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Abstract Five Cretaceous/Tertiary transitional sections were examined for calcareous nannofossil content and
analysed in terms of sequence stratigraphy. Sections for study were selected in order to represent a variety of depo-
sitional environments. Calcareous nannofossils were examined in order to provide a detailed biostratigraphy. This
study is restricted to sediments from the Upper Maastrichtian (nannofossil biozones CC25-26) and the Lower Danian
(biozones NP1-2). Three basic depositional environments were recognised: 1) a shallow-water environment, repre-
sented by carbonate-dominated sediments; 2) a hemipelagic environment represented by marly limestone sediments
deposited on the shelf margin and the upper slope; and 3) a deep-water environment consisting of flysch-type tur-
bidite sequences. Specific lithologies and calcareous nannofossil occurrences characterise each depositional setting.
In terms of sequence stratigraphy, three third-order depositional sequences were identified, two in the Upper
Maastrichtian (Ma3 and Ma4) and one in the Lower Danian (Dal). These are described herein and their boundaries
are calibrated with the calcareous nannofossil biozonations.
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1. Introduction

The Cretaceous/Tertiary (K/T) boundary has been studied
in marine sediments worldwide by numerous researchers
over the past 20 years (e.g. Thierstein, 1981; Perch-
Nielsen et al., 1982; Pospichal & Wise, 1990, 1992;
Pospichal, 1991; Pospichal & Bralower, 1992). Situated
in south-eastern Europe, Bulgaria is currently the only
country in the Balkans where complete K/T transitional
sections have been documented (Stoykova & Ivanov,
1992; Preisinger et al., 1993a, b; Ivanov & Stoykova,
1994; Stoykova et al., 2000; Figure 1).

Since the discovery of the first continuous section
across the K/T boundary near Byala (Stoykova & Ivanov,
1992), many authors have explored this locality.
Subsequently, the sections on the Black Sea coast near
Byala have attracted international interest due to the
research of Preisinger et al. (1993a), Rogl et al. (1996)
and Adatte et al. (2002) (Figures 1, 2). The palaeoecolo-
gy and biostratigraphical events across the K/T boundary
in these sections have been discussed by Ivanov &
Stoykova (1994, 1995).

Additional K/T boundary sections have been reported
from a turbidite succession near Emona (Sinnyovsky &
Stoykova, 1995) and from the Mezdra region (NW
Bulgaria), where Sinnyovsky (1999) reported an iridium
anomaly at the K/T boundary in a clay bed, situated with-
in shallow-water carbonate sediments. A summary of all
data that has been obtained from a variety of studies

(stratigraphical, sedimentological, palaeontological, min-
eralogical and geochemical) has been presented by
Stoykova et al. (2000).

In this paper, we present the results of a new study that
incorporates calcareous nannofossil biostratigraphic
analyses with sequence stratigraphic interpretations of
five K/T boundary sections in northern Bulgaria (Figure
1). The sections are representative of differing deposition-
al environments. This study focuses on Upper
Maastrichtian (nannofossil biozones CC25-26) and
Lower Danian (biozones NP1-2) sedimentary sequences.
This sequence stratigraphic analysis is important because:
1) the boundaries of the sequence units represent impor-
tant correlative (isochronous) surfaces; 2) the sequence
stratigraphy gives essential new information about sea-
level changes; and 3) together, the nannofossils and
sequence stratigraphy provide a more integrated picture
of events through this important interval across one basin.

2. Materials and methods

The studied sections are situated in the north-western,
central and eastern parts of northern Bulgaria (Figure 1b).
They display a sedimentary record across the K/T transi-
tion from a variety of basin environments (Figure 1c). The
Moravitsa section is situated in NW Bulgaria (Mezdra
area), about 1.5km south of the village of Moravitsa. The
K/T transitional succession consists of packstones and
wackestones, interbedded with chert nodules, lenses and
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beds, of the Mezdra Formation. Sinnyovsky (1999)
described the K/T boundary clay-layer as being situated
between two limestone beds in the middle part of this sec-
tion.

turbidite sediments of the Emine Formation. Sinnyovsky
& Stoykova (1995) first described this turbidite locality in
Bulgaria.

The Marash section is situated in the East Balkan, NE
of the village of Gorno

Alexandrovo and 1.5km
north of the Petoluchkata
crossroad. The Maastrichtian
-Danian succession is
exposed along the right bank
of the Marash River and con-
sists of typically rhythmic
turbiditic sediments of the
Emine Formation. The thick-
ness of the K/T transition
here is approximately 105m.

The sections were meas-
ured, and the lithology was
examined and described with
particular emphasis placed on
recognising depositional
trends, specific bed-surfaces,
cross-stratification and bio-
turbation.

Calcareous nannofossils
were examined from 163

samples: Moravitsa — 21

Figure 1: A) Map showing the location of Bulgaria relative to SE
Europe. B) Area of study and distribution of K/T transitional deposits.
C) Depositional environments during the Late Maastrichtian and Early
Danian

The Byala 2b section is located about 0.8km north of
the central entrance to the beach of Byala. The K/T tran-
sitional sequence consists of alternating marl and marly
limestones of the Byala Formation. The K/T boundary is
marked by a 2-4cm-thick, dark grey to black clay-layer,
containing an iridium anomaly of 6.1ppb (Preisinger et
al., 1993a). Exposures along the Black Sea coast near
Byala were the first complete K/T boundary sections to be
documented in Bulgaria (Stoykova & Ivanov, 1992). As a
result, they have been the subject of a variety of different
studies, including biostratigraphical, palaeontological,
magnetostratigraphical, geochemical, mineralogical and
cyclostratigraphical (Preisinger et al., 1993a, b; Ivanov &
Stoykova, 1994, 1995; Rogl et al., 1996; Stoykova et al.,
2000; Sinnyovsky, 2001; Adatte et al., 2002; Figure 2).

The Byala 3 section is located 2km north of Byala and
1.3km north of the Byala 2b section. At this locale, the
sediments of the Byala Formation are dominated by marls
and clays. The K/T boundary consists of a thicker (0.03-
0.06m) clay-bed than previously described, in which
Preisinger et al. (1993a, b) measured 7ppb iridium. The
Maastrichtian to Danian succession crops out 1.5km north
of the village of Emona, not far from the Black Sea shore,
along the Irakli-Emona road. It consists of thinly-bedded

samples, Byala 2b — 43 sam-
ples, Byala 3 — 26 samples,
Emona — 33 samples, Marash — 40 samples. In order to
precisely document calcareous nannofossil first (FO) and
last occurrences (LO), sample-spacing across the K/T
boundary was at 5-15cm intervals, increasing to one sam-
ple per 1-5m away from the boundary. All samples were
prepared by scraping dry sediment from a cleaned sam-
ple-surface onto a glass coverslip, then mixing it using a
drop of distilled water until the sediment had completely
broken down. The suspension was smeared across the
coverslip to give the required density, and dried rapidly.
The smear-slides were made using Canada Balsam as a
fixative. Nannofossil slides were examined using a
Jenapol polarising-light microscope at 1250x magnifica-
tion. Each slide was observed under cross-polarised and
normal light for an average of 40-60 minutes; critical
samples were examined for several hours. Fully-authored,
fully-referenced taxonomic listings appear in Perch-
Nielsen (1985a, b).

Biostratigraphic interpretations are based on the FOs
or LOs of stratigraphically-important nannofossil taxa.
Samples taken from across the K/T boundary transition,
and near biozonal boundaries, were especially minutely
examined. In order to achieve an accurate biostratigraph-
ic correlation between the studied sections, the widely-
used biozonation of Sissingh (1977), as modified by
Perch-Nielsen (1985a), was employed for the
Maastrichtian and that of Martini (1971) for the Danian
(Figure 2). Calcareous nannofossil range-charts were pro-
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duced for each of the sections studied (Figures 3-7).

All rock samples and smear-slides are stored in the
Geological Institute of the Bulgarian Academy of
Sciences, collection of K. Stoykova. The negatives of the
microphotographs of the figured calcareous nannofossils
are kept in the Palaeontological Museum, Sofia
University (Nos K, 205, K, 206, K, 207 and K, 208).

3. Results
In this study, we recognised three types of depositional
environment, based on lithology, across the K/T transition
in Bulgaria: shallow-water, hemipelagic and deep-water
(Figure 1c). The continuity and completeness of each sec-
tion strongly depends on its depositional environment (i.e.
palaeolocation in the basin). In the shallow-water section,
Moravitsa, deposited on the carbonate ramp, several
unconformities and/or short-time hiatuses were detected,
both lithologically and biostratigraphically (Figure 3).
Our field observations and nannofossil data from the
hemipelagic sections, Byala 2b and Byala 3, did not
reveal any unconformities or wash-outs (Figures 4, 5). In
the deep-water sections, Emona and Marash, the sedimen-
tary record is continuous across the K/T boundary, evi-
denced by complete successions of the biostratigraphic
zones and sequence stratigraphic units (Figures 6, 7).
Generally, the calcareous nannofossil assemblages
were poorly- to moderately-preserved throughout the sec-
tions, and common in abundance in the sediments.
Reworking is notably manifested in the turbidite
sequences. Reworked or survivor Cretaceous nannofossil
species were recorded from the basal Danian (biozones
NP1 and lower NP2).

Figure 2: Correlation of different biostratigraphic schemes with magne-
tostratigraphy and sequence stratigraphy for the studied region
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3.1 Calcareous nannofossil biostrati-gra-
phy

3. 1. 1 Moravitsa section (shallow-water
environment)

Two samples are barren (Mo-14, Mo-15). Species rich-
ness is low to moderate compared to that of other
hemipelagic environments; 47 species were identified.
Preservation generally improves up-section, from poor in
the lower, to moderate in the upper, part of the Mezdra
Formation. Figure 3 shows the nannofossil biostratigra-
phy (CC24 to NP3). As stated above, several unconformi-
ties and/or short-time hiatuses were detected in
Moravitsa: at the CC24/CC25a boundary, within CC25,
and at the CC25¢/CC26b boundary. These are interpreted
as sequence boundaries (Figures 3, 8).

The Moravitsa section contains the best record of pen-
taliths of all of the sections studied here:
Braarudosphaera and Micrantholithus are considered to
be indicators of shallow-water deposition, preferring a
shelf or marginal slope environment (Perch-Nielsen,
1985a). Braarudosphaera bigelowii, B. discula, B. tur-
binea and Micrantholithus spp. frequently occur within
the K/T transitional interval, from CC25 to NP3 (Figure
3).

The K/T boundary is marked by a 2-3cm-thick, dark
brown clay bed, in which Sinnyovsky (1999) reported an
iridium enrichment of 7-11ppb. This bed (sample Mo-13)
yielded mainly Cretaceous and so-called survivor species.
However, the FO of Cyclagelosphaera alta, which was
used by Varol (1989) in the North Sea to define the base
of the Paleocene, was also recorded here. Samples from
immediately above the K/T boundary clay (Mo-14, Mo-
15) were barren of calcareous nannofossils due to the
unfavourable grainstone lithology. Biantholithus sparsus
and Markalius apertus have their FOs in the next marly

sample (Mo-16), suggesting NPI1.
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graphically-important nannofossil species. Our findings
are consistent with those of the previous studies. The nan-
nofloral assemblages are relatively high in species rich-
ness — 71 species were identified but are poorly preserved
throughout the section.

In this outcrop, Micula prinsii occurs sporadically in
the uppermost Maastrichtian. Its FO is in sample B2b-8
(17m below the K/T boundary). Reworking of specimens
of M. prinsii into the overlying Danian sediments occurs
as well. Thoracosphaera operculata and
Braarudosphaera bigelowii, both considered to be sur-
vivor species (e.g. Thierstein, 1981; Perch-Nielsen,
1985b; Pospichal & Wise, 1992), are abundant and domi-
nate the nannofloral assemblages in the K/T boundary
clay and through NPI, as recorded by previous
researchers (Preisinger et al., 1993a, b; Ivanov &
Stoykova, 1994; Rogl et al., 1996). The FOs of
Cyclagelosphaera alta and Biantholithus sparsus occur at
+0.05m (sample B2bT-1), immediately above the K/T
boundary clay. Figure 4 shows the biostratigraphy.

3.1.3 Byala 3 section (hemipelagic envi-
ronment)

Ivanov & Stoykova (1994) placed sediments of this out-
crop in CC25¢c-26 and NP1-2, based on calcareous nanno-
fossils. Re-examination of the calcareous nannofossil
biostratigraphy has resulted in some minor revisions,
which are summarised below.

Nannofossil abundance is high, preservation is good,
and 47 species were identified. The base of CC26 is
placed at 7.5m below the top of the Maastrichtian, based
on the FOs of Micula prinsii and Nephrolithus frequens
(sample B3-61; Figure 5). At this outcrop, M. prinsii and
N. frequens occur more consistently than in the Byala 2b
section. Identification of the K/T boundary is based on the
FOs of Cyclagelosphaera alta and Biantholithus sparsus
immediately above the clay (sample B3T-1). The first
consistent occurrence of the NP2 zonal marker,
Cruciplacolithus tenuis, occurs at 5.20m above the K/T
boundary (sample B3-7). Therefore, the thickness of NP1
is expanded from 3.5m in our previous study (Ivanov &
Stoykova, 1994) to 5.2m here. The simultaneous FOs of
Chiasmolithus danicus, C. edwardsii and Prinsius mar-
tinii at +25.0m (sample B3-11) mark the base of NP3. The
co-occurrence of these taxa is due to the large sampling
distance and is not considered to be indicative of an
unconformity (Figure 5).

3.1.4 Emona section (deep-water envi-
ronment)

The nannofloral assemblages of this locale display high
abundance and relatively high species-richness. Fifty-
nine species were identified, and CC25b-26 and NP1-3
were recognised. Preservation is good to very good
throughout the section. A significant amount of reworked
Cretaceous taxa were observed through NP1, gradually
decreasing up-section (Figure 6).

Micula prinsii, Ceratolithoides kamptneri and
Nephrolithus frequens first occur in sample E-6, 27m
below the K/T boundary. The K/T boundary is placed at
the base of a light greyish clay-bed, at sample E-12, based
on the FOs of Cyclagelosphaera alta and Biantholithus
sparsus. Thoracosphaera operculata dominates the nan-
nofossil assemblages of NP1 and lower NP2 here. The
successive FOs of Neocrepidolithus dirimosus (E-121,
+0.6m), Neobiscutum romeinii (E-123, +4.0m), and
Cruciplacolithus primus (E-125, +8.70m) suggest an ear-
liest Danian age. Cruciplacolithus intermedius and
Prinsius dimorphosus co-occur in sample E-126
(+10.0m) in upper NP1. The FO of Cruciplacolithus
tenuis in E-13 (+13.20m), marks the base of NP2.
Respectively, the FO of Chiasmolithus danicus (E-19,
+38.0m) traces the base of NP3, followed by the FOs of
Prinsius  martini (E-20), Prinsius bisulcus and
Neochiastozygus modestus (both in E-21). This section
displays a continuous K/T transition in a deep-water envi-
ronment, proved by the completeness of the nannofossil
biostratigraphy. No iridium anomaly has been registered
in this high-sedimentation-rate environment.

3.1.5 Marash section (deep-water envi-
ronment)

Species richness is relatively moderate (47 species identi-
fied) and the outcrop can be subdivided into CC25b-26,
and NP1-3. Figure 7 shows the nannofossil biostratigra-
phy. It is worth mentioning that the FO of Micula prinsii
(sample Ms-12) precedes the FOs of Ceratolithoides
kamptneri and Nephrolithus frequens (Ms-13). The K/T
boundary is placed between samples Ms-135 and Ms-134,
based on the FO of Cyclagelosphaera alta at Ms-135 and
the LOs of Nephrolithus frequens, Micula prinsii and
most of the Maastrichtian taxa at Ms-134. The preserva-
tion of the specimens is good throughout the Upper
Maastrichtian, however, a significant impoverishment of
the nannofloral assemblage is recorded above the K/T
boundary. Rare, broken and overgrown specimens domi-
nate in the basal 3m of the Lower Danian. Reworking of
Cretaceous taxa occurs mainly through NP1, but persists
into NP2 and NP3. Calcareous nannofossil species-rich-
ness and abundance gradually increases throughout NP1
and lower NP2. The base of NP3 is drawn at the FO of
Chiasmolithus danicus (Ms-21). Representatives of the
genus Braarudosphaera are absent from this locality.

3.2 Sequence stratigraphy

The sequence stratigraphic approach has only recently
been applied to the K/T transitional sequence in Bulgaria
(Sinnyovsky, 1999). A complete sequence stratigraphic
scheme for the Maastrichtian-Danian interval has recent-
ly been proposed (Stoykova & Ivanov, 2002). They sug-
gested four depositional sequences (DS) in the
Maastrichtian and three in the Danian. The sequence units
are third-order cycles, which by definition are bounded by
unconformities or their conformable continuations (Haq



([L6[) TUnIeN pue (LL6[) quISS!S JI31Je SQUOZ [ISSOjouueN "SI ur ]L[fﬂQH “uonodes qg B[B/{H ‘/(gOIOI{uI pue uonnqrisip [issojouueu snoaredfe) e.mﬁm

Stoykova & Ivanov

MAASTRICHTIAN D ANTIAN Stage

CC 25¢ CC 26 NP 1 NP 2 NP 3 Biozone

For-
~0t-
Fce-
L o¢-
0S

N ©w
w S
1 1

IS¢
-0t
=Sy

o
.
.
-
.

€ ”W
uondIs
q7 eredAqg

143
L9Cd

1-qzd
-qzd
€-92d
y-qzd
9-qzd

Samples

S1-qzd
91-9zd
L1-92d
81-97d |
61-9zd
0c-9zd
12-9zd
ccacd
£€c-q9cd
yc-acd
Lcqzd
8C-qcd

hes hae{ pas Reinhardtites levis

l
!
i
|
|
!
1
|
i
|
1
1
I
L

Arkhangelskiella cymbiformis

— | pra{ Rrae) ] | — he Cribrosphaerella ehrenbergii

[ T PR Cribrosphaerella elliptica
L . hades [ad Eiffellithus turriseiffelii

. Eiffellithus parallelus

Lithraphidites quadratus

e | | o — o (— — 1 p 1 hapahan TP T Micula decussata

- . b ba| hadas Micula concava

b | e i e |t | — | o [ = Micula murus

— e Microrhabdulus decoratus

. b Microrhabdulus attenuatus

N e T Prediscosphaera cretacea

Iy Y J sy A I k=1 |Prediscosphaera grandis

e . R Watznaueria barnesiae

) P B Zeugrhabdotus spiralis

- I I Irre re4 re1==| |Braarudosphaera bigelowii

- Micula praemurus

3 ) P O P [ A A A A Cretarhabdus crenulatus

haapun has has afagn hahua| pusm b Cyclagglosphaera reinhardtii

Markalius apertus

heafasquashuaafes Lucianorhabdus cayeuxii

Lithraphidites carniolensis

[ Vagalapilla matalosa

hafas [N A han|  fe -1 Chiastozygus litterarius

" Thoracosphaera operculata

Thoracosphaera saxea

Prediscosphaera spinosa

Kamptnerius magnificus

ke Micula swastica

Rotelapillus laffittei

Zeugrhabdotus embergeri

haef s - Watznaueria biporta

I... hasans ......I ha . M[culaprinsii

bed Fedeed bt Nephrolithus frequens

[ . Calculites obscurus

P = Glaukolithus diplogrammus

e Ahmuellerella octoradiata

LRI Y] wpE{ pmpmgEy mw punjan pau EE TR ET] Markaliusinversus

P P P I ST T o] pe Goniolithus fluckigeri

be| ferel | P - Biantholithus sparsus

ahehatays R O Cyclagelosphaera alta

apapadad pu| papaspaden Braarudosphaera discula

. re Pe| pee pes Pee puees Braarudosphaera turbinea

NTITTECET T LT I TT I T hassspuajaaganhasaagunnntnn Zellg}’habd()lllsSig”lOideS

hagagadndndun T Neocrepidolithus dirimosus
hetedadadadudens | fus Neocrepidolithus neocrassus
Cruciplacolithus primus




(1L61) TunIejy pue (L/61) YSUISSIS Iajje sauoz [Issojouuey sanouwr ur JySoy ¢ eredq ‘ASo[oyii| pue uonnqrysip [ISSOJOUURU SNOAILI[RD) :§ AN

Nannofossils and sequence stratigraphy, K/T, Bulgaria

53

MAASTRICHTIAN

D ANTIAN

Stage

CC 25¢ I

CC26

NP2

NP 3 Biozone

B\ya
5
1

1
=]
1

- g¢-
— 0¢-

a

Format

¢-ed

I-1€d

cLed

¢€-1ed

7-Led

¢-Led
9-Led

8-L¢d

[®
S

6-1¢d

io
o
HRY

n

8-¢d
6-¢d

v
S
|

oy

uor)dds
€ e[eAq

=

Samples

| 159-€4d

mennnd

!Arkhangelskiella cymbiformis
|\Cribrosphaerella ehrenbergii

b

LTy

!Eiﬂ%llithtts turriseiffelii

[
I

iLithmphidites praequadratus

I
|
.
I

| Ahmuellerella octoradiata

T
r
1

iLithraphidites quadratus

|
1

e g —

|Micula decussata

f
\Micula concava

| Micula murus

IMicrorhabdulus decoratus

i

e

}
|Prediscosphaera cretacea

|
|
I
I
L
I

o !Watznaueria barnesiae

TrrUroTrrnrT

iZeugrhabdotus spiralis

| Cretarhabdus crenulatus

iCyclagelosphaera reinhardtii

|Markalius apertus

(. y
\Lucianorhabdus cayeuxii

k=====d Braarudosphaera bigelowii

:Prediscosphaera ponticula

===ea=ennns| Thoracosphaera operculata

|
| Thoracosphaera saxea

T . .
|Prediscosphaera spinosa

AN R =S (U N SN = A MU S

|Cyclagelosphaera margerelii

Iy P
\Micula prinsii

| Nephrolithus frequens

\Braarudosphaera turbinea

|Markalius inversus

IBiantholithus sparsus

|Cyclagelosphaera alta

!Neochiastozygus primitivus

|Neocrepidolithus dirimosus

| Cruciplacolithus primus

:Vagalapilla matalosa

|Octolithus multiplus

snndunn

Raee "{Cruciplacolithus intermedius

[Neobiscutum romeinii

iMicrantholithus crenulatus

S ey iZeugrhabdotus sigmoides
1

|Braarudosphaera discula

T
nanay

\Cruciplacolithus tenuis

! |Micrantholithus entaster

([ ar——
w=exefuennn Prinsius dimorphosus

T N
weewnrannnns| Coceolithus cavus

seradannans ICruciplacolithus asymmetrica

}-====iChiasmolithus danicus

foee- -{Chiasmolithus edwardsii

forees {Prinsius martinii




(1L61) TUILIRIA] PUB (£ /6]) YSUISSIS Ioyje SOUOZ [ISSOJOUURN "SoNdwW ul JYSIOY “euowy ‘A30[0y)I] pue UONNQLISIP [ISSOJOUURU SNOSIBI[ER)) (9 AN

Stoykova & Ivanov

MAASTRICHTIAN D A N I A N Stage
CC25b| CC 25¢ CC 26 NP 1 NP 2 NP 3 Biozone
E mine Fo';‘"mation"

v

Wy
O/

—01
0
—0

uondIs
(100 o |

1
Samples
| mees I IArkhangelskiella cymbiformis
i i iCribrosphaerella ehrenbergii
E i :Cribrosphaerella daniae
! ! !Lithraphidites quadratus
.....i E i \Lithraphidites carniolensis
R N AR ! [ T [Eiffellithus wrriseiffelii
-: E Micula decussata
b fror peeepens LEEL! :Cyclagelosphaera reinhardtii
1 anus " i Watznaueria barnesiae
A S O N S Fesmnneel ! ! :Cretarhabduscrenulatus
hanns .....i..- Annpun| ams """"""IF"""‘ e i.... i !Chiastozyguslilterarius
E ! PN A : [ iMarkaliusapertus
R e e e e e e e Tt et T e [ [P !Prediscosphaemcretacea
.........i E emenennand ded e i E iPrediscosphaera stoveri
e ! Lok nene 1 Redes | | :Prediscosphaera majungae
B R Ly L A e e e e e e e i e T s ===s=dlMicrorhabdulus decoratus
....-.-..:....-..... : ...I.....-.-.. . : : ;Zeugrhabdotusspiralis
LT T e e : ! ! : !Lucianorhabdus cayeuxii
!-- | reaeasl " : i iLucianorhabdus maleformis
o A S A I T TS T WMicula murus
E pnans . . e ...: Banun E E !Eiffellithusgorkae
! TTTTI AR A R .....-I... . ! ! ;Ahmuellerella octoradiata
i -----:h-- T . .....-!... . i E !Markaliusinversus
! lwaiann e 1 Edes i i \Ceratolithoides kamptneri
' [ O AN I A ! ! !Nephrolithusﬁfequens
| e A A PP LYY rr o nee | Micula prinsii
i i has e L. " i i IVaga{apilla matalosa '
i [ peeeee pesees pel o : i |Prediscosphaera grandis
! ! . hae hae | ! ! {Zeugrhabdotus embergeri
i i --:- L TET EEE P :- ««x=sxdlThoracosphaera operculata
! ! e LT AREE hEEL \Thoracosphaera saxea
! : [ sl pes beeses : !Byaarudgsphagrabigglgwii
; H hes heel : 1 \Lucianorhabdus arcuatus
! ! muninus .....-; . ! PP i :Watznaueriu biporta
! ! heel hae : : i IMicrantholithus obtusus
! ! [T R A A e ! ....i masnus :Calculites obscurus
i E . be A PR A i i !Ei]_‘fellithus eximius
! ! A . ! ! \Prediscosphaera spinosa
i i neeann) ' i E IKamptnerius magnificus
! ! . JI nes r | | |Octolithus multiplus
i : i :Braarudosphaera turbinea
; 1 L ST TEE N TR T |Cyclagelosphaera alta
! ! Ir. EECETEECEI TR PER TR Rans i ;Bianthalithus sparsus
E ; : Feduapad pad E : lZVeacrepidolithus dirimosus
i i I ohed hedee , | iNeacrepidolithus neocrassus
E E RS hedes E- . E :Braarudosphaera discula
! ! | A [T H !Neobiscutum romeinii




(1L61) UIIRIA pue (L/6]) YSUISSIS IoYJe SOUOZ [ISSOJOUURN] "SINOUI Ul JYSIOY "YseIel ‘AS0[oyiI[ pue uonngrysip [ISSOJOUURU SNOAIRI[RY) :Z NSy

Nannofossils and sequence stratigraphy, K/T, Bulgaria 55

MAASTRICHTIAN D A N I A N Stage

CC 25b CC 25¢ CC 26 NP 1 NP 2 NP 3 Biozone

Samples

.
T
| Watznaueria barnesiae

hasssnndunnbnnnpunnnnnsuankansnnnnaninn

A A A "JlMicula decussata

saspnndnnnbnnnbannsnnnnnninnsnnnfinnhanboniuninninnhaninnshosanpasunhnnnninnnnnan
)

b i | Arkhangelskiella cymbiformis

Bawal L pesissdnnynndnninnbnninnhasnanas  hus  was Endnnnn

-----{Elﬁ"ellithus turriseiffelii

t seiens | Eiffellithus eximius

iLithraphidites quadratus

T B TTT fean ! ILithraphidites carniolensis

---:.u- e Y] e peshesanhan mas

e | Cretarhabdus crenulatus

:Zeugrhubdutus spiralis

nen -------JI--- mw s

| Microrhabdulus decoratus

i Cribrosphaerella ehrenbergii

- !Ahmuellerella octoradiata

i Cribrosphaerella daniae

I Cribrosphaerella elliptica

mes | Prediscosphaera cretacea

b
i
T
]
1
I
|
T
I
1
1
1
1
! t
e e I e e I T aslnay nes
W
]
i
I
1
1
|
T
|
1
1
I
r
]
i
1

:Prediscosphaem grandis

| Prediscosphaera majungae

T .
\Micula murus

- ! Cyclagelosphaera reinhardtii

iMicrorhabdulus attenuatus

i
[ ]
[]
[
»
n
u
[
.
[]
]
[
n

me { Thoracosphaera operculata

[T ] ausisssl  pespsdusEsges ansinn healnes masan |Thorac()sphaerasaxea

:Zeugrhabdotus embergeri

lnwmimmnnninnn

=== | |Micula prinsii

1
i
d T
; rew | Ceratolithoides kamptneri
U INephrolithus frequens

T

|Cyclagelosphaera alta

.- e :Markalius inversus

I
M Rrslensen | Neobiscutum romeinii
H

TPHTEE A A I iNeocrepidolithus dirimosus

| Futyania petalosa

« | Zeugrhabdotus sigmoides

TE ICmciplacol[thus primus

| Prinsius tenuiculum

Ry :Markalius apertus

| Neocrepidolithus neocrassus

.
.

.

.

iBiantholithus sparsus

!Markalius ellipticus

}
L | Cruciplacolithus intermedius

TE IPrinsius dimorphosus

===={Coccolithus cavus

ae Resen :Cruciplacolithus tenuis

TEETTECTY O | Cruciplacolithus asymmetrica
I

T . .
serespenent wes | Eyicsonia subpertusa

rednn -----{Chiasmolithus danicus

}
== deened Prinsius martinii

Rl e e e e e e e e el e e e e e el e e i e e B e e

[ U [ U PUIR S U (U D U R S R S U S O S R S N S

I P .
»=<== Neochiastozygus modesius




56 Stoykova & Ivanov

et al., 1987; van Wagoner et al., 1988; Vail & Audemard,
1991). In this study, we focus only on the DSs in the tar-
geted K/T transition: Ma3 and Ma4 (Maastrichtian) and
Dal (Danian).

3.2.1 Maastrichtian

DS Ma3 ranges within the Upper Maastrichtian. Its lower
and upper boundaries lie within CC25b and CC25c,
respectively. DS Ma4 extends to the top of the
Maastrichtian. Its upper boundary falls within CC26.

In the ramp and slope sections (Moravitsa, Byala 2b,
Byala 3), Ma3 and Ma4 represent transgressive system
tract (TST) and highstand system tract (HST) sediment
deposition (Figure 8). Only in the shallow-water section,
Moravitsa, are their boundaries marked by short hiatuses
and/or wash-outs. The TST consists of intraclastic sedi-
ments (Moravitsa) and of marly limestones (Byala 2b,
Byala 3). Gravity-flows and slumps are commonly
observed at the base of these sequences (Moravitsa, Byala
3; Figure 8). The HST in Moravitsa is dominated by
micritic and clayey limestones with cherty nodules and
beds. In the outer shelf and slope sections (Byala 2b,
Byala 3), the HST consists of marls, and in basin-floor
sections (Emona, Marash), sediments consist of fine-
grained distal turbidites.

The basin-floor sequences are dominated by turbiditic
sediments. The DSs are constructed of lowstand system
tract (LST) and HST sediments. Their boundaries are con-
formable, and the sections are continuous (Figure 8). The
LST is represented by proximal turbidites which have
measurable rythmicity (0.3-0.5m).

3.2.2 Danian

The Danian DS, Dal, spans the uppermost Maastrichtian
to the Lower Danian. Its upper boundary lies within NP3.
Dal displays specific development in the ramp
(Moravitsa) and slope (Byala 2b, Byala 3) sections. In
Moravitsa, its basal and upper boundaries are marked by
a hardground, suggesting a hiatus in sediment deposition
(Figure 3). The TST sediments consist of alternating bio-
clastic or clayey limestones with marls. The base of this
system tract is dominated by limestones that usually form
thick, prominent bioclastic beds. The HST here is com-
posed of nodular limestones. In the slope sections (Byala
2b, Byala 3), the HST is represented by marls. In the
basin-floor sections (Emona, Marash), Dal is sedimento-
logically similar to the Maastrichtian Ma3 and Ma4
sequences. The basal sequence consists of coarsely-bed-
ded, rthythmic (0.3-0.4 to 1-1.2m) proximal turbidites that
form the LST. The HST is dominated by thinly- to medi-
um-bedded, rythmic distal turbidites. The maximum
flooding surface (mfs) falls within the thinly-bedded ryth-
mic turbidites. The position of the K/T boundary in the
deep-water sections is very close to the mfs (Figure 8).

4. Discussion and conclusions
4.1 Depositional environments

In this study, we have recognised three main types of
depositional environment from the K/T transition in
Bulgaria: 1) a shallow-water environment, represented by
carbonate-dominated sediments; 2) a hemipelagic envi-
ronment, represented by marly limestone sediments
deposited on the shelf margin and the upper slope; and 3)
a deep-water environment, represented by turbidite
sequences of flysh type (Figures 1, 8). Specific lithologies
and calcareous nannofossil occurrences characterise each
depositional setting.

The section at Moravitsa in NW Bulgaria is herein
inferred to be a shallow-water environment. The sedi-
ments consist of packstones and wackestones that were
deposited on a carbonate ramp. Calcareous nannofossil
species-richness across the K/T transition is relatively low
here (47 species), compared to the hemipelagic and deep-
water sections (over 70 species). The preservation of the
nannofossils is poor to moderate, which probably has
affected the species-richness. A hemipelagic environment
of deposition is inferred for the sections around Byala.
Nannofossil assemblages across the K/T boundary are rel-
atively rich, comprising more than 80 species.
Preservation varies from poor (Byala 2b) to moderate
(Byala 3). A deep-water setting is inferred for the tur-
biditic sections at Emona and Marash. Ceratolithoides
kamptneri, considered to be a useful biostratigraphical
datum in the Upper Maastrichtian (Self-Trail, 2001, 2002)
is found only in these sections. Its FO is at the base of
CC26 together with the FO of Micula prinsii (Emona), or
a little above (Marash). The sediments represent proximal
and distal turbidites, deposited on the basin floor by tur-
bidite-flows. Nannofossil biozones attain a much greater
thickness in these deep-water sections than elsewhere in
the study area (Figure 8). The turbiditic sections yielded
abundant and diverse nannofloras (>60 species identi-
fied). However, reworking is apparent in these sediments,
as evidenced both in the Emona and Marash sections
(Figures 6, 7, respectively). Reworking of Cretaceous
taxa in the Danian extends into NP3.

4.2 Calcareous nannofossil correlation

Based on the nannofossil biostratigraphy, a complete sed-
imentary sequence is present in all sections studied,
except for Moravitsa. Good biostratigraphic control
allows for precise correlation between sections in the
Upper Maastrichtian-Lower Danian interval (Figure 8).
CC25c is well developed in the deep-water and
hemipelagic sections, attaining thicknesses of 20 to 40m.
It is documented in the shallow-water section Moravitsa
as well, but is thinner there (Figures 3, 8). CC26 is pres-
ent in all deep-water and hemipelagic sections, with vary-
ing thicknesses (8-25m). In the ramp section, Moravitsa,
its thickness is extremely reduced due to the wash-out and
missing sediments, interpreted at its lower boundary
(Figures 3, 8). NP1 is present in all of the studied sections.
It has similar thicknesses in the shallow-water and
hemipelagic sections (4-5m), but in the deep-water sec-
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tions, its thickness is much greater (13-15m) (Figure 8).
NP2 is present in all sections, varying in thickness
between 17 and 30m. Its distribution across the study area
is similar to that of NP1 (Figure 8).

4.3 Biostratigraphic calibration of depo-
sitional sequences
The exact position of the sequence boundaries is directly

calibrated to the nannofossil zones. The lower boundary
of Ma3 falls within CC25a, whereas its upper boundary
lies within CC25b. Ma3 falls entirely within the Upper
Maastrichtian. The upper boundary of Ma4 is also in the
uppermost Maastrichtian (CC26). The lower sequence
boundary of Dal, designated as SB Ma5 (Figure 8), is
positioned at the top of CC26, the upper sequence bound-
ary lying in NP3. The range of Dal is thus uppermost



58 Stoykova & Ivanov

Maastrichtian to Lower Danian.

The divided sequence units show a good correlation
across the different sections. There is a good agreement of
our sequence subdivision with the interregional scheme of
the European basins (Hardenbol et al., 1998), as well as
with some regional schemes (Pujalte et al., 1995).
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Plate 1

Nannofossils from the K/T transition in the hemipelagic environment around Byala (Byala 2b, 3)
Heights in section given in metres above/below the boundary

Cruciplacolithus tenuis Cruciplacolithus tenuis Cruciplacolithus intermedius ~ Prinsius dimorphosus
Sample B2b-25, +30.6m Sample B2b-12, +5.5m Sample B2bT-7, +3.6m coccosphere
Sample B2b-14, +6.8m

Biantholithus sparsus Biantholithus sparsus Cyclagelosphaera alta Markalius inversus
Sample B2bT-1, +0.03m Sample B3T-2, +0.5m Sample B2bT-3, +0.97m Sample B3T-2, +0.5m

Braarudosphaera turbinea Thoracosphaera operculata ~ Micula murus Micula swastica
Sample B2b-24, +25m Sample B2bT-1, +0.01m Sample B2bT-1, +0.01m Sample B2b-117, -0.02m

Nephrolithus frequens Micula prinsii Prediscosphaera ponticula ~ Braarudosphaera bigelowii
Sample B2b-115, -0.9m Sample B2b-117, -0.04m Sample B3-65, -0.02m Sample B3T-1, +0.05m
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Plate 2

Nannofossils from the K/T transition in deep-water (Marash, Emona) and shallow-water (Moravitsa) environments
Heights in section given in metres above/below the boundary

F o

Cruciplacolithus tenuis Cruciplacolithus intermedius Ericsonia subperta Zeugrhabdotus sigmoides
Sample E-13, +14.5m Sample Ms-15, +15.1m Sample Mo-21, +20m Sample Ms-13, +6m

8
Markalius inversus Markalius apertus Cyclagelosphaera alta Cyclagelosphaera alta
Sample Ms-137, +1.03m Sample Ms-137, +1.03m Sample Mo-13, +0.05m Sample Ms-137, +1m

Cyclagelosphaera reinhardtii Thoracosphaera operculata Micula prinsii Arkhangelskiella cymbiformis
Sample Mo-17, +4.55m K/T boundary clay bed Sample E-114, -2m Sample E-11, -7m
Sample Mo-13, +0.01m



