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E . BoJl'-teB - EuocmpamuzpacpuR naJleOl{eHOBblX 
omRO:>ICeuuii npwwopcKoii 4acmu Bocmo4HOii Cmapoii 
11Jla/-IUI-Ibl Ha OCI-I06e MeJlbKUX 6eumOCflblX cpopaMUI-IUcpep. 
Hacrojlma}l CTaThji jiBJijleTc}l onhiTOM OQeHKM 6uocrpa
TMrpaqmY.eCKoro noTeHQJHUia naneoueHOBhiX 6eHTOCHhiX 
cpopaMHHH<i>ep npHMOpcKoH: Y.aCTH BocTOY.HOH CTapoii 
nnaHHHhi. Bhi.L(eJieHhi 3 30Hhi - noKaJihHajl TaKcoH
peHH.L()I{ 30Ha Clavulunoides trilaterus (paHHHH- IT03.L(HHH 
naneoQeH), noKaJihHajl aHcaM6nosaH 30Ha Bathysiphon 
sp . - Oridorsalis megastomus (paHHHH naneoQeH), 
JIOKaJihHaH aHcaM6nosax 30Ha Bathysiphon sp. - Sacca
mmina placenta (cpe.L(HHH- no3.L(HHH naneoQeH) 11 2 no.n
JOHhi - aKMe-no.L(30Ha Bathysiphon microrhaphidus 
(cpe.nHHH naneoQeH) H aKMe-no.L(JOHa Saccammina pla
centa (n03.LlHHH naneoQeH). 3TH 30Hbi KoppenHpyiOT 
ycneUIHO CO CTaH.L(apTHb!Mll 30HaMH ITO nnaHKTOHHh!M 
<l>opaMHHH<i>epaM l1 BapOBHTOMY HaHOllJiaHKTOHy, Bhi.L(e
JieHHh!e B TOM )l{e pallOHe. 

TaKcoHOMHY.ecKMH cocTaB H cTpyKTypa 30HaJihHhiX 
acCOI.(Hai.(HH ITOKa3biBaeT cymeCTBYlOIJ..I:He pa3JIHY.l1H B 
ITaJie03KOJIOrl1'-IeCKMX napaMeTpax B CeBepHOH M lO)I{HOH 
Y.aCTM llCCJie.L(OBaHHOrO paiioHa l1 .L(eMOHCTpHpylOT 
CHJihHYlO 3aBHCI1MOCTh 6eHTOCHhiX <PopaMHHH<i>ep OT 
rraneocpe,nhr. 

Abstract. An attempt to elucidate the biostratigraphical 
importance of Paleocene benthic foraminifera of the coastal 
part of East Stara Planina is presented. Three zones and 
two subzones were defined. The zones are: Clavulunoides 
trilaterus Local Taxon Range Zone (Late Early Paleocene
Late Paleocene), Bathysiphon sp. - Oridorsalis megasto
mus Local Assemblage Zone (Early Paleocene) and Bathy
siphon sp. - Saccammina placenta Local Assemblage Zone 
(Middle - Late Paleocene). The last zone was divided into 
two subzones: Bathysiphon microrhaphidus Abundance 
Subzone (Middle Paleocene) and Saccammina placenta 
Abundance Subzone (Late Paleocene). The zones were su
ccessfully correlated to the conventional planktic foramin
iferal and calcareous nannoplankton ones, defined in the 
same area. 

The taxonomical composition and the structure of the 
zonal assemblages indicates different paleoecological pa
rameters jn the northern and the southern part of the stud
ied area and shows the strong dependence of benthic fora
minifera on paleoenvironment. 

Valchev, B. 2003. Biostratigraphy of the Paleocene of the Coastal Part of East Stara Planina based on small 
benthic Foraminifera. Geologica Bale., 33, 1-2; 47-59. 
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Introduction 

The Paleocene sediments of the coastal part of East 
Stara Planina contain rich and diverse benthic foramin
iferal fauna (over 230 species). This fact leads to the 
question: "Could benthic foraminifera be used for a de
tailed biostratigraphical subdivision of the Paleocene?". 
There were some attempts at this field in the Polish 
Carpathians (Morgiel, Olszewska, 1981; Geroch, 

Nowak, 1983), the Atlantic (Tjalsma, Lohman, 1983), 
the North Sea (King, 1983), Japan and New Zealand 
(Kaiho, 1988). As a result some biostratigraphical 
schemes including biozones with different taxonomical 
composition and stratigraphical range were proposed. 

The present article aims to elucidate the biostra
tigraphical importance ofthe Paleocene benthic fora
minifera from this part of the Alpine orogenic belt 
and to propose a zonal scheme. 
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Material and Methods several single outcrops (including samples from 
the geological mapping carried out in 1993 -
.[()!(ypaHOB H .up., 19941

) in which the sediments 
of two litostratigraphic units- Byala Formation 
(EOI-Iqes, 1926; .[()!(ypaHos, 1984, 1991 , 1993) 

The studied micropaleontological material was ob
tained from 204 samples picked from 9 boreholes 
(68 samples), 8 outcrop sections (67 samples) and 
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Fig. 1. Generalized geological map of the studied area with location of the investigated borehole and outcrop sections 
(emended after Vangelov et al., 1996) 

I )J,)I(ypaHOB, C., .a. CI1HhOBCKH, .a. BaHreJIOB, X. ilHM011peB, M . AHTOHOB, B. )l(eJieB, r. DaJITaKOB, 11. l.J:oneeB. 
1994. )J,oKJia):( 3a pe3yJITaTHTe OT H30bJIHeHHeTo Ha reoJIO)I(Ka 3a):(al!a : , reoJIO)I(KO H reoMop<1JoJIO)I(KO KapntpaHe B 
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Fig. 2. Lithostratigraphical column of the studied area (emended after Vangelov et al., 1996) 

Biostratigraphical framework and Emine Formation (foYeB, 1932; ,[{)l(ypa
HOB, llHMIIHpes, 1989) are exposed (figs. 1, 2). 
The Paleocene (the Upper Paleocene) in the 
studied area is represented by another one 
unit - Dvoynitsa Formation (,[{)l(ypaHoB, 
llHMIIHpes, 1989), but its strata were barren 
of foraminifera. 

The stratigraphical range of the proposed 
biostratigraphical zones was determined on 
the basis of planktic foraminiferal and calcar
eous nannoplankton zones defined by previ
ous investigators in the studied area. 

Two refined biostratigraphical zonations for 
the Paleocene of the coastal part of East Stara 
Planina were introduced during the last two 
decades (fig. 3). Juranov (1983) defined 6 
planktic foraminiferal zones (Pl b - P5) in the 
sediments of the Byala Formation on the ba
sis of the zonal standard of Stainforth et al. 
(197 5) using micropaleontological material 
from boreholes. The same author (,[{)l(ypaHOB, 
1994) defined two zones (Plc and P3) in the 
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Planktic foraminiferal Calcareous nannoplankton 
zones 

A e zones 9 (after Ivanov, Stoykova, 1994; 
(after Juranov,1983; Sinnyovsky, Sultanov, 1994; 

AlKypaHoB, 1994) Sinnyovsky, Stoykova, 1995) 

._ 

w Q) PS AI. ve/lascoensis (b) NP9 D . multiradiatus (e) 
c.. 

? z c.. 
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w 
? 
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0 "'0 

"'0 NP6 H.kleinpelii ·- (b) 
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NPS F.tympaniformls (b) 
....J 

NP4 E. m a c e I u s (b) ._ p 1 c S. trinidadensis (b . e) 
<( Q) 

NP3 C. d a n i c us (b. e) ::: a.. 0 P1b S. pseudobulloides {b, e) 
NP2 C. t e n u is (b. e) 

....J 
? ? NP1 B. s p a r s u s (b e) 

Fig. 3. Planktic foraminiferal and calcareous nannoplankton zonation of the 
studied area (b - the zone was established in the Byala Formation only; e - the 
zone was established in the Emine Formation only; b, e - the zone was estab
lished in both Byala and Emine Formation) 

strata of the Emine Formation and ,LI.)KypaHoB 
H.Up. ( 1994) indicated the presence of Pl b zone in 
the same litostratigraphic unit. 

Stoykova (in Stoykova, Ivanov, 1992; Ivanov, 
Stoykova, 1994)divided5 nannoplankton zones (NPl 
- NP5) in the Paleocene part of the By ala Formation in 
the outcrop sections (Bjala 1, 2b, 2c, 3) near the town 
ofBjala. ,LI.)KypaHoB et al. (1994) indicated the pres
ence of NP6 and NP8 zones in the same unit. 
Sinnyovsky, Stoykova (1995) defined NPI and NP2 
zones in the sediments of the Emine Formation north of 
the village ofEmona. Sinnyovsky, Sultanov (1994) in
dicated the presence of NP8 and NP9 zones in the 
lectotype of the same unit and CHHbOBCKH (in 
Ll:)KypaHOB et al. , 1994) established the presence of 
NP3 zone in the same section. 

Results 

The vast majority ofPaleocene benthic species from 
the coastal part of East Stara Planina are transitional 
through this stratigraphical interval or became extinct 
at the Paleocene/Eocene boundary. This fact con
firms the data about the stratigraphical range of the 
Paleocene benthic foraminiferal fauna obtained from 
several coeval sections in different localities on the 
Earth and it demonstrates the considerable taxonomi
cal stability ofbenthic foraminiferal assemblages during 
this epoch (Berggren, 1984). On the other hand, it 
makes difficulties creating a detailed subdivision of 
the Paleocene sediments, because ofthe actual lack 
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of biostratigraphical events - first and last occur
rences. 

Despite these disadvantages some events were 
found during the investigation of the Paleocene 
benthic foraminiferal assemblages from the studied 
area and they allowed defining of three zones and 
two subzones. They were defined as local, because 
there are still no data about their distribution outside 
the coastal part of East Stara Planina. The zones are: 
Clavulinoides trilaterus Local Taxon Range Zone 
(defined in the sediments of the By ala Formation), 
Bathysiphon sp. - Oridorsalis megastomus Local 
Assemblage Zone, Bathysiphon sp. - Saccammina 
placenta Local Assemblage Zone (both zones difined 
in the strata of the Emine Formation). The last zone 
was subdivided into two subzones: Bathysiphon 
microrhaphidus Abundance Subzone and 
Saccammina placenta Abundance Subzone (fig. 4). 

Clavulinoides trilaterus 
Local Taxon Range Zone 

Nomenclature. Here the zone is first introduced. 
Definition. The zone represents a body of strata 

characterized by the occurrence of the index species 
Clavulinoides trilaterus (Cushman). 

Boundaries. They were placed on the base of the 
first and the last occurrence of the index species. 

Description. The zonal assemblage is highly diver
sified. It is dominated by Bathysiphon discreta 
(Brady), Rhizammina indivisa Brady, Nuttalides 
trumpyi (Nuttal), Bulimina trinitatensis Cushman 
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Fig. 4. Correlation of the benthic foraminiferal zones (B- this article) to conventional planktic foramin
iferal (P) and calcareous nannoplankton (NP) zonations (the zones marked by * were not identified in 
the studied area) 

.S: Jarvis, Osangularia velascoensis (Cushman), 
Oridorsalis megastomus (Grzybowski), which are 
::-ansitional through the zone, and Gavelinella 
- ccariiformis (White), Aragonia velascoensis 
Cushman), continuing from the lower stratigraphical 

·els. Their last occurrence is related with the upper 
al boundary. All these species demonstrate uni

distribution in the zonal interval. In reduced num
compared to them occur Bannerella retusa 

shman), Marssonella indentata (Cushman & 
· i s), M. oxycona (Reuss), which are also uniformly 

·buted in the zone. In its lower part Heterolepa 
_ · sdalei (Nuttal) and H. perlucida (Nuttal) are 

haracteristic elements and in the upper levels a 
· :::oht decrease in their numbers was observed. In 

middle levels of the interval a slight increase of 
. icidoides dayi (White) and Anomalinoides 
:uus (Plummer) occurrence was established. The 

ber of the index species Clavulinoides trilaterus 
~hman) also demonstrates a slight increase in the 

middle part of the zone, and it shows a steady de
crease toward the upper zonal boundary. In the up
per levels of the interval Spiroplectinella dentata 
(Alth) and Anomalinoides danicus (Brotzen) are 
characteristic elements. Cibicidoides dayi (White) 
and Spiroplectinella dentata (Alth) disappear at the 
upper zonal boundary, while Bannerella retusa 
(Cushman), Marssonella indentata (Cushman & 
Jarvis), M. oxycona (Reuss), Heterolepa grim
sdalei (Nuttal), H. perlucida (Nuttal), Anomali
noides acutus (Plummer) and A. danicus (Brotzen) 
are transitional through the zone. 

Age. Late Early Paleocene - Late Paleocene. 
Distribution. The zone was identified in the coastal 

part ofKamchiyska Stara Planina in the Paleocene 
part of the B yala Formation in all borehole sections 
studied (C-11: 170-248 m; C-12: 167-314 m; C-
21: 0-40 m; C-23: 18-218, 238-300 m; C-24: 20-
82, 100-122 m; C-25: 20-80, 335-501 m; C-28: 
0-18, 500-600 m; C-29: 358-480 m; C-30: 83-
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110m), and also in Byala 1 and Byala 2b section. 
Correlation. The zone corresponds to Plb (the 

uppermost part), Plc-P5, and NP3 (upper part), 
NP4-NP9 Zones. 

Bathysiphon sp. -
Oridorsalis megastomus 
Local Assemblage Zone 

Nomenclature. Here the zone is first introduced. The 
holostratotype is situated on the Black Sea coast in 
the area of Cape Kochan. It includes the lowermost 
levels of the lectotype of the Emine Formation. 

Definition. The zone includes strata containing 
mixed agglutinated-hyaline benthic foraminiferal as
semblage characterized by strong dominance of the 
agglutinated forms. The most important amongst them 
are Bathysiphon sp. , Saccammina placenta 
(Grzybowski), Hormosina velascoensis (Cushman), 
Bathysiphon discreta (Brady), B. microrhaphidus 
Samuel, Rhizammina indivisa Brady, Dendrophrya 
excelsa Grzybowski, Psammosphaera sp., Hype
rammina dilatata Grzybowski, Paratrochammi
noides irregularis (White), Trochamminoides coro
natus (Brady), T proteus (Karrer), Recurvoides 
imperfectus (Hanzlikova), Trochammina deformis 
Grzybowski. 

Boundaries. They are placed on the base of the 
first and the last occurence of the zonal assemblage. 
The lower boundary is connected with the first oc
currence of Bathysiphon sp. The upper zonal bound
ary is marked by the disappearance of all taxa with 
hyaline test. 

Description. The zonal assemblage is moderately 
diversified. The main feature of it is the presence of 
hyaline taxa, despite the strong dominance of agglu
tinated ones. The dominant species is Bathysiphon 
sp. and the other taxa occur in reduced numbers 
compared to it. The most characteristic amongst them 
are Saccammina placenta (Grzybowski), Hormo
sina velascoensis (Cushman), Bathysiphon discreta 
(Brady), B. microrhaphidus Samuel , Rhizammina 
indivisa Brady, Dendrophrya excelsa Grzybowski, 
Psammosphaera sp., Hyp erammina dilatata 
Grzybowski, Paratrochamminoides irregularis 
(White), Trochamminoides coronatus (Brady), T 
proteus (Karrer), R ecurvoides imperfectus 
(Hanzlikova), Trochammina deformis Grzybowski. 
All of the above-mentioned species are uniformly dis
tributed in the zone. Batrhysiphon sp. and Recur
voides imperfectus (Hanzlikova) appear at the base 
of the zone and pass into the upperer stratigraphical 
levels. Their first occurence corresponds to the Cre
taceous/Paleocene boundary. The other agglutinated 
species are transitional through the zone. 

The hyaline taxa are presented by Oridorsalis 
megastomus (Grzybowski), Chilostomelloides sp., 
Nodosaria limbata d'Orbigny, Astacolus gladius 
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(Philippi). Chilostomelloides sp. appears at the base 
of the zone and its last occurrence is observed at the 
middle levels of the zonal interval. The other three 
species continue from the Maastrichtian and their 
disappearance markes the upper zonal boundary. This 
event corresponds to the Lower/Middle Paleocene 
boundary. All of the above-mentioned hyaline taxa 
were established in upperer stratigraphical levels 
outside the locality of the zone. 

Age. Early Paleocene. 
Distribution. The zone was established in the 

coastal part of Eminska Star a Plan ina in all studied 
sections and outcrops of the Lower Paleocene part 
of the Emine Formation. 

Correlation. The zone corresponds to Pa-Plc and 
NPl-NP4 Zones. 

Bathysiphon sp. -
Saccammina placenta 
Local Assemblage Zone 

Nomenclature. Here the zone is first introduced. The 
holostratotype is situated on the coast between Cape 
Kochan and Vaya river mouth. It includes the middle 
and the upper parts of the lectotype of the Emine 
Formation. 

Definition. The zone includes strata containing 
benthic foraminiferal assemblage composed entirely 
of agglutinated taxa and dominated by Bathysiphon 
microrhaphidus Samuel, Saccammina placenta 
(Grzybowski), Bathysiphon discreta (Brady). 

Boundaries. They are placed on the base of the 
first and the last occurrence of the zonal assemblage. 
The lower boundary is marked by the disappear
ance ofthe hyaline taxa. The upper zonal boundary 
is the level of disappearance of Bathysiphon sp. and 
Recurvoides iinperfectus (Hanzlikova). 

Description. The zonal assemblage is poorly di
versified. It is comprised of agglutinated taxa only. 
The dominant species are Bathysiphon microrha
phidus Samuel, Saccammina placenta (Grzy
bowski), Bathysiphon discreta (Brady). In reduced 
number compared to them are Bathysiphon sp., 
Rhizammina indivisa Brady, Dendrophrya excelsa 
Grzybowski, Paratrochamminoides irregularis 
(White), Recurvoides imperfectus (Hanzlikova). All 
of them continue from the previous zone. Bathysi
phon microrhaphidus Samuel disappears below the 
upper boundary of the zone. Bathysiphon discreta 
(Brady), Saccammina placenta (Grzybowski), 
Rhizammina indivisa Brady are transitional through 
the interval, while Bathysiphon sp., Dendrophrya 
excelsa Grzybowski, Recurvoides imperfictus 
(Hanzlikova) become extinct at the upper zonal 
boundary. This event corresponds to the Paleocene/ 
Eocene boundary. 

The dominant species demonstrate fluctuations in 
their distribution in the zone. In the lower part the 



zonal assemblage is dominated by Bathysiphon 
microrhaphidus Samuel and Bathysiphon discreta 
(Brady). In the middle levels a sharp increase of the 
number of Saccammina placenta (Grzybowski) is 
observed (up to 91% of the total specimens of some 
samples), and this species demonstrate a strong domi
nance in the upper part of the zonal interval. 

The less abundant species [with exception of 
Paratrochamminoides irregularis (White)] also 
show fluctuations in their number through the zone. 
Species well presented in the lower part are 
Rhizammina indivisa Brady and Recurvoides 
imperfectus (Hanzlikova). In the middle levels of the 
zone their numbers decrease slightly, while the num
ber of Bathysiphon sp. demonstrates a slight in
crease. 

Age. Middle-Late Paleocene. 
Distribution. The zone was established in the 

coastal part ofEminska Stara Planina in the Middle
Upper Paleocene part of the lectotype of the Emine 
Formation. 

Correlation. It corresponds to P2-P5 and NP5-
NP9 Zones. 

In the section of Bathysiphon sp. - Saccamina 
placenta Local Assemblage Zone were distinguished 
two levels, characterized by abundance of specimens 
of two taxa (Bathysiphon microrhaphidus Samuel 
and Saccammina placenta (Grzybowski)) which al
lowed subdividing ofthe zone into two abundance 
subzones. 

Bathysiphon microrhaphidus 
Abundance Subzone 

Nomenclature. Here it is first introduced. A type area 
is the coastal part ofEminska Stara Planina. 

Definition. The subzone includes strata character
ized by abundance of specimens of the index spe
cies Bathysiphon microrhaphidus Samuel. 

Boundaries. They are marked by the first and the 
last occurrence of the abundance of specimens of 
the index species. The lower boundary corresponds 
to the lower one of Bathysiphon sp. - Saccammina 
placenta Local Assemblage Zone. 

Description. The zonal assemblage is dominated 
by Bathysiphon microrhaphidus Samuel. In re
duced numbers are presented Bathysiphon discreta 
(Brady), Bathysiphon sp., Saccammina placenta 
(Grzybowski), Rhizammina indivisa Brady, 
Hormosina velascoensis (Cushman), Psammo
sphaera sp., Recurvoides imperfectus (Hanzliko
va). All species are transitional through the subzone. 

Age. Middle Paleocene. 
Distribution. The subzone was established in the 

lectotype of the Emine Formation only. 
Correlation. It corresponds to P2-P3 and NP5-

NP7 Zones. 

Saccammina placenta 
Abundance Subzone 

Nomenclature. Here it is first introduced. Type area 
is the coastal part ofEminska Stara Plan ina. 

Definition. The subzone includes strata character
ized by abundance of specimens of the index spe
cies Saccammina placenta (Grzybowski). 

Boundaries. They are marked by the first and the 
last occmTence of the abundance of specimens of 
the index species. An upper boundary is the upper 
boundary of Bathysiphon sp. - Saccammina pla
centa Local Assemblage Zone. 

Description. The zonal assemblage is strongly 
dominated by Saccammina placenta (Grzybowski). 
Species represented by reduced number of speci
mens are Bathysiphon sp., Bathysiphon discreta 
(Brady), Bathysiphon microrhaphidus Samuel, 
Rhizammina indivisa Brady, Recurvoides imper
Jectus (Hanzlikova). 

Age. Late Paleocene. 
Distribution. The subzone was established in the 

lectotype of the Emine Formation only. 
Correlation. It corresponds to P4-P5 and NP8-

NP9 Zones. 

Correlation with other benthic 
foraminiferal zonations 

As it was mentioned in the beginning of the article, 
some biostratigraphical schemes based on small 
benthic foraminifera were introduced in the micro
paleontological literature. They do not concern the 
Paleocene only, but some of them cover a very long 
stratigraphical interval. Here we will comment only 
these zones which were defined in the Paleocene 
sediments of the Carpathians, the North Sea, the 
Atlantic, New Zealand and Japan. We will also con
cern the summarized data from Atlantic and Pacific 
DSDP sections, outcrop sections in Mexico, Tuni
sia, and Spain, boreholes from the Gulf of Mexico 
(fig. 5). 

The Carpathians 

Morgiel, Olszewska (1981) proposed a biostra
tigraphical scheme for the Polish Outer Carpathians 
from the Lower Cretaceous (Valanginian) to the 
Upper Eocene, based on agglutinated foraminifera. 
Two assemblages were defined in the Paleocene: 
Assemblage of Glomospira dif.fundens Cushman 
& Renz, Rzehakinafissistomata (Grzybowski) and 
Haplaphragmoides mjatliuke Maslakova and As
semblage of abundant Sphaerammina subgaleata 
(Vasicek). The stratigraphical range ofboth assem
blages was determined as Paleocene. The main dif-
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Fig. 5. Correlation between several Paleocene benthic foraminiferal zonations 

ference between them is the species diversity. The 
first assemblage is highly diversified and besides the 
index species it is comprised of various astrorhizids, 
saccamminids, ammodiscids, hormosinids and 
lituolids. The second assemblage is poorly diversi
fied. The index species occurs in the company of 
several astrorhizids and lituolids. 

other group of is presented by single specimens, and 
a third group occurs mainly in Clavulinoides 
trilaterus Zone. But the main obstacle is the lack of 
information about the presence of calcareous benthic 
foraminifera in the Morgiel & Olszewska's article 
which does not allow us to elucidate the overall taxo
nomical composition and the structure of their as
semblages and than to compare to our ones. The correlation between our zones and Carpa

thians' assemblages comes across some difficulties. 
Some of the species are the major contributors to 
our Bathysiphon sp.- Saccammina placenta Zone, 
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Geroch, Nowak (1983) also proposed a zonal 
scheme for this region based on agglutinated fora
minifera and covering the Upper Tithonian- Upper 



Eocene. The Paleocene was subdivided into two 
zones- Rzehakina epigonafissistomata (Danian) 
and Spiroplectammina spectabilis (Thanetian). We 
cannot comment these zones, because the authors 
did not provided any data about the associated taxa 
and the structure ofthe zonal assemblages. 

The North Sea 

King (1983) introduced a biostratigraphical zona
tion for the Cenozoic of the North Sea. He divided 
the Paleocene into two zones: NSB 1 (Gavelinella 
beccariiformis- Spiroplectammina spectabilis Zo
ne) and NSB2 (unnamed). The stratigraphical range 
of the NSB 1 Zone was determined as Lower-Up
per Paleocene (without the uppermost levels) and 
the zone was subdivided into two subzones: NSB 1 a 
(Tappanina selmensis Subzone) and NSB1b (Spi
roplectammina spectabilis Subzone). The NSB 1 b 
Subzone is characterized predominantly by "Rhab
dammina-biofacies" agglutinated forms with some 
additional calcareous benthics. The lower levels of 
the subzone are marked by abundant and diverse 
microfauna, including both agglutinants and calcare
ous benthic forms. The NSB 1 a Subzone demon
stJ·ates the same taxonomical composition, but with 
low abundance and poor preservation of the speci
mens. 

The NSB2 Zone comprises interval with a very 
restricted benthic microfauna, characterized mainly 
by poorly preserved agglutinants. The stratigraphical 
range of this unit is Uppermost Paleocene- Lower
most Eocene. 

The taxonomical composition and structure of zonal 
assemblages of the Paleocene in the North Sea re
sembles our zonation in the southern part of the 
oastal part of East Stara Planina (represented by 

me sediments of the Emine Formation). The NSB la 
Subzone and the lover levels of the NSB 1 b Subzone 
resemble the structure of our Bathysiophon sp. -
Oridorsalis megastomus Zone, but with Jess abun
dant and poorly diversified calcareous component. 
The upper levels of NSBlb Zone and the NSB2 
Zone demonstrate similar features with our 
Bathysiphon sp. - Saccammina placenta Zone. 
The main difference is the total lack of calcareous 
taxa in our zone. Another difference is the stra
tigraphical range of the zones. In East Stara Planina 
me interval with calcareous taxa was determined as 
Lower Paleocene, while the same levels in the North 
Sea have longer stratigraphical range - Lower
.\1iddle Paleocene. The interval without calcareous 
·orms in our investigated area comprises Middle
C pper Paleocene strata, while in the North Sea the 
evels with poor calcareous fauna were determined 

Upper Paleocene. 

The Atlantic 

Tjalsma, Lohman (1983) concerned the Paleocene
Eocene deep sea benthonic foraminifera. The authors 
defined three "biostratigraphic associations" cover
ing the Paleocene. The first one - Gavelinella 
beccariiformis Association covers "the taxonomi
cally most stable part of the Paleocene" (Lower
Middle Paleocene) and it is composed predominantly 
of gavelinellids, Nuttalides triimpyi (Nuttal) , 
Osangularia velascoensis (Cushman), Cibicidoi
des dayi (White), and associated anomalinids, gyroi
dinids, stilostomellids- species of great importance 
in our Clavulinoides trilaterus Zone. 

The second unit - Cibicidoides cf pseudoper
lucidus Association covers the Upper Paleocene and 
it is characterized by the same taxa with some addi
tional species not established in the Paleocene of the 
coastal part of East Stara Planina. 

The last Tjalsma, Lohman's Paleocene unit
Abyssamina quadrata Association covers very 
short stratigraphical range (the Uppermost Pale
ocene) and it is marked by an impoverished benthic 
fauna after the massive extinction of Paleocene taxa. 
Most of the markers of the first two zones are not 
presented in the association and it differs from the 
uppermost levels of our Clavulinoides trilaterus 
Zone by the poorly diversified zonal assemblage and 
the absence of its most characteristic taxa. 

The main difference between our Clavulinoides 
trilaterus Zone and Tjalsma & Lohman's associa
tions is the higher abundance of agglutinants like 
Bathysiphon discreta (Brady), Rhizammina 
indivisa Brady, Marssonella spp. in our zone. 

New Zealand and Japan 

Kaiho (1988) defined in North New Zealand 
Gavelinella beccariiformis - Spiroplectammina 
spectabilis Zonule with very long stratigraphical 
range- Upper Maastrichtian-Paleocene, dominated 
by cosmopolitan gavelinellids, spiroplectamrninids, 
anomalinids, astrorhizids. Compared to our Pale
ocene assemblages it could be seen that some of the 
species are the main contributors to our Clavu
linoides trilaterus Zone, while the other are pre
sented by single specimens or were not identified in 
the Paleocene of East Stara Planina. 

In North Japan the same author (Kaiho, 1988) 
defined Anomalinoides welleri- Pullenia cretacea 
Zonule, again with long stratigraphical range- Up
per Maastrichtian-Paleocene. Here the zonal assem
blage is dominated by spiroplectamminids, ano
malinids, ammodiscids, bulirninids. Most of the spe
cies are represented by rare specimens in our zones. 

As a whole Kaiho's zones differs from our ones 
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PLATE I 

1,2. Bathysiphon discreta (Brady, 1881). Byala Formation, Byala 1 Section, Lower Paleocene, NP3 Zone, Sample I>2b-
16; 1- SEMx48.6; 2- SEMx63. 3. Bathysiphon microrhaphidus Samuel, 1977. Emine Formation, Kochan Section, 
Middle Paleocene, P3 Zone, Sample E-K-9; SEMx35.8. 4. Bathysiphon sp. Emine Formation, Kochan Section, Upper 
Paleocene, NP9 Zone, Sample E-K-22; SEMx35.8. 5, 6. Hormosina velascoensis (Cushman, 1926). Emine Formation, 
Paleocene, Sample E-1316 (from the geological mapping); 5- SEMx48.6; 6- SEMx63. 7-9. Rhizammina indiviso 
Brady, 1884. Emine Formation, Kochan Section, Lower Paleocene, Plc Zone, Sample E-K-3; SEMx42.6. 10, 11. 
Saccammina placenta (Grzybowski, 1898). Emine Formation, Kochan Section, Middle Paleocene, P3 Zone, Sample 
E-K-9; SEMx46.4. 12, 13. Dendrophrya excelsa Grzybowski, 1898. Emine Formation, Kochan Section, Lower Pale
ocene, Pic Zone, Sample E-K-5; SEMx42.6. 14. Psammosphaera sp. Byala Formation, Borehole C-29, 395.20 m, 
Upper Paleocene, P4 Zone, Sample C-29-7; SEMx46.4. 15. Hyperammina dilatata Grzybowski, 1896. 
Byala Formation, Borehole C-29, 364.40 m, Middle Paleocene, P3 Zone, Sample C-29-4; SEMx46.4. 16, 17. 
Recurvoides imperfectus (Hanzlikova, 1966). Emine Formation, Kochan Section,Middle Paleocene, P3 Zone, Sample 
E-K-9; SEMx48.6. 18. Paratrochamminoides irregularis (White, 1928). Byala Formation, Borehole C-30, 83.90 m, 
Upper Paleocene, P4 Zone, Sample C-30-6; SEMx37.4. 19. Trochamminoides coronatus (Brady, 1879). Byala For
mation, Byala Reka valley, Paleocene, Sample I>P-6; SEMx37.4. 20. Trochamminoides proteus (Karrer, 1866). Byala 
Formation, Borehole C-29, 395.20 m, Upper Paleocene, P4 Zone, Sample C-29-7; SEMx37.4. 

PLATE II 

1. Spiroplectinella dentata (Alth, 1850). Byala Formation, Borehole C-30, 99.50 m, Upper Paleocene, P5 Zone, 
Sample C-30-14; SEMx40.8. 2. Trochammina deform is Grzybowski, 1898. Emine Formation, Kochan Section, Middle 
Paleocene, P3 Zone, Sample E-K-9; spiral view; SEMx44.4. 3, 4. Bannerella retusa (Cushman, 1926). Byala Forma
tion, Byala Reka valley, Paleocene, Sample I>P-6; SEMx75. 5. Marssonella indentata (Cushman&Jarvis, 1928). Byala 
Formation, Byala Reka valley, Paleocene, Sample I>P-6; SEMx78. 6. Marssonella oxycona (Reuss, 1860). Byala 
Formation, Byala 1 Section, Lower Paleocene, NP3 Zone, Sample 1>1-7; SEMx78. 7. Clavulinoides trilaterus (Cushman, 
1926). Byala Formation, Bya1a Reka valley, Paleocene, Sample I>P-6; SEMx60. 8. Nodosaria limbata d'Orbigny, 
1840. Byala Formation, Byala 2b Section, Lower Paleocene, NP3 Zone, Sample 1>2b-15; SEMxlOO. 9. Astacolus 
gladius (Philippi, 1843). Byala Formation, By ala 1 Section, Lower Paleocene, NP4 Zone, Sample I>l-11 ; SEMx1 01. 
10. Bulimina trinitatensis Cushman&Jarvis, 1928. Byala Formation, Borehole C-30, 86.30 m, Upper Paleocene, P4 
Zone, Sample C-30-8; SEMx63. 11. Aragonia velascoensis (Cushman, 1925). Byala Formation, Byala 1 Section, 
Lower Paleocene, NP4 Zone, Sample El-12; SEMx71.5. 12-14. Cibicidoides dayi (White, 1928). 12, 13 - Byala 
Formation, Byala 2b Section, Lower Paleocene, NP3 Zone, Sample 62b-17; 12 -spiral view; 13- umbilical view; 
SEMx57; 14 - Byala Formation, Byala Reka valley, Paleocene, Sample I>P-6; apertural view; SEMx48.6. 15-17. 
Nuttalides trii.mpyi (Nuttal, 1930). 15, 17- Byala Formation, Byala 2b Section, Lower Paleocene, NP3 Zone, Sample 
I>2b-14; 15- umbilical view, 17- spiral view; SEMx60; 16- Byala Formation, Byala Reka valley, Paleocene, Sample 
I>P-6; apertural view; SEMx60. 

PLATE lii 

I. Chilostomelloides sp. Byala Formation, Borehole C-30, 83.90 m, Upper Paleocene, P4 Zone, Sample C-30-6; 
apertural view; SEMx65.5. 2, 3. Osangularia velascoensis (Cushman, 1925). Byala Formation, Byala 1 Section, 
Lower Paleocene, NP3 Zone, Sample I>l-10; 2 - umbilical view, 3 - spiral view; SEMx65.5. 4-6. Oridorsalis 
megastomus (Grzybowski, 1896). 4, 6- Byala Formation, Borehole C-30, 107.90 m, Upper Paleocene, P5 Zone, 
Sample C-30-19; 4- umbilical view, 6 - spiral view; SEMx75; 5- Byala Reka valley, Paleocene, Sample I>P-6; 
apertural view; SEMx llO. 
7, 8. Anomalinoides danicus (Brotzen, 1948). Byala Formation, Byala reka valley, Paleocene, Sample EP-7, 7- spiral 
view, 8 - umbilical view; SEMx50.5. 9, 10. Anomalinoides acutus (Plummer, 1926). Byala Formation, Borehole C-30, 
83 .90 m, Upper Paleocene, P4 Zone, Sample C-30-6, 9 - umbilical view, 10 - spiral view; SEMx 1 01. 11, 12. 
Heterolepa grimsdalei Nuttal, 1930. Byala Formation, Byala 1 Section, Lower Paleocene, NP3 Zone, Sample ol-9; 
11 -spiral view, 12- umbilical view; SEMx50.5. 3, 14. Heterolepa perlucida (Nuttal, 1932). Byala Formation, Byala 
2b Section, Lower Paleocene, NP3 Zone, Sample 62b-15, 13 -umbilical view, 14- spiral view; SEMx85. 15-17. 
Gave/inella beccariiformis (White, 1928). Byala Formation, Byala Reka valley, Paleocene, Sample I>P-7, 15 -
umbilical view, 17 - spiral view; SEMx85; 16 - apertural view; SEMx60. 
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by their poorlier diversified assemblages and the 
longer stratigraphical range. 

A summarized scheme 

Berggren, Miller (1989) proposed Cenozoic zona
tion summarizing data from published studies of 
DSDP sections from the Atlantic and Pacific, out
crop sections from Mexico, Tinisia, Spain, bore
holes from Gulf of Mexico. In the Paleocene they 
defined the bathyal BB 1 Angulogavelinella 
avnimelechi - Anomalinoides rubiginosus Zone, 
characterized various gavelinellids, cibicidids, 
osangulariids, buliminids, and Nuttalides triimpyi 
(Nuttal). 

In the abyssal realm the same authors distinguished 
two zones- AB 1 Quadratobuliminella pyramidalis 
- Bulimiba velascoensis and AB2 Bulimina 
bradburyi- Stensioina beccariiformis Zone. The 
zonal assemblage of the first one (AB 1) is predomi
nantly comprised of cibicidids, anomalinids, 
osangulariids, and Nuttalides triimpyi (Nuttal). 
According to the authors the zone is equivalent to 
the Gavelinella beccariiformis Association of Tja
lsma, Lohman (1983) . The second abyssal zone 
(AB2) is characterized by the same taxa with some 
additional cibicidids and in the author's opinion it is 
eqivalent to the Cibicidoides cf. pseudoperlucidus 
.-\ssociation ofTjalsma, Lohman (1983). 

As could be seen the Berggren&Miller's zones 
ontain components of great importance for our 

Clavulinoides trilaterus Zone, but the main differ
e nce again is the higher abundance of agglutinated 
taxa in our Paleocene sections. 

Discussion 

The investigation of the Paleocene benthic foramin
iferal assemblages from the coastal part of East Stara 
Planina revealed some differences in the taxonomi-

al composition and structure of the established as
-ociations. In the northern part of the studied area 
( omprised of the rocks of the ByalaFormation) was 

efined Clavulinoides trilaterus Zone marked by 
highly diversified zonal assemblage and uniform dis

-bution of the dominant species. In the southern part 
of the area were defined two zones and two subzones 
vith moderately or poorly diversified zonal assem
lages and marked by fluctuations in the number of 

lhe dominant species. Another difference is the 
stratigraphical range of the zones. Clavulinoides 
rilaterus Zone covers longer stratigraphical inter

,-al, while the coeval sediments in the southern part 
of the area are characterized by two zones with 
shorter stratigraphical range. Compared to Paleocene 
zonations from several localities outside Bulgaria, it 
.ould be seen that our Clavulinoides trilaterus Zone 
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is composed predominantly of taxa typical for zones 
determined as bathyal or abyssal and characterized 
by long (with some exceptions) stratigraphical range 
(Tjalsma, Lohman, 1983; Berggren, Miller, 1989), 
while Bathysiophon sp.- Oridorsalis megastomus 
and Batlzysiophon sp. - Oridorsalis megastomus 
Zone shows features typical for the flysh-type as
semblages. On the other hand, the differences be
tween the taxonomical composition and structure of 
the associations in two coeval parts of a small area 
like the coastal part of East Stara Planina confitm 
the strong dependence of benthic foraminifera on 
paleoenvironment. The uniform distribution ofthe 
dominant species and the long stratigraphical range 
of Clavulinoides trilaterus Zone shows stable 
paleoenvironment during the Paleocene in the north
em part of the area, while the existing of two zones 
and two subzones in the coeval sediments in the south
em part of the area demonstrates variable paleoeco
logical parameters which are marked by the fluctua
tions in the dominant species distribution. 

The numerous taxonomical, biostratigraphical and 
paleoecological investigations of benthic foraminifera 
during the last three decades proved that paleoen
vironmental dependance determines the stratig
raphical range of both benthic species and zones. 
Evidence for this is the absence of Clavulinoides 
trilaterus, which is an index species in the northern 
part in our area of investigation, in the uppermost 
levels of the Atlantic Paleocene (Abyssammina 
quadrata Association), and the different stratigra
phical range of the zones from the southern part of 
our area and the zones from the North Sea. 

The strong dependence of benthic species on 
paleobathymetry made some authors (for example 
Tjalsma, Lohman, 1983) refrain from proposing for
mal benthic foraminiferal zones to avoid the alterna
tive of defining separate zonations for bathyal and 
abyssal realms. In this connection terms like "asso
ciation", "assemblage", "zonule" were often applied. 

Conclusions 

The investigation of the Paleocene benthic foramin
iferal assemblages from the coastal part of East Stara 
Planina allowed the following conclusions to be made: 

1) A detailed biostratigraphical subdivision of the 
Paleocene based on small benthic foraminifera is 
practically impossible because of the actual lack of 
biostratigraphical events- first and last occurrences. 
Appearance and disappearance of some species from 
the studied area are not actual first and last occur
rence, because they are influenced by paleoecologi
cal factors. Evidence for this is the presence of hya
line taxa in the Middle and the Upper Paleocene part 
of the By ala Formation and their absence in the co
eval sediments ofthe Emine Formation. 
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2) The benthic foraminiferal zones defined in the 
coastal part of East Stara Planina were successfully 
correlated to conventional planktic foraminiferal and 
calcareous nannoplankton ones, defined in the same 
area. 

3) The Paleocene benthic foraminifera are of little 
biostratigraphical importance compared to planktic 
foraminifera and calcareous nannoplankton. 

4) The taxonomical composition and structure of 
the zonal assemblages reveals distinct paleoenviron
mental parameters of the northern and the southern 
part of the studied area. 

5) The uniform distribution of the dominant spe
cies in Clavulinoides trilaterus Zone indicates stable 
paleoenvironmental parameters during the Paleocene 
in the northern part of the studied area (comprised 
of the sediments of the By ala Formation), whereas 
the existing of two zones and two subzones in the 
coeval sediments in the southern part of the area (rep
resented by the strata of the Emine Formation) dem
onstrates variable paleoecological parameters which 
are marked by fluctuations in the dominant species 
distribution. 

6) The strong dependance of benthic foraminifera 
on paleoecologic parameters determine the local 
nature of the zonal units and it does not allow cre
ation of a Paleocene zonal standard like planktic fora
miniferal and calcareous nannoplankton ones. 

APPENDIX: Faunal reference list 

Abyssamina quadrata Schnitker & Tjalsma 
Ammobaculites agglutinans (d'Orbigny) 
Ammodiscus cretaceous (Reuss) 
Ammodiscus siliceus (Terquem) 
Ammolagena clavata (Jones & Parker) 
Anomalinoides praeacutus (Vasilenko) = Anomalina 

praeacuta Vasilenko 
Anomalinoides acutus (Plummer) 
Anomalinoides danicus (Brotzen) = Gavelinella danica 

(Brotzen) 
Anomalinoides rubiginosus (Cushman) 
Anomalinoides welleri (Plummer) 
Aragonia velascoensis (Cushman) 
Astacolus gladius (Philippi) 
Bannerel/a retusa (Cushman) 
Bathysiphon discreta (Brady) 
Bathysiphon microrhaphidus Samuel 
Bathysiphon sp. 
Bolivinoides delicatulus Cushman 
Bulimina bradbury Martin 
Bulimina midwayensis Cushman & Parker 
Bulimina trigona/is Dam 
Bulimina trinitatensis Cushman & Jarvis 
Bulimina velascoensis (Cushman) 
Chilostomelloides sp. 
Cibicidoides dayi (White) 
Cibicidoides hyphalus (Fisher) 
Cibicidoides pseudoperlucidus (Bykova) 
Cibicidoides cf. pseudoperlucidus (Bykova) 
Cibicidoides velascoensis (Cushman) 
Clavulinoides paleocenicus (Tjalsma&Lohman) = Tritaxia 
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paleocenica Tjalsma & Lohman 
Clavulinoides trilaterus (Cushman) = Tritaxia trilatera 

(Cushman) 
Cribrostomoides trinitatensis Cushman & Renz 
Cyclammina elegans Cushman & Jarvis 
Cystammina pauciloculata (Brady) 
Dendrophrya excelsa Grzybowski 
Gavelinella beccariiformis (White) = Stensioina 

beccariiformis (White) 
Globocassidulina subglobosa (Brady) 
Glomospira diffundens Cushman & Renz 
Haplaphragmoides mjatliuke Maslakova 
Haplaphragmoides suborbicularis (Grzybowski) 
Haplaphragmoides walteri (Grzybowski) 
Heterolepa grimsdalei (Nuttal) 
Heterolepa perlucida (Nuttal) 
Hormosina velascoensis (Cushman) Nodellum 

velascoense (Cushman) 
Hyperammina dilatata Grzybowski 
Kalamopsis grzybowskii (Dylazanka) 
Lenticulina mult(formis (Franke) 
Lenticulina velascoensis White 
Loxostomoides applinae (Plummer) 
Marssonella indentata (Cushman & J arvis) 
Marssonel/a oxycona (Reuss) 
Neojlabellina jarvisi Cushman 
Neojlabellina semireticulata (Cushman&Jarvis) 
Nodosaria limbata d'Orbigny 
Nodosaria torsicostata Dam 
Nuttalides trumpyi (Nuttal) 
Osangularia expansa (Toulmin) 
Osangularia jlorealis (White) = 
Nuttalinel/a florealis (White) 
Osangularia velascoensis (Cushman) 
Oridorsalis megastomus (Grzybowski) 
Oridorsalis umbonatus (Reuss) 
Paratrochamminoides irregularis (White) 
Psammosphaera sp. 
Pullenia coryelli White 
Pullenia cretacea Cushman 
Recurvoides imperfectus (Hanzlikova) 
Remesella varians (Glaessner) = M atanzia varians 

(Glaessner) 
Rhizammina indivisa Brady 
Rzehakina epigona (Rzehak) 
Rzehakina fissistomata (Grzybowski) 
Saccammina placenta (Grzybowski) 
Silicosigmoilina californica Cushman & Siegfus 
Siphonodosaria paleocenica (Cushman & Todd) = 
Stilostomella paleocenica (Cushman & Todd) 
Sphaerammina subgaleata (Vasicek) 
Spiroplectammina spectabilis (Grzybowski) 
Spiroplectinella dentata (Alth) 
Tappanina selmensis (Cushman) 
Trochammina dejormis Grzybowski 
Trochamminoides coronatus (Brady) 
Trochamminoides proteus (Karrer) 
Valvulineria teuriensis Loeblich & Tappan 
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