
GEOLOGICA BALCANICA, 35. 1-2, Sofia, Jun. 2005, p. 3-8 

Calibration of calcareous nannofossils and planktonic foraminifers' 
zonation in the Lower and Middle Paleocene of Bulgaria 

K. Stoykova 1
, S. Juranov2

, M. Ivanov2 

1 Geological Institute, Bulgarian Academy of Sciences, 1113 Sofia, 24 G. Bonchev Str. 
E-mail: stoykova@geology.bas.bg 

2 Sofia University "St. Kl. Ohridski", 1000 Sofia, 15, Tsar Osvoboditel Blvd. 
E-mail: juranov@gea. uni-sofia. bg, mivanov@gea. uni-sofia.bg 

(Submitted 17. 06. 2005; accepted for publication 20. 07. 2005) 

K. CmouKoea, M . Heauoe, C. /(JtCypauoe- Ilapallfleflb­
uoe 3ouupoeauue HUJICHezo u cpeiJ11ezo nafleo4e11a B 
Eoflzapuu no U3BecmKOBOMY uaNonJlaHKmouy u no 
nflaHKmOHHblM ifjopaMuuuifjepaM. B pa6oTe noKaJaHbi 
peJyJibTaTbi nepsoro ,ueTaJibHOro conocTasJieHI1JI 11 Kop­
peJIJII..(I111 JOHaJibHO pac'lJJieHeHHbiX oca,uo'IHbiX nopo,u 
HI1JKHero 11 cpe,uHero naJieoueHa s EoJ1rap1111 no 113secT­
KOBOMY HaHOnJiaHKTOHY 11 no nJiaHKTOHHblM cpopaMI1HI1-
cpepaM. llapaJIJieJII13al(HJI o6ewx cxeM npose,ueHa Ha 
npHMepe CaMOH nOJIHOH Henpepb!BHOH Ce,UHMeHTal(OH­
HOH nocJie,uosaTeJibHOCTI1 EeJieHcKoii CBI1Tbl, o6HaJKeH­
HOi1 B pa3pe3ax OKOJIO c. rop11ua, BapHeHCKI1H OKpyr. B 
,UaTCKOM llpyce ,UOKaJaHO npHCYTCTRI1e HaHOcpOCCHJlbHblX 
JOH NP I-NP4 11 nJiaHKTOHHo-cpopaMI1H11cpeposbiX JOH 
Pa, Pia, Pib Plc, P3a. HecMOTpll Ha see ew.e He,uocTa­
TO"'HOe KOJIH"'eCTBO naJieOHTOJIOfH"'eCKHX ,UaHHblX npe,u­
nOJIOJKeHO HaJIH'lJHe JOHbi PO B OCHOBaHI111 ,uaTcKoro Hpy­
ca 11 JOHbi P2 - B ero sepxHI1X OT,ueJiax. Ha OCHOBaHHH 
6oraToro H pa3Hoo6pa3HOro nJiaHKTOHHoro coo6w.ecTBa 
B JeJiaH,UCKOM Hpyce Bbi,UeJieHbl HaHOcpOCCHJibHaJI 30Ha 
NP5 w cooTBeTCTBYJOW.aJI eii JOHa P3b. llaJieOHTOJiom­
qecKaJI Janwch sepxHeii lfaCTI1 :noro Hpyca npepsaHa ero 
CKaJibiBeHHeM 11 Ha,UBI1faHI1eM BepXHeMeJIOBblX nopO,ll. 
llpHBe,UeHO COnOCTaBJieHI1e CaMblX BalKHblX 6HOJIOfH­
lfeCKHX co6biTHH B o6e11x nJiaHKTOHHbiX rpynnax. TaKoii 
no,uxo,u np11 napaJIJieJibHbiX wccJie,uosaHHJIX nOBbiiiiaeT 
TO"'HOCTb 6110CTpaTHrpacp11'ieCKI1X JaKJIJO'lJeHHH 11 ,uaTH­
pOBOK. 

Abstract. This study represents first attempt to juxtapose 
and correlate the zonal schemes of calcareous 
nannofossils and planktonic foraminifers in the Lower 
and Middle Paleocene of Bulgaria. The calibration of the 
two schemes is accomplished in the most complete and 
continuous sedimentary succession of Byala Fm., crop­
ping out in the sections around the village of Goritsa, 
Varna District. In the Danian Stage the presence of NPI­
NP4 nannofossil zones as well as of the planktic fora­
minifera zones Pa, Pia, Pib, Pic, P3a is documented. In 
spite of the scarce paleontological data, the presence of 
PO zone in basal Danian and P2 zone in the upper Danian 
is suggested. In the Selandian Stage, NP5 and respec­
tively P3b zones are evidenced with exceptionally rich 
plankton associations. The upper part of the section is in­
complete due to the overthrusting of Upper Cretaceous 
sediments. The most important bio-events in both group 
are calibrated, thus enable higher biostratigraphic reso­
lution and accuracy of dating. 
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Introduction 

To date, parallel subdivision and precise juxta­
position of calcareous naimofossils and plank­
tonic foraminifers' schemes has not been per­
formed in Bulgaria. There are just a few papers 
in which some single data is mentioned. This 
data concerns rtstricted intervals, mainly 
around the Cretaceous/Tertiary (K/T) bound­
ary (Rogl et al., 1996; Adatte et al., 2002; 
Peybernes et al., 2004) and in the Lower 
Eocene (AJia;:J;:)KOBa-XpHcqeBa et al., 1983). 
For this reason, the present study aims to cor­
relate and juxtapose in detail the zonal 
schemes of the main two groups - calcareous 
nannofossils and planktonic foraminifers. Its 
realization has been vastly supported and 
stimulated by recently discovered continuous 
sedimentary succession in the Lower and 
Middle Paleocene near Goritsa and Byala, 
Varna District (Fig. I, CTOHKOBa et al., 2000; 
Stoykova, Ivanov, 2004; Stoykova et al., 2004). 

Fig. 1. Location of the studied area 

Just the newly described section in the gully 
west of the village of Goritsa (Stoykova et al., 
2004) has served as a basis for the present par­
allel study. The locality west of Goritsa dem­
onstrates a continuous across the K/T bound­
ary succession comprising entire Lower and 
lower part of the Middle Paleocene (Danian 
and Selandian Stage). The K/T boundary clay 
bed marker is accepted as a reference point, 
conventionally marked with 0 m. The dis­
tances below and above it are denoted respec­
tively with (-) and ( +) m (Fig. 2, 3). 

Results 

The studied part of the section exposed west of 
Goritsa is about 70 m thick. It includes 18 m 
below the K/T boundary (Upper Maastri-
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chtian, Upper Cretaceous) and 50 m above it 
(Lower and Middle Paleocene, Danian and 
Selandian Stage). In the uppermost part of the 
gully, some +50 m above the KjT boundary, 
the Upper Cretaceous sediments occur again 
(thrusted over the Middle Paleocene). The 
Byala Fm. consists of marls, interbedded by 
marly limestones; besides marls are dominat­
ing in the Upper Maastrichtian and marly 
limestones - in the Upper Selandian. Micro­
fossil associations of both planktonic groups 
(calcareous nannofossils and planktic fora­
minifers) are characterized by very good to ex­
cellent preservation and high species diversity, 
suggesting a relatively deeper, calm, low-en­
ergy depositional environment as compared to 
Byala sections. The zonal boundaries are 
drawn at the significant bio-events - first and 
last appearance datum of characteristic cal­
careous nannofossils and planktic forams taxa 
(First Appearance Datum, Last Appearance 
Datum - FAD, LAD). The thicknesses of the 
zones recognized, as well as some important 
bio-events are illustrated in Fig. 3. 

Calcareous nannofossils (Fig. 2) 

Calcareous nannofossil biostratigraphy is 
based on Martini's (1971) standard scheme. 
The last two Upper Maastrichtian zones, as 
well as all five Lower and Middle Paleocene 
zones are documented. Nannofloral associa­
tions display high diversity and abundance 
·across the whole studied interval. They surpass 
the already known ones in Byala Fm. in this 
respect. 

·In the Upper Maastrichtian, CC25c H CC26 
zones are proved. The zonal boundaries are 
drawn at FAD of the species Micula murus 
and M. prinsii respectively. The nannofossil as­
sociations reach an extreme abundance and 
diversity (over 70 identified species). 

Danian Stage. The K/T boundary is lithologi­
cally marked by dark grey clay bed, 2-3 em 
thick. Immediately above it, the FAD of 
Cyclagelosphaera alta (Fig. 2; Plate I, fig. 5) is 
recorded, as well as the bloom of Thora­
cosphaera operculata (Fig. 2; Plate I, fig. 17), 
Braarudosphaera bigelowii (Plate I, fig. 18-19) 
and B. discula. All these bio-events are well 
known and reported from the others K{f lo­
calities in Bulgaria (Ivanov, Stoykova, 1994; 
Stoykova, Ivanov, 2004). The nannofossil asso­
ciations of the first Danian NPl zone are 
dominated by "survivor" and "Cretaceous" 
species (reworked or survived?), whereas 
newly-evolved typical Paleocene taxa 
Cyclagelosphaera alta and Neobiscutum ·rom-



einii occur relatively rare. FAD of Cru­
ciplacolithus intermedius, tracing the NPl/ 
NP2 zonal boundary, is fixed at +2m above the 
K{f (Fig. 2). 

The nannofloral associations of NP2 zone 
are substantially changed, but "Cretaceous" 
reworking species still occur. A sequence of 
successive FAD is recorded within this zone 
(Fig. 2): Cruciplacoli:hus intermedius ( +2 m), 
Prins ius africanus ( + 2 m), Futyania petalosa 
(Plate I, fig. 6- +4 m), Prinsius dimorphosus 
( +4 m), Ericsonia subpertusa (Plate I, fig. 8-
+4 m), Cruciplacolithus tenuis (Plate I, fig. 7-
+6 m), Coccolithus cavus (+8 m). 

The lower boundary of NP3 zone (Fig. 2) is 
marked by the FAD of Cruciplacolithus 
edwardsii at + 14 m, while FAD of Chiasmo­
lithus danicus is recorded higher, at + 17 m, 
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followed by FAD of Prinsius martini (Plate I, 
fig. 9). Nannofloral assemblages are more di­
versified and "Cretaceous" species occur spo­
radically. 

Due to the rarity or lack of the zonal index 
species Ellipsolithus macellus, the NP3JNP4 
boundary is drawn (Fig. 2) by the FAD of 
Neochiastozygus saepes, N. eosaepes and N. 
imbriei at + 27 m. This approximation is based 
on our observations in the neighboring sections 
around Byala, where the FAD of Ellipsolithus 
macellus concurs with FAD of stated above 
species. 

Selandian Stage. The lower stage boundary is 
situated in the uppermost part of NP4 zone, be­
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Fig. 3. Biostratigraphic subdivision of the section Goritsa: calibration of calcareous nannofossils and planktonic fora­
miniferal zones and bio-events 

(Fig. 2) is marked by FAD of Fasciculithus 
tympaniformis (Plate I, fig. 1 0) at + 34 m, along 
with large group of species of the genus 
Fasciculithus: F.janii (Plate I, fig. 11 ), E billi (Plate 
I, fig. 12), E pileatus. Another reliable event, 
which approximates this boundary, is FAD of 
Chiasmolithus bidens (Fig. 2; Plate I, fig. 14). In 
the middle part of the NP5 the FAD of 
H eliolithus cantabriae ( + 41 m, Fig. 2) is regis-
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tered. This zone demonstrates relatively large 
thickness and nannofossil species diversity and 
abundance reaches its peak. The volume of this 
zone is incomplete due to the thrusting of Upper 
Cretaceous sediments in the upper part (Fig. 3). 

Planktonic foraminifers 

The study section comprises rich and diverse, 
well preserved planktic foraminifers, enabling 



identification and subdivision of the most of 
planktonic foraminifera zones in the Lower 
and Middle Paleocene (after Berggren and 
Miller, I988). 

In the Uppermost Maastrichtian, immedi­
ately below the K/T clay bed, planktic fora­
minifera association is typical for A. mayaro­
ensis zone and consists of various species of the 
genera Globotruncana, Heterohelix, Guembe­
litria, etc. 

Danian Stage. In the complete sections, in 
the basal part of Danian usually PO zone is 
recognized with rather reduced thickness (sev­
eral em only). In the course of the present 
study it is not recorded due to the larger sam­
pling distance. 

Pa zone is under I.9 m thick. Its lower 
boundary is not characterized precisely. 
Within this zone, reworked Upper Cretaceous 
taxa commonly occur. Paleocene species 
rarely occur and their size is below 0.2 mm. 
The dominating species is Parvularugoglobige­
rina eugubina, restricted only in this zone and 
defining its lower and upper boundary. The 
species Guembelitria cretacea, Chiloguembe­
lina morsei and Chiloguembelina midwayensis 
are very common in the association, whereas 
Parvularugoglobigerina alabamensis and Glo­
banomalina c£ archaeocompressa occur rela­
tively rare. 

Subzone Pia is about e 2-3 m thick (Fig. 3). 
It is defined as an interval between LAD of 
Parvularugoglobigerina eugubina and FAD of 
Subbotina triloculinoides. Similarly to the pre­
vious zone, in this zone reworked Upper Creta­
ceous species are abundant too. The associa­
tion is dominated by Guembelitria cretacea, 
Woodringina claytonensis and abundant eoglo­
bigerinds: Eoglobigerina eobulloides, E. fringa, 
E. edita. Comparatively rare occur Parasubbo­
tina pseudobulloides, Praemurica taurica, Pr. 
pseudoinconstans and Chiloguembelina morsei. 

Subzone PI b is about I5 m thick. In the 
lower 4 m, a lot of reworked Upper Cretaceous 
Globotruncana are recorded. Zonal association 
is dominated by Parasubbotina pseudobullo­
ides, Eoglobigerina eobulloides and Praemurica 
taurica. Subbotina triloculinoides scarcely oc­
curs in the basal part and becomes common in 
the upper part, where the FAD of Subbotina 
varianta H Praemurica inconstans is registered. 

Subzone Pic is about I5 m thick. The 
planktic foraminiferal association is clearly 
dominated by subbotinids and eoglobigerinids. 
It comprises Subbotina triloculinoides, Globa­
nomalina compressa, Eoglobigerina edita, Sub­
botina pseudobulloides. The abundance of Glo-

banomalina compressa gradually increase up­
ward, while in the upper part the transition 
forms to Globanomalina ehrenbergii are ob­
served. Within this subzone, the FAD of Prae­
murica praecursoria and Eoglobigerina spiralis 
are documented (Fig. 3). The upper boundary 
is ambiguous. 

The presence of P2 zone is not evidenced in 
the present study, possibly due to the large 
sampling distance. Its suggested thickness is 
not exceeding 1.50 m. 

Selandian Stage. Subzone P3a has about 2 m 
thickness . Its upper boundary is marked by the 
FAD of Morosovella velascoensis, because of 
the missing of lgorina albeari. The recovered 
association is extremely rich, with abundant 
Subbotina triloculinoides, S. pseudobulloides 
and S. varianta. Globanomalina compressa and 
Eoglobigerina spiralis are commonly recorded 
species. 

Subzone P3b is over I 0 m thick. Its lower 
boundary was already discussed above, whe­
reas its upper boundary is tectonic contact 
with thrusted Upper Cretaceous rocks. Typical 
association contains abundant subbotinids: 
Subbotina triloculinoides, S . pseudobulloides 
and S. varianta. The representatives of moro­
zovellids exhibit high species richness: M oro­
sovella velascoensis, M. conicotruncata, M. 
simulatilis, M. angulata, M. apanthesma. The 
presence of some other species, as Globa­
nomalina chapmanni and G. ehrenbergii is 
noted as well. 

Calibration between 
two zonal schemes 

Precise juxtaposition between nannofossils and 
planktonic forams' schemes is shown in Fig. 3. 
The correlation of the bio-events in nanno­
floral and planktonic foraminiferal associa­
tions has led to the following conclusions: 

• In the basal Danian, planktonic foramin­
ifera succession displays higher biostrati­
graphic resolution, enabling separation of 
PO, Pa and Pia zones, which equates to 
NPI nannofossil zone. 

• In the lower and middle part of Danian, 
the parallel study can distinguish much 
more precisely lower, middle or upper 
part of particular nannofossil and/or 
planktic foraminifers' zone. 

• In the upper part of Danian and Selan­
dian, the biostratigraphic resolution in 
both groups increases significantly. 

• Planktonic foraminiferal record ascerta-
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PLATE I 
(All microphotographs x 2500) 

l. Micula murus (Martini, 1961) Bukry (1973). Sample G2 (-11.70 m); .CC 25c Zone. 
2. Micula prinsii Perch-Nielsen (1979). Sample G5 (-5.50 m), CC 26 Zone. 
3. Nephrolithus frequens Gorka (1957). Sample G7a (-0.2 m), CC 26 ~De. 
4. Prediscosphaera grandis Perch-Nielsen (I979). Sample G5 ( -5.50 niJ, CC 26 Zone. 
5. Cyclagelosphaera alta Perch-Nielsen (1979). Sample G7d ( +0.10 m), ~ I Zone. 
6. Futyania petalosa (Ellis & Lohmann, 1973) Varol (1989). Sample GIO (+6.00 m), NP 2 Zone. 
7. Cruciplacolithus tenuis (Stradner, 1961) Hay & Mohler (1967). SampleG12 (+10.00 m), NP 2 Zone. 
8. Ericsonia subpertusa Hay & Mohler (1967). Sample G13 (+13.00 m), NP 2 Zone. 
9. Prinsius martinii (Perch-Nielsen, 1969) Haq (1971). Sample G29 (+34.50 m), NP 5 Zone. 

10. Fasciculithus tympaniformis Hay & Mohler (1967). Sample G29 (+34.50 m), NP 5 Zone. 
11. Fasciculithus janii Perch-Nielsen (I971). Sample G29 ( +34.50 m), NP 5 Zone. 
12. Fasciculithus billii Perch-Nielsen (1971). Sample G29 (+34.50 m), NP 5 Zone. 
13. Placozygus sigmoides (Bramlette & Sullivan, 1961) Romein (1979). Sample G35 (+45.00 m), NP 5 Zone. 
14. Chiasmolithus bidens (Bramlette & Sullivan, I961) Hay & Mohler (1967). Sample G35a (+46.00 m), NP 5 Zone. 
15. Neochiastozygus perfectus Perch-Nielsen (I981). Sample G35a (+46.00 m), NP 5 Zone. 
16. Ellipsolithus bollii Perch-Nielsen (1977). Sample G29 ( + 34.50 m), NP 5 Zone. 
I7. Thoracosphaera operculata Bramlette & Martini (1964). Sample G17 (+12.00 m), NP 2 Zone. 

18-19. Braarudosphaera bigelowii (Graan & Braarud, 1935) Deflandre (1947). 18- sample G7d (+0.10 m); I9-
sample G8 (+2.00 m), NP 1 Zone. 

20. Chiasmolithus consuetus (Bramlette & Sullivan, 1961) Hay & Mohler (1967). Sample G33 ( +41.00 m), NP 5 
Zone. 

PLATE II 

1-5. Parvularugoglobigrina eugubina (Luterbacher & Premoli Silva,l964). Sample G7d (+0.1 m). Zone P a. 1 -
umbilical side; x 450; 2 - umbilical side; x 400; 3 - wall surface; x 1500; 4 - umbilical side; x 350. 

6. Parvularugoglobigrina alabamensis (Liu & Olsson). Sample G7d ( +0,1 m). Zone P a. Spiral side; x 450. 
7-9. Guembelitria cretacea Cushman. 7- Sample G7d ( +O.l m); Zone P a; x 400; 8- sample G7d ( +O.l m); Zone 

P a; x 300; 9- sample G8 (+2m); Zone Pia; x 450. 
10-ll. Chiloguembelina morsei (Kline). Sample G8 (+2m). Zone Pia. Fig. 10- x 300; 11- x 200. 
12-13. Eoglobigerinafringa (Subbotina). Sample G7d (+0.1 m). Zone P a; 12 -spiral side; x 500; 13- wall surface 

of the last chamber; x 2000. 
14-15. Eoglobigerina edita (Subbotina). Sample G8 (+2m); Zone Pia. I4- spiral side; X 250; 15- umbilical side; x 250. 

16. Eoglobigerina trivialis (Subbotina). Sample G8 ( +2 m); Zone PI a. Spiral side; x 270. 

PLATE III 

1, 2. Eoglobigerina eobulloides (Morozova). Sample G8 (+2m); Zone Pia. 1- spiral side; x 250; 2- umbilical side; x 220. 
3. Eoglobigerina spiralis (Bolli). Sample G28 ( + 32.5 m). Zone P3a, spiral side; x 300. 
4. Globanomalina cf. archaeocompressa (Blow). sample G7d (+0,1mK{T); Zone Pa. umbilical side; x 300. 

5-8. Globanomalina compressa (Plummer). 5, 6, 7 - sample G27 ( + 31 m); Zone P1c; 5 - spiral side; x l70; 6 -
umbilical side; x 200; 7 - lateral side, x 250; 8 - Sample G21 ( + 19 m); Zone Pic; umbilical side; x 200. 

9. Globanomalina chapmani (Parr). Sample G35 ( +45 m). Zone P3b. umbilical side. 
10. Globanomalina ehrenbergii (Bolli). Sample G29 ( + 34 m). Zone P3b. umbilical side; x 170. 

11 ,12. Praemurica inconstans (Subbotina). Sample G28 ( +32.5 m). Zone P3a; 1I -umbilical side; x 200; 12- spiral 
side; x 200. 

13. Praemurica pseudoinconstans (Blow). Sample G8 (+2m). Zone Pia. spiral side; x 200. 
14. Praemurica uncinata (Bolli). Sample G28 ( +32.5 m). Zone P3a. spiral side; x 270. 

15,16. Parasubbotina pseudobulloides (Plummer). Sample G8 (+2m). Zone Pia. 15- umbilical side; x 200; 16-
spiral side; x 200. 

PLATE IV 

l, 2. Parasubbotina pseudobulloides (Plummer). Sample G8 (+2m). Zone P1a. I5- umbilical side; x 200; 16- spiral 
side; x 200. 

3, 4. Parasubbotina varianta (Subbotina). 3 - sample G21 ( + 19 m). Zone Pic, umbilical side; x 200; 4- sample 
G22 (+21 m). Zone P1c, umbilical side, x 200. 

5-7. Sub bot ina triloculinoides (Plummer). 5, 6 - sample G 10 ( +6 m). Zone PI b; 5 - umbilical side, x 250; 6 -
sample G27 (+31m); Zone Pic; spiral side; x 250; 7- sample G16 (+17m); Zone Plb; spiral side; x 220. 

8, 9. Subbotina velascoensis (Cushman). Sample G33 ( +41 m). Zone P3b. 8 - umbilical side; x 170; 9 -spiral side; x 170. 
I 0-12. Morozovella angulata (White). Sample G29 ( + 34.5 m). Zone P3a; 10 - umbilical side; x 220; II - wall surface 

with nannofossils, x 1300; 12 - spiral side; x 200. 
13-14. Morozovella conicotruncata (Subbotina). Sample G29 (+34.5 m). Zone P3a. 13- umbilical side; x 200; 14-

spiral side; x 200. 
I5-16. Morozovella velascoensis (Cushman). Sample G30 (+36m). Zone P3b, umbilical side; x 170. 
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ins the complete lack of the genera Globo­
conusa, Acarinina and Igorina. Neverthe­
less, the rest of the finds clearly fix the 
FAD-levels, identifying various P-zones. 
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