the
following categories: R — rare (-FOV), F — frequent
{= 1/FOV), C — common (= 1/FOV), A — abundant
{= 10/FOV). Quantitative data on the abundance of a
species could be used for biostrangraphic purposes:
usually the acme of certain species 15 an event, used
for regional correlation. The data 1s normally present-

ed m tabular form.

2.2.4. Paleomagnetic method

This method examines the residual magnetization,
which 1s overprinted in the rocks during their forma-
tion. Usage of paleomagnetic data for subdivision and
correlation of sections was demonstrated for the first
tune by Hramov (1957). Tt 1s well known that over
geclogical time changes in the magnetic poles of the
Earth’s magnetic field occur, alternating between pen-
ods of normal and reverse magnetic polarity. Changes
in magnetic polarity are carrted out over a very short
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Fig 2.4 Magnetostratigraphic subdivizion of Byala 2b section across the Cretaceous-Paleogens boundary inferval
{according to Mauritach & Scholger in Preisinger et al | 1993a)
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timne period, usually less than 5 000 vears, but they are
of diffening length. The intervals of stable magnetic
polarity vary from 30 kv to tens of millions of vears.
Since the change takes place 1n a geological sense in-
stantaneously for the whole planet, the magnetostrati-
graphic units —magnetic chrons — have a global distri-
bution and their boundaries are considered to be 150-
chronous. Identifiyng them 1s only possible in parallel
with tmplementation of the biostratigraphic method,
otherwise only intervals of normal and reverse po-
larity can be determined by magnetostratigraphy. In
combination with biostratigraphy, palacomagnetizm
identifies a unique “bar code™ for correlation of the

S
e Paleomagnetic profile Bjala 2b

magnetic pole changes. In practice. palacomagnetic
correlation 15 the most accurate method for global cor-
relation of all stratified rocks.

It has been accepted that chrons with normal polarity
(matching the current position of the magnetic poles)
be denoted by N (normal) and those with reversed po-
larity with R (reversal). A global magnetostratigraphic
timescale has been created, by direct comparison and
calibration of the palacomagnetic data with detailed
biostratigraphy 1n the same stratigraphic sequences
(sections). Magnetic chrons of the Cenozoic and Late
Cretaceous are numbered from 1 to 34 (from voungest

Fig_ 2.3 Magnetostratigraphic subdivision of the Paleogene part of Byala 2b section (after Brandstatter in Preisinger ot
al., 2002}
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to oldest) and bear index “C” (Cenozoic), while those

from the Early Cretaceous to Late Jurassic, likewise,
with numbers from 1 to 37 with index “N (Mesozoic).

For the purposes of this study, detailed magnetostratig-
raphy combined with nannofossil biostratigraphy of
the Byala section. was carried out at different times
and by different groups of researchers. Fig. 2.4 and

Hjile &
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Bj=ia-B
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R

Fig. 2.5 show the magnetostratigraphic subdivision of
the section by Mauntsch & Scholger and Brandstatter
(in Preisinger et al. 1993a, 2007

Figure 2.6 illustrates the results of detailed magne-
tostratigraphy, biostratgraphy based on nannofosstls
and cyclostratigraphy for the same section, but by a
different research group — Dinarés-Turell et al_ (2006).
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Fig 2.6 Magnetostratigraphic subdivision of the Paleocene part of Byala locality, combined from the study of five

separate zegments (after Dinares-Turell at al | 2008)



2.3. Computer Software used

In terms of taxonomic definitions and precise identifi-
cation of the nannofossils, Thave used BugWare pack-
age, verston 200483 (before 2013). It was developed
by a large team of specialists from the International
Nannoplankton Association (Fig. 2.7). After 2013, T
switched to the modern online catalog for calcarecus
nannofossils Nannotax3 (https://www mikrotax org
Nannotax3/mdex php?dir—ntax_cenozoic), created
by three colleagues: Dr. Jeremy Young, Prof Paul
Bown and Dr. Jackie Lees. It was launched at the In-
ternational Nannoplankton Association conference
in Washington DC, in September 2013 and has been
continuously updated since then
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Chapter 3

Previous research

Studies of the Paleogene System in Bulgarnia first be-
gan with the geological excursions and writings of
Ami Boué (1840) and Franz Toula (1892), as well as
with the ttineranes and descriptions of the first Bul-
garian geologist Georgi Zlatarsks (1884). The funda-
mental part of knowledge in this area, however, was
accumulated between early 1930s until the end of
the twentieth century, thanks to the many specialized
studies of Bulzsanan researchers. Among them can
be distinoushed the work of Gochev (1926, 1932,
1933, 1934, 1937). G. Bonchev (1926, 1927, 1929).
Zhelev (1936, 1938}, V. Tzankov (1936, 1943, 1946,
1951). Beregov (1946), Mandev (1955), Tzankov et
al (1961). Belmustakov (1956, 1958, 1960, 1961,
1963, 1968). Tnfonova (1959, 1960), Atanasov
(1961%), Aladjova-Hrischeva (1979, 1984a, 1990,
1991), Aladjova-Hrischeva et al (1991), Juranov
(1983, 1984, 1989). Juranov and Pmpirev (1989).
Stoykova (1990). Stovkova and Tvanov (1992, 1994,
2004a, b; 2005, 2006a), Smnyovsky (1993, 1999,
2003, 2004a, b; 2006), Dimnarés-Turell et al. (2006,
2010, 2012, 2013a). It should be noted that the level
of understanding of Paleogene geology varies widely
between different parts of the country.

3.1. Progress on the knowledge of Paleocene and
lower Eocene in northern Bulgaria

A few distinct stages can be wdentified regarding the
study of the Paleocene and lower Eocene 1 northern
Bulgaria- (i) 1840-1927- (i) 1928-1946: (iii) 1947-
1968; (1v) 1969-1991 and; (v) after 1992 The pres-
ence of the Paleocene senies 15 recogmized relatively
late — as early as the third stage by Trifonova (1939),
based on microfauna and Belmustakow (1960). based
on macrofossils.

The first stage spans over a peniod from the md 19®
century until the 1930s (1840-1927). It1s charactenized
by proving the presence of Paleogene sediments in
Bulgaria and their inttial description Only the Eocene
and Oligocene sernies were documented at this stage.
The data obtamed dunng this mitial stage was sum-
marized 1n the comerstone work of Zlatarski (1927)
— “Geology of Bulgaria™. In the Paleogene only the
Eocene and Oligocene series were recogmized. In the

so-called “middle Eocene™, the lithology of the sedi-
ments and their fossil content 15 characterized i detail
for the following areas: around Veliko Tamovo, to the
west of Vama_ in the area around Kamchia and south
of the river, along the Black Sea coast, in the Eastern
Rhodopes, Sakar Mountain and around Sliven Faunal
lists with typical nummulitids and mollusks were pro-
duced 1n this period.

The second siage covers the penod from 1928 to
1946 Tt 15 charactenized by the widenmg of regional
research and a number of specialized studies, most-
ly on the paleontology-stratigraphy of Eocene sed:-
ments. At this stage, although completely based on -
tuition, the foundations of modem lithostratioraphy of
the Paleogene are established by the works of Gochev
(1929, 1932, 1933). G. Bonchev (1926, 1927, 1929)
and Zhelev (1934, 1936).

The key contnbution of Gochev's work datng from
the 1930s, 15 the exact description of the Eocene se-
quences and their subdivision i to named “honzons™
— the prototype of today’s hithostratigraphic units —
Formations. In his research at the Black Sea coast
between the Kamchia River inlet and Cape Emine,
Gochev (1932) determined an Eocene age for the
sandstones and overlying flysch at Cape 5t Atanas
(previously considered by Zlatarsky (1905) as Upper
Cretaceous — Cenomanian and Campaman). He de-
scribed in detail the Senonian in the Byala section and
determined a Maastrichtian age for the grey marls,
based on echinoid fossils. However, he mistakenly as-
signs the Emine flvsch to the Eocene, hased on their
lithological similarities to the flvsch exposed in the
vicinity of Obzor. In his work on the Eocene in the
Wama area. Gochev divides several “horizons™ He
clearly states their defimtive lithological character-
istics, their vertical stratigraphic sequence and fossil
content. Based on the abundant finds of nummulinids,
moliusks and echinoids, he assigns them to the Lu-
tetian Stage. Gochev (1935) made the first attempt
to correlate and compare Paleogene sediments of the
Balkan countries, based mostly on nummuhnd finds.
In his summary on the Eocene of NE Bulgana, Go-
chev(1937) shows his remarkable geclogical inturtion
when dividing and descnibing 5 facies zones, parallel
to the Balkan range: 1. zone of the thrusted Balkan;
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2. zone of the northern (autochtonous) Balkan: 3. Kam-
chia zone; 4 North Bulgarian zone; 5. Dobmdzha
zone. Essentially these are structural-paleogeographic
zones. which with some modifications: could be dis-
tinguished in modern research In Gochev's works
particularly impressive are his clear geolomical and
Iithofarial concepis, outorowing his contemporares
and demonstrating modern lithostratizraphical think-
ing, as early as the 1930s. Pamticularly topical are the
following basic principles; “We should not forget that
the facies changes and rocks change their appearance
i1 a horizontal direction... It 15 known that. . Often
sediments of the same age, but of different facies have
less similarity to each other than those of different
ages, but of the same facies. Disregarding these facts
may lead to major musinterpretations...” (Gochev,
1837).

Zhelev (1936) first reported the presence of the Eo-
cene 1n Central northermn Bulgaria — Pleven area He
found nummulitids 1n the glauconite-sandy sediments,_
that crop out 1n the vicinity of the villages of Grivitsa,
Varbitsa, Opanskoto Bardo and in the Kavlaka area.
These nummulitids were taxonomically determined
by Gochev and the sediments assigned to the Lutetian
(based on analogy with the Beloslav — Gebedzhe sec-
tion 11 the vicinity of Varna). Tt 1s worth noting that
this work Zhelev indicates for the first time the pres-
ence of an Osprea-level i Central northern Bulgana,
section Kailaka

Zhelev and Gochev (1938) studied the Eccene i the
central parts of northern Bulgaria, between the rivers
Iskar and Osam. In this pioneer regional study, they
wonder where the boundary between the Cretaceous
(proven Maastnchtian with Hemipneustes striatoradi-
atus) and Eocene (proven by the presence of specific
aummulitid species) mught be. The sediments that lay
between the proven Upper Cretaceous and Eocene are
called the “Pleven Stage™. It 15 represented by lime-
stones — shightly sandy to clayey, exposed mn the val-
ley of the River Vit Later, researchers proved that the
“Pleven Stage™ of Zhelev and Gochev 1s actually Pa-
leocene in age (Thanetian Stage) in Central northern
Bulgaria (Belmustakov, 1960, 1963, 1968; Tzankov et
al.. 1961; Tsaneva. 1964; Dachev, 1967, 1975).

In the works of G. Bonchev (1926, 1927, 1929), re-
monal geological descriptions are made and lithe-
logical data for the Paleogene sediments of different
parts of NE Bulgana are presented — the Balkan area.
Provadia and Vama vicinities.

Dunng this stage, research on the Eocene of NE Bul-
garia was made by Gellert (1929). In his dissertation
he carned out the first geological mapping of the
Eocene in the vicinity of Varna, subdividing it into
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several horizons, mainly based on lithological char-
acteristics.

Pollak (1932. 1933) smdied the flysch sediments i
the eastern parts of the Balkan_subdividing them from
bottom to top: basic conglomerate; lower flysch mo-
lasse; exotic conglomerate; and upper flvsch molasse.
He assigned the two lower complexes to the Lutetian
and the upper two to the Auversian based on the pres-
ence of Nummulites variolaius.

In a series of works V. Tzankov (Tzankov, 1936,
1943; Tzankov, Beregov, 1940; Tzankov & Cohen,
1941) presented new data on the biostratigraphy, geo-
logical structure and development of the Eocene in
the plateans of NE Bulgana

The end of this stage of investigation 1s marked by
the comprehensive monograph “Fundamentals of the
geology of Bulgaria™ which includes data on the Se-
nomian and Daman by Cohen (1946). on the Eocene
by Beregov (1944) and biostratigraphic information
on the Dantan and Tertiary by Tzankov (1946).

It can be concluded that during the second stage new
regional geplogical knowledge and data is acquired.
hithologic units — honzons are recogmzed and the
macrofossil content of the Eocene sediments 15 ex-
plored, mainly i the NE and central parts of northern
Bulgaria,

The third stage covers the penod between 1947 and
1968. During this period regional geological stud-
tes blossomed, as a result of geological mapping at
1:25 000 and 1-100 000 scales, which started in the
19505 and 1960s. These studies, in tum, provided a
vast amount of information for further development
in the paleontological and biostratigraphical fields. In
northern Bulgana, mtensive research for mineral re-
sources began — oil, gas and coal — which inevitably
raised the need for specialized micropaleontological
studies.

The first micropaleontological results, based on fo-
raminiferal data were published — Trifonova (1939,
1960), Tsaneva in Tzankov et al (1961), Tsaneva and
Vaptsarova (1961), Teaneva (1963, 1964). Macropale-
ontological research made significant progress, which
peaked with the release of three volumes from the
series “Fossils of Bulgana™ Volume IV Paleogene,
large forammmifera (Belmustakov, 1959); Volume TVa
Paleogene, Molluscs (Karagyuleva, 1964); Volume
TVb Paleogene, Echinoids (Sapundyjeva, 1964).

During this stage, the presence of Paleocene and low-
er Eocene in Bulgana was paleontologically proven
The new data was summarized in the second volume



of the “Geology of Bulgana™ by E. Bonchev (1960

The occurrence of Paleocene sediments in Bulgaria
was first proved by Trifonova (1939, 1960) 1n the vi-
cimty of Byala, Varna region. Soon after they were
alzo recorded i Momino Plateau (Belmustakovw,
1960), Elena and Kotel (Karagyuleva, 1961). Duning
the next few years followed the publication of a num-
ber of specialized works, dealing with the stratigraphy
of the Paleocene: in the plateaus i NE Bulgana (Bel-
mustakov, 1962), m the River Vit Valley (Belmusta-
kov, 1963; Dachev, 1967), in the Gabrovo Syncline
(Belmustakov & Jolkichev, 1965), and in dnlling sec-
tions of NW and Central northern Bulgania (Tsaneva
in Tzankov et al., 1961; Tsaneva & Vaptsarova, 1961;
Tsaneva, 1963, 1964).

The presence of lower Eocene — Ypresian in Bulgaria
was paleontologically established for the first time
bv the Romanian geologist Bombita (1957), who as-
signed an Ypresian age to a fossil association derved
from the base of the Eocene succession in Varna. Lat-
er on, Belmustakov (1962) confirmed the presence of
the Ypresian Stage in the Varna, Provadia, Momino
and Shumen plateaus. dividing 1t into lower and up-
per parts.

Karagvuleva (1960) reported for the first time the oc-
currence of the Ypresian Stage in the Lukovit Syn-
cling. In the flvschoid sediments cropping out around
the villages of Rumiantsevo, Malka Bretsnutsa, Toros
and Petrevene, a rich nummulitid association, typical
for the upper parts of the Yprestan Stage was docu-
mented.

Tsaneva made a significant contribution to the research
on the microfossil content — foramimifera of the Paleo-
gene. She published foraminiferal data from the lower
Eocene in Central northern Bulgaria (Pleven high)
and NW Bulgaria (Lom Depression). mainly based on
drilling data (Tsaneva m Tzankov et al . 1961; Tsane-
va & Vaptsarova. 1961; Tsaneva, 1963, 1964). At the
end of this extremely fruitful stage, knowledge of Ii-
thology and biostratigraphy of the Paleogene System
was summarized i “Unified stratigraphic schemes™
for the Paleogene in different parts of Bulgaria — NW,
Central Northern and NE Bulgana. including the Bal-
kanides (Belmustakov & Tsaneva. 1965).

The most essential and fundamental synthesis on
the Paleogene 11 Bulgaria so far, was made by Bel-
mustakov (1968) m the monograph “Stratigraphy of
Bulgana™ It 15 based on a vast amount of paleonto-
logical, biostratigraphic and lithological data on the
Paleogene sediments, exposed throughout Bulgana
Three series were recogmzed — the Paleocene, Eo-
cene and Oligocene, but only some of the stages that

we have adopted today can be clearly distinguished
— the Thanetian, Ypresian, Lutetian and Priabonian
This werk, although published over 50 years ago, still
Serves as a starting pomnt for any new study concemn-
ing the Paleogene in Bulgaria.

The fourth stage marks the beginmng of elaboration
of formal lithostratigraphy of the Paleogene sed:-
ments. Extensive paleontological and biostratigraphic
research were implemented. Besides, m addition
to the traditional groups — nummulitids and forams:-
nifera calcareous nannofossils were explored for the
first time.

Tsaneva (1971a) summanzes foranuniferal data on
stratigraphy of the Paleogene m N'W and Central north-
ern Bulgaria In her work she does not define biostrat-
graphic zones_ but clearly outlines foraminiferal asso-
ciaticns i the Paleocene. and the lower and middle
Eocene. Her pioneenng research on the phylogeny of
the genus Globororalia enabled significant biostrats-
graphic and paleogeographic conclusions about the
specifics of the marine basin (Tsaneva, 1971b).

Dachev (1967, 1973) contributes to the lithostratig-
raphy of the Paleocene series in the Pleven area. He
distinouished origmally two packets, later formalized
as the Komarevo and Bozhuritsa Formations.

Aladjova-Hnscheva (1979) published a comprehen-
sive study on the Paleogene stratigraphv of the Lu-
kovit Syncline. She identified several lithological
umits — packets, tracking their spatial relationships
and descnibing their nummulitid content. The mum-
mulitid associations she found, confirmed the opmn-
ion of Karasvuleva (1960) regarding the presence of
lower Eocene m the Lukovit Depression, contrary to
views of Belmustakov (Belmustakov, 1949; 1980)
In her doctoral thesis Aladjova-Hrischeva (1980) ap-
plied “Mediterranean”™ chronostratigraphic divisions,
by mtroducing the Illerdian and Cuisian Stages in
the lower Eocene (each divided mto three substages).
Biostratigraphic zones, based on nummulitids were
also suggested.

Aladjova-Hnscheva et al (1983) integrated biostrati-
graphic data on nummulitids, calcareous nannoplank-
ton and planktic forams in the Paleccene-lower Eo-
cene sections of NE Bulgaria. They documented pa-
leontologically an early Eccene age for the Beloslaw,
Dikalitash, Aladan and the baze of the Avren Forma-
tion 10 the classic section near Beloslav, Varna region.
A vear later, Aladjova-Hrischeva (1984a) proposed
the Beloslav Formation. as well as formation rank for
both the Dikilitash and Aladan Formations.

Juranov (1984) recognized three packets in the sed:-
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mentary succession around Byala and Goritsa, Vama
area Later on. he formalized some of them as forma-
tions in co-authorship (Juranov & Pimpirev, 1989).
At the same time_ he published the first complete zo-
nation based on planktic foramunifers for the Palee-
cene and lower Eocene (Juranov, 1983). Ten mterval
biozones, from Subbotinag pseudobulloides in the low-
er Paleocene to Acarinina pentacamerara in the lower
Eocene are identified and characterized in detail. Jura-
nov and Darakchieva (1986) described typical lower
and nmuddle Eocene planktic foraminifers. origmating
from drilling sections in the Dobrudzha area.

Durning this stage, chronostratigraphy of the Pa-
leocene, lower and muddle Eocene i1s the subject of
continuous discussions. Disputes revolve around the
applicability of various bio- and chronostratigraphic
schemes in Bulgana, which have been used 1n West-
ern Europe, Crimea and the Caucasus (Belmustakov,
1980, 1984; Aladjova-Hrischeva, 1984c).

Stovkova (1990) examined for the first time the nan-
nofossil content of the Paleocene — Eocene succes-
sions of several sections along the River Vit Valley,
Central northern Bulgana Based on the recorded nan-
nofossil associations, she recogmzed two zones in the
upper Paleocene (NP 6 and WP 7) and two zones at the
base of the middle Eocene (NP 14b and NP 15).

At the end of this frustful stage, Aladjova-Hrischeva
published several articles, summanzing stratigraphy
of the Paleogene mn northern Bulgana (Aladjova-
Hrischeva, 1990, 1991). Thus, the formal lithostrati-
graphic subdivision of the Paleogene in NE Bulgarnia
iz completed. The chronostratigraphic range of the
lithological units 15 determuned by nummulitid bio-
stratigraphy.

Aladjova-Hrischeva et al. (1991) mtroduced smx new
formations and two new members, initiating a formal
lithostratigraphic scheme in the West and Central Fore-
Balkan and Balkan Mountamns (from the Kula area
westward to the Tryavna area to the east). Attempts
were made at paleogeographical reconstruction of the
basin development during Paleocene — early Eocene
time.

The fourth stage can be described as a stage of con-
struction and completion of the basic outlines of the
lithostratigraphic scheme descnibing the Paleogene
sediments 1n northern Bulgana. Duning the same pe-
riod expansion and intensification of bmstrangraphic

research based on different fossil groups and different
zonal schemes blossomed.

The fifth siage began after 1992 Between 1992
and 1995, map sheets with explanatory notes to the
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geological map of Bulgana (1:100 000) were pub-
lished. They summanzed all existing data regarding
the distribution. lithostratigraphy. fossil content and
chronostratigraphic range of the Paleogene sedi-
ments (Kanchev, 1995a_ b, c, d; Filipov & Cheshitev.
1995a_ b; Tzankov, 199352, b). The map users, how-
ever, faced considerable difficulties, when they tried
to follow the same Paleogene units on two adjacent
map sheets made by different research teams (eg.
map sheet Gabrovo — Tsankov, 19953, and Tvarditsa
— Kanchev & Nikolov, 1993).

The other summary of significant importance for the
Paleogene lithostratigraphic units can be found
“Dictionary of the formal Bulganian lithostratigraphic
umits (1882-1992)°. It classified all lithostratigraphi-
cal terms and concepts used for Paleogene rocks in
the country {Juranov, 1993; Tvanov, 1993a).

Dunng this stage attention 15 drawn to some global
geological events, affecting our planet — tmpact
events, climatic changes, sea level changes. Thus, the
research on thetr record in Bulgana started by apply-
ing calcareous nannofossil biostratigraphy as a pow-
erful tool. In this way, the continuous section across
the Cretacepus/Tertiary boundary at Byala, Vama
vicimty, was discovered (Stovkova & Ivanov, 1992).
It contained a boundary clay bed with high indmm
content, as a result of the impact event at this bound-
ary (Preismnger et al, 1993a, b; Ivanov & Stovkova,
1994).

Scientific interest 1n the research of thus wmportant
geological boundary followed, leading to the discov-
erv of new sections in different depositional environ-
ments throughout northern Bulgania (Sinnyovsky &
Stovkova, 1995; Sinnyovsky, 1999; Smnyovskyetal |
2002). The events around this boundary are studied
in detail and in various aspects: biostratigraphic, min-
eralogical, geochemical. sedimentological, magneto-
stratigraphic (Rogl et al _1996; Ivanov & Stovkova.
1994, 1995; Stovkova & Ivanov, 2002a, b, 2004a;
Stovkova et al . 2000; Kostov & Tsankarska 1997,
2000; Pretsinger et al |, 2002; Adatte et al _ 2002; Pey-
bernés et al . 2004: Dinarés-Turell et al | 2008).

Vangelov and Smnvovsky (2000) published new data
on the lithostratigraphic and paleogeographic deve-
lopment from the Late Cretaceous to the Eocene, ob-

tained as a result of new mapping of the East Fore-
Balkan (scale 1:25 000).

Vangelov and Smnyovsky (2001) divide several types
of deposttional environments and facies 1n the East
Balkan (Emine basin) and made mterpretations for its
geodynamic development during the Late Cretaceous
to middle Eocene.



Durng this stage, the first attempts for sequence
stratigraphic: subdivision of the Paleocene — lower
Eocene interval were published. Sianyvovsky (1999,
2004) suggested two third-order seqguences in the Up-
per Cretaceons — lower Paleocene section along the
valley of the River Kamenitsa, southwest of Mezdra
(near the villages of Moravitza and Chelopek). In his
PhD. thesis Vangelov (2000) distinguished six se-
quences of third order in the Paleocene — middle Eo-
cene interval of NE Bulgana.

Stoykova and Ivanov (2002b, 2004a) identified and
traced four sequence stratigraphic units m the Maas-
trichtian — Daman mnterval in northern Bulgania

For the first time cyclostrangraphic research was un-
deriaken. The object of these studies was the recogm-
tton and analvsis of orbitally forced cyclicity 1 the
marl-limestone successions around the Cretaceous
Tertiary boundary mn Mezdra and Bvala, Varna area
(Sinnyvovsky, 1999, 2001a; Pressinger et al | 2002;
Dinarés-Turell et al.. 2006, 2010, 2012, 2013a).

Durmng the fifth stage global paleoclimatic events and
their impact on the sedimentary record were analyzed
and addressed. This 13 the case with the Paleocene-
Eocene thermal masumum evidenced i several Bul-
garian sections (Stovkova & Ivanov, 2005; Stovkova
etal . 2005b; 2008).

It can be concluded that dunng this last stage, huge
amounts of new mnformation and data on regional
geology and straticraphy of the Paleogene sedimen-
tary sequences was accumulated. In addition, com-
pletely new approaches were applied — nannofossil
biostratigraphy. sequence stratigraphy, basm analy-
s15, magnetostratigraphy, cyclostratigraphy and event
sﬂahgaph}

3.2. Biostratigraphic schemes based on different
fossil groups, applied in Bulgaria

Even the first scientists exploring the Paleogene in
Bulgaria had separated chronostratigraphic subdi-
visions such as Focene, Oligocene and Paleocene,
based on the fossil finds 1in the sediments; in short
based on hiostratigraphic criteria. Inmtially, in order to
determine a particular senes and prove its age, they
used to quote the so-called “marker species”™ Usup-
ally these are sepresentatives of large forammnifers
(nummulitids). mollusks (brvalves and gastropods)
and echinoids. Charactenistic fossil associations were
dentified, Eﬂah]jng correlation between different li-
thologtes and regions. In this way. biostratigraphic
zonation of the Paleogene began, 1e creating zonal
schemes based on different fossil oroups.

One of the first biostratigraphic schemes for subdivi-
sion and correlation of the Paleogene i Bulgaria was
created by Belmustakov and Tsaneva (1963) in “Um-
fied and regional schemes on the stratigraphy of PR
Bulgana”_ In this work, data concerning macrofauna,
microfauna (small forammifers) and lithological com-
posttion of the Paleogene sediments m different parts
of the country were correlated. Primary fossil groups
are nummulitids and mollusks. In the Paleocene se-
ries, only the Thanetian Stage 1s separated (upper Pa-
1e-:v‘enej and in the lower Eocene — the ¥, presian Stage
{Fig. 3.1}.

Tsaneva (1971a) separates associations of planktic
foramumifers in the Paleogene of northern Bulgana,
which can be considered as biostratigraphic zones

(Fig. 3.1).

Zonation based on nummulitids was made for the
first time by Aladjova-Hnscheva (1980) in her PhD
thesis, as she adopted the Mediterranean chronostrats-
graphic subdivision and the biostratigraphic scheme
of Schaub (1981) — Fig. 3.1. However, in her later
works, Aladjova-Hrischeva replaced the term “zone™
with “nummulitid complex™ or “association™ (Al-
adjova-Hrischeva et al, 1983; Aladjova-Hrischeva,
19842, b).

The first zonation of the Paleocene — lower Eocene in-
terval 1n the modem sense, was published by Juranov
(1983). He examined the vertical range of the planktic
forammifers and defined ten mterval biozones — Fig.
3.1. This division 15 a solid background for regional
and global correlations, as 1t 15 based on a planktic
microfossil group with fast rates of evolution and high
stratigraphic value. In terms of chronostratigraphy,
the author believes that the traditional stage concepts
for the Paleocene and lower Eocene are compromised

and should be replaced with Sub-senes.

Stovkova (1990) documented the presence of two
zones in the upper Paleocene — NP6 and NP7, clear-
ly defining their boundanes and nannofossil asso-
ciations, using the standard biozonation of Martim
{(1971c)

In a series of articles, dedicated to the detailed bio-
stratigraphic subdivision of the interval around the
Cretaceous Terttary: (K/'T) boundary, Stovkova (in
Stovkova & Ivanowv, 1992, 1994, 2002a; 2004a: in
Preisinger et-al . 1993a b) distinguished and char-
acterized the following nammofosail zones: Micula
murus and Micula ponsu in the Upper Maastrichtian
and zonez NP1, NP2, WP3. NP4 and NP3 i the Da-
nian and Selandian Stages (Fiz. 3.1).

Sinnyovsky et al (2002) proved for the first time a
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continious succession across the K/'T boundary in the
Carpathian tvpe Upper Cretaceous near Kladorub.
They found rich nannofossil assoctations, typical for
the zones Micula prinsii (uppermost Maastrichtian),
NP1 Biantholithus sparsus and NP2 Cruciplacolithus
tenuis (lowermost Paleocene).

Sinnvovsky (2004a, b) reviewed the nannofossil bio-
stratigraphy of the Upper Cretaceous — Paleocene
sediments 11 the Kladorub and Ermine Formations.
Deetatled zonation of the Paleocens series is made, de-
fining the boundaries, associations and distribution of
the namnofossil zones from NP1 to NP 9. Unfortunate-

ly. due to a technical error in the defimtion of zone
NP9, both articles listed wrong criteria for zone NP8.

Stovkova and Ivanov (2004b, 2005, 2006a) prove
the full range of nannofossil zones in the Paleocene
— lower Eocene interval — from NP1 m the base of
the Paleocene_ to NP 14a 1n the uppermost parts of the
lower Eocene. They have been documented 1n 2 num-
ber of sections around Byala, Varna area, Mezdra area
and in Central northem Bulgana — Pleven area (Fig.
3.1). In the Paleocene Series the Danian Selandian
and Thanetian Stages are differentiated, and i the
lower Eocene — the Ypresian Stage.
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There have also been attempts to calibrate the nan-
nofossil and planktic foramimfer biozonations. Pey-
bemeés et al (2004) correlated the data of thesze twe
planktic groups. studying several kev sections of the
Paleocene in northern Bulgana (Fig. 3.7). Stovkova
et al. (2003a) directly tied bicevents and biozonations
based on nannoplankton and planktic foraminifers m
the Paleocene section of Gontsa, Varna District (Fig.
3.3).

At the end of this review: 1t can be concluded that var-
ious biozonations of macro- and macrofossils (mol-
lusks, nummulinds, planktic foraminifers and nanno-
plankton) have been applied for the subdivision and
correlation of the Paleogene sediments in Bulgania
Durning the last two decades of the 217 century, an ap-
proach based on planktic microfossil groups 1s more
preferred, because of their high stratigraphic resolu-
tion and reliability for precise correlations on a re-
gional and global level.
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Chapter 4

Lithostratigraphy of the Paleocene and lower Eocene sediments

Twenty-four formal lithostratigraphic units (Forma-
tions) and six informal units (formations) have been
introduced in the Paleocens — lower Eocene interval
of northern Bulgaria. They are briefly reviewed and
described m this chapter, presented from west to east-
wards and from older to yvounger units. The amm of
this chapter 1s to summanze and synthesize all avail-
able data on the lithostratigraphy of the studied inter-

val i northern Bulgana.
Kladoerub Formation (Tzankov, 1972)

Nomenclature. The name of the Formation was intro-
duced by Tzankov (1972) as “Kladorub Complex™ A
tvpe section, although not described, is indicated on
the right hank of the Vrahska bara River, Kladomb
village. An auxiltary section 1s traced along the Tsi-
ganski dol valley, east of the village. The rank of the
unit — Formation, 15 given by Filipov and Cheshitev
(1995b).

Lithological characterisiics. The Formation 13 butlt
up by monotonous grev-greenish, ndistinctly beddad
sediments, dominated by clayey-calcareous siltstones
and minor quantities of silty mards (Sinnvovsky etal |
2002 Fig. 4.1). Among them at different levels, rare
layers of bioclastic, detrital and clayey limestones oc-
curred.

Fiz 4.1 Clayey-carbonate siltztones and silty marls in the

upper portion of the Kladomub Formation along Teiganski
dol, 8E of Kladorub. Tape measure = 1m

Regional aspects. The surface exposures of the For-
mation are rather limited — they can be traced only
around Kladorub and Rakovitsa villages, Vidin Dis-
trict (NW Bulgana). It 15 quite probable, however,
that 1t continues to the east and northeast 1n the Lom
Depression. Rocks of the same Iithology and similar
age have been penetrated by numerous wells there.
The reason for this suggestion beimng the descniption
of the sediments penetrated by wells R-6 Dulgodelts:
(Tsaneva, Vaptsarova. 1861). R4 and R-3 G. Gnoy-
nitsa, R-2 Medkovets. C-1 Drenovets and C-7 Lom
{Tsaneva, 1964, 1971a). Thicknesses there vary from
10-20 m to more than 100 m.

The lower boundary of the Kladomb Formation ts not
exposed. It 15 assumed that the Formation 1s under-
lainy by and laterally passes to the Kula Fm (Tzankov,
1972). At the section along Tsiganski dol, southeast
of Kladorub village, the contact 1s tectonic (along a
fault) with granodiorites of the Belogradchik pluton.

The upper boundary of the Formation 1z erosional Tt is
unconformably covered by the Staropatitza Fm sand-
stones and conglomerates (lower-muiddle Eocene?) or
the Rakevo wedge of the Krivodol Fm (Neogene).

The thickness of the Formation m the best exposures
along Tsigansk dol, southeast of Kladorub village, 13
around 210 m (Sinnyovsky, 2004b).

Spatial-temporal relationships of the Kladorub For-
mation with other hithobodies are shown on Fig. 4.2
To the east. near the Lom Depression. its lower parts
possibly passed to the limestone-marl formation,
separated by Filipov (1992). In this direction, pre-
sumably also expands its chronostratigraphic range.
Reasons for such claims are found in the planktonic
forammnifera biostratigraphic data in the Paleocene —
Eocene section of the wells in the Lom Depression
(Teanewva, 1964).

Chronostratigraphic remge. The age of the Kladorub
Formation 13 constrained based on macro- and micro-
foszils — ammomtes, mnoceramids, forammifera and
calcareous nannoplankton (Tzankov, 1964; Tsaneva,
1964; Smnvovsky, 2004b; Stovkova & Ivanov, 2003).
It comprizses the interval from the Upper Campanian in
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Fig. 4.2. Spatial-temporal relationzhips of the Kladomb Formation with other lithobodies

the Upper Cretaceous (Sinnyovsky, 2004b) to the low-
er parts of the Ypresian in the lower Eocene (Stovkova
& Tvanov, 2003). Of a total thickness 210 m in the sec-
tion at Tsiganskt dol. 135 m are assigned to the Upper
Cretaceous (Upper Campaman — Maastrichtian_ Sin-
avovsky, 2004b; Granchovsk:, 2019) and 75 m to the
Paleocens and lower Eocene.

Limestone-marl formation (Filipov et al, 1992)

Nomenclature. The name was mtroduced as an in-
formal unit in the Explanatory Note to the Geologi-
cal map i scale 1: 100 000 by Filipov et al. (1992,
1995b). However, its sediments have been previously
described 1 several articles on the stratigraphy of the
Carpathian tyvpe Upper Cretaceous and Paleogene in
the wells of NW Bulgania — Vidin Uplift and Lom De-
pression (Tsaneva & Vaptsarova, 1961; Vaptsarova,
1963; Tsaneva, 1963, 1964).

Lithological characteristics. Tt consists of alternating
grey clavey limestones and marl packets of vanable
thickness. Concentrations of glaucontte and cherty
concretions are occasionally observed at some levels
(Vaptsarova, 1963)

Regional aspects. Up to the present date. no surface
outcrops of this formation are known. Tt 15 distin-
puished based only on well data from WW Bulgaria
(Moestan Platform, on the periphery of the Lom De-
pression and the Vidin Uplift). Its thickness reaches
up to 650 m (Filipov et al . 1992, 1995b).

Its lower boundary 15 unconformable with Lower Cre-
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taceous rocks (Slivaitsa and Stmeonovo Formations),
and 1ts upper boundary is probably a gradual transi-
tion to the sediments of Kladoruh Fm (Fig. 4.2).

Chronosiratioraphic range. The complete strati-
graphic range of the formation based on microfossil
data (foraminifers) 15 Cenomaman — Daman (Vapt-
sarova, 1963).

Mezdra Formation (Jolkichev, 1986)

Nomenclature. The Formation was mtroduced by
Jolkichev (1986), formalizing the previously divided
chertv-carbonate formation (Jolkichev, 1982). Later
on, the same author (Jolkichev, 1993) classify the
name “Mezdra chertv-carbonate Formation™ as us-
able, but mnvalid, due to homonymy with the “Mezdra
sandstones” of Bonchev and Kamenov (1934). How-
ever, geological practice 1n Bulgana over the last 25
vears, endorsed the use of the Mezdra Formation of
Jolkichev {1986). The type section of the Formation 1s
located between the village of Darmantsi and Mezdra
town.

Lithological characteristics. The Formation 1s bualtup
of thin to medium-bedded micritic limestone (in the
Fore-Balkan) and chalky limestones (in the Moesian
Platform), enriched with cherty nodules. The pres-
ence of cherty nodules and layers 15 a fundamental,
definttive feature of the Formation.

Regional aspects. The Formation 15 widespread over
the entire area of northern Bulgaria — in the Moesian
Platform_ Fore-Balkan and Central Balkan Most of



Fig. 4.3 Exposures of the Mezdra Fommation in its type
area near the town of Mezdra

the Formation belongs to the Upper Cretaceous Se-
nies (Upper Campanian — Maastrichtian), but its upper
parts in the Mezdra region are proven to be Paleocene
(Sinnyovsky, 1993a, 1999; Stovkovaetal | 2000; Sin-
nyovsky et al | 2004).

In the type area in the region of Mezdra town and
south of 1t (Fig. 4.3), the lower boundary of the For-
mation 15 a gradual transttion from the sediments of
the Kunino Fommation or it unconformably lies on
Lower Cretacecns rocks (Roman Formation)., The
presence of macro and microfossils — ammonites, bi-
valves, echimoids, foraminifers. and calcareous nan-
noplankton have been recorded in the Formation.

The spatial and temporal relationships of the Mezdra
Formation with the other Upper Cretaceous units over
different parts of the Moesian Platform, the Fore-Bal-
kan and the Central Balkan were regionally traced and
documented by Jolkichev {1989) and will not be listed
here because of their lack of direct relevance to this
work.

The upper boundary of the unit appears to be sharp with
the Kailaka and Dobrina Formations (Jolkichev, 1989).
Within the West Fore-Balkan (near Lyut dol village)
it is traced as a gradual transition to the limestone for-
mation or 18 unconformably overlain by the sandstone
formation (Fig: 4.4, Smnvovsky & Sinnvovska 1993)

The thickness of the Formation varies widely from
several meters up to 90 m.

Chronostratigraphic range. The total stratigraphic
range of the Mezdra Formation proved by nannofossils
13 Upper Campanian — Danian (Smayovsky, 1993a).

Limestone formation (Sinnyovsky & Sinnyovska, 1993)

The unit 15 introduced by Sinnvovsky and Sinnvovska
(1993) to designate grey thin-layered clayey-sandy
limestones m alternation with chalky hmestones
without cherty nodules. Also present are mixed terng-
encus-carbonate varietes.

The formation 15 found 1n the vicimty of Lyuti dol,
Tipchenitza and Perchovist villages 1 the West Fore-
Balkan

Its lower boundary represents a gradual transmtion
from the Mezdra Fm limestones. the upper boundary
being erosional with the sediments of the sandstone
formation overlyving, outcropping near Brusnika ham-
let. west of Lyuti dol village. The relationships be-
tween the formation and neighboring hithobodies are
shownon Fig 44

Chronostratigraphic range. The Formation 1s upper-
most Maastrichtian (zone CC25 M. murus) — lower
Danian (NP2 Cruciplacolithus temus) according to
Sinnvovsky and Smnyovska (1993).

Sandstone formation (Sinnyvovsky & Simmyovska, 1993)

The umt was proposed by Smnvovsky and Sinnyov-
ska (1993) to typify sandstones and siltstones, well
cemented at the base and loosely cemented in their
upper parts, with parallel and cross bedding. The for-
mation 1s detected only in the core of the Lyuti dol
Syncline, West Fore-Balkan (west of Tishovska ham-
let, Lyut: dol village).

The lower boundary of the formation is sharp. Tt lies
unconformably over the limestone formation at Brus-
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Fig 4.4 Spatial-temporal relationships of the Mezdra Fm,
limestone and sandstone formations south of Mezdra town
{after Sinnvovsky & Sionyovska 1993 with refinements)
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Fig.4.5. Exposures of the Komarevo Fm in the gully between
the villages of Kreta and Komarevo, Pleven District

nika hamlet and the Mezdra Formation elsewhere
{(with a basal conglomerate with clasts of limestones.
phosphorite nodules, etc. — Fig. 44) The upper

boundary 1s a present-day erosional surface.

The thickness does not exceed 10 m. Before 1993.
the rocks of this formation had been referred to the
Eocene by analogy with the other clastic sediments
cropping out in the syncline core.

Smnvovsky and Sinvovska (1993) determuned the
chronostratigraphic range of the formation within the
middle Paleocene, NP6 Heliolothus kleipelli zone,
based on idennfied characteristic nannofiora.

Komarevo Formation (Dachev, 1975)

Nomenclature. The name “Komarevo Formation™
was mtroduced by Dachev (1975) for sediments, pre-
viously described by the same author as | Kailaka for-
mation” (Dachev, 1967). Although not legitimate and
against the rules of the National Stratigraphic Code
{the name has been qualihed as invalid by the Glos-
sary of Bulganan lithostratigraphic units), the geo-
logical practice m the last 25 years has recogmsed the
use of Komarevo Formation in the sense of Dachev
{1975). The type section is situated near Komarevo
village_ Pleven Dhstrict, on the right bank of Vit River.

Lithological characteristics. The Formation 15 com-
posed of white and creamy clayey and clavey-sandy
Iimestones. At different levels, usually 1 the lower
parts, the sediments are enriched in chertv nodules.

The rocks are represented by transitions between
vanous types of mixed terrigenous-carbonate (hypo-)
rocks: from skeletal packstones-wackestones with
abundant red algae skeletons and large benthic fo-
raminifera. to mixed calcarenites and sandstones.
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Fig. 4.6. Sharp lower boondary of the Komarevo Fm
{Thanetian) in the guarry at Chudnite skali. marking the
stratigraphic naconformity with waderlying Selandian
zediments

Glauconite 1s often detected, particularly 1n the lower
parts. Phosphorite concretions (nodules) are observed
locally in some places at the base of the Formation.

Regional aspects. The Formation 15 widespread across
Central northern and NE Bulgaria — in the Moesian
Platform and the Fore-Balkan Kanchev (1995a, b)
has not adopted the idea of expanding distnibution
of the Formation from the Moesian Platform mnto the
Fore-Balkan The name he used for the rocks with
similar lithology and age mn Central and East Fore-
Balkan 1z “limestone formation™.

The lower boundary of the Eomarevo Fm 15 every-
where sharp and erosional with the underlving orga-
nogenic limestones of Kailaka Fm (Moesian Platform,
Central northem Bulgarna), with the sandstones of the
Iztochnik Fm (Central Fore-Balkan and Balkan) or
overlyving directly the Mezdra Fm (Moesian Platform,
NE Bulgana).

The upper boundary of the Komarevo Fm mn Central
northern Bulgaria to the north of Pleven 15 sharp with
the marls of the overlying Bozhuritsa Fm_ thus prob-
ably reflecting a short-term gap in sedimentation (Fig.
4.14). To the south of Pleven, where the Bozhunitsa Fm
is not present, the upper boundary of the Komarevo
Fm 1s erosional and it 15 unconformably overlain by
glauconitic marls or glaucomitic-sandy sediments.
The latter are conditionally assioned to the Beloslav
Fm or to the grey clavey marls of the Avren Fm (Fili-
pov etal, 1995¢; Stoykova & Ivanov, 2004b).

In NE Bulgana, the Komarevo Fm 13 cropping out
both i the Moesian Platform and in the Kamchia
Zone. The unit is penetrated by the wells in the Black
Sea offshore. Its lower boundary 15 traced as a strati-



Fig. 4.7. Exposures of the Bozhuritsa Fm — marls with
cherty nodules in its type section near the village of
Bozhuritza, Pleven District. at the right bank of the Vit
BRiver

graphic unconformity marking an mtermuption 1n sedi-
mentation — with Upper Cretaceous or older Paleo-
cene rocks below (Fiz. 4.6). Its upper boundary 1s
also unconformable with the Beloslav Fm, while only
mn the Kamchia Zone, in the section along the Raz-
krachemitsa River, it is followed as a gradual transi-
tion to the sandstones and sands of the Beloslav Fm
(Vangelov & Sinnvovsky, 2000).

The thickness of the unit varies between 4 and 30 m. In
central northern Bulgana 1t 15 around 25-30 m, mn the
platform part of NE Bulgana about 4-5 m, whereas to
the south, in the Kamchia Zone, it reachesupto 30 m.

Chronostratigraphic range. The total stratngraphic
range of the Komarevo Formation 1s Thanetian — NP6
(uppermost parts), NP7 and NP8 nannofossil zones
(Fig. 4.14). Tt 1s supported by abundant macrofossil
data (bivalves, gastropods, shark teeth — Belmusta-
kov, 1963; Dachev, 1975) as well as by microfossils
— calcareous nannoplankton (Stovkova, 1990; Sinny-
ovsky, 1992; Stovkova & Tvanov, 2004b). and large
foraminifers (Aladjova-Hrischeva, 1980).

Bozhuritsa Formation (Dachev, 1967)

Nomenclanie. This umit was introduced by Dachev
(1967) as the “Bozhuritsa formation™ and the for-
mal “Formation™ rank appears 1n a later publication
(Dachev, 1975). The tvpe section is located 1n the SW
end of Bozhuritza village_ Pleven District, in the vast
auarry on the right bank of the Vit Rrver (Fig. 4.7).

Lithological characteristics. The Formation 15 based
on the predominance of marls enniched 1n cherty con-
cretions. In the upper parts of the unit the number of
these concretions decreases, while the clastic compo-

Fig. 4.8 Exposure of the uppermost parts of the
Bozhuritsa Fm in its type zection near Bozhuntza, Pleven
District — 1t iz overlain by a paraliel uaconformity at the
base of the “Beleslav™ Fm (marked with red line)

nent increases and mixed hypo-rocks occur — sand-
stones, siltstones, silty and clayey marls. At some lev-
els these are enriched with glauconite and ferruginous
hvdroxides.

Regional aspects. The Formation 15 largely distnbu-
ted throughout Central northern Bulgana, along the
right bank of the Vit River in the vicimty of Bivolare,
Bozhuritsa, Riben and Komarevo villages. Tt 13 also
traced in the offshore Black Sea where it 15 penetrated by
Vama-West and Yun Shimanov wells (dnlled m 2004).

Its lower boundary with the Komarevo Fm 15 sharp,
possibly referring to a short-term hiatus m sedimen-
tation which cannot be detected by biostratigraphic
methods (within the accuracy of the method).

The upper boundary near Riben village 1s represent-
ed by rapid transition to glaucomitic sandstones and
loosely cemented sands of the “Beloslay™ Fm. In the
rest of the sections — near Bozhuritsa and Komarevo
villages, it 1s sharp erosional boundarv. At these loca-
tions the Formation 1s overlam by the “Beloslav™ Fm
glauconitic sandstones. A marker honizon, rich in Os-
trea shells. phosphonte concretions, glauconite and
clasts of magmatic rocks 1s seen at the base (Fig 4.8).

The presence of the umit i the Gabrove Distrnict
(around Trantto village and between Bozhentsi and
the town of Tryvavna) 15 still not convincingly proved.

The thickness of the Formation m Central northern
Bulgaria ranges between 20 and 25 m_ The rocks are
rich in fossils — shark teeth (Dachev, 1967; 1973), be-
valves, gastropods (Belmustakov, 1963; 1968) and
microfossils — calcareous nannoplankton (Stovkova
& Ivanov, 2004b) and planktic forammnifera
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Chronostratigraphic range. The total stratigraphic
range of the Bozhuritsa Formation 15 Thanetian Stage,
NP8 and NP9 nannofossil zones (Fig. 4.14).

Imochnik Formation (Aladjova-Hrischeva et al, 1991)

Nomenclature. The Formation was mtroduced by
Aladjova-Hrizcheva et al (1991). It 15 named after
Iztochnik village, Gabrovo Dustrict, in the northern
part of which 15 located the type section. The unit cor-
responds to the , main — sandy horizon of the Thane-
tian™ (Belmustakov & Jolkichey, 1965).

Lithological characteristics. The Formation consists
of various coarse to medium-gramed gquartz sand-
stones. Limestones and siltstones. also characteristic,
appear 1n the type section along with the sandstones.
Locally, the latter pass mto siltstones or gravels. The
well-rounded to semi-rounded quartz srains are the
main clastic component The cement 15 fine-sandy-
calcareous. Poorly preserved relics or whole shells of
mollusks {mainly mussels) and single corals are also
noted. At different levels, mamly i the lower and up-
per part of the Formation, the calcareous content in-
creases and limestones, sandy limestones and calcars-
ous sandstones appear to be present. too.

Regional aspects. The number of outcrops of this
Formation 15 limited . Tt occurs as a contimious strip
between the towns of Gabrovo and Tryavna and 1so-
lated outcrops on the northern ends of the Paleogene
outcrops in Gabrovo District (INE of Trantto, Mogilata
villages and near Petkova niva). Recently, the unit has
also been recognized m the Paleocene section near
Drenta village, Elena region (Stoykova, unpublished
data; Nikolov et al , 1993).

The lower boundary 15 sharp and transgressive over
the Upper Cretaceous Kailaka Fm limestones (in the
Gabrovo region) or directly overlyving the Lower Cre-
taceous Kostel Fm marls (near Drenta village, Flena
regiomn).

The upper boundary appears unclear in the holo-
stratotype section. Aladjova-Hnscheva et al. (1991)
supposed that it has a gradual transition mnto the
Komarevo Fm. This assumption has been refited by
the subsequent studies of the unit. Our observations
of the section near Drenta village, Elena region. in-
dicated that the upper boundary of the Iztochnik Fm
1s sharp and erosional with the overlying Komarevo
Fm (Nikolov et al., 1998). Similar results have been
obtained in the course of the biostratigraphic study of
the core from a hydrogeclogical well near the town
of Gabrovo (R-l1hg Gabrovo, unpublished data of
K. Stoykova). North of the type area, the Formation
pinches out. To the south it probably passes lateral-
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Iy inte the calcareous-marly formation (Kanchev &
Nikolov, 1993). developed in the Central Balkan —
Elena-Tvarditsa Stara Planina area.

The thickness of the Formation vartes between 20 m
to 80 m.

Chronostratigraphic range. It 15 only recently that
precise brostratioraphic data on the age of the Iztoch-
mik Formation have been acquired. These prove ifs
range to fall wathin the Selandian stage, NP4 and NP3
nannofossil zones and P3a planktic foraminifera zone
(Stovkova, unpublished data; Fondecave-Wallez and
Stovkova in Nikolov et al . 1998; Peybernes et al |
2004). Belmustakov and Jolkichev (1965) and Bel-
mustakov (1968) reported a rich mollusk association
they consider to be of Thanetian age. However, more
recent understanding indicates that the mollusks can-
not be relied upon for definite conclusions on the age

of the Paleocene sediments.

Pavolche Formation (Aladjova-Hrischeva ef al,
1997

Nomenclarure. The Formation was introduced by Ala-
djova-Hrnscheva et al. {(1991). Named after the vil-
lage of Pavolche, Vratsa District, the type section 15
located in the southern end of the settlement. The unit
corresponds to the lowermost part of the presumably
middle Eocene , sandy hortzon™ in the region of Mez-
dra (Bonchev & Kamenov, 1934).

Lithological characteristics. The Formation 15 buiht
up of various quartz or polvmictic sandstones. These
often appear to be loosely cemented. with grans of
various size, thick-bedded to massive Tightly ce-
mented beds and lenses of tvpically spheroidal weath-
ering are rarely observed. The color of the sandstones
on the weathered surface varies from hight-grev, yel-
lowish to whitish. Locally, the sandstones pass mto
siltstones, gravels or clayey sandstones.

A peculiar feature 15 the total lack of anv sorting of
the clastic component composed of quartz grains and
muscovite. The cement is sandy or clayvev-sandy.

Regional aspects. The Formation 1s traced only in the
region of Mezdra, where it outcrops as a continuous
strip i the vicinity of Pavolche, Moravitsa, Ruska
Byala. Mezdra and Brusen and SW of Varbeshnitsa.

Its lower boundary 15 transgressive — OCCUITING Un-
conformably over Upper Cretaceous (Mezdra Fm) or
Paleocene (limestone formation) rocks.

The upper boundary 15 a gradual transition to the
overlying Ugarchin Fm.



Due to the limited distribution of the unit (only 1 the
region of Mezdra), ne lateral relationships with other
Paleogene lithobodies have bheen identified. Tts tem-
poral analogues in the Lukovit region are the Petre-
vene and Lukovit Fms, and in Gabrovo region — the
Bovnovis: and Lukovit Fms.

The thickness of the Formation reaches up to 60-70 m.

Chronostratigraphic range. The nummuliids, de-
tected 1n the sediments of the Formation near Ruska
Byala village, Mezdra region, indicate an age within
the early Eocene — Ypresian Stage (the nummulitid as-
sociation has been re-interpreted by Aladjova-Hrisch-
evaetal 1991).

Petrevene Formation (Aladjova-Hrischeva et al,
1991)

Nomenclatwe. The Formation was proposed by Alad-
jova-Hnscheva et al. (1991). Named after the village
of Petrevene, Lukovit region, it corresponds to _the
polvmictic sandstone formation™ of Aladjova-Hrsch-
eva (1979). The type section is situated some 230 m
NE of Golyama Brestnitsa village, in the large gully
along the road to Daben village.

Lithological characterisiics. B 15 composed of grey-
oreemish and vellowish medium-grained, medium-
bedded polvmictic sandstones. These show massive,
occasionally stratified structure. Thin mterbeds of
silty marls are also traced. The base of the Formation
consists of monotonous grey clavey marls, separated
as the Belyanska Member (Aladjova-Hrischevaetal |
1991).

Regional aspects. The Formation 15 locally distnbuted
along the southern periphery of the Paleogene out-
crops in the Lukovit area — 1 the region of Petrevene,
Rumyantsevo, Golvama Brestmtsa and Peshterna vil-
lages. The best sandstone exposures are seen north of
Rumyantsevo village, along the road to Petrevene and
in the large gully NE of Golyama Brestnitsa. In the
latter locality the clavey marls of the Belvanska Mem-
ber are rather poorly exposed. They are traced only as
single outcrops in the gully.

The lateral relationships of the Formation are unclear.
Presumably, it passes to and 1s covered by the Lukovit
Fm 1y a NE direction.

The lower boundary of the Formation 1s transgressive
— the clavey marls of the Belyanska Member lay un-
conformably over the Kailaka Fm.

The upper boundary i3 a gradual transition to the
Lukovit Fm siliciclastic sediments. It 15 overlam by

clayey marls of the Aglen Member, at the base of the
Lukovit Fm The thickness of the Petrevene Forma-
tion varies from 100 to 250 m

A nich nummulitid fauna_typical for the upper parts of
the lower Eocene, has been identfied in the Petrevens
Fm sandstones (Aladjova-Hrischeva, 1979). The Be-
lyanska Member clayey marls contam plankton fora-
miniters and calcareous nannoplankton

Chronostratigraphic vange. The revisions of the Pa-
leogens 1n the Lukovit District I have undertaken,
resulted in a more precise assessment of the chro-
nostratigraphic range of the Formation. Rich nanno-
fossil associations assigned to WP12 nannofossil zone
have been recorded in the Belyanska Member and in
the Petrevene Fm sandstones near Rumyantsevo and
Golyama Brestnitsa villages. Therefore, the revised
chronostratigraphic range of the Formation 1s middle
parts of the Ypresian (lower Eocene).

Lukovit Formation (Aladjova-Hrischeva et al., 1991)

Nomenclarure. The Formation has been mtroduced
by Aladjova-Hrischeva et al (1991). Named after the
town of Lukovit, it corresponds to the flysch-like sed-
iments of _the formation of alternating marls and thin-
lavered sandstones™ (Belmustakov, 1963) and to _the
fiysch-like formation” of Aladjova-Hrischeva (1979).
The type section 12 located 230 m NE of Golyama
Brestnitsa village, m the large gully along the road to
Daben village.

Lithological characteristics. The Formation consists
of wregular alternations of sandstones, siltstones and
clayev marls of flysch-like nature (Fig_ 4.9). Its Aglen
Member, composed of homogenous clayey marl-
stones to calcareous clavs is distinguished only oc-
casionally at the base of the Formation (Fig. 4.13).
Upwards, within the alternating intervals, interbeds of
gravels and fine-gramned conglomerates occur

The sandstones are fine- to medium-grained, with
cross and convolute bedding (Fig. 4.10), with nu-
merous ripple-marks and flute casts on the lower bed
surfaces (Fig. 4.11). Thick sandstone layvers of typi-
cal spheroidal weathering appear in the nmddle parts
(Fig. 4.12)

Regional aspects. According to Aladjova-Hnscheva
et al. (1991), the Formation is basically distributed 1n
two regions — Lukovit and Gabrovo. In the vicimty
of Rumayntsevo, Petrevene and Lukovit, the Aglen
Member — clayey marls to calcareous clays (Fig. 4.13)
15 clearly outlined. The Formation 15 primarily devel-
oped in the Gabrovo region, where it can be traced
along the northern peniphery of the Gabrovo Syncline.
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Fig: 4 9. Exposures of the Lukovit Fm in itz type ares
—in the raibway cutting between Rumivantzeve and
Todorichene villages, Tukovitarea

Recent field studies revealed rather substantial resem-
blances between of the lower Eocene lithological se-
quences 1n the Mezdra, Lukovit and Gabrovo region
and the ohes occurning in the East Balkan and the
East Fore-Balkan In the East Balkan within the same
stratigraphic interval, the Dvoynitsa Fm (Juranov &
Pimpirev, 1989) 15 used (here erected to Group rank).
This Formation shows similar stratigraphic posttion

Fiz 4.10. Convolutions in the turbidite layer of
the Lukovit Fm — in the raifway cutting between

Rumyantzevo and Todorichene villages, Tulkovit area
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Fig 413 Claystones of the Aglen Member of the Tulconst
Fm, expozed in the quarry near Lukovit town

Sl

Fig 4.11. Flow casts on the lower bed surface of the
turbidite layer in the Lukovit Fm

Fig 4 12 Thick-bedded zandstones with spheroidal
weathering in the middle part of the Lukovit Fm
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and displays the same sequence of lithological variet-
ies (lower rank lithobodies). It 13 quite possible that
the units (Formations and Members) as introduced by
Aladjova-Hrnischeva et al (1991) imncluding the Luko-
vit Fm. may appear to: be mnvalid — subjective syn-
onyims of different Formations within the Dvoynitsa
Group, the latter having prionty due to their earher
date of publication.

The lower boundary 13 an unconformuty with the Kar-
laka Fm or represents a gradual lithological transition
from the Petrevene Fm In the Gabrovo region it 1s
transgresstve over Upper Cretaceous or Paleocene
tocks (Iztochnik and Komareve Fms) or a gradual
transition from the Boynovtst Fm.

The upper boundary in the Lukovit region 15 manifest-
ed as a gradual transition to the Ugarchin Fm and in
the Gabrovo region — as a rapid transition and lateral
passing southwards to the Staropatitsa Fm (Aladjova-
Hrschevaetal 1991).

The thickness of the Formation reaches up to 130 m.

Chronastratigraphic range. When introducing the
unit, Aladjova-Hrischeva et al. (1991) defined s
range as the upper part of the lower Eocene to the baze
of the middle Eocene based on nummulitid finds with-
in the stratotype section — the gully north of Gelvama
Brestmitsa village.

The revision studies and biostratigraphic analysis us-
ing calcareous nannoplankton of the same section rec-
tified these data — the range of the Formation includes
only the upper parts of the Vprestan In this section,
NP12, NP13 and the lowermost parts of NP14a zones are
proved by abundant nannofossil associations. The same
revised chronostratigraphic range applies to the Forma-
tion in the Gabrovo region — the sections near Belitsa,
Zhaltesh, Vrabtsite, Gabrovo (Fig. 5.57, 5.59, 5.60).

Shemsheve Formation (Aladjova-Hrischeva, 1988}

Nomenclature. The unit was introduced by Aladjo-
va-Hrischeva (1988a) and named after the village of
Shemshevo, where the type section 1s described, 1 km
east of the village, along the left bank of Yantra River

Lithological characteristics. The Formation 1s built up
of fine-grained sandstones to calcareous siltstones and
silty clayey imestones. Thev are greenish-grey, clear-
ly stratified. More rarely present are beds of clayey
siltstones, clays, detrital sandstones and limestones.
Glauconitic fine- to medium-grained sandstones and
vellowish loose sands are noted at the base of the For-
mation, while the upper parts contain nodular silty-
clayev limestones.

Regional aspects. The Formation’s occurrence 1s lim-
ited to the Balvan Svncline only (Veliko Tamove Dis-
trict) — from Balvan to Sheremetya villages. It crops
out as patchy strips in the vicmty of Pushevo, Momin
Sbor, Ledemk, Shemshevo, Malak Chiflik, Shere-
metya villages and the town of Veliko Tamovo. In the
easternmost parts of the area, near Sheremetya, Kon-
stantinova (1958) noted the presence of conglomer-
ates as well. The uppermost levels of the Formation
are represented by nodular sity-clavey limestones,
which are exposed only around Ledenik and Shem-
shevo villages. The Stokish Member (Bonchev, 1960,
the rank established by Aladjova-Hrischeva, 1988a)
consists of organogenic biodetntal calcarecus sand-
stones to sandv limestones. It is traced only in the
northern limb of the Balvan Syncline, east of Balvan
village.

Lateral transitions with other lithobodies are not di-
rectly observed. Westwards, in the Pleven region, the
sandy-glauconitic marls and glauconitic sandstones
of the so called “Beloslav Formation™ (Filipov et al |
1995¢; Stovkova & Ivanov, 2004b) are considered a
temporal analogue of the Shemshevo Fm. While to
the east, in the Varna reoion. the Beloslav Fm is its
spatial analogue (Fig. 4.14).

The lower boundary of the Formation 15 everywhere
unconformable. Tt lays transgressively over Lower
Cretaceous formations: the Lovech Urgontan Group,
and to the east near Malak Chifitk village, the Gomna
Oryvahovitsa Fm.

The unit has a sharp upper boundary that 13 overlain
bv Avren Fm marls. The maximum thickness of the
Formation 1s around 45 m_

The Shemshevo Formation contains abundant num-
mulitids, Discocyciing and mollusks. Calcareous nan-
nofossils are also recorded, represented by poorly pre-
served, but charactenistic associations.

Chronostratigraphic  range.  Aladjova-Hrischeva
{1988) assigns its range to the Ilerdian and basal Cus-
stan This range has been confirmed by the present
nannofossil study 1n the sections near Ledentk and
Weltko Tamovo, as well as in single samples taken
from the vicinity of Shemshevo village. The chro-
nostratigraphic range 18 lower Eocene — lower parts
of the Ypresian NP10 and NP11 nannofossil zones.

Boynovesi Formation (Aladjova-Hrischeva et al, 199])
Nomenclature. The Formation 15 introduced by Alad-
jova-Hnscheva et al (1991). It 1s named after the vil-

_iage of Bovnovtst, Gabrovo District, where the type
section 15 located on the road near the former forestry
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Fig 4.14. Spatial-temporal relationships of the lithostratioraphic vaits. cuteropping in the Moesian Platform in Pleven,

Veltko Tarnoveo and Varna area

farm, some 500 m NW of the center of Boynovist
village, near the pount where Trepethik gorge flows
wnto the Sinkevitsa River (Aladjova-Hnscheva et al |
1991).

Lithological characteristics. The Formation 1s pre-
dominant clayey to clayey-sandy marls that contain
differing quantities of psephitic-sized clasts of mamly
carbonate rocks. The sandy and siltv components are
wregularly distributed in the rock. The clasts are well-
rounded, occurring as single preces or concentrated 1n
interbeds and lenses. They are built up pnmanly of
sandy and orzanogenic, recryvstallized limestones and
shell detritus, no sorting was observed.

Regional aspects. The Formation 1s of limited dis-
tribution as a narrow strip between Bovnovts: and
Genovtsi villages. SW of Gabrovo town. Bevond the
tvpe area, the Formation rapidly pmches ot in all di-
rections (Aladjova-Hrischeva et al | 1991). The For-
mation does not exceed 12 m m thickness.

The lower boundary 15 an angular unconformity over
limestones of the Kailaka Fm or Komarevo Fm and
the upper boundary 13 a rapid lithological transition
to rhythmiuc fiysch-like sediments of the Lukovit Fm.
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Chronostratigraphic range. Typical forammiferal as-
soctations have been recoverad from the sediments of
the Formation, thus fixing the ranpe as lower Eocene,
Ypresian (Aladjova-Hrischeva et al, 1991; Tzankov
etal, 1995a).

Staropatitsa Formation (4ladjeva-Hrischeva et al,
1951}

Nomenclature. The Formation 1s identified by Aladjo-
va-Hnscheva et al. (1991). It 15 named after Staropa-
titsa village, Kula region. however, the type section
15 located along Tsiganski dol gully, SE of Kaldorub
village. Vidin District.

Lithological characteristics. The Formation consists
of iregular macro-thythmic alternations of poorly
sorted polygenetic sandstones, gravels and conglom-
erates, interbedded with siltstones, marls and clavs.

Regional aspects. This unit integrates vanious clastic
rocks, typical of atelatively shallow, coarse-terrigenous
facies. Irregular alternation of thick packets of con-
glomerates, gravels, sandstones and sands (several tens
of meters) and up to 30 m thick marl packets or packets
of thin rhythmic alternations of sandstones, siltstones,



silty and clayey marls 1s observed (Figs. 4.15-4.18).
Different sized olistoliths (occasionally of up to ten
meters in diameter) are seen in the lower parts of the
Formation Well rounded clasts are typical (Fig. 4.13).

In the region of Gabrove — Tryvavna, predominantly
conglomerates, gravels and sandstones (in the section
around Belitsa village, for example) are developed.
In this area the Staropatitsa Formation represents the
highest levels of the lower Eocene section.

According to Aladjova-Hrscheva et al (1991), the
Staropatitsa Fm has the broadest distnbution of all of
the Paleogene lithobodies. Isolated and different sized
outcrops of the Formation are detected in the regions
of Kula, Belogradchik, Lukovit, Central Stara Planina
Mt., Tryavna and Gabrovo. Field revisions in some
of these areas, however, show that the coarse-terng-
enous sediments (conglomerates) that occupy differ-

ent stratigraphic positions are incorrectly associated
with the Staropatitsa Fm. In the East Balkan and Fore-
Balkan such coarse-terrigenous sediments are known
as exotic conglomerates, Obzor Fm, Dvoynitsa Fm;
ete. It would be necessary to perform new studies in
order to specifiy the distribution of the Formation and
its relationships with the other conglomerate units 1n
the East Fore-Balkan and Balkan.

In the south-easternmost part of the Paleogene out-
crops near Lukovit, the Staropatitsa Fm passes north-
wards to the lower levels of the Lukovit Fm referred
to the lower Eocene (Aladjova-Hrischeva et al,
1991). Similar relationships are also observed in the
Gabrovo region — to the north, the Formation passes
laterally to different levels of the Lukovit Fm.

The lower boundary of the Staropatitsa Fm 1s uncon-
formable, over vanious older rocks. Within the type

P

Fig. 4.15. Conglomierates in the base of the Staropatitza
Fm in its tvpe section — along Tsizanskd dol 8W of
Kladorub, Vidin District

Fig. 4.16. Macro-rhythmic alternation of thick sandstone and
marlstone packets in the type section of the Staropatit=a Fm

Fig 4.17. Thin-rhythmic alternation of noconsolidated
zandstones. siltstones_ silty and elavey marlstones in the
clastic packet of the Staropatitsa Fm

Fig 4 1B Altemation of sandstones. gravels and
conglomerates in the clastic packet of the Staropatitza Fm
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Fig 419 Lower boundary (red line) of the Staropatitsa
Em in the type section — transgressive over the sediments
of the Kladormb Fm

section and area (Kula region) 1t lays transgressively
over the lower Eocene sediments of the Kladorub Fm
(Stovkova & Ivanov, 2003).

The upper boundary 1s erosional and sections in the
Formation show wvanably preserved sedimentary
thicknesses.

The thickness of the Formation varies from several
tens of meters to around 250-300 m within the type
section

In the more clayey levels of the type section, nich and
diverse nummulitid associations (Aladjova-Hnsche-
va, 1973; Aladjova-Hrischeva & Hrischev, 1976) and
calcareous nannoplankton (Stoykova & Ivanov, 2005)
have been documented.

Chronostratigraphic range. The new biostratigraphic
data for the type section based on calcareous nanno-
fossils, determine 1ts range as lower Eocene — upper
parts of Ypresian, NP12-14 nannofossil zones. Alad-
jova-Hrischeva et al (1991) assign a muddle Eocene
{Lutetian) age to this section based on a single num-
mulitid specimen; found among a “rich lower Eocene
allochthonous pseudo-association™ The data from the
caleareous nannoplankton from several levels of the
Formation within the type area and in the Gabrovo re-
oion, definitely reject the middle Eocene age and justi-
fy at earlv Eocene age for the Staropatitsa Formation.

Ugarchin Formation (Aladjova-Hrischeva et al., 1991)

Nomenclature. The Formation was divided by Aladjo-
va-Hrischeva et al. (1991). It 15 named after Ugarchin
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town, Lovech District, and corresponds to the _mi-
caceous sandstone formation™ of Aladjova-Hrischeva
(1979). The type section 15 locatzd in the large gul-
Iy i the vicinity of Daben village. The section near
Ugarchin along the path to the tounstic base, 1z des-
ignated as an auxiliary section for the upper par of
the Formation.

Lithological characteristics. The Formation 13 com-
posed of poorly cemented, vellowish, highly mica-
ceous (muscovite predominantly) sandstones. In the
lower parts of the unit these are mainly fine-gramned,
with interbeds of clayey siltstones and silty-san-
dv clays. In the upper parts the sandstones become
coarse-grained and thick-bedded.

Regional aspects. The Formation 1s widespread i the
Mezdra and Lukovit areas. To the north, it pinches out
and to the south its lowermost parts pass laterally to
the Staropatitsa Fm_

The lower boundary 1s expressed as a gradual litho-
logical transition from the Lukovit Fm (Lukowvit re-
gion) or Pavolche Fm (Mezdra region). The boundary
i5 set where the thick-bedded micaceous sandstones
are seen to predominate. Locally it occurs directly
over the Kalaka Fm limestones.

The thickness of the unit exceeds 130 m.

The clayey mterbeds in the lower parts of the stra-
totype section reveal a rich nannofossil assoctation,
proving the uppermost part of lower Eocene (Stoyko-
va, unpublished data).

Chronostratigraphic range. Since no fossil finds have
been documented from the sediments of the Forma-
tion, the suggestion of about middle Eocene (Lute-
tian) age is based on its stratigraphic position in the
succession (Aladjova-Hnscheva, 1979 Aladjova-
Hrischeva et al . 1991}, However, my revised studies
clearly show that the lower parts of the Formation are
of early Eocene age — uppermost part of Ypresian,
NP14a nannofossil zone. Therefore. the corrected
stratigraphic range 15 uppermost parts of the lower
Eocene — muddle Eocene.

Beloslav Formation (Aladjova-Hrischeva, 1984)

Nomenclature. The Formation 1s mtroduced by Ala-
djova-Hrischeva (1984). It mncludes “Ta — vellow
beds horizon™ outhined by Gochev (1933) but not
geographically named. The type section 15 located
in the SW end of Beloslav village, Varna District. It
corresponds to the “main — clayey-sandy horizon™
(Tzankov, 1936; Mandev, 1955) and to the “lower —
marly-sandy horizon™ (Bonchev, 1960).



Fig. 4.20. Yellowish clayey sands and sandstones in the
lowwer parts of the Beloslay Fm i its type section near
Beloslav, Varna District

Litholagical characteristics. The Formation consists
of yellowish clayey sands, indistinctly bedded, with
mterbeds of calcareous sandstones and sandy marls.
The sandstenes are weakly cemented. well sorted.
fine- to very fine-gramed (Fig. 4.20). A few packets of
white medium-gramned quartz sands also occur. Lev-
els rich 1n glauconite are usually identsfied at the base
of the Formation. A spectfic marker honizon wathun the
Formation 15 a bed. enniched with Ostreg shells, small-
er bivalves, gastropods, echinoids and nummulitids.

The Krivaya Member, composed of grey-bluish marls
and clays 1s separated within the Formation (Aladjo-
va-Hrischeva, 1990).

Regional aspects. The Formation 15 widespread
across the plateaus in NE Bulgania Its presence was
also detected in the Kamchia Zone (Aladjova-Hnsch-
eva, 1991) and 1t was penctrated by some wells i the
Black Sea Shelf north of Varna (Yun Shimanov).

In Central northern Bulgana the unit s cropping out
in sections along the Vit River, north of Pleven. The
charactersstic marker bed known as the “shelly bed”
ot “Osmrea level”, “shelly marker bed™ (Belmustakov,
1962, 1968; Aladjova-Hnscheva, 1984a. 1991; Mila-
nova & Cheshitev, 1992; Cheshitev, 1994; Stovkova
& Ivanov, 2004b) 15 represented in the sections in
both NE and Central northern Bulgana (Fig. 4.14).

The Eriviva Member (Aladjova-Hrischeva, 1990) 13
drvided as a2 body of homogenous lithology (marls
and clays) within the middle parts of the Formation
Its thickness varies from 2mto 30 m. (Fig. 4.21).

Fig 421 Grey-bloish claystones and marls, reprezenting
the Krivova Member of the Beloslay Fm in the ravine near
Erivaya village, Varna District

The spatial relationships of the Beloslav Fm and the
other lithobodies are shownonFig. 4. 14 and Fig. 4.25.
Tts analogue to the west, 1n the Veliko Tarnovo region,
15 the Shemshevo Fm. South of Chudnite skali. in the
Kamchia area. the Formation most probably passes to
the varnegated marl-clavey formation

The lower boundary of the Beloslav Fm 15 tvpically
marked by a stratigraphic unconformity — and overlies
transgressively Upper Cretaceous rocks or the Paleo-
cene Komarevo Fm (Aladjova-Hrischeva, 1984a,
1991; Stovkova & Vangelov, 1997).

In some of the sections in the Pleven region (the sec-
tion near Riben village) it overlies the Bozhunitsa Fm
with rapid Iithological transition, but in others — near
Bozhuritsa and Grivitsa villages and near Kailaka —it
overlies transeressively (Stovkova & Ivanov, 2004b).

The upper boundary represents a gradual transition to
the sediments of the Dikilitash Fm (NE Bulgana) or
Axren Fm (Central northern Bulgaria).

Abundant marro- and microfossils have been identi-
fied 1n the sediments of the Formation —bivalves, gas-
tropods, nummulitids and calcarsous nannoplankton.

Clhronostratigraphic range. Lower parts of Ypresian,
NP10 and NP11 nannofossil zones and the haze of
NP12 zone.

The range 15 proved by rich nummulitid associations
(Aladjova-Hrischeva, 1990) and calcareous nanno-
fossils (Stovkova & Vangelov, 1997).
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Variegated marl-clayey formation (Juranov, 1983;
Juranov, 1989 = “Goritsa™ Formation)

Nomenclature. The name, “variegated marl-clayey
formation™_ was used as an informal unit by Juranov
(1983, 1989). The name denotes reddish and green
clavs, penetrated by some of the wells 11 the Bvala
area. East Stara Plamna hMountam,

Lithological characteristics. The formation 15 repre-
sented by multicolored — pink, reddish, grey, greemsh
to whitish clayey marls to clays. They are indistinctly
bedded of massive structure, greasy to the touch.

Regional aspects. The distribution of the formation is
limited to the Kamchia area, mn the vicimity of Goritsa
and Byala, Vama District. The surface outcrops are
rather limited due to the specific Ithology — marls and
clavs that quickly weather into soil. Single outcrops
are seen in the gullies north of Byala and Dolap Dere,
SE of Gontsa village.

The most complete section of the formation has been
penetrated by C-30 Goritsa well, located around 1 km
north of the village. The section has also been studied
stratigraphically by means of planktic foramamfera by
Taranov (1989} and later — by calcarecus nannofossils
(Stovkova, unpublished data — Fig 5.137).

The lateral relationships of the unit with other litho-
bodies have not been directly observed. Judging by
1tz stratigraphic posttion, northwards, within the Moe-
sian Platform, 1t correlates laterally with the Belo-
slav Fm_ while southwards and westwards — with the
thick-bedded sandstone formation

The lower boundary of the formation is traced eve-
rywhere as a gradual lithological transition from the
sediments of the underlving Bvala Fm.

The upper boundary probably represents a rapid litho-
logical transition to the sandstones of the Svett Atanas
Fm_ Although not completely exposed, the boundary
15 seen in the southern end of the beach near Byala
{Shelborun). where the marls turn into siltstones and
sandstones with thin interbeds of sands and detrital
sandstones enriched with fermummous hydroxides
(Fig. 422).

The thuckness of the unit 15 difficult to estimate due
to tectomic complications in the region of Byala and
Gorntsa (numerous faulted and thrusted blocks). It 1=
estimated to be 20-60 m thack.

The calcareous-clayvey sediments of the formation are
exceptionally rich m microfauna (small foraminifers)
and nannofiora (calcareous nannofossils) which sup-

4_.]_

ported 1ts chronostratigraphic range.

Chronostratigraphic range. Lower Eocene, lower
parts of Ypresian, NP10 — NP12 nannofossil zones,
P5-P6 plankton foraminifera zones. The age 13 justi-
fied by nich microfossil associations (Juranov, 1983;
1989; Stovkova, unpublizhed data).

Dikilitash Formation (Gochev, 1933)

Nomenclarure. The Formation was identified by
Gochev (1933) as “Tb — Dikilitash horizon™. The rank
of the vnit was established by Aladjova-Hrischeva
(1984a). The name comes from the type area, Dikili-
tash locality, Varna District. The lectotype section 13
exposed in the gully at the south-western end of Belo-
slav village, Varna District.

Lithological characteristics. The Formation 1s com-
posed of white to light-grev sandstones and sands,
very well sorted. loosely cemented. These are rather
rich in fossil remains of large benthic foraminifera
(mummulitids) and gastropods, found within verti-
cal pillars and columns, known as “Pobitite kamani™
Quite a number of hypotheses have been formulated
on their onoin (Gellert, 1929; Bonchev, 1934: Da-
vitashvili & Zahaneva-Kovacheva, 1973 Mandev,
1970; Nachev & NWachev. 2001; De Boever et al..
2009, etc.). The sandstones and sands alternate with
loozely cemented sandstones, calcareous sandstones
and thin limestone layers and lenses.

Regional aspects. The distribution of the Formation 15
restricted within the plateaus of NE Bulgaria with the
maximum thickness seen in the Franga plateau near
Beloslav, Strashimirove, Banovo and Slancheva wil-
lages and along the northem edge of the Momino pla-
teau. The best outcrops are located 1 a large quarry
NW of Beloslav. There the pillars are developed in
four levels separated by honizontal limestone layers
(Fig. 423} The unit 1s also seen in the old quarry
north of Dabravino village (Fig. 4.24).

The section on the Provaida plateau displays only the
upper part of the Formation Its distribution to the
south iz traced down to the Kamchia area (the section
at Chudnite Skals).

The lower boundary of the Formation everywhere 15
manifested as a gradual lithological transition from
the underlying sediments of the Beloslav Fm_ The up-
per boundary 15 usually an erosional surface. In cer
tain locations where overlain by sediments, it repre-
sents a rapid lithological transition to the limestones
of the Aladan Fm To the south, within the Kamchia
area, it probably passes (partly) to and 15 covered by
the Avren Fm (section Chudnite Skali) (Fig. 4. 25).



Fig 4.22 Gradual lithological transition between the
variegated clavey-marl formation and the overlying
sandztones of the Sveti Atanas Fm

Fig 423 Dhlkilitash Formation, magnificently exposed in
the large sandstone quarry WW of Beloslav
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Fig 4.24 Gradual lithelogical transition bebween the

Beloslav and Dikilitash Formations in the quarry to the
north of Dabravine, Vama area

The thickness of the Formation reaches up to 60 m.

The sediments of the Formation comprise abundant
fossils of mummulitids, Discocveling, mollusks, echi-
noids, corals, etc. (Fig. 4.26). The huge quantity of
shallow-water fauna implies that the sediments have
been depostted in the shallow shelf zone_ above wave

baze.

Cironostratigraphic remge. Maddle parts of Ypresian,
corresponding to NP12-13 nannofossil zones. The age
has been proved by means of rich nummulitid asso-
ciations (Aladjova-Hrischeva, 1990) and calcareous
nannofossils (Stovkova, unpublished data).

Aladan Formation (Gochev, 1933)

Nomenclature. The Formation was distinguished by
Gochev (1933) under the name “Aladan hmestone™
and the formal stratigraphic rank assigned by Aladjova-
Hrnscheva (1984a). The name 15 after Aladan village,
nowadays known as Strashimirovo, where the type
section 15 located. The umit corresponds to “Aladan
limestone — Ic,” as described by Gochev (1933) and
the “nummulite honizon™ outlined by Mandev (1955)
and to “Strashimirovo horizon™ by Bonchev (1960).

Lithalogical characteristics. The Formation 15 repre-
sented by hardly cemented fossiliferons limestones
{(nummulitid predominantly, however remains of bry-
ozoans and brachiopods are also seen, Fig. 4.27). At
the base of the Formation, the limestones are slightly
sandy and in the upper parts — shightly clayey. From
the lithological point of view these are packstones and
wackestones.

Regional aspects. The Formation is exposed in the
Franga plateau and the northern part of the Momino
plateau. Occasional outcrops are spotted m Provadia
plateau, around Knvnya, Nenovo and Markovo vil-
lages. The unit 1s also detected in the wells, drlled on
the Avren plateau (Cheshitev, 1994).

The lateral relationships with the other lithobodies
are not directly observed. To the south 1t eventually 15
covered by the Avren Fm.

The lower boundary 15 mamfested as a rapd litholog-
cal transition from the sandstones of the Dikilitash Fm.

The upper boundary 15 marked by a sharp change 1n
lithology — 1t 15 overlain by grev-bluish marls of the
Avren Fm (Fig. 4.28).

The zediments of the unit contain abundant foszil re-

mains: large and coarse-ornamented shells of Num-
mulites, Assiiina, Operculing Discocyclina, mollusks
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and echinoids (Aladjova-Hrscheva, 1990). Their
composition and preservation suggest that the forma-
tion has been deposited in the mnner part of the carbon-
ate ramp-platform, nich i nummulitids

The thickness of the Formation varies from 2 to 10 m
and 1ts thickness i wells reaches 40 m.

Chronostratigraphic vange. Upper parts of Yprestan,
evidenced by abundant nummulitid associations (Ala-
diova-Hrischeva, 1984b).

Avren Formation (Gochev, 1933)

Nomenclature. The unit was mitroduced by Gochev
(1933) as “Avren marls™ and Formation rank indicat-
ed by Juranov and Darakchieva (1986). It 15 named
after Avren village, Varna District. The lectostratotype
section, designated by Aladjova-Hrischeva (1991), 15
the one sketched by Gochev (1933) — along the val-
ley between Sindel and Avren villages. Nowadays the
section 1s almost entirely covered by vegetation.

Lithological characteristics. The Formation 15 built
up of creamy, hight-grev to grey-bluish marls alternat-
ing with thin mnterbeds of sandstones and siltstones.
The marls vary from clavey, silty to sandy, indistinct-

ly bedded.

Two members are distinguished within the upper
part of the Formation — Dolen Chiffik and Slavevkove
Members. The Dolen Chufltk Member (Pollak. 1933)
represents an alternation of clavey sandstones, silt-
stones and sandv marls. Tts rank has been designated by
Juranov (1993). The Slavevkovo Member (Aladjova-
Hrizcheva, 1991) consists of thick-bedded calcareous
sandstones, alternating with thin interbeds of marls
and detrital lunestones.

Regional aspects. The Formation 15 broadly distrib-
uted in northern Bulgania, outcropping in the plateaus

Fig. 4.26. Exposure of the Dilkilitazh Fm near Strashimirovo, Varna District

Fig 427 Exposure of the Afadan Fm near Strashimirovo,
Warna District

Fig: 4 28 Upper boundary of the Aladan Tm near Strashi-
mirovo, Varna District. It iz overlain (poszibly with short
period of wash-out) by the elayey marls of the Avren Fm

in NE Bulgana and in the Kamchia area_ as well asin
Central northern Bulgaria. No surface outcrops have
been identified in WW Bulgaria due to denudation, but
most probably its sediments have been penetrated by
many wells 1 the Lom Depression and Vidin Uplift
(Tsaneva & Vaptsarova, 1961; Tsaneva, 1964, 1971a).
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Fig. 429, Sharp upper boundary of the Avren Fm at Chudnite skali section — overlain by an anpular unconformity at the
baze of the Obzor Fm (30-called “exotic conglomerate™)

In NE Bulgana, the Formation 1s clearly diided into
two parts: a lower one, with prevailling marls, and
an upper one, dominated by sandy limestones, sand-
stones and stltstones (Dolen Chifiitk and Slavevkovo
Members — middle and upper Eocene). Within the
Moestan Platform, the Avren Fm covers enly the up-
permaost parts of the lower Eocene section (plus the
entire middle and upper Eocene). However, to the
south, in the Kamchia area. 1t occurs at a significantly
lower stratigraphic level — the upper half of the Ypre-
sian (Fig. 4.25).

In Central northern Bulgana the Formation 1s repre-
sented by thick marly packets {up to several tens of
meters thick), with rare and thin beds of sandstones
and siltstones (Veliko Tarnovo and Pleven regions).

In NW Bulgana the wells drilled in the Lom Depres-
sion revealed predominantly marls, while the sandy
and silty marls prevail in the Vidin Uplift (Tsaneva,
1564, 1571a).

The lower boundary of the Avren Fm shows different
charactenstics in the different regions — a conform-
able gradual transithion or an unconformity (erosional
contact on older rocks). In Central northern Bulgaria
it is traced as a rapid lithological transition over the
Beloslav Fm sediments (sections near Riben. Bozhu-
ritsa. Kailaka Grivitsa). In the Veliko Tarnovo re-
oion 1t overlies with a sharp lithological boundary the
sediments of the Shemshevo Fm. In NE Bulgana two
tvpes of contact are dentified — an unconformity over
Upper Cretaceous rocks (Rovak plateau). more often
traced 2s a rapid lithological transition over the Aladan
Fm limestones (Strashimirovo, Beloslav — Fig. 4.28),
or as a gradual transition over the Krivava Member
of the Beloslav Fm (north of Yankovo village). In the
Kamchia area the lower boundary 15 a gradual transi-
tion from the underlymg Dikilitash Fm.
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The upper boundary of the Avren Fm 1n Central north-
ern Bulgaria 15 either erosional or 15 covered by Qua-
ternary sediments — loess (the sections near Riben,
Bozhuritsa, Varhitsa. Pleven region). In NE Bulgana
it 15 etther a sharp upper contact, with detrital sand-
stones and himestones of the overlying Arnautlar Fm
(sections Avren. Dolen Chiflik, Rudnik), or a gradual
transttion to the overlying Ruslar Fm (Pripek). In the
Kamchia area (south of Chudnite skali)_ the top sor-
face of the Avren Fm 1z cut by an angular unconformi-
ty at the base of the Obzor Fm (thick-bedded unsorted
conglomerates and sandstones, Fig_ 4.29) marlang the
Ilivrian tectonic phase.

Judging by the nature of the Avren Fm sediments, 1t
15 supposed that these have been deposited within the
outer shelf and upper part of the basin slope.

The thickness of the Asvren Fm vanes from 100 m to
300-400 m.

As a general rule, the sediments are rich 1n microfos-
sils — small foraminifera. calcareous nannofossils,
which allows precise dating

Chronostratigraphic range. The complete strati-
graphic range of the Formation is lower Eocene (up-
per parts of Ypresian, NP12 nannofosstil zone) —upper
Eocene (Priabontan, NP19-20 nannofossil zones) de-
termined based on abundant microfossil data (plank-

tome foramimfera and nammofossils).
Limestone-marl formation

Nomenclature. Kanchev (199353, b, ¢ d; Kanchev &
Nikolov, 1995) used the name Bvala limestones-
marl formation™ to mark the carbonate sediments of
the uppermost parts of the Upper Cretaceous section
and the baze of the Paleocene in Central and East Bal-



kan Since these sediments appear to be quite different
from the oniginal definitton of the Bvala Fm_ here we
will consider these as a separate informal umt — lime-
stone-marl formation. The lower part of the formation
has also been named _Vetnla tvpe of Senonian™ or
Vetrila marls™ (Paskalev, 1983).

Lithological characteristics. The formation 15 bult
up of light- to medium grey or greyv-greenish nicritic
limestones and calcareous marls. They have under-
gone strong tectonic pressure, and very well devel-
oped cleavage 1s visible, which i most cases has en-
tirely overprinted and eradicated the origmnal bedding.
Up section, an alternation of thin-bedded light-beige
to whitish calcareous marls and light-grey clayey
limestones gradually prevail

Regional aspects. The formation 1s largely spread in
the Central and East Balkan and particularly i Trva-
vna, Elena-Tvarditsa, Kotel and Kamchia parts of
Stara Planina Mountain. The best outcrops are located
across the passes of the Stara Planina Mountain — the
Republika Pass (near Mishemorkov han village), Var-
bitsa Pass, Rish Pass. south of Plachkovtst in the re-
gion near Krastets railway station

The lateral relationships of the formation with other
lithobodies are not clear and directly traceable. To the
east, 1ts temporal analogue 15 the Tepe-Tarla Fm and
to the south the Ermine Fm.

The lower boundary 15 2 gradual transition from the
limestone formation (Vetrila Fm?) and is drawn at
the disappearance of the flint in the limestones. The
upper boundary i3 marked by either a stratigraphic
unconformity or a tectonic (faulted) contact with the
thick-bedded sandstone formation, or the flyschoid
secdiments of the Lukovit/Gebesh Fm (1n Republika
Pass, at Mishemorkov han).

The thickness of the formation varies from 30 to 150
m m the Trvavna and Elena-Tvarditsa areas, from
150 to 300 m in the vicimty of Kotel, and from 20 to
100 m to the east in the Varbitsa and Kamchia parts
of Stara Planina Mountain (Kanchev in Kanchev &
Mikolov, 1993).

Abundant and diverse macro- and microfossils have
been detected in the sediments — moceramuds, echa-
noids, ammonites and rarely belemnites i the Maas-
trichtian portion and foraminifers and calcareous nan-
noplankton at different levels thronghout the entire
formation.

Chronostratigraphic range. The total stratngraphic
range of the formation 15 Maastrchtian (CC24 - CC26
nannofossil zones) — Danman (NP1-NP4 nannofos-

stl zones) determined based on abundant microfossil
data (planktonic foramimifera and nannofossals).

Tepe-Tarla Formation (Kockel, 1927)

Nomenclature. This unit was introduced by Kockel
(1927) who used the name “Tepe-Tarla kalk™ to de-
note a limestone body, developed around Tepe-Tarla
Peak and along the ridge of Aytos Mountam in the
East Balkan

The name “Tepe-Tarla Formation™ was published by
Eanchev (1995¢) as a nomen nudum in the Explana-
tory Notes to the Geological map of Bulgara 1:100
000 scale, Aytos map sheet. It 15 not valid since the re-
gquirements of Art. 57, paragraph 3 of the Stratigraphic
Code of Bulgaria have not been complied with — oo
type section having been identified and descrnibed.
Addrtionally, 1t was used 1 a sense that did not cor-
respond to the onginal definttion and thickness range
as given by Kockel (1927). Vangelov and Sinnyovsky
(2006b) designated the lectotype section near Tepe-
Tarla Peak, north of Kamenvak village and described
the umit in detail within the type area

Lithological characteristics. The Formation is built
of thick-bedded and massive limestones. These are
light-grev. solid. compact, with single cherty concre-
tions and nodules. Their structure 15 medmum- to fine-
gramed, bioclastic to detnital in places. The ternig-
encus components are represented mainly by quartz
grains and do not exceed 10% (Vangelov & Sinnvo-
vsky, 2006b).

Regional aspects. Kockel (1927) gave the followmng
description of the geological body he had identified:
“Over the upper stages of Homstemn-Plattenkalke
{through transgression conglomerates). a coarse-
gramed limestone lies — very charactenistic, the beds
being regular and of decimetres in thickness, wath-
out marls, pink to grey-pink m color, shghtly sandy.
Tts thickness reaches only 20 to 50 m. Quite often 1t
stands sharply as constructing the peaks —the ridge of
Aytos Mountain and Tepe-Tarla Peak and to the east
of Dasktona Its microfauna 1s represented by thick-
shell foramimifera, but macroscopically it cannot be
confused. The irregularly dispersed plant remains and
small pieces of shales and limestones indicates that 1t
refers to a shallow-manne sedmment™

The distribution of the Formation 15 restricted to Ay-
tos Mountamn, between the villages of Daskotna and
Kozichino.

The lower boundary represents a rapid lithological
transition from the turbidites of the Emine Fm The
upper boundary 1s represented as a sharp lithological
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contact with the thick-bedded sandstones formation
(Fig. 4.30).

Its thickness reaches up to 120 m

Chronostratigraphic range. The full stratigraphic
range of the Formation 1s Upper Maastrichtian (CC25
and CC26 nannofossil zones) — Dantan (NP1 to NP4
nannofossil zones) based on abundant nannefossil
data (Smnvovzky & Vangelov, 1997, Stovkova, un-
published data).

Thick-bedded sandstones formation (Kanchev, 19935)

Nomenclature. The name has been mtrodured as an
informal umit, titled “thick-bedded fiysch formation™
on all map sheets for the East Balkan in the Explana-
tory Notes to the Geological Map 1:100 000 scale
(Kanchev, 1993a. b, ¢, d; Kanchev & Nikolov, 1995).
The name refers to a distinct lithological body, repre-
sented by thythmic alternation of thick-bedded sand-
stones with thin interbeds of siltstones and clays.

Lithological characteristics. The main rocks are
thick-bedded sandstones in thythmic alternation with
siltstones and clays. Minor presence of single beds of
conglomerates and olistostrome packets.

Regional aspects. The formation 15 followed over a
vast terntory of the East Balkan Zone, from Tvarditsa
almost to the Black Sea. Locally at the base of the sec-
tion, athick (up to 30-40 m) breccia-conglomerate oc-
curs, composed of various-sized clasts of sedimentary
rocks (limestones, sandstones, claystone, etc) and
small amounts of voleanic rocks — Kamenyak, Snva-
govo (Fig. 4.30). The lower parts of the formation in
many places (Kozichino, Kamenvak, Styagovo, Pod-
vis) 15 represented by thin chythmic turbidite alterna-
tion of argillites and thin-bedded sandstones. Gradu-
ally upwards 1n the section, thick-bedded sandstones
dominate, alternating with siltstones and clays.

The sandstone beds are usnally from 1 to 5 m thick.
In composition these are polvmictic, fine- to coarse-
gramed. passing mto gravels in places. They are com-
posed of quartz, feldspar, mica, rock clasts and the
cement 15 clayey-calcareous: On a wet surface they
are grey n color, while when shohtly weathered, they
acquire a typical grev-yellowish to misty brown color.
Spheroidal weathering similar to that observed i the
sandstone packets of the Svett Atanas and Lukovit
Fms 1z rather tvpical. The sandstones and stltstones
show typical fivechotd structures — gradational bed-
ding, lamination, convolution, cross bedding. Biogen-
ic and mechanical sole markings are detected on the
lower bed surfaces. The fine portion of the turbidites
15 represented by calcareous clays to clayey marls.
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The lateral relations of the thick-bedded sandstones
formation are shown on Fig. 4 25 To the north, in the
Kamchia Zone, its stratigraphic analogue appears to
be the upper parts of the Byala Fm and the overly-
ing variegated marl-clavev formation. To the south_ 1t
probably equates laterally with the Emine Fm.

The lower boundary of the formation 15 usually sharp,
marked by an unconformity. It lays with a sharp con-
tact over the Emine Fm in the section along the Mar
ash River (north of Petolachkata road junction, Sliven
region), near Zheravna, Esen. Podvis and in the Aytos
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Fig. 4.30. Three views of the Tepe-Tarla Fm in its type
area (in the road cotting between Kamenyale and Snezha
Avytos area). The zharp upper boundary with the thick-
bedded sandstone formation 13 zeen in the lower picture



Fig. 4 31. Gradual transition between the Kozichino Fm and
thick-bedded sandstone formation W'W of Kozichine village

Pass — Trite Chuchura A similar relationship appears
to be 1n the section around Tepe-Tarla Peak, where
it overlies transgressively (in places with basal con-
glomerate) the Tepe-Tarla Fm (Kamenyak, Snyagove
—Fig. 4 .30). A gradual transition 15 exposed in the sec-
tions near Kozichino (Fig. 4. 31) where 1t passes from
the Kozichino Fm. and in the Ichera-Gradets section
from the Emine Fm (Fig. 4.32).

e,
T

Fig. 432 Exposures of the thick-bedded sandstone forma-
tion in the Ichera — Gradets section

The upper boundary 1s a gradual transition to the
Dvovnitsa Group (Sveti Atanas Fm or Gebesh Fm).
Practically, it 15 difficult to distinguish the thick-
bedded sandstones form the sandstones of the Svets
Atanas Fm

The thickness of the formation 15 quite significant, but
due to the folding of the sediments 1t 1s impossible to

Fig 433 Exposures of the Emine Fm at Cape Emine Black Sea coast (Campanian part of the section)



Fiz_ 434, Bioturbation with ichnofossils on lower bed

zurface of a turbidite layer in the Emine Fm at Cape
Emine

Fig. 4 36 Exposures of the Paleocene part of the Emine

Fm (Danian Stage. WP2) in the Marash Biver valley, to the
north of Petolachlata

Fig 435 Slumping and soft-sediment deformation in torhs-
dite sediments of the Emine Fm at Cape Emine

directly measure 1t. Most authors estimate that the for-
mation 15 2000 — 3000 m thuck (Kanchev, 1995b, c).

The sediments of the formation are generally poor in
fossil remamns — both macrofossils and microfossils.
In a number of sections. however, calcareous nan-
noplankton have been detected thus allowmng precise
dating (Stoykova, unpublished data).

Chronostratigraphic range. Kanchev (19932, b_c_d)
suggests a Paleocene — middle Eocene age for the
unit, based on mucropaleontological data from fora-
minifera. The revision studies performed 1n many of
the East Balkan sections in the recent vears recorded
the presence of rich calcareous nannoplankton as-
sociations in the thick-bedded sandstone formation
The actual data and their interpretation are shown in
Chapter 5, devoted to the geological sections. Based
on these, the full stratngraphic range of the forma-
tion 15 muddle Paleocene (Selandian, NP5 zone) —
lower parts of the lower Eocene (Yprestan, NP11-12
ZONEs).
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Fig 437, Exposures of the Emine Fm around the Creta-
cecus Tertiary boundary, Aytos Pass

Emine Formation (Gochev, 1932}

Nomernclature. The unit 1s mtroduced by Gochev (1932}
as _ Emine layers™ and the rank of Formation applied
by Bonchev etal. (1975). It 1s named after Cape Ermine
where the best outcrops are located (Fig. 4.33).

Turanov and Pimpirev (1989) designated the lecto-
stratotype section, situated along the Black Sea coast
from the Vaya Ruver inlet to 300 m north of Cape
Kochan They also describe an auxiliary section for
the lower levels of the Formation, starting from Cape
Emine and traceable up to 1.5 km nerthwards.

Sinnvovsky (in Dabovski et al _ 2009) reviewed in de-
tails the historical background on the evolution of the
studies and ideas on the age and the subdivision of
formations within the umit.

Lithological characteristics. The Formation 15 repre-
sented by rhythmic alternating sandstones, siltstones,
marls, clavey limestones and clays. These form com-



Fig. 4 38 Olistostrome packet in Emine Fmat 1 3 Fm
N-NE of Daulite, Sliven Balkan

plete or cut (type Tb-Td) Bouma seguences. The se-
quences reveal all specific turbidite features: sharp
lower surface, gradational. convolute and cross bed-
ding, parallel lamination, subsea slumps, sole mark
indicating paleotransport direction (E-SE), bioturba-
tion (with ichnofossils Rhizocorallium. Zooplycos,
Cruziana, Palaeodictvon, etc. — Figs. 4.34-4.35). The
turhidite portion of the sequences s made up of cal-
careous clasts with admixtures of quartz, orthoclase,
acid plagioclase (albite), muscovite and chlorite. Vol-
canoclastics are observed at single levels — andesite
lithoclasts and crystalloclasts of acid plagioclases.
paeudo-hexagonal biotite, and psilomelane.

Regional characteristic. The umt 1s broadly distnibut-
ed throughout the entire East Balkan Zone and crops
out from Emine Cape, Black Sea to the west of the
town of Sliven. The lower part of the Formation has
higher carbonate content and thicker thythms, while
the upper part appears to consist of thin thythms and
lower carbonate content.

Different levels of the section in the westernmost out-
crops of the unit 1n the Sliven part of Stara Planina
(the Upper Cretaceous part mainly) contain abundant
olistostromes (Fig. 4.38). Continuous outcrops are
traced along Shven — Ichera road, along the Marash
Raver valley, at the road from Petolachkata road junc-
tion to Kotel (Fiz. 4 36). along the Kamchia River
valley near the villages of Esen. Podwvis, and Prilep,
i the Aytos (Fiz. 4.37), Dyuline and Obzor Passes.

In ome of the best cutcrops of the Formation, between
Emine Cape and Kochan Cape along the coast, Sin-
nyovsky (2004a) distinguished 15 nannofossil zones
covering the Upper Campanian — Upper Paleocene
stratigraphic mterval He measured for the first time
the total thickness of the vmt. 1670 m. The lowernmost
820 m he referred to the Upper Cretaceous and the
remaining 850 m to the Paleocene. The Cretaceous-

Fig: 439 Exposure at Mona Petra Cape of the boundary
between the Emine and Svett Atanaz Fme: a — Moaa
Petra dizlocation; b— overturned south limb of the Obzor
Syneline, built by sandstones of the Sveti Atanaz Fm

Paleogene boundary is fixed in three locations: at 2
km north of Emona village (Sinnyovsky & Stovkova,
1995), near Kozichino village (Sinnyvovsky, 2003) and
north of Kochan Cape (Sinnvovsky, 20043a), based on
calcareous nannofossil studies.

The lower boundary of the Formation 15 a gradual tran-
sition from the volcanogenic sedimentary rocks of Dra-
ganovo Fm (Burgas region). It 1s best exposed NW of
Tankovo willage, in the cutting of the road to Burgas
{(Smnyovsky & Sinvovska, 1988; Sinnyvovsky & Sul-
tanov, 1994) where 1t 1s within the Upper Campaman

The upper boundary in the easternmost outcrops near
the shore represents a gradual transition to the Sveti
Atanas Fm sedunents (Dvoyvnitsa Group). It 1s best
observed in the section near Mona Petra Cape, Black
Sea coast, where the transition between both vmits 1s
seen within the uppermost Paleocene NP9 nannofos-
sil zone (Fig. 4.39). Gradual transition between the
Emine Fm and the thick-bedded sandstone forma-
tion 15 also traced along the road between Ichera and
Gradets villages (Fig. 4.32). More often, however,
the upper boundary appears as a sharp surface, un-
conformably overlain by the thick-bedded sandstone
formation.
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Fig. 4.40. Exposzures of the Byala Formation at the northern end of the beach of Byala town

The thythmic turbsdites of the Formation testify that
deposition took place in the deepest, axial part of the
marine basin with an E-SE paleotransport direction.

The maximum thickness 1670 m_ was measured by
Sinnvovsky (2004a).

Mostly microfossils have been documented m the
Emine Fm sediments: foramunifers (Juranov, 1994:
Dhimitrova, 1994a, b), calcareous nannofossils (Sm-
nyovsky & Sultanov, 1994; Simmvovsky & Stovko-
va, 1995; Stoykova et al, 2000; Smayovsky, 2004a;
Stovkova & Tvanov, 2004a; 2021).

Chronostratigraphic range. The complete strati-
graphic range of the Formation 1z Upper Campaman
{Untplanarius gothicus zone) — lower Ypresian (NP10
zone), proved by mucrofossils — foramimfera and cal-
careocus nannoplankton (Sinnvovsky, 2004a; Stovko-
va & Ivanov, 2021).

Byala Formation (Bonchev, 1926)

Nomenclature. The unit was mtroduced under the
name “Byala clavey marls” by G. Bonchev (1926)
and Formation rank was assigned by Juranov (1991).

The first description of these rocks came from Zlatar-
ski (1907). Bonchev (1926) used the geographic top-
onym , Byvala™ to name the _Senonian clavev marls™
he had described in the region of Byala and thus in-
troduced the unit m the Bulgarian lithostrahgraphic
nomenclature. The marls near Byala were also men-
tioned m the works of Gochev (1932), Cohen (1938)
and Botev (1953} who all referred these to as North
European Upper Cretaceous. Trifonova (1960) de-
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scribed the rocks as Southern type Senonian with for-
aminifera and proved the cccurrence of Paleocene in
them (Trnifonova, 1959). Juranov (1984, 1989) named
the unit as “limestone-marl formation™ and later he
used the name “Byala Formation™ (Juranov, 1991).
Kanchev (19952a) reduced the thickness of the For-
mation, leaving only the limestones exposed mn the
northern end of the beach near Byala and erroneously
considers these to be Maastrichtian. He separated the
marl outcrops m the southern end near Byala as an
mdependent “marl formation™. Actually, these are the
upper levels (Danian and Selandian) of the ByalaFm.

Mo type section 15 indicated. The most complete section
from a stratigraphical point of view, although strongly
tectonized, 15 at the northern end of the beach at Byvala,
near Belrva nos and Byala reka (Stovkova & Ivanoy,
2004a, 2006a, b; Sinnvovsky, 2006b; Dinarés-Turell et
al. 2006, 2010, 2012, 20133, b; 2014 —Fig. 4.40).

Lithological characteristics. The Formation consists
of thythmic alternation of hmestones and marls (thick-
ness of the beds varving from 0.1 to 0.5 m) which al-
ternate with thicker (up to several tens of meters) marl
packets_ Fresh surfaces show the rocks as grey to light-
grey in color, and nearly white where weathered. The
marls are whitish, indistinctly bedded, massive and
thin-bedded. The limestones are white to light-grey,
selid. thin- to medium-bedded. The limestone/ marl ra-
t1o varies within the different strattgraphic levels.

Regional aspects. The Formation 15 of rather limited
distribution — only in the coastal part of the East Bal-
kan_ in the vicinity of Byala town and Gortisa village,
Varna region. Single outcrops have been detected
west of Bardarevo village.



Fig. 4.41. The lowest parts of the Byala Fm (Campanian. right of photo), exposed at Belia Nos

Lateral transitions of the Byala Formation are not
exposed at the surface due to its limited distribution
These are, however, identified through detailed bio-
stratigraphic:correlation and comparison with litho-
bodies from surrounding areas within the same time
mterval and some of them are illustrated in Fig. 4 25
Lateral analogues of lower parts of the Byala Fm to
the north 1n the Kamchia area appear to be the Mez-
dra and Asparuhovo Fms, of the muddle parts — the
Mezdra and Kailaka Fms, and of the upper parts — the
Komarevo Fm. Going further northwards, the strati-
graphic hiatus between the Upper Cretaceous and the
upper Paleocene 15 supposed to correspond to the unit.

To the west, it probably passes into the Kozichino
Fm. the limestone-marls formation. Vetrila Fm and
the thick-bedded sandstone formation Southwards,
to the Emine basin it 1s totally replaced by the Emine
Fm turbidite sediments.

The lower boundary of the Formation 1 the region
of Byala and Goritsa 1s a tectonic one (Fig. 441 —
normal fault at Beliva nos) and a normal stratigraphic
succession 1s not identified.

The upper boundary in the type area (Bvala and
Goritsa) appears as a gradual lithological transition
to the variegated marl-clayey formation (= “Goritsa
marls™). It can be seen in the outcrops located n the
oullys north of Byvala and 1 Diolap dere, SE of Gortisa
village, as well as in the well sections around Goritsa
village.

However, umnterrupted successions are exposed in
the Byvala Fm rocks tn particular places along the
Black Sea coast and it 15 in these rocks that the Cre-

taceous Paleogene boundary was discovered for the
first time n Bulgana (Stovkova & Ivanov, 1992; Pret-
singer et al | 1993 a. b; Ivanov & Stovkowva, 1994,
1995; Stovkova et al . 2000; Stoyvkova & Ivanov,
2004a).

Due to intensive tectomcs manifested in the sediments
of the Formation, its thickness may not be precisely
measured. It 15 estimated to be around 1530 m thick
Detailed biostratigraphic. magnetostratigraphic and
cvclostratigraphic studies of the section near Byala
carried out recently by a Bulgarian-Spanmish team
(Dinarés-Turell et al, 2006; Dinarés-Turell et al,
2010, 2012, 2013a, b; 2014) proved 77 m of Paleo-
cene strata within the ByalaFm.

The sediments of the Formation were most probably
deposited in the outer part of the shelf — around the
shelf margin and the upper parts of the slope, evi-
denced by the lithology as well as by the nich fossil

presence of planktonic and nektonic orzanisms.

Abundant and varions remains of macro- and micro-
fosstls have been documented in the rocks of the For-
mation, mcliding ammonites, belemnites and mocer-
amids {Tvanov, 1993b; Ivanov & Stovkova, 1994)
echinoids (Theva, 2000), forammnifera (Turanov, 1983,
1984, 1989; Valchev, 2008). calcareous nannofossils
(Smnyovsky, 1990; Stovkova & Tvanov, 1992; 2004a;
Pressinger et 2l . 1993a_ h; Tvanov & Stovkowva, 1994,
1995; Dinarés-Turell et al | 2006; Simnvovsky, 2006b;
Dinarés-Turell et al | 2010, 2012, 2013a).

Chronostratigraphic range. The complete stratigraph-
ic range of the Formation 15 Lower Campanian (zone
Bromsonia parca, Simnyovsky, 2006b) — uppermost
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Paleocene — Thanetian (NP9 zone — Stovkova &
Ivanov, 2006 a; b). The age 1s supported by microfos-
sils — foraminifera and calcareous nannoplankton

Kozichine Formation (Bonchev, 1960)

Nomenclature. The “Kozichino Formation™ name was
published for the first time by Bonchev (1960, p. 10).
Stancheva (1961) descnibed forammmifera from the
unit, assigning a Paleocene age. Further publications
aszign 1fs sediments to the so-called “terrigencus for-
mation” (Karagyuleva & Kostadinov, 1977).

In nommating the Dvoynitsa Fm. Juranov and Pim-
pirev (1989) suggest that the rocks in the region of
EKozichio village mav belong to the lower levels of
the Dvoynitsa terrigenous Fm. Juranov (1993) quali-
fies the name as unusable. In describing the geology of
the Dolen Chiflik 1:100 000 geclogical map Kanchev
{1995a) assigns the lithostratigraphic rank for the Ko-
zichino Formation, defines its type area, and describes
the tvpe section of the Formation in the gorge south of
Kozichino village and along the gully in the vicintty
of the village. Moreover, he describes the Formation
with its boundaries, relationships, and thickness and
provides data on its age.

The revising studies performed under the Geology of
Bulgaria project, confirmed a distinct, separate lithe-
logical body developed 1n the region of Kozichino vil-
lage, that has no matching umt within the whole East
Balkan

Lithological characteristics. The key defining feature
of this unit 1s the thick-bedded fine- to coarse-grained
sandstones, passing into gravels in places (Fig. 4.42).
These are rusty-brownish to yellowish in color. The
development of rare beds and packets of grey micntic

Fiz 442 Expozure of sandstonez and gravels with imestone
intercalations in the Kozichine Fm in the gully by the village
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limestones with chert concretions among coarse-ter-
rigenous sediments 15 a particular feature of the umt.
Also present are local beds and lenses of breccia-con-
glomerates. Parallel and cross-bedding wath lateral
variations and truncation of the underlying beds are
ohserved. too. The clastic component in the upper-
most levels becomes sigmificantly finergrained, with
development of thin-bedded rhyvthmic clayev-sandy
turbadites (Fig. 4.43).

Regional aspects. The umit 13 distributed only in the
vicinity of Kozichino village, East Balkan The pre-
sumed lateral relationships of the Kozichino Fm with
other lithobodies are shown m Fig. 4 25 To the south
and west, the unit rapidly pinches out, passing to the
Emine Fm turbidites. The temporal analogue of the
Formation to the north. i the Kamichia area. is the
middle part of the Bvala Fm.

The lower boundarv of the unit 15 sharp, probahly re-
lated to a short break of sedimentation or submarine
scouring wash-out. It 15 reliably traced in the gully,
located south and south-east of Kozichino village
(Fig. 4.44) as well as on the road cut exposure at the
entry point to the village. Continuity of the sequence
across the Cretaceous/ Tertiary boundary is evidenced
south of the wvillage. The K/T boundary itself 1z hio-
stratoraphically documented by nannofossil finds m
the uppermost parts of the Emine Fm (Vangelov &
Smnyovsky, 2001; Smnvovsky, 2003). Very good out-
crops of the unit are observed 1n the gully within the
village.

The main portion of the Formation 15 bualt up of al-
ternating thick-bedded sandstones of variable grain-
size passing to gravels and fine-gramed conglomer-
ate-breccia. Their lower surface 1s uneven. with How
marks. At several levels, beds of light-beige and grey

Fig 443 Thin-bedded thythmie clayey-sandy turbidites,
developed in the topmost part of the Kozichino Fm



Fig. 444 Sharp contact at the base of the Kozichino Fim
with snderlying turbidites of the Emine Fm

colored mucnitic limestones with or wathout cherts oc-
cur. The assumption 15 that the sediments of the unit
have been deposited 1n the middle part of a submarine
fan_ but these could also be interpreted as channel de-
postts, filling a submarine canyon.

The upper boundary 15 a gradual lithological transi-
tion, well exposed in the gully north-west of the vil-
lage, where a packet of thin-bedded sandv-clayey
turbidites are taken to mark the transition to the thick-
bedded sandstone formation both vertically and later-
ally to the north (Fig. 4.43, Fig. 4.23).

The thicknesz of the unit 15 estimated at 200-300 m.

The fossiliferous intervals are concentrated within
the fine-grained and calcareous interbeds among the
coarse clastic sediments. Foraminifera (Stancheva,
1961} and calcareous nannoplankton (Stoykova, un-
published data) have been recorded.

Chronostratigraphic range. The complete strat-
graphic range of the unit is determuned based on finds
of calcarecus nannofossils m particular strangraphic
levels. It 1s specified as lower Paleocene — Daman
Stage to the base of the Selandian, NP1 to NP5 nan-
nofossil zones (Stovkova, unpublished data).

Dvoynitsa Group (Juranov & Pimpirev, 1989)

The umt 13 mtroduced as the Dvoynitsa Formation by
Juranov and Pimpirev {1939). The type section 1s des-
ignated along the Black Sea coast, from Sveti Atanas
Cape to Luna camping site (the mouth of Perperi Dere
oully, now — Sol Luna Bav tounistic complex).

The Dvoynitsa Fm combines a vanety of lithologies
— thick-bedded sandstones, alternations of clayey
limestones and marls, conglomerate packets, gravels
and siltstones, as well as typical thin-bedded rhyth-
mic turbidites. All these are quite different m com-

Fig_ 4.45. Type zection of the Sveti Atanaz Frm — Cape
Svett Atanas. Black Sea coast

position and mav not be mechanically referred to as
one unit. The main Isthological types are three: thick-
bedded sandstones; thin-rhythmic turbidites; and
clast-supported and matrix-supported conglomerates.
The most practical approach from a lithostratigraphs-
cal viewpoint would be to separate the three clearly
distinguished and laterally traceable lithobodies as
independent units whereby changing the rank of the
Dvoynitsa Fm into a Group. This 1s done for the first
tume m this work.

Composition. The Dvoynitsa Group comprises tvo
Formations: the Svett Atanas Fm (thick-bedded sand-
stonies) and the Gebesh Fm (thin-rhythmic clayey-
sandy turbidites). Locally developed conglomeratic
bodies with olistostromes. ranked as members near
Bardarevo and Solmk villages and m Meshelika lo-
cality south of Obzor — the Bardarevo Member and
the Meshelika Member — could be part of the Sven
Atanas Fm.

Sveti Atanas Formation (new Formation)

Nomenclature. Nomunated for the first time in this
work, it corresponds to the lower part of the “Dvoynit-
sa Fm™ (sensu Juranov & Pimpirev, 1989),  Erkech
sandstones™ (Bonchew, 1926). and to a part of the
terngenous formation (Karagyuleva & Kostadinoy,
1977). The section starts at the southern end of Byala
beach (Shelborun locality) and ends at Obzor Bay af-
ter Svett Atanas Cape, 1s designated here as type sec-
tion. It 15 named after Sveti Atanas Cape on the Black
Sea coast, which i1s entirely bualt up by the sandstones
of the Formation (Fig. 4.45).

Lithological characteristics. The key defimtive fea-
ture of the Formation appears to be the thick-bedded
coarse- to medmm-grained amalgamated massive
sandstones. These are poorly sorted, with quartz
gramns prevailing, and with a clayey matnix Limited
amounts of lithoclasts and feldspar are seen The

57



Fig: 4 46. Spherodial weathenng in thick-bedded massive sandstones of the Sveti Atanas Fm — Cape Svett Atanas

grains are angular, the pores being filled with clayey
munerals. Spheroidal (ball-shaped) weathening forms
are common on the face of the outcrop (Fig. 4.46).

Thin interbeds of gravels and breccia are usually ob-
served at the base of the lower erosional bed surface.
These include numerous clasts and anguiar pieces of
the Byala Fm (Fig. 4.47).

Beds of siltstones up to several centimeters thick are

detected among the thick-bedded sandstone layers
and packets.

Ragional aspects. The unit 1s traced only in the east-
ernmost parts of the East Balkan Along the coast it
crops out in the northern and southern limb of the
Obzor Syncline — south of Byala to Sveti Atanas Cape
and south of Obzor near Mona Petra Cape. Onshore,
like the Byala Fm,_ it 15 traced only to the region of
Bardarevo and Solnik villages.

Bardareve Member. A body of boulder conglomerates
(1 to 3 m in size) and conglomerate-breccia 15 locally
developed at the base of the Formation m the region of
Bardarevo and Solnik villages. These are matrx-sup-
ported, floating i clavey or silty matnx. No distinct

Fiz_4.47. Roonded clazts of volcanic rocks and angular clasts of marly limestones of the Byala Fm in the baze of thick
sand=tone bed of the Sveti Atanaz Fm — Cape Svett Atanas
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Fig. 4 48 E=xposures of conglomerates and breccia-
conglomerates of the Bardarevo Member of the Sveti
Atanas Fm — in the valley to the west of Bardarevo

bedding 1s seen and the clasts are chaotically distribut-
ed (Fiz. 4.48). The clasts display various lithologies, in-
cluding grey micritic limestones. red dolomites (Tnas-
s1c?), grey clavey limestones (Byala Fm?), sandstones
(Kozichine Fm7), quartzites (Jurassic — Sintvir Fm7?),
voleanic rocks (Upper Cretaceous of the Srednogo-
11e7), and reefal limestones. The body composed of
conglomerate clasts has a transoressive lower bound-
ary — unconformably overlying grey limestones (Up-
per Cretaceous). The upper boundary 1s-a rapad transi-
tion to the Svett Atanas Fm sandstones (Fig. 4.49).

Tts thickness 1s around 150 m Here this bodv 15 dis-
tinguished under the name Bardarevo Member of the
Svetr Atanas Fm. The type section 1s designated as the
one exposed in the mully, located west of Bardarevo
village and north of Bardarevo — Golitsa road. The
calcareous nannofossils, recovered from different lev-
els of the matrix suggest its chronostratgraphic range
15 uppermost Paleocene (Thanetian, NP9) to lower-
most Eocene (Yprestan, NP10).

The observed and assumed spatial and temporal rela-
tions of the Sveti Atanas Fm are shown m Fig. 425
Westwards, 1t probably passes to the thick-bedded
sandstone formation. To the north. within the Moesian
Platform, sts temporal stratigraphic equrvalents are
the Komarevo Fm and the Beloslav Fm (Fig. 4.25).

The lower boundary of the Formation is seen as a rap-
1d lithological transition from the vanegated marly-
clavey formation (south of Byala) or from the Emine
Fm (near Mona Petra Cape).

The upper boundary 1s a rapid lithological transition
to the thin-bedded rhythmic turbidites of the Gebesh
Fm and 1s observed in the exposures between Svets
Atanas Cape and Luna camping site. It follows the
dizsappearance of the thick sandstone beds and their
replacement by thin-rhythmic alternations of siltstone
and clayey marls.

Fig 4.49 Conformable contact of the sandstones of the Sveti Atanas Fm overlying the conglomerates of the Bardarevo
Member
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The thickness of the Formation varies between 100
and 300 m, being greater i the southern limb of the
Obzor Svncline. Stratigraphically important calcars-
ous nannofossil species have been identified in the
sandstones, as well as mn the stlty and clayey interbeds.

Chronostratigraphic range. The complete strati-
graphic range of the Formation 1s upper Paleocene
(Thanetian, NP8-9 nannofossil zones) — lower parts of
the lower Eocene (Ypresian, NP12 nannofossil zone),
based on the recovered nannoflora (Stovkova, unpub-
lished data).

Gebesh Formation (Pollak, 1933)

Nomenclature. The Formation 1s introduced as “Gebes-
fazies” and “sudliche (Chufte-Dere) Fazies™ by Pollak
{1933). His work makes 1t perfectly clear that he sepa-
rates the thin-bedded, marl-domnated fivsch 1n the
easternmost parts of Stara Planina Mountaim as a body
of specific lithology under the name “upper molasse
flvsch™ In the valley of the Dvovnitsa River (Chifte
Dere) he names this feature “Chifte-Dere Fazies™ and
in the outcrops located more northwards, in the region
of Krmvim (Gebesh) village, he refers to it under the
name “Gebesfazies”.

Turanov and Pimpirev (1989) have unjustifiably re-
jected as unusable the names for this unit given by

Fig_4.50. Tectonized thin-rhythmic turbidites of the Gebesh
Fm in itz lectotype zection south of Cape Svet Atanas
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Pollak (1933) by mcluding its sediments in the
Dvovnitsa Fm that they themselves had separated.
Kanchev (1993a) reinstates the name Gebesh Forma-
tion 1n the Bulganan lithostratizraphic nomenclature,
without specifving a type section. He had however,
erroneoushy assigned an “upper Eocene age” to this
Tt

The section traced along the sea coast south of Svett
Atanas Cape to the Luna camping site should be con-
sidered as lectotype section of the Formation

Lithological characteristics. The Formation 15 com-
posed of thin- to medum-bedded (10-40 cm) rhyth-
mic altermation of sandstones. siltstones. marls and
clays (Figs. 4.50; 4.51). The lower bed surfaces of the
sandstones reveal well expressed sole marks (paleo-
transport direction to south-east), bioturbation, ich-
nofossils, etc, typical for the turbidites. Cross and
oraded bedding_ fining upwards_ lamination and con-
volution are all observed in the sandstones. The rocks
look grey-bluish in color on fresh wet surfaces and
vellowish to beige on weathered ones.

Regional aspects. The distnbution of the vt 15 fol-
lowed only in the eastern portions of Stara Planina
Mountain. Tt 15 seen in the coastal area between Byala
and Obzor (Fig. 4.51) and 1 the vicinty of Krivim
village with the westernmost outcrops being ohserved

Fig 431 Thin-rhythmic turbidites of the Gebesh Fm in its
lectotype zaction north of Luna camping zite (Sol Lunz Bay)



Fig. 4.52 Exposure of thin-rhythmic tarbidites of the
Gebesh Fm near the village of Kipilovo

in the region of Kipilovo village (Fig. 4.52).

The lower boundary represents a gradual lithological
transition from the underlving Svett Atanas Fm sedi-

ments and 1s marked by the disappearance of the last
bank of massive sandstones.

The upper boundary in the valley of the Dvoynitsa
River (Obzor area) 1s hidden by oiver alluvium. Tt 1s
probably overlain by a stratigraphic unconformuty
(that marks the Illinan tectonic phase) by the Obzor
Fm conglomerates (middie? upper? Eocene).

It 15 assumed that the sediments have been deposited
izt the basin plam by low-density turbidite flows.

The thickness of the Formation reaches up to 300 m.

Microfossils — foramimfera and nannoplankton are
detected m the finer portion of the rthythms allowing
determination the age of the Formation.

Meshelita Member. A body of specific lithology, dis-
tinguished in the upper parts of the Formation south of
Obzor, Meshelika locality. The type section crops out
along the sea coast south of the main, central beach of
Obzor, in Meshelika locality,

Thick (up to 300 m) indistinctly bedded siltstones and
large marly blocks (up to 2-3 m) and clasts of thin-
bedded rhythmic turbidites (Gebesh Fm — Fz. 4.53),
Iimestonies with nummulitids (Dikilitash? Aladan?
Fms —Fig. 4.54). clayey limestones and marls (Bvala
Fm — Fig. 4.55) are present. Smaller sized clasts of
rounded sandstone pieces (to several centimeters),
quartz gravel and volcanic rocks (Upper Cretaceous
from the Srednogorie Zone) are also noted. The con-
glomerate blocks and lenses and beds are developed
at several levels in the sequence. The himestones and
coarse-grained sandstone lavers contam abundant

shallow-water fossil fanna: nummulitids, gastropods,
corals, echinoids and bivalves (Fig. 4.54).

Fig 4.53 Boulder-sized blocks of Gebesh Fm. floating in siltstone matrix south of Obzor — Mezhelika Member of the
Gebesh Fm
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Fig_ 4354, Limestone biocks with sbundant anmmulitids (Dikilitash? or Aladan? Fms) in silistone matrix south of Obzor

— Meshelika Member of the Gebesh Fm

It 1s suggested that the deposition of these sediments
has taken place mn the deep (axial) part of the basin as
a result of a senes of high-density debns flows and
slumps. The chactically deposited shallow water sedi-
ments are transported by a debnis flow as a result of
destruction (destabilization, possibly earthquake gen-
erated) of the already consolidated sediments from the
edge of the carbonate platform to the north. A smaller
volume of the material has been transported from the
south, as a consequence of weathenng, erosion and
transport of Srednogoerie voleanie rocks.

The stratigraphic range of the Meshelika Member
based on abundant calcareous nannofossil finds 1s the
upper part of the lower Eocene (Ypresian, NP13-14a
nannofossil zone).

Chronostratigraphic range. The complete strati-
graphic range of the Gebesh Fm is within the upper
parts of the lower Eocene, Ypresian Stage, NP12-14a
nannofossil zones.

Fiz_ 4:35. Clasts of Byala Fm and voleanic inclusions in mestones with nummulitids south of Obzor — Meshelika
Member of the Gebesh Fm
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Chapter 5

Biostratigraphic subdivision and correlation of key sections

This chapter presents the results of the biostratigra-
phic study of fifty-five key sections from both onshore
and offshore northern Bulgaria, based on calcarecus
nannofossils. These sections exhibit varipus strati-
graphic levels of the Paleccene-lower Eocene mter-
val, which are complete to varying degrees. Their
subdrvision and correlation has been accomplished
through precise tracing of the vertical distribution of
stratigraphically significant nannofossil species. This
chapter presents the sections arranged from west to
east and from south to north. following the geclogical
structural zones.

5.1. Kula Unit

Two sections have been studied within the Kula Zone
— near Kladorub and Rakovitsa villages, Vidin Dis-
trict, where the Kladorub and Staropatitsa Fms are
exposed.

Kladorub

The section 15 located some 1.3 km SE of Kladorub
village, Vidin District, and 13 followed along the Tsi-
ganski dol valley. It 1z one of the most thoroughly
studied sections in all of northern Bulgana, with a se-
nies of bioevents identified and traced by calcarecus
nannofossils. It 15 thus considered to be the reference,
key section in interpreting the stratigraphy and the
main events in the studied interval.

The section near Kladorub village has been studied by
a mimber of geologists — Beregov (1937). V. Tzankov
et al. (1960), Tz Tzankov (1964, 1972), Aladjova-
Hrischeva et al. (1991). Recently, the Kladorub Fm
has attracted imtensive attention and study after some
global events have been wdentified in the succession
— the Cretaceous Tertiary boundary impact event and
the Paleccens Eocens Thermazl Maximum event (Sin-
nyovsky & Petrov. 2000; Smnvovsky et al . 20032;
Sinnvovsky, 2004b; Stovkova et al | 2005h; Stovkova
& Tvanov, 2005; Stovkovaet al, 2006).

In the course of this study the section croppmg out
along the Tsiganzk dol, has been sampled with a ver-
tical resolution of 2 m intervals (Fig. 5.1). In some

intervals with pronounced events, the sampling was
more intense, being 0.2 —0.1m, oreven 0.05 m.

Grey-greemsh to dark grey clavey-carbonate silt-
stones and silty mars (Smnyovsky et al | 2002) wath
rare thin interbeds of limestones assigned to the Kla-
dorub Fm are exposed. The beds are vertical and are
poorly bedded (Fig. 5.1). The total thickness of this
Formation 15 205 m. 135 m of which are referred to
the Upper Cretaceous (Upper Campanian and Maas-
trichtian) and the remaining 70 m to the Paleocene
and lower Eocene (Damian, Selandian Thanetian and
the base of the Ypresian —Fig. 3.2} As a rule, the Kla-
dorub Fm rocks contain abundant and diverse, per-
fectly preserved calcareons nannofossil associations.
The Kladomub Fm s transgressively and unconform-
ably overtain by the Staropatitsa Fm which consists
of coarse-clastic sediments — sandstones, gravels and
conglomerates, over 250 m thick (Fig. 5.4). Single ho-
nizons reveal also packs of finer-gramed sediments —
silty and clayey marls with specific nannoflora docu-
mented (Fig. 5.5).

Biostratigraphy. Sinnvovsky et al (2002) proved
biostratigraphically the presence of the Cretaceous.
Tertiary (K'T) boundary, precisely fixing the posttion
of the boundary clay bed within the continuous sedi-
mentary succession of the Kladorub Fm. Sinnyovsky
{2004b) divided the section mto 14 nannofossil zones,
five of them in the Upper Cretaceous and nine 1n the
Paleocene (NP1 to NP9).

Fig 5.1 Section along Tsigansii dol SE of Kladorub —
opper parts of the Kladorub Fm (Thanshian NP E)
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Fig. 5.3. Legend referning to all sections in chapter'5

nofossils have been recorded so far. The vertical dis-
tribution (range-chart) of the stratigraphically sigmfi-
cant spectes, a3 well as the biostratigraphic subdivi-
sion of the section 15 shown in two successive figures
(Fig. 52.1and 5.2.2),
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The KT boundary m this section has been pinpomnted
by Sinnvovsky et al. (2002), located some 50 m north
of the drainage. It 15 drawn at the boundary between
Micula prinsit (uppermost Maastrichtian) and NP1
(lowermost Danian) zones and marked by a2 2 cm



thick dark-coloured layer (Fig. 5.6). The boundary 1s

noted as zero level (0 m) in the studied section.

The bicstratigraphic zones are distinouished on par-
ticular bioevents: first occurrence (FO) or extinchion
(last occurrence, 1O) of important stratigraphic taxa
and represent interval zones. The lower boundary of
NP1 zone 15 marked by a remarkable global event (KT
boundary meteorite impact) and will be discussed in
a separate chapter. Biostratigraphically 1t marks the
extinction of the vast majority of Cretaceous species,
the explosive occumrence of the “survivor” species
Thoracosphaera operciata and Braarudosphaera bi-
gelowii and the FO of new Paleocene species such as
Cyclagelosphaera alta, the first Prinsiacea and Cruci-
placolithus primus.

The boundary between NP1 and NP2 zones 1s traced
by the FO of Cruciplacolithus intermedius as well as
of C. tenius, C_ assymmetricus and Coccolithus cavus
(Fig. 5.2.1).

The houndary between NP2 and NP3 zones 15 marked
by the FO of Chiasmolithus edwardsii. followed by
Chiasmolithus danicus and Neochiastozvgus modestus.

The co-oceurrence of Ellipsolithus macellus, Neockhi-
astozygus eosaepes and Neochiastozygus saepes at
+15.00 m 15 used for setting the boundary between
NP3 and NP4 zones. The thickness of NP4 zone 1s
about 20 m. but one should consider the fact that 1t
appears to be zone with the longest temporal range 1n
the Paleccenes (around 2.5 Ma — Dinarés -Turell et al |
2003; 2006).

The NP4 — NP5 boundary 1s traced by the FO of Fas-

Fig. 5.4 Conglomerates and
sandstones of the Staropatitsa
Fm (Yprezsian, NP12 zone)
cropping out in Taisansks dol

ciculithus tympeniformis —a bioevent preceded by the
first and second radiation of representatives of the ge-
nus Fasciculithus.

Helinlithus ieimpellii. Discoaster mohlerl and Helio-
lithus riadelii mark the lower boundary of NP6, NP7
and WPS zones, respectively. These firstoccurina 5-6
m mnterval betwveen +46. 00 and +51.00 m, proving the
relatively small thicknesses of these zones (Fig. 5.2.2).

Considerably greater thicknesses of about 10.00
m each have been established for NP9 and NP10
zones. The lower boundary of NPS zone is traced by
the FO of Discoaster multiradiatus and the base of
NP10 zone by the FO of Riomboaster bramiettei.
The latter cosncides also with the Paleocene/Eocene
chronostratigraphic boundary, that has been recently

Fig 5.5 Silty and clayey marlstone packet in Staropatitsa
Fm with documented calcarecus nannofossils (Ypresian,
NP1Z zone)
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related to a prominent global climatic event — the
Paleocene-Eocene Thermal Maximum {(PETM). The
Kladomb section. with its continuous sedimentation
in the boundary interval has stored the best geological
record of this event in Bulgana (Stovkova & Ivanov,
2005).

The Paleocene portion of the Kladorub Fm 15 rep-
resented by a monotonous alternation of dark-grey
clavey-calcareous siltstones and silty marls, occa-
stonally mterrupted at some levels by limy and san-
dy beds. Within the lowest Paleocene zone NP1, at
some +1.3 m above the K'T boundary, a 12 em thick
limestone bed 13 documented. The next thicker (0.3
m) limestone bed occurs at =3.5 m to +4.0 m, in the
NP2 zone. Several limestones and detnitic beds have
been observed in the upper part of NP4 nannofossil

Fig 5.6. The dark grey clay
bed (red line). marking the
KE/T boundary in the Kladomb
zection, dizcovered by
Sinavovsky et.al (2002)

zone. Two limestones beds, approximately 0.25 m
thick occur 1. 10 m apart at =28 Sm (Fig 5.7), and at
+32.60 m, the latter a detritic bed composed of shal-
low marime fossil shells and clasts of sandstones. silt-
stones and limestones. Up section, at —34.69 m. the
marlstones contain rounded gravel and conglomerate
clasts; 5 to 10 cm 1n size (Fig. 5.8). The last calcare-
ous bed is 1dentified at —39.60 m. in the lower part of
NP3 zone. It 1s 0.1 m thick, a whatish to white sandy
limestone that passes upwards into calcaremite. All
these beds are event markers, and are formed 1n the
deeper parts of the basin as a result of vanous depo-
sitional events.

The upper parts of the Tsiganski dol section are repre-
sented by coarse-siliciclastic sediments — sandstones,
gravels and conglomerates alternating with finer

Fiz 5.7 A couplat of two limestone beds, located at =28.3
i an otherwise monotonous specession of the Kladomb
Fm (upper part of Danian NP4 zone). Limestone beds
approximately 235 cm thick
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Fig 3 8. Well-rounded conglomerates and clasts, located
at ~34.69 m in the marlstones of the Kladomb Fm

(Danian Selandian boundary, NP4/NP3 zonal boundary).
Coiniz 2.5 cm in diameter



marlstone-clayvey packets. These are over 250 m thick
i total and represent the Staropatitsa Fm (Aladjova-
Hrischeva et al, 1991) unconformably covered the
Kladerub Fm (Fig. 5.9).

Relatively diverse and abundant nannofosst] associa-
tions have been documented at several levels (1 6 oot
of a total of 27 samples) within the finer marlstone-
clavey packs. mtercalated with conglomerates and
sandstones (Stovkova & Ivanov, 2005). These asso-
ciations contain a number of distinctive species such
as Discoaster lodoensis, D. kuepperi, Tribrachiatus
orthostylus, Helicosphaera seminuiwm and Chiasmo-
lithus grandis. These prove the presence of the lower
Eocene NP12 zone and corroborate an early Eocene
— Yprestan age for the Staropatitsa Fm in 1ts type sec-
tion (Stovkova & Ivanov, 2003).

Stratigraphic range. The complete stratigraphic range
of the succession outcropping near Kladorub 1s Upper
Campaman — lower Eocene (Ypresian. NP12).

Rakovitsa

The section is traced along the gully at the southern
entrance of the village (crossing the road to Podgore
village). In the course of this study, the presence of
Paleocene sediments in this location (within the Kla-
dorub Fm) i= demonstrated by nannofossil finds. Tts
boundary 13 traced along'a fault 1n the Belogradchik
pluton.

Here the siltstones and clavey-silty sediments of the
Kladorub Fm appear to be more compacted and more
highly cleaved compared to those exposed at Taigan-
s1 dol near Kladorub. The beds are vertical and the
best outcrops are observed on the river banks. An un-
comformity between the sediments of the Kladorub
and Staropatitsa Fms 15 observed just across the river

bridge.

Binstratigrapiy. The nannofossil content of the sedi-
ments indicates the occurrence of thin, poorly pre-
served associations, which comesponds to the siz-
mificantly higher degree of tectonic processing of the
sediments (compaction, cleavage) at this locality
Wevertheless, the succession has been divided into
Upper Cretaceous and Paleocene with the position of
the Cretaceous/Paleogene boundary located, and the
lowest two Paleocene zones — NP1 and NP2 are indi-
cated by charactenistic species (Fig. 5.10).

Although poorly preserved, the species Neochiasto-
Zygus junctus and Discoaster lodoensis are 1dentified
in the coarse-grained siliciclastic sediments of the
Staropatitsa Fm, which implies lower Eocene, NP12-
14z zone.

Fig. 5.9 Parallel stratigraphic uvnconformity between the
Kladorub and Staropatitsa Fms Ruler=1m

Stratigraphic range. The stratigraphic range of the
succession, exposed in the section at Rakovitsa, 1s
Upper Cretaceous { Campanian-Maastrichtian) — low-
er Eocene (Yprestan).

5.2. West Fore-Balkan

The sections studied m the West Fore-Balkan are
orouped m two areas — Mezdra and Lukovit: Only
three of the sections located m the Mezdra region are
presented here — south of Moravitsa village, zouth of
Mezdra town (near the swimming pool) and at Lyuti
dol willage, but analyses have been carnied out at a far
greater number of localities: near Perchovtsi, Chelo-
pek, Darmantsi, Lipnitsa, Dilkovtst illages and oth-
ers.

Moravifsa

The section 1s located at 1.5 km south of the village,
in the camvon of Kamenitsa River and 15 traced along
the northern slope of the gully (Fig. 5.11). It is one
of the most complete and representative Upper Cre-
taceous and Paleocene sections in the Mezdra region.
The section was described as a succession of parallel
outcrops between Moravitsa village and Mezdra town
along the Kamenitsa River by Smnyovsky (1999},
who wdentified the Cretaceous/ Tertiary boundary and
a boundary laver of 7 to 11 ppb of indim_ The same
author differentiated cyeles of Milankovitch and two
third-order sequences in the section (Smmyovsky,
1999). The valley of the Kamemtsa River 1s mncluded
as a protected site i the Register of Geological Phe-
nomena in Bulgaria.

Subsequently, Stovkova et al. (2000) analysed the

section from the mineralogical-geochemical, szedi-
mentological and event stratigraphy point of view, as
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Fig. 5.11. Exposures of the Upper Cretacecns and
Paleocene Series south of Moravitsa village, Mezdra area

well as for macrofossils — ammonites. noceramids
and echinoids. A detailed biostratigraphic subdivision
by calcareous nannoplankton and the recogmition of
sequence stratigraphic units within the Maastrichtian
and Damian was carried out by Stovkova and Ivanov
(2002b, 2004a).

The sediments of the Darmantsi Fm (glaunconitic
sandstones), the Kunino Fm (limestones packed with
Inoceramus shells) and the Mezdra Fm (limestones
with chert nodules and whole beds of chert) are crop-
ping from the bottom to the top. The total thickness
12 around 70 m, 30 m of which fall within the Up-
per Cretaceous and 40 m — tn the Paleocene (Danian
Stage, Fig. 5.11).

The lower portions of the Mezdra Fm are representad
by micritic imestones with chert nodules and three
thin ash lavers (Fig. 5.12). Above these, with a sharp
and uneven boundary, a packet of sediment occurs,
formed during an underwater slump (5-6 m thuck).
Thizs slumped mterval 1s traced and identified 1n the
Upper Maastrichfian part of all of the sections studied
in the Mezdra region and acts as a marker, noting a
regional event (Fig. 5.13). Tts upper boundary 15 flat
and covered by a packet of thin-bedded fine-grained
limestones, mterbedded with chert lavers. The upper-
most parts of the Maastrichtian are represented by a
relatively thick bed (0.5-0.8 m) of massive bioclastic
limestone that contains intraclasts of micntic lime-
stone. The upper bed surface shows signs of scouring,
wash-out.

The mnterval around the KT boundary 15 composed
of clayey limestones and grey silty marls with 2 cm
dark-grey clayey layer mncluded (Fig 5.14). Sin-
nvovsky (1999) reported that increased mndnim con-
tent i3 detected in this layver. Above follows a massive
1 m bed of solid micritic limestone with numerous

Fig. 5.12_ T ower part of the Mezdra Fm in the section
south of Meoravitsa village, Mezdra area

chert nodules whetre no nannofossils were detected.

The upper parts of the Mezdra Fm are built of grey
clayey limestones. thythmically alternating with
nodular micritic limestones and thin interbeds of silty
marls. A well preserved nannoflora and remains of
echinoids were found (Stovkova et al., 2000).

The section at Moravitsa has been interpreted as a
relatively shallow-water one, deposited 1n the shelf
environment over the carbonate ramp (Stovkova &
Tranow, 2004a).

Biostratigraphy. The results from the detailed bio-
stratigraphic analyses of nannofossils and the subdiv-
ston of the section are shown tn Fig. 5.15_ Species di-
versity 1s relatively poor and preservation varies from
poor to medium, improving in the Paleocene portion
of the Mezdra Fm. A total of 47 species have been
wdentified and 2 of the samples immediately above the
E'T boundary are barren (Mo-14 and Mo-15).

Fig 5.13. Slump interval in the npper parts of the
Maastrichtian in the section south of Meoravitza village,
marking a regional tectonic event
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Fig: 514 The K/T boundary m the Moravitza section;
marked by dark grey clayey bed; Mezdra Formation

Representatives of the pentalites — Bram-udosphaera
and Micrantholithus that are assumed to ndicate
shallow-water environments (shelf zone or edge of
the slope; Perch-Nielsen, 1985a) are the most abun-
dant and diverse in the Moravitsa section. The species
Micrantholithus spp., Bragrudosphaera bigelowii, B.
turdinea, B. discula are commonly observed in the
boundary interval and in the Paleocene portion of the
section.

Several breaks of sedumentation have been detected

Fig 516 Exposures of the
Upper Cretaceous and Paleocens
Series south of Mezdra (at

the swimming pool); Mezdma
Formation

at the boundanes of CC24/CC25%a, within CC25 and
CC25c/CC26b narmofossil zones. These have been
interpreted as boundanes of third-order sequences
(Stovkova & Ivanov, 2004a).

The E.T boundary clay layer contains predonunantly
Cretaceous nannofossil spectes, as well as some rep-
resentatives of so called “survivor™ species. However,
the species Cyelagelosphaera alta, considered to be
one of the first newly evolving species at the very
beginning of the Paleocene, 15 also detected in the
boundary clay layer

The nannofossil association of the first Danian zone
NP1 is exceptionally poorly represented by rare
(reworked?) Cretaceous species and Biantholithus
sparsus as well as sporadic Markalius inversus and M
apertus. The FOs of Cruciplacolithus intermedius and
C renuis at around —6.00 m defines the lower bound-
ary of NP2 zone. Prinsius dimorphosus, Prinsius
tenuiculum and Fricsonia subpertusa appear within
that zone_ The FOs of Crucipiacolithus asymmetricus
and Chiasmolithus damicus at around —25.00 above
the K'T boundary proves the presence of NP3 zone in
the uppermost porticns of the exposed sequence.

Stratigraphic range. The range of the section at
Moravitsa village is Upper Cretaceous (Maastrich-
tian} — lower Paleocene (Danian, zone NP3).

Mezdra

The studied section 15 located immediately south of
Mezdra town and 15 followed along the cutting on the
Sofia-Mezdra highway (opposite the swimming pool —
Fig. 5.16). The section has been analysed by Stoykova
et al. (2000) wath respect to tracing the KT boundary,
but due to the poor exposures of certain mntervals, the
location of the boundary 1s not precisely fixed.
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Fig. 5.17. Biostratigraphic subdivision of the zection sonth of Mezdra {at the swimming pool) by calcareous natnofossils

sibility and poor exposure hampered the precise trac-

gection 15 shown i Fio. 5.17.

ing of the zonal boundaries: The subdivision of the

_alter-

ising the NP1 and NP2 in the Damian stage. The difficult acces-

The succession 1s around 30 m thick, compri
thitish clayey limestones

geto W

nating with marlstone packets. Clearly expressed m

of the Maastrichtian and base of the Dantan. These are

sediments of the Mezdra Formation — uppermost parts

built of light-bes

both this section and the other Mezdra sections 1sthe Over 30 species have been identified and the pen-
sedimentological event marker —the slumped interval  talites are commonly observed here. too. The Upper

gquadrarus and Micula vurus, whereas the index spe-

cies for the last zone of the Upper Maastrichtian —
Micula prinsii 15 found reworked in the Paleocene

sediments of NP1 zone.

in the uppermost part of the Maastnichtian (in zone M.  Cretaceous part of the section contamns Lithraphidites

murus, Fig. 5.18).

hic study of the

ap

L=

The biostratior

.
nannofossils resulted 1n reliable identification of the

zones CC25¢c Micula muris in the Maastrichtian and

Biostratigrap
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The lowermost parts of the Paleocene 15 proved by
the relatively diverse and abundant nannofossil as-
sociation of NP1 zone, that comprises Biantholithus
sparsus,  Prinsius  dimorphosus, Cruciplacolithus
primus and Neobiscutum romeinii (along with re-
worked Cretaceous taxa).

The NP1/NP2 boundasy is traced by the FO of Cruci-
placolithus: intermedius and C tenuis m the upper-
most portions of the studied section

Lyuti dol

Situated at the southern end of Lyuti dol village, mn
the road cut of the Sofia-Mezdra highway, this sec-
tion has been investigated by Stovkovaetal (2000} to
dentify the K'T boundary and in trying to subdivide
third-order sequence stratigraphic units.

Fig. 5.19 Section of the Upper
Cretaceous and Paleccens
Series sonth of Lyott dol village,
Mezdra area; Mezdra Formation

Fig 5.18. The slumped
interval in the upper part

of the Maastrichtian in the
zection south of Mezdra (at
the swimming pool); Mezdra
Formation

The section at the northern end of the village. along
the right bank of the Klisurska River, was described
by Sinnvovsky and Christova-Sinnyvovska (1993) who
introduced the Lyuti dol Fm and alse by Sinnyovsky
{2001b). The Paleocene sedmments of the autochtho-
nous part under the Lyutt dol thrust were assigned to
the Limestone formation (Smnvovsky, 2001h)

Overall, the thickness of the studied succession 1s
arounid 30 m. The Mezdra Fm here 15 represented by
orey, thin-bedded clayey limnestones with cherts, alter-
nating with thin marlstone mtercalations (Fig. 5.21).
The slumped interval — the event marker i the up-
permost portion of the Maastrichtian, 15 observed here
as well (Fiz. 5.22). The uppermost parts consist of
thick-bedded. coarse-gramed organogenic limestones
referred to the Limestone formation. Carbonate brec-
cias of the Lyuti dol Fm are thrust over the Limestone
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Mezdra area, by calcareous nannofossils

raphic subdivizion of the zection south of Lyuti dol village;

Fig: 5.20. Biostratig

by

vely poor and bad

preserved nannofossil association. We assume that
there 15 a short break m sedimentation between the

Cretaceous and Tertary, since the highest Maas-

formation_ i the northern end of the village_alongthe  Biosratigraphy. The upper parts of the Maastrich-
mnvovsky, Chnstova-Simyovska, tian are evidenced by a relair

Lyuti dol thrust (5

1993).

(=

M. prinsii and the clayey layer at the

E/'T boundary are missing. However, the co-occur

-

obviously as aresult of  trichtian zone

The seduments 1 this section are significantly more
tectonism, and their nannofossil content 1s rather poor.

compacted and consolidated,
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rence of the species Biamthalithus sparsus, Prinsius
dimorphosus and Cruciplacelithus primus, support
the age assessment to the lowermost Paleocene NP1
zone. The zone NP2, proved by the identification of
Cruciplacolithus mtermedius, €. temuis, Furvania
petalosa and Ericsonia subpertusa, occurs above the
NP1 zone, probably again after a short break (a wash-
out) (Fig. 5.20). No nannofossils have been found in
the Limestone formation samples.

Stratigraphic range. The range of the section south
of Lyut dol 15 Upper Maastrichtian — Lower Dantan,
CC257 — NP2 zones.

Several sections in the Lukovit area have been stu-
died at the villages of Rumvantsevo, Petrevene, To-
dorichene, Dermants:, Aglen, Golyama Brestnita —
Daben and in the vicity of Lukovit and Ugarchin
towns. However, only two of them are presented here
— near Rumyantsevo village and in the gully between
Golvama Brestnitsa and Daben villages. Three For-
mations were introduced mn the siliciclastic succession
of the Paleogene 1n the Lukovit Depression: Petre-
vene, Lukovit and Ugarchin Fms {Aladjova-Hrnsch-
evaetal, 1951

Rumyantsevo

The section 15 located at the south-western end of
Rumyantsevo village, outside of the mam road to
Lukovit. The outcrops are exposed along the gullies
that transect the hill north-west of the village. Tts up-
per parts are well exposed tn a cross-section along the
Fumyantsevo-Lukovit railway line, at Todorichene
railway station.

The section was studied by Aladjova-Hnscheva (1979)

Fig. 5.21. Thin-bedded
limestones of the Mezdra Fm
zouth of Lyuti dol village,
Mezdra area; Mezdra Formation

and Aladjova-Hrischevaetal (1991)

The lower parts of the section are built of grey-color-
ed to greenish siltstones, sandy and clayey marlstones
(Belyvanzska Member of the Petrevene Fm) that lie
unconformably over Upper Cretaceous limestones.
Above theze follow coarse-clastic sedunents — meds-
um-gramned polymictic sandstones of the Petrevene
Fm They are medium-bedded. greemish-brown to
orey, with lens-like mterbeds of coarse-grained sand-
stones and gravels and are mterbedded with thin lay-
ers of clavey siltstones, marlstones and clayey sands.
The nannofossil samples have been taken from the
softer clayey interbeds.

The middle and upper parts are represented by a marl-
stone packet (Aglen Member) and a thythmic alterna-
tion of thin-bedded sandstones, siltstones and clayey

Fig 522 The slumped interval in the upper part of the
Maastrichtian in the section south of Lyuti dol village,
Mezdra area; Mezdra Formation
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marls, interpreted as turhadites and referred to the
Lukovit Fm (Fig. 523} Thicker sandstone beds are
ohserved as well, mainly in the middle parts of the
turbaditic cvelicity:

Biosrrarigraphy. The analysis of the nannofossil as-
sociations recovered from almost all lithologies al-
lowed subdivision of three zones — NP12, NP13 and
NP14a (the middle and upper parts of the lower Eo-
cene — Ypresian Stage). The abundance and preser-
vation of the nannoflora varnes from rare and poorly
preserved in the coarse-grained sediments (siltstones)
to rich and very well preserved 1n the clayey-marly
sediments. Over 60 species of calcareous nannofossils
have been 1dentified, but Fig. 5.24 shows only those
of crucial importance for tracing the biostratizraphic
boundaries of the zones.

The lower parts of the section refer to the nannofos-
sil zone NP12. The zone 1s proved by the co-occur-
rence of Tribrachiatus orthosivius and Discoaster
lodoensis — the former making its last occurrence
{LQ) and the latter appeanng (FO) m this zone. The
lower boundary of NP13 zone is traced by the extinc-
tion of T#ibrachiatus orthosivlus and Sphenolithus
conspicuous. The nannofossil associations of this
zone indicate extensive reworking of Lower Creta-
ceous and Upper Cretaceous species (2. Nammoconis,
Zeugrhabdotus, Retecapsa Conusphaera), probably
resulting from the coarse-gramned siliciclastic compo-
sitton of the sediments.

The uppermost parts of the section, pertamnng to the
Lukovit Fm, are assigned to the last early Eocene
zone NP14a Its lower boundary is clearly traced by
the FO of the index species Discoaster sublodoensis.
I have not detected anyv middle Eocene nannofossils in
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Fig. 5.231. Rhythmic alternation
of thit and medium-bedded
turbidites in the Lukovit Fm

the uppermost parts of the section and, therefore, the
statement made by Aladjova-Hrscheva (1979) about
the middle Eocene age of the Lukovit Fm 15 not sup-
ported by nannofossil data in this section

Stratigraphic range. The range of the section, evi-
denced by nannoflora, i1s lower Eocene — middle
and upper parts of the Ypresian Stage, zones NP12
—NPl4a

Golvama Brestmitsa-Daben

The section starts some 300 m north-east of Golyama
Brestnitsa village, Lovech District, and is traced, with
some gaps, along the road and in the gully between
Golyama Brestnitsa and Daben The end of the sec-
tion 15 within Daben village, after the river bridge, in
the rock cut along the road. It has been mvestigated
by Aladjova-Hrscheva (1979) and Aladjova-Hrisch-
eva et al. (1991). The holostratotype sections of the
Petrevene, Lukovit and Ugarchin Fms were cnginally
designated in this section (Aladjova-Hrischeva et al
1991).

The base of the section 1s composed of bluish-grey,
mdistinctly bedded clayey marlstones. Thetr immedi-
ate contact with Upper Cretaceous limestones is not
well exposed. The marlstones are rather wregularly
exposed — mainly in the steep slopes of the gulhes
(due to the fact that they are quickly covered by soil).
Up section, with fast lithological transition, these are
followed by fine- to medium-gramned sandstones with
thin interbeds of silistones and marls of the Petre-
vene Fm Upwards the sandstones become massive,
coarse-grained, with a lower Eocene nummulitic fau-
na detected in single lenses (Aladjova-Hrischeva et
al . 1991).
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The muddle and upper parts of the section are repre-
sented by irregularly alternating thin beds of sand-
stones, siltstones and marls. Individual horizons re-
veal matrix-supported conglomerates with unsorted
clasts, and others of packs of thick-bedded sandstones
with spheroidal weathering (Fig. 5.25) very stmilar to
those of the Svett Atanas Fm in the Eact Balkan

The uppermost portions of the section gradually be-
come predominantly thick-bedded micaceous sand-
stones with rare interbeds of calcarecus clays best
displayed within Daben village.

Biostratigraphy. Abundant nannofossil associations
recovered from the clays and marls of this section,

sopport 1ts subdivision into four nannofossil zones —
NP12, NP13, NP14a and NP14b (Fig. 5.26).

The nannofossil association of NP12 zone 1s rich and
diverse — abundant Discoaster {odoensis and Iribra-
chiarus orthostylus, as well as Discoaster septemra-
diatus, Chiasmolithus eograndis, Helicosphaera lo-
phata and Ericsonia formosa are recorded. The last
occurrence (LO) of Dbrachiatus orthostvlus along
with the first occurrence of Discoaster broenmimanni,
have been used as bio-events for drawing the bound-
ary between the zones NP12 and NP13 in this section.

Very abundant and diverse nannofossil associations
are identified in the uppermost parts of the Lukovit
Fm and 1n the basal portions of the Ugarchin Fm as
well — just at the entry to Daben village. The con-
comutant occurrence of Discoaster lodoensis, D, sub-
lodoensis, D kuepperi, D. bincdosus, D. nekyensis
15 noted there. Therefore, the sediments are assigned
to the uppermost parts of lower Eocene — Ypresian
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Fig. 525 Thick-bedded
sandstones with spheroidal
weathering and conglomeratic
lenzes in the zection between the
villages of Golyama Brestnitsa
and Daben, Lukovit area;
Lukovit Formation

Stage, NP14a zone.

Discoaster saipanensis was recovered from the high-
est sample in calcareous clavstone. in-between the
thick-bedded sandstones from the upper level of the
Ugarchin Fm. Tt indicates the presence of NP14hb
zone_ and, the lowermost part of the middle Eocene
(Lutetian Stage).

Stratiraphic range. The section covers the entire
lower Eocene, developed in the Lukovit region —mid-
dle and upper parts of Ypresian, zones NP12-NP14a
and base of middle Eocene (Lutetian), NP14b zone.

5.3. Central parts of the Moesian Platform

The outcrops of Paleogene sediments in the central
parts of the Moesian Platform are located along the
Wit River with the largest outcrops observed in the vi-
cinity of Pleven town. Single spots are noted 1n the
valley of the Osam River, too, as well as along the
Damube River bank at Somovit village (Fig 5.27).

Numerous sections have been studied in the region
of Pleven: at the willages of Sadovets, Krushovitsa,
Pertamitsa and Gradina, Kartozhabene, Tamene,
Grivitsa, Yasen, Varbitsa, Opanets, Bivolare, Bozhu-
riisa. Riben Komarevo, Kreta, Somovit, Muselievo
and Zhemov. Also, samples have been taken from
geveral sections south of Pleven — i1 Kailaka Parl
along the track to the tourist centre, n the large lime-
stone quarry (Kachitsa Mine). All the acquired data
has been used in regional stratigraphic interpretations
and paleogeographic reconstructions of the geological
evolution of the area:
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Feinr

nitsa

A

\\:’f:mh.ﬁ River

Fig. 527. Exposures of the Paleogene
zediments in the central parts of the Moesian

Platform: [ — exposures; 2 —locations of
10 ki studied sections (after Stoykova & Tvanoy,
20041)

Petarnitsa

The section 13 traced at around 200 m south of the vil-
lage_ along the dirt road, in the small old abandoned

limestone quarries (Fig. 5.28).

The cutcropping sequence 15 about 20 m thick, 8 m of
which comprises Paleogene rocks and the remaining
12 m represents Upper Cretaceous organogenic lime-
stones of the Kailaka Fm.

The Kailaka Fm 15 represented by white to creamy,
massive thick-bedded organogenic limestones. The
upper boundary of the unit exhibits the features of a
“hard ground”. The nature of the overlying sediments
and their basal contact 15 unclear due to a lack of suit-
able outcrops (the first 0.5 m of the Paleogene sec-
tion).

Upwards, a bank of medmum-bedded sandy-ailty lime-

stones around 3.5 m thick is developed. Tis Upper sur-

Fiz 528. Section of the Upper Cretaceons and Paleocene Series (Selandian and Thanetian) south of Petamitsa village,
Pleven District, in the old quarries; Kailaka — Komarevo Formations



529 Two imestone banks

with thin maristone laver in

£
b

between, marking the MPEE
in the old quarries sooth of

Petarnitza, Pleven District;
Eomarevo Formation

Biostratigraphy. The section has been sampled during

several field campaigns to achieve 10 cm sampling
resolution in order to pinpoint precisely the ages of
the sediments. The results of the analvsis and range-

chart of the 1dentified nannofossil species are shown

in Fig. 5.30.

5.29)

cm thick), overlain by a

face 15 sharp — possibly marking a short-term break in
sedimentation. Above the first limestone bank occurs

a thin marlstone layer (10-1

a marlstone packet (over 5.0 m thick) — silty marls

second limestone bank (0.8 m). The section ends with

with calcareous nodules to siltstones (Fig.
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The samples from the lower portions of the section
{the Kailaka Fm organogenic limestones) reveal poor-
Iy preserved nannoflora, referred to the Upper Creta-
ceous (Maastrichtian).

Several samples from the lower, middle and upper
parts of the first limestone bank contamn abundant
and diverse nannofossil associations, typical for the
Selandian zone NP5 — Fasciculithus tympaniformis,
Litheprvehius ulii. Neochiastozveus perfecius, Helio-
lithus camtabriae, Sphenolithus primus and Bomo-
lithus elegans (Fig. 5.30).

The thorough analysis of several samples from the
thin marly layer between the two limestone banks
indicates that theyv belong to the nannofossil zone
NP6. Thev contain abundant Heliclithus kleinpellii,
the first occurrence (FO) of which marks the bound-
ary between the zones NP5 and NP6, Presumably
this marly layer between the limestone banks embod-
ies the Middle Paleccene Biotic Event (MPBE). The
event has been identified worldwide and 1s interpreted
as an abrupt climatic warming — Bralower et al | 2002;
Zachos et al.. 2004; Berhacla et al., 2007.

The samples from the uppermost parts of the section
contamn sinular associations. charactenistic of zone
NP6 (Fig. 5.30).

Stratigraphic range. The Palengene portion of the
section encompasses parts of Selandian and the base
of Thanetian. zones NP3 and NP§.

Pleven-Kailaka

The section 13 located in Kachitsa Quarry, south-east
of Pleven, just above the hotel in Kailaka Park The
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Fig 531. General view of the
snccession in the old guarries
zouth of Petarnitsa Two
surfaces are clearly vizible: the
vpper wash-out surface of the
Kailaka Fm. (green line): and
the marlstone layer marking the
MPEE (red ling}

exposed portion in the quarry 15 around 40 m thick,
15 m of which represent the orzanogenic limestones
of the Kailaka Fm (Upper Cretaceous) and the overly-
tng 25 m — the sandy limestones of the Komarevo Fm
(approx. 20 m) and the clavey and silty marls of the
Avren Fm (approx. 5 m).

A small section displaying the uppermost parts of the
Komarevo Fm and its boundary with the overlyving
Axren Fm 15 observed i the vicimty of the Tounstic
centre, close to the public entrance of Kailaka Park.
A section exposed above the cave at the Kailaka site,
was described by Dachev (1967, 1975).

Everywhere in Central northern Bulgana, the Kailaka
Fm 15 represented by white to creamy organpgenic
limestones. These are solid, massive, thick-bedded
and contain abundant remains of macrofauna — main-
by bivalves, gastropods and echinoids. Above these is
a sharp parallel unconformity at the base of a packet
of clastic limestones (approximately 1.5 m thick) —
calcarenites. Up section, an indistinct boundary and
a 02 — 0.4 m thick bed of sandv limestones and cal-
careous sandstones, enriched n glauconite 1s present.
They pass upwards mto thin-bedded, grey to creamy
colored indurated clayey limestones, enriched (at
some levels) with flint nodules and concretions. These
sediments belong to the Komarevo Fm.

The uppermost levels 1 the quarry expose 53-8 m of
beige to light-grev colored clavey and silty marls, en-
riched m glauconite at the base. These are referred to
the Avren Fm.

Biostratigraphy. Biostratigraphic subdivision of the
section 15 shown m Fig. 5 32 The nannofiora found n
the orzanogenic limestones of the Kailaka Fm (Maas-
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Fig. 5.32 Biostratigraphic subdivision of the section south of Pleven, in the g

calcarecus nannofoszils

Fm and therefore should be traced and mterpreted as

a separate lithostrangraphic unit.

trichtian part of the section) 1s rare and poorly pre-

served, with reworked Campaman and Maastrichtian
spectes. It 15 worth noting that reworked Campanian

spectes are also often observed in the overlying Paleo-

cene sedmments.

The nannofloristic content in the Komarevo Fm 1s

characterised by low g

ervationn. The wdentified nannofossil assemblese 15

samples of this Formation. There 15 no reliable data to

confirm the presence of nannofossil zone NP7, since
the zonal mdex species Discoaster mohleri has not

been recorded.
The nannofossil content in the marls of the uppermost

consistent with a Thanetian age, zone NP8, The spe-
portions of the section, assigned to the Avren Fm. 13

cies Heliolithurs kleinpe

15
pper

presence of Selandian Stage
boundaries of the clastic limestones are unconformi-
ties, this body may not be assigned to the Komarevo

—

—zone NP5 m the baze of the Paleocene Sertez in

cies Toweinus selmndianus, Chiasmolithus consuertus,
Heliolithus cantabriae and Princins tenuiculum are

the clastic limestone sample (calcarenite). the spe-
section. Conzidening the fact that the lower and u

Immediately above the organogenic hmestones, in

dentified, indicating the
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samples contain

particular levels.
rich, perfectly preserved nannofossil associations: The

grev-bluish or dark-grey
sented in Fig. 5.33.

the quarry has been

pyrite concretions as

well as nodules and impnnts of macrofauna — mamly

Chiasmolithus grandis. It corresponds to the lower  mollusks. They are assigned to the Avren Fm (Filipov

-

second (LO) — its upper boundary.

ct, in the large quarry near the

ity and sandy
-3 m resolution and all

=

illage, Pleven Distri

W

on fresh surfaces losing color where weathered. They
eograndis. The occurrence of the first species (FO)

defines the lower boundary, and the extinetion of the
are mdicated in the adjacent section at Tamene village.

Simalar stratigraphuc levels of the Avren Fm (NP14a)

Around 30 m of massive to mdistinctly bedded marl-
the zone NP14a differentiated on the concurent occur-

rence of Discoaster sublodoansis and Chiasmol

subdrvision of the section is pre

Bigstratigraphy. The section at
parts of the Thanetian Stage, zone NPS. The lower The first 12 m at the base of the quarry are referred to

These are solid and compact,
contain coalified plant remams

siones ara EKPGSEd__ 5

etal. 1995¢c).

The section 15 located in the large marlstone guarry

east of Yazen village. Pleven District. close to the

Gadiensis,

Discoaster lodoensis, D. kuepperi, D. bar

7

Toweius gammation and

phic subdivision of the section near Yazen

phota, Lophodolithus nascens,

i
bridge on the Vit River.

3. Biostratigra

32).

]
=

f=
nt
3

Stratigraphic range. The Paleocens portion of the sampled at

D. mirus, Tribrachiatus orthostylus, Helicosphaera
section probably encompasses parts of the Selandian

Eocene — Ypresian Stage, nannofossil zone NP12

{Fig.

Eocene portion {Avren Fm) includes the muddle parts

blage 1s rich and diversified, comprising the species
Stage. zones NP5 and NP6, as well 2s the lowermost
of the Ypresian Stage. zone NP12.

rather abundant and diverse. The documented assem-

bridge across the Vit Baver, by calcareous nannofossils

semimidum, H
Campyilosphaera dela,
Yasen

Fig 5
26
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Bivolare

NP14b based on the total range
of the species Rhabdosphaera inflata (abundant in all  The section 13 observed on the night bank of Vit Rov-

The middle and upper parts of the section are as-

sioned to the zone

er. on the hill slope north of the village, close to the

samples). The zone 1s located at the base of the mid-

dle Eocene, Lutetian Stage. Therefore, the section en-

asses the lower'middle Eocene boundary

Here, the marly sediments of the Avren Fm are ex-
posed, 1 a similar manner to the previous section at

ic

criteria. The section 13 monotonous and the lithology

of the sediments does not change

y (Ypre-

substantially at the

sian Lutetian Stage) drawn only on biostratigra

Comp:

Yasen They are light-grey to light-beige and creamy

in color The uppermost levels are built of clavey
marlstones and calcareous clays, besides the calcar-

boundary.

posed sequence 15

eous component containing manly nannofossil skel-

zone in the middle Eocene, NP13. The boundary be-  etons. The total thickness of the ex

The uppermost several metres are assigned to the next

igraphy. The section has been carefully s
pled to pinpoint the posinion of the lower'middle Eo-

cene boundary
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(between zones NP14a and NP14b).

The biostratographic subdivision of the section i3

chown on Fig. 5

cristata and alata (Fig. 5.33).

o zediments con-

=

.34 The outcroppin

the uppermost level of the lower Eocene and the base

cene (Ypresian), zone NP14a to the lower parts of tain abundant and diverse fossil nannoflora, typical of

Stratigraphic range. Uppermost parts of lower Eo-
middle Eocene (Lutetian), zone NP15.
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of the middle Eocene. Two subzones of NP14 zone
are recogmsed — NP14a (uppermost parts of the Ypre-
stan) and NP14b (lowermost parts of the Lutetian);
the lower'middle Eocene boundary is drawn between
them Biostratigraphically the boundary 1s traced by
the last occurrences (LOs) of Discoasrer lodoensis,
Chiasmolithus eograndis and Discoaster turkvensis
as well as by the FO of Rhabdosphaera inflata: The
last bioevent was preceded by an earlier appearance
of Discoaster saipanensis 1n this section. In the Yasen

section these two species appear simultaneously and
mark the lower boundary of subzone NP14b.

A nannofossil association. characteristic for the
subzone WNP14b i3 registered i the uppermost por-
tions of the section, with abundant specimens of
Rhabdosphaera inflata, along with Chiasmolithus
grandis, Reticulgfenestra dichvoda  Discoaster
sublodoensis and D. saipanensis. Here, as in the Yas-
en section, the biostratigraphic data support the pres-
ence of a continuous transition between the lower and

middle Eocene.

Stratigraphic range. Uppermost parts of the lower Eo-
cene ( Ypresian Stage), subzone NP14a to the lower-
most parts of the middle Eocene (Lutetian Stage),
subzone NP14b.

Bothuritsa

The section 15 located on the nght bank of Vit River,
south-west of Bozhuritsa village, Pleven District. Tt
15 traced 1 the old quarry and the road cut on the dirt
road along the niver to the hill slope.

The section was studied and described by Dachev
(1967, 1975) designating it as type section of the
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Fig 5.35. General view of the
type section of the Bozhoritza
Fm in the old quarry SW of
Bozhuritza, Pleven District, on
the right bank of the Vit River

Bozhuritsa Fm. The Komarevo. Bozhuritsa. “Belo-
slav™ and Avren Fms are exposed (Fig. 5.35).

The uppermost levels of the Komarevo Fm are ex-
posed on the right bank of the Vit River. east of the
bridge at the entrance to the village (Fig. 5.36) and are
represented by alternating light-beige poorly hthified
silty himestones and marlstones with rare chert nodules.

The boundary between the Komarevo and Bozhurit-
sa Fms was not observed. Well exposed, however,
are the grey-colored marlz with flint nodules of the
Bozhurtisa Fm around 20 m thick The flmt nodules
are particularly abundant in the lower levels (approxi-
mately the first 10 m). Upwards, these become spo-
radic and almost disappear The clastic component
0 the marlstones visibly increases in the uppermost
levels (the last 3 m) and these turn into sity to sandy
marls, even to typical mixed rocks (hyporocks). In-
creased saturation of glauconite and ferruginous hy-

: Sl e A
Fig 536 Upper portion of the Komarevoe Fm at the
entrance to Bozhuritza village, Pleven District



droxude concretions 15 also observed i the last metres

of the Bozhuritsa Fm An honzon contaimng round
and elongated ferruginous concretions 1s located ex-
actly 1.2-1.3 m below the Ostrez level

The Ostrea laver 1s bounded by a sharp basal bound-
ary. This shelly bed contamns numerous valves of the
bivalve mollusk Ostrea in-a glauconite-sandy matnix
(the so called “Ostrea level”_ “shelly marker”™ et ). The
bed also contains some rounded clasts (3-10 cm 1n
size} of volcanic and metamorphic rocks. The glauco-
nite content 13 very high. oiving the bed a datk-preen
color. The Gstrea level 15 8-10 cm thack (Fig. 5.37).

Up section, the Ostrea level 15 overlaid by glauconitic
sandstones and calcareous-glauconitic marls, 0.5-0.6
m thick These are weakly cemented and poorly con-
solidated, gradually passing into glauconitic marls,
light-beige to greenmish, about 1 m thick The calcar-
eous-sandy sediments with glauconite and the Osirea
level are assigned to the “Beloslav™ Fm (Fig. 5.37)
(Stoykova & Tvanov, 2004b_2005).

Above them_ through a gradual transition, light-grey
to whitish thin-bedded siltstones and clayey marl-
stones occur, referred to the Avren Fm. These occupy
the uppermost portions of the section and the exposed
thickness 15 around 10 m The cover of the section
consists of loess sediments (2-3 m in thickness), pre-
served only in some of the old quarries i the south-
west end of the willage.

Biostratigraphy. The section m the quarry has been
sampled regularly at 1-2 m resolution, and all samples
contain rich, perfectly preserved nannofossil associa-
tions. In order to identify the chronology of the dif-
ferent events around the Paleocene Eocene boundary,

Fig 537 Sharp lithological
boundary between the
Bozhuoritsa Fm below (mixed
bypo-rocks) and the “Beloslav™
Em above (Osirea-level, with
vellow tape) in the Bozhuritza
zection, Pleven District

the sampling resolution has been mcreased to 5 cm
intervals in the uppenmost parts of the Bozhuritsa Fm
near its boundary with the Qsrrea level (above and
below 1t). Abmpt impoverishment, in terms of the
preservation of nannofossils, is observed only within
or around the fermginous hydroxide-rich interval 1.2
m below the Osrrea horizon.

The subdivision of the section is shown 10 Fig. 538
Atotal of 78 species have been identified, but the figure
displays only the ranges of some key straticraphic taxa.

The lowermost levels of the sequence correspond to
the NP7 zone, since Discoasier mohileri, Fasciculithus
tvmpaniformis and Chiasmolithus bidens co-occur
there.

The sediments of the lower and muddle parts of the
Bozhurisa Fm contain an abundant association
charactenistic of nannofossil zone NPS. In addition
to the index species Heliolithus riedelii it comprises
also Discoaster drieveri, Heliolithus caniabriae. H
universus, Bomelithus elegans and many more. A
bioevent of potentially high stratigraphic value s ob-
served i the middle part of this zone — the first oc-
currence of the species Discoaster protomultiradiatus
Wei, 1998 (Fig. 5.38). The FO of this species 1s tracked
in nearly all sections of the upper Paleocene (Thane-
tian Stage) in Bulgaria and might be a useful hichorn-
zon for a more detailed subdivision of the zone. The
upper parts of NP8 zone display also a spectfic group
of representatives of the genus Fasciculithus — ronii
and shaubii (the so-called “Fasciculithus richardi
oroup” —Agnini et al | 2014).

The lower boundary of NP9 zone 15 traced by the first
occurrence and abundant development of Discoaster
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Fig. 5.39: Upper potticns of the Bozhuritza Fm, consisting
of mixed hypo-rocks in the secticn at Riben village.
Pleven Dastrict

multiradiarus. Representatives of the rhabdoliths —
genus Blackites (creber and perlongus) also appear
with this species and are common Tt should be noted
that these are not observed anywhere in the lower lev-
els of the Paleocene section Their mitial occurrence
and evolutionary ongin took place withm this zone
(NPD), later becoming common components 1 lower
Eocene associations.

The evolutionary appearance of several nmew spe-
cies 15 recorded in the upper parts of NP9 zone —
Campylosphaera eodela, Lophodelithus nascens,
Tramsversepontis pulcheroides, Fasciculithus siderius
and Discoaster salishurgensis have their FOs. These
bioevents may also be successfully used for more de-
tailed subdivision of the zone.

The Borzhuritsa section displays one of the most
complete sedimentary records of NP9 zone in Cen-
tral northern Bulgaria, comparable with the one at
Kladorub setion.

The uppermost part of NP9 zone (Thanetian) 15 trun-
cated by NP12 zone (the Osirea level). There 1= a
sharp unconformity at the base of the Eocene here.
A very rich and abundant association consisting of

Discoaster lodoensis, D. fuepperi, D istanbulensis,
D distinctus, D septemradiatus, Tribrachiarus
orthostvlus and other species confirms the lower Eo-
cene NP12 zone. Representatives of the rare genus
Chiphragmalithus: C. calathus, C. barbatus and C
acanthodes, are identified only 10 this section. The
genus 15 known with 1ts short range i the muddle of
NP12 zone (Fiz. 5.38).

The boundary between zohes NP12NP13 is marked
by the LO of Tribrachiartus orthostyius. Moreover, it
15 worth noting that the zonal association of NP13 mn-
cludes also the rare Discoaster monstratus besides the
commonly observed species.

The lower boundary of NP14a zone 1s fixed by the FO
of Discoaster sublodoensis. It is present in the upper
portion of the Avren Fm marls where Discoaster io-
doensis, Blackites tenuis and Coronocyelus prionion
co-occur with the zonal mdex species.

The sediments of the zone NP14a (Avren Fm) are
covered by loess, therefore these are the highest pre-
served levels of the manne sequence in this section.

Srrarigraphic range. The section encompasses the en-
tire Thanetian Stage. zones NP7 to NP9 and the upper
parts of the Ypresian Stage, zones NP12 to subzone
NP14a. A stratigraphic gap 1s documented between
the Paleocens and lower Eocene strata and corre-
sponds to the zones NP10 and NP11.

Riben

The section 13 located in the old clay quarry, 150 m
north-east of the centre of Riben village, Pleven Dis-
trict. The succession is traced from the entry point of
the quarry along its right slope.

The Komarevo, Bozhuritsa, “Beloslav™ and Asren
Fms are exposed. topped by loess sediments. 2-4 m

thick.

At the base of the section. along the pathway to the
quarry, the uppermost portions of the sandy-silty
limestones of the Komarevo Fm are exposed. They
are covered by white to whitish colored thin-bedded
marls with calcareous nodules and flint concretions
(ranging from 1 to 15 cm in size), assigned to the
Bozhurnitsa Fm. The contact between the two forma-
tions 15 poorly exposed.

The upper parts of the Bozhuritsa Fm (the upper 7-3
m, Fig 539} are represented by thin-bedded mixed
sandy-silty-clavey rocks. They are beige, light-grey to
rusty-brown and orange, colored by the abundant fer-
ruginous oxides and hydroxide concretions (Fig. 5.40).
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Fig. 5.40. Bnsty-brown and orange colored bypo-rocks,
containing Fe-hydroxide nodules in the topmost parts of
the Bozhuritza Fm in the section at Riben village, Pleven
District

These are topped by a relatively compact, more calcar-
eous marlstone bed. approximately 10-15 em thick.

The latter 15 overlain (via sharp contact) by sandstones
of high glauconite content and silty marls, dark-green
in color (Fig. 541, “Beloslav™ Fm). The highest con-
centration of glaucomte is noted in the basal 15-20
cm. gradually decreasing upwards. Abundant remains
of nummulitids, shell debris and well preserved bi-

valve shells are commonly encountered at the base of
these sediments.

Up section are beige to grev, weakly glaucomtic
marls, 2-2.5 m thuick A concentration of shells of Os-
trea and small nummulitids 15 recorded some 0.5 m
from the base of the marls. The “Ostrea level” in this
section 1s relatively thin (10 cm) and the shells are not
highly concentrated.

Fig. 5.41. The sharp hthologieal
boundary between the
Bozhuritsa Fm and glavconitic
marls of the “Beloslav™ Fm in
the zection at Riben village,
Pleven District
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The upper portions of the section are composed of
beige to grev clayey marls (Avren Fm), over 3 m
thick Tracing of the normal stratigraphical succes-
s1on 15 hampered by large fallen blocks, broken from
higher levels as a result of active slumps 1 the quarry.

Bigstratigraphy. The subdivision of the section in the
Riben quarry 1s based on extensive high-resolution
sampling, especially wathun the PaleocensEocene
boundary interval (5 to 10 cm resolution). The results
from the 1sotope geochemical study are presented in
chapter 8, “Global Events”.

The calcarecus namnoplankton biostratigraphy s
shovn in Fig. 542 The sandy limestones of the
Komarevo Fm are assigned to Thanetian NP6 and
NP7 zones, the boundary between them 1s drawn by
the FO of Discoaster mohleri. Similar to the section
at Bozhuritsa, the Bozhuritsa Fm corresponds to NP8
and NP9 zones_ that are based on abundant typical
nannofossil associations. The nannofossils are very
well preserved and with high diversity of species
(over 70 species remistered), except for one interval in
the uppermost part where ferrugmouns exide and hy-
droxide levels are extensive (between -3 2 and -2.0m
below the sharp boundary with the glaucomtic marls
of the “Belaslav™ Fm).

The boundaries between the zones NP7 and NP8 and
NP8 and NP9 are drawn by the first occurrences of
the index species Heliolithus riedelii and Discoaster
multiradiatus. Clearly fixed are also the biocevents of
FO of Discoaster protomultivadiatus in the middle
of NP8 zone and the FO of Campvlosphasra eodela,
Transversopontis pulcheroider and Discoaster salis-
burgensis 1 the vpper half of NP3 zone (Fig. 5.42).

The unique feature of this section 15 its complete-
ness around the PaleoceneEocene boundaryv; the
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Fig_ 5.43. Biostranigraphic subdivision of the sectioft near Komarevo village, Pleven District. by caleareous nannofossils

sediments of the uppermost Paleocene NP9 zone and
the lowermost Eccene NP10 zone record a continu-
ous deposition. The discovery of 2 nannofossil as-
sociation charactenistic of the uppermost portions of
NP9 zone. consisting of Campyvlosphaera eodela
Transversopontis  pulcheroides and Discoaster
salishurgensis, supports this statement On the oth-
er hand, the lowermost portions of NP10 zone (the
olauconitic level) are proved by the identification of
Rhomboaster bramlettel, R spimews and Discoaster
aranens. The last three species are assumed to mark
the Paleocene-Eocene thermal maxmmum nterval
and have been located precisely in this section m
Bulgania (Stovkova & Franov, 2005; Stovkova et al.
2005b, 2006). The nannofossil association of NP10
zone includes the species Rhomboaster bramletie]
R spineus, R calcitrapa, Discoaster delicatus, D.
diasnypus, D. mediosus and D. robustus. The lack of
the important markers Rhomboaster contortus and

o4

Tribrachiatus orthostvlus, occurnng higher m NP10
zone ndicates, that only the lower part of the zone 15
developed in the Riben section. The Ostrea level, re-
ferred to NP12 zone, overlavs unconformably with a
basal washout The NP12 zone 1s proved by abundant
associations, dominated by Discoaster lodoensis, D.
barbadiensis and Neococcolithes dubius (Fig. 5.42).

Stratigraphic range. The section encompasses the en-
tire Thanetian Stage zones NP6 to NP9, the base of
the Ypresian Stage (lower parts of NP10) and the mid-
dle parts of Ypresian Stage. zone NP12. The hiatus
spans the time equivalent of WP10 and NP11 zones.

Komarevo

The section 15 located on the right bank of Vit River
near Komarevo village, Pleven District, some 500 m
north of the nver bridge.



It has been studied by Dachev {1975) who designated 1t
as type section of the Komarevo Formation The Kaila-
ka, Komarevo and Bozhunitsa Fms are exposed here.

The base of the section consists of over 10 m of
creamy to white massive organogemc and biocon-
structed limestones, referred to the Kailaka Fm (Upper
Cretaceous, Maastrichtian). These contain numerous
fossils — bivalve shells, gastropods, echinoids, etc. The
upper surface of the Kailaka Fm 15 uneven, with signs
of washout scouning. It 1s presumably karstified, as the
overlying sediments are seen to fill erosional pockets.

The Kailaka Fm 1s overlam by creamy to whitish
colored clastic imestones. around 2.2 m thick Above
these a sharp boundary marks the base of 0.4 mof thick
grey-greemsh silty to sandy hmestones with chert nod-
ules and wregularly distributed patches of slauconite.
These gradually pass into light-grev to creamy, softer
clavev limestones. with some honizons strongly si-
licified. The sihicification 15 usually developed around
organism remains — algae, Si-sponges, brvozoa, etc.
Upwards, the limestones become purer and the chert
concretions less common The total thickness of the
limestones of the Komarevo Fm 15 20 mo

Grey-white to whitish colored thin-bedded marls,
around 5 m thick with rave flint noduoles are referred
to the Bozhuritsa Fm. These marls have a sharp basal
contact with the underlying Komarevo Fm (Dachev,
1973).

Biostratigraphy.

The subdmvision of the section iz
shown on Fig. 543

. In thiz locality, as at the Plev-

en-Kailaka guarrv, the Selandian Stage, NP3 zone,
has been documented for the first time at the base of
the Paleocene section, m a lithobody represented by
clastic limestones (Fig. 543). A rich nanmofossil as-
sociation, documenting NP5 zone has been 1dentified
— Fasciculithus tympaniformis, Toweins selandianus,
T eminens, Heliolithus cantabriae, H robustus and
Sphenolithus anarrhopus.

The boundary between NP5 and NP6 zones 15 traced
by the FO of Heliviithus kleinpellii at the base of the
sandy limestones with glauconite (Komarevo Fm) It
has a sharp lithological boundary and marks a short-
term break m sedimentation. The nannofossi] associa-
tton of NP6 zone 15 rich and diverse, very well pre-
served — over 20 species are documented. Its bound-
arv with the overlving NP7 zone 1s traced by the FO
of the index species Discoaster mohleri. This zone 15
3-4 m thick and occumes the uppermost levels of the
KomarevoFm.

The NP8 zone 15 evidenced in the marls with cherty
concretions of the Bozhuritsa Fm by the presence of
the index species Heliolithus riedelii along with other
typical taxa (Fig. 5.43).

The species Discoaster multiradiatus, Fasciculithus
involutus, F richardii, F siderius, Heliolithus
universus and NeochiaStoZygus juncius Were recov-
ered from higher levels of the Bozhuritsa Fm marls,
in 2 section a little to the north — along the gully be-
tween Kreta and Komarevo villages (Fig. 5.44). They
are characteristic of NP9 zone and prove the presence
of the upper part of the Thanetian Stage within the

Fig 344 Section in the gully befween the villages of Kreta and Komarevo, Pleven District; Komarevo and Bozhuritsa Fms

95



framework of the Bozhuritsa Fm in this area.

Stratigraphic range. The Paleocene portion of the
section comprises parts of the Selandian (NP5 and
PG zones) as well as the entire Thanetian (NP§, NP7
— Komarevo Fm; NP8 and NP9 zones — Bozhuritsa
Fm). The latter zone s present in the ravine between
Komarevo and Kreta.

Kreta

The section 15 situated on the nght bank of Vit River
near Kreta village, Pleven District, in the old quar-
ries south-west of the village, along the dirt road (Fig.
5.45).

A sedimentary sequence around 25 m thick 15 exposed,
the lower 13 m of which are assigned to the Upper

Fig 5.45. General view of the
section near Kreta in the old
quarry 3W of village, Pleven
District; Kailaks and Komarevo
Fms

Cretaceous (Upper Masstrichtian) and the upper 12 m
— to the Paleocene (Selandian and Thanetian). The or-
ganogenic bioclastic limestones of the Kailaka Fm at
the base of the section are built entirely of thick shells
of large bivalves (Fig. 5.46).

Upwards. they are overlain (through an unclear
boundary) by a 1 m bed of massive, clastic gramed
limestones,_ strongly fractured and karstfied. Its up-
per surface 13 uneven, with deeply penetrating pock-
ets, filled with fine clayey matenal from the overlying
sediments (Fig. 5.47). At several places in the quany
this bed 1s overlain by a thin (2-5 cm thickness), dark-
green to dark-brown colored clayey bed. Upwards
it passes mto 2 bed of glauconttic marls, traced ev-
ervivhere, 0.45 m thick Above are 3 m of altemat-
g grey to beige marls and clayey limestones (Fig.
5.48), passing upwards mnto grey clayey limestones

Fiz 546 Accumulation of thick-zhelled bivalves in the
Kailaka Fav— the basal part of the section near Kreta,
Pleven Diztrict
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Fig. 5.47. Clastic limestone with uneven upper surface and
deep penetrating karstic pockets, filled with clay materialz in
the base ofthe Paleocene section near Kreta Pleven District
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Fig. 5.350. General view of the zection near Somovit
village, Pleven Diztrict. along the railway line to the
“Petrol” Company

The documenting of zones CC25b Lithraphidites
quadratus and CC25¢ Micula murus in the Upper
Maastrichtian 15 based on the FO of the index species
for these zones. The species Micula prinsii has not
been observed in the topmost part of the Kailaka Fm,
thesefore there 1s no data to confirm the presence of
the uppermest Maastrichtian zone i this section.

The Paleocene section starts with zone NP3, evidenced
in the basal 1 m thick clastic limestone bed that vield-
ed Fasciculithus tmpaniformis, Neochiastozygus
perfectus, Heliolithus cantabrize, Sphenoiithus
primus and Toweius pertusus.

The FO of the species Heliolithus kleinpellii 1n the
clavey layer and the glauconitic marls fixes the lower
boundary of NP§ zone. This zone reveals relatively
diverse and well preserved nannofossil associations,
consisting of common Gomphiolithus magnicordis,
Lithoptvehius  billii, Fasciculithus tympaniformis,
Placozygus sigmoides, Toweius pertusus and
Chiasmelithus consuerus.

The break in sedimentation between the Upper Creta-
ceous and Paleocene spans the uppermost Maastrich-
tian (zone Micula prinsti) and Danian Stage (NP1 to
P4 zones).

Strarigraphic range. The Paleogene part of the sec-
tion encompasses only portions of the Selandian and
Thanetian Stages, NP5 and NP6 zones (Fig. 5.49).
Somovit

The section 15 exposed along the bank of the Danube

River, at Somovit village, on the route along the rail-
way to the base of “Petrol” Company.
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Fig. 5.51. 3kell bed in the upper portion of the detrital
limestones that have a sharp vneven upper boundary with
glavconitic marls in the section near Somovit village,
Pleven District

The sedimentary succession in the section is rather
similar to the one outcropping at Kreta village. The
essential difference concerns the thickness of the unit
of poorly bedded detnitic and clastic limestones_ that
exhibits 1ts greatest thickness here —around 3-3.3 m
(Fig. 5.50). Its uppermost portions are occupied by a
shelly layer (10-25 cm thick). Abowve 1t, with an un-
even washout boundary, the glancomitic maris and
clavey Iimestones with cherts of the Komarevo Fm
are deposited (Fig. 5.51).

Biostratigraphy. The subdivision of the section by
nannofossils 1s shown on Fig 5.52. The nannoflora
in the organogenic limestones of the Kailaka Forma-
tion (Maastrichtian portion of the section) is rare and
poorly preserved.

Quite the opposite applies to the overlying clastic
limestones and calcarenites. These are soft, chalky
sediments, contaimng diversiied, abundant and
perfectly preserved nannoflora The most common
species are Fasciculithus tympaniformis, Prinsius
martinii, Sphenolithus primus, Heliolithus cantabriae,
Chiasmolithus bidens, Neochiastozyeus perfectus,
Toweius pertusus, T eminens and T rovae. This as-
sociation corresponds to nannofossil zone NP3 (Se-
landian Stage, lower part).

The boundary between NP3/ INPS zones 1s marked by
the FO of Helinlithus kleinpellii m the glauconitic
marls. The species Heliplithus cantabriae, Toweius
pertusus, T eminens, Prinsius martinil, Sphenclithus
primus and Chiasmolithus consuetus continue their
abundant occurrence in NP6 zone as well. The upper
most levels of the section remain within NP6 zone.

Stratigrapiic range. The Paleogene part of the sec-
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Fig 3.52. Biostratigraphic subdivizion of the section aear Somovit village, Pleven District, by calcareons nannofossils

tion 15 consistent with portions of the Selandian and
Thanetian Stages, NP5 and NP6 zones (Fig. 5.52).

The detailed biostratigraphic subdrvision by namno-
plankton of the Paleogene sediments the studied
sections allow reliable comparison and comelation
Figure 533 illustrates the correlation and shows the
lithostratigraphic units (formations), the biostran-
graphic units (identified zones by calcareous nanno-
plankton) and the chronostratigraphic subdivisions
{stages) in the Paleocene-lower Eocene interval in
Central northern Bulgaria (Danian, Selandian. Thane-
tian and Ypresian Stages).

5.4. Central Fore-Balkan and Balkan
Paleogene sediments are of limited distribution 1n the
Central Fore-Balkan and Balkan, developed mainly in

three regions — Tarnovo, Gabrovo and Sliven.

In the Tarnovo region, only the lower Eocene sedi-

ments, distnbuted exclusively i the central part of
the Balvan Syncline are exposed — between the wil-
lages of Balvan and Sheremetya (Hrnschev, 1993)
These are represented by the Shemshevo and Avren
Fms. Larger outcrops are observed in the Gabrovo re-
gion encompassing both Paleocene and lower Eocene
rocks (Tzankov, 1993a). Limited outcrops are located
in the Elena-Tvarditsa part of the Balkan (Kanchev &
Nikolov, 1995) and much larger outcrops in the Sliven
Stara Planina (Shiven Balkan) (Kanchev, 19%5d).

Veliko Tarnovo-Ledenik

The section starts 500 m west of the roundabout at the
exit of Veliko Tamovo. The exposure iz 11 the road
cutting on the right-side, along the highway to Sofia
and up to Ledenik village.

Massive, light-beige colored, fine-grained sandstones
and sandy limestones, alternating with thin beds and
interbeds of siltstones and clayey marlstones are ex-
posed. In places, the sandstones are very solid, mas-
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Fig 533, Litho-_ bio- and chronostratisraphic correlation of the Paleogene sediments in the studied sections in the
central parts of the Moezian Platform by calcareous nannofoszils (after Stovikova & Ivanov, 2004b)

sive, enriched packed with glauconite grains. These
are assigned to the Shemshevo Fm (Aladjova-Hrisch-
eva, 1988a).

Resting with a sharp basal boundary on these, are
beige colored marlstones with a clastic component
varying from sand to clay. They outcrop along the left
bank of the Yantra River on the road from Pushevo to
Shemshevo. These marlstones, referred to the Avren
Fm, are well exposed even within Veliko Tarnovo
town, m excavations for construction works opposite
the OMV gas station.

Biostratigraphy. The subdrvision of the section by
calcarecus nannoplankton 15 displayed 1n Fig. 554
The nannoflora obtamed from the Shemshevo Fm
sandstones 15 guite rare, relatively poorly diversified
and poorly preserved, thus hampenng identsfication

100

of the species. The associations of the Avren Fm marl-
stones are much nicher and well preserved.

lower Eocene sediments, referred to NP10? zone, are
distinguished at the base of the Paleogene sequence
in this section. The recovered association is species
poor and poorly preserved. However, some important
species, charactenizing NP10 zone have been found —
Tribrachiatus of contortus (with a short range. only
in the middle and upper parts of NP10), Discoaster
diastypus-and D, salisburgensis. The lower bound-
ary of NP11 zone is fixed by the FO of Tribrachiatus
orthostylus, whereas: Ericsonia formosq, Toweius
gammation and Sphenolithus anarrhopus have thew
appearance within the zone. The uppermost por-
tions of NP11 zone are proved at the base of the
Axvren Fm by the last occurrence (LO; extinction)
of Tribrachians orthostylus. The Shemshevo Fm —
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analyziz of calcare-

marls are assigned to the Lukovit (Bovnovtsi?) Fm,
the creamy-white medium-gramed sandstones —to the
NP12 zone Iztochnik Fm, and the white organogenic limestones —

calcareous nannofossils

om by

ta
to the Kailaka Fm (Fig. 5.55).

before now

recovered from water well R-1hg Gabrovo, drlled
i 1995 in Gabrove town by Geological Exploration

Company, Pleven. The data has not been published
From the top to the bottom the well penetrates Eo-
cene, Paleocene, Upper Cretaceous and Lower Cre-

15 also recorded  taceous sediments. The subdivision is shown mn Fig.
wtervals. the alternating sandstones. siltstones and

ous nannoplankton allowed separation of one zone in
the Paleocene (NP5, Selandian) and one zone in the

Biostratigraphy. Brostratigraphic

3.33. Based on the description of the rocks from core

=

Stage.

may not be detectable by biostratigraphy

=

g i NP12 rone only

aphic subdivision of the Veliko Tamovo — Ledenik sec
with the former species:

4. Biostratior,

B

Avren Fm boundary 15 lithologically sharp and prob-

ably reflects a short-term break m sedimentation that
base of the Avren Fm Chipfragmalithus armatus,

short-rangin

Stratigraphic range. The section encompasses the
lower parts of the lower Eocene, Ypresian
NP107 — 11 zones and a small portion of

The section 15 described based on core and cuttings

(Fig. 5.54).

The lower boundary of NP12 zone is traced by the
appearance of Discogster lodoensis at 3 m above the

R-1hg Gabrovo

Fig. §
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Sphenolithus editus

Tribrachiatus orthostvius |

Reticulofenesira wadeae
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lower Eocene (NP12, Ypresian). The vertical distribu-
tion of the identified spectes 1s presented n Fig. 5.55.

The nannofossil associations of the marl-clayey
thythms of the Lukovit Fm appear to be the best pre-
served and the richest in spectes. The nannoflora in
the Iztochnik Fm sandstones as well as in the Maas-
trichtian organogenic limestones of the Kailaka Fm 1z
rare and poorly preserved (Fig. 5.53).

The interval between 55.00 m and 72.00 m is assigned
to the Selandian NP5 zone, based on the co-occur-
tence of Fasciculithus tympaniformis, Heliolithus
cf cantabriae, Sphenolithus primus and Toweius
perfusus.

The mterval between 20.00 m and 55.00 m 1s re-
ferred to NP12 zone, since core and cuttings sam-
ples revealed abundant and characteristic species
for this zone's nannoplankton association. It com-
prises Chiphragmalithus calathus, C. acanthodes,
Discoaster lodoensis and Tribrachimus orthostvlus
(Fig. 5.55).

No data are available in the first 20 m of the well sec-
tion. but presumably they also belong to the lower
Eocene.

Stratigraphic range. The Paleogene portion of the
well section includes the lower Eocene, Ypresian,
NP12 zone and muddle Paleocens, Selandian NP3

zone (Fig. 5.35).

Vrabisite

The section 15 located 1.5 km north of Vrabtsite vil-
lage_ Gabrovo District, and 2 km west of Tranito vil-
lage. It 15 represented by a 10 m thick sequence 1n the
road cutting outcrop on the road to Debel dyal willage,
at the fork in the road to Vrabtsite village.

The outcrop 15 a thin-rhythmic turbiditic alternation
of sandstones, siltstones, silty marls and clayey marls,
which, according to the zeological map of Bulgana,
correspond to the Lukovit Fm. Samples have been
taken at each 2.5-3 m — from the clayey part of the
rhyvthms.

Biostratigraphy. The results from the biostratigraphic
study of the nannofossils and the subdivision of the
section are shown 1n Fig 5.56_ The species diversity 15
relattvely low, whereas the preservation ranges from
poor to moderate. Just a few species are taxonomi-
cally identified — Sphenalithus editus, Sphenolithus
radians, Reticulofenestra wadeae and Tribrachiatus
orthostvlus. This implies an age assignment to the
NP12 nannofossil zone.

Stratigraphic range. Lower Eocene, Ypresian Stage,
NP12 zone (Fiz: 3.58).

Ittochnik

The section 15 located i the south-eastern end of Iz-
tochnik village and 15 a small outcrop on the gorge
slope, along a dirt road.
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Cruciplacolithus cf, edwardsii
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The section was studied and described by Aladjova-
Hrnischevaetal. (1991) who designated 1t as type section
of the Iztochnik Formation. Their study did not provide
any new paleontological data and the sediments are as-
sumed to be Thanetian i1 age, based on mollusk data by
Belmustakov and Jolkichev (1965). The present study
substantially corrects the age of this Formation.

The section comprises about 5 m of grey-vellowish to
whitish sandstones and sandy limestones, occasion-
ally passing mto siltstones and clayey lLimestones.
These are referred to the Iztochmk Fm.

Biostratigraphy. Detailed sampling has been carmied
out at 1 m intervals. and the results of the nannofossdl
study are shown in Fig. 5. 57. The nannofossil associa-
tion 15 not species rich but is mformative. The follow-
ing species have been identified — Sphenolithus primus,
Prinsius dimorphosus, P tenuiculum, Cruciplacolithus
cf echwardsii and Fasciculithus spp: This association
clearly indicates the upper part of NP4 zone, due to
the co-occurrence of Sphenolithus primus with the first
representatives of Fasciculithus — Fasciculithus spp.
in the upper pertion of the zone immediately before
the FO of Fasciculithus tympaniformis and the mas-
stve radiation of the first large group of fasciculiths.

Stratigraphic range. Niddle Paleocene — Selandian,
uppermost part of zone NP4 (Fig. 5.57).
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Fig: 5.37. Biostratigraphic subdivizion of
the section near Iztochnik village, Gabrovo
District, by caleareons nannofoszils

Zhaltesh — Yaseni

Thiz zection includes two localines, where the thin-
rhythmic turbidite sediments of the Lukovit Fm crop
out (Fig. 5.58). The first locality 15 sttuated approxi-
mately 500 m east of Zhatesh village and the section
18 traced in the road cotting on the highway to Trya-
vna town. At the larze (almost 1807) turn on the road,
the thin-rhythmic turbidite sediments of the Lukovit
Fm are perfectly exposed. The alternating sediments
are sandstones, siltstones and clavey marls. The fine-
grained portion of the thythms was sampled for nan-
nofossils.

The second locality 15 situated on the road between
Zhaltesh and Iztochnik villages, precisely at the road
fork to Yaseni village. The outcrop reveals thin-rhyth-
mic sediments, composed of alternating weakly ce-
mented sandstones, siltstones, silty marls and clavs.
The higher parts of the sequence are represented by
clayey and silty marls; with sandstone interbeds (10
cm thick).

Bigstratigraphy. A poorly preserved nannofossil as-
sociation was recovered, represented by Discoaster
lodeoensis, D. barbadiensis, Helicosphaera seminmulum,
Ericsonia formosa, Chiasmoiithus eograndis and C.
grandis. Tt proves the occurrence of nannofossil zones
NP12-13 (Fig. 5.58). The poor association makes the



accurate definition of the zone impossible. The ab-
sence of Tribrachimtus orthostvius i the association
rather suggests NP13 zone, but the lack (not discov-
ered) of a certam species may not serve as a reltable
proof for assignment to a specific biostratigraphic
Zome.

Stratigraphic range. Lower Eocene — Ypresian Stage,
NP12-13 zones (Fig. 5.58).

Belirsa

The section 15 located some 3-4 km west-north-west
of Belitsa village, Gabrove District and 1s traced, with
some interruptions, along the Belitsa-Tryavna road.

A thin-rhyvthmic alternation of sandstones, siltstones
and marls assigned to the Lukovit Fm occuptes the
base of the sequence. At around 3.2 km west of Be-
litza village, a coarse-grained clastic packet (approxi-
mate thickness of 10 m) of gravels, conglomerates
and sandstones occurs. The conglomerates are buile
up of large clasts of boulder size with clayey-marly
matrix The clasts are composed of metamorphic, vol-
canic and sedimentary rocks.

The upper portion of the section 13 composed of thin-
thythmic turbidites. Above these sediments 15 a sharp
lithclogical boundary at the base of poorly sorted,
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polvgenetic, boulder-sized conglomerates. The con-
glomeratic clasts mclude vanious rocks; gneisses,
voleanic rocks, mucritie limestones. marls, shales.
These sediments are referred to the Staropatitsa Fm
(Tzankov, 19953).

Biostratigraphy. The calcareous nannoplankton sub-
division of the section 1s synthesized on Fig. 5.59.
Not particularly diversified i species, but character-
istic associations have been determined 1n the rhyth-
mic sediments of the Lukovit Fm._ They are poorly to
moderately preserved. No nannofossils have been en-
countered i the Staropatitsa Fm conglomerates and
gravels in the upper portions of the section.

The concomitant occurrenice of Discoaster lodoensis,
D. kuepperi D. binodosus and Chiasmolithus
epgrandis imphes an early Eocene age, NP12-13
zones (Fig. 5.59). It is possible that the lower 20 m
of the section belongs to NP11 zone, since Discoaster
lodoensis occurs for the first time over 20 m up sec-
nion. However, the poor preservation of the nanno-
fossils hinders the precize pinpointing of this event.
Therefore, there are no firm biostratigraphic proofs
justifiimmg the presence of NP11 zone in the Belitsa
seCHOon

Stratigraphic range. Lower Eocene — Ypresian Stage,
NP12-13 zones (Fig. 5.59).
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-39 Biostratigraphic subdivision of the section: near Belitsa village, Try,

Fig. 5

'E.'}l'
mixtures (siltstones) are subordinate in volume. Oc-

casionally, resistant beds of nucritic imestones occur,

Mishemorkov han

limestones and marls: The terrigenous ad-

ded clay

In places the limestones are nodular, boudmated (with

undulating ripple-like bed surfaces).
dle and upper portions, where alternating limestones,

more massive beds of sandy limestones, siltstones and

The clastic component gradually increases in the mid-
marls are exposed.

=

op al

Tarnovo District, m the outcr
ernt end of the village_ by the village road sign. This

The section starts 1 km south of Mishemorkov han
the dirt read to Ivanovist villace and ends at the north-
road 15 known as “Republic Pass™ The total thickness

of the exposed sequence 15 around 40 m_

village_ Veliko

=

(=

alternating dark- to light-grev. medmim- to thin-bed-

The lower portions of the section are represented by
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Fig. 3.60. Biostratipraphic subdivizion of the section near Mishemorkovhan W

fault, over the carbonate-marly sequence).
Biostraticrapiy. The subdivision of the section by

cating the village's name), where thin-bedded alter-

nating sandstones, siltstones and marls occur, referred  calcareous nannoplankton is shown tn Fig. 5 60. The
to the Lukovit Fm (probably with a tectonic contact  hard, resistant, dark-grey colored micritic limestones

The uppermost parts of the section outcrop at the
northem end of the willage (near the road sign, indi-
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by calcareous nannofossils

phic subdivision of the zection near Drenta village, Elena area,

Fig. 5.61. Biostratigra

ly the

undary (and consequent

boundary clay layer) has not been accurately located,

oundary mterval.

due to the complicated tectonics and the lack of good

zone_ comprising the species Cruciplacolithus primus,
[ithus multiplus and Braarudosphaera bigelowii. The

served nannofiora. The identified association consiste  Prinsius afficanus, Thoracosphaera operculata, Orcto-

Cretaceous Tertzary bo
outcrops m the b

celsiiella

iformis, Micula decussata, Watzmaueria bar-

cymbi

. pootly pre-

ction contan rare

of several diseolution-resistant species. that indicate
nesiae and Prediscosphaera cretacea.

in general a Maastrichtian Stage: drihan

at the bage of the sze

The lower boundary of NP2 zone 15 traced by the FOs

-

=

t-beigemarly interbeds reveal an asso-

ciation characteristic of the lowermost Paleocens NP1

Upwards, theligh
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Shiven Dustrict, by calcareous

Fig. 5.62. Biostratigraphic subdivision of the section near “Tabelite™ Heliday Village,

nannofozzils

of NP4 zone 13 not precisely fixed,

since the recovered associations lack stratigraphically

wmportant spectes. It 15 clear, however, that the upper
parts of NP4 zone are developed in the uppermost

portions of the carbonate-marl formation, since rep-

-

-

lacolithus ntermedius, concomitantly with  the lower boundary

the FO of Cruciplacolithus edwardsii. The posttion of

Prinsius dimorphosus and Ericsonia subpertusa.
The boundary between NP2ZIWNP3 zones i3 drawn at

of Crucip
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Fig. 5.63. General view of the section near Kipilovo
village, Sliven District — outcrop of the Gebesh Fm

resentatives of the genus Sphenolithus — Sphenolithus
spp. have been recorded and these have theirr FO
the upper half of NP4 zone.

The samples from the turbiditic flyschoid sediments
in the uppermost part of the section, assigned to the
Lukovit Fm, were barren of nannoplankion.

Strarigraphic range. Upper Cretaceous (Maastrich-
tian?) — lower Paleocene (Danian Stage), zones NP1
to NP4 (Fig. 5.60).

Drenta

The section 15 located at the eastern end of Drenta
village, Elena region, near the old limestone pits. It
begins at the scarp on the sharp turn of the road and
15 followed on the slope and n the old limestone quar-
ries, ending some 50 m above the school.

The section has been studied by Nikolov et al. (1998)
and Pevbernés et al. (2004). and these authors were
the first to publish paleontological proofs on the pres-
ence of older. Selandian sediments below the Thane-
tian. A detatled historical review on the studies of
the limestones at Drenta 15 presented in the article of
Nikolov et al (1998).

The hase of the outcrop exhibits grey clavev marls,
related to the Kostel Fm (Lower Cretacepus, Ber-
riastan). These are overlain by a sharp washout un-
comformity and approximatelv 12 m of light-beige to
white colored limestones with rare clayey mterbeds.
In the upper 2.5 m_ the limestones become detritic,
with thin interbeds of glauconitic sandstones and silt-
stones, 2-3 cm thick. where calcareous nannoplankton
has been recovered. These sediments are assigned to
the Iztochmk Fm. although they closely resemble the
detritic limestone of the unnamed lithobody, occur-

110

ring at the base of the Paleogene profile 1 Central
northern Bulgaria.

A lithological boundary that marks an unconformity
follows then — glauconitic marls with calcareous nod-
ules (0.3 mthickness). Their lower boundary isunsven,
with penetrations into the underlymg bed. The ternig-
enous component in these vanes from clayey-sandy to
gravel size (large quartz gramns). Upwards. they pass
into silty and sandy marls and fine- to medmum-gramed
sandstones. Then follows 0.1-0.2 m of glauconitic
sandstone with cross bedding and limestone intra-
clasts. The lower part of the outcrop 15 topped by 3-6
m of detritic limestones with numerous calcite vems.

Fine- to medmm-gramed, beige to white colored,
massive bedded crystalline limestones followa 10 m
covered interval. They contain remains of gastropods,
colomial corals and algae. In the upper part, between
limestone layers, thin mterbeds of clayey-sandy sedi-
ment contain lens-like mterbeds of limestone intra-
clasts in sandy-clayey matrix An almost vertical sedi-
mentary dike filled with glauconitic sandstones cross-
cuts the hmestones (Fig. 5.61). These sediments are
assigned to the Eomareva Fm.

Bigstratigraphy. The section has been closely sam-
pled for nannoplankton However, the lowermost
and uppermost portions are barren or contamn poorly
preserved non-characteristic species. The most pro-
ductive sedmments for nannofossils appear to be the
glauconitic marls and detrital limestones, where char-
acteristic associations have been recovered. The bio-
stratigraphic subdivision of the section is shown 1n
Fig. 5.61. Selandian and Thanetian Stages have been
identified. with a break in sedimentation between
(NP6 zone 1s missing).

No nannofiora is detected in the lowermost portions of
the section, but presumably these belong to the Selan-
dian as well The nannofossil zone NP4 1s represented
by a poor and non-charactenstic association (Fig.
5.61). The lower boundary of NP3 zone 1s fixed at the
FO of the mdex species Fasciculithus tympaniformis
in the first sample from the detritic limestones. The
zone 1s 2 m thick

A relatively rich and diverse nannofossil associa-
tion, comprisihg Bomolithus bramlemei, Discoaster
mohleri, D. delicatus, D. lenticularis and Toweius
pertusus 18 identified in the sample from the glau-
conttic marls, immediately above a sharp washout
boundary. It represents the Thanetian NP7 zone. The
uppermost portions of the limestones likely come-
spond to the next, upper zone NP8, but for the present
this suggestion 15 not supported by any paleontologi-
cal evidence.



Stratigraphic range. Niddle Paleocene, Selandian
NP4 and NP5 zones for the lower limestones. and up-
per Paleocene, Thanetian. NP7 and NP7 zones for
the muddle and upper part of the section (Fig. 5.61).

Tabelite

The section 13 located m the ndge areas of Stara Plan-
ina Mountains (Balkan) It starts 1 km south of Ta-
belite Holiday Village, in the road cut on the Shiven-
Stara reka road (Vratnik Pass). The section ends on
the northern side of the Balkan some 1.5 kim west-
north-west of Tabelite.

A medium-bedded turbidiite sequence of sandstones,
siltstones and clayey marls, typical of the Emine Fm
1= exposed. An olistostrome body of lens-like shape
“flowing™ among the turbidites 1s observed 1n the up-
per part of the section. Ohstostromes occur quite of-
ten at different stratigraphic levels (Campanian-Pale-
ocene) within the Emine Fm in the Shven area.

Binstratigraphy. The turbiditic sediments have been
sampled at intervals approximating to every 2 m and
the results of the nannofossil study are shown in Fig.
5.62. The identified associations correspond to the

upper parts of nannofossil zone NP4 and the base of
NP5 zone (Selandian Stage). The co-occurrence of
Sphenolithus privius and Prinsius biszdeus mdicates
the upper part of NP4 zone. The lower boundary of
NP3 zone 15 traced by the FO of Fasciculithus tim-
paniformis i the sample taken immediately above the
olistostrome (fig. 5.62).

Stratigraphic range. Middle Paleocens — Selandian
Stage, upper part of NP4 zone and lower part of NP3
zone (Fig. 5.62).

Kipilovo

This section consists of a large outcrop of thin-bedded
rhythmic turbidite alternations, located on the Stara
reka — Kiptlovo road, 1.5 km after the road fork to
Eapilovo (Fig. 5.63). The thuckness 15 around 10 m.

The sediments are quite similar lithologically to the
Gebesh Fm that mostly outcrops in the coastal part of
the East Balkan and therefore they are assigned to this
lithostratigraphic unit.

Biosrratigraphy. The outcrop has been sampled in de-
tail and the results are shown on Fig. 3 64, The analv-

Stage

Serjes

NF Lone

Fig_ 5.64. Biostratigraphic subdivizion of the
section near Kipilovo village, Sioven District,
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lex buildings (Fig. 5.63).
in- 10

ays hoht-prey

r
section displ

L=

The section 13 located in the south-eastern end of

assessment of Zheravna village, Shiven District, on the hall sl
medmm-bedded limestones with i concretions, as-

The baze of the
sioned to the Vetrila Fm.

stratigraphic

marker species prevents a more precise
the zone. The occurrence of Discoaster lodeensiz m near the aoncultural comy

sis of the association supports its assignment to the  Zheravma

lower Eocene — Ypresian Stage, nannofossil zones

WP12-14a The absence of some key bio
Stratigraphic range. Lower Eocene — Yprestan Stage,

NP12-14a zones (Fiz. 5.64).

all samples determines the age range of the section —

the entire WP12-14a imnterval.
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Then a sharp lithological boundary 1s followed by a
packet of thin-bedded clavey marls and clays. These
are light-betge. of varving carbonate content, 20 m
thick Occasional lenses and thin beds (10-30 cm) of
limestone with rare chert concretions occur. These
sediments are assigned to the Emine Fm by analogy
with the sediments of the neighbouring Ichera-Gra-
dets zection, located 5-6 km south of Zheravna

The upper part of the section 15 built of white to yel-
lowish massire hard thick-bedded sandstones. con-
taining quartz grains and sandy-calcareous cement
They cover the marls with a sharp boundary and are re-
ferred to the thick-bedded sandstone formation which
1s broadly distributed in the entire East Balkan zone.

Biostrarigrapiy. The subdivision of the section by
calcareous nannoplankion 1z synthesized on Fig.
5.65. An association with a low species and poor
preservation 15 identified in the hard micntic lime-
stones with chert of the Vetrila Fm_ The occurrence of
Lithraphidites quadratus proves the attribution to the
Upper Maastrnichtian.

The clayey marls have been sampled dunng several
field campaigns, thus facilitating an increased sampling
density for certamn intervals: The nannofossil associa-
tioms are not particularly diverse, but indicative of age.
A continuous succession of nannofossil zones NP1 to
NP3 in the Danian Stage 13 mdicated (Fig. 5.63).

Zone NP1 1s 1dentified i the first 2.5 m of the marls
and 15 characterised by the co-occurrence of Crici-
placolithus primus, Neobiscutum romeniii and the
frequent occurrenice of Thoracosphagera opercula-
ta, Bragrudosphaera bigelowii and Placozygus sig-
moides 1n the association. The lower boundary of NP2
zone 15 set by the FO of Cruciplacolithus intermedius,
accompanied by the first Prinsius dimorphosus and
Coccolithus cavus. The thuckness of this zone 15 7
m_The lower boundary of NP3 zone 15 traced by the
FO of Cruciplacolithus edwardsii along wath FO of
Prinsius martinii.

Mo nannofossils were found in the samples from the
thick-bedded sandstone formation in the upper part of
the section. but likewise they may be assigned to the
Selandian Stage by analogy with the nearby section

Stratigraphic range. Nannofossils prove the sequence
ranges from the Upper Maastnichtian CC25h — lower
Paleocene, Daman_ NP1 — NP3 zones (Fig. 5.65).
Ichera-Gradets

The section i1s traced 3z a coniOUS SUCCEsSION
along the road between Ichera and Gradets villages,

Sliven District. Tt 1s the continuation of a well-ex-
posed Upper Cretaceous section (Emine Fm) on the
Sliven-Ichera road that was sampled in detal and
proved the presence of the Campanian and Maas-
trichtian Stages.

The section described here starts 2 kim east of Ichera
and ends at the northern end of Gradets, where the
road reaches the highway to Kotel.

Irregular-bedded turbiditic alternations of gravels to
pebble-conglomerates, marls and grey colored me-
dium-bedded micnitic limestones are exposed (Fig
5.66). The conglomerates and gravels are polygenst-
ic_ wrth clasts of sandstones. limestones. volcanic and
metamorphic rocks. Three large packets of limestone
beds are present. Upwards, the alternation becomes
more regularly rhythmic and thin-bedded, including
sandstones, limestones and marls as the latter dom-
nate. These sediments are included in the Emine Fm.

In the upper part of the section, thick beds and pack-
ets of hard sandstones (3-6 m thick) develop. These
are interbedded within thin-bedded rhythmic turbid-
itz alternations, followed agam by another packet of
sandstone, untl thick-bedded sandstones dominate
the succession (Fig. 5.66). No limestone interbeds are
present in these sandstones. These sediments are re-
ferred to the thick-bedded sandstone formation. This
formation displavs umpressive outcrops with spec-
tacular sedimentary structures within the sandstones
along the road between Gradets and Neykovo wil-
lages, about 2 km north of the featured section. Their
total thickness exceads 100-150 m.

Biostratigraphy. Because of the significant thickness
of the described sequence, the turbiditic sediments
have been sampled at intervals of 15-20 m, and the
thick-bedded sandstones — at 30 m. The results of the
nannofossil studies and the biostratigraphic subdra-
sion of the section are displayed on Fig. 5.66. A con-
tinuous succession from the Upper Cretaceous to the
lower Eocene is present, that by its completeness 1s
comparable to the sequence outcropping on the Black
Sea coast north of Emine Cape.

The lower parts of the section are referred to the
Maastrichtian zone Micula murus. based on a nanno-
fossil association comprising Micula muris, numer-
ous Micula decussata, Arvichangelskiella cymbiformis,
Eiffeilithus nwrviseiffelii Prediscosphaern ponticula,
Microrhabdulus attenmuaius. The association was
extracted from the marlstone mterbeds between the
packets of gravels and limestone beds (Fig. 5.66). The
uppermost Maastrichtian zone Micula prinsi is not
documented, likely due to its small thickness and the
large sampling mterval.
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Hriss]
along with Thoracosphaera operculata in the marls  as by the occurrence of the common and abundant

e

cated by thﬂdFCl of Cruci

-

Prinsius gfricanus, Prinsius dimorphosus, Ericsonia

subpertusa and Coccolithus cavis.

the identification of the species Cyvelagelosphaera alia

The lowermost Paleocene NP1 zone 15 evidenced by The boundary between NP1 and NP2 zones 15 indi-

of the zone 15 not precisely measured, but 13 probably

around 10 m.

above the last debnis packet (Fig.5.66). The thickness
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The lower boundary of NP3 zone 15 traced by the FO
of Chiasmolithus danicus.

The NP3/NP4 boundary is not precisely fixed, since
the WP4 zonal index species Ellipsolithus macellus
1s not detected 1n the associations. The upper part of
NP4 zone 1s firmly proved by the first co-occurrence
of the unportant strangraphic markers Sphenolithus
primus and Neochiastozygus perfectus 1n the upper-
most levels of the Emine Fm.

The lower boundary of NP5 zone 15 traced by the FO
of Fasciculithus tympeamiformis i the lower level of
the thick-bedded sandstone formation and concomu-
tant occurrence of Heliolithis canitabriae and Toweius
SFIrans.

The FO of Heliolithus Heinpellii 1n a clayey bed be-
tween two thick sandstone packets marks the lower
boundary of NP6 zone, as well as being a marker for
the Mid-Paleocene Biotic Event (MPBE). The sample
shows exceptional species diversity and perfect pres-
ervation of the nannoflora Several reworked Upper
Cretaceous (Campanian) species were also identified.

The FO of Haliolithus riedelii in the marls between
the two sandstone packs justifies the presence of NP8
zome.

The lower boundary of NP9 zone 15 condionally
marked by the last occurrence (LO) of Heliolithus
riedelii, since the sediments are rather coarse-gramed
and unidentifiable fragments of nannofossils are ob-
served. Its upper part, however, 15 mdicated by the
first concomitant occurrence (FO) of the species
Lophodolithus nascens and Discoaster mediosus —
events assigned to the upper part of NP9 zone.

The PaleocensEocene boundary (NPINP1Q) falls
in a packet of gravels and conglomerates within the
Thick-bedded sandstone formation:

The uppermost part of the sequence belongs to the
lower Eocene with NP10 and NP11 zones present.
The NP10/NP11 boundary 15 drawn by the FO of
the species Tribrachiatus orthostyius. The 1dentified
nannofossil associations from the claystone interbeds
between the thick sandstone beds are abundant, di-
verse and very well preserved. Numerous reworked
Campanian species such as Uaniplanarius sissinghil, UL
gothicum, Reinhardites levis and Retecapsa cremuilata
also show the same state of preservation.

Stratigraphic range. The proven range of the se-
guence encompasses the Upper Maastrichtian — lower
Eocene (Ypresian), CC25¢c — NP11 zones (Fig. 5.66).

Marash

The section 1s located approximately 1.5 km north of
Petoluchkata junction, Sliven District, on the road to
Eotel It is traced as a continuous succession in the
river bed of the Marash River (Fig. 5.67) and the left
cutting along the road (Fig. 5.68). It begins where the
right gorge joins the Marash River and finishes at two
thick turbiditic beds that are 1.5-2 m thick (Fig. 5.69).

The section was studied and published on during stud-
tes on the Cretaceous Tertiary boundary tn Bulgaria
(Stoykova et al., 2000; Stovkova & Ivanov, 2004a).
The total thickness of the studied sequence 1z 107 m;
the lower 50 m 13 Upper Cretaceous and the overlymng
57 m lower Paleocene {Daman).

Fhythmic altemations of clavs, silty marls, siltstones

Fig. 5.67. General view of

the section along Marazsh

BEiver valley, along the road
Petoluchkata — Kotel, Sliven
Dhstrict — thin-bedded turbidites
of the Emine Fm are exposed
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Fig_ 568, Section along the
Petoluchkata — Eotel road,
Sliven District — thin-bedded
torbidites of the Emine Fm are
exposed

and clavey limestones referred to the Emine Fm are ex-
posed (Fig. 5.68). The Cretaceous-Paleogene bound-
ary passes immediately above sample Ms-134, at the
base of a dark-grev to black clayey bed (Fig. 5.70).
An increase in thickness of the turbidite thythms 1s
ohserved in the upper part of the section, where the
sandstone beds become 1.5-2 m thick (Fig. 5.69).

The thick-bedded sandstone formanon overlies the
Emine Fm close to the large bend of the Marash River,
north of the bridge. All samples from the sandstones
were barren of nannofossils.

Biostratigraphy. Sampling posttions and nannofossil
biostratigraphy of the section are shown in Fig. 5.71.
A continuous succession of zones within the K'T
boundary mterval has been proved: CC25b, CC25¢c
and CC26 zones tn the Upper Maastrichtian and NP1,
NP2 and NP3 in the Danian have been documented.
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The taxonomic analyses of the nannoflora mdicates
the occurrence of more than 47 species of calcareous
nannofossils.

Most of the Maastrichtian samples contained abun-
dant, well preserved assoctations. Nannofossils are
better preserved and of higher diversity 1n the samples
below the KT boundary, extubiting a clear “Tethy-
an” affimty. This 15 supported by the occurrence of
Micula murus, Micula prinsii and Ceratholithoides
kampineri.

Zones CC25b, CC25c and CC26 have been distin-
muished in the Upper Maastrichtian by the FOs of
species Lithraphidites quadratus, Micula murus and
Micula prinsii, respectively.

The Cretaceous Tertiary boundary is marked by mass
extinction of the Cretaceous species. Nannoplankton

Fig. 5.69. Uppermost portion
of the Marash saction along the
Petoluchkata — Kotel road —
thick turbidites



associations at the K'T boundary and the first several
metres of the Paleocene are rare and poorly preserved.
Upward sequence, species diversity slowly and grad-
ually recovers to pre-KU T boundary levels, although
of changed composition.

The K/T boundary 15 sedimentologically marked by a
dark-grey to black clayey layer (Fig. 5.70). The FO of
Cyclagelosphaera alta, indicating the lower boundary
of NP1 zone, has been identified 1n the sample imme-
diately above the clayey layer (Ms-135). The first 3m
above the KT boundary shows substantial impover-
ishment in species diversity of the nannofossil asso-
ciations. Rare fragments of specimens that are strong-
ly recrystallised and also specimens with secondary
overgrowth, manly Cretaceous, are recorded. Also
recorded are representatives of “survivor species”
Thoracosphaera operculata, Thoracosphaera saxea
and Cyvelagelosphaera reinhardrii. No pentalites
have been detected. The species Braarudosphasra
bigelowii 13 absent below as well as above the KT
boundary. The successive FOs of a number of new
species 15 documented within NP1 zone which 15 17m
thick in this section (Fig. 5.71); Neohiscutum romeinii,
Neocrepidolithus  dirimosus, Futvania petalosa,
Cruciplacolithus primus and Prinsius tenuiculum.

The lower boundary of NP2 zone 1z traced by the
FO of Cruciplacolithus intermedius, concomi-
tant with Prinsius dimorposus. Coccolithus cavis,
Cruciplacolithus tenuis, C. asymmetricus and Eric-
sowia subpertusa successively occur 1n this zone. The
thickness of the zonie 1n this section 1s 25 m.

The NP2NP3 boundary 15 fixed at the FO of
Chiasmolithus danicus m sample Ms-21. The spe-
cies diversity contmues to increase in this zone and
reworked Cretaceous species are rarely encountered.

Fig_ 5. 70. The position of the
E.T boundary (red line), marked
by a dark grev clavey laverin
the Marash section

Prinsius martinii and Neochiastozygus modestus first
occur 1n NP3 zone, quickly becoming the most abun-
dant species, dominating the associations in the zone.
The thickness of the zone exceeds 20 m.

Stratigraphic ramge. The sequence 1z Upper Maas-
trichtian CC25b — lower Paleocene (Danian), NP3
zones (Fig. 5.71).

Interesting results have been obtained from the anaby-
sis of samples from 2 separate outcrops during field
work for the “Geology of Bulgana™ project; Krastets
ratlway station and Stanchov han These are discussed

below:
Krastets railway station

Thin-bedded dark-grey marls and clayey limestones
crop out m the road cut on the Plachkovtsi-Krastets
road and mav be assigned to the limestone-marl for-
mation (analogous to the Mishemorkov han section).
The abundant nannoplankton association comsists
of the following species: Cruciplacolithus primus,
C.  imtermedius, FEricsomia subpertusa  Prinsius
afticanus, P dimorphosus, Thoracosphaera saxea, T
operculata and Neocrepidolithus spp. The association
is charactenistic of the uppermost part of NP1 zone
and the base of WP2 zone. 1.e. 11 indicates the lower-
most part of the Danian Stage 1n that area.

Stanchov han

Here an abundant association, comprising Spheno-
lithus editus, S5 radians, Toweius occultafus etc,
characteristic of the lower Eocene NP12 zone 1s docu-
mented. The outcrop mn Stanchov han village consists
of thin-rthythmic turbiditic alternations of sandstones,
stltstones and marls of the Lukovit Fm
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More mtriguing results have been obtained from an-
other outcrop, located 1 km north of Stanchov han,
along the road to Svirtsi hamlet A monotonous
thick marly-clayey segquence domunated by light-
beige colored thin-bedded silty marls and calcare-
ous clays 15 exposed An exceptionally abundant
and drversified association of over 20 nannofos-
sil species 15 identified, consisting of Fasciculithus
tympaniformis, Lithoptychius ulfi, L janii, L billii,
Chiasmolithus  danicus, C. bidens, Coccolithus
pelagicus, Heliolithus cantabriae, Prinsius martini,
P dimorphosus, Sphemolithus primus, Ericsonia
subpertussa, Ellipsolithus distichus and Morkalius
inversus. The association charactenizes NP5 zone of
the Selandian Stage (middle Paleocene).

The studied sections from the Central Fore-Balkan
and Balkan represent a unuque geological archive, re-
cording the dynamics in the development of the ma-
rine basin — lithological and faumstic/Horistic sucees-
sions 1n the area during Paleocene and early Eocene
time. Explaining these by means of detailed calcare-
ous nannoplankton biostratigraphy has allowed reli-
able correlations, displayed on Fig. 5.72.

5.5. East Fore-Balkan and Balkan

Paleogene sediments are of wide distribution, crop-
ping out 1 vast areas within the East Fore-Balkan and
Balkan, also known as the Luda Eamchia Zone (Fig.
53.73). Paleorens and lower Eocens zediments are
mainly developed, while middle and upper Eocene as
well as Olizocene sediments have a significantly re-
stricted distribution.

Esen

The section 1s located in the northemn end of Esen wil-
lage, Burgas District (6 km north of Sungurlare), near
the water pump station.

A 30 m thick sequence is exposed, with the lower and
middle parts (around 22 m) built of thythmic turbid-
ites of the Emine Fm,_ while the upper part 1s repre-
sented by the thick-bedded sandstone formation. The
turhidites consist of sandv and or clastic limestones,
siltstones and marls. Almost all of the charactenstic
tvpes of turhaditic structures are perfectly displaved:;
graded bedding_ lammation_ convohited bedding (par-
ticularly commeon in the siltstones), etc. Current di-
rections are indicated by flute casts (sole marks filled
with sediment) made by clasts and fossils on the baze
of beddmg surfaces. The fine-gramned portions of the
rhythms (the marlstones) have been sampled for nan-
noplankton.
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The thick-bedded sandstone formation above 1s repre-
sented by thick sandstones beds (from several metres
to 10-15 m thuck) with thin imtercalations of siltstones
and silty and clayey marls. No nannofossils have been
detected.

Biostratigraphy. The biostratigraphic subdiision
of the section by nannoplankton 13 presented on
Fig. 5.74. All samples from Emine Formation ex-
hibit abundant, well preserved nannofossil associa-
tions. Reworked Upper Cretaceous species are also
commonly obzerved — Broinsonia parca constricta,
Lucianorhabdus  cavewxii and  Arbhangelskiella
cvmbiformis.

The presence of nannofossil zone NP5 is proved
by the co-occurrence of Chiasmolithus bidens and
Neopchiastozyeus perfectus, recorded m the first sam-
ple from the base of the section.

The rare species Cvelagelosphaera primahas s FO in
the middle of NP3 zone, as do Heliofithus cantabriae,
Bomolithus elegans and Chiasmolithus consuerus.

The samples from the silty mterbeds of the thick-bed-
ded sandstone formation do not contain nannoflora

Stratigraphic range. Middle Paleocene — Selandian
Stage. NP5 zone for the turbiditic sediments of the
Emine Fm (Fig. 5.74).

Podvis

The section 1s located m the western end of the vil-
lage of Podvis, Burgas District. It 1s traced from the
western entrance of the village along the hill slope to
the gully between two small peaks.

The base of the sequence comprises thin-bedded lime-
stones with interbedded thin-bedded marlstones. The
limestones contain numerous chert nodules. These
strata are assigned to the Vetrila Fm (Fig. 5.75) which
contains many folds and faults here.

There follows a rapid transition to over 30 m of thin-
bedded rhythmac alternations of marls, sandy lime-
stones and purer mestones, assigned to the Emine Fm

Thick beds (over 20-30 m) of sandstones, alternating
with thinner marlstone interbeds occur at the top of
the succession above a sharp boundary: These repre-
sent the thick-bedded sandstone formation

Biostratigraphy. The tesults of nannofossil study and
the biostratigrphic subdnision of the section are pre-
sented 1n Fig. 5.75. A continuous sequence from the
Upper Cretaceous to the middle Paleocene 1s devel-
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Ellipsolithus macellushasnot been detected (Fig_5.73).
A specific assoctation, that mcludes Cruciplacolithus
latipons and C. subrotundus 1s detected in the upper
part of NP4 zone and the base of NP5 zone. Both taxa
have a short range only in the uppermost part of NP4
and the lowermost part of NP5, therefore appearing
to be excellent markers for this stratigraphic interval.

The lower boundary of NP5 zone 15 traced by the FO
of Fasciculithus cf. fympaniformis 1n the uppermost
part of the Emine Fm, immediately below the bound-
ary with the thick-bedded sandstone formation (Fig.
5.75). All samples from the thick-bedded sandstone

formation m this section are barren of nannofosals.

Stratigraphic range. Upper Cretaceous, Maastrich-
tian Stage — lower and muddle Paleocene, Dantan and
Selandian Stages, zones NP1 — NP5 (Fig. 5.75).

Prilep

An identical section to the one at Podvis is observed at
the northern end of Prilep village. Burgas District sit-
uated 4-3 km east of Podvis. Thin-bedded limestones
(Vetrila Fm) and thin-rhvthmic turbiditic sediments of
the Emine Fm are exposed. Poorly preserved nanne-
fossils, indicating the presence of NP3 — NP4 zones
are identified 1 samples from the Emine Fm

Ruen — Snyvagovo

The section starts north of Ruen village, 0.5 km north
of the road fork to Snvagovo and Dobra polyana wil-
lages, and 15 traced in the road cutting on the Ruen
— Snyagovo road.

Rhythmically alternating limestones, sandy lime-
stones. siltstones and marlstones are displayed. In the
higher portions, the limetones become clastic — cal-
carenites to gravels, with extraclasts. These sediments
were wrongly assigned to the Tepe-Tarla Fm on the
geological map (Kanchev, 1995h). Here we consider
them as cormresponding to the Emine Fm (Fig. 5.76).

Above them_ through a fast lithological transition, an
alternation of hard, light-beige colored thick-bedded
limestones with cherts and thin marly interbeds oc-
curs. These sediments correspond to the Tepe-Tarla
Fm. Though difficult to estimate, their thickness 1s
in the range of 100 m. Limestone quarries have ex-
plosted these sediments. In one magnificent quarry
exposure, located south of Dobra polvana, a 0.3-0.6
m thick bed of conglomerates 15 present among the
limestone beds. The conglomerates are polyzenetic,
poorly sorted, containing coalified plant debris.

The uppermost part of the section 15 exposed 12
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km SSW of Snyagovo village. along the road cut.
Above the thick-bedded limestones of the Tepe-Tarla
Fm (probably through a tectonic boundary — reverse
fault), coarse-clastic sediments occur, corresponding
to the thick-bedded sandstone formation. At their base
they are represented by several beds of gravel and
relatively thick beds of conglomerate. The latter are
pclvgmem: unsorted, with iame clasts (0.2-0.3m) of
gemi-rounded limestone with ﬂJ.ﬂ'E_ rounded small fint
clasts and rounded pebbles of marl m a sandy matrix.
The conglomerates alternate with thin interbeds of
siltstone and silty marl

Biostratigraphy. The nannoflora in the clayey marls
of the Emine Fim 1n the lower part of the section 13
exceptionally abundant, diverse, and very well pre-
served. The opposite 15 true for the nannofossils in
the thick-bedded hmestones of the Tepe-Tarla Fm
being rare, of low diversity and poorly preserved.
Better associations are registered 1n the thin marly
interbeds between the thick limestone banks in the
upper portion of this Formation It 15 worth noting
that nannofossils are discovered at the base of the
thick-bedded sandstone formation. The marl inter-
beds below and above the basal conglomerates con-
tain a moderately abundant, but characteristic nan-
nofossil association.

The subdivision of the section by nannoplankton 1s
shown on'Fig. 5.76. The uppermost part of the Maas-
trichtian Stage 15 proved by an extraordinanily diverse
and perfectly preserved association of zone CC26
Micula prinsu. It comprises over 20 species, among
which are Micula prinsii, Prediscosphaera grandis,
P meungae, P stoveri, abundant Thoracosphaera
operculata, Arkhangeiskielln paucipunctata, A
cvmbiformis, Retecapsa crenulata and E;ff&f!fr}ms
turriseiffelii. The K'T boundary 1s not precisely pin-
pmﬂted but 1t 1s clear that the sequence 1s continuous,
supported by the occurrence of the lowermost Danian
zone — NP1.

Zone NP1 1s characterised by an assoctiation dominat-
ed by “survivor” species Thoracesphaera operculara,
Markalius inversus and Cyvelagelasphaera reinhardtii
as well as reworked (7} or surviving Cretaceous spe-
cies Eiffellithus turriselffelii, Retecapsa cremulnia,
Microrhabdulus  aftenuatys, Micula  decussara,
Watznaueria barnesice and Prediscasphaera cre-
tacea. The newly evolving spectes in this Zone are
Cyeclagelosphaera aita and Cruciplacelithus primus.

The lower boundary of NP2 zone 1straced by the FO of
Cruciplacolithus intermedius. Considerably more new
species appear within this zone: Prinsits dimorphosis,
P gfricanus, Ericsonia subpertusa Cruciplacolithus
tennuis and Coceolithus cavus (Fig. 5.76).
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stones reveal a particular nannofossil association,

p_

pearance of the species Cruciplacolithus edwardsiii.
The lower boundary of NP4 zone 13 traced condi-

The lower boundary of NP3 zone 15 marked by the 3

interpretation 18 supported by the concomitant occur-

which corresponds to NP3 zone 1n the Selandian. This

tionally — due to the poor and non-characteristic
associations in the thick-bedded limestones of the rence of Fasciculithus nmpaniformis, Sphenolithus

Tepe-Tarla Fm.

primuis and Prinsius dimorphosus.
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Fig. 5.7
District — cuterops along the roadewt of the road across the
Tepe-Tarla hill

7. Section near the village of Kamenyak, Burgaz

Stratigraphic range. The section encompasses an in-
terval from the uppermost Maastrichtian, CC26 zone
to the middle Paleocene. Danian and Selandian. NP1
— NP5 zones (Fig. 5.76).

Kamenyak

The section starts 250 m NE of Kamenvak village,
Burpgas area, and 1s traced along the southern slope of
Tepe-Tarla hill, 10 the scarp of the new road cutting on
Tepe-Tarla hill 1n a south-north direction (Fig. 5.77).
The road was constructed 1n 2005, hinking Kamenyak
(to the south) with the viliages of Snezha and Zaym-
chevo (to the north).

Pink to light-grev colored, thick-bedded solid lime-
stones with flint concretions and silicepus layers are
referred to the Tepe-Tarla Fm (Fig. 5.78). The exposed
thickness 15 in the range of several tens of metres. These
sediments were described by Kockel (1927, p. 364) as
“...coarse-grained limestone — very characteristic,
the beds of decimeters thickness, regularly bedded,
no marl content, pink to grey-pink in colowr: slightly
sandy. Its thickness is only between 20 to 50m”™.

Similar to the Ruen-Snvagovo section, coarse-clastic
sediments overlay the limestones with a sharp tectonic
bhoundary (Fig. 3.79). They are represented by poorly
sorted pcl\fﬂeneﬁc conglomerates and breccia-con-
olomerates at the base. 40-30 m thick. Upwards_ these
are overlain by thick-bedded sandstones with thin silt-
stone mnterbeds (thick-bedded sandstone formation).
Large clasts (0.1-0.5 m) of rounded or semi-rounded
Upper Cretaceous sedimentary rocks (limestones,
marls and chert concretions) are obzerved i the con-
glomerates and breccia-conglomerates (Fig. 5.80).

Biostratigraphy. Calcareous nannofossils are quite
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Fig. 5.78. Section near the village of Kamenyal:, Burgas
District — exposures of the Tepe-Tarla Fm (thick-bedded
limestone with chertz)

rare and poorly preserved n the massive limestones
with flint. They are found 1n the very thin marly lay-
ers between the limestone banks. Shightly richer and
better preserved are the nannofossils from the clay-
ey-marly interbeds in the lower conglomerates. The
biostratigraphy and subdivision of the section are dis-
played on Fig. 5.81.

The lowermost exposed levels of the Tepe-Tarla
Fm limestones contain an association consisting of
Cyclagelosphaera alta, Prinsius dimorphosus and
Coccolithus cavus. Tt 15 interpreted as indicating NP2
nannofossil zone,

Small-sized Prinsiaceae and Coccolithurs cavus, along
with Bragrudosphaera bigelowii are recovered in the
samples from the middle and upper parts of the lime-
stones. These levels are referred conditionally to NP3
— NP47? zone, since the poor association 15 not defini-
tive for precise zonal assignment.

NP3 zone nannoflora has been determined at the base
of the conglomerates. It includes species with therr
first occurmrence (FO) i this zone: Chigsmolithus
consuetus, Neocrepidolithus neccrassus, Toweius
pertusus and Fasciculithus spp. The samples taken
from the uppermost levels of the section were barren
contatmng no nannofossils.

Stratigraphic range. The range 15 lower and muddle
Paleocene, Dantan and Selandian Stages, NP2 — NP3
zones (Fig: 5.81).

Chudnite skali
The section 15 located 10 km south of Dalgopol wil-

lage and 1s traced along the cliff on both sides of the
Provaida-Avtos road (Fiz. 5.82).
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Fig: 5.32. General view of the Chudnite skali section — lower portion of the sedimentary succession at the funnels

It starts immediately south of the bridge on Tsonevo
Dam_ along the dirt road to the old quarries (Fig. 5 83)
and ends at the northern entrance to Dobromir village.
A 200 m thick succession, encompassing sediments
from the Upper Cretaceous to the middle Eocene,
13 exposed. Different parts of this section have been
studied by Jolkichev (1989), Vangelov and Sinny-
ovsky (2000) and Pevbernés et al (2004).

The base of the section iz built up of light-grey,
thick-bedded to indistinctly bedded silty limestones,

referred to the Asparuhovo Fm (Jolkichev, 1989).
These are covered by hght-grey, thin- to medimm-
bedded nodular hmestones with chert concretions and
lenses that have a sharp basal lithological boundary
(Fig. 5.83). The concretions and lenses are abundant
along the road between the first and second tunnel
(Fiz. 5.84). The higher levels reveal clear clinoforms,
prograding southwards, that are covered by parallel
bedded limestones (Fiz. 5.85). These sediments are
referred to the “Mezdra”™ Fm due to thetr lithological
characteristics.

Fig 5. 83. Lower portion of the
Chudnite skali section — the
sharp bonndary betwreen the
limestones of the Aspamhovo
Fm and the overlying nodular
limestones of the “Mezdra™ Fm



Fig. 5.34. Cherty concretions and lenzes in the “Mezdra™
Fm between the first and the second tunnel

Up section, these are overlain by medium- to thick-
bedded clastic limestones, creamy to whitish, that
contain abundant biodetritus and algal skeletons. The
detritus 15 composed of shell frasments — echinoids,
bivalves and benthic foraminifera, as well as quartz
grains (10-15%). These rocks are classified as skel-
eton wackestones, packstones and gramnstones and
are assigned to the “Kailaka™ Fm. Clearly expressed
clinoforms are obzerved 1n theze rocks, too. around
10 m thick. This sequence 15 magnificently exposed 1n
the big old quarry (Fig. 5.86).

The uppermost portions of the quarry are bult by
~30 m sandy and detritic limestones — calcarenttes to
sandstones, with abundant red algae skeletons (the so-
called Lithothamniwm limestones) and large benthic
foraminifera. They lie unconformably over “Kailaka™

Fiz 35.86. Clinoforms in the “Kailaka™ Fm prograding to
the zouth-southeast, in the big ofd limestone guarry

Fig. 5.83. Clinoforms in the “Mezdra™ Fm, prograding to
the south. after the second tunnel

clastic limestones and are assioned to the Komarevo
Fm. The boundary 15 very distinct, wash-out “hard
ground” type, and 1s marked by a 3 cm glauconite
level with phosphorite concretions (Fig. 5.87).

The upper parts of the section are traced in road-
side exposures, following the bridge (its southern
end). The Komarevo Fm limestones are overlam by
sands and sandstones of the Beloslav Dikilitash Fms
through a sharp washout boundary. They are repre-
sented by vellowish to white colored, weakly cement-
ed guartz sandstones and loose sands. massive to m-
distinctly bedded (Fig. 5.88). These are fine-grained,
well sorted, enniched with glauconite in some levels.
Better cemented beds are observed where the sand-
stones form vertical columns, samilarto the Dikilitash
Pobiti kamani (stone columns) (Fig. 5.89).

Fig 5.87. Wash-out boundary “hard ground”, between
the “Kailaka™ and overlying Komarevo Fm. marked by 'a
glanconitic level with phosphoritic concretions (red arrow)
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Fig. 5.88. Weakly cemented quartz sandstones and loose
zands of the Beloslav/Dikilitash Fms

The sandstones are overlam by dark-sreen. dark-
grey and reddish colored calcareous claystones and
marlstones. The upper part consists of alternating salt-
stones and thin-bedded sandstone interbeds. The total
thickness of these sediments, referred to the Avren
Fm. 15 around 30 m.

The Avren marls are overlain with sharp transgressive
boundary and angular unconformity by coarse-clas-
tic seciments (Fig. 5.90). These begm with breccia-
conglomerate, around 2-3 m thick, with elongated
tile-arranged clasts from the underlying green clay-
stones, 25-30 cm 1n size (Fig. 5.91). Up section, it
tumns into clast supported conglomerate with well-
rounded clasts of sedimentary and volcanic rocks and
then into coarse-gramed sandstones (Fig. 5.92). These
sediments are assigned to the Obzor Fm (the so-called

Fig. 5.89. Firmly cemented sandstones with vertical
stroctures into the Beloslav/Dikifitash Fms

“exotic conglomerate™). Nannofossils have been dis-
covered for the first time in these sediments, which
allows their age determination.

Biostrarigraphy. Chudmte skali 1s a umique section
among all others described, since 1t demonstrates
(with szeveral short breaks of sedimentanion) the
whaole succession from the Upper Maastrichtian to the
middle Eocene. Calcareous nannoplankton recovered
throughout the entire section facilitated 1ts biostrat-
graphic subdivision (Fig. 5.93). The nichest and best
preserved associations are recorded in the upper por-
tions of the section — within the Komarevo, Beloslav
and Avren Fms.

An age diagnositic, but low abundance association i3
dentified at the base of the section, in the Asparuhovo

Fiz. 5:90. Sharp and transgressive angular unconformity at

the base of the Obzor conglomerates overlying the Avren
marls
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Fig. 591 Baszal breccia-conglomerate (Obzor Fm) with
elongated tile-like clasts dertved from the underlying

green clays (Avren Fm)



Fm limestones, indicating the upper Maastrichtian
zone CC253c Micula murus. The last Maastrichtian
zome CC26 Micula prinsy and the first Daman NP1
zone were not detected. This probably reflects a break
in sedimentation (non-deposition), corresponding
to the sharp boundary between the Asparvhovo and
“Mezdra” Fms.

The nanmoflora i the nodular lsmestones with chert
12 very rare and poorly preserved. Usually, poorly
preserved Prinsiacea are observed, though Prinsius
dimorphosus 15 undoubtedly documented. Therefore,
the presence of NP2-NP3 zone may be assumed in the
section. The lower boundary of NP4 zone 1= condition-
ally traced due to rare finds and a lack of stratigraphs-
cally tmportant species. The nuddle and upper parts
of the zone, however, are clearly evidenced by the re-
covery of Sphenolithus primus and Neochiastozveus
perfectus in the upper part of the “Mezdra” Fm.

The lower boundary of NP5 zone 1s traced by the
FO of Fasciculithus nympaniformis m the lower por-
tion of the Kailaka Fm clastic limestones. The FO of
Heliolithus Heinpellii 1s noted i the upper portion
of the Kailaka limestones. thus marking the lower
boundary of NP6 zone (Fig. 3.93).

The hiatus, marked by a hard ground and glaucomitic
level between the Kailaka and Komarevo Fins, spans
part of NP6 zone and whole NP7 zone.

The lower boundary of NP8 zone 13 traced by the FO
of Heliolithus riedelii m the glauconitic marls at the
base of the Komarevo Fm. The zone equates to the en-
tire thickness of the Komarevo Fm at Chudnite skali.

The next stratigraphic gap. marked by the sharp
boundary between the Komarevo Fm limestones and
Beloslav Fm sandstones encompasses a part of NP8
zone and the entire NP9 zone, which 15 supported
by the identification of Rhomboaster bramletiei 1n a
clayvev interhed at the base of the Beloslavy Fm. The
occurrence of this species indicates the lower bound-
ary of NP10 zone.

The lower boundary of NP11 zone 15 drawn by the
FO of Tiibrachiatus orthostyius recovered from the

glaucomtic levels i the upper part of the Beloslav
Dikilitash Fms (Fig. 5.93).

The lower boundary of NP12 zone 1= perfectly marked
by the first and abundant cccurrence of Discoaster [o-
doensis at the base of the calcareous claystones of the
AvrenFm The determmation of Discoaster furkyensis
and D mirus i the upper part 15 mdicative of the pres-
enice of NP13 zone and its lower boundary is marked
by the extinction of Tribrachiatus orthostvius.

The lower boundary of NP 14a zone 15 fixed by the FO
of the species Discoaster sublodoensis i the high-
est levels of the Avren Fm, 2 m below the boundary
(transgressive angular unconformity) with the con-
glomerates of the overlving Obzor Fm.

Poorly preserved, but paleontologically idenufiable
characteristic species are distinguished in the first
metres of the Obzor Fm, m the ailty-clayey interbeds
among the sandstone beds: Dictvococcites scrippsae,
Helicosphaera salebrosa, Reticulgfenestra spp. Thetr
co-occurrence defines the NP16-WNP18S mterval 1e
middle Eocene to base of upper Eocene.

The acquired biostratigraphic data indicates that the
so-called ,Ilyrian unconformuity™ (Illynan tectonic
phase) 15 likely manifested in this section, between
the Avren and Obzor Fms.

Stratigraphic range. The section covers the up-
per parts of the Maastrichtian Stage (Asparuhovo
Fm. CC25c zone), the middle and upper portions of
Danian Stage (“Mezdra™ Fm_ NP2-3 and NP4 zones),
the entire Selandian Stage (“Kailaka™ Fm_ NP3-NP§
zones), the middle part of the Thanetian (Komarevo
Fm_ NP8 zone), the entire Ypresian Stage (Beloslaw/
Dikalitash and Avren Fms. NP10-14a zones) and the
upper part of the muddle Eocene — Lutetian Stage,
(Obzor Fm, NP16-18 zones).

Bardarevo

The section is located in the ravine west of Bardarevo
village, Vama District, and crosses the Golitsa hill
from the north southivards (Fig. 5.94). It 1s traced
from the lugh parts of the ravine down to the Solnik-
Golitsa road, ending south of this road with the last

outcrops in the river bed by the village cemetery.

Fig 592 Clast-supported conglomerate with rounded

clasts of zedimentary and volcanie rocks, gradually
passing to coarze grained sandstones (Obzor Fm)
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Fig. 5.94. General view of the middle part of the succeszion
in the section west of Bardarevo village — Sveti Atanas Fm

A coarse-clastic sequence 15 exposed at Bardarevo
with no analogue in the region of the East Fore-Bal-
kan It occurs with sharp unconformity over Upper
Cretaceous (Turonian) limestones and 15 covered,
through gradual lithological transition, by sandstones
of the Svets Atanas Fm Here 1t 1s informally called
the Bardareve Member of the Svett Atanas Fm. how-
ever, it needs to be traced and formally nominated
according to the requirements of the Stratigraphic
Code of Bulgania. The Bardarevo Member 15 repre-
sented by megabreccias with floating blocks, ranging
i size from several centimetres to 2-3 m, in clayey to

N

silty matrix (Fig. 5.95). Conglomerates, gravels and
breccia-conglomerates are observed at different lev-
els. Clasts consist of mucrinic limestones, red-coloured
dolomites (Triassic?), grey clavey limestones, quartz-
ites and quartzitic sandstones (Jurassic?), volcanic
rocks (Upper Cretaceous), reefal limestones and sand-
stones. Moreover, no clear bedding was noted — the
clasts are chaotically disposed and the sediments may
be interepreted as deposited by debns flows. To the
north of the Solnik-Golitsa road, in the upper part of
the section, gradual lithological transttion to the Sveti
Atanas Fm sandstones was observed.

South of the Solnik-Golitsa road, the uppermost parts
of the section are tectomically complicated and a large
block of Byala Fm (thin alternation of marls and clay-
ey limestones) over 20 m thick, appears to be inserted
(slumped?) among the sandstones of the Svet1 Atanas
Fm (Fig. 5.97).

Biostraticraphy. Calcareous nannofossids are rela-
tively rare in the matrix of the breccias and conglom-
erates. Low abundance but characteristic associations
are recorded for five samples (Fig_ 5.96). The presence
of Fasciculithus tympaniformis, F spp.. Coccolithus
cavus and Prinsius dimorphosus indicate that the
coarse-clastic sediments are upper Paleocene, Thane-
tian, NPB-97 zone. Paleontological evidence on the
age of this coarse-clastic breccia-conglomerate unit,
named here the Bardarevo Member of the Sven Ata-
nas Fm, were obtained for the first time 1n this study.

Fig 3.95. Bardarevo Member — megabreceia with clasts {several em op to 2-3 m in zize) floating in clayey-silty matrix
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Fig: 5.97. Large block (> 20 m in size) of Byala Fm, inserted (slipped) into the sandstone of Sveti Atanas Fm

Rhomboaster spp., Discoaster binodosus and Tribra-
chiatus arthaostius have theiwr co-occurence i the over-
lning sandstones of the Sveti Atanas Fm. This assocta-
tion corresponds to the lower Eocene, NP10-11 zone.

Shghtly richer and better preserved associations are
recovered from the uppermost portions of the succes-
sion, above the inserted block of the Byala Fm Thesze
contain Discoaster lodoensis, Toweius gammation
and Sphenolithus radians, mdicative for NP12 nan-
nofossil zone (Fig. 5.96).

Stratigraphic range. The range of the section 13 upper
Paleocene, Thanetian stage, WP8-9 zone — lower Eo-
cene, Ypresian Stage, NP12 zone (Fig. 5.96).

Kozichino

The section starts 1n the gully south of Kozichino vil-
lage, Burgas District, where the most complete lower
parts of the sequence crop out (Fig. 5.98). Tts upper
parts are exposed along the ravine north of the village
(Fig. 5.102).

-

Fiz 5.98. Section near the village of Kozichino, Burgas

District — lower parts of the suceession in the ravine zonth
of the village

Fig 590 Fine-grained thin rhythmic torbidites in the
oppermost part of the Kozichine Fm



Fig. 5.100
overlying Kozichinp Fr in the ravine south of the village;
boundary i lower half of photograph

The outcrops around Kozichino have been explored
by Savov et al. (1956f) and Kanchev (1993a). dur-
ing various stages of geological mapping. The section
was studied also by Stancheva (1961) and Vangelov &
Sinnvovsky (2001). The exposure of the K/T bound-
ary in the ravine south of Kozichino has been pro-
claimed a protected geotope by Sinnvovsky (2003).

Lithologically, the section 15 built up by thin-bedded
rhythmic turbidites of the Emine Fm succeeded by
coarse-clastic sediments of the Kozichino Fm. The
topmost part 15 represented by the thick-bedded sand-
stone formation.
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base of the Kozichino Fm in the ravine south of the village

The base ofthe succession reveals a thin-bedded thyth-
mic altemnation of sandstones and marls. referred to
the Emine Fm_ Sinnvovsky (2007) distinguished three
Upper Maastrichtian zones — CC25b Lithraphidites
quadratus, CC25c Micula murus and CC26 Micula
prmnsit, accurately locating the K'T boundary. The lat-
ter 15 marked by a 4 cm dark colered clavey laver,
occurring in the uppermost part of the Emine Fm_ The
boundary between the Emine and Kozichimo Fms 15
beautifully exposed in the gully south of the village
(Fig. 5.100). Tt 1s lithologically sharp, reflecting prob-
ably a short-term break of sedimentation and change
1 the depositional environment.

i

Fig 5102 Section near the village of Koziching, Burgas District —upper parts of the succession in the ravine aorth of the village



Fig 5.103_ Left — cross stratification in the sandstones and gravels of the Koz

p

W

chino Fm in the ravine north of the village:

Right — grey limestone beds with cherty concretions within the Koziching Fm in the ravine zouth of the village

The basal part of the Kozichimo Fm comprises a bed
of calcareous sandstone, 2 m thick (Fig. 5.101), over-
lain by light-grey limestones with fhnt concretions.

The main portion of the section 15 composed of al-
ternations between thick-bedded medium- to coarse-
gramned sandstones, passing into. gravels and pebble
conglomerates. Cross bedding 1s locally observed (Fig.
5.103). Thas part of the sequence 1s best exposed along
the ravine north of the village. Beds of grey lime-
stones — fine-grained or mucritic, with or without chert
concretions, are observed at different levels here (Fig.
5.103). In the upper parts of the Kozichmo Fm, a pa-
cket of medim-bedded limestones with abundant fint

o i

e e A

i -_. - =3 e - i "'.“k‘lh,_ .. = _-_\“_

Fig 5.104. Gradual lithological transition between the Kozichino Fm and the overlying thick-bedded sandstone formiation

nodules occurs. The topmost part of the section con-
sists of fine-gramed thin-rhythmic turbidites that rep-
resent a gradual lithological transition to the overlymg
thick-bedded sandstone formation (Fig. 399, 5.104).

Biostratigraphy. The nannofossil assemblage from
the base of the section (marls of the Emune Fm) 15 ex-
ceptionally abundant and diverse, perfectly preserved.
Tt 1z not described here since it represents associations
of the Upper Maastrnichtian — Micula muris and Mi-
cula prinsit zones. Dastinctive, although not abundant
azsociattons, have been recorded i the coarse-clastic
sediments of the Kozichino Fm and particularly in the
limestone and marlstone-clavey mterbeds.

.. s ; .!.. - S T - _ &
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zaction near KRozichino by calcareous nannofossils

Fiz_ 5.105. Biostratieraphic subdivision of the
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The biostratigraphic subdivision of the section 15
shown on Fig. 5.105. The identified assoctations cor-
respond to five nannofossil zones — four m the Daman
(WP1 to NP4) and one 1n the Selandian (NP3

The last Maastrichtian zone Micula prinsit 15 docu-
mented by a distinctive and diverse nannefossil as-
sociation, comprising Micula prinsii, among others.

The Cretaceous Tertiary boundary 15 marked by a 4
cm dark coloured marlstone layer, situated 1n the up-
permost part of the Emine Fm (Smnvovsky, 2003).
Immediately above 1t, within the lower parts of NP1
zone. the nannofossil associations become rather im-
poverished. Nevertheless, the characteristic species
Cyclagelosphaera alta and Biantholithus sparsus, as
well as representatives of abundant “survivor™ species
Thoracosphaera operculata, T savea and Braaru-
dosphaera bigelowii have been identified (Fig. 5.105).

The lower boundary of zone NP2 15 traced by the FO of
Cruciplacolithus intermedius. The FOs of Coccolithus
cavus, Futvania petalosa, Cruciplacolithus tenis,
Prinsius dimorphosus and Placorygus sigmoides are
also marked in this zone.

The lower boundary of NP3 zone 1z set by the FO
of Chigsmolithus dawicus. Moreover, the FOs of
Neochiastorygus modestus and Prinsius martinii are
noted 1n this zone as well.

The lower boundary of NP4 zone 15 drawn condi-
tionally by the FO of Cruciplacolithus subrotundus
{due to the absence of the index species Ellipsolithus
macellus).

The lower boundary of NP5 zone 15 fixed by the FO of
Fasciculithus tympaniformis at the base of the packet
of thin-thythmic fine-grained turbidites (Fig. 5.105).
It is characterized by a nich association. dominated
by representatives of the gemus Fasciculithus — F
nmﬂfmmﬂ F =pp., LFIFTG_,!H}C:EHILS' Biflii, L. wlii
Bomolithus elegans and Heliolithus cantabriae are
also present, however in the upper part of the zone.

No nannofossils have been recovered from the sam-
ples in the thick-bedded sandstone formation.

Stratigraphic range. The full range of the section 1s
Upper Cretaceous (Upper Maastrichtian, CC26 zone)
— middle Paleocene (Selandian. NP3 zone).

Emona
The section starts 1.5 km north of Emona village and

15 traced in the road cut along the dirt road between
Emona and Irakl

It was mvestigated for the first time as a continu-
ous section across the Cretaceous Tertiary boundary
bv Sinnyovsky and Stovkova (1995). Subsequently
Stovkova and Tvanov (2002a. b; 2004a) published
a detailed nannofossil biostratigraphy. as well as
sequence stratigraphy subdivision of the section.
Sinnyovsky (2004a) performed nannofossil zonation
and clanfied the stratigraphic range of the Emine Fm,
studving it in 5 sections located around Cape Emine
and Emona village.

Thin-bedded rhythmic turbiditic alternations of cal-
careous sandstones, siltstones, silty marls, clayey
marls and calcareous clays, referred to the Emune
Fm crop out. The finest-gramed and thinmest-bedded
rhythmic portion of the turbidites 15 located in the K'T
boundary inmterval Thin lavers of limestones and cal-
careous clavs, entirely built of nannofossil skeletons
are observed here. The quantity of the clastic compo-
nent increases at the base of the section as well as in
its upper part — manifested by increasing thickness of
the sandstone beds in the rhythms (Fig. 5.106). The
sediments revealed in this section are interpreted as
deposited in the deepest axial parts of the basin (hasin
plain — Stovkova & Tvanov, 20023, b; 2004a).

Biostratigraphy. The section has been sampled in
detail with analysis of nannofossil compesition in
33 samples — 16 1 the Upper Maastrichtian and 17
i the Dantan Stage (Fig. 5.106). The nannofiora i
the limestones and the marly-clayey portions of the
rhythms in the Emine Fm is extremel‘r abundant and
diverse. excellently preserved. Fifty-nine (59) spe-
cies of calcareous nannofossils have been determined
(Fig. 5.106). The contmuous sequence of nannofos-
sil zones from the Upper Maastrichtian to the Lower
Danian_ including CC 25b, CC25¢c, CC26, NP1, NP2
and NP3 zones has been documented.

The Upper Maastnichtian nannofossil zone CC26
Micula prinsii 1s evidenced by a nich and abundant as-
sociation. Its lower hcmndarj. is set by the occurrence
of the index species Micula prinsii. Nephrolithus

frequens and Ceratolithoides kampmeri considered

essential for the correlation. are observed as well in the
section. The measvred thickness of the zone 15 27 m.

The KT boundary 1s established at the base of a light-
orey laver of calcareous clavstone (sample E-12).
The FOs of Cyvelagelosphaera alta and Biantholithus
sparsus are detected at this level. The associations of
NP1 zone are dominated by abundant Thoracosphaera
operculata, T savea and Braarudosphaera bigelowii.
The FOs of species Neocrepidolithus dirimosus (+0.6
m), Neobiscutton romeinti (4.0 m), Cruciplacolithus
primus (+8.7 m) are prectsely pinpointed in the frame
of this zone.
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v calcareous nannofossils

graphic subdivizion of the section near Emona. Burgas District, b

Fig. 5.106. Biostrati

} and the completeness of the biostratigraphic
hic zones 15 sionificantly oreater — about 4

record. Besides, the thickness of the indrvidual bio-

This 1z supported by both the facies of the sediments
(thin-rhythmic turbidites from the outer part of the

fithus asymmetricys  fan

The lower boundary of NP2 zone 15 traced by the FO of
Cruciplacolithus tenuis 1n sample E-13 (Fig. 5.106).
and Coceolithus cavus 15 documented within the zone.

The occurrence of Cruciplace

stratiora

4

tumes oreater than the ones in the shelf maroin sec-

Upper
5 zone) — low

B
ks

tions.
d
ic range. The range of the section 13

‘gus modestus. The section at Emona  Srrafigraph
demonstrates a contimuous succession across the K'T  Cretaceous (Upper Maastrichtian, CC

lc1s an

r of WP3 zone 15 et by the FO of

W

Neochiastozy

boundary, deposited i 2 deep water environment.  er Paleocene (Daman Stage, NP3 zone. Fig. 5.106).

Chiasmolithus danicus m sample E-19 (Fig. 5.106)

followed by FOs of Prinsius miartinii, P bisu

The lower boun
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107-5.108). Most hik

Atanas Fm) are observed at Mona Petra Cape (Fig.
5.109). Moreover, gravel beds and lenses of peb-

ble conglomerates are also noted. The extraclasts of
clayey limestones and marls, possibly from the Byala

vsch sediments of the Emine Fm  Fm, located to the north, occur as a very characteristic

are thrmsted onto the overturned southern limb of the

Excellent outcrops of coarse-gramned sandstones with

typical spheroidal weathering

Obzor Syncline composed of sandstones of the Sveti
Atanas Fm (Figs. 5

0 m south of Mona Petra Capeand  placement amplitude is
by thin-thyth-

3

=

stones and silty marls, referred to the Emme Fm It
crops out south of the Mona Petra dislocation (fault)

mic turbiditic alternations of gravels, sandstones, silt-
along which the fi

1s traced to the north along the coast It ends at the
southern entrance of Obzor Beach. Burgas District.

The base of the section 1s represented

Mona Petra

The section starts

component (Fig. 5.110).
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8 Balkan Mts, Kamchia Depression N
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Fig 5.107. Stmctoral crosz-zection (8 — W) between Emine

In the lower parts of the section the coarse-gramed
sandstones alternate with clayey sands and thin marly
interbeds (Fiz. 5.109). In the upper parts, large-scale
cross bedding with erosional lower bed surfaces are
noted.

Biostratigrapiy. The results of the nannofossil in-
vestigation and the biostratigraphic subdivision of
the section are shown in Fig. 5.111. The lowermost

—-- o
ok L'ﬂ*f{ltw

SUPTE

1.5 times vegtical cxageeration

Cape and Varna (after Sinclair etal | 1997)

parts of the section representing the uppermost strati-
graphic levels of the Emune Fm, comprise abundant
nannoflora, referred to the Thanetian NPS zone.
It 15 proved by the co-occurrence of Helinlithus
riedelii, Fasciculithus mitreus, F tympaniformis and
Neachiastozygus junctus.

The lower boundary of NP2 zone 15 fixed by the
FO of Discoaster multiradiarus. The following taxa

Fiz_ 5.108. Mona Petra dislocation — the Emine Fm torbidites are faulted and thmst over the overtumed southern limb of
the Obzor Syncline
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are also present mn this zone: Discoaster elegans, D
salishurgensis, Fasciculithus fenesmellatus, Zygodis-
cus bramlertei and Heliolithus universus.

No nannofossils have been recovered from the matrix
of the coarse-grained sandstones of the Svett Atanas
Fm_ but only in the clasts of clayey hmestones, which
proves their onigin from the Byala Fm limestones.

Stratigraphic range. The range of the section 15 upper
Paleocene (Thanetian Stage, NP3 and NP9 zones) —
lower Eocene (Ypresian Stage, zone 7, Fig 5.111).

Obror-Meshelika

The section 1s traced along the coastline from the
southern entrance of the beach i Obzor, Meshelika
locality, to the north, reaching the central entrance
point of the beach This 1s the tyvpe section of the
Meshelika Member of the Gebesh Fmo

A part of the section south of Obzor has been stud-
ied by Aladjova-Hnscheva (1985) who identified a
shallow—water forammiferal fauna — nummulites and
assiling — in the olistostromes. When descrnibing the
Dvvonitsa Fm, Juranev and Pimpirev (1989) also
mentioned the olistostromes south of Obzor

Fiz 5.112. Obzor — Meshelila section, Burgas Distriet
— chaotically distributed blocks, Hoating in silty mafrix —
Meshelika Member of the Gebesh Fm

144

Thick indistinctly poorlv-bedded siltstones, silty and
clavey marls are exposed. Large blocks (2-3m) of var-
ious sedimentary and volcanic rocks float chaotically
in them: thm-bedded rhythmic turbidites, large slabs
of limestone with nummulitids and clavey limestones
and marls (Fig: 5.112-3.114). Smaller rounded sand-
stone clasts (to several centimetres across), quartzitic
pebbles and volcanics (Late Cretaceous 1 age — from
the Srednogone region, Fig 5.113) are also present.
The conglomeratic blocks and lenses are developed at
several levels in the sequence — at least 4 or 5 levels
have been noted. The limestone and coarse-gramned
sandstone beds contamn abundant shallow-water fau-
na: opummulitids, gastropods, echinoids and bivalves,
wrregularly dispersed among biodetritic and clayey
matrix. The actual thickness of the section 1s difficult
to measure but 1s 1 the range of 250-300 m.

Tt 15 assumed that these sediments have been formed at

Fig. 5.113. Obzor — Meshelika section, Burgas District
— clasts of rounded sandstone, quartz cobbles and Upper
Cretaceous volcanic rocks

Fig. 5.114. Obzor — Meshelika section Burgas District —
clasts of limestone with nummulitids, clayey mestons

and marl
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Fig. 5.116. Sveti Atanas section — light beige_ grey-
greenizh and pinkish marls of the vanegated marl-clayey
formation. building the base of the succession

the foot of the basin slope as a result of deposition of
massive debns flows and slumps. The shallow-water
sediments, chaotically floating in them_ have resulted
from destabilization of the already consolidated sedi-
ments at the margin of the carbonate platform to the
north. Voleanic rocks from the Srednogorie region
form a minor component of the clasts; these have a
provenance from the south.

Biostratigraphy. Calcareous nannoplankion have
been identified 1n both the matnx of the coarse-clastic
sedmments (silty and clayey marls) and the chaotically
yumbled clasts. Considenng the latter, 1t may be quite
certainly concluded where the source material for
the debnis flows has come from, namely thin-bedded
rhythmic turbidites (Gebesh Fm, the clasts are aged
NP12-13), limestones with nummulitids (Dikilitash-
Aladan Fm, the clasts are aged NP12-14a) and clavey
limestones and marls (Bvala Fm, the clasts are aged
NP3-4).

The major thickness of the succession is referred

Fig. 5.117_Sveti Atanas section — silty and sandy marls with
thin intercalations of sands and detrital sandstones, enriched
in Fe-hvdroxides — a transition to the Sveti Atanaz Fm

to the lower Eocene NP12-13 zones The identi-
fied association includes species occurring i both
zones; Discoaster lodoensis, Sphenolithus radians,
Helicosphaera lophota and Toweius gammation. The
only taxon exhibiting a shorter range in NP13 zone
is Discogster broennimannii, wentified in the upper
parts. However, it could not be used for precisely lo-
cating the NP12/NP13 boundary.

The highest parts of the section are assigned to the
nannofossil zone NP14a Its lower boundary 1s clearly
fixed by the FO of Discoaster sublodoensis, detected
1 the last two samples.

Stratigraphic range. Upper parts of the lower Eo-
cene (Yprestan Stage), nannofossil zones NP12-13 1o
NP14a (Fig. 5.115).

Sveti Afanas

The section starts at the southern end of Byala beach
(Shelborun locality), and 1s traced along the shoreline

Fig 5118 Sveti Atanas section — pravels and pebble conglo-
merates at the baze of massive thick sandstone packets
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Fig 5110 Bhythmic alternation of sandstone. siltstone,
marl and clay —so-called “Gebesh facies™
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Fig. 5.120. Biostratigraphic subdivizion of the section at Sveti Atanas Cape, Burgas District by calcareous nannofozsils



Fig 5.121. Sveti Atanas iEftl-l.‘.ln — rhythmic elternation of
sandstone, siltstone. marl and clay — Gebesh Fm

to Cape Sveti Atanas and south of it to the large hotel

complex Sol Luna Bay (former Luna Camping), north
of Obzor.

The upper parts of the section (located between Svent
Atanas Cape and Sol Luna Bay) are described as the
type section of Dvoynitsa Fm by Juranov and Pum-
pirev (1989).

The base of the sequence exposed at the southern
end of Byala Beach (Shelborun) i1s occupied by a
thin-bedded rhythmic alternation of light-beige, grey-
greemish and pink colored marlstones, clavs and cal-
careous clays (Fig. 5.116), referred to the vanegated
marl-clavey formation Up section, the marlstones
pass to silty and sandy marls, with thin interbeds of
sands and detritic sandstones, enriched with ferrugi-
nous hvdroxides (Fig. 5.117). This represents a rapid
lithological transition to the overlying sandstones of
the Sveti Atanas Fm (Dvoynitsa Group).

The lower part of the section 15 compesed of thick-
bedded. coarse- to medium-gramed amalgamated
sandstones (approximately 100 m thick). They are
poorly sorted, as quartz grams and clayey matrix
prevail. Beds (0.5-1.0 m thick) of gravels and peb-
ble conglomerates and breccias are usually seen at the
base of the massive sandstone packets (Fig. 5.113).
They contamn many rounded clasts of volcamc rocks
as well as angular clasts derived from the Byala Fm.
Spheroidal (ball-shaped) weathenng has been ob-
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served. Thin interbeds of siltstones and silty marls
rich in plant debns are present among the sandstone
beds and packets.

Alternating siltstones and silty and clayey marls over-
lie the last sandstone packet on the southern side of
Sven Atanas Cape (outcrops in the hill near Chaika
Restaurant). It 13 about 20 m thick, compnising abun-
dant nannofossils finds. These are overlam by 24 m
of thin-bedded rhythmic altemnations of grey clavey
limestones and marls; some beds are dark-brown to
black in color.

The middle and upper parts of the section are com-
posed of magmficently expressed thin- to medum-
bedded (10-40 cm) rthythmic alternations of sand-
stones, siltstones, marls and clays (Fig. 5.119, 5.121)
— the so-called “Gebesh facies™ (Pollak, 1933). The
lower bed surfaces of the sandstones display sole
marks (paleotransport direction to the south-east),
hioturbation, ichnofossils, etc. typical of turbidites.
The described sequence 1s over 200 m thick and 1= as-
signed to the Gebesh Fm (Dvoynitza Group).

Biostrarigraphy. Calcareous nannofossils are record-
ed throughout the whole succession, in the fine-grained
sediments — marls, calcareous clays and clayvey lime-
stones. The abundance and preservation state of the nan-
nofossils vanes from poorly preserved and rare (Svett
Atanas Fm) to abundant and very well preserved (the
clayvs of the vantegated marl-clavey formation and the
clavey portion of the thythms of the Gebesh Fm). The
biostratigraphy is shown on Fig. 5.120. The identified
associations correspond to the lower Eocene NP12-13
zones as the two zones could not be separated due to lack
of charactenistic species. The concomutant occurrence
of Disocaster lodoensis and Tribrachiatus orthostilus
i1 all analysed samples mplies NP12 zone to be more
plausible. On the other hand, these are turbidites and re-
working is very common (it 1s the rule rather than the ex-
ception), therefore THbrachiatus orthostylus mmght have
been reworked mn the upper part of NP13 zone.

Stratieraphic range. NMiddle parts of lower Eocene
(Yprestan Stage), nannofossil zones NP12-13 (Fig.
3>120)

Byala 2b

The section 15 located 1n the northern end of the beach
in Byala, Varna District. Tt starts some 0.8 km north of
the central entrance of the beach, at around 30 m north
of the large tectomc fault (Fig. 5.122) and 1s traced
along the shoreline cliff, south of the last thick lime-
stone bank (Fig. 5.126). This section reveals the most
complete sedimentary succession, outcropping in the
Byala region.



The region of Byala shows evidence of intense tecto-
nics and the section has been sadied in 5 separate blocks
that were further accurately correlated and tied, using
biostratigraphy and cyclostratigraphy (Fig. 5124}

The Bvala 2b sectton has attracted a remarkable
amount of attention from many Bulgarian and foreign
researchers m the last 30 vears, after the Cretaceous/
Tertiary boundary clay layer (Fig. 5.123) was discov-
ered and proved for the first tume in Bulgaria (Stovko-
va & Ivanoy; 1992).

A series of studies, discussing the biostratigraphy
of the boundary interval were published (Stovkova
& Ivanov, 1992, 2002a; Ivamov. 1993b; Lvanov &
Stovkova, 1994; Rogl etal., 1996; Stovkova & Ivanov,
2004a). In addition. many studies have been carried
out on other aspects of the K'T boundary: cyclic and
event stratigraphy (Preisinger, 1994; Sinnyovsky,
2001a; Stovkova & Ivanov, 2002b; Adatte et al_
2002; Prewsinger et al., 2002; Dinarés-Turell et al
2006, 2010, 2012); bioevents of the boundary (Tvanov
& Stovkova, 1994; 1995; Stovkova et al, 2000;
Stoykova & Ivanov, 2002a, 2004a); mineralogy and
geochenmstry (Preisinger et al.. 1993a; b; Kostov &
Tsankarska 1997; Adatte et al | 2002); and magneto-
stratigraphy (Preisinger et al., 1993a; 2002; Dinarés-
Turell et al._ 2006, 2010, 2012, 2013a).

Ehythmic alternation of limestones and marls (thick-
ness of the beds varymng between 0.1 and 0.5 m),
intercalated with thicker marlstone packets (several

Fig. 5.123. Bouadary black clay layer at Byala 2b section

tens of metres thick) are perfectly exposed. On fresh
surfaces the rocks are colored grey to light-greyv and
on weathered ones almost white. The marls are whit-
1sh, indistinctly bedded. massive or thin-layered. The
limestones are white to light-grev, solid and medium-
bedded. The limestone-marl ratio differs with strats-
graphic level The marls prevail in the Upper Maas-
trichtian portion of the section (Fig. 5.125), while the
clavey imestones dominate i the muddle part of the
Danian Stage (Fig. 5.126).

The /T boundary 1s lithologically marked by a dark-
brown to black clayey layer, 2-4 cm thick Tt1s used as

Fig 5.122. General view of the lower part of the succession in the Byala 2b section. The pozttien of the KT boundary iz
marked by red line
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Fig. 5.125.Byala 2b section — general view, with marked position of the K/'T boundary (red line)

an anchor point for the section and 1s designated as 0
m. whereas the levels above and below are indicated
by (—m) and (-m), respectively. The base of the clayey
laver (the lowermost 3 mm) contains mcreased con-
tent of iridium, cobalt and nickel, as the indium peak
reaches 6.1 pph (Preismnger etal , 1993a).

The Paleocene part of the sequence magnificently
demonstrates orbitally forced precession and eccen-
trictty cychety (Milankovitch cyclicity). The preces-
sionl cycle mcludes a couplet of marl/limestone beds,
its thickness varving from 15 to 45 cm and the aver
age penodicity 15 ~ 21 kyr The eccentnicity cycle ap-
pears as a group of 4-6 couplets, the thickness ranges
from 0.6 to 2.0 m with average peniodicity of ~ 100
kvt More details on recently developed cyclostratig-
raphy of the section are presented herem in Chapter

8 “Global Events™ (Dinarés-Turell et al . 2006, 2010,
2012, 2013a. b; 2014).

Biosrratigraphy. The hostratigraphic subdivision of
the section bv calcareous nannoplankton is svnthe-
stzed 1 Fig. 5.127. The nannoflonstic: associations
are diversified — more than 100 species have been de-
termined; however, the preservation varies from poor
(near the K T boundarv) to moderate (in the Upper
Maastrichtan and Upper Dantan).

Zones CC25c Miucula murus and CC26 Micula
prinsiit documented by rich nannofossil associa-
tions, are evidenced in the Upper Maastrichtian The
lower boundary of CC26 zone 1s traced by the FO of
Aicula prinsii m sample B2b-8 at -17 m below the
E'T boundary.

= ,P:f*""h-._

Fig 5.126. Byala 2b zection — general view of the Pateocene (Danian)) portion of the snccession, with beantifully
expressed orbital cyclicity. The last prominent limeastone bank marks the top of this section



The nannofossil assemblage in the clavey layer, mark-
ing the KT boundary is rather poor in species. Rare
fracments of the _survivor™ species Thoracosphaera
operculata and Braarudosphaera bigelowil are en-
countered.

The first occurrence of the species Cyvelagelosphasra
alta and Bigntholithus sparsus 13 noted mmmediately
above the clayey layer, at the base of the first Da-
man NP1 zone. Successive FOs of Cruciplacolithus
primus (+-1.80 m), Fuvania peralosa (+2.00 m) and
Neobiscutum romeinii (+4.20 m) are documented
within this zone.

The lower boundary of NP2 zone 15 drawn by the FO
of Cruciplacolithus intermedius at +5.00 m above

the K/T boundary. The zone 15 around 8 m thick
with a number of newly appeanng species 1dentified:
Cruciplacolithus tenuis, Coccolithus cavus, Prinsius
dimorphosus, Cruciplacolithus  asymmetricus  and
Ericsonia subpertusa (Fig. 5.127).

The lower boundary of NP3 zone 1s fixed by the FO
of Cruciplacolithus edwardsii at +13.00 m above
the KT boundary. The precise thickness of the zone
could not be calculated because the highest located
samples in the studied block remain within NP3 zone;
in aty case it exceeds 28 m. The FOs of Prinsius
martini, Chiasmolithus danicus and Neochiastorygus
modestus are present in this zone. It 15 worth noting
that the FOs of Neochiastozygus epsaepes, N saepes
and N imbriei are recorded in the uppermost part of
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the zone, shightly below the boundary with the next
NP4 zone.

The lower bhoundary of NP4 zone 15 traced by the
FO of the mdex Ellipsolithus macellus. This spe-
cies 1s relatively rarely seen 1n the associations due
to 1ts delicate morphology; 1t may be identified only
in very well-preserved associations. In the absence
of the index, the appearance of Neochiastozygus
eosaepes, N. saepes and N imbriei may be suc-
cessfully used for approximation of the NP3/NP4
boundary. In the muddle part of zone NP4, the FO
of the representatives of the genus Sphenclithus —
Sphenoiithus spp. and Sphenolithus primus occur
The first occurrence and common development
of species of the genus Fasciculithus, as well as

the occurrence of Neochiastezvgus perfectus and
Chiasmolithus bidens have also been identified in
the upper part of the zone, several metres below the
boundary with NP5 zone.

The lower boundary of NP5 zone 15 fixed by the FO
of Fasciculithus nympaniformis ymmediately above
the fast thick limestone bank (Figs. 5.126, 5.130).
The contimuation of the succeszsion above thiz banle
mcluding NP5 to NP9 zones, i1s described below as
Byala 4 section.

Stratigraphic range. The section encompasses the
umnterrupted sedimentary sequence from the Upper
Maastrichtian (zones CC25¢, CC26) to the Upper Da-
mian, NP1 to NP4 zones (Fig. 5.127).
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Bvala 4 (upper part)

The section. herein designated as Byvala 4, mncludes
the upper part of the sequence exposed at Byala and
represents a continuation of the Byala 2b section.

It starts above the last thick limestone bank of the By-
ala 2b zection. at the northern end of the beach, and
can be traced n almost continuous exposures along
the beach (Fiz. 5.128). The section has been studied
and published on by Stovkova and Ivanov (2006a, b).

In the uppermost parts of the Byala Fm (the last 12-
15 m) a substantial change of lithology 15 registered
— a sharp drop of the carbonate content and domina-
tion of marlstones and clays. Limestone-marl cycles
{periodites), although not very clear, are observed in
the lower and middle parts of this interval. The up-
pemmost 4 m are built of grev-greemsh clavey marls
and greenish clavs with rare rusty-brown inclusions
or interbeds. This succession 1s preserved 1n a wedge-
shaped block immediately below the thrust surface
where Upper Cretaceous sediments are uplified and
thrust over the Paleocene (Fig_ 5.129)

The sharp Iithological change from predominantly
carbonate sedimentation tn the Damtan to marly-
clavev 1 the Selandian and Thanetian 15 interpreted
as a result of global climatic and eustatic events dur-
ing the middle and late Paleocene. These events have

Fig. 5.128. Byala 4 section — exposure of the claystone
and marls above the last prominent limestone bank
{Selandian NP6 zone). Black stick= 1m

been recently discovered and identified 1 a number
of hemipelagic sections in West Europe, as well as i
the Pacific and Atlantic Ocean {Bernaola et al.. 2006b,
2007).

Biostrarigraphy. All samples contain exceptionally
abundant, diverse and well preserved nannofossil as-
sociations. Biostratigraphic analvsis of all identified
taxa indicates a complete normal succession of nan-
nofossil zones from NP3 1o the uppermost parts of
NP9 (Fig. 5.130).

I:I Mo exposures

L{;::,% Upper Cretaceous deformed and thrusted marls

v

=

Alternation of marly limestones and
marls (periodites)

- Greenish and grey clays

e

Fiz 5.120. Byala 4 zection — sketch of the wedge-zshaped block with undiztnrbed stratigraphic succession below the fault

surface (after Stoykova & Ivanov, 2006a)
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The lower boundary of NP5 zone 1s marked by the
FO of species Fasciculithus tvmpaniformis, detect-
ed within the first centimetres of the marly-clayey
wterval, located above the thuck himestone bank.
The FO of two stratigraphically important species —
Neochiastozygus perfectus and Chiasmolithus bidens
1s fixed in the uppermost parts of the zone NP4, just
below the NP4/NP5 boundary. Rapid bloom and dom-
mnation of species of the genus Lithoprychius — L. ulii
L. jamii, L. billii and Fasciculithus tympaniformis 1s
charactenistic of the nannofossil association of NP3
zone. The lower part of the zone reveals the FO of
a species of the genus Heliolithus — H. cantabriae.
The first occurrence of Toweius eminens 15 observed
in the middle part. The thickness of the zone is in the
range of 2-3 m. and 1s probably tectonically reduced

by faulting.

The lower boundary of zone WP§ 15 marked by the ap-
pearance of Heliolithus Hempellii — an exceptionally
clearly marked bioevent, as the mndex H. Heinpellii 15
detected in super abundance in the sediments (hun-
dreds of specimens). A sertes of first occurrences of
charactenstic species such as Bomolithus elegans,
Sphenolithus anarrhopus, Zvgodiscus herlyni and
Bomolithus bramlettel is noted within this zone.

There is-a gap with no exposure, approximately 1-1.5
m thick (Fig. 3.129) that mav correspond to the sedi-
ments of zone NP7. This suggestion 15 supported by the

fact that the NP7 index species Discoaster mohleri 15
identified in the first sample of the overlying zone NP§.

The lower boundary of zone NP8 is set by the FO of
Helinlithus riedelii along with concomitant occur-
rence of Dicscoaster protomultivadiarus, Heliolithus
universus and Ericsonia robusta that also appear for
the first ime here. The nannofossil association of the
zone 13 domunated by representatives of the genus
Heliolithus (riedelii, universus), Fascicufithus (tonii,
schaubii, mireus, bwvolatus), Toweius (eminens,
pertusus), as well as Discoaster protomultiradiarus.

The lower boundary of zone NP9 1s fixed by the FO
of Discoaster muitiradiatus. Two nannofossil associa-
tions are clearly differentiated in lower and upper parts
of the zone. Discoaster multiradiatus and Discoaster
protomudtiradiatus co-occur in the lower association,
along with various species of Fasciculithus (alanii,
invelutus). The upper one 15 charactenzed by the FO
and bloom of Discoaster mediosus, D. falcatus, D.
limbatus, D. salisburgensis, D. elegans, D. anartios,
D mahmudii, Campylosphaera eodelaz and Trans-
versopontis pulcher: The identification of both asso-
ciations in the Byala section proves the completeness
of NP% zone. Tts thickness 15 around 2 m.

Stratigraphic range. Selandian and Thanetian Stage
of the Paleocene Senes. proved by the full range of
nannofossil zones from NP5 to NP9 (Fig. 5.130).

Fiz_ 5.131. General view of Byala 3'section — towo large overthmst slices_ with repetition of the K/T boundary interval
and the bonndary clay bed (marked with red line). Thmst plane marked with green line
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Byala 3

The section 15 located 2 km north of Byala and around
1.2 km north of the Byala 2b section, 1n a tectonical-
lv faulted block, with two slices, one thrust over the
other (North-vergent thrusts), resulting in repetition
of the K/'T boundary interval section (Fig. 5:131).

This section was described by Ivanov and Stovkova
(1994). Stovkova and Tvanov (2004a).

The boundary clay layer at this locality 15 thecker (3 to
6 cm, Fig 5.132) and marls dominate in the boundary
interval The exposed succession 15 referred to the Up-
per Maastrichtian and Lower Daman

Biostratigraphy. The sediments contain abundant
and drverse, well preserved nannofossil associa-
tions. A total of 47 species have been documented
that supports the biostratigraphic subdivision of the
section. Zones CC25¢ and CC26 are present in the
Upper Maastrichtian; respectively zones NP1, NP2
and a part of NP3 are determined in the Danian Stage
(Fig. 5.133).

The co-occurrence of Micula prinsii and Nephrolithus

[freguens in sample B3-61 help trace the boundary be-
tween zones CC25c and CC26. Here AMicula prinsii
and Nephrolithus frequens occur more frequently than
i Byvala 2b section.

The E/'T boundary 15 marked by a black clay layver
of vanable thicknesz — 1t becomes thinner or thicker,
forming lenses (Fig. 5.132). The FO of Biantholithus
sparsus and Cyelagelosphaera alta (+10 om) 1=
fixed immediately above the layer, followed by the
FOs of Neochiastozygus primithvus (+60 cm) and

Fig 5132 . Claybed 3 —6cm
thick (between the red arrows).
marking the K'T boundary in
Byala 3 section

Cruciplacolithus primus (+1.60 m). This section
also reveals abundant specimens of the “survivor™
Thoracosphaera operculata, which is the most com-
monly seen species in NP1 zone.

The lower boundary of NP2 zone 1s traced by the FO
of Cruciplacolithus mtermedius (+320 m) and of
NP3 zone — by the FO of Cruciplacolithus edwardsii
(Fig. 5.133).

Stratigraphic range. The contmuous seguence -
cludes the mterval from the Upper Maastrichtian
{zones CC25¢c, CC 26) to the Lower Daman, zones
NP1 to NP3 (Fig. 5.133).

Gorifsa

The section 15 traced in the westernmost ravine at
Gorntsa village, Varna District. It has been studied and
published on in relation to the K'T boundary and the
parallel zonation of the Paleocene (Stovkova et al,
2004, 2005a).

A continuous sequence from the Upper Maastrich-
tian to the middle Paleocene, Selandian 1s exposed,
around 65 m thick. The uppermost portions of the sec-
tion are faulted — a slice of Upper Cretaceous (Maas-
trichtian) rocks 1z thrust over Selandian sediments.
The /T boundary 1z detected by nannofossils and 15
designated at the reference level of 0 m (Fig. 5.134).

This section of the Byala Fm slightly differs litholom-
cally from the ones descrnibed along the coast near By-
ala by the fact that marlstones significantly predom:-
nate over clayey limestones. The clayey limestones
here are thin-bedded, rare layers among thick packets
of indistinctly bedded marls (Fig 5.135)
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Fig. 5.134. Clay bed. markmg the K/T bovndary in the
Goritsa section (marked with red line)

Biostratigraphy. Exceptionally nch, excellently pre-
served. abundant and diverse nannofoszsil associations
are detected. Over 70 species are documented 1n the
Upper Cretaceous alone. Species diversity sharply
drops immediately above the K'T boundary as a result
of the global event, but i the upper levels above NP1
zone 1t increases again and reaches high values i the
Upper Danian and Selandian

Zones CC25¢c and CC26 are recognized 1n the Upper
Maastrichfian and the lower boundary of each zone
15 traced by the occurrence of their index species —
Micula murus and Micula prinsii. respectively. Here
the occurrence of Nephrolithus frequens precedes the
FO of Micula prinsii, at around 10 m below the K/'T
boundary (Fig. 5.136).

The K'T bhoundary is litholosically expressed by
a dark-grey clay layver. 2-3 cm thick (Fig. 3.134)
The first occurrence of Cyeclagelosphaera alta 18
detected just above this laver marking the lower
boundary of the first Daman zone NP1. The nanno-
flora in this zone 15 poor and rarely encountered, as
Thoracosphaera operculata 15 the dominant species
along with Bragrudosphaera bigelowii and rare Cre-
taceous species. Although rare, Neobiscurum romeinii
and Cruciplacolithus primus are observed as newly

Fig: 5.135. Two thin beds of clayey imestone within thick
marlztone packet in the Goritsa section: lower limestone =
baze of NP2 zone, Byala Fm

occurrng species in the zone.

The lower boundary of the NP2 zone is set by the
FO of Cruciplacolithus intermedius at +2.0 m above
the KT boundary. A series of successive first oc-
currences of new species 1s recorded for this zone:
Prinsius africanus (+2.0 m), Fuhvania petalosa
(4.0 m), Prinsius dimorphosus (+4.0 m), Ericsonia
subpertusa (+5.0 m), Cruciplacolithus temuis (+6.0
m), Coceolithus cavus (8.0 m). The reworked (7)
Cretaceous species gradually decrease in number and
are observed even more rarely.

The lower boundary of NP3 zone 15 fixed by the first
occurrence of Cruciplacolithus edwardsii at ~14.0
m_ At the base of this zone_ a couplet of two beds of
clavey limestone occur (Fig. 5.135). Accelerated spe-
ciation continues within the zone as Chigsmolithus
damicus, Prinsius mortini and Neochiasiozygus mo-
destus appear.

Due to the lack of NP4 index Ellipsolithus macellus,
the lower boundary of the zone 15 traced by the FO of
Neochiastozygus eosaepes, N. saepes and N. imbriei
in a sample taken at +27.0 m above the KT boundary.
The spectes Neochiastozygus perfectus appears and
becomes abundant in the upper levels of this zone, 1m-
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Fig. 5.136. Biostratigraphic subdivision of the Goritza section, Varna Diztrict, by calcareous nannofoszils (after Stovkova

et al., 2004, 2005a)
mediately below 1ts boundary with the next NP3 zone.

The lower boundary of NP5 zone 15 marked by the
FO of Fasciculithus tympaniformis (at +34.0 m). In
the base of the zone 15 a group of species of the genus
Lithoptvehius — janii, billii and pileqrus, marking the
onset of the second radiation of fasciculiths (sensu Ber-
nacla et al., 2008). The first Heliolithus— H compabriae
appears i1 the middle of the zone, at +41.0 m.

In general. the nannofossil associatons m this section
are significantly more diversified and abundant com-
pared to the ones i the adjacent sections around Byala.

Stratigraphic range. A continuous sedumentary se-
guence encompasses the interval between the Upper
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Maastrichtian (zones CC235¢ and CC26) and the mid-
dle Paleocene (Danian and Selandian Stages, NP1 —
NP3 zones, Fig. 5.136).

C-30 Gorifsa

This description includes only a part of the section
penetrated with core barrel by the structural well C-30
Goritsa in the interval berween 100.0 m and 1300 m
depth. The well 15 located at 750 m north of Goritsa
village, Varna District.

The well section and the planktonic foraminifera stra-
tigraphy have been studied and published by Juranov
(1983, 1984, 1989). The core samples for nannofossil
content analysis (23 in number), have been provided
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Fig. 5.137. Biostratizraphic subdivision of the well C

penetrated in the interval 81.70 — 110.00 m These

r clavey limestones alternating with marls are

vy late colleague 5. Juranov.

by m

Since the well 1s located in a zone of mtensive tecto-

mics. it has

are referred to the Byala Fm Between 110,00 m and

130.00 m depth, the core consists of pink-grey, oreen-

penetrated several thrusts slices, some of

them overturned (Turanov, 1983, 1984, 1989). Simu-

ioned 1o the varnegated

greasy texture. They are assi

v marls and claystones. The lat-

ter are mdistinctly bedded. of massive structure and

marl-clavey formation.

ish to whatish clave

vs around Gorttsa (Stovkova et al_ 2004:

Stovkova et al,

lar stratigraphic relationships (thrust slices and slide
blocks) can also be identified 1n the natural outcrops

in the gull

20053).

h,

diverse and abundant, perfectly preserved nannofos-

.-

The well section reveals very ric

Ca

.

sil associations. Over 40 species are documented in
the Paleocene part of the section alone. The section i3

Biostrativrap

gated marls

ey formation

-

gated marl-clay

-

From top to bottom, the well penetrated clayey lime-

stones and marls of the Byvala Fm and varie
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considered unique by recording the lowermost strati-
graphic levels of the lower Eocene in the area, which
are poorly exposed in natural cutcrops. This is due
to the fact that the clayey marlstones breakdown rap-
idly mto soil when weathered and are easily covered
bv vegetation. Areas prone to shippmng and slumping
result and therefore only 1solated patches of bedrock
are exposed.

The nannofossil subdrvision of the section 15 shown
i Fig. 5.137. The interval from £1.70 m to 110.00
m in the Byala Fm vields a very rich and drverse as-
soctation, which corresponds to NP8 zone. It 15 de-
fined by the presence of Heliolithus riedelii, whereas
Heliglithus universus, H Heinpellii, H robustus,
Bomolithus megasivpus, Fasciculithus thomasii, F
siderius, F. involutus, Discoaster splendidus, Toweius
eminens and Calcisolenia aperta are also recorded.

The Paleocene-Eocene boundary 15 a tectomic distur-
bance, at a depth of 110.00 m Below 1t, i the m-
terval 110.00 — 127.00 m. another shice of marls and
claystones of the variegated marl-clavey formation 15
identified. where the normal succession of nannofos-
sil zones NP10 and NP11 15 evident (Fig. 5.137).

The existence of NP10 zone in the mterval 115.00
— 12700 m 15 based on the co-occurrence of
Tribrachiatus digitalis and Tribrachiatus contortus,
both having a very short range i the middle and upper
parts of the zome. The FO of Tribrachiatus orthostylus
13 detected in the upper part of NP10.

The lower boundary of NP11 zone 15 drawn by the
extinction (last occurrence; LO) of Tribrachiatus
contortus. The zone 15 evidenced to be present at two
levels: between 110mand 115 m and below 127 m (Fig.
5.137). A senies of concomitant FOs of species such
as Discoaster kuepperi, D. binodosus, Neococcolithes
dubiis and Chiasmolithus eograndis 1s documented
in the upper level of the zone (below 127 m).

The next tectonic disturbance within the sequence ap-
pears below the NP10 zone at a depth of 127 m_ where
the upper part of NP11 zone repeats.

Strarigraphic range. Upper Paleocene, Thanetian
P8 zone and lowermost parts of lower Eocene, Ypre-
stan, WP10-11 zones, m tectomically disturbed strati-
graphic order.

The sections m the East Fore-Balkan and Balkan
(Luda Kamchia Zone) reveal one of the most com-
plete sedimentary and event records throughout
Paleocene-early Eocene time within the terntory of
Bulgaria Their detailed subdivision using calcarecus
nannofossils provides new stratigraphic mformation
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and a number of new facts, which shed light on the
geological evolution of the area. The age of the con-
glomerates near Bardarevo (Bardarevo Member) has
been determined. the range of the thick-bedded sand-
stone formation revised. the “exotic conglomerate™ (=
Obzor Fm) —dated. It 15 worth noting that the majority
of sections represent continuous sedimentary succes-
sions, deposited in the deep part of the basm or on
the basin slope near the shelf margin The section at
Chudnite skali. where several breaks of sedimentation
have been identifiad, 15 the only exception, due to i3
spectfic location in the bastn — on the shelf margin.

Anocther specific feature of the studied sections 15 the
titensive post-depositional tectonism affecting the
sediments, resulting in frequent faulting, folding and
thrusting, along with repetition of the section {thrust
shices/faulted slices). The cormrelation of all studied
sections 1s presented on Fig. 5.138.

5.6. Eastern parts of the Moesian Platform

Paleogene sediments are of relatively limited distni-
bution 11 the eastern parts of the Moesian Platform,
compared to the vast areas in the East Fore-Balkan
and Balkan (Fig. 5.73). The main outcrops are com-
centrated along the margins of Vama, Provadia and
Shumen plateaus, where Paleocene and lower Eocene
sediments are developed. The gap in the sedimentary
record (hiatus) between the Upper Cretaceous and
Paleogene increases from south to the north, which 13
considered a regional trend.

Yankove

The section s located 3 km north of Yankovo willage,

Shumen District, north of Golvamata kanara and Mal-
kata kanara cliff (Fig. 5.139).

The Upper Cretaceous portion of the section has been
studied by Simnyovsky and Vangelov (2007). who de-
fined 1t as holostratotype section of the Yankovo Fm
(light-grey limestones with Orbirnides). Its range 1s
uppermost Campanian — lower Maastrichtian.

The exposed thickness of the Eocene sediments does
not exceed 15 m. The uppermost parts of the Upper
Cretaceous are represented by massive, medium-
to thick-bedded clastic limestones, referred to the
Yankovo Fm. They are overlamn, through sharp bound-
arv (parallel unconformity). by grey clayey stlts and
sandy marls and clays. These are poorly bedded, with
sandstone lenses with nummulitids 1n the upper part
(Fig. 5.140). At various levels, the marls are ennched
with glauconite. These sediments are assigned to the
Krnvnva Member of the Beloslav Fm.



Fig: 5.139. General view of the Yankovo section; Yankovo, Beloslav (Krivava Mb) and Avren Fme

Up section, the clavs and marls gradually turn highter
i color and become light-grey to whitizh. Due to poor
exposure, the boundary between the Krivniva Member
and the overlymg Avren Fm (grev clayey marls) was
not observed. In adjacent sections this boundary rep-
resents a gradual lithological transition

Biostratigraphy. The sediments contain abundant and
diverse, well preserved associations with a total of 30
species of nannofossils identified 10 the Eocene por-
tion of the section (on Fig. 5.140; not all species are
plotted).

A rich nannofossil association 15 documented 1n the
first sample from the Krivonya Member, taken imme-
diately above the bank of clastic limestones of the
Yankovo Fm (from the outcrop near the bridge on the
road). The identification of Tridrachiaius coniorius
along with Campyvlospiaera eodela, as well as
Discoaster diasnipus and Toweius rovae conclusively
proves the rocks refer to the first zone of the lower
Eocene — NP10 zone. Since Tribrachiarus contortus
has a2 verv short range in the uppermost part of NP10
zone (NP10d — Monech et al_, 2000), the mference 13
that only these topmost parts of NP10 are developed
in the section.

The lower boundary of NP11 zone 13 marked by

the last occurmrence (extinction) of Tribrachiarus
contortus and the FOs of a number of new species
as Tribrachiatus orthostylus (near the NP10O/NP11
boundary), Sphenolithus editus, Discoaster pacificus,
Toweius gammation, Campylosphaera dela and
Ericsonia formosa.

The lower boundary of NP12 zone 1s a clearly traced
and easily identifiable bichorizon — the FO of Dis-
coaster lodoensis. The FO of Discoaster tuepperi
{uppermost portions of NP1l zone) has also been
detected near that boundary. The marls of the Avren
Fm vield Chiphrasmalithus calathus, whose range 15
within the NP12 zone only.

Stratigraphic range. Lower Eocene, Ypresian Stage,
upper parts of NP10 zone and NP11-NP12 zones (Fig.
31407,

Sindel

The section 1z located smmediately south of Sindel
railway station, Varna region. It is traced along the
western margin of the Avren Plateau, on the right

bank of the Provadia River

The section has been studied by Stoykova and Van-
gelov (1997) who characterized the lithological and
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graphic subdivision of the Yankovo section, Varna Dstrict, by calcarecus nannofossils

Fig. 5.140. Biostrati

v dispersed flint nodules and fossil flora and
the sediments 15 4.5 m.

component 15 mamnly of bivalve shells. Moreover, 11-
fauna are present — sponges, bryozoa and mollusks
are commonly observed. The measured thickness of

regularl

with chert concretions (Shumen Fm. Upper Creta-

ceous) are overlain
rich m olauconite

At the base of the succession soft, chalky limestones

nannofossil sequences and estimated the duration of

the gap between the Paleocene and FEocene.

amy sandy limestones,

by cre

Jene

). The The vpper boundary of the KEomarevo Fm 1z also

(Komarevo Fm, Paleo
boundary between the Shumen and Komarevo Fms 13

L=

sharp and marks a break i sedimentation. The sandy

1zh clavey and cal-

limestones are overlain by whits

a sharp washout of “hard ground™ type. The Komare-

carepus sands and weakly cemented sandstones with

vo limestones are thin-bedded. detritic and the clastic

-
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Fig 5141 Biostratigraghic
subdivizion of the Sindel section.
Varna District, by calcareous
nannofossils (after Stovkova &
{1 Vangelow, 1997)

intercalations of silty marls. They are referred to the
Beloslavy Fm. The exposed thickness 15 only several
meters above the boundary with the Komarevo Fm,
as the zlope 15 covered with vegetation (total thickness
of over 25 m).

Biostratigraphy. The associations are not rich, but
age-characteristic and moderately well-preserved.
The biostratigraphic subdivision of the section is
shown mn Fig. 5.141.

The sandv and detritic limestones of the Komarevo
Fm document the presence of the Thanetian NP7 and
NP8 zones. The concomutant occurrence of Discoaster
mohleri, Heliolithus FKleinpeliii and Bomolithus
elegans 1n the lower 2.5 m refers these sediments to
nannofossil zone NP7.

The lower boundary of NP8 zone 15 traced by the FO
of Heliclithus riedelii, while Fasciculithus siderius
and F imvodurus alse have their FOs in the zone.

Tribrachiatus contortus and Discoaster diastypus, re-
stricted to NP10 zone, are determined 1n the sample
taken from the base of the Beloslav Fm_ just above the

sharp boundary.

The gap in sedimentation most likely encompasses
some part of NP8 zone, the entire NP9 zone and part
of NP10 zone.

Stratigraphic range. Upper Paleocene. Thanetian
Stage. NP7-NP8 zones and lower Eocene, lower part
of the Ypresian Stage, NP10 zone (Fig. 5.141).

Trastikovo

The section 15 located approximately 10 km south-
east of Beloslav, east of Trastikovo raihway station
The outcrop appears along the western marmin of the
Axren Plateau, as does the Sindel section (Fig. 5.142).

The section has been studied by Stovkova and Van-
gelov (1997). The sequence 15 sinular to the Sindel
section.

White, chalky limestones with flint nodules, referred
to the Mezdra Fm (Upper Campaman} occur at the
base of the succession The upper boundary of the
Formation is marked by washout and tvpical signs of
a hard ground. The Mezdra Fm is overlam by thin-
to medium-bedded detritic and sandy hmestones 4.3
m thick, assigned to the Komarevo Fm. Locally they
are stronigly bioturbated and contain lenses and thin
lavers of shell debnis, as well as wregularly dispersed
glauconite grains. Phosphorite concretions, sponge
spicules and quartz grams are commonky seen at the
base (the basal 0.15-0.20 m).

Above them 1= another unconformity (washout) at
the base of the Beloslav Fim, comprising fine-grained
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Fiz 5142 General view of the
Trastikovo section; Mezdra,
Eomarevo and Beloslav Fms

clavey and calcareous sands and weakly cemented
sandstones. Only the lower 10-15 m are exposed. while
the upper parts of the slope are covered with vegetation

Biostratigrapiy. The subdivision of the section by
calcareous nannoplankton 15 summarnzed in Fig
5.143. Daverse and relatively well preserved nanno-
fossil associations are documented.

The uppermaost part of the Mezdra Fm 1s referred to the
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Upper Campaman, based on the charactenistic assoct-
ation, comprismng Uniplanarius trifidus, Reinhardites
levis, Broinsonia parca consiricta, etc.

The samples from the lowest two metres of the
Komarevo Fm_ immediately above the sharp bound-
ary with the Mezdra Fm, correspond to Thanetian
NP7 zome. Tts lower boundary 1s marked by the FO
of the species Discoaster mohleri. Neochiastorygus
perfectus, Prinsius dimorphosus and Heliolithus
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Fiz_ 5.143. Biostratieraphic subdivision of the Trastibovo section, Vama District, by calcareous nannofossils (after

Stovkova & Vangelow, 1907)
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ieinpellii are also present in this zone.

The lower boundary of NP8 zone is drawn by the
FO of the index species Heliplithus riedelii, which 1s
abundant in all samples from the middle to uppermost
Komarevo Fm. Its range comncides with the range of
NP8 zone. The thickness of the zone 15 2.5 m.

The first metres of the clayey sands of the Beloslav
Fm contain a rich and diversified association. ndi-

cating the presence of the lowermost NP10 zone of
the lower Eocene (Ypresian Stage). This conclusion
15 based on the common occurrence of the species
Rhomboaster bramlettei, Discoaster falcatus, D
limbatus, D. mediosus, D multiradiatus and D salis-
burgensis. Due to poor exposure, the thickness of the
zone 15 not accurately known

Stratigraphic range. Upper Paleocens, Thanetian
Stage, NP7 — NP8 zones and lower Eocene, lower
parts of Ypresian Stage, NP10 zone (Fig. 5.143).

Beloslav — South

The section starts at the south-western end and fin-
1shes at the south-eastern end of Beloslay town, Var-
na District. It 15 traced as continuous ocutcrops in the
ravine near the Roma hamlet (Fig. 3.144). The up-
permost portions are not well exposed i the ravine;
therefore, the upper stratigraphic levels are best traced
in the gully east of Beloslav (Fiz. 5.143).

Thus 13 one of the key Paleogene sections in NE Bul-
garia_ fepresentative for aedunenran sequenices in
the eastern parts of the Moesian Platform. It has been
a subject of study by generations of geologists and
while sparing the details, 1t 13 worth mentioning the
classic works of Gochev (1926, 1933, 1937), Gellert

{1929). Mandev (1953). Belmustakov (1962, 1968)
and Aladjova-Hnscheva (19842, 1990, 1991). More
recently, parallel biostratigraphic studies on three fos-
sil groups have been conducted by Aladjova-Hrische-
vaetal (1983), while Stovkova and Vangelov (1997)
refined the range of the lithostratisraphic units using
calcareous nannofossils. In the vicimty of Belosiav
older rocks are also exposed — Lower and Upper Cre-
taceous sediments, cropping out west and south-west
of Beloslav {Turoman-Lower Maastrichtian; Sinny-
ovsky, 2007).

Soft, chalky limestones with rare chert concretions,
referred to the Mezdra Fm. occur at base of the sec-
tton. Smmvovsky (2007) identified the Lower Maas-
trichtian zone Arkhangelskiella cymbifornus in the
uppermost 2 m of the limestones.

They are overlain by 32 m of thick- to thin-bed-
ded sandy and clastic limestones, referred to the
Komarevo Fm (Fiz. 5.146). At their base is a sharp
washout boundary; the basal sediments are 0.2-03
m of sandy limestones enriched with glauconite and
phosphoritic concretions. Upwards, they gradually
pass into calearenites and mixed terrgenous-carbon-
ate rocks, consisting of abundant red algae skeletons
(Lithothammium limestones), Discocycling and mus-
sel shells (Ostreq). The deposition of these sediments
probably took place in a shallow-water. high-energoy
environment within the shelf zone.

The upper boundary of the Komarevo Fm 13 also
sharp, reflecting a short-term break of sedimentation
Weakly cemented, medmum- to fine-grammed yellow
sandstones and sands, v ety well sorted, belongmg to
the Beloslav Fm occur abave. They are interbedded at
several levels by beds of hard calcareous sandstones,
0.1-0.2 m thuck (Fig. 5.144). White quartzitic sands

Fiz 35.144 Section at the 8W end of Beloslav village,
along the ravine; Beloslav Fm

Fig 5.145. Section at the SE end of Beloslav village along
the ravine “Teterlika™; Dikilitazh Fm expozed in foreground,
limestone bank of the Aladan Fim at the top of the slope
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Fig. 5.146. Section at the 3W end of Beloslay village —
exposures of the clastic limestones of the Komarevo Fm

are developed in the upper parts of the Formation
above which the so-called shell bed marker level 15
identified, rich i macrofossil shells, mainly bivalves
(Ostrea rarilomella — Belmustakov, 1968) and num-
mulitids (Fig. 5.147). Above the Ostrea marker hon-
zon 1z 2 m of grey to light-beizge sandv and silty marls
of the Krivnya Member. They contain nummulitad
shells and abundant nannofossils. These sediments
are also assumed to have been deposited at a shallow-
water depth 1 a high-energy environment_ in the lIit-
toral zone.

The upper boundary of the Beloslav Fm displavs a
rapid lithological transition to the overlving Dikilitash
Fm and 15 exposed in the gully east of Beloslav (Fig.
5.145). The Dikilitash Fm 1= composed of white, fine-
gramed quartz sands with beds of well cemented cal-
careous sandstone in the shape of vertical pillars.

The uppermost parts of the section in the ravine
south-east of Beloslav 15 topped by a 1-2 m thick
hard limestone bank, bult of numerous nummulitad
shells (Aladan Fm, Fig 5.145). The latter 15 overlain
by marls of the Avren Fm. with a sharp lithological

contact at their base.

Biostratigrapiv. The sediments contain relatrvely di-
verse and well preserved nannofossil assoctations. In
total, over 30 spectes have been determuned, which
resulted in the biostratrigraphic subdivision of the
section.

The uppermost part of the Mezdra Fm 15 assigned to
the Lower Maastrichtian, zone A cymbiformis, since
A cymbiformis, A confusa and other long-ranging
Upper Cretaceous species have been identified.

The presence of NP7 zone is proved at the base of the
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Fig. 5.147. Section at the S3E end of Beloslav village —
exposure of the Osireg-marker horizon in the vpper part of
the Belozlay Fm

Komarevo Fm (the lower 2.5 m) by the discovery of
the index species Discoaster mohleri. The upper 2.7
m are assigned to the next NP8 zone, since Heliolithus

riedelii 15 idenfified.

The samples taken from the lower and nuddle parts
of the vellow clayey sands of the Beloslav Fm re-
veal an abundant and diversified association, mclud-
ing the species Rhomboaster bramlertei. Discoaster
mediosus, D multiradiatnis, Discoaster falcatus, D.
lenticularis, D. diastypus, D. limbatus, D. salisbur-
gensis and Tbweius tovae. The association cofre-
sponds to WP10 zone.

No nannofossils were recovered from a 6 to 7 mthick
barren interval below the Osrea shell bed that marks
the top of the Beloslav Fm (Fig. 5.148).

The samples from the shell bed, as well as from the
overlaymg silty marls of the Krivaova Member contain
a relatrvely scarce, but charactenistic nannoflora. The
FO of Discoaster lodoensis identified m 1t implies the
secdiments are of NP12 zone age.

Furthermore, a similar poor association is recovered
from the clayey interbeds of the Dikilitash Fm The
upper parts of this Formation could be concervably
assigned to the next NP13 zone; however, this may
not be definitely confirmed. No hioevents place the
lower boundary of NP13 zone, although Discoaster
brommimanni, a commonly occurning species in NP13
zone, hag been detected.

Stratigraphic range. The existence of NP7 and
NP§ zones (Thanetian Stage) 15 established in the
Komarevo Fm as well as NP10, NP12 and part of
NP13 (Ypresian Stage) in the Beloslav and Dikilitash
Fms (Fig. 5.148).



HEMDEILL ASIK0035T0)

SISUAOPO] JAISOOISIT

HORRITS SIHANG]

rLiaddany aapyooasiy

ststiLd Ko

Ay SN

sndseg Aais0easi]

SISUARUTGSIDS J2ISOOSIC]

SHIBIGS A ISPO0SIT

SRRy .Lmu.ﬂha..um.._.ﬁ._-

SO [HIIUS] AINOOIST]

SIPIPRA T J21500051]

SRSOIPN AAISP0ISI]

1ajke __.E .4 ﬂ L..uu.h.huﬁ._nu-ﬁ.._.u_...m__mﬁ-.

1jAPALL SIYIOIOH

LMoL IFFOOSIT

njaduiary STHIoHIE

L e e Ty R T v o

SHLIOMUIAD "

spLy snrapaegdi

apdueg
g
£
]
.E-wmuﬂﬂu.ﬂ—.m._
UGTIRILIO .| q s 11 i (R | .E_m A B 3 OARIBLIOY RIpZapy
auoz 4N ELdN | Z1dN ATl aLIEG 01 dN § dN |£ AN stuuopiquity
afmg u e 4 1 d A UBHIURY L [urnyansenp ]
ARG 2 o q I 2 | AuRA0AfEg 1| $noeaseRa

Fig 35.14% Biostratigraphic subdivision of the Beloslav — Souvth section by caleareous nannofossily (after Stoykova &

Vangelow, 1997)

171



Beloslar — North

The section is located on the northern side of Beloslav
Lake, zround 1 km NNW of Beloslav. It occurs on
the slope of Kanarata Hill Although the section may
show considerable resemblance to Beloslav — South,
the description here focuses on the established essen-
tial differences in biostratigraphic and chronostrat-
graphic range of the units, as well as on the duration
of the hiatuses (the breaks in the sedimentation). The
section 13 of key importance tn interpreting the geo-
logical development of the basin in the eastem parts
of the Moesian Platform

The section has been studied by Belmustakov (1962},
who erronecusly assigned the Damian to the Upper
Cretaceous portion, and included lower Eocene sedi-
ments (the sandstones and sands of the Beloslav Fm)
into the Thanetian Stage (Paleocene). Modem strati-
graphic data on the succession were published by
Stovkova and Vangelov (1997).

The base of the section 15 occupied by white chalky
limestones with glauconite and dark coloured chert
nodules, referred to the Venchan Fm (Jolkichev,
1988). They are overlain through a sharp boundary by
creamy clastic limestones — sandy, detritic, and nich
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in glauconite and phosphoritic concretions in the ba-
gal 3-10 em. These are referred to the Komarsvo Fm
aroumd 5 m thick m this secthion.

Above the limestones, hight-beige to whatish weakly
cemented sandstones and sands (Beloslav Fm) occur:
Single beds of firmly cemented calcareous sandstones
and sandy limestones are present. The boundary be-
tween the Komarevo and Beloslavy Fms 15 a sharp
parallel unconformuty, reflecting a break 1 sedimen-
tation

The upper part of the section contains the “shell mark-
er bed” nich 1 Osirea valves and fossil remams of
nummulitids and echinoids. Above this marker bed,
beige and greyish silty marls and siltstones occur, rep-
resenting the Krmvnva Member (around 2 m thick).

Binstratigraphy. Calcareous nannofossils are record-
ed only 1n the Komarevo Fm and the upper part of the
Beloslav Fm. The abundance and preservation varies
from medium to well preserved. The biostratigraphy
of the section 1s plotted on Fig. 5.149. No nannofos-
sils have been detected in a 10 m interval from the
base of the Beloslav Fm to the “shell marker”™ This
mnterval 1s denoted as a barren mterval

The entire thickness of the Komarevo Fm 1n the Be-
loslav-Nerth section corresponds to the Thanetian
Stage, zone NP8, All samples from the clastic lime-
stones comtain Heliolithus riedelii — the mndex-spe-
cies of the zone. Moreover, other charactenstic taxa
are determined — Fasciculithus siderius, F sp. nov,
Hormodrooking arca and Bomolithus megasiypus.

The lower 10-12 m of the Beloslay Fm are defined as
a barren mterval due to the lack of nammofossils. It is
similar to the bamren interval in the Beloslay — South
section.

Abundant and well preserved nannoflora, correspond-
ing to Ypresian NP12 zone 1s identified 1n the samples
from the Ostrea level and above. The zone 1s unam-
biguously documented by the concomitant occurrence
of Chiphragmalithus calathus, Discoaster kuepperi
and Tribrachiatus orthostyius only within NP12 zone.

Stratigraphic range. The Komarevo Fm 15 dated as
zone WP8, Thanetian Stage and the Beloslav Fm as
zone NP12_Ypresian Stage.

Considenng the biostratigraphy results of both sections
near Beloslav, eszential differences regarding the du-
ration of hiatuses can be highlichted. Thus, the time
gap in the Beloslav-South section between the Up-
per Cretaceous and the Paleocene mcludes the Upper
Maastrichtian, Dantan and Selandian (time equivalent

of NP1 to NP6 zones inclustve). In Beloslav-North the
tine gap 1s substantially longer — encompassing the en-
tire Campanian Maastrichtian, Daman_ Selandian and
the beminning of the Thanetian (zone NP7 inclusive).

A difference 1s also noted 1 the gap around the Pale-
ocene-Eocene boundary, between the KEomarevo and
Beloslav Fms. In the Beloslav-South section 1t cov-
ers only the NP9 zone at the end of the Thanetian,
whereas in the Beloslav-North section 1t comprises
end-Thanetian and begmning of the Ypresian (NP9,
NP10 zone and probably part of NP11). These differ-
ences are well-illustrated on the correlation scheme
for the studied sections mn the eastern part of the Moe-
sian Platform (Fig. 5.150).

5.7. Black Sea offshore area

The first offshore wells 1 the Bulganan Black Sea
area were drilled in mud-1980s by the Oil and Gas
company of the then existing Committee of Geology.
These wells were Samotino-More, Samoting-East,
R-7% Shkorpilovtsi. Elzavetino and Nanevo. Later,
following the international bidding rounds and open-
ing of the acreage to foreion companies in 1991, pe-
troleum exploration 1 the Black Sea entered a new
stage. In the period 1993-1994, a number of offshore
wells were drilled by Union Pacific (Severna-1_ 2.
Texaco (with Enterprise Oul and OMV as partners
i the Galata Block: Galata-1, Galata-2, Bogdanov-
north, Epsilon) and British Gas (LA-IV/9 1-1, LA-
IV/9 1-2, LA-IV/9 1-3). Of these wells only the first
one, drilled in the Galata Block — Galata-1. made a
commercial discovery of high quality gas.

A new phase in dnlling began after 2004, when Galata
natural gas field production started. Melrose Resourc-
es Plc.. the operator of Galata field, dnlled a number
of exploration wells aimed at new discovenes: Gal-
ata-east, Bogdanov-east, Varna-west. Yur Shimanov,
Samotino-1, Samotine-2_ Izgrev. Ropotamo and Ob-
zor (Figs. 5151, 5.132).

The text below discusses only the offshore wells that
have penetrated Paleocene and/or lower Eocene sedi-
ments. Their location (marked with red star) 1s shown
on Fig 5152

Samotino-More

The well 15 located offshore Black Sea, around 30 km
east of Byala town. It was drilled 1n 1985-1986 by the
former Onl and Gas company with the Comiruttee of
Geology, using the Russian “Sivash™ dnlling ng.
Data on the stratigraphy of the section were first pub-
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lished by Juranov (1991) and later on by Stovkova
(1994).

The well reached a total depth (TD) of 3648 m. The
main portion of the dnlled section includes Paleo-
gene sediments and only below 3000 m depth, Upper
Cretaceous (Cenomantan) rocks were encountered. A
total of 28 core runs were made with relatively high
percentage of core recovery. Detailed description of
the lithology and nannofossil content 1 all core -
tervals was made by Stovkova (1994). The discussion
here will focus only on the lower Eocene part of the
section. i the interval 3175-3545 m.

Sandstones with thin siltstone-clavey mterbeds en-
riched with plant debris are encountered m the in-
terval 3175-3182 m_ The sandstones are medium- to
coarse-gained, massive. Some 100 m downwards, in
the interval 3287-3290 m_ dark-grey siltstones are
penetrated. Due to lithological similanity, these sedi-
ments are conditionally refemred to the Meshelika
Member of the Gebesh Fm.

Turbidites represented by alternations of thin-bedded
sandstones, stltstones and shales are recovered in the
mterval 3353-3361 m They are assigned condition-
ally to the thin-thvthmic turbidites of the Gebesh Fm.
outcropping onshore between Cape Svett Atanas and
Sol Luna Bayv complex

The interval between 3474 m and 3481 m penetrated
light-grey medmm-gramed sandstones, interbedded
with dark-prev sity marls and shales. The deepest
penetrated mterval of the lower Eocene section, from
3542 m to 3548 m consists of dark-grey siltstones
and clavey marls. The sandstones with marly nter-
beds are considered corresponding to the Sveti Atanas
Fm sandstones, outcropping onshore.

In the two core intervals below these sediments
(3605-3612 m and 3640-3648 m). the well penetrated
dark-grey mndistinctly bedded marls. altemating with
light-grey limestones. This portion of the section s re-
ferred to the Upper Cretaceous — Cenomanian, based
on abundant nannofossil finds.

Biostrarigraphy. Calcareous nannofossils are en-
countered only in sediments of fine-gramed litho-
logy — marly and clavev mterbeds at the base of the
Svett Atanas Fm, 1n the Gebesh Fm and the Meshe-
lika Member (Fig. 5.153). Reworking of excellently
preserved Upper Cretaceous and Paleocene species 1s
extensive.

The Cenomanian age of the lowermost core intervals
to the bottom-hole (3605-3612 m and 3640-3648 m)
13 proved by the common occurrence of the species

Corollithion kennedyvi, Eiffellithus turriseiffelii and
Eproiithus florafis.

Relatively poor, however, characteristic associations
are documented at different levels in the lower Eo-
cene section. The association determuned at the base
of Sveti Atanas Fm contams comunon Discoasier
lodoensis, D. binodosus, Chiphragmalithus armatus
and Helicosphaera lophota. Tt defines unambiguously
the P12 zone in the lower Eocene, since the genus
Chiphragmalithus occurs only within this zone. The
discovery of the stratigraphically important species
Discoaster lodoensis m the lowermost and uppermost
levels defines the maximum stratgraphic range as
NP12 —NP143 zone.

Stratigraphic range. The Upper Cretaceous portion of
the section 1s related to the Cenomanian Stage, while
the lower Eocene one — to the middle and upiper parts
of the Ypresian Stage, NP12-14a zone (Fig. 5.133).

Galata-1

The well 15 located some 22 km east of the Kamchia
River estuary. in the Black Sea offshore area Tt was
drilled in May-August 1993 by Texaco, Enterprise
(Ol and OMV as partners in the Galata Block (Texaco
Exploration Offshore Bulgana Ltd. as operator).

The TD reached by the well was 2580 m. with three
core runs and the core recovery from the first run was
100% (Fig. 5.154). The well discovered the first com-
mercial offshore natural zas field 1n the Bulgarian shelf

Grey to whitish calcareous clays and marls, referred
to the Avren Fm are penetrated in the mterval 1020-
1035 m

They are underlain through sharp lithological bound-
arv (parallel unconformity) by creamy-vellowish to
whitish colored clastic imestones. The clastic compo-
nent 1s represented mainly by shell debnis, rare quartz
grains are present. These sediments are referred to the
Komarevo Fm (1035-1044.5 m}.

Strongly muxed rocks are penetrated in the interval
1044.5-1059.9 m — calcarenatites and clastic lime-
stomes with numerous large foramimifera shells — rep-
resentatives of the genms Orbitoides. These are as-
signed 1o the Upper Cretaceous Dobrina Fm. Below
1059.9 m_ grey massive to indistinctly bedded clayey
ltmestones and chalky limestones are drilled, assigned
to the Lower Cretaceous.

Biostratigraphy. Calcareous namnofossils are idents-
fied throughout the whole drilled section, but the most

abundant are the associations 1n the calcareous clays
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and marlstones of the Avren Fm (Fig. 5.153). Asarule
the nannofossils in the clastic imestones of the Koma-
revo Fm are rather rare and poorly preserved. Age-
diagnostic nannofossil species are rarely encountered
in the mixed rocks of the Dobrina Fm_ The species
Micula murus, zonal marker 1n the Upper Maastrich-
tian 15 documented only m 3 samples (Fig. 5.135).

The nannofossil association from the mterval 1035-
10445 m1s poor and non-charactenistic and compnses
long-ranging species in the upper Paleocene — Prinsius
bisulcus, Ericsonia subpertusa and Sphenolithus spp.
The association is referred conditionally to NP8-9
zone, by analogy with similar sediments, penetrated
in the neighbonng Galata-2 well.

The nannofossil associations of the lower and mud-
dle Eocene portion of the section are abundant and
diversified. and allow differentiation of NP12-13 and
NP14a zones within the Ypresian as well as of NP14b
and NP13 zones m the lower part of the Lutetian.

Zone NP12-13 is documented by the co-occurrence
of Discoaster Indoensis along with Discoaster
sememradiatus,  Chiasmolithus  consuerus  and
Chiasmolithus grandis.

The lower boundary of NP14a zone 15 traced by the
FO (= last downhole occurrence, LDO) of the index
species Discoaster sublodeensiz at 1027 m_

The lower and upper boundanes of NP14b zone are
fixed respectively by the first and last occurrence of
the species Rhabdosphaera inflara (1ts total strat-
graphic range) m cutting samples at 1024-1025 m.

The lower and upper boundaries of NP15 zone are
marked by the first and last occurrence of the genus
Namnotetrina (N. cristata, N. guadrata) in the cuttings
at 1020-1023 m.

Stratigraphic range. The Upper Cretaceous part of
the section (Dobrina Fm) 15 referred to Upper Maas-
trichtian, zone Micula murus. The Paleocene portion
(Komarevo Fm) 15 conditionally assigned to the Up-
per Thanetian, NP8-9 zone, and the lower Eocene
portion {Avren Fm) — to the middle and upper parts of
the Ypresian, NP12-14a zone (Fig. 5.155).

Galata-2

The well 1= located several km east of Galata-1 well,
Black Sea offshore. It was drlled in September-Octo-

Fizg 5.151. Oil and gas exploration drilling by “Atwood Southern Cross™ Drilling Rig in the Black Sea shelf, 2007



ber 1996 by Texaco in Galata Block as an exploration
well.

It reached 1ts TD 0f 1151 m_ penetrating lower Eocene
and Paleocene sediments, stmilar to the ones m Gala-
ta-1 well. Certain differences are noted only in the
thicknesses of the formations and the biostratigraphic
zones. The well section encompasses (from top to
bottom) calcareous clays and marls of the Avren Fm,
clastic imestones of the Komarevo Fm and detritic

limestones of the Dobrina Fm, the latter two being
entirely cored.

Biosrratigraphy. Calcareous nannofossils encoun-
tered 1n the well are relatively more common and
rich. compared to Galata-1 well. The most abundant
and diverse associations are revealed m the calcar-
eous clays and marls of the Avren Fm (Fig. 5.156).
Furthermore, substantially richer and better preserved
associations are recovered from the clastic limestones
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with glauconite (Komarevo Fm). The limestones of
the Dobrina Fm (like 1n Galata-1 well) contam rare
and poorly preserved nannofossils.

The hmestones from the interval 1050-1056 m re-
vealed the species Micula muprus, that implies a late
Maastrichtian age.

An abundant nannofloristic association, comprising
Discoaster limbatus, D. falcatus, D. lenticularis and
Fasciculithus spp. are recorded in the clastic lime-
stones with glauconite of the Komarevo Fm 1n the
interval 1046-1050 m The association defines NP3-9
zones in the upper parts of the Thanetian Stage.

Characteristic associations are determuned m the cal-
careous clays and marls of the Avren Fm. thus proving
normal continuous succession from nannofossil zone
NP12 1n the Ypresian stage to NP135 at the base of the
lower Lutetian.

The lower boundary of NP12 zone 15 traced by the FO
of Discoaster lodoensis. Chiphragmalithus barbatus
and Toweius callasus occur with short ranges and are
documented only 1n this zone.

The lower boundary of NP13 zone i1s not firmly
traced due to the absence of the index Tribrachiarus
orthostvlus in the assoctations. However, numerous
species restricted only to this zone are determined -
cluding Discoaster broxmimanni and D. mirus.

The lower boundary of NP14a zone 13 set by the ap-
pearance (LDO) of Discoaster sublodoensis, docu-
mented m cuttings at 1029 m and the lower bound-
ary of NP14b zone respectively — by the occurrence
(LDO) of Rhabdosphaera inflata at 1026 m.

Zone NP15 1z also distinguished at the base of the
middle Eocene by the identification of the charac-
teristic taxa Namnotetrina cristata, N. quadrata and
Sphenolithus furcatholithoides.

Stratigraphic range. The Upper Cretaceous portion
of the section (Dobrina Fm) 15 referred to the Upper
Maastrichtian. CC25¢ zone. The Paleocene part (Ko-
marevo Fm) 15 conditionally assigned to the upper
Thanetian, NP8-9 zone, and the lower Eocene por-
tion (Avren Fm) — to the middle and upper parts of
the Ypresian Stage, NP12-14a zone (Fig. 5.136). The
middle Eocene portion corresponds to the lower part
of Lutetian Stage, NP14b and NP13 zones.

Fig. 5134 First core mun and the
recovered core from Galata-1 well —
calcarenites and clastic limestones with
large Orbiioides foraminfera shells
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Varna-West

The well 15 located around 11 km south-east of Vama,
offshore Black Sea. Tt was drilled as an exploration
well in October 2004 by Melrose Eesources in Galata
Block.

The well reached TD of 1032 m, penetrating consecu-
tively Neogene, upper Eocene and Paleocene sedi-
ments, ending in the Upper Cretaceous.

Dark-grev to grev-greemsh silty clays with siltstones
interbeds, referred to the Avren Fm, are penetrated in
the interval 920-930 m. A sharp lithological bound-
ary at the base of the Avren Fm marks a substantial
stratigraphic gap.

Underneath (interval 930-940 m) are light-grey to
whitish colored sandy clavs. They alternate with firm-
lv cemented light-beige colored silty marls and mixed
rocks, and are referred to the Bozhuritsa Fm. The sup-
posed depositional environment for these sedunents
1s the internal part of the shelf, near the littoral zone.

White to creamy marls are penetrated 1n the mterval
940-950 m, relatively bnttle and crumbly, of vanable
carbonate content that are condiionally assigned to
the Kailaka Fm.

Biostratigraphy. The biostratigraphic subdivision
of the section 15 shown m Fig. 5.157. The presence
of Maastnichtian Stage 15 documented by the co-
occurrence of Prediscosphaera cretacea. Retecapsa
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Prizbonian. NP18 zone (Fio.

taxa ce-occurred i WP1E zone only — Priaboman

7).

5

umbilica and Dictvococcites bisectus. The 1dentified

Avren Fm that covers the Paleocene 1 this well 15
Located in the Black Sea area. some 28 km north-
east of Varna, this well was drilled in 2004 by Mel-

Masstrichtian. Paleocene part (Bozhuritsa Fm) 15 re-
lated to the upper Thanetian. NP8 and NP9 zones.

the section (Kailaka Fm) 15 referred to the Upper

Stratigraphic range. Upper Cretaceous portion of

dated as upper Eocene —

fE |

Stage, upper Eocene.
Yuri Shimanov

5

5.157). The

tence of the species Discoaster multiradiatus in cut-

tinos at 532 m.

a.

m, Reticulofenestra

cremidata and Ahmuelerella octoradiata in core sam-

ples from interval 940-950 m.
amiformis, etc. (F1

P3G zones in the Thanetian stage.
lower boundary of NP9 zone is traced by the occur-

i

and lower part of
5 and marls of the Avren Fm (interval

920-530 m) revealed a particular association, com-

v

e Cribrocentrion reticidatu

comunon Ericsonia robusta, Heliolithus keinpellii

Zone NPSB 1s represented by the typical association of
Fasciculithus fim,

Paleocene sediments are evidenced in interval 930-
940 m_ The recovered nannoflora corresponds to NP8

The sandy clay
pris
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enriched with glancomite, assigned to the
Belozlav Fm oare observed i the next mterval from

It reached TD of 681 m as the mamn part of the section  616-623 m. The sands and sandstones are fine-gramed

Alternations of weakly cemented sandstones, sands
and marls,

and well sorted.

penetrated the Paleogene with bottom-hole 1 the Up-

rose Resources in the Galata Block as an exploration
per Cretaceous (Campanian Stage).

well.

enriched

with olagconite, assioned to the Bozhuntsa Fm.

=
=

=

The interval 623-632 m consists of sandy marls_ sili-

stones and weakly cemented sandstones,

The well crossed a specific sequence of continuous
sedimentation 11 the Paleocene-lower Eocene in-

terval. The rocks of the sequence are referred to the

Avren. Beloslav, Bozhuritsa and Komarevo Fms, re-

spectively (Fig. 5.158).

vellowish to

52 m. They are composed of

B

-grey, referred to the Komarevo Fm.

Upper Cretaceous sediments are penetrated in the

The lower parts of the Paleocene section are penetrat-

ed in the interval 632

alternatine sandyv limestones and marls,

ls

Y5

of high carbonate content, compact, related to the

AvrenFme

The 550-616 m mierval reveals oreemish to grev cla
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deepest portions of the well section (652-681 m).
They are represented by light-greenish marls and
solid dolomitized limestones. These are not related to
any known Upper Cretaceous lithostratigraphic units.

Biostratioraphy. Relatively abundant and diversi-
fied nannoflonistic successions are documented in
thus well. The hostratigraphic subdivision 1s shown
i Fig. 5.158. The results of most of the samples are
based on core analysis.

The lower parts of the Campanian are proved by the
occurrence of Micula stawrophora and Lithastrimis
grilfii i samples from 652-662 m mnterval

The Paleocene series, represented by the Thanetian

Stage, 15 documented between 623-632 m. The abun-
dant association, that consists of Heliolithus riedelii,
Lithoptyehius janii and Fasciculithus sp. nov. defines
NPS zone. The lower boundary of NP9 zone 1s traced
by the FO of Discoaster multiradiatus i the core
zample at 632 m_

The thorough analysis of the core matenial enables fix-
ing the FOs of the important spectes Campyiosphaera
eodela, Discoaster mediosus, D. salisburgensis and
D. araneus in the upper part of NP9 zone (626 m
depth, Fiz. 5.158). The latter species 15 considered an
wmdicator for the carbon isotope excursion interval of
the Paleocene-Eocene Thermal Maximum (Bybel &
Self-Trail, 1995; Khan & Aubry, 2004; Agmmi et al |
2014).
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The identification of Rhomboaster bramlettei m the
core sample at 621-620 m confirms the presence of
the lowermost levels of NP10 zone, 1. no gap m
sedimentation between NP9 and NP10 zones, re-
spectively between the Paleocene and Eocene Series.
Therefore, the well documents for the first tme 1n the
shelf, a gradual transition across the Paleocens-Fo-
cene boundary and the event related to 1t —the PETM.

Yprestan WP13 and NP14a zones as well as the basal
Lutetian NP14b zone are identified mn the calcareous
claystones and marls of the Avren Fm The subdi-
wviston 15 based on the FOs of Discoaster kuepperi,
Discoaster sublodoensis and Rhabdosphaera inflata

(Fig. 5.158).

Stratigraphic range. The Upper Cretaceous part of the
section 1s conditionally referred to the Lower Campa-
man. The Paleocene part (Komarevo and Bozhuritsa
Fms) is upper Thanetian. NP8 and NP9 zone, whereas
the base of the lower Eocene (Beloslav Fm) 15 lower
Yprestan, NP10 zone. The middle and upper parts of
the lower Eocene (Avren Fm) are assigned to WP13 —
14a zones (F1g. 5.158).

The correlation scheme of the studied offshore wells
18 shown on Fig. 5139 It illustrates the general trend
of thickness reduction from south to north for the Pa-
leocene-lower Eocene sequences. as well as greater
stratigraphic gaps (increase i duration) 1n the same
direction.
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Chapter 6
Biostratigraphy

f.1. Introduction

Paleogene nannofossil biostratigraphy has more than
60 years of history. Its fundamentals date back to the
beginning of the 1960s of the twentieth century with
the work of Brénmimann and Stradner (1960) who pro-
posed the first formal nannofossil zones. Bramlette
and Sullivan (1961) differentiated three biostrat-
graphic umts in the Paleocene and lower Eocene in
Califorma (Lodo Formation) grving them preliminary
zonal names. Hay (1964) made an attempt to create a
zonal scheme. based on the evolution of the Discoasrer
oroup. Significant advances were made tn the develop-
ment of the zonation of the Paleocene and lower Eo-
cene through Mohler & Hayv's work (1967) (in Hay et
al . 1987 where 7 interval zones in the Paleccene and
4 1n the lowsr Eocene were defined for the first ime, us-
ing biostratigraphic criteria A major part of these zones
was used by Martim (1971¢) to construct his scheme.

The most comprehensive summary of zonal schemes
for the Paleogene was presented at the Second Plank-
ton Conference held 1 Rome i 1970, At this con-
ference, the German researcher Erlend Martim pro-
posed a standard zonal scheme based on nannofossils
of the Tertiary and Quaternary (Martmm, 1971c). This
scheme was based on studies of land-based sections.
located mostly 1n low- and mid-latitudes. Duning the
decades that followed., Martini’s scheme has been
continuously vertfied, upgraded and proved, espe-
cially i its applicabality 11 many different parts of the
world. Nowadays 1t 15 assumed to be one of the basic
biostratigraphic schemes for global correlation of Pa-

leogene sediments (Fig. 6.1).

Another key zonal scheme using nannofossils 1s the
one compiled by Okada and Burky (1980). It 15 bazsed
on studies of ocean sections in the low latitudes. A
greater part of the studies under the Deep Sea Drilling
Project (DSDP) and Ocean Dnilling Program (ODP)
programs, used this scheme for subdivision of oce-
anic, deep-water well sections (Fig. 6.1).

The two global schemes are precisely tied by means
of parallel correlation with other microfossil groups

such as planktonic foramimfera, as well as by using
other independent methods.

The strong progress of the petroleum exploration in
the North Sea in the 1980s and 19505 of the 20% centu-
v played the role of an impetus for elaboration of new
nannofossil zonal schemes, that differ from the already
proposed “standard global schemes™ of Martini (1971¢)
and Okada and Burky (1980). Moreover, some special-
1zed investigations showed that the ranges of a number
of marker species 1n the North Sea differ from those
in the standard zonal schemes due to biogeographic
and climatic factors. The need for precise correlation
of o1l and gas reservoirs, as well as for steady horizon-
tal dnlling 1 production operations in the North Sea
fields resulted in development of detailed, high-resolu-
tion biostratigraphic schemes for Paleocene sediments
{van Heck & Prins; 1987; Varol, 1989 —Fig 6.1}

I would like to emphasize that nannofossils are used
asa correlation tool not enly by the o1l industry. Nan-
nofossil zones draw the tume frame, so necessary i
magnetostratigraphic studies (Dmarés-Turell et al |
2003, 2006, 2007) and isotope chemostratigraphy
(Sugarman etal , 1995; Bernaola et al , 2006a, 2007).

It should be outlined at the end of this review that nan-
nofossil biostratizraphy turmed out to be a key tool in
the most dvnamically developing branches of modern
stratigraphv — sequence stratigraphy and cyclostratig-
raphy. The detailed subdivision of sedimentary se-
guences by naonofossils has a key role i develop-
g regional sequence stratigraphic schemes and thesr
correlation with the “global™ sequence stratigraphic
scale of the Paleogene.

6.2. Biostratigraphic zones

The Martim standard zonal scheme (1971¢) has been
used in this work as the mam framework for biostrats-
graphic subdivision. Tt has been modified and updated
with the newest data on the ranges of key taxa in or-
der to fully comply with the nannofossi] assemblages,
identified in the Bulgarian sections. A graphlical out-
line of the biozonation of the Paleogene 13 presented
herein 1 two figures, the Paleocene (Fig. 6.2) and
lower Eocene (Fig. 6.12), indicating the most impor-
tant bioevents in each nannofossil zone (appearance
and extinction of grven species).
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Fiz 6.1. Standard biozonations based on caleareons nannofossils in the Paleocene and lower Eocene
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are interval zones, unless otherwise explicitly stated.  tinction (LO = last occurrence) of unportant strati-
Their boundaries are defined by clear bichorizons —  graphically useful species. Although the fossil asso-
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ciation 15 not of ultimate importance in defining the
mterval zones, the description of each zone includes
the most common and characteristic species.

The three stages of the Paleocene Series comprise 9
“standard” nannofossil zones of the Martim scheme
(1971c), tradmonally numbered from 1 to 9 and al-
phabetically abbreviated “WNP™ (Nannoplankton Pa-
leogene). Their boundanes, traced by important nan-
nofossil bichorizons, are shownin Fig 6.2,

The lower Eocene, corresponding to the Ypresian
Stage, 1 divided into 4 nannofossil zones — from
NP10 to NP14 (Fig. 6.12).

6.2.1. Upper Cretaceous — Maastrichtian Stage
Zone CC26 — Micula prinsii

Nomenclahwe. The zone was mtroduced for the first
time by Perch-Nielsen (1983a) who proposed it as the
uppermost subzone CC26b of the upper Maastrichtian
in the low latrtudes.

Its presence in Bulgana was firstly demonstrated by
Stoykova (in Stovkova & Ivanov, 1992) in the upper-
most part of the Maastrichtian 1n the section at Bvala.

Definition. Interval from the FO of Micula prinsii
to the extinction of the Cretaceous species. Burnett
(1998) further clanfied the defimition — as an mter-
val from the FO of Micula prinsii to the extinction
of . non-redeposited and non-surviving”™ Cretaceous
species.

Stratigraphic range. Uppermost Maastrichtian.

Remarks. The nannofossil association of this zone
shows great species diversity. The number of spe-
cies detected i the sections around Byala and in the
Emine Formation exceeds 70 (Stovkova & Ivanov,
2004a). Granchovski (2019) reported more than 80
spectes determined i the Kladorub section, wathin
TUC20d™ zone (= CC26). Some of the species charac-
teristic for the zone are shown m Plate 6.1, Plate 6.2
and Plate 6.3: Miculg prinsii, M murus, M stauro-
phora, M swastica, Nephrolithus freqguens, Predisco-
sphaera majungae, P cretaceq, P ponticula, P gran-
dis, Arkhengelskiella cymbiformis, 4. confusa. Cera-
tolithoides aculeus, C. kamptneri. Eiffellithus turri-
seiffelii, E. parallelus. Cribrosphaerella ehrenbergi,
Lithraphidites quadratus and Retecapsa crenulata.

No occurrences of new species have been noted 1n the
zone. Its upper boundary coincides with the Creta-
ceous Tertiary boundary and 13 marked by the extine-

tion of a huge percentage of the Cretacecus species
(part of the KT “mass extinction™).

Disiribution and correlations: The zone 15 identified
in a great number of sections i low latttudes (the
Tethyan area — southern parts of Europe and North
Africa, Southern Asia and southern paris of North
America). It corresponds to zone UC20d™ of the
Burnett zonal scheme (1998) and to the upper part of
subzone P stoverni i the Antarctic (Wei & Pospichal,
1991; Pospichal et al | 1992).

In Bulgana the zone 15 identified 1n several sections
where continipus fransition across the Cretaceous
Tertiary boundary 1z proved (Stovkova & Ivanovw,
1992, 2004a; Ivanov & Stovkova, 1994; Sinnvovsky
& Stovkova, 1995; Sinnvovsky, 2003; Granchovsks,
2019). The presence of the zone 1s the most substan-
t1al biostratigraphic criterion for indicating the com-
pleteness of the Cretaceous portion of the sedimen-
tary succession

In the West Fore-Balkan the zone covers the last 3 m
of the Maastrichtian (Kladorub Formation) in Tsigan-
skt dol. SE of Kladomub village (Sinnvovsky, 2004b;
Granchovsla, 2019).

Tn the East Balkan_ in the region of Byala, where 1t has
been detected for the first time 1 the country, the zone
covers the uppermost 17 m of the Maastnichtian part
of the Byala Formation (Ivanov & Stovkowva, 1994,
Dinarés-Turell et al | 2013; Stoyvkovaetal . 2013).

In the Luda Kamchia area. the zone mchudes around
30 m of the Emine Formation in sections at Cape Em-
e near the St. Nikola chapel and along the road from
Emona wvillage to Irakli (Simnvovsky & Stovkowa,
1995; Smnvovsky, 2004a). The same thickness of the
zone 1s revealed in the section south of Kozichino
village and at Cape Kochan, where the Cretaceous.
Tertiary boundary 1s identified (Sinnvovsky, 2004a).
Similar thicknesses of the zone are seen also m the
Emine Formation sections 1n the Sliven region (Ma-
rash, Sedlarevo — Stovkova et al, 2000) and in the
Aytos region (Ruen. Maglen, Dryankovets).

6.2.1. Paleocene Series — Danian Stage
Zone NP1 — Biantholithus sparsus (Fig. 6.3)

Nomenclature. The zone was proposed for the first
time by Perch-Nielsen (1971). It 1s defined as an inter-
val from the FO of Biamrholithus sparsus to the FO of
Criciplacolithus renuis. The characteristic of the zone
was supplemented by Romein (1979} who highlighted
the extraordinary acme of Thoracosphaera operculata
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and Bragrudosphaera bigelowii m this zone. Later
ot the criteria for setting the upper boundary of the
zone was modified by Perch-Nielsen (19812, 1983a).

The change in the original stratigraphic range of the
zone follows the revisions of the taxonomic conceptof
the species Cruciplarelithus tenuis and. respectively:
the change m drawmg the upper boundary of the zone
—not by the FO of Criciplacolithus renuis s. str., but
by the appearance of the first “large™ Criciplacolithus
specimens over | um, corresponding to the species
Cricipiacolithus intermedius (Perch-Nielsen, 1981a;
1983a)

In Bulgaria the zone has been documented for the first
time by Stoykova at the base of the Paleocene (Da-
man Stage)} in the section at Byala (in Stoyvkova &
Ivanov, 1992; Ivanov & Stovkova, 1994).

Definition. Tnterval from the FO of Biantholithus
spersus to the FO of Criciplacolithus intermedius.

Stratigraphic range. Lowermost Paleocene, lower
part of the Damian The time equivalent, correspond-
ing to the zone 15 375 Ka (Westerhold et al.. 2008).

Remarks. The lower boundary of this zone comcides
with the Cretaceous Tertiary (KJ'T) boundary, marked
by the mass extinction of “Cretaceous™ species. A rich
and diverse association of representatives of the gen-
era Micula, Ejffellithus, Retecapsa, Cribrosphaerella,
Arkhemgelskiella, Lithraphidites, Lucianorhabdus,
Nephrolithus, Prediscosphaera  Micvorhabdulus,
Warznaueria and Ceratholithoides m the uppermost
parts of the Maastrichtian sharply decrease and be-
came extinct at the K'T boundary. This was replaced

by a very poor association with rare Thoracosphaera
operculata and Braarudesphaera bigelowii (the so-
called “survivor™ species), along with Cretaceous spe-
cies, that are assumed to be reworked.

Fmmediately above the KT boundary (the first cen-
tunetres above the boundary layer), the FOs of
Cyclagelosphaera alta and Biantholithus sparsus ate
detected. In the deep-water sequences (sections of the
Emine and Byala Formations), the middle part of the
zone reveals the FO of Neobiscutum romeinii, along
with Futvaniapetalosaand Placozygus sigmoides (Fig.
6.3). A bloom m abundance of the “survivor™ species
Thoracosphaera operculata and Braarudosphaera
bigelowii 15 documented all through the zone.

A reliable bicevent m the muddle part of the zone, dis-
tinguished 1n all studied sections, appears to be the FO
of Cruciplacolithus primus. This event has ligh bio-
stratigraphic potential and may be useful for a more
detailed subdivision of the zone.

Representatives of the genus Prinsius — P tenuiculus
and P spp. appear for the first time in the upper part
of zone NP1, near the boundary with the overlving
zone WP2. Due to their small size (2-3 pm) they are
difficult to detect and may be eastly overlooked.

The FO of Cruciplacolithus intermedius (Yarger than 7
um) clearly marks the upper zonal boundary.

The behavior of the nannoplankton and the reaction
of the nannoflora to the event at the K/'T boundary 15
described 1 Chapter 8§ “Global Events™.

The association of species characteristic of the zone

L
El Nannofossil biohorizons
[
% — & Cruciplacolithus intermedius
A& Prinsius tenuiculus, Prinsius spp.
g
&
o &  Cruciplacolithus primus
o & Futyania petalosa
; __ & Neobiscutum romeinii
Z
E{ FO of zonal marker g FO [j LO
T __ 4 Ovclagelosphaera alta, B. sparsis Fis 63 Nahsiioesil Sichog sons
K ¥ mass extinction of Cretaceous species | 0 the range of NP1 zone. Legend
for color arrows as in Fig 6.2
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includes (Plate 6.1-6.3). Cyclagelosphaera alta
Biomtholithus sparsus, Thoracosphaera operculata,
T saxea, Braagrudosphaera bigelowii. B. discula, B.
turbinea, Placoryeus sigmoides, Markalius fnversus,
M apertus, Neobiscutum romeinii, Futvamia petalosa,
Cruciplacolithus primus and Prinsius spp.

Distribution and correlaiions. The zone 15 traced m a
large number of sections, where continuous transition
between the Cretaceous and Paleogene 15 document-
ed, in both low and high latitudes (the Antarctic — Wet
& Pospichal, 1991; Pospichal et al | 1992).

It corresponds to the sum of zones B. sparsus and C.
primus of Romem (1979), zone CPla of Okada and
Burky (1980) as well as of zones B. sparsus and Placo-
zyvous sigmoides of van Heck and Prins (1987), zone
NNTpl and lower parts of NNTp2 of Varol (1989),
and zone CNP1 — Braarudosphaera bigelowi Partial
Range Zone of Agmini et al {2014).

In Bulgaria_ this zone 15 identified i sections where
continuous transition across the Cretaceous Tertiary
boundary 1s proved {Stovkova & Ivanov, 1992, 2004a;
Ivanov & Stovkova, 1994, Sinnvovsky & Stovkova,
1995; Sinnvovsky, 2003; 2004a_ b).

In the region of Vidin, the zone encompasses some
2-3 m at the base of the Paleogene parst of the sections
at Kladorub willage (Smnyovsky, 2004b) and Rako-
vitsa. In the West Fore-Balkan (Mezdra region) the
zone 15 around 5 m thick i Mezdra, Moravitsa and
Lyuti dol sections.

In the vicinity of Byala and Goritza, where it has been
identified for the first time tn the country, the zone
includes the lowermost 5 m of the Danian Stage, 1m-
mediately above the boundary clay laver (Stovkova
& Ivanov, 1992, 2004a; Stovkova et al., 2003a). The
zone displays the same thickness in the eastern part of
the Central Balkan — in the sections at Mishemorkov
han, Zheravna and Ichera-Gradets.

The greatest thickness of the zone is observed in the
sections of the Emune Formation turhidite sequences
—Emona, Marash and Ruen-Snvagovo, where it rang-
es between 13 and 20 m.

Zone NP2 — Cruciplacolithus tenuis (Fig. 6.4)

Nomenclature. The zone was introduced for the first
time by Mohler and Hay (1967) (in Hay et al, 1967)
under the name “Crucipiacolithus renuis zone”, and
Martim (1971c) made substantial corrections in the
range and definttive criteria for 1ts upper boundary.
The setting of the lower boundary follows the crite-
ria proposed by Perch-Nielsen (1981a, 1985a — see
the discussion above for zone NP1). According to
the original definition by Mohler and Hay (1967) (in
Hay et al., 1967). the zone 1s separated as an interval
from the FO of Cruciplacolithus tenuis to the FO of
Fasciculithus tympaniformis. Martim (1971c) revised
its rance and divided the onginal zone of Mohler and
Hay (1967) into 3 zones — NP2, NP3 and NP4, fol-
lowing the FOs of Cruciplacolithus renuis (NP2),
Chiasmelithus  danicus (NP3) and Ellipsolithus
macellus {NP4). respectively.

Based on taxonomic revisions, Romein (1979) proved
that a greater portion of the nannofossils described
as: Chiasmolithus - danicus belong to the spectes
Cruciplacolithus edwardsii — an opmion shared by
almost all recent researchers (Perch-Nielsen, 19813,
1985a; van Heck & Prins, 1987).

In Bulgaria the presence of zone NP2 was indicated
by Sinnyvovsky (1990) 1n the sicimity of Byala, but
was characterized in detail by Stoykova (in Ivanov &
Stovkova, 1994).

Definition. Interval from the FO of Cruciplacolithus
intermedius to the FO of Cruciplacolithus edwardsii.

Stratigraphic range. Lower Paleocene, lower parts of
Danian Stage. The time equivalent of the zone 15 5990
Ea (Westerhold et al . 2008).

Plate 6.1. Calcarecuns nannofossil species from the KT boundary interval in Byala 2b section — CC26, NP1, NP2 and NT'3
zones; cross-polarized light (XPL) and gypsum plate (GP). With =-7 and “+” iz noted the distance (m) below and above
the K/T bouadary

I — Chigsmolithus danicus, zone WP3, =274 m; I'— Neochigsiozygus ragpes, zone WP4, +35.30 m: 3 — Cruciplacolithu:
tenuis, zone NP3, =28.6m: 4 — Cruciplacolithus tenuis, zone NP2, =11.00 m; 5 — Cruciplacolithus intermedits, zone NP2,
=320 m; 6 — Futvania petalosa coccozphere, zone NP2, —6.80 m; 7 — Brasrudosphasra turbinea, zone NP3, +28.00 m;
& — Neobiscutum romeinii, zone NP1, =1 80 m; 9-70 — Bianrhelitinic sparcus, zone NP1, +0.03m; [J-17 Biantholithus
Iparsus, zone NP1, +0.06m; 73-74— Nephrolithus frequens, zone CC 26, -0.00 m; 15 — Thoracosphasra operculata, zone
NP1, ~0.01 m; 16 — Bragrudasphasra bigelowii, -0.03 m; f7 — Micula murus, zone CC 26, -4 25 m; 18 — Micula prinsii,
zone CC 26, -0.04 m; J9 — Zygodiscus spivalis, zone CC 26, -0.03 m; 20 — Bragrudosphacra bigelowii zone CC 26, 423 m
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10 pm

Plate 6.2. Calcareous nannofossil species from the KT boundary interval in Byala 3 section — CC26, NP1, NP2 and NP3
zones; cross-polarized light (XPL) and gypsum plate (GP). With “-7 and “+" iz-noted the diztance (m) below and above
the KT boundary

12— C'r.!.:"f:*."r:m.":'rf'::.': asymmetricus, zone NP2, +7.30 m; 3 — Crucipigcelithus imtormedins, zone NP2, +5.60 m: 4 -
C lithus intermediuz, zone TP‘ +6.07 m; 5-6 — Biantholithus sparsus, zone NP1, +3:00 m; 7 — Cyclagelosphasra
a.-'r_ zoHe E‘C 1, +097 m; & — Cyelagelosphacra alta, zone NP1, +0.10 m; @ — Braarudosphaera bigelowii, zone CC26,
005 m; 10 — Bragrudosphasra turbinea, zone NP1, —1.60 m; 1] — Thoracosphansra operculata, zone NP1, +0.03 m;

74

— Markalius imversus, zone NP1, =030 m; /3 — Prediscosphaera g?ﬂ-"f‘f r, zone CC26. -0.02 m; /4 — Micula swartica,

zone CC26, -0.02 m; 15 — Mienda murns, zone CC26, -0.05 m; 16 — Arkhangelskiella c3 r:-,:"f'-sr,m: zone CCI6, -l 30m
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Remarks. The lower boundary of the zone 15 traced by
the FO of the species Cruciplacolithus intermedius.
The FO of Prinsius dimorphosus 1 the analyzed
sections 18 usually detected around this boundary or
shightly above 1t and often occurs 1n even peorly pre-
served associations. This species may serve as an ap-
proximation for tracing the lower boundary of the zone
in cases when Cruciplacolithus intermedius 15 absent.

Fepresentatives of genus Coccolithus — C. cavus
and C subpertusus appear for the first ime in the
lower part of the zone, along with the index species
Cruciplacolithus tenuis.

Cruciplacolithus asymmetricus occurs in the up-
per part which 15 the evolutionary ancestor of
Cruciplacolithus edwardsii (van Heck & Prins, 1987).

The association of species often seen m the zone in-
cludes: Cruciplacolithus intermedius, C. tenuis, Prin-
sius dimorphosus, Placozygus sigmoides, Coccolithus
cevis, C subpertusus and Cruciplacolithus asymmet-
FiCUs.

The abundance of the “survivor” species Thoraco-
sphaera aperculata and Braarudosphaera bigelowii
sharplv decreases in this zone and they occur rarely.

Distriburion and correlations. The zone 15 1dentified
n low, muddle and high latitudes — the Antarctic and
the North Sea

Zone NP2 corresponds to zone CP1b of Okada and
Burky (1980), to the sum of several zones of Romein
(1979) (upper parts of zone C. primus, zone P. dimor-

phosus and base of zone C. tenuis) as well as to zones
C. intermedius and C. asymmetricus of van Heck and
Prins (1987) and zone NNTp2 of Varol (1989), zone
NAT of Wei and Pospichal (1991), zone CNP2 and
lower parts of CINP3 zone of Agmini et al. | 2014 (Fig.
6.1).

In Bulgana 1t 15 observed in sections in the Kula Zone
and West Fore-Balkan (Mezdra) where its thickness
varies from 7 to 10 m. In the Central Balkan the zone
is obzerved m the sections at Mishemorkov han
Krastets rathway station, Zheravna and Ichera-Gradets
and 15 between § and 12 m thick A similar thickness
of the zone 15 present in the section near Bvala and
Goritsa (10-15 m). Tts greatest thickness. however, 15
measured in the deep-water sections — at Marash and
Emona — around 30 m (based on data by Sinnyovsky,
2004a; at Emona the re-calculated thickness of the

zone 15 88 m).
Zone NP2 — Chiasmolithus danicus (Fig. 6.3)

Nomenclature. The zone was dentified for the first
tune bv Martim (1971c), describing 1t as an interval
from the FO of Chiasmolithus danicus to the FO of
Ellipsolithus macellus. Tts features have been supple-
mented and clarified bv Perch-Nielsen (1981a_ 1983a)
and van Heck and Prins (1987) based on detailed taxo-
nomic revisions of the Cruciplacolithus edwardsii —
Chiasmolithus danicus group.

In Bulgana the zone was 1dentified for the first tme
by Sinnvovsky (1990) m the vicinity of Byala Its de-
tatled characteristics were dizcussed by Stoykova (in
Tvanov & Stovkova, 1994).

o
E Nannofossil biohorizons
(2a]
% — 4 Cruciplacolithus edwardsii
R — & Cruciplacolithus asymmetricus
=
g
~ A4 Coccolithus cavus, C. subpertusus
o —&  Cruciplacelithus tenuis
=

A Prinsius dimorphosus
— —2&  Cruciplacolithus intermedius
o,
Z

Fig_ 6.4 Nannofossil bichorizons

in the range of NP2 zone
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Plate 6.3. Calcareons nannofbssil species from the K/'T boundary inferval in Marazh and Fmona sections — CC26, NP1
and NP2 zones: All photos with XPL except of 6 (GP). With “-7 and *+7 1z noted the distance {m) below and above the
KT boundary

{—Cruciplacelithu

s iemiis; zone NP2, + 1450 m; 2 — Cruciplacalithus infermedius, zone NP2, -6 40 m: - Cruciplacolithus
cf. primus, zone NP1, -2 10 m: £ — Ericzonia subperfusa, zone NP2, +17.60 m; 5-6 — Bionthelithus sparsus, zone NP1,
=050 m; 7— Placozygus sigmoides, zone NP 1, +0.97 m: & — Placezygus sigmoides, zone NP1, =1 80 m; 9 — Micula ef
princii, zone CC26, 0.6 m; J0— Thoracosphaera operculata, =0.03 m; /I — Prinsius dimorphosus coccosphere, zone NP2,

=14 80 m; 12 — Cyclagefozphasra reinhardiii, zone NP1, —4.55 m; 13 — Micula simwrophora, zone CC26, -2 50 m: J4-15
— Micula prinzii, zone CC26, -0.05 m; 16— Cyel Iit, zone CC26, -8.30m
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Definition. Interval from the FO of Cruciplacolithus
edwardsii to the FO of Ellipsolithus macellus.

Stratigraphic range. Lower Paleocene, upper Dantan
The time equivalent of the zone 15 1_8 Ma (Westerhold
etal , 2008).

Remaris. The FO of the species Cruciplacolithus
edhwardsii 15 a clearly identifiable event m all of the
studied sections. Concomttantly, or slightly higher-
up, the commonly occurring and abundant species
Prinsius martini appears. Its appearance could cer-
tainly serve as a reliable biostratigraphic honizon for
fixing the lower boundary of the zone.

The successive FOs of the species Chiasmolithus
danicus and Neochiastozygus modestus 15 noted in the
middle of the zone (Fig. 6.5).

The association of species charactenistic of the zone
comprises (Plate 6.1; 6.2; 6.3) Cruciplacelithus te-
nuis, C. asymmetricus, C. inmtermedius, C. edwardsii,
Thoracosphaera operculata, Braarudosphaera bige-
lowii, Placozyeus sigmoides, Chiasmolithus danicus,
Prinsius: martinil, P tenuiculum, P dimorphosus,
Coccolithus cavus, Ericsonia subpermusa and Neo-
chiastoygus modestus.

A small_ but very charactenistic group of species of the
genus Neochiastozygus — N. eosagpes, N. saepes, (=
N imbriei) occurs in the uppermost part of the zone
(Fig. 6.5). This event has a high hiostratigraphic po-
tential — it repeats in the majority of the studied sec-
tions in Bulgana as well as in the high latitudes of the
North Sea (Perch-Nielsen, 197%; van Heck & Prins,

1987). Therefore, it can reliably serve as a criterion
for the approximate posttion of the upper boundary
of the zone, considering the absence of the marker
Ellipsalithus macellus 1 the associations.

The upper boundary of zone NP3 1s fixed by the FO of
the species Ellipsolithus macellus. This hichorizon 15
commented on i detail m the next zone.

Distriburion and correlations. The zone 1s 1dentified
in the low and middle latitudes, as well as i the high
latitudes m the northern hemisphere (the North Sea —
Perch-Nielsen, 1979; van Heck & Pnns, 1987). In the
southern Atlantic, however, it may not be identified
due to the absence of the zonal marker and discrepan-
cies/differences in the levels of FO of other significant
stratigraphic markers (Agnim et al, 2007a).

It comresponds to zone CP2 of Okada and Burky
(1980). to zone C. tenuis of Romemn (1979), to the
sum of zones C. danicus. N. modestus and N. saspes
of van Heck & Pnins (1987). to zones NTp3. NTp4
and NTp3 of Varol (1989), to zone NA4 of Wei and
Pospichal (1991), to parts of CNP3 and CNP4 zones
of Agnini et al_ (2014).

Tn Bulgarna the zone has been identified in the sections
ofthe Kula zone (Kladorub) and the West Fore-Balkan
(Mezdra-Morawvitsa), where its thickness varies from
5 to 15 m. In the Central Balkan 1t 15 observed in the
sections at Mishemorkov han, Zheravna and Ichera-
Gradets, where 1t 15 several tens of metres thick. In
the sections around Byala it 15 28-30 m thick In the
flysch sections, the thickness of the zone reaches 60 m
{Emona section — Sinnyovsky, 2004a).

Nannofossil bichorizons

C. danicus

NP3

Prinsius martinii
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Ellipsolithus macellus
N. eosaepes, N. saepes
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Cruciplacolithus edwardsii

Fig 6.5 Nannofossil bichorizons
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Zone NP4 — Ellipselithus macellus (Fig. 6.6)

Nomenclarure. The zone was identified for the first
time by Martimi (1971c). In Bulgana this zone was
indicated by Stovkova (in Ivanov & Stovkova, 1994)
in sections Byala 1-and Byala 2b.

Definition. Interval from the FO of Ellipsolithus
macellus to the FO of Fasciculithus tympaniformis.

Stratigraphic range. Lower Paleocene, upper parts of
the Danian Stage. The zone covers a relatrvely large
chronostratigraphic range and 1s one of the longestin
the Paleocene (around 2 3 Ma — Dinarés-Turell et al |
2003).

Remaris. The FO of the marker species Ellipsolithus
macellus that defines the base of zone NP4 1s a rather
disputable bichorizon, discussed recently in a number
of biostratigraphic analyses. Tt 15 assumed that it may
not be used as a reliable bichorizon, since the dentifi-
cation of the species 1s strongly dependent on preser-
vation conditions (often when dissolution occurs, the
species with the most fragile skeletons are not pre-
served) and on differing paleocecological conditions,
etc_ It 1s rarely seen in most of the deep-water sections
worldwide and the same applies in Bulgara.

With Ellipsolithus macelius missing_ the FO of spe-
cies Neochiasiozygus eosaepes and N. saepes can be
justifiably used for approximate tracing of the lower
boundary of the zone (Ivanov & Stovkova, 1994).

Mo bioevents of high biostratigraphic sigmficance
have been found in the lower part of the zone.

However, a senies of events of FOs of genera and spe-
cies with stratigraphic importance have been docu-
mented in the upper part (Fig. 6.6).

Representatives of the genera Sphenolithus,
Gomphiolithus, Lithoptvehius and Heliolithus dis-
playing one of the most accelerated speciation rates
among nannofossils by the end of the Paleocene are
seen here.

The first species from these genera — Gomphioiithus
magnicordis and Sphenolithus primus, appear at the
base of the upper part of the zone (first radiation of
fasciculiths). An tmportant stratigraphic event 15 also
the FO of Chiasmolithus bidewns, nearly at the same
level. The FO of Neochiastozyeus perfectus — also a
very strong bichorizon, 15 documented above 1t (Fig.
6.6).

The second radiation of the fasciculths — the occur-
rence of Lithoptvchius wlii, L janii, L. pileatus (Fig.
6.6) 15 fixed in the uppermost part of the zone, imme-
diately below the NP4/NP5 boundary. This event re-
veals high biostratigraphic correlation potential — 1t is
identified 1n a number of deep-water successions and
in Bulgaria — tn the sections at Byala and Kladorub.
Therefore, this event has been proposed as a cniterion
for setting the lower boundary of the Selandian Stage
i the section at Zumata (Dmarés-Turell et al| 2007;
Bernaola et al., 2008). The section was formally ap-
proved az GS5P (Global Boundary Stratotype Section
and Point) for the Damian, Selandian and Thanetian
Stages dunng a meeting of the working group on
Paleocene stratigraphy held on June 19-20, 2007 in
Zumaia, Spain.
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Plate 6.4.C a]._ﬁreh.ba annofossil species from the NP4 zone i the sections at Byala and Kladorub: All photos with XPL.
except of 7 and § — plane polarized light (FPL)

1-2 — Ellipsolithus macellus, -section Byala 2b, samples :iE . BBTT; 3-4 — Ellipsoliihus distichus, 3 from zection Byala
2b, zam ..;J.r: BE7S: 4 from section Kladerub, sample Krbl1, +19.10 m: ."-' — Heliolithus coantabride. section Byala 1
sample B23; § — Neochinrtorygnr perfecius, zection Byala 1. sample B21; 9 — Neachi section B ala

.'Lec:-:“-:.!cr.-‘-:l:li-_;:.': modesius, Thid_; 12
zection Byala 2b. a;ample BB1;
section Kladorub, samp Kr’:l""\' +28.65 m; J6 — Lithoptychi ii, section K;-_.L.-u:'ub zample
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The upper boundary of the zone 15 traced by the FO of
Fasciculithus nmpaniformis. The FOs of the species
Litheptvchius billii and Heliolithus cantabrice are
registered above this boundary (Fig §.6). Only in sec-
tion Byala 1 Heliolithus cantabriage occurs in the up-
per portion of zone NP4, below the NP4/NP5 bound-
ary. Therefore, this event should always be carefully
traced and mterpreted.

The characteristic zonal association compnses
(Plate 6.4): Neochiastozyous saepes, N, modestus,
Cruciplacolithus edwardsii, C. tenuis, C. intermedius,
Chiasmolithus danicus, Coccolithus subpertusus,
Prinsius martini, Braarudosphaera bigelowii and
Placozygus sigmoides.

Distribution and correlations. The zone 1s observed
only in the low and nuddle latitudes. In the hugh lati-
tudes of the northern and southern hemisphere nan-
nofloristic associations show different composttions
and other zones are distinouished there. In ocean sec-
tions it corresponds to zone CP3 of Okada and Burky
{1980), and in the North Sea — to the sum of zones
N. saepes, Ch. inconspicuous and N perfectus of van
Heck and Prins (1987), to zones NTp5, NTp6, NTp7
and NTp8 of Varol (1989, as well as to CINP3, CNP4&
and parts of CNP7 biozones of Agnimi et-al (2014).
In the Antarctic, it corresponds to parts of zones NAS
and NAS of Wei and Pospichal (1991).

In Bulgana the zone 1s proved mn the section at
Kladomub (Smmvovsky, 2004b) and 15 20 m thuck. In
the Central Fore-Balkan and Balkan it 15 identified
in the sections of Mishemorkoi han, Drenta, Tabelite
and Ichera-Gradets with thicknesses between 10 and

50 m. In the East Fore-Balkan and Balkan 1ts thick-
ness varies depending on the posttion of the section 1n
the basin profile. In the section around the shelf mar-
g and upper parts of the slope, 1t 1s between 35 m
(Byala) and 50 m (Chudnite skali) thick. In the lower
parts and the foot of the slope. the thickness of the
zone reaches 100 m at Kozichine, 155 m at Emona
(Sinnyovsky, 2004a) and about 200 m in the section
at Ruen-Snyagovo.

6.2.3. Paleocene Series — Selandian Stage
Zone NP3 — Fasciculithus tympaniformis (Fig. 6.7)

Nomenclature. The zone was imihally defined by
Mohler and Hay (1967) (in Hav etal., 1967).

In Bulgana it was identified by Stovkova (in Tvanov
and Stovkova, 1994) in the Byala 1 and Bvala 2b sec-
tions.

Defmition. Interval from the FO of Fasciculithus
vmpaniformis to the FO of Helislithus Heinpellii.

Stratigraphic range. Middle Paleocene, lower part of
the Selandian Stage. The time equivalence of the zone
15 around 1.8 Ma (Westerhold et al., 2008).

Remarks. The lower boundary of the zone 15 fixed
at the FO of Fasciculithus ampaniformis. In the re-
marks for the preceding zone — NP4 — the results of
the latest complex studies of the section at Zumaia
(Dinarés-Turell et al 2007; Bernaola et al. 2008)
were discussed including the proposal for fixing the

Nannofossil biohorizons
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Drantan-Selandian boundary at the second radiation of
the fasciculiths — Lithoprychius wlii, L. janii, L. pilaa-
rus. The occurrence of the species Toweius emingns 15
detected in the middle portion of the zone (Fig. 6.7).

The upper boundary of the zone 15 drawn at the ap-
pearance of Heliolithus &einpellii — a remarkably
clear event. detected m all studied sections. The FO
of the species Sphenclithus anarhopus 15 recorded
around this boundary. In the sections of Central north-
ern Bulgaria, the latter bioevent precedes the FO of
Heliolithus kleinpellii in the upper part of NP5 zone,
while 1n NE Bulgaria (sections around Byala) 1t 1s re-
corded after the FO of Heliolithus Heinpellii, in the
lower part of NP& zone.

The characteristic nannofossil association compris-
es the following species (Plate 6.5): Fasciculithus
tvmpaniformis, Lithoptychius janii, L. ulii L. billii
Ellipsolithus macelius, E  bollii Chiasmolithus
hiders, Bomolithus elecans, Sphenclithus primus,
Toweius pertusus and Placozveus sigmoides.

Distribution and correlations. The zone was identi-
fied only in the low and middle latitndes. In ocean
sections it corresponds to zone CP4 of Okada and
Burky (1980) and 1n the North Sea — to zones NTp9
and NTpl0 of Varol (1989). Furthermore_ 1t corre-
sponds to CNP7 and the lower part of CINP8 biozones
of Agmmi et al. (2014).

In NW Bulgania the zone 15 proved in the section at
Kladorub, where 1t1s 10 m thick (Sinnyovsky, 2004b).
In the secttons of Central northern Bulgaria, 1ts pres-

ence has been discovered in the course of the current
study, and has a thickness of 2-3m_

In the Centrzl Fore-Balkan and Balkan. 1t 1z docu-
mented in the sections at Gabrovo, Drenta and Ichera-
Gradets, where s thickness reaches around 10 m It
comprises a nich and drverse association 1n the vicin-
ity of Stanchov han village, Elena region, however, its
thickness has not been accurately determined.

It 1= present in all of the studied sections in the East
Fore-Balkan and Balkan and 1ts thickness ranges from
several tens of metres (Esen, Podvis, Chudnite skali)
to over 100 m (Ruen-Snyagovo, Kamenvak, Kozichi-
no, Emona). In the section near Byala 1ts thickness
vanes from 4 m (Byala 4) to 15 m (Goritsa).

Zone NP6 — Heliolithus Eleinpellii (Fig. 6.8)

Nemenclature. The zone was defined for the first time
by Mohler and Hay (1967) in Hay et al. (1967) as
an “interval from the first occurrence of Helialithus
kleinpellii to the first occurrence of Discoaster gem-
mewus”_ Later on. following taxonomic revision, Burky
and Percival (1971) proved that the species Discoas-
rer gemmens has an Eocene range and was completely
missing in the Paleocens.

Then thev created a new species— Discoaster mohieri,
based on a specimen figured by Hay and Mohler
(1967) in their “zone Discoaster gemmeus™. There-
fore, the species Discoaster mohleri of Burky and
Percival, 1971 completely replaced Discoaster gem-
meus in the definttion of zones NP6 and NP7.
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Plate 6.6. Calcareons nannofossil species from the NP6 zone in the Byala 4 section. 10 ym
All photos with XPL except of [ (PPL)
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In Bulgaria the zone was indicated for the first time
by Muzilev (in Aladjova-Hrischeva et al. 1983
More detailed characteristics have been recorded by
Stovkowva (1990), describing 1t in the sediments of the
Komarevo Formation i Central northern Bulgaria.

Definition: Imterval from the FO of Heliolithus
Keinpellii to the FO of Discoaster mohleri.

Stratigraphic range. Middle Paleocens, upper part
of Selandian Stage and lower part of the Thanetian
Stage. The time equivalence of the zone 15 490 Ka
(Westerhold et al_, 2008).

Remaris. The lower boundary of the zone is clearly
traced by the FO of Heliolithus Keinpellii. This spe-
cies, particulary with its clear taxonomic features and
abundance, represents an excellent bichorizon.

The middle part of the zone 1s charactenzed by the FO
of the genus Bomolithus with the species Bomolithus
bramletzei. The latter has been identified only in the
sections near Byala. The most probable reason for its
presence only in the deeper-water sections (margin-
slope location) may be ecological, because it 15 not
detected 1n the shallow water sections.

The upper boundary of the zone 15 clearly traced by
the FO of Discoaster mohleri.

The association of species in the zone contains (Plate
6.6): Heliolithus Heinpellii, H cantabriae, Chiasmo-
{ithus bidens, C. consuerus, Neochiastozyvgus modes-
tus, N perfectus, N junctus, Sphenolithus primus, 5.
anarrhopus, Fasciculfithus tympaniformis, F bobii

F thomasii Prinsius martini, Toweius eminens, T
pertusus and Placozyous sigmoides.

Distribution and correlations. The zone 1s identified
only i the low and mid lattudes. In oceanic core-
drill-sections 1t corresponds to zone CP3 of Okada
and Burky (1980) and 1n the North Sea — to parts of
zones NTpl0 and NTpll of Varol (1989), as well as
to middle and upper parts of CINPS biozone of Agnim
et al (2014).

In N'W Bulgaria 1t 15 present in the section at Klado-
rub with an estimated thickness of 3 m (Smnyovsky,
2004b); in the Mezdra region, near Lyufi dol village 1t
occurs within the sandstone formation of Sinnvovsky
and Sionyovska (1993},

In Central northern Bulgana the zone 1s observed in
the lower portions of the sections along the Vit River
and 15 13-20 m thuck.

In the Central Fore-Balkan and Balkan it 1s document-
ed only in the eastern parts — Ichera-Gradets section,
where the thickness reaches several tens of meters.

In the East Fore-Balkan and Balkan the zone 1s ob-
served 1 the Chudnite skali section, where its thick-
ness 15 20 m (Smavovsky 1n Vangelov & Sinnvovsky,
2000). Probably the zone 1z present in the section of
the thick-bedded sandstone formation, but no paleon-
tological data 15 available to support this so far

In the sections around Byala 1ts thickness varies from
4 m (Byala 4) to 8-10 m (Dolap Dere).
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The thickness of the zone in the turbidite sequences of
the Emine Formation around Emona is not precisely
known due to the lack of the zonal marker for the next
zome NP7 Discoaster mohleri (Sinnvovsky, 2004a)
The comned thicknesses for zones NP6 and NP7 in
this region 15 180 m (Smavovsky, 2004a).

6.2.4. Paleocene Series — Thanetian Stage
Zone NP7 — Discoaster molileri (Fig. 6.9)

Nomenclature. The zone was distinguished for the first
time by Hay (1964) and Mohler and Hay (1967 (in
Hay et al.. 1967) as “an interval from the first occur-
tence of Discoaster gemmeus to the first occurrence
of Heliolithus reidelii”. The replacement of the index
species Discoaster gemmieus by Discoaster mohleri
was discussed above in the preceding zone NP§.

In Bulgaria the zone was identfied for the first time
by Muzilev (in Aladjova-Hrischeva et al | 1983). De-
tailed characteristics were given by Stovkova (1990),
documenting it in sections along the Vit River in Cen-
tral northern Bulzaria.

Definition. Interval from the FO of Discoaster mohleri
1o the FO of Heliolithus riedelii.

Stratigraphic range. Upper Paleocene, lower part of
Thanetian Stage. This zone 13 one of the smallest 1n
range and shortest i temporal duration within the Pa-
leocene. The latest data indicate a duration of around
300 Ka, including 2 5 eccentricity cycles (approx. 100
Ka each) in the section at Zumaia (Dinarés-Turell et
al | 2007).

Remarks. The lower boundary of the zone 15 clearly
traced by the FO of Discoaster mohleri.

No significant biostratigraphic events have been de-
tected 1n the zone (Fig. 6.9)

The upper boundary of the zone 1s fixed by the FO of
the species Heliolithus riedelii — another clearly ex-
pressed event, registered in the studied sections. The
upper part of zone NP7 contains the last appearance
(extinction) of the species Bomolithus bramlettel and
Heliolithus Eempellii.

The charactenistic assoctation mncludes the follow-
ing species (Plate 6.7): Discoaster mohleri, Toweius
patellus, T eminens, T tovae, Chiasmolithus bidens,
C consuerus, C  edentulus, Sphenclithus primus,
Fasciculithus tvmpaniformis, Ellipsolithus macelius,
Heliolithus  kleinpellii, Bomolithus elegans, B
bramietrei and Placozygus sigmoides.

Distribution and correlations. The zone 15 observed
in the low and mud latiudes. Due to the zone’s small
thickness and lack of sufficient biostratigraphic data,
it 15 often separated as one common zone NP7/NPE.
In the ocean sections 1t corresponds to the zone of the
zame name — CP6 of Okada and Burky (1980), as well
as to CNP9 and part of CNP10 zone of Agnini et al.
(2014); and in the North Sea —to parts of zone NTpll
and NTpl2 of Varol (1989).

In Bulgana, the NP7 zone with clear lower and upper
boundaries has been identified only 1n three regions
— Vidm (the section at Kladorub), Pleven (the sec-
ttons at Riben and Komarevo) and Vama (Beloslay,
Trastikovo, Sindel). At Kladorub its thickness 15 2 m
{from —49 to +51 m), at Riben and Komarevo 2.5 m
and 4 m respectively, and at Be]’:cr:.la‘n; Trastikovo and
Sindel the thickness1s2—-25m.

The occurrence of the zone in the Byala 4 section 15
only hypothesized (estimated thickness of 1.5 m),
since no outcrops of this particular interval were
available (Stoykova and Ivanov, 2008a, b).

The lower boundary of the zone 15 not precisely fixed
in the sections of the Emine Formation near Emona.
Since the zonal index Discoasrer mohler] 15 missing,
the thickness of the zone cannot be comectly calen-
lated. The total thickness_ along with zone NP6_ 15 180
m (Sinnyovsky, 2004a).

Zome NPS — Heliolithus riedelii (Fig. 6.10)
Nomenclature. The zone was infroduced for the first
time by Bramlette and Sullivan (1961) under the name
“Unit 1 — provisionally referred to as the Heliolithus
riedelil zone™ with “charactenstic zonal association,
wmcluding Heffoffzhm riedelii, Discoaster helianthus,
Zygolithus junctus™. Mohler a.nd Hay (1967) gave a
precise definition of the zone as “an mmterval from the
first occumrence of Helinlithus riedelii to the first oc-
currence of Discoaster multivadiatis™.

In Bulgaria, the zone was identified for the first time
by Sinnvovsky (1992) in the Paleocene section along
the road cut of the hichway at Devnya, Varna region,
where the index species Heliofithus riedelii was fig-
ured from.

Definition. Interval from the FO of Heliolithus riedalii
to the FO of Discoaster multiradiars.

Stratigraphic range. Upper Paleocene. middle part of
Thanetian Stage. No precise data on the time range 15
available, because of the missing ndex species in the
calibrated ocean sections (Westerhold et al.. 2008).
Estimates mndicate an approximate duration of over
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300 Ka (if using the FO of Discoaster nobilis as a
replacement of the FO of Heliolithus riedelii).

Remar#s. The first occurrence of the mdex Heliolithus
riedelii marking the base of zone NP8 represents a
clearly expressed bichorizon. Tt 1s clearly recognized
in the studied sections since Heliolithus riedealii 1s eas-
ily 1dentifiable and commonly occurs throughout the
entire zone. Moreover, 1ts full vertical distribution co-
incides with the range of zone NP8. However, it has
been recorded rarely 1 the lower part of the next NP9
zone, probably as a result of redeposition.

Several first occurrences of important stratigraphic
species are detected mn the mmddle portion of the zone

(Fig. 6.10).

The FO of Discoaster protomultiradiatus Wei, 1998
15 a ioevent that 1s clearly identified 1n the studied
Bulganan sections. It 15 possible that its high strati-
graphic potential will vet be assessed worldwide.

The FOs of Bomelithus megastypus and Ericsonia
robusta followed by Fasciculithus tonii are observed
above 1t (Fig. 6.10). The last occurrence (the extine-
tion) of the mdex species Heliolithus riedelii 15 m
the uppermost part of the zone, around the NPE/NP9
boundary.

The upper boundary of the zone 13 fixed by the FO
of Discoaster multiradiatus — another well-expressed
biohorizon, traced in all smdied sections.

The association of species commonly encountered

in the zone comprises (Plate 6.8): Heliolithus rie-
delii H wuniversus, Bomolithus megasnypus, Eric-
sonia robusta, Discoaster proromultivadiatus, D.
T : = - = | H z
mohleri, D splendidus, Fasciculithus tvmpaniformis,
E hmelutus, F tonii. E alanii Zveodiscus herlmi,
Placozygus sigmoides, Toweius tovae, T eminens and
T periusus.

Distribution and correlations. The zone 15 observed
in the low and nud latudes. In the ocean sections it
corresponds to zone CP7 of Okada and Burky (1980)
and approximates to the upper part of CNP10 biozone
of Agrim et al. (2014); 1 the North Sea it equates to
parts of zones NTpl3 to NTpl5 of Varol (1989).

In N'W Bulgana the zone was discovered in the sec-
tion at Kladorub by Smmnyvovsky (2004b), where its
estimated thickness 1s S m.

In Central northern Bulgaria the zone 15 1dentified
the Bozhuritsa Formation. 1n the sections along the
valley of the Vit River (Bozhuritsa and Riben_ as well
as in the gully between Riben and Komarevo) where
its thickness reaches 13-15 m.

In the Central Fore-Balkan and Balkan the zone is
documented only 1n the eastern parts. i the Ichera-
Gradets section. where the thickness 15 approximately
25m

In the East Fore-Balkan 1t 13 distinguished in the
gection at Chudmite skali, with a thickness betiveen
15-17 m (Smnyovsky m Vangelov and Smnyvovsky,
2000; Stovkova in Peybernés et al., 2004). Ir 13 quite

Zone

Nannofossil bichorizons

P

&
¥

Heliolithus riedelii

Fasciculithus tonii

LEL

NP B

Heliolithus riedelii

NP 7

Discoaster multiradiatus

Bomolithus megastvpus, £, robusta
Discoaster protomultivadiatus

Fig 6.10. MNannofossil bichori-
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Plate 6.7. Calcareons nannofossil species from the NP7 zoge in the studied sections.

All photos with XPL except of [-3 (PPL)

e
L
e}
(&

-2 — Discoaster meklsri, Komarevo section +23 m; 3 — Bomolithus bramlisitel Komarevo section +30 m; 4 — Toweins pa-

teffus, Byala 4 section; 5§ — Chiasmolithus consuetus; 6 — Bomelithus elspans, Sindel section, 2 m;

7 — Toweius eminens,

Trastikovo section, —1.3 m; & — Elfipzollithus macelluz, Byala 4 section; 9-10 — Heliolithus Heinpellii, Kladomb section,
sample Kb 37; 17 — Chiarmolithys edentulus, section Belozlav-South, ~0.2 m

possible NP8 zone is present in the sections of the
thick-bedded sandstone formation (for mnstance. near
Nevkovovillage, East Balkan). but no supperting bio-
stratigraphic data are vet available.

In the sections near Byala the thickness of the zone
12 arpund 3 m (Stovkova & Tvanov, 2006a, b). In the
Emine Formation near Emona 1ts estimated thickness
13 95 m (Sinnyovsky, 2004a).

In the eastern parts of the Moesian Platform the zone 15
documented 1n the sections at Beloslav, Sindel and Tra-
snkovo. where s thickness vanes from 2. 3mto S m

In the Black Sea offshore, the zone 13 proved m the
Yur Shimanoyv and Varna-West wells, the thickness
bemg 20 m and 6 m, respectively. As a jomt zone
NPE/NP2 1t 13 docomented m Galata-1 and Galata-2
wells, with a thickness between 5 — 10 m.
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Zone NP9 — Discoaster multiradiarus (Fig. 6.11)

Nomenclature: The zone was differentiated for the
first time by Bramlette and Sullivan (1961) under
the name “Unit 1 — the provisional D. multiradiatus
zone”. Mohler and Hav (1967) defined the zone a=
“an mnterval from the first occurrence of Discogster
multiradiaris to the first occurrence of Marthasterites
bramiertei”. Comments on the taxonomic 1ssues re-
lated to Rhomboaster bramlettei and the evolutionary
lineage Rhomboaster — Tribrachiatus are presented in
the next zone NP10.

The zone was indicated for the first time 1n Bulgaria
by Sinnvovsky (in Simnvovsky & Sultanov, 1994)
in the Emune Formation section north of Irakli: the
index species was also figured. Later on, Smnvov-
sky recorded the zone in the sections at Emona and
Kladorub (Sinnvovsky, 2004a, b). The stated critenia
for setting the boundanes of zone NP9, however, are
incorrect — they are valid for zone NP8,

In the sections of Central northern Bulgaria, the zone
has been thoroughly documented and described by
Stovkova (in Stoykova and Ivanov, 2004b).

Definition: Interval from the FO of Discoaster multi-
raidarus to the FO of the genus Rhomboaster (Rhom-
boaster bramiertei)

Stratigraphic range. Upper Paleocene, upper part of
Thanetian Stage. The time equivalence of the zone by
latest data 1s 1.3 Ma (Agnini et al | 2007a; Westerhold
et al . 2008).

Remarks. The lower boundary of the zone represents
one of the most smdied globally identified biochori-
zons in the Paleocene (Bramlette and Sullivan, 1961;
Hay and Mohler, 1967; Romein, 1979; Bralower and
Mutterlose, 1995; Raffi et al, 2005; Agnim et al |
2007a; Agnimt et al, 2014). The FO of Discoaster
mudtiradiatus 15 easily identified due to clearly iden-
tifiable morphology and because 1t 15 frequently en-
coumntered 1n associations. Along with it, at the base
of the zone, the first representatives of the rhabdoliths
appear — Blackites creber and B. spp. — that regularly
occur within the zone, but their acme seems to have
occuired mn the lower Eocene.

The middle part of the zone reveals the FOs of Disco-
aster falcatus, D. limbatus and D mediosus (Fig. 6.11).

In the upper part of the zone, a bicherizon with suc-
cessive FOs of the species Cammilosphaera eodela,
Lophodolithus nascens, Transversopontis pulcher
and Ponosphaera spp. 15 clearly identifiable (Fig.
6.11). The high stratigraphic potential of the species
Campyvlosphaera eocdela was recogmzed by Okada
and Burky (1980) and applied in dividing their zone

MNannotossil bichorizons

¥ genus Fasciculithus

NP 10 | Zone

I

NP 9 D. multiradiatus
L

b Blackites creber

|.I-.|.I-.
-

T. pulcher. Pontosphaera spp.
Lophodolithus nascens
Campylosphaera eodela

Discoaster falcatus, D. limbatus
Discoaster mediosus

Discoaster multiradiaius

Fig. 6.11. Nannofossil biohori-
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Fig. 6.11. Calcarecus nannofoszil biozonation of the Paleocene and lower Eocene. uzed in the present study {after Marting,
197 1e with modifications). Some kev nannofossil bickorizons of the first and last occurrence of the marker species are alzo

shown (red; green and black arrows)

CP & into 2 sub-zones — CP 8a (Ch. bidens) and CP &b
(Ca. eodela). The other two species — Lophodolithus
nascens and Transversopontis pulcher — have been
used by Bybell and Self-Trail (1995) for detaled
zonation of the boundary interval between the Pale-
ocene and Eocene i New Jersey. In thewr opinion

Lophodolithus nascens occurs in the uppermost quar-
tile of zone NP9, while Transversopontis pulcher 15
above this, 1 the very highest portion (Bybell & Self-
Trail, 1995)

The third major radiation event among the fasciculith
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group 15 registered in the uppermost part of the zone
(the so-called Fasciculithus richardi group — Agnim
et al, 2014). During the radiation, the following spe-
cies dominate nannofossil associations: Fasciculithus
mitreus, F thomasii, F schaubii E townii, E bwvolu-
tus, F. bobii and F siderius. This group disappeared
completely with the onset of the PETM (Agnini et al .
2014

The upper boundary of the zone 15 traced by the occur-
rence of the first representatives of the genus Rhom-
boaster — R bramlettei, R. cuspis and R calcitrapa.
This boundary 15 marked by a global climatic event
— the Paleocene-Eocene Thermal Maximum (PETM)
and will be specifically discussed in Chapter 8 “Glob-
al Events™

The association characteristic of the zome com-
prises the following species (Plate 69A. 69B):
Discoaster multiradiatus, D. salisbwrgensis, D
protomultiradiatus, D. mediosus, D. falcatus, D
limbatus, D. lenticularis, Fasciculithus mitreus, F
siderius, F. tonii, F schaubii, Calcisoleniz aperta
Toweius eminens, T fovae, T pertusus, I serpiinus,
Zyandiscus herlyni, Neochiastozyous junctus, Bomo-
lithus conicus and Ellipsolithus distichus.

Distribution and correlations. The zone 1s traced
the low and muddle latitudes. In the ocean sections it
corresponds to zone CP8 (sub-zones CPSA and CP8B)
of Okada and Burky (1980) and to CNP11 zone of
Apgmm et al. (2014), as well as to zones NTplé to
NTp20 of Varol (1989) tn the North Sea.

In N'W Bulgara 1t 13 proved in the section at Kladorub
by Sinnyovsky (2004b) with 16 m thickness (without
taking into account the lower Eocene sediments of zone
NP10). The thickness of zone NP9 1s estimated at 7 m
{Stovkova & Ivanov, 2005; Stoykova et al., 2005b).

In Central northern Bulgana the zone 15 detected
within the Bozhuntsa Formation in the sections along
the valley of the Vit River (Bozhuritsa and Riben and
in the gully between Riben and Komarevo); its thick-
ness 15 between 6 and 7 m.

In the East Fore-Balkan and Balkan_ the zone is docu-
mented i the sections near Byvala with a thickness of
around 2.5 m (Stovkova & Tvanov, 2006a_ b). In the
Emune Formation m the sections near Emona 1t has
a maximum thickness of over 150 m (Smnyovsky,
2004a).

In the Black Sea offshore the zone is present in the
Yun Shimanov and Vama-West wells, with a thick-
ness of 10 m and 3 m, respectively. It has been pene-
trated in the Galata-1 and Galata-2 well in a combined
NPE/NP2 zone, 5-10 m thick

6.2.5. Lower Eocene — Ypresian Stage (Fig. 6.12)
Zone NP10 — Rhomboaster bramlettei (Fig. 6.13)

Nomenclanre. The zone was differentiated for the
first time by Hay (1964). Mohler & Hay (1967) de-
fined the zone as “an mterval from the first occur-
rence of Mwthasterites bramletiei to the extinction
of Merthasterites contortus” and Martimi (1971c)
nsed 1t for the definttion of his standard zone WP10
Marthasterttes contortus.

The morphological interpretation and generic affili-
atton of spectes of the evolutionary lineage Rhom-
boaster — Tribrachianic has been the subject of in-
tense discussion (Bybell & Self-Trail, 1995; Aubry,
1996; von Salis et al | 2000; Monechi et 2l 2000).
This taxonomic 1zsue 13 of essential stratigraphic mm-
portance since the appearance of Rhomboaster bram-
lerrei 13 the event fixing both the lower boundary of
zone NP10 and the Paleocene-Eocene boundary.

The current study assumes the modified definttion of
zone NP10 by Bybell and SelfTrail {1995) accord-
g to which the first occurrence of representatives of
the genus Rhomboaster (R. bramlettei with short rays,
mnchuding R cuspis) sets the lower boundary of the
Zone.

In Bulgaria the zone was documented for the first time
by Stoykova (in Stovkova & Vangelov, 1997).

Plate 6.8. Calcareous nannofozzil species from the WPE zone in the studied sections. All photos with XPL except of 2, 5

and J7 (FPL)

I, 3-4 — Ericzonia robiisia, Riben zection, sample Rib 4 (I, 3); Bozhuritsa section, sample Boj 8 {#); 2 — Dizcoasier
mohieri, Komadrevo section, =25 m; 5-6 — Heliolithus riedelii, Riben section sample Rib 5; 7-8 — Heliolithus risdelii,
Kladorub section sample Erb 39; 9 — Caleirolenia aperia, Riben section, sample Rib 16 J0-11 — Faseiculithus siderins,
Riben section, sample Rib 13; /2 — Bomolithus elegans, Sindel section. =2 my; 13 — Ellipsolithur macellis, Byala 4 see-
tion; J4 — Toweinr pateiius, Byala 4 section” 5 — Zygodircus herfyni Bozhuritza section. sample Bog 9 16 — Fasciculithus
prvolutus, Byala 4 zection, BE116-4; f7-18 — Dizcoaster protomultiradiatus, Bozhuritsa section, zample Boy 12
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Definition. Interval from the first occurrence of the
genus Rhomboasrer (R bramiettei) to the last occur-
rence (extinction) of Tribrachiatus contortus.

Stratigraphic range. Lowermost Eocene, lowermost
part of the Ypresian Stage. The chronological equiva-
lent of the zone 15 1.74 Ma (Agnint et al.. 2007a).

Remaris. The lower boundary of the zone 13 traced by
the appearance of the first representatives of the genus
Rhomboaster — R bramiertei (including R cuspis and
R ecalcitrapa). This bioevent 15 detected mmmediately
above the clayey interval, completely devoid of car-
bonates and known as an interval of carbonate dis-
solution (Carbonate Dhissolution Interval, CDI). This
interval marks the onset of the global chmatic event
— the Paleocene-Eocene Thermal Maximum (PETM).

At the base of the zone, within the PETM interval. a
particular association of species appears. named the
“Rhomboaster spp. — Discoaster araneus (RD) asso-
ciatton”™ (Khan & Aubry, 2004). This association has
been cbserved m ocean sections of the low and mid
latitudes, as well as in Bulgarian sections (Stovkova
& Ivanov, 2005). It includes the species Rhomboasier
bramlertei, R spineus, R cuspis, Rhomboaster spp.,
Discoaster araneus and D). anartios. The vertical dis-
tribution of the association 15 very short and coincides
with the Eocene portion of the C negative excur-

sion 1n the PETM interval (Khan & Aubry, 2004;
Tremolada & Bralower, 2004) (Fig. 6.13).

In the uppermost, Eocene portion of the PETM-inter-
val, the LO of the genus Fasciculithus and particularly
of Fascicufithus tympaniformis 1s registered (Fig. 6.13).

The occurrence of the typical Discoaster diastypus 13
fixed 1n the nuddle part of zone NP10. This bioevent
was used by Okada and Burky (1980) to define the
lower boundary of their zone CPSA.

The upper part of the zone reveals mtensrve specia-
tion with the successive first appearances of species
i the phylogenetic lineage Rhomboaster — Tribra-
chiatus. Before its extinction, R bramlettei give nise
to Tribrahiatus contortus, followed by Tribrachiatus
orthostvlus (Fig. 6.13). Also, the FO of Sphenolithus
radians 15 documented in this level

The species THbrachiatus digitalis whose range was
used by Aubry (1996) to differentiate subzone NP10b,
15 extremely rarely seen m Bulgaria. Therefore. 1
would refrain from using this bioevent for biostrati-
graphic correlation.

The upper boundary of the zone 15 drawn by the 1O
(extinction) of Tribrachiarus contortus. Tt is not al-
ways aclearly expressed hichorizon 1n successions, and

Nannofossil biohorizons

NP 11| Zone

D. multiradiatus

R. bramiettei

Ll

NP 10 BE. bramlettel

o

Tribrachiatus contorius
Tribrachiatus orthostylus

Tribrachiatus contortus
Discoaster diastypus

genus Fasciculithus

Fig. 6.13. Nanncfossil biohori-
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Plate 6.9A., Calcareous nannof
with XPL except of 4 {(PPL)

';_. 3f-:ti-:-r. Byala 4; 3

Calcisolenia apseria, Bozhuoritsa section, sample Bogl4; J1-42

then the tracing of the boundary 15 conditional When

constdering the ahsence of Trbrachiarus conrortus, an
approxamation of the boundary could be made by the
use of the FO of Tribrachiarus orthosivlus (Fig. 6.13).

The characteristic associanon consists of IHE fl:.\iln::m-
ing species (Plate 6.10 A-D}: Rhomboaster bramletter,

Discoaster multiradiatus, . salisburgensis, D). [im-
batus, D. falcatus, D. mediosus, D. diastypus, Lo-
Phodoli 5?215 HESCENS Tﬂue"'r el us us, I rovae,
Chigsmolithus bidens, COMSUSTUS,
Tribrachiatus contortus . Trams-
e

stl zpecies from the NPO zone in the stndied sections Byala

--r — _'.i""i"ﬂ
-7 — Pontosphaera sop. sample Bogl5; § -
£ BD.:L‘.J-'.'!["" section, aZIﬂplE Em ]J 9— D':fﬂﬂ“"?’ protomultiradiatus, Bozhuoritza secti

10 um

4 and Bozhuoritza. All photos

huz megasnpus, Bozhuritza section, sample Bojld: 5 -
Transversopeontis
on, sample Bojl0; /10—
— Lophodolithus nascens, Bozhuritsa section, sample Bojl3

Distribution and correlations. The zone 1s 1dentified
in the low and mid latitudes. In the ocean sections 1t
corresponds to the uppermost part of subzone CP8h
and the entire subzone CP% of Okada and Burky
(1980). as well as to CNE1, CNE2 and to lower zon

CNE3 of Agnimi et al. (2014).

In NW Bulgana, Stoykova and Franov (2003) and
Stovkova et al. (2005b, 2006) proved 1ts presence for
the first time in the section at Kladorub. In this sec-
t1on, only the lower part of the zone 15 documented,
with a measured thickness of 11 m
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10 um

Plate 6.9B. Calcarecus nannofossil species from the WPD zone in the studied zections Byala 4 and Bozhuritza. XPL and
PPL photos

i — Discoasfer muliiradiatic, section Bozhuntsa, sample Bojl3; 2 — Discoaster sp. aff. splendidus, section Bozhuritza,
sample Boj13: 3 — Discoasier salishburgensis, section Bozhuritza, samiple Bojl5; 4 — Diseoasier lemticularic, secticr Byala
4: 3-8 — Laphodolithus nascens, section Bozhuritsa, sample Bojl5; 7 — Caleisalenia aperia, section Bozhuritsa zample
Bojl3; & — Discoasior madiozus, section Bozhuritsa, sample Bojl5; 0-010 — Discoaster ralishurgensis, section Byala 4,
sample BSk-4; [1-17 — Dizcoaster falcatus, section Byala 4, sample BSk-4; 12 — Transversoponiiz pulcher, section Byala
4. sample B8k-4; /4 — Campyvlosphasra esdela, section Byala 4. sample BSk-4; I3 — Farciculithus volutus, section
Byala 4, sample BB116-4:76 — Farciculithus lilianae, section Byala 4, sample EB116-4



In Central northern Bulgarna 1t 1s detected in the sec-
tion at Riben only, where its lower and middle parts
are represented by a thickness of 0.6 m.

In the Central Fore-Balkan and Balkan the zone 1s
documented 1n the section at Ichera-Gradets; here
the thickness 15 20 m. Quite likelv the zone mav be

present at the base of the section at Veliko Tarnovo-
Ledenk where the thickness reachez 15 m.

In the East Fore-Balkan and Balkan the zone1s 17 m
thick in the section at Chudnite skali It 1s also present
in the sections near Byala — along Dolap dere, as well
as i the section south of Byala (Stoykova & Ivanov,
2006b). The most complete section of the upper part
of the zone 15 documented 1n the C-30 Goritsa well by
Stoykova (in Stoykova & Vangelov, 1997) where 1its
thickness reaches 12 m.

In the eastern parts of the Moesian Platform the zone
15 identified in the sections at Yankovo, Trastikovo,
Sindel and Beloslav-South with a thickness ranging
from4mto 20 m

The presence of the zone in the Black Sea offshore
area 15 evidenced m the Yur Shimanov well and 15 7
mthick.

Zone NP11 — Discoaster binodosns (Fig. 6.14)

Nomeneclanure. The zone was mitroduced for the first
time by Mohler and Hay (1967) as “an interval from
the extinction of Mmrhasterites conmtortus to the first
occurrence of Discoaster lodoensis™.

In Bulgaria the zone was recorded for the first time
by Muzilev (in Aladjova-Hrischeva et al._ 1983) who
mentioned only the name of the zone.

Definition. Interval from the LO (extinction) of Tribra-
chigrus comortus to the FO of Discoaster lodoernsis.

Stratigraphic range. Lower Eocene. lower part of
Ypresian Stage. The time equivalent of the zone 15 ap-
proximately 550 Ka (Agnini et al , 2007a).

Remaris. The lower boundary of the zone 1s fixed by
the extinction (LO) of Tribrachiatus contortus. The
extinction of a given taxon 15 a bichonizon, which
may be difficult to 1dentify due to the possibality of
reworking into higher stratigraphuc levels. The 1O
of Tribrachiatus contortus cannot always be clearly
pinpointed. In this case, the boundary is traced ap-
proximately by the FO of Tibrachiatus orthostylius
— a bioevent, which predates the 1O of T comorrus,
but THibrachiatus erthosivius occors relatively more
frequently.

The FO of spectes Toweius gammation 15 observed 1n
the muddle of the zone (Fig. 6.14).

The charactenistic association of the zone comprises
(Plate 6.11): Tiibrachiarus orthostylus, Sphenolithus
radians, 5. anmrhopus, Ericsonia formosa Towelus
gammaion, Discoaster barbadiensis, D, sepiem-
radiatus, D. kuepperi, D. distinctus, D. binodosus,
D diastypus, Campylosphaera dela Chiasmoiithus
grandis, C. consuetus and C. ecgrandis.

Nannofossil bichorizons

P 12| Zone

NP 11 D. binodosus

D. multiradiatus

NP 10

& Discoaster lodoensis

—24  Toweius gammation

Tribrachiatus contortus

Sphenolithus radians
Tribrachiatus orthosiylus

Fig. 614 Nannofossil bichori-

zons in the range of NP11 zone
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The upper boundary of the zone 1s drawn clearly by
the FO of Disconaster lodoensis. Tt 15 easily traced m

all studied sections, as the species shows very clear
morphology and occurs abundantly.

Distribution and covrelations. The zone 15 distin-
ouished in the low and mid latitudes. In the ocean sec-
tions 1t corresponds to subzone CP9b of Okada and
Burky (1980), as well as to most of biozone CNE3 of
Agnini etal (2014),

In the Central Fore-Balkan and Balkan 1t 1z docu-
mented in the region of Tarnovo, the Veliko Tarovo-
Ledenik section (20 m thick) and in the Ichera-Gra-
dets section (exceeds 25 m thickness).

In the East Fore-Balkan and Balkan 1t 1s proved in
the section at Bardarevo. However, its thickness can-
not be precisely estimated — around 30 m including
the underlying zone NP10. In the section at Chudnite
skali 1t 15 18 m thick. Its occurrence is documented 1n
tectonically disturbed slices in the C-30 Gornitsa well,
however, the precise thickness cannot be estimated.

In the eastern parts of the Moesian Platform the zone
15 identified 1n the section at Yankove, where it 15 7
m thick and 1o the sections at Beloslav (South and
North) where 1t corresponds to a barren-zone.

Zone NP12 — Tribrachiatus erthostyvlus (Fig. 6.13)
Nomenclanure. The zone was mtroduced for the first

time by Bronmimann and Strander (1960). In Bulgana
the zone was 1dentified for the first ime by Muzilev

(i Aladjova-Hrischevaet al . 1983), but more detailed
characteristics were mven by Stovkova (in Stovkova
and Vangelov, 1997).

Defmition. Interval from the FO of Discoaster lo-
doensis tothe LO (extinction) of Tribrachiatus ortho-
shvius.

Stratigraphic range. Lower Eocene, muddle part of
the Ypresian Stage.

Remaris. The lower boundary of the zone represents
one of the best studied globally identified bichorizons
in the lower Eocene (Bronmimann & Strander. 1960;
Bramlette & Sullivan, 1961; Hay & Mohler, 1967;
Bralower & Mutterlose, 1995 Raffi et al. 2005;
Agnint et al, 2007a; Agmim et al,, 2014). This level
has been dated as 52.52 Ma (Agmm et al., 2007a).
The first occurrence of Discoaster lodpensis 1s easily
detected in the sections, due to its clear morphology
and common OCCUTence 1n associations.

Moreover, the FO of another very characteristic spe-
cies — Discoaster kuapperi — 15 concomitant with the
FO of . lodoensis or shightly predates 1t 1n the upper
portion of the preceding WP11 zone (Fig. 6.15).

In the lower part of the zone, the appearance of the
genus Helfcosphaera with the species H lophora and
H_ seminulum 1s recorded (Fig. 6.13).

The representatives of genus Chiplragmalithus — C.
calathus, C. acanthodes, and C. barbarus occur only
within this zone.

L
g Nannofossil biohorizons
N
m =
.
. —v Tribrachiatus orthostylus
p : v genus Chiphragmalithus
[
=]
._E E
O |’ — 4 Reticulofenestra dictyoda
= F
1 E
—— . J
Z A genus Chiphragmalithus
_M H lophota, H. seminulum
—4  Discoaster lodoensis
= __4& Discoaster kuepperi
=19
=

Fig 6.15. Nannofossil bichori-
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The FO of another typical and commonly occurring
species — Reticulofenestra dictvoda — 15 noted around
the muddle part of the zone.

Various species of the genus Discoaster are docu-
mented consistently i the zone — D istembulensis,
D distinctus, D. gemmifer. I} germanicus, D.
sepremradiatus and D. nonaradiatus. Thetr ranges,
however, are not adequately explored globally to de-
termine which of these render high stratigraphic value
and utility as reliable markers. It seems they could be
used in subdnviston and correlation once sufficient
data 13 gathered.

The uppermost part of the zone shows the LO (extinc-
tion) of the genus Chiplragmalithus.

The upper boundary 1s traced by the LO of Tribra-
chiatus orthestvlus. In discussing the precedng zone,
I already commented on the reliahility of bioevents
related to extinction of nannofossil species. These
events are not always clearly evident in the sequences
due to potential reworking, as a consequence of which
the tracing of a boundary may be conditional These
considerations apply fully when tracing the upper
boundary of zone WP12. too. The LO of T orthosty-
(15 18 not an abrupt event. or the species 15 Mussing in
the associations. In the majority of cases. joint NP12-
13 zone 15 recogmzed 1n the sections at Svets Atanas,
Obzor-Meshelika, Kipilovo and Zhaltesh-Vasem, etc.

The characteristic association of the zone con-
sists of the following species, among others (Plates
6.12A, 6 12B): Discoaster lodoensis, D. kuepperi D.

distinctus, D). barbadiensis, D). germanicus, D. sep-
temradiarus, D, nonaradiaius, Tribrachiatus ortho-
sovlus, Chiphragmalithus calathus, C. acanthodes,
Toweius gammarion, T callosus, Helicosphaera
lophota, H seminulum. Sphenolithus  radians, S
conspicuus, Chiasmolithus eograndis, Zyorhablithus
bijugarus, Reticulofenestra dictyoda, Lophodolithus
nascens and Neococcolithes dubius.

Distribution and correlations. The zone 15 distin-
guished i the low and mud latitudes. In the ocean sec-
tions it corresponds to CP10 zone and lower part of
CP11 zone of Okada and Burky (1980), as well as to
CNE4 zone of Agnuu et al. (2014).

Stovkova and Ivanov (2005) detected 1t for the first
time in the section at Kladorub, Kula Zone._ It is doco-
mented in the coarse-clastic sediments of the Staro-
patitsa Formation, with a thickness exceeding 200 m.
Tt 15 also recorded in the section at Rakovitsa village.

In the region of Lukovit, the zone i1s documented in all
studied sections, and its thickness varies between 130
m and 200 m.

In Central northern Bulgaria it 15 identified in all stud-
1ed sections, with an average thickness of around 3 m:

Within the Central Fore-Balkan and Balkan_ the NP 12
zone 15 documented in sections in the region of Tamo-
vo, Gabrovo and Trvavaa (Veliko Tamovo, Viabtsite,
Gabrovo, Yasem-Zhaltesh, Belrtsa and Mizhemorkov
han) and Shiven (Kiptlove), showmng significant thick-
ness of 50-70 me
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Plate 6.10A. Calcarecns nannofozsil species from the WP10 zone i1 the Dielap Dere, SE of Goritea {/-J0) and Byala 4
(11-16) sections. All photos with PPL exceptof 7 13-J6 (XPL)

-4 — Rhomboasier dramlietisi, section Dolap Dere, SE of Goritsa; 3-7 — Rhomboaster bramlatici, Ihid; & — Rhomboasrer

spineus, Ibid, 9-10 — Rhomboaster bramleftei, Tad; fI-12 — Discogster [imbatus, section Byala 4; f3-74 — Toweius
serotimuz_Ibid.; 15 — Transversopontis pulcher_ Ibid ; 16 — Campylosphasra eodela, Thid.
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Plate 6.10B. Calcareouns mannofozsil species from the NP10 zone in the well section C-30 Goritza. All photos with PPL

1-2— Tribrachiatus digitalis, depth 126 50 m; 4-8 — Tribrachiatus contortus, depth 126 30 m: 9 — Tribrachiatus contortus,
a tranzitional specimen to Fribrachiatus orihostvius, depth 13000 m
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Plate 6.10C. Czlcarecus nannofossil species from the NP10 zone it the well section C-30 Goritsa. All phetos with PPL
except of 7, 3 and 4

I — Diseoaster septemradiatus, depth 126.50 m: 2 — Chiasmolithus sdenmlus, Thid ; 3 — Sphenolithus anarrhopus, Thid;

d— Towsius callosus, Tbid; 3-8, 8 — Tribrachigtus orthosiyvius, depth 111 20 m; 7— Discoaster diasfypus, depth 126 50 m;
8 — Dizcoaster pacificus, Tbid.
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Plate 6.10D. Calcarecus nannofossil species from the WP10 zone in the well section C-30 Goritza. All photos with PPL
except of 1-3

I — Chiasmolithus consustus, depth 126.50 m; 2 — Sphenolithur editus, Ibid ; 3 — Coccolithus sopelagicus, depth 130.00

m; 4-6 — Discoaster aransus, depth 12650 m; 7-8 — Discoaster diastypus. depth 126 50 m: 9 — Fribrachiatus orthosivius,
depth 11120 m.
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Plate 6.11. Calcareous nannofossil species from the NP11 zone in the studied zection:. XPL and PPL photos

i, I — Ericronia jormoza, Chudnite skeali sectton (1) Beloslav-North section, +17m (2); 3 — Zygrhablithus bijugatus.
Yankovo section, =8 m; & — Sphenolithus radians, Chudnite skali section; 5 — Discoarter nonaradiotys, Thid.; & 11—
Discoasier barbadiensis, Yankove section, +8 m: 7 — Discoarter kuepperi, C-30 Goritza, depth 130 m, & — Chigzmalithus
engrandiz, Biban section zample Rib 22 &1 — Toweius gammation, Beloslav-North seetion, =17 m {9); Yankovo section,
=450 m (I0); Ii — Campyilosphacra dela, Yankovo zection, —6 m: /3 — Tribrachiatus orthostylus, ©-30 Goritsa, depth
130 m; /4 — Discoaster bmedosus, Ihd.; 15 — Chinsmolithur didenz, Tbid.
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In the East Fore-Balkan and Balkan, 1t 15 proved in the
sectton at Chudnrte skali where the thickness reaches
7 m_ The greatest thickness of the zone 15 measured in
the secttons around Obzor — 150-200 m-

In the eastern parts of the Moesian Platform. the zone
15 detected 1n the sections at Yankovo and Beloslav,
with a thuckness of about 10 m.

In the offshore Black Sea, the zone 15 proved in the
wells Samotino-More (the greatest thickness penetra-
ted — 250-300 m), Galata-1 (7 m) and Galata-2 (7 m).

Zone NP13 — Discoaster lodoensis (Fig. 6.16)

Nomenclature. The zone was introduced by Brbnmi-
manm and Strander (1960). In Bulgana, the zone was
recorded for the first ttme by Muzilev (1 Aladjova-
Hrischevaet al | 1983). but its detailed charactenistics
were elaborated upon by Stovkova (in Stovkova &
Ivanov, 2004b).

Definition. Interval from the LO (extinction) of Tii-
brachiarus orthostylus to the FO of Discoaster sub-
lodoensis.

Stratigraphic range. Lower Eocene,. middle and up-
per parts of Ypresian Stage.

Remarks. The lower boundary of the zone has been
discussed tn the preceding zone NP12. Usually, a joint
zone NP12-13 1s recognized 1 the sections, where the
LO of ribrachiatus orthostylus 15 ambiguous or dif-
ficult to trace precisely.

The lower part of the zone reveals the FO of a group of
species of the genus Discoastfer with particular mor-
vhology: Discoaster broennmimeannii, D monstratus
and D. mirus.

Thetr ranges are likely restricted only within this zone,
but due to lack of sufficient data they could not be used
for stratigraphic purpeses (Fiz_ 6.16).

The upper boundary of the zone 1s traced by the FO of
Discoaster sublodoensis — a clearly expressed bicho-
nzoen observed 1n all studied sections.

The following species occur typically in the zone
(Plate 6.13): Discoaster lodoensis, D). barbadiensis, D.
broevmimanmii, D. turiyensis, D. mirus, D. binodosus,
D septemradiatus, D). germanicus, Lophodolithus
nascens, Chiasmolithus grandis, C.  epgrandis,
Sphenolithus radians, Toweius gammation, Ericsonia
Jormosa, Helicosphaera Ilophota, Neococcolithes
dubius and Reticulofenestra dictyoda.

Distribution and correlations. The zone 15 1dentified
in the low and mud latitudes. It corresponds to zone
CP11 of Okada and Burky (1980) and to CNE5 zone
of Agnini et al (2014).

In the West Fore-Balkan_ the zone 15 evidenced 1n all
studied sections i the Lukovit region; with thickness
varymg from 150 mto 200 m.

In Central northern Bulgana 1t 13 obzerved m the
Riben and Bozhuritsa sections, where the measured
thickness 15 4 m_ It iz also present in the sections north
of Gradina village and near Tarnene village (not de-
scribed here) in the marls of the Avren Formation.

Within the Central Fore-Balkan and Balkan, the zone
15 documented i sections of the Tamovo, Gabrovo,
Tryavna and Shven regions, as one combined zone
NP12-13 of considerable thickness (70-100 m).

In the East Fore-Balkan and Balkan_ the zone is proved
in the section at Chudnite skali and 15 10 m thick In
the sections near Obzor (Svett Atanas and Meshelika),
the zone shows its greatest thickness — 200-300 m.

In the eastern parts of the Moesian Platform the zone
15 observed in the Beleslav-South section with a thick-
nezs of around 10 m.

In the Black Sea area, it 15 proved in the wells Samo-
tno-More (thickness around 300 m), Galata-1 (10 m),
Galata-2 (7 m) and Yun Shimanov (10 m).

Zone NP14 — Discoaster sublodoensis (Fig. 6.17)

Nomenclature. The zone was mtroduced by Hay
{1964) as “an mterval from the first occurrence
of Discoaster sublodoensis to the first occurrence
of Chiphragmalithus gquadratus (= Nannotétrina
gquadrata)”. Burky (1973) divided the zone into 2 sub-
zones, using the FO of Rhabdosphaera inflata.

(Okada and Burky (1980) used the LO of RAabds-
sphaera inflata as a bichonzon for defiming the upper
boundary of their zone CP12 along with the appear-
ance of Narmotetrina quadrata.

Since Nammoterrina quadrata (Bramlette & Sullivan,
1961) Burky, 1973 1s a subjective synonym of Nanno-
rerrina fulgens (Strander 11 Martini & Strander, 1960)
Achuthan & Strander. 1969, the definttion of the zone

uses the valid name Namnoterrina fulgens.

In Bulgana the zone was 1dentified for the first tme
by Stovkova (1990) 1n sections of the Avren Forma-
tion 11 Central northern Bulgana



10 um

Plate 6.12A. Calcarson: nannofozsil species from the NP12 zoae in the studied sections Riben and Bozhuritsa. NPL and
PPL photos

1-2 — Chirhagmalithus barbatus, sample Boj16; 3-4 — Discoaster kuspperi, sample Bojl7; § — Dizscoaster spp. 2ample
Bojl7; 6 — Neovaccolithes dubins, sample Rib21; 7 — Dircoarter barbadiensis, sample Rib21; £ — Campylosphasra dela,
sample Rib20: U — Retienlofeneciva dichvoda, sample Rib21; 10 — Erfczonia formosa sample Bojl8; 1] — Helicosphasra
lophota. sample Bogl6; 12 — Helicozphaera semindum, sawiple Bojl7; 13 — Chiphragmalithus calathus, sample Bojlé:
14-15 — Discoacier lodoernsis, sample Bojl7.
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Plate 6.12B. Calcareous nannofossil species from the NP12 zone in the studied sections Fiben and Bozhuritza: All photos

with PPL except of 3-6

1 — Discoaster busppert, zample Boyl6; 2 — Iribrachiatus orthostylus, sample Bojld; 3 — Sphenolithus radions, sample
Boy17; 4 — Towetus callosus, sample Bib 18 5 — Chiasmolithus consuetus, sample Bojl7; 6 — Gen et 3p:7, sample Bojl6; 7—
Discoaster barbadienciz, sample Bab 20; § — Dizcoasier deflandrel, Fab 20; #-11 — Tribrachiatus orthosiylus, sample Bog17.

Definition. Interval from the FO of Discoaster sub-
lodoensis to the FO of Nammnoterring fulgens. It 1s di-
vided into two subzones:

» Subzone NP14a Interval from the FO of Discoaster
sublodoensis to the FO of Rhabdosphaera inflat;

* Subzone NP14b. Interval from the FO of Rhabdo-
sphaera inflata to the FO of Nomoterring fulgens.

Strarigraphic range. Lower Eocene, the uppermost
part of the Ypresian Stage (subzone NP14a) and mid-
dle Eocene_ the lowermost part of the Lutetian Stage
(subzone NP14b).

Remarks. The subzones 14a and 14b are verv clearly
differentiated mn the studied sections and the bound-
arv between them cotncides with the lower-middle
Eocene boundary ( Yprestan — Lutetian),
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Subzone NPl4a

The lower boundary of subzone 14a is traced by the
appearance of the species Discoaster sublodoensis.
This bichorizon iz exphicitly evident and easily recog-
nized 1n the sections. The index spectes, S-raved Dis-
toaster sublodoensis 1s commonly observed in the as-
sociations, although not in abundant quantities. Along
with 1t the subzone reveals the presence of Discoaster
lodoensis as well, Le. the ranges of these two mmpor-
tant stratigraphic markers overlap only i this subzone.
The LO (extinction) of Discoaster lodoensis is detect-
ed in the uppermost portion of the zone, although it 15
commonly reworked in the upper zone NP15.

The FO of Discoaster saipanensis, a typical and com-
monly occurring species i the middle and upper Eo-
cene, 15 documented after the extinction of Discoasier
lodoensis, m the uppermost part of subzone NP14a.

The upper boundary of subzone NP14a. comnciding
with the lower/middle Eocene boundary, 15 one of the
most clearly expressed bichorizons as it 1s traced by
the FO of Rhabdosphaera inflata.

The species Rhabdosphaera inflata bears clear taxo-
nomic features and 1s easily identified. Moreover,
shortly after 1ts FO. 1t reaches 3 high abundance and
domunates the nannofossil associations.

The subzonal association comprises the follow-
ing species (Plate 6.14A) Discoaster sublodoensis,
I lodoensis, D barbadiensis, D). germanicus, D.
distinctus, D. nonaradiatus, Reticulofenestra dicn-
oda, Toweius gammation, Helicesphaera lophota
Rhabdosphaera temuis, Chiasmolithus grandis, C
solitus, Ericsonia formosa, Zyerhablithus bijugaris
and Neoeoccolithes dubiis.

Distribution and correlations. The subzone 15 docu-
mented 1n the low and nud latitudes. In the ocean
sections 1t corresponds to zone CP12a of Okada and
Burky (1980), as well as to CNES and part of CNE7
zones of Agmini et al. (2014).

In the West Fore-Balkan 1t 1s proved i the region of
Lukovit, occupving the uppermost portions of the
Rumrvantsevo and Golvama Brestmitsa-Daben sec-
tions. with a thickness of around 20 m.

In Central northern Bulgana the subzone 15 detected 1n
the sections at Yasen, Bivolare and Bozhuritsa, with a
thickness of 18-20 m_ It 1s also present in the sections
north of Gradina village and near Tarnene village (not
dezcribed here). 1n the marls of the Avren Formation
In Central Fore-Balkan and Balkan the subzone is not
clearly divided, although 1t seems to be present in the
sections of the Lukovit Formation within the range of
the composite zone NP12-14.
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Plate 6.13. Calcareous nannofossil species from the WP13 zone 10 the studied zection Bozhuritza: All photos with PPL
except of 9

1 — Dizcoaster bromnimannii, sample Bojl8; 2 — Discoasfer binodosus, sample Boj20; 3 — Diccogster barbadiensis,

sample Boj19; 4-4 — Discoaster lodoensiz, Ibid.; 7 — Discoasier monstratus, sample Boyj20; § — Dizcoaster barbadiensis,
sample Bojl9; 0 — Chiasmolithus grandis, sample Boy20
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In the East Fore-Balkan and Balkan 1t 15 evidenced in
the section at Chudnite skali, corresponding with the
last 2 m of the Avren Formation, immediately below
the conglomerates (Obzor Formation, the so called
“exotic conglomerate™). The subzone 15 1dentified 1n

the uppermost levels of the section south of Obzor
(Meshelika) where 1ts thickness reaches 40-50 m.

In the Black Sea offshore area, the subzone 15 proved
i the wells of Samotine-More (around 300 m within
the composite zone NP12-14), Galata-1 (2 m), Gala-
ta-2 (3 m) and Yur Shimanov (8 m).

Subzone NPI14b

The biostratigraphic boundary between subzones
NP14aand NP14b1s considered as aboundary between
the lower and middle Eocene and also the Ypresian
and Lutetian Stages. respectively. The lower bound-
ary of subzone 14b has already been discussed in the
text on the preceding subzone. Tt 15 traced by the FO
and abundant increase m numbers of Rhabdosphaera
inflata (Fig. 6.17). In fact, the range of the subzone
covers the complete vertical distribution of the species
Rhabdosphaera tnflata, 1.e. 1t represents a taxon range
zone: However, the commonly accepted critenia for
the lower and upper boundary of the subzone deseribe
it as an mterval zone — from the FO of Rhabdosphasra
inflata to the FO of Namoterrina fulgens.

Representatives of the genus Nannotetring occur for
the first time near the middle of this subzone (Fig.
6.17). Nannoterrina cristaia 1s the first species to ap-
pear, occupying the base of the evolutionary lineage
N eristata — N. fulgens — N pappii (Romein, 1979)
with subsequent representatives appeaning higher 1n
zone NP15.
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The upper boundary of the subzone 1s clearly fixed by
the FO of Nannoterring fulgens —a bioevent, occurnng
concomitantly with the extinction of Rhabdosphaera
inflara (Fig. 6.17)

In the base of the next NP15 zone, the LO (extinction)
of Discoaster sublodoensis 15 registered.

The zssociation of the subzone consists of the fol-
lowing species (Plate 14B): Rhabdosphaera mflata,
R renuis, Discoaster sublodpensis, D. saipanensis,
D deflandrei, D. barbadiensis, D. germanicus,
Reticulofenestra dictvoda, Helicosphaera seminulum,
H lophota Chiasmolithus solitus, C  grandis,
Neococeolithes dubius, N. minutus, Transversopontis
pulcher and Ericsonia formosa.

Distribution and correlations. The subzone 15 ob-
served 1 the low and mid latitudes. In the ocean
sections 1t corresponds to zone CP12b of Okada and
Burky (1980), as well as to part of CNE7 and CNES
zones of Agnini et al. (2014}

The subzone is proved to exist in the region of Lu-
kovit, occnpying the highest portions of the Golyama
Brestnitza-Daben section where its thickness 1s over
20m.

In Central northern Bulgaria it 13 identified in the sec-
tions at Yasen and Bivolare, wrth a thickness of 15
m. The subzone 15 also present 1 the sections north
of Gradina village and near Tarnene village (not de-
scribed here), in the marls of the Avren Formation.

In the Black Sea area, the subzone 15 proved in the
wells Galata-1 {1 m), Galata-2 (1 m) and Yun Shi-
manov (12 m).



Chapter 7
Chronostratigraphy

7.1. Development of the concept concerning chrono-
stratigraphic subdivision in the Paleocene and
lower Eocene

The Paleogene System was introduced by Naumann
in 1866. The names for the three Series were proposed
by- Lyell, 1833 — for the Eocene, Beynich, 1854 — for
the Oligocene and finally by Schimper, 1874 — for
the Paleocene. The volume of these Series 15 filled by
seven Stages, as proposed by the International Sub-
commission on Paleogene Su'atigraphi and formally
approved by the International Geological Congress,
held in Washington i 1989 (Jenkins & Luterbacher,
1992} These include Dantan. Selandian and Thane-
tian Stages for the Paleocene Series; Ypresian, Lute-
ttan. Bartoman and Priaboman for the Eocene Series
and Rupelian and Chattian Stages for the Oligocene
Series (Jenkins & Luterbacher, 1992).

At the present moment (2021) the International Sub-
comtrussion on Paleogene Stratigraphy has officially
ratified and approved eight Global Stratotype Sec-
tions and Points (GSSP). Theze are:

- (G55Ps for Danian Stage;

- (GS5Ps for Selandian Stage;
- (G55Ps for Thanetian Stage;
- (GS5Ps for Ypresian Stage;

- (355Ps for Lutetian Stage;

- (GRSPs for Priabonian Stage;
- (G55Ps for Rupelian Stage;

- (G55Ps for Chattian Stage.

Many terms were introduced as stage names for the
different parts of the Paleocene and Eocene Series
during the mineteenth century. The stratotypes of the
majority of Stages are of imited exposure, with later-
al and vertical change of facies, representing marine,
coastal and continental deposits. Therefore, correla-
tion between these, as well as global application and
use of the stage names has proved impossible. A bnef
review of some wnportant stage terms, broadly used
i current geological practice along with justification
of thetr validity and use, or rejection i modern strati-
graphic practice, 15 compiled and discussed below

7.1.1. Paleocene Series
Danian Stage

The Damian Stage i1z the coldest chronostratigraphic
unit in the Paleocene Senes. encompassing all rocks
formed during the Daman Age (65.5 Mato 61.7 Ma—
Luterbacher et al , 2004).

The Danian Stage was proposed by the geolomist
Pierre Jean Edouard Desor i 1847, to describe the
limestones exposed at Stevns Klint and Fakse, Den-
mark Initially the Stage had been assigned to the
Cretaceous Svstem due to the sigmficant similarities
between the invertebrate fauna in these limestones
with the Cretaceous fauna It was only later that the
Stage was reasonably granted its position at the base
of the Paleocene Series. In the tvpe area at Stevns
Klint, the Daman Stage includes the sediments oe-
curring between the Maastrichtian chalky limestones
and the basal conglomerate (clastic seduments) of the
Selandian

The base of the Cenozoic Era, Paleogens System,
Paleocene Senes and Danian Stage 15 defined at the
reddish laver at the base of the 50 cm thick dark
boundary clay, west of El Kef Tunisia, where 1t com-
cides with the Indium Anomaly fallout from a major
asteroid impact. The GSSP 15 located about 7 km west
of the town of El Kef, at latitude 36°09°13.2"N, longi-
tude 8°38'54 8"E. The GSSP 1s defined at the base of
the boundary clay. It 1s overlan by a rusty red layer
contaiming a peak of Ni-nich aplﬂfi which 15 more
highly concentrated than in the indium anomaly. This
millimetre-thick layer, containing the evidence of the
meteorite impact and other sigmificant geochemical
changes. coincides with a sudden catastrophic mass
extinction event — dinosaurs, ammomtes, foramim-
fers; etc. (Molina et al . 2006b; https:/www paleo-
gene org/danian-siratotype’).

The modern analyses of the microfossils i the stra-
totvpe area show that the Danian Stage mcludes the
nannofossil zones from NP1 to the upper part of NP4
(Perch-Nielsen, 1979; Varol, 1989) and the planktonic
foraminifera zones from PO to P2 (Figs. 7.1, 7.2).
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Monsian Stage

The Monsian Stage was proposed by Dewalque
(1868) to denote the limestones (“Calcaire de Mons™)
outcropping 1n the outskirts of the city of Mons, Bel-
omm These hmestones contain exceptionally rich
mollusk associations of clearly Cenozoic affimity. In
fact. 1t 15 the fossil content that justified the proposal
of thiz new stage termy, since at that time the Daman
Stage (Desor, 1847) was considered as belonging to
the Upper Cretaceous.

Much later, the detailed micropaleontological studies
in the stratotype area proved that the sediments are
clearly Cenozoic 1 age, but they represent a lateral-
temporal analogue of the muddle and upper parts of
the Damian Stage (Fig. 7.2). Therefore, the Monsian
Stage 1s not a valid name and 1ts use 15 not recom-

mended.
Selandian Stage

The Selandian Stage includes all rocks formed during
the Selandian Age — from §1.7 to 38.7 Ma (Luterbach-
eretal , 2004: Fig. 7.1, 7.2).

The Selandian Stage was introduced by Rosenkrantz
(1924) to nomunate the clastic sequence that uncon-
formably overlies the Dantan hmestones and occurs
under the clays with voleanic ash (Mo-clay) in Den-
mark The sequence 15 composed of conglomerates,
sandstones, marls and clays. The section at Vestre
Gasvaerk exposed in the vicinity of Copenhagen, 15
assumed to be the type section. The section covers the
uppermost part of nannofoszil zone NP4, the entire
NP5 zone and the lower part of zone NP6 (Perch-
Nielsen & Hansen, 1981).

The base of the Selandian Stage 15 defined m the
sea-cldf along the mam beach of the coastal town
Zumaia, Basque Country, northern Spamn (latitude
43217'57.1"N, longitude 02°1539.6"W). The GS5P
15 at the base of the Itzurun Formation. about 49 m
above the Cretaceous/Paleogene boundary. The best
event for global marine correlation 1s the second ra-
diation of the fasciculith group of calcareous nanno-

fossils, occurning from slightly below to 1.1 m above
the GSSP

The marker species for the base of nannofossil zone
NP3 (Fasciculithus tompaniformis) occurs 1.1 m
above the GSSP. The GSSP level 15 mterpreted to be
comcident with 2 widespread rapid sea-level fall, and
to be 30 precession cveles (~630 kyr) above the top
of magnetic polarity Chron 27n (Schmitz et al | 2011;
https:/'www palecgene.org selandian-stratotype ).

Thanetian Stage

The Thanetian Stage 15 the uppermost Stage in the
Paleocene Series. The rocks of this Stage are formed
n the time mterval from 58.7 to 55.8 Ma (Luterbacher
etal  2004:Fig. 7.1 and 7.2).

The term “Thanet sands™ was onigmnally used as a
lithostratigraphic umt by Prestwich m 1850, Later,
Renevier (1874) introduced the Thanetian Stage by
bringing together the Thanet Sands, Woolwich Bot-
tom Bed and Oldhaven Beds in Kent, England. Ac-
cording to modern studies of the nannoplankton
content 1n the type area, the “Thanet Sands™ include
zones NP6/'7 and NP8 (Fig. 7.2). The remaiming two
Lithobodies — Woolwich Bottom Bed and Oldhaven
Beds are referred to zone NPS.

The base of the Thanetian Stage 15 defined 1n the sea-
chiff along the main beach of the coastal town Zu-
mata, Basque Country, northern Spain (latitude 43°17'
58 4"N_ longitude 02°15'39.1"W). The GSSP 1s about
78 m above the Cretaceous Paleogene boundary. The
GSSP 1s defined at a level 2.8 m or eight precession
cycles above the base of the core of the distinet clay-
rich interval associated with the Mid-Paleocene Biotic
Event_ and 1t corresponds to the base of magnetochron
C26n (Schmitz et al.. 2011; https://wonw paleogene.
org/'thanetian-stratotype’).

7.1.2. Lower Eocene Subseries
Ypresian Stage

The Yprestan Stage 15 the lowest chronostratigraphic
umit in the Eocene Series. It ncludes all rocks formed
during the Ypresian Age (55.8t0 48.6 Ma—Fig. 7.1}

The lower boundary of the Stage is set at the base of
the negative carbon isotope excursion of §°C. mark-
ing the onset of a sharp climatic event — the Paleocene-
Eocene Thermal Maximum_

The base of the Eocene Senes and Ypresian Stage 15
defined in the DBH Subsection of the Dababiva Sec-
tion near Luxor, Egypt, at the base of a lithostrati-
graphic umit, where the mitiation of the so-called
Carbon Isotope Excursion (CIE) 1s recorded (latitude
25°30'00"N, longitude 32°31'52"E. Dupuis et al,
2003; Aubry et al . 2007; https://www paleogene org,
vpresian-stratotype)).

From the nannofossil viewpount, the lower boundary
of the Ypresian 15 coincident with the base of zone
NP10.
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The upper boundary of the Stage 15 defined by the ap-
pearance of the planktonic forammmifera genus Hawnr-
kenina and more precisely the Homtbening nurtalli
species. Based on calcareous nannoplankton it 15 posi-
tioned in the middle of zone P14, at the boundary of
subzones NP14a and NP14b. A clear criterion for 1ts
identification 15 the FO of the species Rhabdosphaera

inflata.

The full stratigraphic range of the Ypresian Stage, ac-
cording to its defimition, encompasses the nannofos-
sil zones NP10, NP11, NP12, NP13 and NP14a (Fig.
7.1).

llerdian and Cuisian Stages

Hottinger and Schaub (1960) differentiated two re-
gional stages in the Tethyan area — the Jerdian and
Cuisian, corresponding to the lower and upper parts
of the Ypresian. These stages reflect important phases
of the evolution of the large foraminifera, but unfor-
tunately may not be traced globally and therefore ICS
does not recommend their use (Fig. 7.2).

7.2. Chronostratigraphic units
7.2.1. Adopted chronostratigraphic scheme

The present work uses the official chronostratigraphic
division, as approved by the International Geologi-
cal Congress in Washington (Jenkins & Luterbacher,
1992, According to this division, the Paleogene Sys-
tem 15 separated into three Series: Paleocene, Eocene
and Oligocene. The data on the absolute age of the
Stages. as well as correlation of their boundaries wath
the commonly accepted biostratigraphic schemes
based on planktonic formanifera and calcareous nan-
noplankton are shownin Fig. 7.1 and 7.2,

The Paleocene Sertes 15 divided mto Daman, Selandi-
an and Thanetian Stages. The Dantan Stage comprises
the zones WP1, NP2, NP3 and greater portion of NP4
zone. The Selandian includes the uppermost parts of
zone NP4, the entire zone NP5 and the lower part of
zone NPf. The Thanetian Stage covers the upper part
of zone NPA and zones NP7, NPE and NP9,

The lower Eocene is considered to include only one
Stage — the Ypresian. It covers the successive range
of nanmofossil zones from NP10 at the base through
NP14a mn the uppermost portions of the Stage.

The boundary between the lower and middle Eocene
comncides with the boundary between the Ypresian and
Lutetian Stages and. respectively, with the boundary
between nannofossil zones NP14a and NP14b.

The adopted chronostratigraphic scheme, applied in
this werk, does not differ from the global one, and 15
tllustrated on Fig. 7.2,

7.2.2. Paleocene Series

Currently there 15 no formally adopted subdivision of
the Series mto Subseries. It encompasses three Stag-
es: Danian Selandian and Thanetian The lower and
upper boundaries of the Series are marked by global
events —the impact event at the Cretaceous-Paleocene
boundary (also referred to at EJ'T and K/Pg) and the
climatic event (global warming) at the Paleocene-
Eocene boundary (Paleocene-Eocene Thermal Max-
mum; PETM).

The lower boundary of the Paleocene Series 15 also
the lower boundary of the Paleogene System. Follow-
ing the work of Alvarez et al (1980} and the launch
of the impact hyvpothesis. this boundary became one
of the most explored and analysed geological mter-
vals, identified in tens of sections all over the world.
The boundary 1s set on the indum peak that marks the
impact event in the complete sections, and the related
mass extinction of marine and terrestnial organisms.

The upper boundary of the Paleocene Seres 1s fixed
at the sharp negative excursion of -°C that marks the
onset of the Paleocene-Eocene Thermal Maximum.

More data on the boundanes within the Series are pro-
vided below, in the description of the Stages.

Danian Stage

Boundaries. The lower boundary of the Danian Stage
has an approved global reference section. GS5P — the
one at El Kef, Tunisia. It was ratified by ISC 1n 1991
and since then its condition has substantially wors-
enad (Fig. 7.3). The detailed description of the stra-
totype section of the lower boundary of the Danian
Stage 15 published by Mohina et al. (2006b) in the
joumal Episades (Fig. 7.3}

From the nannofosstl point of view, this boundary co-
ncides with the mass extinetion of many Cretaceous
species. but with the domination of the “surviver™
species Thoracosphaera aperculata and Bragriudos-
phaera bigelowii and the appearance of the new spe-
cies Cyclagelosphaera aita, Riamtholithus: sparsus
and Neobiscutum romeinii.

The upper boundary of the Danian Stage with the Se-
iandian 13 fixed at the base of the Izturun Fm along
with the lithological replacement of limestones by
marls (Fig. 7.4, 7.5, 7.6). It coincides with the “second
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radiation” of the fasciculiths (Dinarés-Turell et al..
2007; Bemaocla et al_ 2008) and also with another
important nannofossil event —the appearance of Neo-
chiastozyeus perfectus and Chiasmolithus edentulus
(Bernaola et al.. 2008)

Range. Tt includes nannofossil zones from NP1 to
the upper part of NP4, az well as the planktonic fo-
raminifera zones PO, Pa, Pla, P1b. Plcand P2 Tten-
compasses the following magnetic chrons: upper part
of chron C2%r. chrons C29n. C28r, C28n. C27r. C27n
and lower part of chron C26r (Dinarés-Turell et al ,
2003).

Three third-order sequence stratigraphic units are m-
cluded in the Dantan Stage — from Da-1 to Da-3 and
the upper part of the Maastrichtian sequence Ma-3
(Hagetal., 1988; Hardenbol et al.. 1595).

The duration of the Dantan Stage 1s estimated at 3.8
Ma [according to the Geological Time Scale 2004
(GTS2004) — Luterbacher etal . 2004], 4.05 Ma (after
Dinarés-Turell et al | 2007) or 4.2 Ma (after Wester-
hold et al.. 2008).

Regional characteristics. The Daman Stage 15 evi-
denced in Kula Zone i the sections near Kladorub,
(Smnyovsky et al, 2002; Smnvovsky, 2004b) and
near Rakovitsa village (Stovkova & Ivanov, unpub-
lished data). Its presence has been proved by tvpical
nannofossil associations. The Stage 1s fully developed
in these sections, including zones from NP1 to NP4.
It relates to the clayey siltstones and marlstones of the
Kladorub Fm The thickness of the Stage 1n these sec-
tions iz 35 m.
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Fig. 7.3. Global stratotvpe
zection (GESP) of the
CretaceousPaleogene boundary,
which 15 the lower boundary of
the Danian Stage (after Molina
et al_, 20080). El Kef. Tunisia

There 1s no paleontological evidence confirming the
presence of the Danian in the Lom Depression. Tsa-
neva and Vaptsarova (1961) described “Dantan?” 1n
well B~ Dalgodeltsi represented by a thick complex
of grev clavey limestones. These belong to the lime-
stone-mar] formation (Filipov et al.| 1995b). Tsaneva
(1964) supposes that “lower Paleocene-Damian™ 15
present only 1n C-7 near Lom, but again without any
paleontological evidence. The thickness of the sedi-
ments that supposedly mught be referred to the Da-
mian Stage 1n the Lom Depression 1s between 50 and
85m

In the West Fore-Balkan and Balkan. the Danian
Stage 15 exposed in the Mezdra region where only
the lower and middle parts are documented by nan-
nofossils (zones NP1 and NP2 — Sinnvovsky, 1993a;
Sinnyovsky, 1999; zone NP1-WP3 — Stovkova et al.,
2000; Stovkova & Ivanov, 2004a; zone P1b —Pevber-
nés et al | 2004). The Stage 1s represented by carbon-
ate successions, associated with the Mezdra Fm and
the limestone formation (Sinnyovsky & Sinmyovska,
1993)_ Its thickness ranges from 35 mto 50 m.

Indications about the occurrence of the lower parts of
the Damian tn Central Balkan are known in the region
of Botev peak_ west of Ea1 hut and near Tuja hut. In
the conglomerate formation, located 1 the autochthon
of the Central Balkan granite thrust, poor nannofossil
associations of zones NP1 and NP2 have been record-
ed (Stovkova in Fagorchev et al | 2001). The Danian
occurs i the Elena-Tvarditsa part of Stara Planmna
Mountain, along the Republica Pass near Mishemor-
kov han, where its full development 15 observed.
Here its sediments are assigned to the limestone-marl
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formation — an alternation of clavey limestones and
marls. It outcrops also near Krastets raibway station,
along Plachkovtsi-Krastets road. Paleontologically
proved are nannofossil zones NP1 to NP4, The thick-
ness of the Stage 1s not precisely determmed, but 15 1n
the range of several tens of meters.

In the East Balkan the Danian Stage 1s fully devel-
oped and 1s composed of various lithologies — from
tvpical rhythmic turbidites (Emine Fm). coarse-clas-
tic sediments — sandstones and gravels with interbeds
of limestones of the Kozichino Fm, to alternating of
clavey limestones and marls (Byvala Fm) and lime-
stones (Tepe-Tarla Fm). All nannofossil zones (NP1
to NP4) were paleontologically evidenced in the nu-
merous outcrops. The thickness of the Stage vanes
depending on the position of the sections 1n the ba-
sin profile — from 320 m 1n the deep-water localities
(Emine Fm), 200 m in the slope localities (Kozichino)
to 60 m in the margmal sections (around Byala and

Goritsa, ByalaFm).

The Danian Stage in the East Fore-Balkan 15 identi-
fied in carbonate sequences, comresponding to the
“Mezdra Fm™ sediments — limestones with chert and
clavey limestones. The middle and upper parts of the
stage were proved by nannofossils m the Chudnite
skali section — zones NP2 — NP4 The thickness 1s
around 50 m.

The stage is not wdentified in the central and eastern
parts of the Moesian Platform or the well sections in
the Black Sea offshore. The absence of Dantan seds-
ments 1 the Moesian Platform suggests no sedimen-
tation — or possible submarme wash-out duning the
Danian Age m this area.

In conclusion, the full successions of the Damian Stage
are recorded within the Kula Zone. 1n the Balkan and
partly m the Fore-Balkan area.
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Selandian Stage

Boundaries. The lower boundary of the Selandian was
discussed above. In the proposed global stratotype
section (GSSP) at Zumaia_ 1t 1s fixed along the lithe-
logical boundary between two formations — the lime-
stones of the Astzgorm Fm and the marls of the Ttzu-
run Fm_ The transttion between the two formations 13
gradual without any signs of a break in sedimentation
(Dinarés-Turell et al, 2003, 2007: Fig. 7.4: 7.5b: 7.6).
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From the nannofossil point of view, this boundary oc-
curs 1.1 m below the level of FO of Fasciculithus tvm-
paniformis. 1e._ at 1.1 m below the lower boundary
of zone NP5. It coincides with an important globally
recorded nannofossil event — the “second radiation of
the fasciculiths™ with the appearance of Lithoprichius

;i EOF)

pilearus (Bernaola etal | 2008).

Studies of the planktonic foramuufera distnbution



around the Artzgorrt — Itzurun Fm boundary reveal 5
essential hioevents, that might be used for correlation
and fixing of the Daman-Selandian boundary. The
closest of these (HDS4) 15 the lower boundary of zone
Igorina pusilla (Fig: 7.7 — Aremllas et al _ 2008).

The upper boundary of the Selandian 15 set at the base
of magnetochron C26n, 1e. at the C26r/C26n bound-
arv (Dinarés-Turell et al | 2007).

Range. It encompasses the uppermost portion of zone
NP4, the entire zone NP5 and the main portion of
the of zone NP6. The uppermost part of planktonic
foraminiferal zone P3a. the whole zone P3b and the
lower portion of zone P4 belong to it. The Selandian
Stage falls entirely within magnetochron C26r (Di-
narés-Turell et al., 2007).

Two third-order sequence stratigraphic units are noted
in the Selandian — Se-1 and Se-2 (Haq et al| 1988;
Hardenbol etal | 1998).

The duration of the Selandian Age 15 calculated at
3 Ma [according to the Geological Time Scale 2004
(GTS2004) — Luterbacher etal . 2004], 2.18 Ma (after
Dinarés-Turell et al.. 2007) or 2.4 Ma (after Wester-
hold et al_ 2008).

Regional characteristics. In the Kula Zone the Selan-
dian 13 identified 1n the section near Kladorub village
(Smnyovsky, 2004b); 1t 12 fully developed and docu-
mented by ‘charactenstic nannofossil associations of
zones NP5 and NP6 It 1s composed of clayey silt-
stones and marls of the Kladorub Fm and the thick-
ness in the section at Kladorob 1s 14 m.

The Stage 15 probably present in the section near Ra-
kovitsa village as well, but no paleontological proof
1s available.

The data from the wells in the Lom Depression (G.
Gnoynitsa, Dalgodelts:;, Medkovets, Drenovets and
Lom) published by Tsaneva and Vaptsarova (1961)
and Tsaneva (1964). do not cite any foraminifera typi-
cal for the Selandian Nevertheless. its occurrence in
this area 15 supposed as quite possible. Tsaneva (1964)
mentions “Upper Paleocene that lies immediately
over the Danian limestones™ It 1s represented by grey
sandstones and silty marls (probably Kladoruh Fm7).

In the West Fore-Balkan the distribution of the Se-
landian 15 quite limited. Tt crops out only in the ow-
skirts of Lyuti dol willage, in the core of the Lyun
dol Syncline (west of Tishovska mahala and near
Dilkovtst). Its presence 15 proved by Sinnvovsky and
Sinnvovska (1993) and Smnyovsky (2001b}), who
documented the NP6 zone Heliofithus keinpellii. 1t 1s

represented by sandstones and siltstones with a thick-
ness of up to 10 m.

Tn the central part of the the Moesian Platform. Selan-
dian rocks are proved for the first time m the course of
this study. The Stage 15 1dentified 1n the sections south
and north of Pleven (Petarmitsa, Kalaka Komarevo,
Kreta and Somovit), occupying the base of the Paleo-
gene profile 1n these areas It 15 represented by car-
bonate sediments — detnitic and clastic limestones that
are only between 1-3 m. The regional trend suggests
thickness increase from south to the north with the
greatest thickness measured at Somovit— 3.5 m Since
the lower and upper boundaries are erosional, 1f i3
likely that the Stage 15 not fully developed, although
parts of nannofossil zones NP5 and NP6 have been
recorded.

In the Central Fore-Balkan_ the Selandian Stage has
limited outcrops 1n the region of the towns of Gabro-
vo and Elena (the sections at Gabrove, Iztochnik and
Drenta). It 1s built of detritic and sandy limestones and
sandstones, referred to the Iztochnik Fm and an un-
named body of clastic limestones. Only the lower por-
tions of the Stage — zones NP4 (upper part) and NP3
are evidenced by nannofossils. The thickness varies
from several metres to 10 m:

Tn the East Balkan the Selandian 1s fully developed.
built up by clastic sedmments — thythmic turbidites
(Emine Fm), thick-bedded sandstones, coarse-gramed
sandstones and gravels (Kozichino Fm). It crops out in
vast areas and 15 documented in the sections at Ichera-
Gradets, Esen, Podvis, Prilep, Ruen-Snyagovo, Ka-
menvak, Kozichino and Emona Here the greatest
thickness of the Stage is recorded — from 60-70 m to
300 m. In the section at Emona 1t 15 305 m thick (Sim-
nvovsky, 2004a).

Fiz.
zection, drawn at the lithological boundary between the
Aitzgorn Fm and the Iztnmn Fm (after Dinaréz-Torell of
al., 2007)

7:6. Danian — Selandian boundary in the Zumaia

237



@iozund 5 % Planktic foraminiferal Benthic foraminiferal Carbon isotopic
%_- w 2 i abundance curves abundance curves curve
Y |2 R g 2 |
2y 4 8| 8| £ T = £ o ﬁ'
2 % g E EE £ £| TS/Cindex | o E £ E g I
HHEEEE R : 8 FRiEp OC
=gl @ i E = i ] é =~ E _ﬂ:
HEREE R 3 g g8
o |25 2 |d|=5kEE 3 % # 2 2 ® 2 2| i :
53] ; ' 5 -
= k== T -
E E =8 = HISS
=3 (TIPPRSRRRT RSN | RIS - SR 020 e | =R R | =
E - _ :—zt_ >
E i } U g ?.a
e E ............................ e
i 3 1
IR
! = §_l 4
V| E 30 1
1k .
i PN N SR - R o = HIE2
o - SI 15'_,4"
. , W
: E ............................... SpRa k] ...J\’L’J_'i;'..... = HIw?
i m -
:' E -
i & 'E' !
L] E by _.'I
1 —m——rr—u B el 0 et ot R [PRENTSNENS N ENTEE SN = S— S = DS
HEAE: ; - ¥
SlE|E
S - ¢
w| 3|3
8<<'B .
| Ll'thalogfr:af 'EQEI‘IdS E Lirmezsfong E Mlarly limuniong Marl E Rod muarl |
Fig. 7.7. Position of important planktonic foraminifera bicevents around the Danian — Selandian boundary tn the Zumaia
zection (after Arenillas et al . 2008)
In the section near Byala and Goritsa the stage 1 rep-  Thanetian Stage

resented by limestone-marly sequences (Byala Fm).
It 15 evidenced by rich nannofosail associations of the
zones NP3 and NP6. The thickness 15 10-15m.

In the East Fore-Balkan the Selandian is proved mn
the section at Chudnite skali, where 15 it composed
of clastic and biodetrtic limestones of the “Kailaka™
Fm. The thickness ts around 50 m.

The Stage 1s not detected 1n erther the eastern parts
of the Moesian Platform or the wells drlled m the
Black Sea shelf Its absence in these areas, like the
Danian Stage, suggests tnitial lack of sedimentation
and 'or later subsequent disappearance resulting from
erosion of underwater wash-out during the Selandian
Age

The complete sections and the maxyimum thickness of
the Selandian Stage are noted within the Kula Unat
and 1n the East Balkan Fone Reduced thicknesses
are documented m Central northern Bulgana (the sec-
tions along the Vit River valley). An mcomplete de-
velopment of the Stage 15 also identified 1n the East
Fore-Balkan_in the section at Chudnite skali.
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Boundaries. The lower boundary of the Thanetian
Stage i the GSSP at Zumaia 15 fixed at the base of
magnetochron C26n (at C26r/C26n boundary). It 15
located some 2 8 m above the clayey imnterval marking
the MNid-Paleocene Biotic Event (MPBE — Dinarés-
Turell et al. 2007; Bernaola et al.. 2008). The GSSP
15 located along the mamn beach of the coastal town
Zumaia_ Basque Country, northern Spam at latitude
4321758 4N, lonzitude 02°15'39 1"W. The GSSP for
the Thanetian 15 about 78 m above the Cretaceous Pa-
leogene boundary.

The integrated paleomagnetic and nannofossil studies
of the stratotype section at Zumaia set the Selandian-
Thanetian boundary 6.5 m above the level of FO of
Helinlithus Heinpellii (index of zone NP6) and 3.5
m below the level of first appearance of Discoastar
mahleri (index of zone NP7). 1.e_. in the upper part of
zone NPS.

From the viewpoint of planktonic foramimifera zones,
the lower boundary of the Thanetian falls m the mid-
dle of zone Pda.



The upper boundary of the Stage s also the upper
boundary of the Paleocene Senes. It 1s marked by one
of the most pronounced climatic events in the history
of the Earth. the Paleccens-Eocene Thermal Max-
mum_ The latter 15 observed in the sections through a
tvpical clayev interval and sharp negative excursion
of 6%C. More data on this boundary and the PETM
are available i Chapter 8, devoted to global events.

Reamge. Tt covers the upper part of zone NP6 and the
entire NP7, NP8 and NP9 nannofossil zones. The up-
per part of zone P4a. the whole subzones P4b and
P4 as well as zone P35 of the planktonic foraminifera
zones are referred to 1t. The Thanetian includes the
followmg magnetochrons: C26n, C25r, C25n, C24r
{Dmarés-Turell et al., 2007).

Five third-order sequence stratigraphy units are dif-
ferentiated 1n the Thanetian: Th-1 toTh-5 (Hardenbol
etal . 1998).

The duration of the Thanetian Age 15 estimated at 2.9
Ma [according to the Geological Time Scale 2004
(GTS2004) — Luterbacher et al _ 2004]. 3.3Ma (after
Dinarés-Turell et al | 2007) or 3.4 Ma (after Agnim et
al . 2007a; Westerhold et al . 2008).

Regional characteristics. The Stage 1s fully developed
i Kula Unit and in the Lom Depression. In the see-
tion at Kladorub, 1t 15 charactenzed by rich and diverse
nanmofossil associations, imdicating the presence of
zones NP6 to NP9 (Simvovsky, 2004b; Stoykova &
Ivanov, 2005). The sediments of the Stage consist of
clayey siltstones and marls, with a thickness of 15 m.

The Thanetian Stage (referred to by Tsaneva, 1964 as
“upper Paleocene™) 1s proved by nich finds of plank-
tonic and benthic foramimifera in the wells drilled 1n
the Lom Depression (Tsaneva & Vaptsarova, 1961;
Tsaneva, 1964). It 15 represented by grey to grey-
greemsh silty marls and siltstones (Kladorub Fm?).
The thickness ranges from 10 m (R-4 G. Gnoynitsa)
to 100 m (R-2 Medkovets).

Mo Thanetian sediments have been encountered by
the wells drilled in the Vidin Uplift (Tsaneva, 1964).

Moreover, the Thanetian Stage has not been 1dentified
mn the West Fore-Balkan and Balkan

In the central part of the Moesian Platform_ the Stage
1s detected in all studied sections along the Vit River
valley, being represented by carbonate and terrige-
nous-carbonate sediments — clastic lunestones, sandy
limestones with glauconite, clayey limestones (Kom-
arevo Fm) and marls with chert nodules (Bozhuritsa
Fm). The uppermost parts are composed of mixed

hvpo-rocks — siltstones to sandy marls. The complete
stratigraphic range of the Thanetian 15 evidenced by
nannofossils — from zone NPS to NP9 (Stovkova &
Tzanow, 2004b).

Tndications regarding the presence of parts of the
Thanetian zone NP7 and NPS? in the Central Fore-
Balkan are detected only in the Elena region, in the
section at Drenta (Stoykova in Nikolov et al., 1998).
Tt 13 butlt of detritic limestones with interbeds of glau-
comtic sandstones and siltstones, referred to the Ko-
marevo Fm Its thickness is 10-15m.

In the eastern parts of the Central Balkan (Sliven re-
gion) the Stage 1s fully developed. The complete suc-
cession of zones (from NP6 to NP9) 1s proved 1n the
Ichera-Gradets section, where the Stage 1s composed
of sediments of the thick-bedded sandstone forma-
tion. The thickness 1s in the range of 75-80 m_

In the East Balkan Umnit, the Thanetian iz devel-
oped to 1ts full volume. It 15 built up of clastic seds-
ments — thythmic turbidites of the Emine Fm and the
thick-bedded sandstone formation, coarse-gramed
sandstones (Svett Atanas Fm) and conglomerates
(Bardarevo Member). Tt crops out 1 vast areas and 15
evidenced by nannofossils in the sections at Emona,
Bardarevo and Mona Petra. The greatest thickness of
the Stage 15 recorded here — from 150 10 300 m (Sin-
nyovsky, 2004a)

In the sections near Byala and Goritsa, the Stage 13
represented by marly and clayey sediments, referred
to the upper part of the Byala Formation It 15 evi-
denced by rich nannofossil associations, proving the
full range of zones NP§ to NP9 (Stovkova & Tvanov,
2006a, b). The thickness 1s 6-7 m.

In the East Fore-Balkan, the Stage 1s proved in the
section at Chudnite skali, where the lower and upper
boundarnes are erosional and 1ts thickness 15 reduced.
Only the presence of nannofossil zone NP8 and fora-
miniferal zone P4c 15 proved (Pevbernés et al . 2004).
The Stage here 15 composed of clastic and biodetritic
limestones — calcarenites, referred to the Komarevo
Formation. The thickness 1s around 30 m.

The Stage 15 1dentified in sections throughout the east-
emn parts of the Moestan Platform. as well as mn the
wellz drilled m the Black Sea shelf In this area. 1t
exhbits reduced stratigraphic range and lesser thick-
ness, being represented by clastic limestones and cal-
caremites (Komarevo Fm), and the upper parts — by
sandy marls and siltstones with glauconite (Bozhu-
ritsa Fm).

In the eastern parts of the Moesian Platform only zones
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NP7-8 have been proved (sections at Beloslav, Sindel
and Trastikovo). The thickness of the Thanetian sedi-
ments in the platform sections 1z between 4 and S m:

In the Black Sea. besides zones WP7 and NP8 docu-
mented 11 all wells, the uppermost parts of the Thane-
tian (zone NPS) are also proved mn the Yun Shimanov
and Varna-West wells. The thickness of the Stage i
the manne sections 15 greater than in the eastern part
of the Moestan Platform — around 30 m.

7.2.3. Lower Eocene Subseries

This includes one stage — the Ypresian The lower
boundary of the Subsenes 15 marked by a global event
— the Paleocene-Eocene Thermal Maxumum (PETM)
expressed as a sharp negative excursion of 6%°C, and
the upper boundary 15 set at the FO of calcareous nan-
nofossil Rhabdosphaera inflata (Molina et al | 2011;
https://www paleogene org/ lutetian-boundary-strato-
type/).

Ipresian Stage

Boundaries. The lower boundary of the Ypresian
Stage is set at the base of the negative excursion of
G2C that marks the onset of the Paleocene-Eocene
Thermal Maximum. In the global stratotype section
at Dababaya_ near Luxor, Egypt, it has clear chemo-
stratigraphic (carbon 1sotopes) and biostratigraphic
expression. This 13 due to the essential changes m
marnne microorzamsms — calcareous nannoplank-
ton, bentluc and planktonic foraminifera — have un-
dergone as a result of the abrupt warming A formal
detailed description and discussion of the GS5SP sec-
tion at Dababiva (Fig. 7.8) was published 1n Episodes
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{Aubry et al | 2007).

The upper boundary of the Ypresian Stage is drawn at
the FO of the calcareous nannofossil Rhabdosphaera
inflata (NP14a/NP14b boundary). The GSSP for the
base ofthe Lutetian Stage (early/middle Eocene bound-
ary) 1z defined at 16785 metres in the Gorrondatxe
sea-cliff section (NW of Bilbao city, Basque Country,
northem Spam; 43°22'46 47"N, 320051 61"W). This
dark marly level comncides with the lowest occurrence
of the calcareous nannofossil Rhabdosphaera infla-
t2 (CP12a’b boundary) 1 the middle of magnetochron
C21r (Molina et al , 2011; https:'www .paleogene org/
lutetian-boundary-stratotype’).

From the calcareous nannoplankton viewpomt, the
Thanetian-Ypresian boundary comncides with the low-
er boundary of zone NP10, at the FO of Rhomboaster
bramlertei The Ypresian-Lutetian boundary 1s set at
the base of subzone WP14b. at the FO of Rhabdo-
sphaera nflata.

Range. It incorporates the full range of zones NP10,
NP11. NP12. NP13 and NP14a (Fig. 6.12, Fig. 7.1).
as well as the uppermost part of zone P35 and zones
P4, P7. P8 and P9 of the planktomc forammnifera The
Ypresian encompasses the following magnetic chrons:
C24r, C24n. C23r, C23n, C22r. C22n (Dinarés-Turell
in Bernaola et al | 2006a; Dinarés-Turell m Payros et
al . 2007).

Ten third-order sequence stratigraphic units are dif-
ferentiated in the Yprestan — Yp-1 to ¥p-10 (Hag et
al , 1988; Hardenbol et al., 1998). The duration of the
Ypresian Age s estimated at 7.2 Ma [according to the
Geological Time Scale 2004 (GTS2004) —Luterbach-
er et al. 2004].

Fig. 7.B. Global stratotype
zection ({3535F) of the Paleocene
—Eocens boundary 1n Dababaya
near Luxor, Egypt (after Aubry
etal , 2007). White letters
delineate lithostraticraphic
boundaries of the local
formiations



Regional characteristics. The complete volume of
the Ypresian 1z likely developed only 1n the central
part of the Lom Depression, where it lies through
a gradual transition over Paleocene sediments — in
the wells near Bazovets, Dalgodeltsi, Medkovets,
Drenovets and Byalo pole villages (Tsaneva, 1964).
In the periphery of the Depression (to the east and
west), the Stage overlies with wash-out older rocks
and 1ts sections are incomplete. It 15 represented by
grev, dark-grev to greenish marls (Tsaneva, 1964;
1971; Kladorub Fm?, Avren Fm?) The thickness of
the Ypresian in the central part of the Lom Depres-
sion ranges from 100 m (R-7 Bazovets) — 150 m (R-6
Dalgodeltsi) to over 320 m (C-2 Byalo pole) (Tza-
neva, 1964).

In the Kula Zone the lowermost portion of the Ypre-
sian (zone NP10, thickness 10 m) 15 in the Kladorub
Fm_ in the section along Tsiganski dol near Kladorub
village. The same section shows, following a break in
sedimentation. the upper part of the Stage in the Sta-
ropatitsa Fim — zones NP12-14a (Stovkova & Ivanoy,
20054 The total thickness exceeds 250 m.

No Ypresian sediments have been penetrated by wells
mn the Vidin Uphift except for the well near Gramada,
drilled on 1ts southern flank. In this well the Stage 1s
evidenced by foramimfera and is represented by S m
of sandy marls (Avren Fm?, Tsaneva, 1964).

In the West Fore-Balkan and Balkan the Yprestan
has a himuted distnbution m the Vratsa and Mezdra
regions, where its upper parts are documented. The
Stage 15 represented by poorly cemented polymictic
sandstones and siltstones, referred to the Pavolche
Fm. Here 1t 15 proved by charactenstic nummulitid
associations (“Cuisian™ — Aladjova-Hrischeva et al |
1991%; tts thaickness vanes from 10 mto 70 m.

In the Central Fore-Balkan the Ypresian i1s widespread
in the Lukovit and Gabrovo regions, where its upper
parts are developed only. Tt 15 built of various clastic
sediments — sandstones_ siltstones. clavs and matls.
These represent several Formations: Petrevene, Luko-
vit, Ugarchin, Bovnovisi and Staropatitsa. The thick-
ness of the Stage here vanes from 150 mto 320 m.

In the central part of the Moesian Platform the Stage
15 identified 1n all sections along the valley of the Vit
River. Ttz lowest part 15 evidenced by nannofossils
only i the section at Riben (basal part of zone NP10).
The Ypresian here 1s represented by sandy marls and
siltstones, rich m glaucomte (“Beloslav™ Fm — Stoy-
kova & Tvanov, 2004b).

Ini the sections at Gradina, Tarnene, Kailaka, Grivitsa,
Yasen, Bivolare and Bozhuritsa, the upper parts of the

Ypresian (zones NP12-14a) usually occur transgres-
sively over the Thanetian sediments, starting with the
“Osreq marker horizon”. The upper parts of the Stage
are built of Avren Fm marls and clavs; thickness 15
15-20m.

In the region of Veliko Tumovo the Ypresian 1s of lim-
ited distribution within the Balvan Syncline, where
its lower and middle portions are developed (NP10-
12). It 15 represented by terrigenous sediments — fine-
gramed sandstones, siltstones and clays. Limestone
interbeds rarely occur. The Stage in this region 1s as-
sociated with the Shemshevo and Avren Formations
and the thickness 15 50-60 m_

In the Central Balkan the Ypresian Stage 15 widely
distributed. It 15 proved in the sections at Gabrovo,
Wrabtsite, Yasem-FZhultesh Belitsa. Mishemorkov
han 1n the Republika Pass. Kipilovo and near Gra-
dets. It 15 composed of irregular alternations of marls,
siltstones, sandstones and seldom — gravels and con-
glomerates, reaching a thickness of several hundred
meters. The Stage here 1s represented by the Lukovit,
Staropatitsa and Gebesh Formations and the thick-
bedded sandstone formation:

Tn the East Balkan and the Fore-Balkan, the Ypresian
15 widespread and at its maamum development. It
conststs of clastic sediments — sandstones, sands, silt-
stones, marls and clays with interbeds of conglomer-
ates and gravels, developed at some levels (Dvoymitsa
Group — Sveti Atanas Fm_ Gebesh Fm). The thickness
of the Ypresian sediments 1n the East Balkan may not
be precizely known, but considenng the sections near
Obzor and Byala, 1t appears to be in the range of 350-
500 m.

The lower parts of the Stage m the region north of Bva-
la and near Gonitsa are represented by marly-clayey
successions where zones NP10 and NP11 are docu-
mented (section C-30 Gomntsa). They are referred to
the variegated clayev-marly formation and the thick-
ness 15 1 the range of several tens of meters.

In the East Fore-Balkan the Stage has a complete
sutte of zones i the section at Chudnite skali, where 1t
consists of various sediments — quartz sands and sand-
stomes (Beloslav-Dikilitash Fm) and calcareous clays
and marls (Avren Fm). The thickness 15 553 m.

Tn the eastern parts of the Moesian Platform_ the com-
plete zonal sequence of the Ypresian 13 evidenced
{zone NP10 to NP14a). It 1s composed of sandstones,
calcareous sandstones and sands (Beloslav and Dikal:-
tash Fms), silty marls and clays (Krivnya Member)
and bioclastic limestones (Aladan Fm). The thickness
of the Stage i the platform sections 13 70-75 m.
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The muddle and upper parts of the Ypresian (zones
NP12 to NP14a) are evidenced by nannofossils m
the well sections 1n the Black Sea offshore, where 1t
lies through unconfornuty over Paleocene or Upper
Cretaceous sediments. The lower parts of the Stage
are documented only 1n the Yurt Shimanov well (zone
NP10). represented by poorly cemented sandstones,
sands and marls (Beloslav Fm). In the remamned of
the offshore sections the Ypresian 15 represented by
the Avren Fm marls The thuckness 1s between 10 and
40 m.
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The greatest thickness of the Ypresian 1s detected in
the Samotino-More well, where very thick terrtgenous
sediments were penetrated — sandstones, siltstones,
clavs and thin-bedded rhvthmac turhidites, corre-
sponding to the Dvovnitsa Group formations out-
cropping onshore. The total thickness of the Ypresian
rocks m this well 15425 m.

In conclusion, the complete section of the Ypresian
and its maximum thickness are detected m the East
Balkan zone and the southern portions of the Black
Sea offshore.



Chapter 8

Global events and their impact on the nannofloras

During the last four decades a senes of scientific dis-
coveries have been made that shed light on different
slobal events 1n the geological history of the Earth.
Enormous scientific mterest was attracted by the 1m-
pact hypothesis as the cause of mass extinction at the
Cretaceous/Tertiary (K/T) boundary, resulting from a
collision of an asteroid with the Earth (Alvarez et al .
1980). A comparable level of interest has focused on
the most dramatic warming in the geological past —
the Paleocene-Eocene Thermal Maximum (PETM),
after 1t had been discovered by Kemneth and Stott
(1991). During the last two decades, another climatic
event proved to be of zlobal expression — the short-
term warming m the middle of the Paleocene Epoch,
the so-called mid-Paleocene hiotic event (MPBE —
Bralower et al., 2003; Zachos et al . 2004; Petrizzo,

2005).

8.1. Cretaceouns/Tertiary boundary (K/T) event
5.1.1. Introduction

The Cretaceous/ Tertiary boundary focused the -
terest of numerous scientists 1n the beginning of the

pact of the Earth with a giant
meteorite at the end of the Cre-

tacecus Period (KT boundary)
{Source: Internet)

1980s, after the publication of the remarkable article
by Luis and Walter Alvarez and a team of researchers
(Alvarez et al, 1980). Here they recorded an anoma-
lously high Indmm concentration along wath other
rare earth elements, in the boundary layer between the
Cretaceous and Paleogene in the sections near Gub-
bio, Italy and Stevns Klint, Denmark The exception-
ally high Ir anomaly (Ir above 40 ppb), as well as the
elevated concentrations of Cr. Co. N1, Bh, Zr. Sb. Cs
and Ba. are explained by the impact hypothesis, ac-
cording to which the Earth colhided wath a sigantic
space body — an asteroid. resulting in dramatic change
in climate and biota on our planet (Fig. 8.1). The
size of the asteroid 1s estimated at 10-15 km in di-
ameter and the location of impact 15 considered to be
the northern part of the Yucatan Peminsula, Mexico.
Ag a result of the collision, a gigantic crater has been
formed — Chixculub, approximately 160 — 240 km in
diameter, with 1ts greater portion now lying below sea
level (Shulte et al., 2010).

As a consequence of the impact, huge energy was
released (several hundreds of millions mepatonnes
of TNT, amounting to tens of thousands of atomic
bombs). A substantial portion of that enerzy was




transformed into products around the collision site
(for instance, shocked quartz, tektites, tron sphemles,
etc_). The high volumes of fine dust, ash and spherules
gjected into the upper levels of the stratosphere, had
a global effect. They spread over the entire planet and
were deposited within the next few hundreds of vears,
formmng a discrete clay laver. Tt 15 assumed that fora
certain period of time this thick dust-cloud wrapping
would have blocked sunlight, leading to a subsequent
decrease in global temperatures and a temporary ceas-
ing of photosynthests. Other scenarios have been con-
sidered ncluding vast fires, acid rains, tsunami and
mass extinction of the orzamisms of different bictopes
— manne and terrestrial

What followed was an avalanche of publications — as
the researchers split into two groups: those who sup-
ported the tmpact hypothesis (with several versions)
and those who explained the source of the high Ir
concentrations from powerful volcanic eruptions.
The majority of facts acquired 1n the course of stud-
ies on the Cretaceous/Paleogene boundary do support
the impact hypothesis (Smit & ten Kate, 1982; Alva-
rez et al. 1984: Smut & Romein. 1985; Wolfe. 1991;
Alvarez et al . 1992). Consequently, the great interest
in tmpacts as a process in geological history led to
the discovery of other impact events at other chrone-
stratigraphic  boundanes (e.g. Silunan-Devomtan,
Permian-Triassic, Cenomaman-Turoman, etc.) and
suggested the 1dea of cyclic recurrence of these events
i Earth history (Raup & Sepkosks, 1986).

8.1.2. Global expression of the event

Lithological expression. The K'T boundary event is
marked by a boundary clay laver of vanable thick-
ness, usually 1-5 cm thick. The layer 1s traced 1n both
manne and continental sediments. More than one
hundred marnne and over 20 continental localities
with well-preserved lithological markers of the event
are known so far. The carbonate content in the rocks
sharply decreases while the silicates increase (mamnly
clay minerals) Figure 8.2, shows the K'T boundary
clay layver i the complete sequence of the section
near Zumaia, Spain.

Geachemical and mineralogical expression. The most
remarkable geochemical expression ofthe event 1s the
Indium anomaly. The anomalously high Ir and other
element concentrations (RRE: Cr, Sc. Co, N1, Eh,
Zz, 5h, Cs, Ba) exceed 5-10 times thetr normal back-
ground concentrations. The boundary mterval shows
Ni-enriched spinels with Ir and Cr that are considered
to be of extraterrestrial origm

Stable isotopes — an indicator of climatic changes.
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Abrupt negative excursion of 5°C has been document-
ed at the KT boundary varying from 1 to 4% in dif-
ferent localities. The change in the 80 1sotope ratios
indicate a sharp drop in temperature after the event.
It 13 assumed that after the collision, huge tsunams
formed that flooded vast land areas and decimated life
in thear path A huge amount of fine particles, released
in the upper parts of the stratosphere, blocked sunlight
for a chort period of time. As a result, photosynthesis
temporarily ceased and temperatures sharply dropped
by 5 to 10 degrees C (the so-called “nuclear winter™).
The effects are most noticeable m low latitude locali-
ttes, while i the high northern and southern latitudes
the magnitude 1s far smaller.

Magnetostratigraphy. Magnetostratigraphic analyses
show that the K'T boundary and the event marker fall
within the reverse magnetic polarity chron 29¢.

Biotic expression. Tt 1s well known that the dinpsaurs
and a major part of the cephalopods — ammonites and
belemnites, as well as mnoceramid bivalves. became
completely extinct Profound and almost complete re-
placement of extinct Cretaceous forms by new species
and genera occurred within the marine mucroplank-
ton — planktomsc foraminifera and calcareous nanno-
plankton. As to the nannofossils, mass extinction of
the Cretaceous nannoplankton species 15 identified at
the K/'T boundary — as well as explosive develop-
ment and dominance of the “disaster” species Thora-
cosphaera opercuiata, T savea and Bragrudosphaera
bigelowii.

The mass extinction at the K'T boundary has been ex-
tensively studied by scientists from around the world
for the past 40 years. Despite these many vears of ef-
forts, the specifics of the nature, rates and main causes
of thus biological catastrophe still remam unclear
Thus 15 partly due to the fact, that many of the stud-
ted K'T boundary sections are somewhat geozraphi-
cally restricted, located in the lower northem latitudes
(Tethys area) — Spamn, France, Tumsia, Italy, Austria,
Texas and Mexico. Several K'T boundary sections
in the Atlantic and Pacific Ocean. as well as in the
Caribbean, have been studied (MacLeod & Keller,
1991: Keller et al. 1993a, b) but these were either
too condensed, mcomplete or eroded at the boundary
interval . Moreover, in vast ocean areas the boundary
sediments are erther missing as a result of subduction
(Tndian Ocean, the northern and eastern parts of the
Pacific Ocean) or have never been studied. Thus, our
current knowledge on the mass extinction at the K/'T
boundary in the marine ecosystem 13 based mamly on
analysis of sections located within the Tethys area.
Thus observed biotic effects are incorrectly general-
tzed and globally applied. This conclusion became
evident following the publication of results of analy-



Fig 82 Photos of the Zumaya
zection, Basque Country, Spain.
A —Position of the Cretaceous-
Tertiary (K'T) boundary: B

— Detzil of the boundary elay
bed. marking the impact event:
C — Lower Danian zedimentary
znocession above the KT bound-
ary. Pietures taken by the anthor
during the field-trip of the fifth
International Nannoplankton As-
zociation Meeting 1003



ses of sections located in other parts of the world: the
northern and southern high latitudes; and subequatorn-
al Ecuador, where the environment was dominated by
strong, upwelling. cold marine Antarctic water cur-
rents, flowing from high latitudes (Kelleret al | 1997).

To illustrate these latiudinal differences among the
planktonic foramimifera (which along wath the cal-
careous nannoplankton are one of the most affected
microfossil groups at the KT boundary), around 2/3
of the species disappeared at or before the K/'T bound-
ary in the Tethys area (Keller & Perch Nielsen, 1995;
Keller, 1996). Although the extinction was not sud-
den, the species that disappeared at the K'T boundary
included all the tropic-subtropic, large and complex
ornamented species. The smaller, poorly omamental
species of simple morphology and the cosmopolitan
taxa survived the event and disappeared some 100
and 300 Ka later. in the Daman Age The studies of
fairly complete sections in the high latitudes, both
south (ODP Site 738, Keller, 1993, 1996; Keller &
Macleod, 1996) and north (Denmark, Kazakhstan;
Keller et al | 1993b) indicate that the selective ex-
tinction model 15 not global and does not apply to the
northern latitudes. Actually, there 15 no clearly dem-
onstrated extinction at the KT boundary in the high
latitudes which 15 due primanly to the fact that the
tropic-subtropic species are not present i these ar-
eas except for occasional migration dunng warming
of the climate. The fauna and flora m these areas 13
quite similar due to the cosmopolitan species of the
low latitudes (Keller, 1996). This understanding of
different extinction models mn the low and gh lati-
tudes appeared to be rather simplified as well which
was proved by the results of studies from Ecuador
{Keller et al . 1997).

Other fossil groups do not undergo mass extinction at
the K'T boundary in the lugh southern latitudes, too.
For mstance. the radioloions known from localsties
in New Zealand. demonstrate faunistic change but no
significant extinction. Similarly, the spores, polien and
the fossil flora in New Zealand and Seymour Island.
Antarctica. Chile and Brazil do not show substantial
changes but more probably reflect climatic fluctua-
tions and changes in sea level (Bowman et al | 2014).

The association of marine invertebrares (mollusks —
ammemites. mnoceramids; echineids) around the K'T
boundary documented from sections on Seymour Ts-
land. Antarctica. Chile and Brazl also demonstrate
a gradual, long-term faunistic change but not a mass
extinction at the K'T boundary (Stnnesbeck, 1996).

Similar obzervations have been made on the behawv-

tour of macro-invertebrates — ammonites, 1ocera-
mitds and echinoids (sea urching) in the Bulgarian sec-
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tions across the KT boundary (Tvanov & Stovkova
1994 1993). The ammeonites show step-by-step
change from the beginmng of the late Maastrichtian
with gradual reduction of the mumber of genera and
species. Of 18 species, belonging to 12 genera and
7 famihes at the beginning of the late Maastrichtian
this number gradually decreases to some 10 species
belonging to § genera, 6 species belonging to 6 genera
to finally reach 3 species belonging to 3 genera at the
very end of the late Maastnichtian and then to become
extinct at about 40 cm below the K/'T boundary in
the sections near Byala (Ivanov 1 Ivanov & Stoyko-
va, 1993} The inoceramids disappeared completely
0 the Bulgarian localities in the middle of the late
Maastnichtian without surviving to the “event™ at the
KT boundary, 1.e. without any relation to it (Ivanov
& Stoyvkova, 1995). The trends mn the change of the
echimoids through the K T boundary are quite similar:
gradual reduction in taxonomic diversity and abun-
dance during late Maastrichtian. change at species
level at the KT boundary and then gradual renewal of
the taxonomic composition during the Danian {Thieva,
1998_2000).

All these data mndicate that the global mass extinction
hyrpothesis at the KT boundary as a result of simply a
bolide mmpact might not be accepted as the onlv plau-
sible explanation.

It 15 also wadely percerved that the destructive effect
of the big impact on the environment had global di-
mensions. The latest data from stable isotope analyses
also refute this imitial concept. In the Tethyan locali-
ties, the &°C values m surface waters decreased by
2-3%e at the K'T boundary, thus registering consid-
erable reduction in primary productivity (Barrera &
Keller, 1990). It had been assumed until recently that
this reduction 1 productivity was global and prob-
ably provoked by the temporary suspension of photo-
synthesis as a result of the thick clouds, covening the
Earth after the impact. In the high latitudes, however,
the 8°C values decrease very shightly (0.3%s in Nye
Elov. Denmark and Koshak, Karakhstan — Keller et
al_ 1993b) or even increase (ODP Site 738, 750 —
Barrera & Keller, 1990). This shows no substantial
changes in the primary productivity in these locations
at the KT boundary. A significant drop of the 6°C
valoes 15 traced. however, 1n the Daman sediments,
around 300 Ka after the K/'T event (Barrera & Keller,
1984). Later on_ dunng the Daman Age_around 500
Ka after the K/'T event_ primary productivity returned
to its end-Maastrichtian values in both the northern
and southern high latitudes These significant dif-
ferences in the mamfestation of the event at the K'T
boundary from different geographical latitodes ac-
counts for different impacts on the biota and the en-
vironment.



Recently, Gibbs et al. (2020) published an intriguing
studv and suggested a new model for survival and re-
covery of marine mucroplankton after the impact at the
KT boundary. The authors assume that algal plankton
terned to hunting to survive and recover from end-
Cretaceous impact darkness. They found, that “most
of the incoming, post-extinction acme taxa (Praeprin-
sius, Futyania, and early Prinsius) have distinct open-
ings tn their fossilized coccospheres. These openings
indicate the presence of flagella 1 life that would
have allowed for motility. .. Motility can therefore be
considered a prerequusite for phagotrophy™ (Gibbbs
et al. 2020, p. 3). Furthenmore, Gibbs et al (2020)
found, that “the Cretaceous nannoplankton taxa that
survived the mass extinction event etther have mor-
phologies mdicative of phagotrophy (1e. flagellar
openings) or typically have mhabited shelf or coastal
regions where today mixotrophic haptophytes are pre-
dominantly found This potential capacity for mixo-
trophy m the survivors suggests that nammoplankton
endured the mass extinction event using phagotro-
phry, likely feeding on bactenia and or organic matter
washed in from rivers and tsunamis dunng the post-
impact blackout that may have persisted from weeks
to 2 vears” (Gibbbs et al. 2020, p. 4). Therefore, their
conclusion is that widespread phagotrophy (prev in-
oestion) was fundamental to plankton surviving the
impact and also for the subsequent reestablishment of

primary production. Ecological selectivity pomnts to
extreme post-impact light inhibition as the prnincipal
kill mechamism_with the marine food chain temporar-
tly reset to a bacteria-domunated state. Subsequently,
in 2 sunlit ocean inhabited by only rare survivor graz-
ers but abundant small prey, 1t was mixotrophic nu-
trition (autotrophy and heterotrophy) and mcreasing
cell sizes that enabled the eventual reestablishment of
marinie food webs some 2 million vears later (Gibbs
etal _2020).

8.1.3. Documenting the event from Bulgarian lo-
calities

Before 1991, the Cretaceous-Paleogene boundary in
Bulgaria had been mentioned only in regional geologi-
cal and regional stratigraphic studies (Kanchev, 1960-
1970; Nachev, 1970-1992; Karagvuleva & Kostadi-
nov, 1977). To trace the boundary, lithological consi-
derations without sufficient biostratigraphic support
had been used. Particularly unclear are the criterta used
to recogntze 1t within the rhythmic complexes, which
appear to be very provisional Biostratigraphic cniteria
have been applied in spectalized articles on paleonto-
logy and stratigraphy (Trifonosa, 1959, 1960; Juranov,
1983, 1989). but the posiion of the KT boundary was
not precisely specified and fixed in any section.

Fig 8.3 The first continuous section across the K/'T boundary in Bulgaria. Described from Byala, Varna District. discov-
ered in Juse 1001 (Stoykova & Ivamoy, 1992)
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From the event viewpomnt, the studies of the K'T
houndary were mitiated by the author (K. Stovkova)
in 1990 and have been intensively carned out under
the Bulzanan-Austrian joint project entitled “Mese-
zoic boundaries m Bulgaria (Permian-Triassic and
Cretaceous-Tertiary Boundary)”™, 1991-1993.

The first continuous section across the KT boundary
in Bulgarnia with the clay layer present was discovered
near Byala, Byala 2b section in June 1991 (Stovkova
& TIvanov, 1992, Fig. 83). Later on in September
1991, an indium anomaly of 6 ppb was detected in
samples from the same section (Preisinger et al,
1993a; 1993b).

Atfter the Bulganan-Austnian project was completed,
studies on the K'T boundary continued. The bio-
stratigraphy of the Maastrichtian-Paleocene mmterval
based on calcareous nannoplankton and ammonites
has been extensrvely studied (Ivanov, 1993b; Tvanov
& Stovkova, 1994; Stoykova et al, 2000; Stovkova
& Ivanov, 2004a c). The first paleontclogical study
on the taxonomic composition of the ammonite fauna
in the Upper Maastrichtian was published (Ivanov,
1993h). Another aspect of the studies focussed on the
role of the impact event in the changes in faumstic and
foristic assemblages at the K/'T boundary (Tvanov &
Stovkova, 1995; Stovkova, 1996a. h). New, uninter-
rupted sections through the K/'T boundary withm dif-
ferent basin settings have been discovered:

- 1 deep water environment: turbidites of the Emimne
Fm near Emona (Smnyvovsky and Stovkowva, 1995);
Marash, Shiven remion (Stovkova et al, 2000);

Kozichino, Burgas region (Sinnyovsky, 2003);

- in carhonate shelf sequences near the village of
Moravitsa, Mezdra region — Sinnyovsky (1999);
along Razkrachemtsa and Kozva Rivers, East Fore-
Balkan — Vangelov and Sinnvovsky (2000};

- 1 hemipelagic sediments, siltstones and marls of
the Kladorub Fm near Kladorub willage, Vidm re-
gion (Simnyovsky etal, 2002).

Expression of the event ar the K/T boundary in the
complete sections around Byaia town

Mineralogical and geochemical analyses of the bound-
ary interval (from -7 m to —5 m below and above the
K'T boundary, respectively) revealed nuneral compo-
sition, fluctuations i the carbonate content, §°C, 60
and the content of RREs such as Ir. Pt. Pd. Ru. Rh and
others. The results of these analyses were obtamed
through cooperation with foreign colleagues (Adatte
etal_ 2002) and are shown in Fig. 8.4 and 8.5

The extinction of the fauna and flora at the K'T bound-
ary and their recovery afterwards are examined as one
whole process. The features and trends of this process
are interpreted and described as a model. The Kaudf-
man & Erwin (1995) model has been used as 2 basis
in the interpretation.

Several stages are mdicated throughout the change
m the assemblapes: background conditions, mass
extinction, survival and recovery (Stovkova, 1996h;
Stovkova & Ivanov, 2002a)—Fig. 8.6,
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At the beginning of the late Maastrichtian, the cal-
careous nannoplankton are abundant and diverse,
showing great species richness (over 70 species). The
marine invertebrates are represented by ammonites,
moceramids, echinoids, rarely belemmnites and bra-
chiopods (Tvanov & Stovkova 1994). The ammonites
are represented by commonly occurring 23 species.
At some levels moceramids domunate, represented
by several species, some of which reach up to 25 cm
n length. The echinoids are also diverse; 13 species
have been documented. The background commumties
are abundant and highly diversified.

At the beginming of the late Maastnichtian the mo-
ceramids disappeared. The species diversity of the
ammomites gradually decreases during the late Maas-
trichtian — and just below the K'T boundary only 4
species have been detected. All these events and evo-
lutionary trends preceded the impact event (Ivanov &
Stovkova, 1993).

The boundary clay laver corresponds to the stage
of mass extinction Rare fragments of the surviving
nannoplankton species are seen while macrofossil re-
mains are totally absent. The Cretaceous/Paleogene
boundary marks the complete extinction of the am-
momites and belemnites, as well as of all Maastrich-
tian echinoad species.

In the first few meters above the clay layer, the com-
posttion of the nannofossil assembiages 15 drastically
reduced. However, calcareous dinofiagellates seem to
flourish explosively — Thoracosphaera operculata, T

saxea and nannoplankton species B bigelowii, consid-
ered a “disaster” species. As a whole, the nannofossil
associations are donunated by the surviving species.
Also_ 2-3 newly emerging species are 1dentified here.

This mterval corresponds to the survival stage and en-
compasses the nannofossil zone NP1, From the quan-
titative point of view, the pre-adapted survivors and
disaster species prevaill The newly evolving species
represent a relatrively small portion of the assemblag-
es (Fig. 8.6).

In the next mterval that corresponds to the zones NP2
and NP3, the species diversity and abundance of the
organism groups present (nannoplankton and echi-
noids) recover to the levels of the beginming of the late
Maastrichtian The recovery stage 1s charactenized by
high speciation rates. leading to rapid diversification
(Fig_ 8.6).

In conclusion, the following characteristic biological
events are registered within the K'T boundary inter-
val:

- mass extinction of the specialized forms;
- explosion i the populations of disaster species;

- relatively fast occupation of the vacated ecolom-
cal miches and recovery of the manne communities.
The pre-adapted “survivors™ as well as the newly
evolving species play a substantial role in this pro-
cess (Fig. 8.6).
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Fig. 8.5 Bulk rock composition. clay minerals and trace elements aronnd the KT boundary in the Byala 2b section (after

Adatte et al, 2002)
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Expression of the K'T boundary event in Bulgarian
sections fram different basin zones

The study of geological sections across the KT
boundary in Bulgaria and the analvsis of the acquired
data suggests that they record different biotic respons-
es to the event. Of keyv importance is the location of
the section 1n the basin profile and 1ts recognition as
representing 2 specific basinal zone (Fig. 8.7).

The sections that contain a continuous record across
the /T boundary in Bulgania allowed for analysis of
the differences recorded for the event between vartous
basin zones (Ivanov & Stoykova in Stovkova et al |
2000; Stoykova & Ivanov, 2002a; 2004a). The sec-
tions are grouped 1n three types:

- sediments deposited 1n deep water environments —
turbidite sequences of flysch type. The Emona and
Marash sections are included here.

- deposition on the basin margin and slope — hemipe-
lagic sediments; represented by the sections near
Bvala (Byala 1, Byala ?b, Byala 2c, Byala 3) and
Goritsa;

- deposition in the shelf area — sequences dominat-
ed by calcareous sediments formed on a carbonate
ramp. These mclude the sections of the West Fore-
Balkan arcund Mezdra — south of Moravitsa, near
Mezdra and Lyuti dol, and i the East Fore-Balkan
— at Chudnite skali.

In the deepwater parts of the basin. the sedimen-
tary successions comprise typical rhﬁ]:lmn: sedi-
ments — turbidites. The Upper Maastrichtian and the
lower Danian are relatrvely thick The sections are
continuous across the KT boundary, These sedi-
ments are formed in basmnal submarine fans with al-
ternating proximal and distal turbidites. The cyclic
sequences are represented by typical flvsch rhythms
of different type and completeness. In some places
(for instance, near Marash), the rhythmic sedimen-
tation 1s interrupted by event sediments formed by
large flows (mega-slumps). In the middle part of the
Maastrichtian Stage, thythms of relatively thin clastic
basal sediments with dominanat pelitic and carbon-
ate portions of the rhythms prevail These are prob-
ably distal terhsdites: In the uppermost parts of the
Upper Maastrichtian. the change in the sedimentation
regime 15 marked by a packet of proximal turbidites
with relativ ely thick clastic elements at the base of the
rhythms. The K/T boundary falls at the base or within
a packet of thin-rhythmic silty-pelitic thythmic sedi-
ments, that also represent distal turbidites. Some 13-
20 m above the boundary, the sedimentation regime
shifts again — thick (up to 1-1.5 m) sandstone beds,
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probably formed in the proximal portion of the fan,
interrupt the rhythmicity.

The event marker of the K'T boundary mn these sec-
tions 18 not clearly expressed. The specific character
of the sedimentation in this environment obviously
prevents preservation of any clear lithological bench-
mark The boundary 1z placed only by bmst:auzmph_tc
criteria.

The event nature of the E/T boundary n these sec-
tions 15 proved solely by the considerable change in
the marine plankton No benthic and nektonic fauna
has been found so far The calcarecus nannofossil
data reveal an essential mcrease in the thickness of the
biostratigraphic zones (by 3 times) 1n both the Upper
Maastrichtian and the lowermost Paleocene. A com-
plete nannofloristic succession with both a high diver-
sitv of species and an abrupt change in the boundary
interval have been identified. In the first meters of the
Paleocene, an important peculiarity 1s the considera-
ble occurrence of reworked (or surviving) Cretaceous
species. The nannofossil associations n the boundary
interval have a typical Tethvan appearance. How-
ever, Ceraiolithoides kampineri, considered a typical
Tethvan species, has been detected in the turhsdite
successions only. Moreover, in these sections the spe-
cies Micula prinsii oconrs relatively more frequently.
The representatives of the genus Brawudosphasra
are not found m this type of section at all, since they
are considered an ecological indicator of shallow wa-
ter-depths in the shelf zone.

The second group of sections — Byala 2b_ Byala 3
and Goritsa are formed around the shelf maroin and
i the upper part of the basin slope. The sedimentary
succession i the boundary interval is represented by
alternating clayey limestones and marls. From the
sedimentological point of view these are defined as
wackestones and mudstones, composed mamly of cal-
cite and clay with up to 15% allochems of hiodetritus.
These rocks hardly contamn terngenous admixtures,
being formed in calm,_ low-energy environments. The
autigenous minerals are represented by pynte. glau-
contte and quartz. The succession is ccrmpnscd of
alternations of clayey limestones and marls. Careful
observation show that these are penodites of vaniable
carbonate and pelitic content. They reflect the orbatal
cycles, known also as Milankovitch cycles. Regard-
less of the commeon clayey-carbonate background of
the sedimentation. the Upper Maastrichtian and Pale-
ocene rocks differ visually, The elementary cycles in
the Upper Maastrichtian are relatively thicker, with
lower carbonate content in the doublets. In the Pale-
ocene, the limestones as an element in the periodites
disclose higher carbonate content. It is well known
that the K£'T boundary in these sections 15 marked by a



boundary event marker — dark grey to black clay layer
(Fig. 8.8).

Thiz type of section is very suitable for observing
paleobiological changes at the K/'T boundary interval.
Parallel studies on the macro- and microfauna and a
complete sedimentary record and abundance of fos-
s1l finds provide a high degree of confidence and reli-
ability 1n the results. Actually, this palecenvironment
12 where the model of Kauffman & Erwin (1995) on
mass extinction, survival and recovery of the eco-
systems after catastrophic events, has been tested.
Furthermore, the behaviour and the response of the
various organisms and ecological groups to the KT
boundary event have been studied here (Stovkova,
19963, b; Stovkova & Ivanov, 2002a).

The most significant and abrupt change 1s seen mn the
marine plankmn nanmoplankton and planktomic fo-
raminifera A major part of the Cretaceous forms be-
came extinct. Single spf:nes predominantly 1n shelf
and coastal imhabitats, survived the event and became
explostvely abundant shortly after Cretaceous forms
predominated or are still present in a rather thick n-
terval, 3-7 m above the boundary (in NP1 and the base
of NP2 zones). Unfortunately, the lack of analysis of
6C signals makes it impossible to determine whether
these are reworked or surviving (Perch-Nielsen et al
1982).

The change 1n the marine macro-mnvertebrates reveals
different features. The sections near Byala confirm the
fact that the inoceramids disappeared at the beginming
of the late Maastrichtian The results from studies on
echinoid evolution are analogous with other European

Fig 8.8 Clay bed, marking the
E/T boundary at the Byala 3
section, contatning an elevated
Ir level (6 pphb) and other rare
elements

sections. Their species diversity decreases gradually
in the late MMaastrichtian Substantial change in the
echinoid fauna occurred at the /T boundary, but 1t
took place at the species level Diversity m the am-
monite fauna gradually decreased as of the beginning
of the late Maastrichtian Only four species of am-
monites almost reached the K/'T boundary. Tt 15 not a
mere comcidence that the echimoids and ammonites
demonstrate comparatively high species diversity in
the interval from -45 m to -15 m below the boundary,

with subsequent sharp decrease. Also curious i3 the
comcidence with some other sections 1n Europe — for
instance, at Zumaia where the decrease occurs at -13
m below the boundary. Tt seems that the extinction of
the ammonites and the change 1n echinoid fauna have
been dramatically influenced by eustatic changes in
sea level, therefore the stepwise model of extinction 1s
rather applicable to them (Fig. 8.6; Ivanov & Stovko-
va, 1995; Stoykova & Ivanov, 2002a).

The third tyvpe of sections 15 charactenzed by seds-
mentary sequences. dominated by the carbonate spec-
trum and depostted in the shelf area over the carbon-
ate ramp with poorly expressed shelf margin From
the sedimentological viewpomnt, the rocks are repre-
sented by wackestones and packstones, described as

clavey, micritic and bioclastic limestones_ alternating
with thin-bedded marls.

In the stratigraphic sequences 1f 15 easy to trace the
transgressive-regressive cycles. marked by marine
ﬂucdmg surfaces — sedimentation gaps and uncon-
formities. In the relatrvely deeper sections, clear
Milankovitch cvclierty 15 differentiated (Sinnyovsky,
1999). The KT boundary in these sections coincides
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with such a surface — probably a maximum flooding
surface (mfs). This fact, as well as the higher dvnamics
i the shelf environments, determine also the incom-
pleteness of the KT boundary mnterval 1n the majority
of sections. A boundary event marker — the Iridimm
anomaly, has been detected only in the section south
of Morawitsa (Simyovsky, 1999). This marker 15 not
so clearly expressed as i the hemipelagic sections.

The KT boundary comcides with the boundary be-
tween the Asparuhovo and “Mezdra™ Fims m the East
Fore-Balkan and occurs inside the Mezdra Fm in the
West Fore-Balkan Biostratigraphically 1t 1s marked
by the change 1n the nannoplankton associations. No
explosion of disaster species 15 recorded here. Some
tvpically Maastrichtian and Paleocene species are
missing as well, probably due to ecological reasons.
The so called reworked (or surviving) Cretaceous spe-
cies are rather rarely seen at the base of the Paleocene.
It 1s difficult to assess whether this 1s a feature of the
shelf associations or a consequence of the mcomplete
geological record of the sections.

Macro-invertebrates commonly occur mn these sec-
tions. The mnoceramids here also disappear at the base
of the Upper Maastrichitian The benthic echinoad
fauna exhibits substantially different species composi-
tion (1m0 the Maastrichtian as well as 1 the Paleocene),
due to ecological reasons. But even in this pattern.
the echinoid fauna changes across the boundary at the
species level. Ammonites are found to the middle part
of the Upper Maastrichtian  The presence of an uni-
dentifiable ammonite 1 m below the K/T boundary, 13
noted by Sinnyovsky (1999). In general, regardless of
the sediments and sedimentological features and lim-
tted material. the trends in the behaviour of the dif-
ferent macro-invertebrate groups across the boundary
are similar to those mn the sections near Byala,

The Bulgarian sections around the K'T boundary are
compared with those known from the Tethvan area
and beyond. Their paleogeographic location was like-
ly mtermediate, between the low and high latitudes
(Stoykova et al | 2000; Stovkova & Ivanowv, 2004a).
The data from the analyses of the Bulganan sections
are essential in complementing global knowledze on
the event and the consequences it had on the life and
environment of the planet.

§.2. Middle Paleocene biotic event (MPBE)
8.2.1. Introduction
The intensive studies of the deep-water sections under

the ODP programme tn Shatsky Rise (Central Pacific
Ocean) and Walvis Ridge (Southern Atlantic Ocean)
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confirmed the expression of a global event i the mid-
dle of the Paleocens Epoch. It 15 called the “Niddle
Paleocene Biotic Event™ or the “Early Late Paleo-
cene Event” (MPBE or ELPE —Bralower et al._ 2002;
Bralower et al., 2003; Zachos et al.. 2004; Petrizzo,
2005; Lourens et al | 2003). The event 15 marked by
a clearly wvisible clay laver, reflecting a sharp drop 1in
carbonate content and an increase i clay minerals in
these sediments.

The observations on the changes in the manine micro-
plankton — calcareous nannoplankton and planktonic
foraminifera, suggest a short-term climatic event —
global warming, that greatly contnibuted to enhanced
rates of evolution in these groups.

The key hypothesis explaming the sudden warming at
the Paleocene-Eocene boundary 1s the influx of large
volumes of greenhouse gases (mainly CO, and CH,)
into the sea water and the atmosphere, as a result of
decomposition of methane hydrates on the ocean bot-
tom (Dickens et al . 1993; 1997). The same sugges-
tion 15 also hvpothesized to explain short-term tran-
sient warming in the middle of the Paleocene Epoch.

Moreover. 1t 1s considered that all identified short-term
warming events (hyperthermal events) i the Paleo-
cene and early Focene were forced by astronomical
factors. As a result of the analvsis of orbital cycles
in the Paleocene and Eocene sequences, a hvpothesis
has been advanced that the hyperthermal events cor-
respond to maximums in short-term eccentricity cy-
cles (Lourens et al., 2003).

§.2.2. Globally identified trends in the manifesta-
tion of the event

Until 2007, the MPBE was documented only in the
oceanic sections at Shatsky Rise and Walvis Ridge
(Bralower et al._ 2003; Zachos et al., 2004; Petrizzo.
2005). The first land-based locality was described by
Bernaola et al. (2007} at the Zumata section. W Pyre-
nees (Fiz. 8.9). According to Bemaola et al. (2007).
the MPBE 1s positioned within the nannofossil zone
NP&. at 4.5 m above the first occurrence of Heliolithus
Eleinpeliii and 2 m below the C26r-C26n boundary.
The namnnoplankion response to this short-lived warm-
ing event suggests a shift from cooler mesotrophic
to warmer oligotrophic conditions, as evidenced by
relative abundance of selected calcareous nannofossil
taxa (Bernaola et al._ 2007).

The mam characteristics of the event are as follows:

Lithological expression. The event 15 marked by a
clearly visible clavey interval, where the carbonate



content 15 below 30%. In Shatsky Rise the clay layver 1s
red in color and 3-30 cm thick. nich in crystals of phil-
lipsite and phosphate microgranules. In the section at
Zumaia it 15 grev in color and 30 cm thack (Fig. 8.9
C —3). underlain bv a 52 em thick marly bed, where
carbonate content gradually decreases. The mineral
composition of the clay laver mncludes smectite (46-
80%z), dlite (35-51%2) and small amounts of chlonte
(2-10%) (Bernaola et al.. 2007).

Geochemical expression. Negative excursion of §°C
bv 1%o is proved in the section near Zumaia_ indicat-
ing the pH drop i the deep parts of the ocean As

a result, the lysocline level increases (becomes shal-
lower) as does the caleite compensation depth (CCD).
and the clayey interval 15 deposited.

Magnerostratigrapin:.  Magnetostratigraphic invest-
gations indicate that the event occurs in the uppermost
part of chron 26r. immediately below the boundary
with chron 26n. Quite typical are the high values of
magnetic susceptibility of rocks detected 1n the inter-
val of the lowest carbonate content (the clay laver) In
the section at Zumaia the magnetic susceptibility val-
ues are measured at 6.38 x 10° m’ kg (Dinarés-Turell
etal, 2007; Bernaola etal . 2007).

Fig. 8.9 Localitiex with proven Mid Paleocene Biotic Event (MPBE}: A — ccean sections in Shatsly Rise and Walvis Ridge
and location of the Fumaia section. W Pyrences, Spain: B —schematic sketch of the mid-Paleccene outerop in the Zumaia
section’'showing the location of the MPBE; C — detailed view of the MPEE-interval. Zomaia sechion. showing the main
lithological beds {a, b, ¢, d —reference beds, 3 — 30 cm clay layer, marking the core of the event, affer Bemaola et al._ 2007)
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Biostratigrapivy. Based on nannofossil data. MPBE
falls wrthin NP§ nammofossil zone — above the FO
of Heliolithus Heinpellii and below the FO of Dis-
coaster mohleri (Dinarés-Turell et al.. 2007:; Bemaola
et al.. 2007). The event occurs withm the planktonic
foraminiferal zone P4.

Biotic expression. In ocean sections MPBE 15 marked
by a sharp drop mn species diversity and strong dis-
solution of the planktonic foraminifera shells, their
associations being poor, dominated by the genus Igo-
rina (manly I radikistanensiz — Rohl et al., 2007).
Calcareous nannoplankton records an abrupt increase
in the abundance of the representatives of genus Eric-
sonig, considered tvpical of the low latitudes and
warm waters.

The guantitative analvses of the nannoplankton as-
sociations 1 Zumaia show a substantial change oc-
curnng during the event The cold-water mesotro-
phic associations (Toweius pertusus, Prinsius and
Fasciculithus) have been replaced by warm-water
oligotrophic associations (Ericsonia.  Coccolithus
pelagicus, Heliolithus and Toweius tovae). This shuft
clearly corresponds to the peak of the negative excur-
sion of 6°C (Bernaola et al . 2007).

The quantitative analyses of the planktomic foramini-
fera 1n the same section reveal a sharp drop 1n species
diversity from 16-19 species before the event down to
some 5-G species in the claveyv mterval. marking the
core of the event. The plankton benthos ratio (P/B)

Fig_ 8.10. Supposzed hthologieal
expreszion of the mid-Paleccene
biotic event in the Kladomb sec-

tion (Fig. 3.3) — two layers of red
clavey marls in the upper part

of NP8 zone, contrasting with
the grey background color of the
sediments
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rapidly decreases from 87% through 50% to below
10% 1in the clay layer. The wall thickness of the shell
of the planktonic foraminifera is also sharply re-
duced as a result of the carbonate dissolution. Drastic
change in the benthic foraminifera associations 15 also
ohserved (Bernaola et al | 2007).

Duration. The duration of MPBE 15 calculated us-
mg biostratigraphic, magnetostratigraphic and cy-
clostratigraphic methods in the Zumaia section, as-
suming average duration of the precession cycles of
~21 Ka(Bernaplaet al . 2007). It iz caleulated that the
event has been relatrvely short lived — lasted for ~32-
33 Ka Its most intense expression, the essential part
that corresponds to the clay layer, lasted around 10-11
Ka. The total thickness of the MPBE mterval is4.6 m_
The clay layer, marking the core of the event 13 30 cm
thick, and represents half of a precession cycle, 18 ~
10-11 Ka (Bernaola et al._ 2007).

8.2.3. Documenting the event from Bulgarian lo-
calities

Only biostratigraphic methods have been applied so
far in 1dentifving the event in Bulgarian localities.

Using nannofossils as a key tool, the event 15 traced
through s lithological expression — a thin clayey-
marl laver within NP6 zone in the sections at Petar
mitsa and Kreta in Central northern Bulgana (Fig. 5.29
and 5.47-48).




It 15 also localized in the uninterrupted Paleocene suc-
cessions near Kladorub and Byala. The presence of
a particular clay-nich mterval at Kladorub (NW Bul-
garia) and Byala (NE Bulgaria) has been recorded.
characterized by significant changes in the compo-
sition of calcareous nanmofossil assemblages. In the
Kladorub section, two distinet reddish clav lavers (7-
10 cm thick) occur that probably represent the litho-
logical manifestation of the MPBE (Fig. 8.10). It 15
sttuated within the upper part of NP6 zone, above the
first occurrence of Bomolithus bramiertei, and likely
represents the sedimentary response of the MPEE.
The calcareous nannofossil assemblage i the reddish
layers is charactenized by the remarkable abundance
of Heliclithus Keinpellii, Coceolithus pelagicus and
Toweius eminens. In the Bvala section (Byala 4), the
clay interval 15 grevish with reddish interbeds (Fig.
8.11). The assemblage 15 domunated by Heliolithus
deinpellii. H cantabriae, Bomolithus elegans, Coc-
colithus pelagicus, Toweius tovae and Ericsonia sub-
pertusa (Stovkova & Ivanov, 2006a. b). Further 1s0-
tope (&°C) and paleomagnetic studies are needed in
the mid-Paleocene sequences of both sections, m or-
der to prove undoubtedly the presence of the MPBE.

Therefore, the biotic response of the event 1s clearly
recorded by nannofossil associations in the Bulganan
sections: a replacement “cold-water”, mesotrophic
to -eutrophic species (Prinsius martini and Princius
bisulcus) by warmer, more oligotrophic taxa (Fas-
ciculithus, Hefiolithus, Sphenolithus and Toweius),
suggesting a shift from relatrvely cooler mesotrophic
to warmer oligotrophic conditions during the event.

Fiz 8.11. Greyish clay interval
with reddish interbeds in Byala 4
section represeating the MPEE

8.3. Paleocene/Eocene boundary event — PETM
8.3.1. Introduction

At the boundary between the Paleocene and Eocene
Epochs, some 55 5-56 Ma ago, the Earth was subject
to one of the most abrupt warming events in 1ts en-
tire history, leading to substantial perturbations in the
global carbon cycle — the Paleocens-Eocene Thermal
Maximum (PETM). The leading hypothesis, explam-
ing this extreme climatic event, relates to the dizsocia-
tion of 1.4 to 3 Gt of methane hydrates, deposited in
huge quantities at the ocean bottom (Dickens et al ,
1995; Dickens, 2011). According to the “zas hydrate
dizssociation”™ hvpothesis, some Earth system thresh-
old was crossed, so that deep ocean temperatures rose
rapidly. This warmth (heat) propagated into sediment
on continental slopes, which shoaled the base of the
Gas hvdrate stability zone (GHSZ) and converted
large amounts of gas hydrate to free gas (Dickens et
al, 1993).

The following triggering mechanisms have been sug-
gested to be responsible for the event:

crossing of the temperature threshold gradually
warming the Earth (the temperature rises);

a bolide smpact (Cramer & Kent. 2003);

etmssion of huge volumes of greenhouse gases fol-
lowang:




* contact metamorphism — intrusion of magmatic
rocks m carbon-rich sediments. and

*+ vast combustion of peat bogs (Higgins & Schrag.
2006);

- explosive volcanism followed by emission of large
volumes of greenhouse gases;

- reorganization of the mam ocean currents and inten-
srve erosion on the continental slopes;

- astronomical reasons (orbital cvclicity): hyperther-
mal events in the Paleocens and Eocene Epochs
correspond to the masimums of the 405 Ka and 100
Ka eccentricity cycles (Lourens et al., 2005).

The dwation of the PETM 1s calculated at 175-200
Ka (Rohl et al., 2000; 2007). but its most intensive
mamfestation occurred at the onset when for some
10 000 to 30 000 vears the average annual tempera-
ture mncreased by 4-3°C in the tropical areas, by some
6-8°C in the high latitudes and by 4-3°C in the deep
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parts of the ocean (Kenneth & Stott, 1991; Rohl etal
2000; Zachos et al | 2004).

Drastic warming was accompanied by a change in
the sedimentation regime with enhanced terrigenous
mmput_ resulting from onshore weathering and erosion
and significant deposition of clastic sediments tn the
basins.

§.3.2. Globally identified trends in the manifesta-
tion of the event

The PETM was onigimally discovered in deep-water
sections at ODP Site 690 (Kenneth & Stott, 1991).
However, soon afterwards 1t was recogmzed 1 both
additional deep-water and also land sections.

Lithological expression. The event 15 marked by a
characteristic clayey interval As a result of the global
warming, the volume of carbonate deposited 1n the
vast marine basins dropped dramatically and a char-
actenistic clayey interval was deposited (Carbonate

Fiz 8.12. Correlation of the sections with proven expression of the PETM in Bulgaria — Kladomb, Eiben and Borhuritza
I — conglomerates; 7 —marls; 3 — claystones; 4 — interval enriched in Fe-hydroxides; 5 — slanconitic marls; §— glanco-
nite; 7 —condensed level with Osfrea shells: & — clayey limestones; 9 —dark grey to black claystones; /0 — Fe-concre-
tions; Jf —flint; 72 —carbonate comeretions; /3 — Osirea shells; /4 — wash-oot surface (after Stovicova & Tvanov, 2005).

All zections drawn to the same vertical scale
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Dissolution Interval, CDI) from several centimeters
to several meters thuck (Monechs et al., 2000).

Geochemical expression. The onset of the PETM 15
marked by a sharp negative excursion. from 4.00%a
10 2.5%a.. tn the carbon isotope composttion 1n the ma-
nne and continental carbonate sediments. az well as
i the organtc matter, known as the Carbon Isotope
Excurzsion (CIE — Zachoz et al.. 1993; Bralower et al .
1995). The CIE 15 considered to reflect the ijection
and subsequent removal of huge amounts of °C-
depleted carbon into the ocean—atmosphere system

(Dickens et al | 1995). An even higher amplitude of
the &°C excursion, from 3%o to 6%e. 1s registered in
carbonates from paleosoils and in the tooth enamel
and bones of contemporary terrestrial vertebrate or-
gamsms (Bowen etal._ 2002).

The negative CIE of °C in both marine as well as
m continental environments, labels 1t ag a vniversal
globally identifiable geochemical marker, allowing
precize correlation between marine and terrestrial sec-
tions at the Paleocene-Eocene boundary (Kenneth &
Stott, 1951).

Fig 8.13. Clayey interval,
reprezenting the PETM in the
zection: near Fiben (A) and
Eladorub (B). The onzet of
the climatic event, as well az
the position of the Paleocene-
Eocene boundary are marked.
Yellow tape measure=1m
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Magnetastratigraphy. Magnetostratigraphic studies in- (the uppermost part of NP2 zone), and ended in the

dicate that the event falls within the range of Chron 24r. early Eocene (the base of NP10 zone). Therefore, the
name was changed to the Paleocene-Eocene Thermal

Biostrarigraphy. Tt was imtially suppesed (in the Maximum (PETM). The event falls within P35 plank-

1950z) that the event had occurred dunng the late Pa-  tomc foramimferal zone.

lepcens, and as such was termed the Late Paleocens

Thermal Maximum (LPTM) (Zachos et al | 1993).  Bioric expression. The mmpact of the abrupt global

Numerous studies performed later on, i onshore and  warming reflects on the entire biosphere. It affected

offshore sections proved, however, that the onset of manne planktonic and benthic communthes and ter

the event occurred at the very end of the Paleocene restrial ecosvstems. Deep oceanic benthic foramini-
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Fig_ 8.14 Variations of 5°C and 3%°0 content in bulk rock samples from the PETM-interval in the Kladorub and Riben
sections. The ranges of some key nannofossil species are also shown (after Stovkova et al | 2005b)
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fera were one of the most affected groups by the
warming; they became extinct — the so-called Benthic
Foraminifera Extinction Event (BFEE) related to the
PETM 15 detected in sections.

The calcareous nannoplankton has also experienced
major changes m abundance of certain taxa. Substan-
tial evolutionary changes took place — a large proup
of species of the genus Fasciculithus dechned 1n
abundance and nchness, and the genus Rhomboaster
emerged, giving nise to the Rhomboaster — Tiibra-
chiatus phylogenetic lineage during the early Eocene.

3.3.3. Documenting the event from Bulgarian lo-
calities

The first biostratigraphic data identifying the PETM
in Bulgaria was published by Stoykova and Ivanov
(2005). Three sections in northemn Bulgana — near
the villages of Kladorub (NW Bulgana), Riben and
Bozhuritsa, and one section in the Yuri Shumanov well
drilled in the Bulganan Black Sea shelf. were inves-
tigated. Utilizing nannofossil biostratigraphy showed
the relative completeness of the sections across the
Paleocene-Eocene boundary. Biostratigraphic analy-
s1s of the distribution of calcareous nannofossils 1n
the boundary mterval and documented bioevents and
substantial changes in the nannoflora served az key
evidence 1n wlentifying the PETM in Bulgana for the
first ime (Stovkova & Ivanov, 2005 —Fig. 8.12).

The onset of the event in all of the studied sections 15
marked by a decrease in the carbonate content of the
sediments and deposition of a clayey interval Figure
8.13 shows the onset of the PETM and the posttion of
the Paleocene-Eocene boundary in the sections near
Riben and Kladorub.

Analyvsis of isotape content of ¢°C and 6°0. Follow-
ing biostratigraphic confirmation of the PETM, bulk
rock samples of these sections have been analysed for
isotopes. mainly of 8C and §°0 in the laboratory in
Naples, Ttaly by my colleague Mano Sprovien. The
results of the analyses are showninFig 8 14 Theyvun-
ambiguously prove the essential changes (excursions)
in the carbon and oxygen isotope content in the bound-
arv interval between the Paleocene and Eocene and do
confirm the geochemical expression of the PETM in
the sections (Sprovien in Stoykova et al | 2005h).

Impacr of the PETM on the calcareous nammaflora
in the Bulgarian sections. In the present study, three
land sections (Kladorub, Riben and Bozhuritza) and
one offshore site (Yun Shimanov well in the Bulzar-
1zn Black Sea shelf) have been investigated m order
to document the composttion of the nannofossil as-

semblages duning the PETM and to provide insight
into the hiotic response of nannoplankton commum-
ties to the extreme global warming. High-resolution
sampling_ approximately every 20 cm, has been per-
formed through the entire PETM interval. Calcareous
namiofossil associations before, dunng and after the
PETM were examined to mfer biotic responses to
abrupt warmung. The sedimentology of the studied
successions suggests that deposition likely took place
in a middle to outer shelf setting.

The pre-PETM nannofossil associations are nich
and diversified, compnsing abundant Discoasrer
profomultiradiatus, D, multiradiatus, Fascicufithus
mitreus, F siderius, F. fenestrellatus, F. tonii, F tho-
masii, F bobii F invelutus, Chiasmolithus bidens,
Toweius eminens, T tovae, Neochiastozygus junctus
and Elfipsolithus distichis.

The onset of the climatic event 1s lithologically marked
by a drop in carbonate content and deposition within
a Carbonate Dissolution Interval (CDI). The thickness
of the dissolution zone. where calcareous nannofos-
sils are completely absent. varies between 0.6 — 2.3
m in different sections. At the top of the dissolution
zone, fragments of dissolution-resistant species such
as: Discoaster multivadiarus, and Fasciculithus spp.
are present. The association i1s very poor, with poor
preservation and bears the signs of dissolution. All
sections reveal the drastic decrease to complete ex-
tinction of Fasciculithus species, followmg the onset
of the PETML

The Paleocene-Eocene boundary 15 drawn at the first
occurrence of representatives of Rhomboaster (Rhom-
boaster spp.. R bramlettei, R cuspis). In all the sec-
ttons studied it 1s located above the onset of the ch-
matic event.

Above, in the Eocene portion of the PETM., a specific
warm-water nannofossil association has been identi-
fied. Ehan and Aubry (2004) defined it as a specific
“Rhomboaster spp. — Discoaster graneus (RL)) as-
sociation”, whereas Self-Trail et al (2012) called 1t
“Carbon Isotope Excursion (CIE)-taxa™, restricted
entirely to the PETM interval. In Bulgaria the “ex-
cursion” taxa assemblage includes Toweius seratinus,
Coccolithus bowni, Rhomboaster spp.. Discoaster
ararens and D. sp. aft. anartios. The last two spectes
have a very sporadic occurrence and are never abun-
dant 1n the overall nannofossi] associanion, as noted
by Self-Trail et al (2012). The vertical distribution of
the CIE-association entirely coinicides and reflects the
negative 8°C excursion. However, in Bulgartan lo-
calities the RD association occurs slightly higher than
the CIE-onset, as previously pointed out by Angon et
al (2007) and Self-Trail et al (2012).
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By the time that carbon 1sotope values are beginning
to recover, the Rhomboaster-lineage quickly flour-
ished. rapidly increasmg in abundance up section
with successive, almost simultaneous occurrence of
Rhomboaster bramiertei, R cuspis and R. calcitrapa.
Toweius and Discoaster representatives also recover
in the npper portion of the PETM — T callosus, T oe-
cultatus, T pertusus, D. multiradiatus, D. falcatus and
D. limbatus. Other Lazarus taxa include Zygrhabli-
this bijugatus, Chiasmolithus bidens and C. consue-
tus. Bulganan data indicate that the first occurrence
of Discoaster diastypus 1s rather later in the early Eo-
cene, bevond the climatic event mterval Some of the
key bicevents in the calcarecus nannoplankton (first
and last occurrence). as well as stratigraphically 1m-
portant nannofossil species are shown on Fig. 8.14.

EReviewing the vaniable evolution of the Earth’s cli-
mate during the last 66 Ma. the Paleogene period 15
qustifiably considered as a transitional one between
“the warm Cretaceous world™ and the “cold Oligo-
cene world” (Zachos et al | 2004). The evolution of
climate in the Paleogene 15 of particular importance
to both organismal evolution and to environmental
changes. In addition to the above discussed mid-
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Paleocene biotic event (MPBE) and the Paleocene-
Eocene Thermal Maximum (PETM). two short-lived
transtent hyperthermal events have been outlined in
the early Eocene:

- ELMO — Early Eocene Laver of Mystenions Origin
identified by Lourens et al. (2003). 53.7 Ma;

- “X-event” — the last Early Eocene thermal maxi-
mum identified by Rohl et al_(2005). 52.6 Ma.

The data presented herein on global events m the Pa-
leocene and early Eocene show that the Earth and its
tnhabiting organisms have survived substantial cata-
strophic events — asteroid impacts at the K T boundary,
several abrupt warming events — i the mid-Paleocene,
at the Paleocene Eccene boundary and in the early
Eocene. However, therr consequences have always
been overcome after a relatively short peniod of time
(recovery stage) due to the precise functioning of the
complex, perfectly organized and self-regulating svs-
tems that construct the different spheres on the planet
— lithosphere, hydrosphere, atmosphere and biosphere.
After any dramatic event, life on Earth managed to find
pathways to survival, recovery and new proliferation.



FPlate 8.1.

SEM photographs of calcareous nannofossils from the PETM interval in Riben section, Central northern Bulgaria Al
species from sample Bi -0.8 m. uppermost Paleccene, Thanetian Stage, NP9 zone.

1-2 — Taweius fovae, proximal view; 3-4 — Toweiur fovae, distal view; 5 — Toweius fovae, distal view and Thoracosphasra
spp.; 6 — Joweius eminens, proximal view
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FPlate 8.3.

1 photographs of calcareous nannofossils from the PETM interval in Riben
species from sample Bi -0.8 m. uppermost Paleccene, Thanetian Stage, NP9 zone.




Plate 8.4.

SEM photographs of calcarecus nannoft g ent section. Central northern Bulgaria. All
species from sample B1 -0.6 m. nppermost Paleocene, Thanetian Stage, NPQ zone.

=

= ‘geueral view of the sample
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FPlate 8.5.

from the PETM interval in Riben section, Central northern Bulgaria All

eneral view with Ericsonia robusia in the centruom; 4 — Fase










Plate 8.5.

SEM photographs of caleareons nannofossils from the PETM interval in Riben section Central northern Bulgaria Al
species from sample Ri+0.1 m, lowermost Eccene, Ypresian Stage, NP10 zone.

i — Neochiastozygus junctus; I — Neochigstorygus modesius; 3 — Neochiastorygus concinnus; 4 — Neochiastorygus cf
perfectus (revworked); 5-6 — Chiasmolithus bidens
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FPlate 8.9,

val in Riben section, Central northern Bulgaria All
P10 zone.

osphasra cretacea (reworked); and Toweius rofundus; 5 — Coccolithus pelagicus;
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Chapter 9

Main results and unresolved problems

0.1. Main results

The present study provides essential new data on the
stratigraphy of the Paleocene and lower Eocene in
northern Bulgaria acquired as a result of mvestigation
of calcareous nannofossils. Important global events
established in the Paleocene and early Eocene Epochs
are precisely studied and documented in Bulgarian
sections.

The geological matenial forming the basis of this study
includes about 4000 samples from 55 sections and
numerous outcrops, located in northern Bulgana and
the adjacent Black Sea shelf area. Modern methods
were used in processing and interpreting the samples,
mainly paleontological and stratigraphical, as well as
other supplementary methods, allowing documenta-
tion of global events.

The calcareous nannofossils have been analysed us-
ing appropriate modern devices — Zeiss Jenapol-d
polanized light microscope, Zeiss polarized Light ou-
croscope Axiastop 40 Polwith an attached ProgResE
Capture Pro digital camera and scanming electronic
microscope, enabling high resolution 1mages and ac-
curate. reliable observations.

A starting pount of this study was the summary of all
available regional geclogical and stratigraphic data on
the Paleocene and lower Eocene Senes from previous
studies. The study mncluded a review of the lustonical
development of the knowledge and application of dif-
ferent fossil groups for stratigraphic purposes.

The main results that were achueved concern the fol-
lowing major fields:

Regional stratigraphy and lthostratigraphy:

» Detatled descniption, subdivision and correlation
performed on 55 kev sections, located throughout
northern Bulgana between the Timok River and the
Black Sea Complex correlation has been carned
out using lithostratipraphic, biostratigraphic and
event stratgraphic methods.

» Complete descriptions and charactersstics of 31

lithological units n the Paleocene Series and the
lower Eocene Subseries, mnchuding 1 Group, 23
Formations, 2 Members and 6§ mformal forma-
tions. Several new official lithostratigraphic units
are proposed: the Sveti Atanas Formation and the
Bardarevo Member; the Gebesh Formation and the
Meshelika Member The Dvoymitsa Formation 13
promoted to group rank, comprnsing the mentioned
Formations and Members.

* New concepts about the spatial-temporal relation-
ships of the lithobodies tn each of the studied re-
mions are elaborated, supported by nannofossil evi-
dences.

o The main data on the lithostratigraphy and region-
al patterns 1n the distribution and presence of the
stages 1n each of the studied areas have been syn-
thesised.

s Sediments of Selandian Age have been ident-
fied for the first ime in Central northern Bulgana

{(Komarevo, Kreta, Somovit, Petamitsa sections).

» A number of unresolved 1ssues in the lithostrati-
graphic scheme of the Paleocene and lower Eocene
have been outlined and options for resolving these
have been proposed.

In the field of bipstratigraphy:

* A complete zonation for the Paleocene and lower
Eocene 1n Bulgana by nannofossils has been de-
veloped. based on the standard scheme of Martim
(1971c). 14 biozones have been charactenized in
detail — 9 biozones in the Paleocene (from NP1 to
NPY) and 5 hiozones in the lower Eocene (from
NP1 to NP14).

Within each biozone, events of appearance and/or
extinction of spectes with high cormelation value
have been outhned. A total of 38 bioevents mn the
Paleocene and 17 bwevents i the lower Eocene
have been dennfied and traced. Theze bioevents,
selected in the current study, appear to be among
the most prominent global bichorizons (Agnim et
al . 2007a, 2014). Their identification mn the sections
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provides high resolution and reliability in biostrati-
graphic subdivision as well as in the correlation of
the Bulgarian successions with sections from differ-
ent parts of the world.

» The vertical range of a number of important nan-
nofossil species has been specified. The hiostrati-
graphic mterpretations heremn rely on 206 species
from 65 genera of calcareous nannofossils.

s Considerable improvement has been achieved in the
level of resolution, accuracy and reliability in dating
the sedimentary sequences in the Paleocene-lower
Eocene mterval, compared to that previously avail-
able. High rates of evolution of the calcareous nanno-
plankton combined with magnetostratigraphic anal-
vses and deciphering the orbital cyclicity in suitable
sections (Byala section) allowed a resolution to ~
100 Ka 1n the Paleocene and lower Eocene.

» The distinguished biostratigraphic units (biozones)
have been correlated to the existing zonal subdivi-
stons worldwide.

In the field of chronoestratigraphy:

» The chronostratigraphic scheme for the Paleocene
and lower Eocene iy Bulgania has been updated
and adjusted to modemn world standards. Selamdi-
an Stage has been introduced and used for the first
time 1n Bulgana to describe the muddle portion of
the Paleocene Series.

s The information on the definttion, completeness
and thicknesses of the stage drvisions in the studied
stratigraphic interval and geological sections has
been synthesised. The globally accepted criteria for
setting their boundanies have been clearly outlned.
Each stage unit has an approved global reference
section (global boundary stratotyvpe section and
poimnt, G55P). The globally approved critenia have
been applied to the studied Bulganan sections.

» The stages included in the Paleocene and lower
Eocene Series have been thoroughly charactenized.
Moreover, the regional trends in their distribution in
northern Bulgaria have been outlined.

In the field of event stratigraphy:

The expression of the following global events has
been proved 1n Bulgarian sections:

- The mmpact event at the Cretaceous-Terttary (E/T)
boundary (Stovkova & Ivanov, 1992);
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- The Middle Paleocene biotic event (MPBE):

- The Paleocene-Eocene thermal masximum (PETA)
(Stovkova & Ivanov, 2005).

These events have been tnitially identified and dis-
covered in Bulgana usmg nannofossil biostratigra-
phy. Subsequently, along with detailed nannofossil
analyses, these have been studied and charactenized
by a complex of methods — mineralogical, geochemi-
cal, isotopic, magnetostratigraphic, etc. The specific
nature of the mamifestation of the K/T boundary event
i various depositional environments (deep water,
shelf maromn and shelf areas of the manne basin) has

been identified.

Each of the studied events has been documented by
its features with special focus on the tmpact on the
marine communities. The responses of the manne
nannoplankton and the macro-mvertebrates to the
K/T Boundary event are studied in detail A model for
survival and recovery of communities after natural
disasters is proposed.

8.2. Unresolved problems

The majority of the unresolved problems relates to the
lithostratigraphic scheme of the Paleocene and lower
Eocene units. Another portion of the unresolved prob-
lems mnvolves various aspects of the global events
— detailed biostratigraphic studies ammed at precise
fixing of the event markers in the sections and the ap-
plication of complex methods for their thorough as-
sessment.

Lithostratigraphic issues

- Synonymy 15 supposed conceming the units intro-
duced by Aladiova-Hnischeva et al. (1991) in the
West and Central Fore-Balkan and Balkan (Luke-
vit, Ugarchin, Petrevene, Bovnovisi and Pavolche
Formations) and the ones defined in the East Fore-
Balkan and Balkan by Kanchev (1995a_h. c_d) and
Juranov and Pimpirev (1989) — the Dvovnitsa For-
mation and the thick-bedded sandstone formation.

- The problem should be solved by means of tracing
the lithological bodies in the field and strict bio-
stratigraphic control on their chronostratigraphic
range.

- The clarfication of thiz 1msue would deterrine
the valid names and would reduce the number of
lithostratigraphic units used.



Event stratigraphy problems

o Tt 15 necessary to apply paleomagnetic and isotope
geochemustry studies combmned with gquantitative
analvzes of the nannofossils in sections where the
Middle Paleocene biotic event (MPBE) has been
biostratigraphically proved. Comnsidermng the fact
that by now the only onshore section of proved
MPEE 1s the one at Zumata, 1t identification m Bul-
garian localities would attract much scientific inte-
rest, stmilar to that for the K'T boundary at Byala

» Manifestation of two globally 1dentified hyperther-
mal events — “ELMO -event and “X -event. should
be locked for in the lower parts of the Ypresian
Stage.

The new stratigraphic data and interpretations pre-
sented 1n this work may be used 1n both regional geo-

logical and specific studies.

The elaborated complete biozonation scheme in the
Paleocene and lower Eocene 1s valuable for high hio-
stratigraphic resolution. It has been repeatedly used
in practice — in the course of petrolenm exploration in
the Black Sea shelf and onshore, and also for geclog:-

cal mapping m vanous parts of the country.

At the same time, the unique cyclical successions in
the Byala section have already been used by Wester-
hold et al (2008) as one of the standards for astro-
nomical calibration of the Paleocene Epoch.

Stratigraphic synthesis 15 a mandatory tool i basin
and geodynamic reconstructions. It would be a re-
guired element in any further research on the Paleo-
gene evolution and geological development of the

Bulgarian lands.
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Taxonomical index of calcareous nannofossil taxa

Ahmuellerella Remhardt. 1564
A octoradiata (Gorka, 1957) Rewnhardt, 1966

Arkhangelskiella Vekshina, 1959
A. confusa Burnett, 1998
A. cymbiformis Vekshina, 1959
A maastrichtiara Burnett, 1998b
A. speciliata Vekshina, 1959

Biantholithus Bramlette & Martim. 1964
B sparsus Bramlette & Martim_ 1964

Blackites Hay and Towe,_ 1962

B creber (Deflandre in Deflandre & Fert, 1954)
Sherwood. 1574

B gladius (Locker, 1972) Varol, 19389

B spinosus (Deflandre and Pert; 1954) Hay and
Towe, 1962

B renuis Bramlette and Sullivan, 1961

B rruncatus (Bramlette & Sullrvan, 1961) Varol,
1989

Bomolithus Roth. 1973

B bramlienei (Bukry & Percival, 1971) Young and
Bown,_ 2014

B. conicus (Perch-Nielsen, 1971) Perch-Nielsen,
15584

B. elegans Roth, 1973

B megastvpus (Bramlette & Sullivan, 1961)
Bown, 2010

B. supremus Bown & Dunkley Jones, 2006

Braarudosphaera Deflandre. 1947a
B africana Stradner. 1961
B bigelowii (Gran and Braarud, 1935) Deflandre,
1947
B rurbinea Stradner, 1963

Broinsonia Bukry, 1969
B. parca parca (Stradner, 1963) Bukry; 1969
B. parca comstricta Hattner et'al _ 1980

Calcisolenia Gran_ 1912
C. aperta (Hay & Mohler, 1967) Bown, 2005

Calculites Prins & Sissingh, 1977
C obscurus (Deflandre, 1959) Prins & Sissingh,
1977

Campylosphaera Kamptner, 1963
C dela (Bramlette and Sullivan, 1961) Hay &
Mohler, 1947
C. eodela Bukry & Percival, 1971

Chiasmolithus Hay, Mohler & Wade, 1966
C bidens (Bramlette and Sullivan. 1961) Hay &
Mohler, 1967
consuerus (Bramlette and Sullivan, 1961) Hay
& Mohler, 1967
. danicus (Brotzen, 1959) Hay & Mohler, 1967
- edentulus van Heck & Prins, 1987
. eograndis Perch-Nielsen, 1971
expansus (Bramlette and Sullivan, 1961)
Garmer, 1970
. gigas (Bramlette and Sullivan, 1961)
Radomsk:, 1968
. gramdis (Bramlette and Riedel, 1964)
Radomski, 1968
_ solitus (Bramlette and Sullivan, 1961) Locker,
1968

m o O0O00 0

Chiasforygus Gartner, 1968
C litterarius (Gorka, 1957) Manivit, 1971

Chiphragmalithus Bramlette and Sullivan, 1951
' acanthodes Bramlette and Sullivan. 1961
C' armatus Perch-Nielsen, 1971
' barbatus Perch-Nielsen. 1957
C' calaris Bramlette and Sullivan, 1961

Coccolithus Schwarz, 1894
C. bownii Jtang and Wise, 2007
C. cavus Hay and Mohler, 1967
C. eopelagicus {Bramlette and Riedel, 1954) Hay,
Mohler & Wade, 1965
C. foraminis Bown, 2005
C. pelagicus (Wallich, 1877) Schiller. 1930

Corannulus Stradner, 1962
C germanicus Stradner, 1962



Corenecyclus Hay, Mohler & Wade, 1966
C. nitescens (Kamptner, 1963) Bramlette &
Wilcoxon. 1957

Cribrosphaerella Deflandre in Prvetasan. 1952
C. damige Perch-Nielsen, 1973
C. ehrenbergii (Arkhangelsky. 1912) Deflandre m
Pivetaeau, 1932

Cruciplacelithus Hay and Mohler in Hay er al, 1967
C asymmetricus van Heck and Pnins, 1987
C. edwardsii Romein, 1979
C. intermedius van Heck and Prins, 1987
C latipons Romein, 1979
C. primus Perch-Nielsen, 1977
C subrotundus Perch-Nielsen, 1969
C. renuis (Stradner, 1961) Hay and Mohler in Hay
et al, 1967

Cyclagelosphaera Nogél, 1963
C alta Perch-Nielsen. 1579
C. margerelii Nogl, 1965
C. reinhardiii (Perch-Nielsen, 1968) Romein,
1977

Discoaster Tan Sin Heok, 1927

D. araneus Bukry, 1971

D. anartios Bybell & Self-Trail 1995

D. barbadiensiz Tan Sin Hok 1927

D. binodozsus Marnim, 1958

D. brovmimarmi Stradner, 1961

D. deflandrei Bramlette and Riedel, 1954

D distincrus Martimi_ 1958

D. faicatus Bramlette and Sullrvan, 1961

D kuepperi Stradner, 1959
| lenticularis Bramlette and Sullivan, 1961
_ limbatus Bramlette and Sullivan 1961
| lodpensis Bramlette and Riedel 1554
. manmiudit Perch-Nielsen, 1981
. mediosus Bramlette and Sullrcan, 19461
mohleri Bukry & Percival, 1971
. monstratus Marting, 1961
. multiradiatus Bramlette and Riedel. 1954
D pacificus Haq, 1969
D protomudtiradiarus Wei, 1998
D saipanensis Bramlette and Riedel, 1954
D. salishurgensis Stradner, 1961
D. sepremradiarus (Klumpp, 1953) Martim, 1958
D. splendidus Martim, 1960
D. sublodoensiz Bramlette and Sullivan, 1961
D, tawii Bramletie & Riedel, 1954
D. rurkyensis Sadek & Ozer, 1981

Dby
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Eiffellithus Remhardt, 1965
E eximius (Stover, 1966) Perch-Nielzsen, 1968
E gorkae Remhardt, 1965
E. parallelus Perch-Nielsen, 1973
E. norviseiffelii (Deflandre i Deflandre & Fert,
1954) Remnhardt, 1963

Ellipsolithus Sullivan, 1964
E. distichus (Bramlette and Sullrvan, 1961)
Sullivan, 1964
E macellus (Bramlette and Sullivan 1961)
Sullivan, 1964

Ericsania Black. 1964
E. formosa (Kamptner, 1963) Haq, 1971
E. robusta (Bramlette and Sullivan, 1961)
Edwards & Perch-Nielsen, 1575
E subpertusa Hay & Mohler, 1967

Fasciculithus Bramlette and Sullivan. 1961
F alanii Perch-Nielsen. 1971
F bobii Perch-Nielsen, 1971
F bitectus Foomein. 1979
F. fenestreliarus Bown, 2005
F involurus Bramlette and Sullivan 1961
F mitreus Gartner, 1971
F richardii Perch-Nielzen, 1971
F schaubii Hay & Mohler, 1967
F siderius Bybell & Self-Trail, 1995
F thomasii Perch-Nielzen, 1971
F tonii Perch-Nielzsen, 1971
F nympaniformis Hay and Mohler in Hay er al,
1967

Futyania Varol, 1939
F petalosa (Ellis and ILohmann, 1973) Varol, 1989

Gomphiolithus Avbry in Aubry et al., 2011
G. magnicordis (Romein, 1979) Aubry in Aubry et
al., 2011

Goniolithus Deflandre. 1957
G fluckigeri Deflandre, 1957

Helicasphaera Kampiner, 1954
H lophora (Bramlette and Sullivan, 1961) Locker,
1973
H seminuium Bramlette and Sullivan, 1961

Heliolithus Bramlette and Sullrvan, 1961
H bukryi Wei, 1988
H contabriae Perch-Nielzen, 1971
H Heinpellii Sullivan, 1964
H riedelii Bramlette and Sullivan 1961
H universus Wind & Wise, 1876



Hornibrookina Edwards, 1973
H aroa Bybell & Self-Trail 1993

Kamptnerius, Deflandre 1959
K maenificus Deflandre 1959

Lanternirus Stradner, 1962
L. duocavus Locker, 1967

Litheptychius Aubry in Aubry et al |, 2011

L. 5ilfii (Perch-Nielsen, 1971) Aubry i Aubry et
al, 2011

L. janii (Perch-Nielsen, 1971) Aubry in Aubry et
al 2011

L. pileatus (Bukry; 1973) Aubry in Aubrvetal ,
2011

L. ulii Perch-Nielsen, 1971) Aubry in Aubryv et al,
2011

Lithraphidites Deflandre, 1963
L. carmiolensis Deflandre, 1363
L. praesquadratus Roth, 1978
L. guadrars Bramlette and Martini. 1964

Lophadolithus Deflandre in Deflandre and Fert,
1934
L. nascens Bramlette and Sullivan. 19461

Lucianorhabdus Deflandre, 1959
L. arcuarus Forchheimer, 1972
L. cayewii Deflandre, 1959
L. maleformis Reinhardt, 1966

Manivitelln Thierstem. 1971
M pemmatoidea {Deflandre 7 Manivit, 1965)
Thierstemn. 1971

Markalius Bramlette and Martini, 1564
M apertus Perch-Nielsen, 1979
M imversus (Deflandre i Deflandre and Fert,
1954) Bramlette and Marting, 1964

Microrhabdulus Deflandre, 1959
M decoratus Deflandre, 1959

Micula Vekshina, 1959

M concava (Stradner i Martim and Stradner,
1960) Verbeek, 1975

M marus (Martim, 1961) Bukry, 1973

M praemurus (Bukry, 1973) Stradner &
Stemmetz, 1584

M prinsii Perch-Nielsen_ 1979

M staurophora (Gardet, 1955) Stradner, 1963

M swastica Stradner and Stemnmetz, 1584

Nannotetring Achuthan and Stradner. 1569
N alata (Martira in Martimt & Stradner, 1960)
Hag and Lohmann_ 1976
N eristara (Martini, 1958) Perch-Nielsen, 1971
N fulgens (Stradner in Marhm & Stradner. 1960)
Achutan & Stradner. 1969

Neobiscurum Varol, 19890
N parvulum (Romem, 1979) Varol, 1989
N romeinii (Perch-Nielsen, 1981) Varol, 1989

Neochiastozygus Perch-Nielsen, 1971
N concinnus (Marting, 1961) Perch-Nielsen, 1971
N eosaepes Perch-Nielsen, 1981
N imbriei Haq and Lohmann, 1976
N junctus (Bramlette & Sullivan, 1961) Perch-
Nielsen, 1971
N miodestus Perch-Nielsen. 1971
N parfectus Perch-Nielsen, 1971
N primitivus Perch-Nielsen_ 1981
N saepes Perch-Nielsen, 1971

Neococcolithes Sykowsk, 1931
N dubius (Deflandre in Deflandre and Fert. 1954)
Black, 1967
N protenus (Bramlette & Sullivan, 1961) Black,
1957

Neacrepidolithus Romein, 1979
N neocrassus (Perch-Nielsen, 1963) Romein,
1979

Nephrolithus Gorka, 1957
N freguens Gorka, 1957

Octolithus Romem_ 1979
O multiplus (Perch-Nielsen, 1973) Romem, 1979

Placezygus Hoffman, 1570
P sigmoides (Bramlette and Sullivan, 1961)
Romein, 1979

Pontosphaera Lohmann, 1902
P plana (Bramlette & Sullivan, 1961) Haqg, 1971

Prediscosphaera Vekshina, 1959
P creracea (Arkhangelsky. 1912) Gartner, 1968
P. grandis Perch-Nielsen_ 1979
P maiungae Perch-Mielsen, 1973
P ponticula (Bukry, 1969) Perch-Nielsen, 1984
P sroveri (Perch-Nielzsen, 1968) Shafik and
Stradner, 1971



Prinsius Hay and Mohler, 1367
P kisuleus (Stradner, 1963) Hay and Mohler, 1967
P dimorphosus (Perch-Nielsen. 1969) Perch-
Mielsen. 1977
P martinii (Perch-Nielsen, 1969) Hag 1971
P repuiculus (Okada & Thierstein, 1979) Perch-
Mielzen, 1584

Reinhardrites Perch-Nielsen, 1968
R anthophorus (Deflandre, 1959) Perch-Nielsen,
1968
R levis Prins & Sissingh in Sissingh, 1977

Retecapsa Black, 1971
R crenulata (Bramlette and Martini. 1984) Griin
in Grin and Allemann. 1975

Reticulofenestra Hay, Mohler & Wade, 1966
R dyctioda (Deflandre in Deflandre & Fert, 1954)
Stradner fn Stradner & Edwards. 1968

Rhabdosphaera Haeckel, 1894
R perlonga (Deflandre in Grassé, 1932) Bramlette
and Sullivan 1961
R nflara Bramlette & Sullivan. 1961

Riromboaster Bramlette and Sullivan, 1961
R Bramlientei (Bronnimann & Stradner, 1961)
Bybell & Self-Trail. 1995
R cuspis Bramlette and Sullivan, 1961
R calcitrapa Gartaer, 1971

Sphenolithus Deflandre i1 Grasse, 1952

8. anwrhopus Bukry & Bramlette, 1969

8. comspicuus Martimi, 1976

S editus Perch-Nielsen in Perch-Nielsen et al |
1578

5 furcatholithoides Locker, 1967

S. moriformis {Bronmmann & Stradner, 1960)
Bramlette & Wilcoxon, 1967

S obtusus Bukry, 1971

S primus Perch-Nielsen, 1971

S radians Deflandre in Grasse, 1952
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Tectulithus NMimatti, Cappell: & Monechi, 2021
T pagodiformis Mimatt:, Cappelli & Monechi,
2021

Thoracosphaera Fampiner, 1927
T. aperculata Bramlette and Martini_ 1964
T zavea Stradner, 1961

Toweius Hay and Mohler, 1967

T callosus Perch-Nielsen_ 1971

T eminens (Bramlette and Sullivan, 1961) Perch-
Nielsen 1971

T geommation {Bramlette and Sullivan, 1961)
Romein 1979

T occultatus (Locker. 1967) Perch-Nielsen, 1971

T, pertusus (Sullivan, 1965) Romem, 1979

T patellus Bown, 2016

T rotumidus Perch-Nielsen i Perch-Nielsen et al.,
1978

T selandianus Perch-Nielsen. 1979

T serotinus Bybell & Self-Trail, 1995

T tovae Perch-Nielsen, 1971

Transversopontis Hay er al . 1966
T pulcher (Deflandre mn Deflandre & Fert, 1934)
Perch-Nielsen, 19467
T pulcheroides (Sullivan. 1964) Baldi-Beke_ 1971

Tribrachiars Shamral, 1963
T contortus (Stradner, 1958) Bukry, 1972
T digitalis Aubry, 1996
T orthosiyvius Shamrai, 1963

Fatmaueria Remhardt, 1964
W barnesiae (Black, 1959) Perch-Nielsen, 1968

Zygodiscus Hay & Mohler, 1967
Z adamas Bramlette & Sullivan. 1951
Z. herlyni Sullrvan, 1964

Zygrhablithus Deflandre, 1939
Z bijugarus (Deflandre 71 Deflandre and Fert,
1954) Deflandre. 1939
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