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II. . CuHb08cKu, C. Wy.11 eHKO - 3ot-taAbt-toe pactfAeHet-tue ceHo.llaHcKozo Rpyca Lf.eHmpaAbHOii CeoepHot1 
5oAzapuu riO U30eCmKOGO,\tlj HQHOri.'IQHKnLOH!J. BnepBble Ha TeppiiTOpHH 3TOH CTpaHbl .nenaeTCSI nOnbiTKa 
ltJJR 30113Ji bHOf0 paCliJteHeHHSI BepxHeMeJIOBbiX nopo.n 110 U3BeCTKOBOMY H3HOnJ13HKTOHy. 06'heKTOM 
HCCJte)l.OBaHHSI HBJJHIOTCSI H31104>0CCIIJ1HH H3 MepreJtbHbJX nopo.n CaHa,!.I.HHOBCKOil CBHTbl (CeHOMaH}, 
o6Ha>KaJOW.HecR no npaaoMy 6epery peKH OcwMa, Me>K.ny cenaMH H oaa4e11e H CaHa.!l.HHOBo, ceaepo· 
BOCTOliHee OT ropo,!ta nneaeu . YCTaHOBJteHO npHcyrcraHe rpex HaHon.'laHKTOHHblX 30H: 30Ha E. turn·· 
seiffeli (aepxtnli'l a.!Jb6- HH>KHHrt ceHOMaH), 30Ha L . acutum (HH>KHHH·aepxmtii ceHOMaH) H 30Ha 
M. decoratus (ocpXHHii ceHOMaH). 

Abslrnct. For lhe first lime in this country calcareous nannoplan kt on zonation i made of lhe 
Upper Cretaceous rock ·. The subject of the study are nannofo~sils from the sediments of the Sanadi· 
novo M ar l Formation (Cenomanian) which outcrop along lhe OsAm river between the villages of Sana· 
dinovo and Novacene Northeastern f rom Pleven. Three nannofossil zones are de cribed: £. lurri · 
sei!feli Zone {Upper Albian-Lower Cenomanian), L. anJium Zone (Lower-Upper Cenomanian) and 
M . deroratus Zone (Upper Cenomanian). 

In troduction 

Calcareou nannofossils are one of the most useful groups for biostratigraphical sub­
di vision of Cretaceous sediments. This stud y is the first attempt to make a coccolith 
zonation of Cretaceous rocks in Bul garia. 

Cocco} i th samples were collected from the Sanadi novo Marl Formation be tv. een 
the villages of Sanadinovo and Novacene in Central orth Bul garia (Fig. I). 

Eo ill e s et al. (1958) and C T p a ill H M H p o s, C To H HoB a (1958) included 
thi s marl unit into the AI bi an Stage. H a 4 e s, H H K o JI o B (1961) established that 
these rocks are Cenomanian in age. U. a H K o s, I1 o s 4 e s a (1961) referred them 
to the Upper Cenomanian and l.( a H K o s et al. (1964) to the Lower Cenomanian. 
C y JI T a H o B (1981) referred them to the Cenomanian Stage, too. Yl o JI I< H q e B 

(1987) erected a new official lithostratigraphical unit - Sanadinovo Marl Formation 
and divided it into three substages or ammonite zones: Lower Cenomanian (M. man­
telli Zone). Middle Cenomanian (A. rhotomagense Zone) and Upper Cenomanian (C. 
naviculare Zone). The nannofossil zones are correlated with ammonite zones (Fig. 2). 
The Lower Cretaceous - Upper Cretaceous boundary is marked by disappearance of 
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ammonite species belonging to the S. dispar Zone of the Upper Albian (YI BaH o B 
et a!., 1980). 

The investigations were carried out on a 1 ight and scanni ng electron microscope. 
\Ve are grateful to Dr M. M a 1 e e v and hi s assistans at the Institute of Applied 
Mineralogy for the use of a scanning electron microscope. 

Nov.:~cc:'lc 

~------~~------ -

_ _j 
fig . I. Geogra phic location of the 
section stud ied 

Nannofossil zonation 

The zonation used in thi s paper incorporates zones 
first proposed by Thier s t e i n (1971), Verb e­
e k in M ani vi t et al., (1977) and S i s s i­
n g h (1977). 

E iffellithus turriseiffeli N F Zone 

Author: Thierstein (1971), emend. 
M a n i v i t et al. (1977). 

D e f i n i t i o n: Interval from first occurren­
ce of E iffellithus turriseiffeli (D e f I a n d r e) 
Reinhardt to first occurrence of Lithraphidites 
ac u tum V e r b e e k & M a n i v i t. 

Age: Upper Albian - LO\\·est Cenomanian. 
R em a r k s: The lower boundary of thi s zone was not recovered . 

Thier s tein (1971) established it of the first occurrence of E . turriseiffeli (De f-
1 a n d r e) R e i n h a r d t and thi s has been confirmed by many authors - S i s­
s i n g h (1977), Man i vi t et al. (1977), Roth (1978), Crux (1982), H a q (1984). 

Only the upper part of the zone \vas s tudied. The zonal marker occur in the lowest 
sample of the section. 

Lithraphidites acutum N F Zone 

A u t h o r: V e r b e e k in M a n i i t et al. ( 1977). 
D e f i n i t i o n : Interval from first occurrence of Lithraphidites acutum V e r­

b e e k & M a n i v i t to the firs t occurrence of Microrhabdulus decoratus D e f 1 a n­
d r e. 

Age: Lower - Upper Cenomanian. 
F i r s t o c c u r r e n c e: Lithraphidiles acutum V e r b e e k & M a n i v i t, 

Corollithion kennedyi C r u x, Chiastozygus cuneatus (L u 1 j e w a) C e p e k & H a y . 
R e m a r k s: V e r b e e k in M a n i v i t et al. (1977) used for the first time 

L . acutum as a zonal marker. The authors outlined this zonal level in the upper part 
of the Middle Cenomanian. 

The first L. acutum Verbeek & Man i vi t (this study) appear somewhat 
above the AI bi an - Cenomanian boundary or in the 1 ower part of the M . mantelli 
Ammonite Zone. This datum level coincides with the fir st occurrence of Chiastozygus 
cuneatus (L u 1 j e w a) C e p e k & H a y and Corollithion l<ennedyi C r u x. Thus 
the stratigraphical interval of the Lithraphidites acutum NF Zone in this paper includes 
the upper part of the Eiffellithus turriseiffeli NF Zone as defined by M a n i v i t et 
al. ( 1977) and coincides with Chiastozygus cuneatus NF Zone of R o t h & T h i e r­
s t e i n ( 1972). 
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M icrorhabdulus decoratus N F Zone 

A u t h o r: S i s s i n g h ( 1977). 
D e f i n i t i o n: Interval from first occurrence of Corollithion exiguum S t r a­

d n e r or Microrhabdulus decoratus D e f 1 a n d r e to first occurrence of Quadrum 
gartneri P r i n s & P e r c h-N i e 1 s e n or Tetralithus pyramidus G a r d e t. 

Age: Late Cenomanian. 
F i r s t o c c u r r e n c e: Corollithion exiguum S t r a d n e r, M icrorhabdutus 

decoratus D e f I a n d r e, Gartnerago obliquum (S t r a d n e r) T h i e r s t e i n. 
L a s t o c c u r r e n c e: Lithraphidites acutum V e r b e e k & M a n i v i t, Co­

rollithion kennedyi C r u x, Podorhabdus albianus B 1 a c k. 
R e m a r k s: Microrhabdulus decoratus D e f 1 a n d r e is very rare and Corol­

lithion exiguum S t r a d n e r is more abundant. They appear both in the sample 
CH-8 and this was used here as a zonal level for the lower limit of the Microrhabdulus 
decoratus NF Zone. 

The upper limit of the zone was not recovered. Sis sing h (1977) defined it 
by the first appearance of Tetralithus pyramidus G a r de t. Man i vi t (1971) de­
fined the upper limit of her Corollithion exiguum NF Zone by the first occurrence of 
Micula staurophora (Garde t) S t r ad n e r. B u k r y (1974a, 1974b, 1975) de­
fined the upper limit of his Corollithion exiguum NF Zone by the earliest occurrence 
of Tetralithus pyramidus G a r d e t or M icula decussata V e k s h i n a ( = M. stau­
rophora). It is possible that these authors have included Quadrum gartneri P r i n s & 
P e r c h-N i e 1 s e n within their zonal species. 

We failed in our attempts to find out any other stratigraphically important species 
for the Cenomanian Stage .. Gartnerago obliquum (S t r ad n e r) T hi erst e i n 
is absent and Lithraphidites alatus T h i e r s t e i n is very rare. The former occur 
at the top of the Cenomanian Stage in North East Bulgaria, where Podorhabdus albi­
anus B 1 a c k, Lithraphidites acutum V e r b e e k & M a n i v i t and Corollithion 
kennedyi C r u x are missing (unpublished data). 

Systematic notes 

Family ARKHANGELSKIELLACEAE B u k r y, 1969 

Genus Broinsonia B u k r y, 1969 

Broinsonia dentata B u k r y, 1969 

Pl. 1, fig. /, 2 

1969. Broiasonia dentata n. sp. ; B u k r y , p. 21, pl. 2, fig. 1-3. 
1972. Broinsonia dentata B u k r y; R o t h & T h i e r s t e i n , p . 480, pl. 14, fig. 6-13. 

Remarks: Small specimens were found in the Albian and Lower Cenomanian 
samples. It becomes very abundant in the samples CH-6 and CH-7. 

Family PODORHABDACEAE N o e I, 1965 

Genus Podorhabdus N o e 1, 1965 

Podorhabdus albianus B 1 a c k, 1967 

Pl. 1, fi g . 7 

1965. R habdosphaera sp.; Bla c k, p. 133, fig. 10. 
1967. Podorhabdus albianus s p. nov. ; B I a c k, p. 143. 
1968: Prediscospheara? orbiculofenestra new species; Gar t n e r, p . 21, pl. 25, fig. 23-25 ; pl. 26, 

fi g . 8 . 
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M icrorhobdulus 

CH8 
decoratus 

~'"'H7 
CH6 

CHS 
Llthrophidites 

80 acutu m 
CHI. 

~3 

CH2 
Eiffellithus 

CH1 
giRl turrisei fteti 

Fig. 2. Di lributi on o f selected spec ies of tr a li g raph ic 
importance in the section between the villages of Sanadi­
novo and Novacene: 1 - marls; 2- g lauconitic 
san ds tones 

197 1. Podorhabdu s orbicu lofeneslrlls G ar t 11 e r; 
1972. Podorlzabdus orbiculofenestms (G ar t 11 e r) 

T hie r slc i n, p. 478 , pl.8, fi g.9- 17. 
Th ierste in; Roth&Thier tein, 

p. 464 , pl. 6. fi g . 1- 7 . 
1976. Podorlzabdus albianus B I a c k; Thier s t e i n, p . 344 , pl. 4 , fi g . 13 , 14. 

R em a r k s : This species differs from Podorhabdus dietzmanni (R e i n h a r d t ) 
R e i n h a r d t by the regular di sposition of the perforations in each quadrant of 
the central area and under crossed nicols in the light m icroscope by the division of 
each of the four bars into two parts. 

Famil y ZYGODI SCACEAE H a y & J\\ o h I e r 

Genus Chiastozygu s G a r t n e r , 1968 

Chiastozygus cuneatus (L u 1 j e w a, 1967) C e p e k & H a y, 1969 

Pl . 1, fi g . 3-6 

1967. Zygolithus cunealus sp . nov .; JI 10 .1 b c a a, c. 94, Ta6.1. I , ¢ur. 13. 
1967. Zygolithu · cortlrarius s p. nov. ; .n 10 JJ be sa, c. 94 , Ta6.1. I , ¢nr . 12. 
1969. Chiaslozygus cuneatus L y u l'e v a; C c p e k & H a y, p. 325, fi g. 2 , 4. 
1972 . Ch iastozygus ccweatus L y ul'e v a: R oth & Thi er s t e i n . p. 476, pl. 12, fi g. 1- 6 . 
1976 . Eiffellitltus lrabeculatu s Gorka; Thier s te in , partim, pl. 1, fi g. 11, non pl. 1, fi g. 12; 

pl. 4, fig. 9, 10. 
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R em a r k s: Thi s species is distinguished from the other species of the genus Chia­
stozygus by the presence of the short fifth bar parallel to the long axis, joining the four 
crossbars at the centre. T hi erst e i n (1976) considered this form synonymous 
with Eiffellithus trabeculatus (G o r k a) R e i n h a r d t & G or k a. It is very dif­
ficult to distinguish them under crossed nicols but C. cuneatus (L u 1 j e w a) C e­
p e k & H a y is without large cri sta! plates around the central area, which are typical 
for the genus Eiffellithus R e i n h a r d t. 

Genus Eiffellithus R e i n h a r d t, 1965 

Eiffellithus turriseiffeli (De f 1 andre, 1954) Reinhardt, 1965 

Pl. 1, fi g . 8, 9 

1954. Zygolithus turriseiffeli cent. nov.; D e f I a n d r e in De f 1 a n d r e & Fer t, p. 149, 
text- fi g . 65, pl. 13, fig. 15, 16. 

1965. Elffe llithus iurriseiffeli D e f I andre; Rei n hard t, p. 36. 

R e m a r k s : The specimens from the Albian samples are small and rare. In the sample 
CH-1 they become larger and occur more often. 

Genus Z ygodi scu s B r a m 1 e t t e & S u 1 1 i v a n, 1961 

Zygodiscus diplogramm11s (D e f 1 a n d r e, 1954) G a r t n e r, 1968 

Pl. 1, f ig . 11, 12 

1954. Zygolithus d iplogrammus cent. nov . ; De f \ andre in D e f 1 andre & F crt , p . 34, 
text-fi g . 57, pl. 10, fi g . 7 . 

1968. Zygodiscus diplogrammu. s De f I an d r e: Gartn e r, p. 32, pl. 19, fi g. 3; pl. 21, fi g . 2; 
pl. 22, fi g. 7; pl. 23, fi g. 12-14; pl. 24, fig. 6; non pl. 14, fig. 18; pl. 17, fig . 4; pl. 25, fi g .17 . 

R em a r k s: This is the most abundant form in the samples studied with the excep­
tion of Watznaueria barnesae (B 1 a c k) Perch-Nielsen. 

F amily STEPHANOLITHIONACEAE B 1 a c k, 1968, emend Bur k y, 1969 

Genus Corollithion S t r a d n e r, 1961 

Corollithion exiguum S t r a d n e r, 1961 

Pl. 1, fi g. 10 

1961. Corollithion exiguum nov. spec.; S t r ad n e r, p. 83, fi g. 58- 61. 

Rem a r k s: This species appear in the sample CH-8. It was used as a zonal marker 
for the lower limit of M. decoratus NF Zone. 

Corollithion kennedyi C r u x, 1981 

Pl. 1, fig . 15 

198 1. Corollithion kennedyi n . s p.; C ru x, p. 634, pl. l , fig. 4 , 5; pl. 2, fi g . 4, 5. 
1982. Corollithion kenrzedyi C r u x; C r u x, pl. 5.2, fig. 19, 20 ; pl. 5 .9, fi g . 11, 12. 

R em a r k s: Thi s species differs from Corollithion signum S t r a d n e r in the 
construction of the central area, which is occupied entirely by the central cross. In 
polarized light each of the crossbars is divided distinctly into two parts. 

51 



Family MICRORHABDULACEAE R e inhardt, 1966 

Genus Microrhahdulus D e f I a n d r e, 1959 

Microrhabdulus decoratus D e f 1 a n d r e, 1959 

P l. 1, fig. 13 
1959. Microrhabdulus decora.tus n. g. n. sp.; D e f Ian d r c, p. 140- 141, pl. 4, fig . 9, 10 . 

R e m a r k s: Thi s species occurs Yery rare in the sample CH-8 and it was used as a 
biostratigraphical marker for the base of M. decoratus NF Zone. 

Genus Lithraphidites D e f 1 a n d r e, 1963 

Lithraphidites acutum V e r b e e k & J\'1 a n i v i t , 1977 

Pl. I, fi g. 14. 
1974 . Lithrapllidites alatus T h i e r s t e i n ; T h i e r s lei n, p. 641 , pl. 3, fig. 5- ll. 
1976. Lithraphidile ala/us T h i e r s t e i n; Verbeek, p. 77, pl. 2 , fi g. 5a, b . 
1977. Lithraphidites acutum nov. spec. ; V er b ec k & M an i v i t i n .M an i v i t et al., p. 176, 

pl. 1, fi g. 7, 8 . 

R em a r k s: This species differes from the ot her species of the genus by the four 
prominent processes whi ch give a helical shape to thi s form. So far it has been reported 
from the Middle and Upper Cenomanian by many authors. C r u x (1982) reported 
it from the upper part of M. Mantelli Zone in England. In thi s study L . acutum V e r­
b e e k & M a n i v i t appears a I ittl e above the Albi an - Cenomanian boundary. 
It was used as a zonal marker for the L . acutum NF Zone. 
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PLATE I 

Fig. /, 2. Broinsonia den/a la B u k r y, 1969 . 
Fig. ! . Proxima: view, SEJ\\ , .< 4000; sample CH 8, C. exiguum NF Zone , Sanadinovo Marl Formation, 

pper Cenomanian 
fig. 2. Di tal view, SE \, 4000; ample CH 8, C. exiguum F Zone, Sanadinovo Mar l Formation, 

Upper Cenomanian 
ri~. :J - 6. Chia~fo7ygus cunentuc; (L :1 I jew a, 1967) Cepe k & H a y, 1969 
F i ~ . 3. LM. X 2000; ample CH 5, L. acu fum F Zone , Sanadinovo Marl For mation, Middle Ceno­

manian 
fig. fi. LM , < 2000, :'< ·nicol:; lhe arne pee! men a. Fig. 3 
Fig . .J . Proximal view, S EM, Y 6000;. am pie CH 8, C. exiguu m NF Zone, Sanadi novo ·\arl Formation, 

Upper Cenomanian 
Fi g. 5. Di ·tal view, SEM, >: 6000; ~a mple:' CH 8, C. exiguum NF Zone, Sanadinovo Marl Formati on, 

Upper Cenomanian 
Fig. 7. Podurhabdu a lbianu~ B I a c k, 1967. Pro . .; imal view, SElv\, , 0400;. ample CH 8. C. exi· 

guu m Zone, Sanadi novo \arl For mali on 
Fig. R, 9. Fiffe llifllUs turri )ei[[Pli (0 e i I and re , 1954) R ei n h a r d t, 1965 
Fig. 8. Di tal view, SE 1, ;< 4000; ample CH 8, C. exiguum F Zone, Sanadinovo Marl Formation, 

pper Cenomanian 
fi g. 9. LM, X 2000, X -ni cols; ~am p l e CH 3, L. acutum Zone, Sanadinovo Marl Forma lion, Lower 

Cenomanian · 
Fig. 10. Corollilhiort exiguum S t r ad n e r, 1961. Proximal view, SEM, X6000; sampl e CH 8, 

C. exiguum Zone, Sllnadinovo 1arl Formation , Upper Cenomanian 
Figc..//, 12. l!Jgodisr:u~ dinlogrammu (Deflandre 1954) Re inh a rdt , 1965 
Fig . II . Proxi mal view, SEt >C 4000; sa mple CH 8, C. exiguum 1F Zone, Sanadinovo Marl Forma ­

tion , Upper Cenoma 11ian 
Fig. 12. LM , . 1750, X ·ni col ; am pie CH 2, L . acu tum F Zone, Sanadi novo Marl Formation, 

Lower Cenomanian 
Fi a. / .'J. Microrhahdulus decorafu D ei Ian d r e, 1959. Side view, SEM, X6600; sample CH 8, 

C. exiguum NF Zone. Sanadinovo Marl Formation, Upper Cenomanian 
Fie1 . 14. Lilhraphidi te- a ~·utum Verbeek & M an i vi t. 1977. Side view, SE/1•\, X4500; ample 

CH 8, C. e~iguum l F Zone, Sanadinovo Mar l Formation . Upper Cenoman ian 
Fig. 15. Corolli thion l~ennedyi C r u x, 1981 . LM, X 2000, )/ -11icol ; . ampl e CH 2, L. c.cutum Zone , 

Sanadinovo ,\1arl Formation, Lower Cenomanian 
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