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ABSTRACT

Cretaceous coccoliths from the lowest part of a continuously cored well in Köpings- 
berg 1, Scania, SE Sweden, have been studied mainly under the scanning electron 
microscope (SEM) but also under the light microscope.

Comparisons with species previously published and illustrated with light micro­
scope photomicrographs or drawings could be made only in a few cases. The quanti­
tative occurrence of coccoliths (including some of the coccoliths not described here due 
to their accordance to earlier descriptions in the literature) is presented. Of the forms 
occurring in the Lower Cretaceous of the Köpingsberg 1 core, Ahmuellerella octoradi- 
ata (Görka, 1957), Kamptfierius punctatus Stradner, 1963 and Micula staurophora 
(Gardet, 1955) have hitherto been reported as being guide fossils of the Upper Creta­
ceous. The genera Marthasterites and Lucianorhabdus, and Deflandrius spinosus 
Bramlette et Martini, 1964 have also been reported only from Upper Cretaceous, 
and (in the case of Marthasterites) from younger deposits.

The stratigraphy of the core has previously been established by means of the fora- 
minifera. The samples studied here belong to the Hauterivian - Cenomanian.

The coccoliths are relatively well preserved. About 6 800 specimens have been 
counted and examined. 50 species belonging to the families Arkhangelskiellaceae, 
Coccolithaceae, Deflandriaceae, Eiffellithaceae, Podorhabdaceae, Polycyclolithaceae 
and Zygodiscaceae are described. One new family Polycyclolithaceae n. fam., and two 
new genera Repagulum n. gen., and Margolatus n. gen. are erected. In connection 
with some forms taxonomic problems are discussed. Three genera are emended, and 
20 new species are proposed i. e.: Broinsonia dempta n. sp., Broinsonia lacunosa 
n. sp., Cretarhabdus biseriatus n. sp., Cretarhabdus octoperforatus n. sp., Helicolithus 
stillatus n. sp., Kamptnerius pertusus n. sp., Lithastrinus septenarius n. sp., Lucianor­
habdus arcuatus n. sp., Lucianorhabdus quadrifidus n. sp., Margolatus manivitae n. sp., 
Markalius sulcatus n. sp., Marthasterites duplex n. sp., Micula cubiformis n. sp., Poly- 
cyclolithus orbiculatus n. sp., Tranolithus skoglundii n. sp., Vagalapilla alata n. sp., 
Vagalapilla coroniformis n. sp., Vagalapilla partita n. sp., Vagalapilla solida n. sp., 
and Zygodiscus inclinatus n. sp.

ZUSAMMENFASSUNG

Coccolithen der Kreide des unteren Teils der Kernbohrung Köpingsberg 1, SO 
Schweden, wurden hauptsächlich mit dem Scanning Elektronen-Mikroskop (SEM) 
aber auch mit dem Lichtmikroskop untersucht.

Vergleiche mit friiher veröffentlichten, nur mit lichtmikroskopischen Bildern oder 
Zeichnungen belegten Formen, werden nur in einigen Fällen gezogen. Die quantitative 
Verbreitung der untersuchten Coccolithen wird gezeigt.

Von den Formen die in der unteren Kreide der Kernbohrung Köpingsberg 1 auf- 
treten, sind bisher die Arten Ahmuellerella octoradiata (Görka), Kamptnerius punc­
tatus Stradner, 1963 und Micula staurophora (Gardet) als Leitfossilien der oberen 
Kreide, besonders des Turon bis turn Maastricht betrachtet worden. Auch die Gat- 
tungen Marthasterites und Lucianorhabdus sowie die Art Deflandrius spinosus 
Bramlette et Martini, 1964 sind nur von der oberen Kreide bekannt, im Falle 
Marthasterites auch aus noch jiingeren Ablagerungen.
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Die Stratigraphie des Kernes ist bereits mit Hilfe von Foraminiferen aufgestellt 
worden. Die hier studierten Proben gehören demnach zum Hauterive-Cenoman.

Die Coccolithen sind verhältnismässig gut erhalten und iiber 6800 Exemplare wur- 
den näher untersucht. Die 50 Arten gehören zu den Familien Arkhangelskiellaceae, 
Coccolithaceae, Deflandriaceae, Eiffellithaceae, Podorhabdaceae, Polycyclolithaceae 
und Zygodiscaceae. Eine neue Familie Polycyclolithaceae n. fam. und zwei neue Gat- 
tungen Repagulum n. gen. und Margolatus n. gen. werden aufgestellt.

In Zusammenhang mit einigen Formen werden taxionomische Fragen diskutiert.
Drei Gattungen werden revidiert und folgende 20 neue Arten vorgeschlagen 

sonia dempta n. sp., Broinsonia lacunosa n. sp., Cretarhabdus biseriatus n. sp., Cretar- 
babdus octoperforatus n. sp., Helicolithus stillatus n. sp., Kamptnerius pertusus n. sp., 
Lithastrinus septenarius n. sp., Lucianorbabdus arcuatus n. sp., Lucianorbabdus 
quadrifidus n. sp., Margolatus manivitae n. gen., n. sp., Markalius sulcatus n. sp. 
Martbasterites duplex n. sp., Micida cubiformis n. sp., Polycyclolithus orbiculatus 
n. sp., Tranolitbus skoglundii n. sp., Vagalapilla alata n. sp., Vagalapilla coroniformis 
n. sp., Vagalapilla partita n. sp., Vagalapilla solida n. sp. und Zygodiscus inclinatus 
n. sp.

PE3KDMÉ

B aaHHOH CTaTbe onncaHw kokkojihtbi e HHTepBajia 752,6 m —1004,4 m b 
onopHOM pa3Mepe ckbe>khhbi IIIenuHreSeprl (Köpingsberg 1) b ioto-boctouhoh 
IIlBeitHH.

Kokkojihtbi 6bijih nccjieflOBaHM rjiaBHbiM o6pa30M npH noMorpH CKaHHHHr 
— ajieKTpoHHoro MHKpocKona.

Ejiaropapn TOMy nojiyneHo HOBbie paHHBie no hx MopcjaojiorHH, TaKcoHO- 

MHH H paCnpOCTpaHeHHIO B HHJKHeMeJIOBbIX H CeHOMaHCKHX OTJTOJKeHHHX.

HeKOTopbie bhpbi, BbicTynaromne b HHSKHeM Mejiy 3toh cKBaiKHHBi cuHTajiHCB 
po chx nop ,,BegymnMH” pjni BepxHeMejioBBix oTjiojKemm. Dtot onopHtift 
pa3pe3 copepjKaipHH TaKHte <|)opHaMHHH(J)epbi nccjiepoBajica paHtine Hop- 
jiHHroM (1968). IIpoBepeHHbiH hm npepBapHTejn.Hi.iH 6HocipaTHrpa(|)HHe- 
ckhh aHaJiH3 onncaH b omeTe (AHpeperr h h., 1968).

H3yueHHbie b dtoh paöoTe oöpa3pH npHHapjiexcaT k rayTepHB-CeHOMaHy. 
Ha ocHOBe nccjiepoBaHH.fi okojio 6800 kokkojihtob onpepejieHO Toxce hx ko- 
.PHHecTBeHHoe pacnpocTpaHeHHe.

B pe3yjn.TaTe npoBepeHHbix HccjiepoBaHHH ycTaHOBJieHO 7 eejvteit h 26 popoB. 
FIpepjiOHceHbi opHa ho Baa ceMba, Polycyclolithaceae fam. n. h pBa hobbix popa: 
Repagulum gen. n. h Margolatus gen. n.

OnncaHO 50 bhpob, b tom uhcjib 20 hobbix : Broinsonia dempta sp. n., Broinso­
nia lacunosa sp. n., Cretarhabdus biseriatus sp. n., Cretarhabdus octoperforatus sp. n., 
Helicolithus stillatus sp. n., Kamptnerius pertusus sp. n., Lithastrinus septenarius 
sp. n., Lucianorbabdus arcuatus n. sp., Lucianorbabdus quadrifidus n. sp., Margolatus 
manivitae sp. n., Markalius sulcatus sp. n., Martbasterites duplex sp. n., Micula 
cubiformis sp. n., Polycyclolithus orbiculatus sp. n., Tranolitbus skoglundii sp. n., 
Vagalapilla alata sp. n., Vagalapilla coroniformis sp. n., Vagalapilla partita sp. n., 
Vagalapilla solida sp. n., u Zygodiscus inclinatus sp. n.
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INTRODUCTION

Coccoliths (calcareous nannofossils) were discovered by Ehrenberg (1836), 
who studied and illustrated specimens found in samples of chalk. He considered 
them to be of inorganic origin and called them ”Morpholite der Kreide” (Cre­
taceous morpholiths).

Huxley (1858) found a great number of oval and rounded bodies in Atlantic 
deposits. After comparing the “morpholiths” with these minute objects he was 
doubtful about their inorganic origin. Due to the fact that they looked some­
what like cells of the green alga Protococcus he called them “coccoliths.”

The organic origin of the coccoliths was definitely proved in 1861, when 
Sorby (I860) and Wallich (1860, 1861) found that the minute bodies are 
not separate individuals, but parts of cells with a diameter a few times greater 
than that of the individual coccoliths. Sorby found that they formed the walls 
of small spheres, and were not “flat discs” as described by Ehrenberg but 
concave on one side and convex on the other. He thought that they were 
derived from decomposed foraminifera.

The true origin of the coccoliths was explained by Wallich (1861) who 
some years later (1865) found the living organisms floating on the surface of 
the sea. He called them “coccospheres”. Murray (1891) regarded the coccos- 
pheres as a remnant of a pelagic alga.

Studies of recent as well as fossil coccoliths were also carried out by Gumbel 
(1870) and Schwarz (1894). Lohman (1902) made the first taxonomic study 
of recent calcareous nannofossils and Arkhangelsky (1912) described Creta­
ceous coccoliths. Schiller (1930), Kamptner and Deflandre made an im­
portant contribution to the knowledge of recent coccoliths and the latter two 
also studied fossil coccoliths.

At about the middle of this century the investigation of coccoliths increased 
rapidly due on the introduction of the new microscopes TEM (transmission 
electron microscope) and SEM (scanning electron microscope), and especially 
in oil geology there are hopes that the coccoliths will be suitable stratigraphic- 
indicators.

It is mainly the minute size of the coccoliths, their worldwide distribution and 
their great abundance that are promising features in their biostratigraphical 
application.



10 SYLVIA FORCHHEIMER

The purpose of this paper is to present the coccolith flora occurring in the 
Köpingsberg Borehole No. 1, Scania, SE Sweden (Fig. 1).

As hitherto only a few investigations have been presented on Lower Creta­
ceous coccoliths (Fig. 2), it was especially interesting to start the study of the 
lowest part of the 1 004.4 m long core with a stratigraphic range from the Hau- 
terivian to the Lower Maastrichtian. Samples from the Hauterivian - Cenoma­
nian (Fig. 11) have been studied mainly at intervals of 5 m. A quantitative study 
in which about 6 800 specimens have been counted was carried out by means 
of the Stereoscan at a magnification of 2 000 x (Fig. 11).

Although the main problem has been to identify coccoliths previously studied 
under the light microscope, some descriptions have been emended. Comparisons 
with light microscope micrographs and drawings published in the literature 
have been made only in cases of unambigous identification. In order to avoid 
mistakes it would be necessary to study the holotype material, previously inves­
tigated only by means of the light microscope, also under the scanning electron 
microscope (SEM).

Investigations by means of the transmission electron microscope have been 
carried out by Noel (1965), Reinhardt et Gorka (1967) and Perch-Nielsen 
(1968) on samples studied by Deflandre (1954) and Gorka (1957) under the 
light microscope. However, Perch-Nielsen (personal communication) had 
difficulty in identifying some species reported by Gorka (1957).

Stradner et al (1968) in their study on Albian coccoliths by means of the 
transmission electron microscope, described specimens as Zygolitkus litterarius 
(Gorka) and the identification of this species was based on the descriptions 
and drawings given by Gorka (1957). In their discussion they mentioned: “In 
Gorka 1957 three different species designations were used for what is con­
sidered here as one species: Discolitbus trabalis n. sp. (PI. 3, Fig. 2), D. litte­
rarius n. sp. (Pi. 3, Fig. 3) and D. anceps (Pi. 3, Fig. 4). Priority was given to 
that name which was first printed in text, and that was D. litterarius (p. 251) 
against D. trabalis and D. anceps (p. 252)”. In this way the Maastrichtian 
forms published by Gorka (1957) got a stratigraphic range from the Albian to 
the Maastrichtian.

Discolitbus crux Deflandre et Fert, 1954, a Tertiary form, raises prob­
lems of the same kind. The original description is illustrated by a drawing (Fig. 
55) and an electron microscope micrograph (not a carbon replica) of an oval 
coccolith with a straight cross in the centre (PL 14, Fig. 4). Cretaceous forms 
showing similar characteristics have been compared to this form. As a conse­
quence the stratigraphic range of the species is Cretaceous - Tertiary.

A number of authors have reported distribution of coccoliths from the Lower 
Cretaceous and the Cenomanian. Fig. 2 shows these reports in chronological 
order.
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Fig. 1. Map showing the Cretaceous deposits in Scania with the location of the Köpingsberg 
Borehole No. 1.



AUTHOR * DATE STRATIGRAPHICAL RANGE Mode of 
illustration

LEGEND:
1. Light microscope 

micrographs

Stradner 1963 L.Cretaceous - Cenomanian 6; 8 2. phase contrast
Gorka 1963 Cenomani an 6; 8 3 polarized light
Carati ni 1963 U. Cenomani an 6;1; 8
Cepek et Hay 1963 Cenomanian 6; 8 4. transmission
M a n i v i t 1965 Albian - Aptian 1; 3 j 8 electron microscope

1971 Aptian - Cenomanian 1; 3; 5 5. scanning
Noel 1965 Hauterivi an 4;8 electron microscope

Rein hardt 1966 Hauterivian-Cenomanian 3;6/4;8 6. morphological
Stover 1966 Neocomanian — Cenomanian 6/1/2; 3; 8 drawings
Tr ex ler 1967 Cenom ani an 6; 8 7. strati graphical
F orchheimer 1968 Albian- Cenomanian 6/1/2,3;5;8 list

Gartner 1968 Cenomanian 6/1/2; 3;4;8 8. stratigraphical
B ukry 1969 A l b i a n 4; 8 t a bles
Bramlette et Bukry 1969 Hauterivian, Albian, 

Cenomanian
7 ♦ for further 

information
Shumenko 1969 Cen omanian 4; 8 see references

Fig. 2. Index to publications on Lower Cretaceous - Cenomanian coccoliths.
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MATERIAL

I he samples studied arc derived from the sequences between 752.6 m and 
1 004.4 m (T. D. or total depth) of the Köpingsberg 1 core. The boring was 
situated in SE Scania (Fig. 1) and was drilled in 1967 as a stratigraphic test in 
the exploration program of the Geological Survey of Sweden, 1967-1969.

The boring was carried out as a continuously cored well down to T. D. 
The sequence penetrated ranges from the Cenomanian to the Hauterivian. 

1 he stratigraphy, based upon the foraminifera, has preliminarily been estab­
lished by Norling in Anderegg et al (1968); and Norling (1970).

A lithological description of the cored section in the report mentioned shows 
that calcareous sandstone, glauconite siltstone, black shale and siltstone with 
intercalations of clay form the bulk of the sediments.

The coccolith flora occurring at levels 1 004.4-986.4 m, 955.2-950.6 rri, 
936.9 m, 924.2—888.0 m, 846.4 m and 809.4 m is relatively rich and well 
preserved. The coccoliths in levels between 789.9 m and 752.6 m occur less 
frequently (Fig. 11), and show a poor state of preservation.

METHODS

Various methods of separation of coccoliths from sediments have been pre­
viously described by Kamptner (1954), Black et Barnes (1959), Stradner 
et Papp (1961), Bramlette et Sullivan (1961), Edwards (1963), Cohen (1965), 
Noel (1965), Maresch (1966), Stradner et al (1968), Perch-Nielsen (1968), 
Forchheimer (1968, 1970), Bukry (1969), Noel (1970) and Manivit (1970). 
Some of these methods require centrifuging.

The present author has in a previous paper (Forchheimer, 1968) emphasized 
the importance of careful processing and has only infrequently used the centri- 
luge. Hie method described below does not involve any centrifuging. It is 
based on repeated filtration and sedimentation. Pi. I, Figs. 1-2 illustrate the 
method used.

As the coccoliths occur infrequently in the samples studied, 40 g of sample 
have been needed for each suspension instead of the lower amounts commonly 
described in the literature.

The pulverized sample was prepared with 4 percent H^CT, the suspension 
shaken in a beaker and left overnight. Afterwards, the decantant was poured 
out. Distilled water was added to the residue which was washed several times. 
During washing the water was poured off carefully into a 2 1 beaker. The 
remaining deposit on the bottom was studied under a light microscope and 
the washing process was discontinued when no coccoliths were observed any 
longer. The suspension was allowed to settle for 12-15 hours and then de­
canted, and the new residue placed in a 450 ml glass filter funnel with 90-150 /<
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porosity. The glass filter was coupled to a filtering flask connected to a se­
paratory funnel by means of a rubber tube. The funnel was fastened to a stand 
(Pi. I, Figs. 1-2) with movable clamps. From the beginning the filtering flask 
and the separatory funnel were filled with distilled water. By raising and 
lowering the separatory funnel a stream of water moves the sediment particles 
up and down, cleaning the glass filter pores at each stroke. The coccoliths 
together with other particles of a size small enough not to hinder study 
pass into the filtering flask. This process is repeated several times. PI. I, Fig. 1 
shows the result immediately after some raising and lowering of the separatory 
funnel, and the grey colour of the water in the filtering flask indicates sediment 
particles. The coccoliths are concentrated in the filtering flask (Pi. I, Fig. 2) 
while the bigger particles stay in the glass filter funnel. After 10-12 hours of 
settling, the filtering flask is removed and decanted. Distilled water with wetting 
agent is added to the residue. Some drops of the suspension are taken for 
preparing sample stubs for study under the SEM and for slides for investigation 
under the light microscope.

The preparation method of the stubs and slides has been previously de­
scribed by Forchheimer (1970).

Attempts have been made to refind the same specimen after removing the 
stub from the stage. PI. I, Figs. 3-6 show a part of the sample stub, photo­
graphed at various magnifications: Fig. 3 has a magnification of 16.7 x, Fig. 4 
- 41.6 x, Fig. 5 - 167 x and Fig. 6 - 416 x. After placing the sample stub in a 
position marked on the stage the magnification is noted as well as the x-y-z 
coordinates, the aperture, the lens, the tilting angle and the voltage. This proce­
dure makes it possible to refind the same specimen, in this case a coccosphere.

About 600 sample stubs have been studied under the “Cambridge Stereoscan 
MK II a” (SEM) made by Cambridge Instrument Co. LTD., Cambridge, Eng­
land, and about 250 slides by means of light microscopes Zeiss Ultraphot II 
and Leitz Ortholux. For photographic work 35 mm Kodak film Panatomic X, 
Plus X Pan and Kodachrome II have been used. The specimens have been 
photographed from various angles. Some stereoscopic pairs of pictures with 
6 degrees difference between exposures have been taken.

Type specimens are deposited in the Museum of the Geological Survey of 
Sweden, Stockholm.
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TERMINOLOGY

Before 1950 descriptions of coccoliths were based entirely on light microscope 
observations.

The morphological characteristics that have hitherto been treated within 
the terminology are mainly the shape of the coccolith, structure of central area 
(cross, ridge, perforations) and striae of the rim.

Hay et al (1966) proposed separate lists in English for descriptions of cocco­
liths studied under light and electron microscopes, the latter “adapted from 
Halldal & Markali (1954, 1955), Black & Barnes (1959, 1961) and Hay 
& Towe (1962)”.

Reinhardt (1966) illustrated on two figures based on drawings (Kamptner, 
1958, 1963) the terms (Latin and German) used for descriptions of coccoliths 
studied under the electron microscope.

Bukry (1969) presented 27 English terms for the description of coccoliths. 
At the II Planktonic Conference, Round Table on Calcareous Coccoliths in 
Rome (1170) 1 erch-Nielsen proposed a fundamental coccolith terminology 
(illustrated by drawings) discussed and translated into English, French, Ger­
man and Italian (in print). Some of these terms, also with translation into 
Russian are given on pp. 16-17.
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English

arm
base
central area 
central process 
central structure 
column 
crystals 
cycle
depression
disc
distal
element
height
interray area
knob
lateral
opening
perforation
proximal
ray
ridge
rim
segment
shield
suture
wall
width

SYLVIA FORCHHEIMER

French

bras
base
aire centrale
hampe centrale
structure centrale
colonne
cristaux
cycle
depression
collrette
distal
element
hauteur
area interradiale
bouton
lateral
ouverture
perforation
proximal
rayon
arete
anneau
segment
disque
suture
mur
largeur

German

Arm
Basis
Zentralfeld
Zentralfortsatz
Zentraistruktur
Säule
Kristalle
Zyklus
Vertiefung
Flansch
distal
Element
Höhe
Zwischenareal
Knopf
lateral
öffnung
Perforation
proximal
Strahl
Grat
Krantz
Segment
Scheibe
Sutur
Wand
Weite
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Italian Russian

braccio
base
area centrale 
formazione centrale 
struttura centrale 
colonna 
cristalli

pyKa
6a3Hc
peHTpajibHoe nojie
cTepateHb
peHTpajibHaa CTpyKTypa 
CTOJIÖHK
xpycTajibi

giro
depressione
disco
distale
elemento
altezza
area interradiale
bottone
laterale

IJHKJI
yrjiyöjienne
3HCK
flHCTajIbHMH
ajieMeHT
BbICOTa
MeJKJiyneBan apen
6yrop
jiaTepajibHbifi

poro
perforatione
proximale
raggio
cresta
anello

OTBepcTHe
nep<J)opan,Ha
npOXHMajIbHblfi
jiyn
KpoMKa
KpaeBoä 06030K

segmento
scudo

cerMeHT
ipHTOK

sutura IXIOB
parete
larghezza

CTeHKa
mnpHHa
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The present author has followed the terminology proposed at the symposium 
with some additional terms based on Hay et al (1966), Stover (1966) and 
Black (1967):

English Russian

buttres: a structure supporting a high wall 
cube: a regular solid with six equal faces 
cross: two pieces placed across each other 

(straight or x-shaped)
corner: the point of meeting of two lines or
surfaces forming an angle
expansion: extended surface
flange: a part that spreads out like a rim
point: a sharp projecting end
protuberance: a part swelled out
rib: edge
wedge: a solid of five sides
zigzag: a number of short, sharp turns

noanopa
Ky6

KpecT
por

OKCnaHCHH 
BHeillHHH Kpan 
IIHK
BBinyCKJIOCTb
peöpo
KJIHHOo6pa3HBIH

yrjioBaTO-H3orHyTbiH
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Some of the above terms are illustrated in Figs. 3, 4 and 5. These figures 
present coccolith genera (occurring in the Köpingsberg 1 deposits) to which 
these terms are applied.

Genus COCCOLITHUS

pertorati shield

proximal shield
:occolith

central structure

perforations

proximal shield
distal shield proximal

Coccosphere distal shield 

element

inner rim cycle 

perforation 

central structure

distal view

Genus GARTNER AGO Genus KAMPTNER/US Genus L/THASTRINUS

distal

Suture

shield 

rim cycle 

rim cycle 
rim cycle 

rim cycle 

area

flange

lamellae

rd rim cycle

nd rim cycle 
st rim cycle

>ximal ray

-interray area

central area

distal ray

proximal view

proximalproximal

Genus MARK A LIUS

distal shield

depression

lm cycle

Genus M/CULA Genus REPAGULUM

longitudinal bar

transverse

distal vii

Fig. 3. Schematic drawings of coccoliths illustrating the terms mentioned on pages 16-18.
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Genus DEFLANDR/US

expansion

protu berance 

central process 

buttress

distal shield 

proximal shield

spine

central process

basal shield

wedge - shaped element

Fig. 4. Schematic drawings of coccoliths illustrating the terms mentioned on pages 16-18.
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POLYCYCLOL/THUS brotzenii

triangular element

POLYCYCLOL/THUS floral is

overlapping element

POLYCYC LOL/THUS orbicu latus n.sp

zigzag element

Fig. 5. Schematic drawings of coccoliths illustrating the terms mentioned on pages 16-18.
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TAXONOMY

The living species of coccoliths have been morphologically described with re­
ference to the shape of the coccosphere, the flagellae and the aperture (Lohman, 
1902; Schiller, 1930). The fossil coccoliths occurring only as isolated plates 
were at first classified with regard to their shape and structure as seen under 
the light microscope only.

Deflandre (1952) studied coccoliths in polarized light and divided them 
into two groups: Heliolitae (“particules élémentaires de calcite rayonnante”) 
and Ortholitae (“particules paralléles”).

Since the introduction of the electron microscope in the study of coccoliths, 
it has been possible to observe the detailed structure of the specimens (Noel, 
1965).

Reinhardt (1966) introduced a new classification of fossil coccoliths based 
on electron microscope studies. He distinguished four types according to the 
composition of the central area of the coccolith. This classification is only 
applicable to Cretaceous coccoliths having a very well preserved fine structure.

As the zoological nomenclature has been used by some authors and the 
botanical by others, and a combination by Reinhardt (1966), the taxonomy 
has been rather chaotic. The Round Table Conference on Calcareous Nanno- 
plankton in Rome (1970) recommended following the International Code of 
Botanical Nomenclature. From these recommendations an extract concern­
ing the erection of new species follows: “That when a new species is being 
erected the material should be studied when possible in both the light and 
electron microscopes. The following recomendation should be followed:

a) That the catalogue number of the holotype and the institution in which it is 
deposited must be given at the end of the diagnosis,

b) That a new species should not be erected on the basis of one or two speci­
mens, .. .

a) That the holotype should be an unretouched negative,
b) That in addition to the holotype there should be a paratype showing the 

opposite side or another characteristic view.”
According to diagnosis of a new taxon by light microscopy, the following 

recommendations should be followed:
“a) That the holotype should be illustrated as follows:

i) In plan view,
ii) In phase contrast and/or direct illumination,
iii) In cross polarized illumination,...

b) That the holotype and the paratype should never be mounted in viscous 
media,

c) That when possible a slide should contain only one holotype,
d) That the position of the holotype should be indicated by indelible marking 

on the slide.”



SCANNING ELECTRON MICROSCOPE STUDIES OF CRETACEOUS COCCOLITHS 23

The taxonomic problem today is how to proceed with species described by 
means of observations under the light microscope and often illustrated by 
unsatisfactory drawings and micrographs.

The priority rules should be followed but in many cases this is difficult, 
especially concerning forms from different stratigraphical stages (Zygolithus 
litterarius (Gorka) Stradner et al, 1968, p. 39, Pi. 34 and Discolithus litterarius 
nov. spec. Gorka, pp. 251 and 274, Pi. 3, Fig. 3). Specimens described with a 
crossbar structure can belong to various species since the composition of 
elements in the rim cycle, the construction of the crossbars or other morpholo­
gical characteristics can be different. The structure is seldom visible in light 
microscope micrographs or drawings.

Discolithus crux Deflandre et Fert, 1954 originally described from the 
early Tertiary (p. 23, PI. 14, Fig. 4; Text-Fig. 55) has been used for different 
forms occurring in the Cretaceous (Plauterivian - Maastrichtian) although the 
fine structure is not visible on the drawing or the transmission electron micro­
graph made without replica.

Transmission electron micrographs of coccolith replicas and scanning elect­
ron micrographs show the various differentiations among forms with cross­
bars which necessites the erection not only of new species but also of new genera. 
The difficulty in differentiating the coccoliths when comparing the material 
at hand with the forms studied by light microscope very often makes them 
unsuitable for detailed biostratigraphical analysis.

SYSTEMATIC DESCRIPTIONS
The forms are classified by family, genus and species. The average length and 
the average width have been calculated on a basis of more than five specimens 
and only in exceptional instances on a basis of less than five specimens. The 
size of the central area in percent in relation to the area of the coccolith has 
been calculated by means of the formulas AB and A2 respectively provided that 
both the areas represent an ellipse or a circle. A represents the long axis of the 
elliptical coccolith or the diameter of the circular coccolith; a represents the 
long axis or the diameter of the central area. B represents the short axis of the 
coccolith and b the short axis of the central area. In the circular forms is B = A, 
and b=a.

The table showing the vertical distribution and that showing the number 
of investigated coccoliths include, besides the species described in the present 
paper, also species neither described nor illustrated. The undescribed forms are 
marked with * and those only illustrated with °. The levels in Fig. 11 are given 
with an accuracy ± 0.5 cm.
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Family ARKHANGELSK1ELLACEAE Bukry, 1969 

Genus Broinsonia Bukry, 1969 

Type species: Broinsonia dentata Bukry, 1969

Broinsonia dempta n. sp.

PI. II, Figs. 5-6

DERIVATION OF NAME. - demptus (lat.) - lacking. 

HOLOTYPE. - Specimen No.: S Kp 22 69/1.

PARATYPE. - Specimen No.: S Kp 22 69/22.

TYPE LOCALITY. - Köpingsberg Borehole No. 1, 785.4 m.

TYPE STRATUM. - Cenomanian.

DIAGNOSIS. — A species of Broinsonia with a central area spanned by 
crossbars perpendicular to each other, and dividing the central area into four 
empty openings. A process extends distally.

DESCRIPTION. - Elliptical coccoliths with 4 rim cycles of elements seen in 
distal as well as in proximal view (Pi. II, Figs. 5-6). A short central process is 
seen in distal view and only one perforation in the centre is observed in proxi­
mal view.

DIMENSIONS. - Average length 5.2 /<; average width 4 p.

REMARKS. - Broinsonia dempta n. sp. differs from B. lacunosa n. sp. in 
lacking perforations in the central area. It differs from B. handfieldii Bukry, 
1969 (Pi. 2, Figs. 9—11) in lacking the transverse ridges in the central area and 
in having a different form of cross. The known occurrence of B. handfieldii 
Bukry, 1969 is the Campanian from Texas.

OCCURRENCE. - Köpingsberg Borehole No. 1: Cenomanian.
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Broinsonia lacunosa n. sp.

PI. II, Fig. 1

DERIVATION OF NAME. — lacuna (Fit.) — depression.

HOLOTYPE. - Specimen No.: S Kp 211 40a/24.

TYPE LOCALITY. - Köpingsberg Borehole No. 1, 936.9 m.

TYPE STRATUM. - Aptian.

DIAGNOSIS. - A species of Broinsonia with a large central area. A cross 
consisting of double rows of elements divides the central area into four quad­
rants, each with 6 perforations aligned with the crossbars.

DESCRIPTION. - The outer rim of the two cycles in distal view is composed 
of about 42 elements. The broad inner cycle of elements surrounding the central 
area shows deep depressions. The central area occupies 33 percent of the cocco- 
lith area.

DIMENSIONS. - Average length 6.8 /i; average width 4.7 /(.

REMARKS. - Broinsonia lacunosa n. sp. looks similar to B. parca (Stradner, 
1963), Bukry 1969 from the Campanian but the latter has transverse bars in 
some pores (Bukry, 1969, PI. 3, Fig. 7). The forms described by Bukry have 
from 2 to 112 perforations.

Stradner (1963) originally described the species Arkhangelskiella parca 
Stradner, 1963. The drawings on Pi. 1, Fig. 3 show a Campanian coccolith 
with a narrow central plate divided by crossbars into sectors, each perforated 
by a few pores less than in B. lacunosa n. sp.

Gartner (1968) described Arkhangelskiella parca Stradner, 1963 (p. 38, 
Pi. 8, Figs. 4-5; Pi. 11, Fig. 2) from the Campanian - Maastrichtian with a dia­
mond-shaped central area, traversed by sutures aligned with the major and 
Elinor axes of the ellipse. The sutures are bordered by circular perforations on 
each side, but the number of perforations is not given.

Perch-Nielsen (1968) illustrated Arkangelskiella parca Stradner, 1963 
from the Maastrichtian with a drawing (p. 61, Fig. 27) and micrographs (PI. 21, 
Figs. 1-4) made by means of a transmission electron microscope. The structure 
oi these forms has the generic characteristic of forms belonging to the genus 
Arkhangelskiella Vekshina, 1959. They also lack perforations in the central 
area, a characteristic of Arkhangelskiella parca Stradner, 1963.

Noel (1970) recorded B. parca (Stradner, 1963) Bukry, 1969 (p. 78, Text-
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Fig. 18; Pi. 23, Fig. 3) from the Campanian which seems to have affinity with 
forms reported by Perch-Nielsen (1968).

B. lacunosa n. sp. differs also in size from A. parca Stradner, 1963 which 
has a maximum diameter of about 9 p.

OCCURRENCE. - Köpingsberg Borehole No. 1: Hauterivian - Albian.

Broinsonia handfieldii Bukry, 1969 

PI. II, Figs. 3-4; PI. XXVII, Fig. 1

1969 Broinsonia handfieldii Bukry, n. sp. - Bukry, p. 22, PI. 2, Figs. 9-11.

DIMENSIONS. - Average length 6.8 average width 4.7 p.

REMARKS. - Broinsonia species found in the investigated samples have 
a distal rim composed of about 40 elements. The same number of circular 
depressions arranged in a cycle is seen distally. The long arm of the cross 
widens towards the junction with the short axis of the ellipse. The crossbars 
form four elongated openings filled with 6-7 parallel transverse ribs perpendi­
cular to the long axis of the coccolith. A short central process extends distally. 
The central area occupies about 30 percent of the coccolith area.

Bukry (1969) did not mention the presence of the depressions or a central 
process. The structure visible in the centre of the specimen figured by Bukry 
in Pi. 2, Fig. 10 is probably a central process.

The Köpingsberg forms are smaller than the specimens reported from 
the Campanian by Bukry, the maximum diameter of the latter being 9 p.

OCCURRENCE. — Campanian: Texas (Bukry, 1969)
Köpingsberg Borehole No. 1: Hauterivian - Cenomanian.

Genus Gartner ago Bukry, 1969 

Type species: Arkhangelskiella concava Gartner, 1965

Gartnerago concavum (Gartner, 1968) Bukry, 1969 

PI. Ill, Fig. 5

1968 Arkhangelskiella concava Gartner, p. 37, PI. 14, Figs. 2-3; PI. 16, Figs. 5-7; PI. 17, 
Fig. 7; PI. 18, Figs. 22-23; PI. 19, Fig. 6; PI. 21, Fig. 7; PI. 22, Figs. 13-15.

1968 Arkhangelskiella scapha Gartner, p. 39, Pi. 14, Fig. 1; PI. 20, Figs. 1-3.
1969 Gartnerago concavum (Gartner) Bukry, n. comb. - Bukry, p. 24, PI. 4, Figs. 2-6.
1969 Laffittius obliquus (Reinhardt, 1967), - Noel, p. 197, Text-Figs. 3 a-b; PI. 3, Figs.

1 and 5.



1970 Gartnerago obliquum (Reinhardt) nov. comb. - Noel, p. 79, Figs. 19-20: PI. XXVI 
Figs. 1 a, b, c, d - 7.

DIAGNOSIS. - Elliptical disc with at least three closely appressed rim cycles 
in proximal view. The central area characterized by irregular elements. Per­
forations never present.
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DESCRIPTION. - The longitudinal suture of the central plate is aligned 
with the major axis of the ellipse and the transverse suture deviates a little 
from the short axis of the coccolith. The sutures are lined on each side with 
small square elements. The central area is imperforate.

DIMENSIONS. - Average length 10 /<; average width 7 fi.

REMARKS. - The specimens described by Noel (1970) as Gartnerago 
obliquus (Reinhardt) Noöl,1970 have no perforations, and the presence of 
this character was stressed by Stradner (1963) in the original description of 
Arkhangelskiella obliqua Stradner, 1963 “varying number of pores perforate 
the sectors of the central area”.

A. concava Gartner, 1968 is not a younger synonym to A. obliqua 
Stradner, 1963, thus G. concavum (Gartner, 1968) Bukry 1969 cannot be 
substituted with G. obliquus (Reihnardt) Noel, 1970.

OCCURRENCE. - Cenomanian - Campanian: Texas (Gartner, 1968) 
Coniacian - Campanian: France (Noel, 1969) 
Coniacian - Campanian: Texas (Bukry, 1969) 

Köpingsberg Borehole No. 1: Barremian - Cenomanian.

Gartnerago costatum (Gartner, 1968) n. comb.

PI. IV, Figs. 2, 4

1968 Arkhangelskiella costata Gartner, new species, - Gartner, p 37 Pi 8 Figs 1-3- 
PI. 11, Figs, la-c; PI. 28, Fig. 2.

1969 Gartnerago costatum costatum (Gartner) Bukry, n. comb. - Bukry, p. 24 PI 4 Figs
7-9. '

ORIGINAL DIAGNOSIS. - “Elliptical disc with four closely appressed rim 
tiers; sutures in central area bordered by ridge and lined with perforations.” 
(Gartner, 1968.)

Single crossbars bisect the rectangular perforations in proximal as well 
as in distal view.” (Bukry, 1969.)

DESCRIPTION. — Gartnerago species with four closely appressed rim cycles. 
The distal shield consists of a cycle of imbricate elements. The central area is
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convex in distal view and shows sutures of which the longitudinal one is aligned 
with the major axis, and the transverse one deviates from the minor axis of 
the coccolith. Small square elements form a double ridge along the sutures on 
each side. Usually the specimens show 28 perforations which are also visible 
in distal view. The perforations are bisected by transverse bars.

DIMENSIONS. - Average length 11 /q average width 8.6 /(.

REMARKS. - Forms with one crossbar in each perforation were referred 
by Bukry (1969) to the subspecies G. costatwn costatum and forms with more 
than one crossbar to G. costatum porolatum. The present author prefers to 
treat these forms as distinct species.

OCCURRENCE. - Santonian - Campanian: Texas (Bukry, 1969) 
Campanian: Texas (Gartner, 1968)

Köpingsberg Borehole No. 1: Hauterivian — Cenomanian.

Gartnerago obliquum (Stradner, 1963) n. comb.

PI. IV, Figs. 5-6

1963 Arkhangelskiella obliqua nov. spec. - Stradner, p. 176, PI. 1, Figs. 2 a-b.
1969 Laffittius confossus n. sp. - Noel, p. 198, PI. 3, Fig. 6; PL 2, Fig. 5.

DIMENSIONS. - Average length 9 /(; average width 6

REMARKS. - Gartnerago obliquum (Stradner, 1963) n. comb, differs from 
G. concavum (Gartner, 1968) Bukry, 1969 in having seven perforations in 
each quadrant of the central area. These perforations are larger in size and less 
frequent in number than in G. zipperum Bukry, 1969.

OCCURRENCE. - Turonian: Austria (Stradner, 1963)
Coniacian: France (Noel, 1969)

Köpingsberg Borehole No. 1: Hauterivian - Cenomanian.

Gartnerago porolatum (Bukry, 1969) n. comb. 

PI. Ill, Figs. 2, 4

1969 Gartnerago costatwn porolatwn Bukry, n. sp., n. ssp. - Bukry, p. 24, PI. 4, Figs. 10-12. 

DIMENSIONS. - Average length 15 /<: average width 9.5 p.
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REMARKS. - Gartnerago porolatum (Bukry, 1969) n. comb, differs from 
G. costatum (Gartner, 1968) in having perforations bisected by more than 
one transverse bar.

OCCURRENCE. - Campanian: Texas (Bukry, 1969)
Köpingsberg Borehole No. 1; Albian.

Gartnerago striatum (Stradner, 1963) n. comb.

PI. Ill, Figs. 1, 3

1963 Arkhangelskiella striata nov. spec. - Stradner, p. 176, PI. 1, Figs. 1-1 a.
1966 Arkhangelskiella striata Stradner, - Stover, p. 137, PI. 2, Figs. 3-4.
1968 Zygolithus striatus (Stradner, 1963) nov. comb. - Stradner el al, p. 38, PI. 33.

DIMENSIONS. - Average length 9.3 //; average width 8 /<.

REMARKS. - Stradner (1963) erected a new species Arkhangelskiella 
striata Stradner for "elliptical coccoliths with wide central area and double 
marginal plates. Numerous pores are arranged in lines which meet at oblique 
angles at the straight central cross”. Studies of this species by Stradner et al 
(1968) by transmission electron microscope contributed a new point of view: 
these forms are zygoliths with elliptical rim and a cross-shaped central structure, 
which subdivides the central area into four quadrants along the main axis of 
the ellipse. The authors distinguish between “juvenile” and “adult” forms. “In 
juvenile forms (PI. 32) these quadrants are partly filled with freely ending 

crystal spines, which are inserted in the longitudinal as well as in the transversal 
bars of the central structure at right angles. In the ’adult’ forms (Pi. 33) these 
spines have united to form a cribrate filling of each quadrant. The rim is 
fashioned in typical zygolith manner with imbricating crystal plates as seen 
from the distal side.” The specimens found in the samples from Köpingsberg 1 
and investigated by scanning electron microscope are characterized by four 
closely appressed rim cycles visible in proximal view. The central area is 
divided in four quadrants by a cross consisting of double rows of about 20 
elements aligned with the long axis and about 15 elements aligned with the 
short axis of the ellipse. In proximal view as well as in distal view 18-22 
perforations are visible in each quadrant.

OCCURRENCE. - Lower Hauterivian: Netherlands (Stradner, 1963) 
Lower Albian: Netherlands (Stradner et al, 1968) 
Albian: France (Stover, 1966)

Köpingsberg Borehole No. 1: Hauterivian - Cenomanian.
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Genus Kamptnerius Deflandre, 1959 

Type species: Kamptnerius magnificus Deflandre, 1959

Kamptnerius pertusus n. sp.

PI. V, Figs. 1-4

DERIVATION OF NAME. - pertusus (lat.) - full of holes.

HOLOTYPE. - Specimen No.: S Kp 334 85a/35.

PARATYPE. - Specimen No.: S Kp 338 51a/20.

TYPE LOCALITY. - Köpingsberg Borehole No. 1, 904.72 m.

TYPE STRATUM. - Albian.

DIAGNOSIS. - A species of Kamptnerius with a central plate divided into 
four quadrants. 10-15 perforations in each quadrant. The sutures dividing 
the central area consist of double rows of elements.

DESCRIPTION.-An asymmetrical slender flange surrounds the distal shield. 
In proximal view laminae are not seen. The sutures are aligned with the long 
and short axis, but a little deviated from them.

DIMENSIONS. - Average length 13.2 ft-, average width 10.9 /(.

REMARKS. - Kamptnerius pertusus n. sp. differs from K. punctatus 
Stradner, 1963 in lacking the distinct laminae in the central area. The cross is 
slender and curved, reaching the margin of the central area.

OCCURRENCE. - Köpingsberg Borehole No. 1: Albian. - Cenomanian.

Kamptnerius punctatus Stradner, 1963, emend. 

PI. IV, Figs. 1,3; PI. V, Figs. 5-6

1963 Kamptnerius punctatus n. sp. - Stradner, p. 11, PI. 2, Fig. 3.
1964 Kamptnerius magnificus Deflandre, - Lezaud, p. 51, PI. 1, Fig. 15.
1966 Kamptnerius magnificus Deflandre, - Stover, p. 147, PI. 4, Figs. 28-30.
1967 Kamptnerius magnificus Deflandre, - Lyul’eva, p. 96, PI. 4, Fig. 50.
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1968 Kamptnerius magnificus Deflandre. - Gartner, p. 39, PL 10, Figs. 11-12; PL 12 Figs

;?• 14’ Fig,s- 1U12; pl- 15’ P‘8S- 10 a-b; PI- 16, Figs. 17-19; PL 17,’Figs. 11-12;
PL 21, Figs. 12 a-b.

1969 Kamptnerius magnificus magnificus Deflandre, - Bukry, p. 25, PL 5, Figs. 7-9.
1969 Kamptnerius magnificus sculptus Bukry, - Bukry, p. 25, PL 5, Figs. 10-12.
1969 Kamptnerius punctatus Stradner, - Bukry, p. 26, PL 6, Figs. 4-5.

DESCRIPTION. — A species of Kamptnerius concave proximally, convex 
distally, consists of three rim cycles of elements, a central area and an asym­
metrical flange. The central area is composed of irregular lamellae. A distinc­
tive cross is visible as a rhomb-shaped structure in distal view, where about 
60 perforations are seen very clearly. (Pl. IV, Figs. 1, 3.)

DIMENSIONS. - Average length 12.6 /<; average width 9.3 ft.

REMARKS. - Deflandre (1959) originally described Kamptnerius magni­
ficus Deflandre, 1959 and illustrated a number of specimens under the same 
name. Stradner (1963) erected a new species K. punctatus Stradner, 1963 
and illustrated it by drawings (Pl. 2, Figs. 3—3 a) based on investigations carried 
out by light microscope. This form, however, shows a larger number of perfo­
rations than the specimens from Köpingsberg 1. K. punctatus Stradner, 1963 
was considered as a synonym to the K. magnificus Deflandre, 1959 from 
the Senonian - Maastrichtian, although it ranged stratigraphically from the 
Turanian - Coniacian. Bukry (1969) pointed out the differences between 
various species of the genus Kamptnerius.

K. magnificus Deflandre, 1959 (Pl. 1, Figs. 2-4) is a younger form with a 
prominently developed asymmetrical flange surrounding only a part of the 
ellipse. It is smaller than K. punctatus Stradner, 1963 but has a larger flange. 
Also the central area differs. The older forms have a cross with a checked 
structure while the central area of K. magnificus Deflandre, 1959 consists of 
lamellae radiating from a line inside the coccolith parallel to the longer axis of 
the ellipse.

OCCURRENCE. - Turanian; Russia (Lyul’eva, 1967)
Turanian - Coniacian; France (Lezaud, 1964)
Turanian - Coniacian: Austria (Stradner, 1963) 
Coniacian - Santonian: Alabama (Cepek et Hay, 1970) 
Coniacian - Santonian: Texas (Gartner, 1968) 
Coniacian - Santonian: France (Manivit, 1970) 
Santonian - Campanian: Texas (Bukry, 1969) 
Campanian: France (Stover, 1966)
Senonian: Poland, Austria (Deflandre, 1959) 

Köpingsberg Borehole No. 1: Hauterivian - Cenomanian.
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Family COCCOLITHACEAE Kamptner, 1928 

Genus Biscutum Black et Barnes, 1959 

Type species: Biscutum testudinarium Black, 1959

Biscutum blacki Gartner, 1968 

PI. VIII, Figs, 2, 4; PI. IX, Fig. 5

1968 Biscutum blacki Gartner, new species, - Gartner, p. 18, PI. 1, Fig. 7; PI. 8, Figs. 8 10;

1969 Biscutum blacki Gartner, - Bukry, p. 28, PI. 7, Fig. 12; PI. 8, Figs. 1-3.

DIMENSIONS. - Average length 6.3 /<; average width 4.7 ft.

REMARKS. - Specimens seen in proximal view show a cycle of elongated 
perforations 22 in number surrounding the central area. The specimens de­
scribed by Gartner (1968) have “a peculiar granular structure in the centre 
which is built of calcite rhombs arranged in a rosette in the centre of the proxi­
mal shield”.

No perforations surrounding the central area have been observed by 
Gartner.

OCCURRENCE. - Albian - Campanian: France, Texas (Bukry, 1969) 
Campanian - Maastrichtian: Texas (Gartner, 1968) 

Köpingsberg Borehole No. 1: Barremian - Cenomanian.

Biscutum kennedyi Bukry, 1969 

PI. VI, Figs. 3, 5

1969 Biscutum kennedyi Bukry, n. sp. - Bukry, p. 27, PL 7, Figs. 10 11.

DIMENSIONS. - Average length 4.2 /<; average width 3.8 ft.

OCCURRENCE. - Santonian: Texas (Bukry, 1969) 
Köpingsberg Borehole No. 1: Hauterivian - Cenomanian.
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Genus Calolithus Noel, 1965 

Type species: Calolithus martelae Noel, 1965

Calolithus martelae Noel, 1965 

PI. XIII, Figs. 1-2, 6

1965 Calolithus martelae nov. spec. - Noel, p. 135, Figs. 50-52; PI. 14, Figs. 1-10; Pi. 15, 
Figs. 1-6.

1969 Watznaueria martelae (Noel) Bukry, n. comb. - Bukry, p. 32, PI. 11, Figs. 1-3.

DIMENSIONS. - Average length 5.4 fi; average width 4.3 /t.

REMARKS. - Calolithus martelae Noel, 1965 found in samples from Kö- 
pingsberg 1 is an elliptical coccolith with a distal shield composed of about 
32 elements and a proximal shield of about 30 elements wich are tooth-shaped 
at the margin. Oval perforations surround the central area which occupies 
47 percent of the coccolith area. Bukry (1969) transferred this species into the 
genus Watznaueria Reinhardt, 1964. C. martelae Noel, 1965 differs from 
specimens belonging to the genus Watznaueria in having shields with a serrated 
margin, not closely appressed to each other, and in side view forming a furrow 
(PI. VII, Fig. 6).

OCCURRENCE. - Oxfordian: Alger (Noel, 1965)
Santonian - Campanian: Texas (Bukry, 1969) 

Köpingsberg Borehole No. 1: Albian.

Genus Cyclagelosphaera Noel, 1965 

Type species: Cyclagelosphaera margereli Noel, 1965

Cyclagelosphaera margereli Noel, 1965 
PI. VIII, Fig. 6; PI. XIII, Fig. 4; Pi. XIV, Figs. 1-2

1965 Cyclagelosphaera margereli nov. sp. - Noel, p. 130, Fig. 46; PI. 17, Figs. 7, 10.
1965 Coccolithus sp. - Black, pp. 132-133, Fig. 7.
1966 Cyclagelosphaera margereli Noel, - Maresch, p. 378, PI. 2, Fig. 5.
1969 Tergestiella margereli (Noel) nov. comb. - Shumenko, p. 36, PI. 2, Fig. 8.
1969 Cyclagelosphaera margereli Noel, - Bukry, p. 29, PI. 9, Figs. 5-6.

DIMENSIONS. - Average diameter 6.2 pt.

REMARKS. - Noel (1965) erected a new genus Cyclagelosphaera Noel, 
1965 with the type species C. margereli Noel, 1965. In 1970 she included
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besides C. aff. C. margereli Noel, 1965 and C. sp. also forms described by 
other authors as species of the genus Cyclagelosphaera in the synonym list of 
Markalius circumradiatus (Stover) Perch-Nielsen, 1968 (p. 93). She noted 
that the forms described by her in the paper in 1970 lack the tubus in the centre, 
and thus differ from those described in 1965 which have a tubus between the 
proximal and distal shields. As the presence or absence of a tubus between the 
shields is difficult to determine when studying the species in distal view, such 
a difference is doubtful. The specimens found in the investigated samples from 
Köpingsberg 1 show a similarity to C. margereli Noel, 1965. They are photo­
graphed only in distal view. They are circular and show the affinity to species 
belonging to the genus Markalius. Therefore, they should also be transferred 
into the genus Markalius.

OCCURRENCE. - Oxfordian - Valanginian: France, Algeria (Noel, 1965) 
Kimmeridgian: England (Black, 1965)
Lower Cretaceous: Austria (Maresch, 1966) 
Albanian - Santonian: Texas (Bukry, 1969) 
Turonian: Russia (Shumenko, 1969)

Köpingsberg Borehole No. 1: Hauterivian.

Genus Discorbabdus Noel, 1965

Type species: Discorbabdus patidus (Deflandre, 1954) Noel, 1965

Discorbabdus ignotus (Gorka, 1957) Perch-Nielsen, 1968 

PI VI, Figs. 8-9

1957 Tremalithus ignotus n. sp. - Gorka, p. 248, PI. 2, Fig. 9.
1965 Biscutum tredenale n. sp. - Reinhardt, p. 32, Fig. 2; PI. 1, Fig. 3.
1966 Biscutum tredenale Reinhardt, - Reinhardt, p. 31, Fig. 13; PI. 2, Figs. 3 a-b.
1967 Biscutum ignotum (Gorka, 1957) n. comb, et emend. - Reinhardt et Gorka, p. 245, 

PI. 31, Figs. 9-13.
1968 Discorbabdus ignotus (Gorka, 1957) n. comb. - Perch-Nielsen, p. 81, Figs. 41-42; 

PI. 28, Figs. 6-9.
1969 Bidiscus cruciatus cruciatus Bukry, n. sp., n. ssp. - Bukry, p. 27, PI. 6, Figs. 10-11.
1970 Discorbabdus ignotus (Gorka, 1957) Perch-Nielsen, 1968, - Noel, p. 87, Fig. 21; 

PI. 32, Figs. 1-7, 9-10, 14-16.

DIMENSIONS. - Average diameter 3.4 ,u.

OCCURRENCE. - Turonian: France, Germany (Reinhardt, 1966) 
Campanian: France (Noel, 1970)
Campanian - Santonian: Texas (Bukry, 1969)
Lower Maastrichtian: Denmark (Perch-Nielsen, 1968)
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Maastrichtian: Poland (Görka, 1957) 
Maastrichtian: Germany (Reinhardt, 1965) 

Köpingsberg Borehole No. 1: Barremian - Aptian, Cenomanian.

Genus Margolatus n. gen.

DERIVATION OF NAME. - margo (lat.) — margin; latus (lat.) - wide.

DIAGNOSIS. - Elliptical to nearly circular coccoliths with a wide rim 
cycle composed of about 35 elements overlapping each other. No secondary 
cycle is visible in distal view. The central area is depressed and composed of 
irregular elements. A central perforation is visible in distal view.

REMARKS. — Genus Margolatus n. gen. differs from the genus Coccolithus 
Schwarz, 1894 and the genus Watznaueria Reinhardt, 1964 in lacking the 
inner rim cycle surrounding the central area in distal view. The width of the 
outer rim cycle of the species belonging to the genus Margolatus n. gen. is also 
different.

Type species: Margolatus manivitae n. gen., n. sp.

Margolatus manivitae n. gen., n. sp.

PI. XIV, Figs. 5-6

1970 Watznaueria prolongata Bukry, 1969, - Manivit, p. 112, PI. 28, Figs. 10-11.

DERIVATION OF NAME. - In honour of Dr. Helene Manivit, Université 
de Paris, Laboratoire de Paléontologie, Orsay, France.

HOLOTYPE. — Specimen No.: S Kp 137 23a/27.

PARATYPE. - Specimen No.: S Kp 359 pol.

TYPE LOCALITY. — Köpingsberg Borehole No. 1, 1 004.4 m.

TYPE STRATUM. - Hauterivian.

DIAGNOSIS. - Elliptical coccolith showing in distal view a wide single rim 
cycle composed of elements overlapping each other. The depressed central 
area showing a circular perforation, is composed of irregular elements.
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DESCRIPTION. - The specimen illustrated on Pi. XIV, Fig. 6 shows 35 ele­
ments in the rim cycle. The central area is badly preserved and shows a large 
irregular shaped opening in the centre. PI. XIV, Fig. 5 presents a coccosphere 
of Margolatus manivitae n. sp. probably composed of eight coccoliths. A 
circular perforation is visible in the centre of one of the coccoliths.

DIMENSIONS. - Average length 6.7 /<; average width 6.4 ,u. Coccosphere 
diameter 17 t-i.

REMARKS. - Margolatus manivitae n. sp. differs from Watznaueria bar- 
nesae (Black, 1959) Perch-Nielsen, 1968 in lacking the secondary rim cycle 
visible in distal view. Manivit (1970) described and illustrated forms with 
two scanning electron micrographs which probably represent the same species 
as that found in the studied samples from Köpingsberg 1. She determinated 
this species as Watznaueria prolongata Bukry, 1969 without respect to 
Bukry’s description (1969, p. 34) of the Campanian species with a scalloped 
multi-layered elongate rim and an open central area (PI. 12, Figs. 10—12).

OCCURRENCE. - Upper Turonian: France (Manivit, 1970)
Köpingsberg Borehole No. 1: Hauterivian, Albian - Cenomanian.

Genus Markalitts Bramlette et Martini, 1964 emend. Perch-Nielsen, 1968 

Type species: Markalius inversus (Defl., 1954) Bramlette et Martini, 1964

Markalius sulcatus n. sp.

PI. VIII, Fig. 5

DERIVATION OF NAME. - sulcus (lat.) - furrow.

HOLOTYPE. - Specimen No.: S Kp 450 pol.

TYPE LOCALITY. - Köpingsberg Borehole No. 1, 945.9 m.

TYPE STRATUM. - Barremian.

DIAGNOSIS. - Circular coccolith with a distal shield composed of imbricate 
elements. A second rim cycle composed of strongly imbricate elements sur­
rounds the central area in distal view. Four square elements form the central 
area. A rhombic perforation in the centre is visible in distal view.
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DESCRIPTION. - A species of Markalius shows a rim cycle composed of 
33-35 elements in distal view. A secondary inner rim cycle is composed of 
an equal number of elements. The central area including the inner cycle occupies 
about 50 percent of the coccolith area.

DIMENSIONS. — Average diameter 6.7 ft.

REMARKS. — Markalius sulcatus n. sp. differs from Cyclagelosphaera mar- 
gereli Noel, 1965 in the composition of the inner rim cycle which is composed 
of strongly imbricate elements. A further difference between the two species 
is the four square elements in the central area of the new species. It differs from 
C. rotaclypeata Bukry, 1969 (p. 30, Pi. 9, Fig. 9) in lacking the 9-22 radially 
arranged irregular elements of which 8-11 dominate the central area described 
by Bukry. The inner rim cycle of the Santonian - Campanian species consists 
of radial elements.

M. sulcatus n. sp. differs from M. circumradiatus (Stover, 1966) Perch- 
Nielsen, 1968, described and illustrated with scanning electron micrographs 
by NoéL, (1970, pp. 93—94, Pi. 36, Figs. 1—7) in lacking the star-shaped central 
structure with 6—7 arms visible in distal view of the Campanian species.

OCCURRENCE. - Köpingsberg Borehole No. 1: Hauterivian, Albian - 
Cenomanian.

Markalius circumradiatus (Stover, 1966) Perch-Nielsen, 1968

PI. XIII, Figs. 3,5

1966 Coccolithites circumradiatus Stover, new species, - Stover, p. 138, PI. 5, Figs. 2-4; 
PI. 9, Fig. 10.

1968 Markalius circumradiatus (Stover) n. comb. - Perch-Nielsen, p. 73, Figs. 36-37; Pi. 25, 
Figs. 2-7; PI. 26, Figs. 1-7.

1970 Markalius circumradiatus (Stover, 1966) Perch-Nielsen, 1968, - Noel, pp. 93-94, 
PI. 36, Figs. 1-7.

DIMENSIONS. - Diameter 6 ft.

REMARKS. - Markalius species with seven rays connected together in the 
center forming an asteroid ornamented central area. Two specimens were 
found in the samples studied.

OCCURRENCE. - Albian - Turonian: France (Stover, 1966) 
Campanian: France (Noel, 1970)

Maastrichtian: Denmark (Perch-Nielsen, 1968) 
Köpingsberg Borehole No. 1: Albian,
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Genus Repagulum n. gen.

DERIVATION OF NAME. - repagulum (lat.) - gate.

DIAGNOSIS. - Elliptical coccoliths with the distal shield larger than the 
proximal one. Each rim cycle consists of very narrow elements forming a fine 
striated rim. The central area is occupied by transverse and, at the focuses of 
the ellipse, longitudinal bars. The transverse bars are connected by a bridge 
aligned with the long axis of the coccolith.

REMARKS. - Genus Repagulum n. gen. differs from the genus Watznaueria 
Reinhardt, 1964 in having rim cycles composed of about 70 narrow elements 
and a central area with longitudinal and transverse bars. It differs from the 
genus Reticulofenestra Hay et al, 1966 in lacking the large central opening 
spanned by a reticulate or lacy membrane.

Black (1967) erected a genus Dictyococcites Black 1967 including “cocco­
liths consisting of two elliptical shields joined together at the margin of a large 
central opening which is occupied by a grid of calcite bars meeting along the 
major diameter of the ellipse, each bar being continuous with one or more of 
the rays of the proximal shield”.

The central area of the Repagulum species occupies 20 percent of the cocco­
lith area.

Type species: Repagulum parvidentatum (Deflandre et Fert, 1954)
n. gen., n. comb.

Repagulum parvidentatum (Deflandre et Fert, 1954) n. gen., n. comb.

PL XII, Figs. 1-7

1954 Discolithus parvidentatus Deflandre et Fert, cent. nov. - Deflandre et Fert, p. 23, 
Text-Figs. 28-29.

1959 Tremalitbus burwellertsis sp. nov. - Black, p. 324, PI. 8.
1966 Coccolithus parvidentatus (Deflandre et Fert, 1954) n. comb. - Reinhardt, p. 20, 

PL 20, Figs. 1-2.
1966 Coccolithus burwellensis (Black, 1959), - Maresch, p. 378, PL 1, Fig. 1.
1967 Dictyococcites burwellensis comb. nov. - Black, p. 142.
1969 Watznaueriai parvidentata (Deflandre and Fert) Bukry, n. sp. - Bukry, p. 33, PL 12, 

Figs. 5-8.
1970 Reticulofenestrai parvidentata (Deflandre et Fert, 1954) nov. comb. - Noel, pp. 

94-95, Text-Fig. 22; PL 36, Figs. 8-14.
1970 Watznaueria parvidentata (Deflandre et Fert) Bukry, - Manivit, p. 112, PL 24, Figs. 

11-15.

DIMENSIONS. - Average length 3.9 average width 3.3 /u.
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REMARKS. - Repagulum parvidentatum (Deflandre et Fert, 1954) n. gen., 
n. comb, is very abundant in all the samples treated in the present paper. If 
badly preserved, the specimens lack the bars in the central area and might thus 
be wrongly interpretated when studied by light microscope. Pi. XII, Figs. 1 
and 3 show R. parvidentatum in distal as well as proximal view. The structures 
of the central area are lacking. PI. XII, Figs. 5 and 7 show specimens in distal 
and proximal view with a fragment of the central structure. Pi. XII, Fig. 6 
shows a fragment of a coccosphere where the central structures are complete. 
Pi. XII, Figs. 2 and 4 present specimens from younger levels (Aptian). The fossils 
are better preserved and show a central area fully occupied by transverse and 
longitudinal bars. Deflandre et Fert (1954) originally described Discolithus 
parvidentatus Deflandre et Fert, 1954 from the Senonian. Black et Barnes 
(1959) erected Tremalithus burwellensis Black et Barnes, 1959. Reinhardt 
(1966) transferred the form to the genus Coccolitbus Schwarz 1894. Black 
(1967), Bukry (1969) and Noel (1970) were doubtful whether this species 
belonged to the genus Coccolitbus and transferred it to the genus Dictyococci- 
tes Black, 1967, the genus Watznaueria Reinhardt, 1964 and the genus Reti- 
culofenestra Hay et al, 1966 respectively. The genus Repagulum n. gen. is 
proposed for coccoliths from the Cretaceous with the characteristics mentioned 
above.

OCCURRENCE. - Aptian - Upper Cenomanian: France (Manivit, 1970) 
Albian: France (Bukry, 1969)
Upper Cenomanian: England (Black et Barnes, 1959) 
Upper Turonian: Germany (Reinhardt, 1966) 
Coniacian — Campanian: France, Germany, Texas 
(Bukry,1969)
Senonian: France (Deflandre et Fert, 1954) 
Campanian: Austria (Maresch, 1966)
Campanian: France (Noel, 1970)

Köpingsberg Borehole No. 1: Hauterivian — Cenomanian.

Family DEFLANDRIACEAE Black, 1967 

Genus Deflandrius Bramlette and Martini, 1964 emend.

DIAGNOSIS emend. — Rhabdoliths with a circular to slightly elliptical basal 
plate, consisting of two1) rim cycles with 16 nearly equal-sized elements in each.

’) Investigations of Deflandrius cantabrigensis Black, 1967 in JEM 1000 KV (Forchheimer, 
1970) show the possibility of more than two rim cycles with 16 elements in each. It is desirable 
to continue these studies in order to clarify the number of shields present in these coccoliths 
as well as in many other forms.
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In distal view they interlock along zigzag sutures or are wedge-shaped. Open 
central area spanned by one or two pairs of crossbars, in the latter case forming 
a proximal and a distal set. They are X-shaped or aligned to the long and short 
axis. At their intersection there is a square or rounded opening. Some speci­
mens show a central process composed of four longitudinal elements with 
delicate spines attached at the top, or a stem supported by four buttresses. The 
stems show protuberances in the middle, and a small cross or four well deve­
loped wings at the distal end.

Type species: Deflandrius intercisus (Deflandre) Bramlette et Martini, 1964

REMARKS. - More than a century ago Sorby (1861) described coccoliths 
from the Chalk and illustrated them by drawings (Figs. 3-4) but unfortunately 
he did not name these fossils. The description (p. 197) and the drawings corres­
pond very well to species of the genus Deflandrius Bramlette et Martini, 
1964.

Arkhangelsky (1912) described Coccolithophora cretacea as being oval­
shaped and consisting of two convex shields. The distal shield has in the centre 
an oval depression from which thin sutures extend. Every suture terminates 
at the periphery with a depression. It makes the margin tooth-shaped. The 
central opening is spanned by X-shaped crossbars. The inner shield is some­
times tooth-shaped or sometimes smooth at the margin.

Deflandre in Deflandre et Fert (1954) proposed a new species. The 
illustrations in Text-Figs., 91, 92 and light microscope micrographs in Pi. 13, 
Figs. 12-13 present a coccolith composed of a basal shield and a process, 
named by Deflandre as Rhabdolithus intercisus Deflandre, 1954.

Gorka (1957) published Discolithus cretaceus (Arkhangelsky) citing Coc­
colithophora cretacea Arkhangelsky as synonymy. The specimen illustrated 
with a drawing (Pi. 2, Fig. 11) shows a rim cycle composed of 14 elements and 
a central opening spanned by a straight cross. Gorka, however, mentioned in 
the diagnosis of this species 18-48 suture lines in the rim.

Deflandre (1959) erected a new genus Zygrhablithus with the type species 
Zygrhablithus bijugatus (Deflandre, 1954) and transferred Rhabdolithus 
intercisus Deflandre, 1954 to this genus.

In the same year Vekshina (1959) erected a new genus Prediscosphaera with 
the type species Prediscosphaera decorata Vekshina, 1959 (PI. 1, Figs. 8-9; 
Pi. 2, Figs. 13 a-c). According to her diagnosis, coccoliths belonging to this 
genus are of rhabdolith type. Most characteristic of the species Prediscosphaera 
decorata is the presence of a secondary shield on the distal end of the central
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process, much less developed than the proximal shield. The shields are ring- 
shaped. The rhabdolith has a close affinity to the genus Discospbaera due to 
the funnel-shaped top of the process. As synonymy she proposed Coccolitbo- 
pbora cretacea Arkhangelsky although Rbabdolithus intercisus Deflandre, 
1954 has been known.

CjArtner (1968) stated that the genus Prediscosphaera Vekshina, 1959 
has to be given priority over the genus Deflandrius Bramlette et Martini, 
1964. His conclusions were based on numerous electron micrographs of speci­
mens belonging to this genus. As type species he designated P. cretacea 
(Arkhangelsky) due to the fact that P. decorata Vekshina, 1959 is an “objective 
junior synonym to Coccolithopbora cretacea Arkhangelsky, 1912”. Gartner 
continues: “The species was first described by Arkhangelsky in 1912, but 
his illustrations are ambiguous. In 1954 Deflandre described Rbabdolithus 
intercisus, but illustrations of this species are also rather unclear. In 1959 
Vekshina named and described Prediscosphaera decorata, citing Coccolitho­
pbora cretacea Arkhangelsky in her synonymy. She also pointed out the sim­
ilarity of her specimens to Arkfiangelsky’s. The specific name ’decorata 
is an objective junior synonym of the specific name ’cretacea’ and, therefore, 
is invalid. The transmission electron micrographs of Vekshina (1959, Pi. 1, 
Figs. 8—9) are more accurate than her drawings, which appear to be largely 
interpretations. In 1959 Deflandre redescribed R. intercisus, reillustrated the 
type specimen and transferred the species to the new genus Zygrhablithus. 
Deflandre’s 1959 characterization and illustration of Z. intercisus are excellent 
and he indicated that he did not believe C. cretacea Arkhangelsky to be the 
same species.”

As there is no possibility of studying the holotype material of Coccolithopbo­
ra cretacea Arkhangelsky, 1912, a comparison with the drawings on Pi. 6, Figs. 
12, 13 is unreliable. Fig. 12 presents an elliptical coccolith with a very small cen­
tral opening surrounded by a broad inner cycle. Fig. 13 shows a coccolith with a 
larger central opening and an outer rim cycle composed of 18 elements. A 
central process is not mentioned by Arkhangelsky (1912).

Vekshina s illustrations and drawings are also difficult to interpret and the 
diagnosis differs from that of Rbabdolithus intercisus. Further, Veksina did 
not mention the paper of Deflandre et Fert (1954) where R. intercisus was 
described. The genus Deflandrius Bramlette et Martini, 1964 was erected 
for species originally described by Deflandre. This genus includes species with 
“elliptical to nearly circular base with open area bridged by crossbars; rim 
composed of about 16 larger nearly equidimentional units of keystone shape, 
each one a unit of calcite, with their optical axis oriented more nearly tangen­
tially than radially. Usually with a smaller and thinner ring composed of fine 
radial elements, closely attached on the concave basal side and extending
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within and thus partially closing the central opening. Bars arched up and 
surmounted at the center by a small knob or an elongated stem of complex 
construction”.

The present author follows this diagnosis with emendations based on 
scanning electron microscope studies which provide additional fine structure.

A collection of figures redrawn from original publications concerning the 
taxonomical problem of Deflandrius is shown in chronological order in Fig. 6.

Deflandrius cantabrigensis Black, 1967 

PI. VII, Figs. 1-6

1861 Sorby, H. C., p. 199, Figs. 3-4, p. 197.
1965 ”Deflandrius” sp. - Black, p. 134, Figs. 14-15.
1966 Deflandrius cretaceus intercisus (Deflandre, 1954), - Reinhardt, p. 35, Pi. 22, Fig. 2, 

Text-Fig. 20 a.
1967 Deflandrius cantabrigensis sp. nov. - Black, p. 140, Fig. 1.
1968 Deflandrius columnatus Stover, - Stradner, p. 31, Pis. 18, 19.
1968 Deflandrius cantabrigensis Black, - Black, p. 807, PI. 151, Fig. 1.
1968 Prediscosphaera cretacea (Veksina), - Gartner, p. 19-20, PI. 9, Figs. 1-4; PI. 12, Figs. 

1 a-c; PI. 14, Fig. 20; PI. 18, Fig. 8; PL 22, Figs. 1-3; PI. 23, Figs. 4-6; Pi. 25, Figs. 12-13.
1969 Prediscosphaera cretacea cretacea (Arkhangelsky), - Bukry, p. 38, PI. 17, Figs. 1-6.
1970 Deflandrius cantabrigensis Black, - Forchheimer, p. 37, Figs. 34-40.

ORIGINAL DIAGNOSIS. - “Rhabdoliths with the generic characters of 
Deflandrius and with a whorl of four protuberances at the junction of the two 
bundles of crystal which form the stalk.”

DESCRIPTION. - Deflandrius sp. with subcircular basal shield showing 
in distal view a cycle consisting of 16 large elements interlocking along zigzag 
sutures. The central area is lined with a cycle composed of about 16 narrow 
elements. X-shaped crossbars with a square opening at their intersection rise 
from this cycle in distal view. A massive central process with a ring of pro­
tuberances and with triangular expansions is seen distally. The process is 
supported up to the protuberances by four buttresses. Pi. VII, Figs. 5-6.

DIMENSIONS. - Average diameter of basal shield 5 /<; total average height
6.1 pt.

REMARKS. - As mentioned by Black (1967) Deflandrius cantabrigen­
sis Black, 1967 differs from previously described species in having well- 
developed expansions on the central process. This species differs from D. 
intercisus (Deflandre, 1954) in having a more massive process with larger 
expansions at the top. D. columnatus Stover, 1966 is similar to D. cantabri-
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”Coccoliths with a sort of spine, - Sorby (1861)

Coccolithophora cretacea Arkhangelsk, 1912

Rbabdolithus intersisus Deflandre, 1954

Discolithus cretaceus (Arkhangelsk) Gorka, 1957

Prediscosphaera decorata Vekshina, 1959

Prediscosphaera decorata Vekshina, 1959

Zygrhablitbus intercisus (Defl.) Deflandre, 1959

Deflandrius intercisus (Defl.) Bramlette et Martini, 1964

Fig. 6. The taxonomical problem of Deflandrius (figures redrawn from original publications).
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gensis Black, 1967 but differs in having a narrow process and less developed 
wing-like expansions. The quality of the illustrations (Pi. 6, Figs. 6-10), how­
ever, does not allow any reliable comparison with the present material.

Reinhardt (1966) proposed a separation of forms with and without a pro­
cess and proposed these as two subspecies of D. cretaceus (Arkhangelsk, 
1912) Bramlette et Martini, 1964. He designated forms without a process 
as D. cretaceus cretaceus (Arkhangelsk, 1912), and with a process as D. 
cretaceus intercisus Deflandre, 1954).

The present author proposes the same species for forms with or without a 
process, which can be broken in badly preserved material or can be missing 
due to the treatment during the preparation of the sample. Therefore, the taxo­
nomy should not be based on presence or absence of a process. Further, it is clear 
that several species of the genus Deflandrius are represented among the speci­
mens without a process.

Among specimens illustrated by Gartner (1968) only those given in the 
synonym list are similar to D. cantabrigensis Black, 1967.

OCCURRENCE. - Aptian - Turonian: France (Manivit, 1970)
Middle Cenomanian: Denmark (Forchheimer, 1970) 
Cenomanian: England (Black, 1967)
Cenomanian — Campanian: Texas (Gartner, 1968) 
Turonian: Germany (Reinhardt, 1966)
Santonian - Campanian: Texas (Bukry, 1969)

Köpingsberg Borehole No. 1: Hauterivian - Cenomanian.

Deflandrius spinosus Bramlette et Martini, 1964 

PI. VI, Figs, 1-2,4, 6-7

1964 Deflandrius spinosus Bramlette et Martini, p. 301, Pi. 2, Figs. 17-20.
1965 Eiffellithtis cretaceus cretaceus (Arkhangelsk, 1912), - Reinhardt, p. 35, PI 2., Fig. 4; 

Text-Fig. 3.
1966 Deflandrius cretaceus cretaceus (Arkhangelsk, 1912), - Reinhardt, p. 35, Pi. 10, 

Figs. 1 a-b, 2 a-b; Text-Fig. 4.
1966 Deflandrius cretaceus intercisus (Deflandre, 1954), - Reinhardt, p. 35, PI. 37, Text- 

Fig. 20 b.
1967 Deflandrius spinosus Bramlette et Martini, 1964, - Lyul’eva, p. 96, PI. Ill, Figs. 

24-24 a.
1968 Deflandrius spinosus Bramlette et Martini, - Perch-Nielsen, p. 35, PI. 11, Fig. 1; 

PI. XIV, Figs. 3-8.
1968 Prediscosphaera spinosa (Bramlette et Martini, 1964), - Gartner, p. 20, Pi. 2, Figs. 

15-16; PI. 3, Figs. 9-10; PI. 5, Figs. 7-9; PI. 6, Fig. 16; PI. 11, Fig. 17.
1969 Prediscosphaera spinosa (Bramlette et Martini, 1964), - Bukry, p. 40, PI. 8, Figs.

7-9.
1970 Prediscosphaera spinosa (Bramlette et Martini, 1964) Gartner, 1968, - Noel, p. 66, 

PI. 16, Figs. 4-5, 6-9 and 10.
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DESCRIPTION. - Coccolith with an elliptical base consisting of two super­
imposed cycles (the proximal one smaller than the distal one), each composed 
of 16 wedgeshaped elements. The open central area is lined by a narrow rim 
consisting of 16 elements building up a wall. The central area occupying about 
55 percent of the basal shield is spanned by two pairs of bars perpendicular 
to each other. A long and slender process shows four delicate spines attached 
at the top.

DIMENSIONS. - Average length 4.5 /<; average width 3,8 /<; average length 
of the central process 4.2 /.i.

REMARKS. - Bramlette et Martini (1964) erected the species Deflandrius 
spinosus. Their illustrations (PI. 2, Figs. 17—20) clearly show the slender process 
and delicate spines attached at the top. Under the light microscope the diffe- 
rence in the process as well as in the bars between this species, D. cantabrigensis 
Black, 196, and D. intercisus (Deflandre, 1954) Bramlette et Martini, 

1 164 could be observed. Electron microscope micrographs show also the 
difference in the shape of the elements constituting the cycles of the basal 
shield. Due to the fact that the process is often broken or missing, it is difficult 
to identify the various species of the genus Deflandrius by light microscope. 
Reinhardt (1966) described D. cretaceus intercisus (Deflandre, 1954). The 
drawing (p. 37, Fig. 20) shows a process like that of D. cantabrigensis Black, 
1967, and a basal shield similar to that of D. spinosus Bramlette et Martini 
1964.

The studies of several Deflatidrius forms by scanning electron microscope 
show that specimens with a process ending with spines have wedge-shaped 
elements in the cycles of the basal shield. The crossbars are always perpendi­
cular.

The taxonomic problems with the specific name Prediscosphaera used by 
Gartner (1968) and Bukry (1969) are discussed above (pp. 39-42, Fig. 6).

OCCURRENCE. - Turonian: Russia (Luyl’eva, 1967)
Coniacian — Campanian: Texas (Bukry, 1969) 
Campanian: France (Noel, 1970)
Campanian - Maastrichtian: Texas (Gartner, 1968) 
Campanian — Maastrichtian: France (Manivit, 1970) 
Lower Maastrichtian: Denmark (Perch-Nielsen, 1968) 
Lower Maastrichtian: Germany (Reinhardt, 1966) 
Maastrichtian: America, Europe (Bramlette et Mar­
tini, 1964)

Köpingsberg Borehole No. 1: Hauterivian - Cenomanian.
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Deflandrius cf. D. stoveri Perch-Nielsen, 1968 

PL VI, Figs. 10-11

?1966 Discolithus incohatus Stover, new species, - Stover, p. 143, PI. 2, Figs. 23-24; Pi. 8, 
Fig. 17.

1968 Deflandrius stoveri n. sp. - Perch-Nielsen, pp. 66-67, PI. 16, Figs. 11-13.

DIMENSIONS. - Length 6.4 /(; width 4.7 /i.

REMARKS. - Stover (1966) published Discolithus incohatus Stover, 1966 
illustrated with light microscope micrographs and a drawing. The unclear 
fine structure of this species makes a comparison with the (only one) specimen 
found in Köpingsberg 1 material difficult. Deflandrius cf. D. stoveri Perch- 
Nielsen, 1968 shows the same composition of the coccolith as that visible 
in the transmission electron micrograph (Perch-Nielsen, 1968, Pi. 16, Fig. 10) 
with the exception of the crossbars. The crossbars of D. cf. D. stoveri Perch- 
Nielsen, 1968 show double rows of elements while D. stoveri Perch-Nielsen, 
1968 has only single crossbars.

OCCURRENCE. - Coniacian - Campanian: France (Stover, 1966) 
Maastrichtian: Denmark (Perch-Nielsen, 1968) 

Köpingsberg Borehole No. 1: Albian.

Family EIFELLITHACEAE Reinhardt, 1964 

Genus Chiastozygus Gartner, 1968 

Type species: Zygodiscus amphipons Bramlette et Martini, 1964

Chiastozygus cuneatus (Luyl’eva, 1967) Cepek et Hay, 1969 

PI. XVIII, Figs. 1-4

1967 Zygolithus cuneatus sp. nov. - Lyul’eva, p. 93, PI. 1, Fig. 13.
1969 Chiastozygus cuneatus (Lyul’eva) n. comb. - Cepek et Hay, p. 325, Fig. 4 (1).

REMARKS. - Chiastozygus cuneatus (Luyl’eva, 1967) was originally de­
scribed by Luyl’eva (1967) and illustrated by a drawing (p. 93, Pi. 1, Fig. 13). 
This species is easily recognized under the light microscope and therefore a
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comparison with Luyl’eva’s excellent drawing and relatively detailed de­
scription is possible. The elliptical coccolith has a distal rim cycle composed 
of about 45 very strongly inclined elements. The central plate is spanned by 
two S-shaped irregular crossbars. In distal view the crossbars are narrow at the 
centre and broad at the rim. The opening aligning the long axis and the short 
axis respectively are of equal size. Bukry (1969, p. 50, PI. 27, Figs. 7-8) de­
scribed C. interruptus Bukry, 1969 as having four perforations of equal size, 
a fifth bar interrupting the crossbars and an elongated process. He reported 
the occurrence as being the Santonian - Campanian layers of Texas. The speci­
mens studied in the Swedish material do not show a central process. They 
differ from the form described by Bukry also in lacking the fifth bar.

OCCURRENCE. - Cenomanian - Turonian: U.S.A. (Cepek et Hay, 1969) 
Turanian: Russia (Luyl’eva, 1967)

Köpingsberg Borehole No. 1: Hauterivian - Cenomanian.

Genus Eifellithus Reinhardt, 1964

lype species: Eiffellitbus turriseiffeli (Deflandre, 1962) Reinhardt, 1964

Eiffellitbus eximius (Stover, 1966) Perch-Nielsen, 1968 

PI. XV, Figs. 1-3

«« Clinorhabdus eximius Stover, n. sp. - Stover, p. 138, Pi. 2, Figs. 15-16: PI. 8, Fig 15 
1V67 Clinorhabdus eximius Stover, - Lyul’eva, p. 93, PI. 2, Figs. 21-21 a.
1968 Eiffellitbus turriseiffeli (Deflandre) Reinhardt, - Gartner, p 26 Pi 16 Fig 2- PI 17 
|Q„ 1% 35 PI. 18, Fig. 10; PI. 19, Figs. 1-2; PI. 23, Fig. 8; PI. 24 Fig. 2. ' g' ’ ’
!<Co .ex,m,us. (Stover) n. comb. - Perch-Nielsen, p. 30, PI. 3, Figs. 8-10.
™ Zy&rbablithus turriseiffeli (Deflandre), - Manivit, p. 284, PI. 2, Figs. 4 a-b.

I 170 Eiffellnhus eximius (Stover) Perch-Nielsen, 1968, - Noel, p. 40, PI. 6, Figs. 4-5 a, b-7;

1970 Eiffellitbus eximius (Stover) Perch-Nielsen, - Manivit, p. 88, PI. 11, Figs. 10-11. 

DIMENSIONS. - Average length 6.3 p; average width 4.9 p.

OCCURRENCE. - Turonian: Russia (Luyl’eva, 1967)
Turonian - Campanian: France (Stover, 1966) 
Coniacian: France (Manivit, 1970)
Coniacian - Campanian: Texas (Gartner, 1968) 
Campanian: France (Noel, 1970)
Maastrichtian: Denmark (Perch-Nielsen, 1968) 

Köpingsberg Borehole No. 1: Hauterivian, Aptian - Cenomanian.
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Genus Helicolithus Noel, 1970 

Type species: Helicolithus anceps (Görka) Noel, 1970

Helicolithus stillatus n. sp.

Pi. XI, Figs. 1-4; PI. XVI, Figs. 5-6

DERIVATION OF NAME. - stilla (lat.) - drop.

HOLOTYPE. - Specimen No.: S Kp 177 33a/10.

PARATYPE. - Specimen No.: S Kp 196 31 a/3.

TYPE LOCALITY. - Köpingsberg Borehole No. 1, 995.7 m.

TYPE STRATUM. - Hauterivian.

DIAGNOSIS. - A species of Helicolithus with a smooth cycle of radial ele­
ments in distal view, and a secondary cycle of small elements on the proximal 
surface. The open central area is divided by X-shaped crossbars into two small 
and two large drop-shaped openings surrounded by cycles of small elements. 
A central process is present in distal view, or can be missing.

DESCRIPTION. - The elliptical coccolith has in distal view a rim cycle 
composed of about 60 radial elements and a central area which occupies 70 
percent of the coccolith area. The X-shaped crossbars constist of a double 
row of elements. The small openings have a diameter of 0.83 p, and the large 
openings of 1.66 p. Specimens found at levels 1 004.4 m to 924.2 m mostly lack 
the central process showing a square opening in the centre. The secondary 
cycle at the margin of the central area is composed of about 60 elements.

REMARKS. - Helicolithus stillatus n. sp. resembles Chiastozygus litterarius 
(Görka) Manivit, 1970. However, the comparison with the original form 
described by Görka (1957, p. 251, Pi. 3, Fig. 3) requires great care. Görka de­
scribed an elliptical coccolith from the Maastrichtian, with a narrow rim (0.5 
/<). The central opening is rectangular. Every corner of the rectangle extends 
into a ray reaching the rim, which is sometimes broader than the rays. Some­
times small perforations are visible in the central area. The brief description 
with accompanying generalized drawing of Discolithus litterarius Görka, 
1957 does not make a comparison possible.

OCCURRENCE. - Köpingsberg Boerhole No. 1: Hauterivian - Cenomanian.
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Family PODORHABDACEAE Noel, 1965 

Genus Cretarhabdus Bramlette et Martini, 1964 

Type species: Cretarhabdus conicus Bramlette et Martini, 1964

Cretarhabdus actinosus (Stover, 1966) n. comb.

PI. XIX, Fig. 4

1966 Coccolithus actinosus Stover, new species, - Stover, p. 138, PI. 1, Figs. 15-16; 
PI. 8, Fig. 7.

1968 Cretarhabdus crenulatus Bramlette et Martini, - Gartner, p. 22, PI. 1, Fig. 8. 
Non 1968 Polypodorhabdus actinosus (Stover, 1966) n. comb. - Perch-Nielsen, p. 35, PI. 14,

Figs. 7-9.
1969 Cretarhabdus crenulatus hausmanii Bukry, n. ssp. - Bukry, p. 35, PI. 14, Figs. 

7-9.
Non 1969 Watznaueria actinosa (Stover), Bukry n. comb. - Bukry, p. 31, PI. 9, Fig. 12.

DIMENSIONS. — Average length 4.8 pt\ average width 4 n.

REMARKS. - Stover (1966) erected and described Coccolithus actinosus, 
illustrating this species by light microscope micrographs and an excellent draw­
ing. Cretarhabdus actinosus (Stover) n. comb, differs from C. bisertiatus 
n. sp. in having only one cycle of 12 perforations. C. actinosus (Stover) 
n. comb, differs from Polypodorhabdus actinosus (Stover, 1966) Perch- 
Nielsen, 1968 in the composition of the central area which in the latter is 
composed of 10-12 elements and smaller elements aligned with the major axis 
(1968, p. 50, Fig. 19; PI. 10, Figs. 1-6).

C. actinosus (Stover, 1966) n. comb, differs from Watznaueria actinosa 
(Stover) Bukry, 1969 in having the composition typical of Cretarhabdus 
species, consisting of the distal rim cycle and crossbars dividing the central 
area into four parts. According to Bukry a cross structure has not been observed 
in W. actinosa. The central area is perforated by 7-10 openings while C. ac­
tinosus has usually three perforations in each quadrant of the central area.

OCCURRENCE. - Neocomian — Lower Cenomanian: France (Stover, 
1966)
Cenomanian - Maastrichtian: Texas (Gartner, 1968) 
Campanian-Maastrichtian: Texas (Bukry, 1969) 

Köpingsberg Borehole No. 1: Albian.
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Cretarhabdus biseriatus n. sp.

PI. XIX, Figs. 5-6, PI. XXI, Fig. 6

DERIVATION OF NAME. - biseriatus (lat.) - arranged in two rows.

HOLOTYPE. - Specimen No.: S Kp 338 53a/l.

PARATYPE. - Specimen No.: S Kp 94 90/11.

TYPE LOCALITY. - Köpingsberg Borehole No. 1, 924.2 m.

TYPE STRATUM. - Albian.

DIAGNOSIS. - A species of Cretarhabdus with two cycles of perforations. 
The outer perforations are about 2/3 of the size of the inner perforations.

DESCRIPTION. - Elliptical coccoliths with a 2-cycle distal rim. The outer 
rim is narrow. The inner rim cycle, composed of about 33 elements, terminates 
in a cycle of about 30 small circular perforations (diameter 0.18 n). The central 
plate is divided by an axial cross into four quadrants. In every quadrant four 
larger perforations (0.27 [i in diameter) are arranged mainly concentrically 
with the cycle of smaller perforations. A central process rises in distal view. 
The proximal shield is smaller than the distal shield (Pi. XIX, Fig. 5). The 
perforations mentioned above as well as a central perforation are seen in proxi­
mal view.

DIMENSIONS. - Average length 7.6 average width 5.9 fi.

REMARKS. - Cretarhabdus biseriatus n. sp. differs from C. loriei Gartner, 
1968 in having two cycles of perforations.

OCCURRENCE. - Köpingsberg Borehole No. 1: Hauterivian - Cenoma­
nian.

Cretarhabdus conicus Bramlette et Martini, 1964 

PI. XIX, Figs. 1-3

1964 Cretarhabdus conicus Bramlette et Martini, new species, - Bramlette et 
Martini, p. 299, PI. 3, Figs. 5-8.

1965 Cretarhabdus conicus Bramlette et Martini, 1964, - Manivit, p. 193, PI. 1, Figs. 
2 a-d.
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1966 Cretarbabdus conicus Bramlette et Martini, - Stover, p. 140, PL 1, Figs. 19-2C; 
PI. 8, Fig. 9.

1968 Cretarbabdus conicus Bramlette et Martini, 1964, - Gartner, pp. 21-22, PI. 1, 
Fig. 11; PI. 3, Figs. 5-6; PI. 6, Figs. 3-4; PI. 11, Figs. 12 a-c; PL 22, Figs. 20-21.

Non 1968 Cretarbabdus conicus Bramlette et Martini, 1964, - Perch-Nielsen, p. 51, PI. 12, 
Figs. 1-4.

1969 Cretarbabdus conicus Bramlette et Martini, - Bukry, p. 35, PI. 13, Figs. 7-12.
1970 Cretarbabdus conicus Bramlette et Martini, 1964, - Manivit, p. 97, Pi 2, 

Figs. 13-18.
Non 1970 Cretarbabdus conicus Bramlette et Martini, 1964, - Noel, p. 58, Text-Fig. 14, 

PI. 17, Figs. 2-4.

DIMENSIONS. - Average length 6 ft; average width 5 /a.

REMARKS. - Cretarbabdus conicus Bramlette et Martini, 1964 was erect­
ed and described on a basis of investigations by light microscope. The cone- 
shaped central area perforated by many pores is reported in several papers 
except those of Perch-Nielsen (1968) and Noel (1970). Perch-Nielsen 
reported: “... die Granulae, die das Zentralfeld besetzen sind dicht gepackt und 
ca 0.5 n gross”. Noel described the central area as follows: “L’aire centrale 
conique est faite de petits cristaux équidimensionnels”. Cretarbabdus conicus 
Bramlette et Martini, 1964 differs from C. biseriatus n. sp. and from C. 
actinosus (Stover, 1966) in having three or more concentric cycles of equal 
perforations in the central area. All the specimens of C. conicus Bramlette 
et Martini, 1964 found in the samples studied from Köpingsberg Borehole 
No. 1 are smaller than the forms reported in the synonym list where the long 
axis varies between 7,7 ,u and 12 fi.

OCCURRENCE. - Albian - Campanian: France, Texas (Bukry, 1969)
Cenomanian - Maastrichtian: Texas (Gartner, 1968) 
Cenomanian: England (Black, 1968)
Turonian - Maastrichtian: France (Manivit, 1970) 
Campanian - Maastrichtian: France (Stover, 1966) 

Köpingsberg Borehole No. 1: Hauterivian - Cenomanian.

Cretarbabdus octoperforatus n. sp.

PI. XX, Figs. 1-2

DERIVATION OF NAME. - octo (lat.) - eight, perforatus (lat.) - perforate. 

HOLOTYPE. - Specimen No.: S Kp 96 20a/23.

TYPE LOCALITY. - Köpingsberg Borehole No. 1, 846.4 m.
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TYPE STRATUM. - Albian.

DIAGNOSIS. - A species of Cretarbabdus with eight perforations, two in 
each quadrant of the central shield, spanned by a thin transverse bar.

DESCRIPTION. - A broad elliptical Cretarbabdus species with a proximal 
shield smaller than the distal one. The central area occupies about 20 percent 
of the area of the coccolith. No perforation is present in the centre.

DIMENSIONS. - Average length 7 //; average width 6.4 u.

REMARKS. — Cretahabdus octoperforatus n. sp. differs from the other 
Cretarbabdus species in having the perforations spanned by transverse bars 
dividing the openings radially in two equal parts.

OCCURRENCE. — Köpingsberg Borehole No. 1: Albian - Cenomanian.

Cretarbabdus unicornis Stover, 1966 

PI. XX, Figs. 3-6

1966 Cretahabdus unicornis Stover, new species, - Stover, p. 140, PI. 5, Figs. 15-16; PI. 9, 
Fig. 15.

1969 Cretarbabdus unicornis Stover, - Burry, p. 36, PI. 15, Figs. 7-9.
1970 Cretarbabdus unicornis Stover, 1966, - Noel, p. 59, Fig. 15; PL 18, Figs. 1-3.
1970 Cretarbabdus unicornis Stover, 1966, - Manivit, p. 100, PI. 9, Figs. 13-16.

DIMENSIONS. - Average length 10.8 iu; average width 9.4 /x.

REMARKS. - The specimen illustrated on PI. XX, Figs. 3-4 is the same speci­
men seen from various angles. The fine structure of the central area in proximal 
view is very clearly shown on both micrographs. The four circular openings 
are of equal size with a diameter of about 1.45 n. They are surrounded by cycles 
of square elements filling out the central area. The first two cycles consist of 
about 12 elements each. The outline of the third cycle is more drop-shaped, 
converging to the centre. The elliptical central area is thus divided into four 
sectors. A third rim cycle with about 45 radially oriented elements in the proxi­
mal view is clearly visible.

Openings surrounded by small square elements occur also in Helicolithus 
stillatus n. sp. (P: XI, Figs. 1-4) and in Ampbizygus broksii broksii Bukry, 
1969 (PI. 25, Figs. 1-3).
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OCCURRENCE. - Albian - Coniacian: France (Stover, 1966) 
Albian - Coniacian: France (Manivit, 1970) 
Santonian: France, Texas (Bukry, 1969) 
Campanian: France (Noel, 1970) 

Köpingsberg Borehole No. 1: Hauterivian - Barremian, Albian.

Family POLYCYCLOLITHACEAE n. fam.

DIAGNOSIS. - Calcareous nannofossils, asteroid or circular, composed of 
several rim cycles of rhombohedral or zigzag elements or rim cycles with 
triangular rays, surrounding an open or closed central area. The rhombo- 
hedrad or zigzag elements form concentric cycles covering each other.

The central area is constructed of the same number of elements as the outer 
rim. The central area varies in the composition of the overlapping or triangular 
elements.

The cubic forms of the genus Micula Vekshina, 1959 may also belong to 
this family as the shape of the corners evidently may change and the con­
cavities may form a central area.

Type genus: Polycyclolithus Forchheimer, 1968

Genus Lithastrinus Stradner, 1962 

Type species: Lithastrinus grilli Stradner, 1962

Lithastrinus septenarius n. sp.
PI. XXIV, Figs. 1-4; PI. XXVII, Fig. 2

DERIVATION OF NAME. — septenarius (lat.) — composed of seven.

HOLOTYPE. - Specimen No.: S Kp 217 85a/3.

PARATYPE. - Specimen No.: S Kp 136 24a/9.

TYPE LOCALITY. - Köpingsberg Borehole No. 1, 936.9 m.

TYPE STRATUM. - Aptian.

DIAGNOSIS. — Lithastrinus species with seven rays surrounding the central
area.
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DESCRIPTION. - The circular central area composed of seven sectors is 
proximally and distally surrounded by triangular rays. The average length of 
the rays about 3.6 n and the diameter of the central area 2 /t.

DIMENSIONS. - Average diameter of the specimen including the rays 8.2

REMARKS. - Litbastrinus septenarius n. sp. differs from L. grilli Stradner, 
1962, reported from the Turanian (p. 369, PI. 2, Figs. 1-5) in having seven rays. 
The transmission electron micrographs of L. grilli published by Gartner 
(1968, PI. 18, Figs. 1-2; Pl. 20, Fig. 17; PI. 22, Fig. 26) and Bukry (1969, p. 43, 
PI. 21, Figs. 3-6) also show six rays, occurring in forms from the Cenomanian - 
Campanian. Bukry did mention six or seven conical rays arising at each end 
but as lectotype species he designated a form with six rays illustrated by 
Stradner (1962, Pl. 2, Fig. 2).

The light microscope micrographs of L. grilli illustrated by Manivit (1970, 
Pl. 15, Figs. 4-5) from the Turanian show a form with star-shaped outline 
composed of seven shorter rays.

OCCURRENCE. - Hauterivian - Cenomanian.

Genus Micula Vekshina, 1959

Type species: Micula decussata Vekshina, 1959 
(non M. degussata, Vekshina, 1959)

Micula cubiformis n. sp.
PI. XXV, Figs. 1, 3-5

DERIVATION OF NAME. - cubiformis (lat.) - cubical.

HOLOTYPE. - Specimen No.: S Kp 211 39a/6.

PARATYPE. - Specimen No.: S Kp 472 69a/4.

TYPE LOCALITY. - Köpingsberg Borehole No. 1, 809.35 m.

TYPE STRATUM. - Aptian.

DIAGNOSIS. - Micula species, cube-shaped with a centric depression in
each face. The corners are square or rounded.
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DESCRIPTION. - The coccoliths are composed of irregular elements giving 
the six more or less concave faces a rough surface. A centric depression on 
each face is clearly visible in the scanning electron micrographs (Pi. XXV, Fig. 1).

DIMENSIONS. - Average diagonal 9.5

REMARKS. - Micula cubiformis n. sp. differs from M. decussata Vekshina, 
1959 reported front the Maastrichtian in Russia, in being cube-shaped (Pi. XXV, 
Fig. 5) and not a “parallelogram”. The presence of the centric depression is a 
further difference.

OCCURRENCE. - Köpingsberg Borehole No. 1: Hauterivian - Cenomanian.

Micula stauropbora (Gardet, 1955) Stradner, 1963 

PI. XXIV, Figs. 5-6; PI. XXV, Figs. 2, 6

1955 Discoaster staurophorus n. cent. - Gardet, p. 534, PL 10, Fig. 96.
1963 Micula staurophora (Gardet), - Stradner, p. 13, Figs. 12 a-c.
1964 Micula stauropbora (Gardet), - Bramlette et Martini, pp. 318, 320, PI. 6, Figs. 

10-11.
1968 Micula decussata Vekshina, - Gartner, pp. 47-48, PI. 2, Figs. 6-7; PI. 9, Figs. 19-20; 

Pi. 14, Fig. 14.
1969 Micula decussata concava (Stradner), - Bukry, p. 67, PI. 40, Figs. 7-8.

DESCRIPTION. - A cube-shaped Micula species with corners elongated 
into points varying in length from short to quite long (PI. XXIV, Fig. 5; Pi. 
XXV, Fig. 6).

DIMENSIONS. - Average length of diagonals 11 /t-10.6 p.

REMARKS. - Micula staurophora (Gardet) Stradner, 1963 differs from 
M. cubiformis n. sp. in having corners elongated into points.

OCCURRENCE. — Upper Turonian - Maastrichtian — early Tertiary?; Lo­
cality not given (Stradner, 1963)
Campanian - Maastrichtian: Europe, Australia, U.S.A. 
(Bramlette et Martini, 1964)
Campanian - Maastrichtian: Texas (Gartner, 1968) 
Santonian - Campanian: Texas (Bukry, 1969) 
Tertiary: Alger (Gardet, 1955)

Köpingsberg Borehole No. 1: Hauterivian - Barremian, Albian - Cenomanian.
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Genus Polycyclolitbus Forchheimer, 1968 emend. 

1968 Genus Polycyclolithus n. gen. - Forchheimer, p. 39.

DIAGNOSIS emend. - Cycles composed of nine rhombohedral or zigzag 
elements surround a central area. The rim cycles, at least three in number, are 
concentric, covering each other. The central area consists of triangular or over­
lapping elements of the same number as the elements of the rim. An asteroid 
opening is present in the centre in species with a central area composed of 
triangular elements.

REMARKS. - Genus Polycyclolithus Forchheimer, 1968 emend, differs 
from genus Lithastrinus Sradner, 1962 in including forms with more than 
two rim cycles composed of nine elements, concentrically covering each other.

The central area is composed of nine triangular elements with an asteroid 
opening in the centre, or of nine overlapping elements without a perforation in 
the centre. The rays forming the rim cycles in genus Lithastrinus Stradner, 
1962 are pointed and curved.

Type species. - Polycyclolithus brotzenii Forchheimer, 1968

Polycyclolithus brotzenii Forchheimer, 1968 

PI. XXVII, Fig. 3

1966 Eprolithus floralis Stover ex parte, - Stover, p. 149, PI. 7, Figs. 6 a-b.
1968 Polycyclolithus brotzenii n. gen., n. sp. - Forchheimer, p. 41, Pi. 6, Figs. 6 a-c, 7 a-b; 

Fig! 3 (17); SEM 15-16.

DIMENSIONS. - Average diameter 6.9 ft.

REMARKS. - Polycyclolithus brotzenii Forchheimer, 1968 differs from P. 
floralis (Stradner, 1962) n. comb, in having a central area composed of nine 
triangular elements leaving an opening in the centre. P. floralis (Stradner, 
1962) n. comb, on the other hand has a central plate composed of nine elements 
overlapping each other. No opening in the centre could be observed.

OCCEIRRENCE. - Cenomanian: Sweden (Forchheimer, 1968)
Köpingsberg Borehole No. 1; Hauterivian - Barremian, Cenomanian.
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Polycyclolithus floralis (Stradner, 1962) n. comb. 

PI. XXVII, Fig. 4

1962 Lithastrinus floralis nov. spec. - Stradner, p. 370, PI. 3, Figs. 10-11.
1968 Lithastrinus floralis Stradner, - Stradner et al, pp. 42-43, PI. 42.

DIMENSIONS. - Average diameter 6.3 /<.

REMARKS. - Stradner (1962) originally described Lithastrinus floralis 
as being calcareous body composed of 7-9 sectors. Two rim cycles composed 
of these elements covering each other form a “flower-like” picture. The descrip­
tion was made on a basis of observations by light microscope.

Stradner et al (1968) gave a new description of this species based on in­
vestigations by transmission electron microscope. The spool-shaped coccoliths 
of usually nine-rayed symmetry with a circular or rosette-like circumference 
have a central depression on either side, decorated by a regular stellate pattern 
which is composed of nine square elements overlapping each other. The outer 
rims of the coccolith are composed of elements corresponding in number to 
the elements in the centre. Under the scanning electron microscope the Kö- 
pingsberg forms show more than two rim cycles surrounding the central area as 
in the species belonging to the genus Polycyclolithus. The differences between 
/’. floralis (Stradner, 1962) n. comb, and P. brotzenii Forchheimer, 1968 are 
mentioned above (p. 56).

OCCURRENCE. - Upper Senonian: Austria (Stradner, 1962)
Albian: Netherlands (Stradner et al, 1968) 

Köpingsberg Borehole No. 1: ITauterivian - Barremian.

Polycyclolithus orhiculatus n. sp.
PI. XXVII, Figs. 5-6

1969 Lithastrinus floralis Stradner, - Shumenko, p. 24, PI. 2 (w) .

DERIVATION OF NAME. — orhiculatus (lat.) — forming a round plate. 

HOLOTYPE. - Specimen No.: S Kp 472 70a/4.

PARATYPE. - Specimen No.: S Kp 22 84/20.

TYPE LOCALITY. - Köpingsberg Borehole No. 1, 785.4 m.
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TYPE STRATUM. - Albian.

DIAGNOSIS. - A species of Polycyclolithus with a rim cycle composed of 
nine zigzag elements.

DESCRIPTION. - Polycyclolithus species with a central area composed 
of nine elements overlapping each other. The zigzag elements of the rim cycle 
are rounded at the margin.

DIMENSIONS. - Average diameter 6 fi.

REMARKS. - Polycyclolithus orbiculatus n. sp. differs from P. hrotzenii 
Forchheimer, 1968 in having a central area filled with nine elements over­
lapping each other. There is no opening in the centre. The rim cycle is round­
ed and consists of nine zigzag elements which distinguishes P. orbiculatus 
n. sp. from P. floralis (Stradner).

Shumenko (1969) illustrated a Turanian - Coniacian form of Lithastrinus 
floralis Sradner. In view of the typical structure of the rim cycles named 
above this species is transferred by the present author to the genus Polycycloli­
thus as a new species P. orbiculatus n. sp.

OCCURRENCE. - Turanian - Coniacian: Russia (Shumenko, 1969) 
Köpingsberg Borehole No. 1: Albian - Cenomanian.

Family ZYGOD1SCACEAE Hay et Mohler, 1967 

Genus Cyclolithella Loeblich et Tappan, 1963 

Type species: Cyclolithus inflexus Deflandre, 1952

Cyclolithella sp.

PI. XV, Figs. 4, 6

DIMENSIONS. - Length 9.5 /<; width 7.4 //.

REMARKS. - Large, elliptical, very delicately ornamented ring-shaped speci­
men. The open central area occupies about 35 percent of the coccolith area. 
Only one specimen has been found in the samples studied.

OCCURRENCE. - Köpingsberg Borehole No. 1: Albian.
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Genus Loxolitbus Noel, 1965

Type species: Loxolitbus armilla (Black et Barnes) Noel, 1965

Loxolitbus armilla (Black et Barnes, 1959) Noel, 1965 

PI. XVIII, Figs. 5-6

1959 Cyclolithus armilla sp. nov. - Black et Barnes, p. 327, P.l 12, Fig. 2.
1965 Loxolitbus armilla (Black et Barnes) nov. comb. — Noel, p. 67, Fig. 3.
1968 Loxolitbus cf. armilla (Black et Barnes, 1959), - Forchheimer, p. 54, PI. 4, Figs. 2 a-b;

PI. 8, Figs. 8 a-c; Fig. 2 (21,26); SEM 20-21.
1970 Loxolitbus armilla (Black et Barnes) Noel, - Manivit, PI. 17, Figs. 7-10.

DIMENSIONS. - Average length 7.8 /t; average width 6.3 /<.

REMARKS. - Black et Barnes (1959) originally described this species. 
They noted some trace of a membrane visible in the species illustrated on PI. 12, 
Fig. 2. They doubted whether any of these forms were originally open rings. 
They suggested that the centre was closed by a delicate membrane which is 
not present in badly preserved specimens. The forms found in the investigated 
Köpingsberg 1 material also show fragments of a structure in the centre.

OCCURRENCE. - Oxfordian: Alger (Noel, 1965)
Gault — Cenomanian: Sweden (Forchheimer, 1968) 
Cenomanian: England (Black et Barnes, 1959) 

Köpingsberg Borehole No. 1: Hauterivian - Cenomanian.

Genus Pontilithus Gartner, 1968 

Type species: Pontilithus obliquicancellatus Gartner, 1968

Pontilithus flabellosus (Stradner et al, 1968) Black, 1968 

PI. X, Figs. 1-2; PI. XI, Figs. 5-6

1968 Zygolithus flabellosus nov spec. - Stradner et al, p. 37, PI. 31.
1968 Pontilithus flabellosus (Stradner) comb. nov. - Black, p. 806, PI. 149, Fig. 11.

DIMENSIONS. - Basal shield; average length 6 average width 4.1 pt. 
Central process: average length 5.5 /<.

REMARKS. - Pontilithus flabellosus (Stradner) Black, 1968 has a massive 
central process (PI. 10, Fig. 2). The basal shield is constructed like the Ceno-
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manian form P. obliquicancellatus Gartner, 1968. Gartner, however, has 
not observed a central process. P. obliquicancellatus is probably a younger 
synonym to P. flabellosus (Stradner) Black, 1968.

OCCURRENCE. - Albian: Netherlands (Stradner et al, 1968) 
Cenomanian: England (Black, 1968)

Köpingsberg Borehole No. 1: Aptian — Cenomanian.

Genus Tranolitbus Stover, 1966 emend.

DIAGNOSIS emend. - Elliptical coccoliths with a single rim cycle of im­
bricate elements in distal view and a secondary cycle of elements surrounding 
the central area in proximal view. The central area can be filled by irregular 
elements leaving two larger and two smaller openings. When complete the 
central area is spanned by a transverse bar. The bar is composed of small 
granulae and shows an indication of a central process.

REMARKS. - The genus Tranolitbus Stover, 1966 emend, differs from the 
genus Zygodiscus Bramlette et Sullivan, 1961, the genus Chiastozygus 
Gartner, 1968 and the genus Vagalapilla Bukry, 1969 in the composition of 
the central area.

Species of the genus Tranolitbus lack the crossbar of the type occurring in 
species belonging to the genus Zygodiscus. They also lack the X-shaped cross­
bars developed in species of the genus Chiastozygus and the set of crossbars 
with a bilateral symmetry visible in the central area in species of the genus 
Vagalapilla.

Type species: Tranolitbus manifestus Stover, 1966

Tranolitbus exiguus Stover, 1966 emend.

PI. IX, Fig. 6; PI. XVI, Figs. 2, 4; Pi. XVII, Figs. 1-4

1966 Tranolitbus exiguus Stover, new species, - Stover, p. 146, PI. 4, Figs. 21 a-c.
1966 Zygolithus ponticulus (Deflandre) Stover, new combination, - Stover, p. 148, PI. 4, 

Figs. 2-5.
1966 Parhabdolithus? bitraversus Stover, new species, - Stover, p. 145, PI. 6, Figs. 20-22; 

PI. 9, Fig. 19.
1966 Tranolitbus gabalus Stover, new species, - Stover, p. 146, PI. 4, Fig. 22; PI. 9, Figs. 

5 a-c.
1968 Zygolitbus diplogrammtis Deflandre, - Stradner et al, p. 35, PI. 26, Figs. 3-7; PI. 27, 

Fig. 1.
1968 Glaukolitbus diplogrammus (Deflandre, 1954), - Forchheimer, p. 50, PI. 5, Figs. 

1 a-b; Fig. 2 (14).
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1968 Tranolitbus cf. T. exiguus Stover, 1966, - Forchheimer, p. 49, PI. 5 Figs 2 

Fig. 2 (12). ’ 6
Zygotes diplogrammus Deflandre, 1954, - Manivit, p. 179, PI. 1, Figs. 8 a-b. 

1968 Zygohthus exiguus (Stover) nov. comb. - Manivit, PL 1, Figs. 11 a-c.
1970 Tranolitbus exiguus Stover, 1966, - Manivit, p. 81, Pi. 26, Figs. 10-12.

a-b;

DIMENSIONS. - Average length 6.5 /<; average width 4.6 /<.

REMARKS. - Tranolitbus exiguus Stover, 1966 emend, has a rim cycle 
composed of about 60 imbricate elements in distal view. The central area is 
spanned by a transverse bar consisting of small granulae. An indication of a 
central process is visible in Pi. XVI, Figs. 2, 4. In badly preserved specimens 
the crossbar is missing and only the four “triangular projections” as named 
by Stover (1966) are left extending into the central area.

OCCURRENCE. — Neocomian — Lower Cenomanian: France (Stover, 
1966)
Aptian - Albian: France (Stover, 1966)
Gault - Cenomanian: Sweden (Forchheimer, 1968) 
Albian: Netherlands (Stradner et al, 1968)
Albian - Cenomanian: France (Stover, 1966)
Albian - Maastrichtian: France (Manivit, 1970) 
Turonian: France (Manivit, 1968)

Köpingsberg Borehole No. 1: Hauterivian - Cenomanian.

Tranolitbus skoglundii n. sp.
PL XVII, Figs. 5-6

DERIVA I ION OF NAME. - In honour of Dr. Roland Skoglund, the Head 
of the Section for Stratigraphy and Palaeontology, S. G. U., Stockholm.

HOLOTYPE. - Specimen No.: S Kp 133 73a/21.

TYPE LOCALITY. - Köpingsberg Borehole No. 1, 1 004.4 m.

TYPE STRATUM. — Hauterivian.

DIAGNOSIS. - A species of Tranolitbus with a central area filled with irre­
gular elements forming four openings.

DESCRIPTION. - Elliptical coccolith showing in distal view a single rim 
cycle composed of about 60 imbricate elements. The rim is 0.8 ,u wide. The
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central area which occupies 58 percent of the cocolith area contains four large 
elements. These elements form two large circular openings at the focuses of 
the ellipse, and two smaller ones aligned with the short axis of the coccolith.

The contact lines of the elements form a cross in the centre. No central 
process is present.

DIMENSIONS. - Average length 7.5 /(; average width 5 n.

REMARKS. - Tranolithus skoglutidii n. sp. differs from T. exiguns Stover, 
1966 emend, in lacking a transverse crossbar as well as a central process. The 
large elements filling the central area differ in shape from the “triangular pro­
jections” of the T. exiguus.

OCCURRENCE. - Köpingsberg Borehole No. 1: Albian - Cenomanian.

Genus Vagalapilla Bukry, 1969 

Type species: Vekshinella imbricata Gartner, 1968

Vagalapilla alata n. sp.

PI. XXII, Figs. 5-6

DERIVATION OF NAME. - alatus (lat.) - winged.

HOLOTYPE. - Specimen No.: S Kp 338 51a/16.

PARATYPE. - Specimen No.: S Kp 217 44a/19.

TYPE LOCALITY. - Köpingsberg Borehole No. 1, 924.2 m.

TYPE STRATUM. - Aptian.

DIAGNOSIS. - A species of Vagalapilla, broad elliptical with a narrow rim 
cycle in distal view. An axial cross divides the central area into four big 
openings. The arms are winged at the end. A central process extends distally.

DESCRIPTION. - The rim consists of about 50 elements, which are slightly 
inclined in distal view. The central area occupies about 50 percent of the 
coccolith area. The distal rim has a width of 0.86 /« and the arms have a width 
of 0.8 n. At the ends the short arm has a width of 2.2 /a and the long arm 1.6 n.
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The maximum length of the openings is 2.3 ft and the maximum width 1.7 ft. 
A secondary rim cycle of elements is visible in proximal view.

DIMENSIONS. — Average length 7.4 ft; average width 5.9 ft.

REMARKS. \ no ala pill a alata n. sp. occurs often with a broken cross in 
the samples studied. Comparison with light microscope micrographs and draw­
ings of species looking like V. alata n. sp. and published before is very difficult. 
Zygolithus caelatus (Kamtner, 1955) in Manivit (1965, pp. 190-191, Pi. 2, 
Figs. 15 a-b) from Aptian - Albian, Discolithns mielnicensis Gorka, 1957 (p. 
249, Fig. 14) from Maastrichtian and Zygolithus crux (Deflandre) in Strad- 
ner (1963, p. 179, Pi. 4, Figs. 7 a-b) do not allow comparison due to the 
fact that the structural details clearly visible in the scanning electron micro­
scope are here missing.

OCCURRENCE. - Köpingsberg Borehole No. 1: Hauterivian - Cenomanian.

Vagalapilla coroniformis n. sp.

PI. XXI, Figs. 3-5

DERIVATION OF NAME. - coroniformis (lat.) - having the form of a 
corona.

HOLOTYPE. - Specimen No.: S Kp 359 75a/6.

PARATYPE. - Specimen No.: S Kp 208 47a/6.

TYPE LOCALITY. - Köpingsberg Borehole No. 1, 986.4 m.

TYPE STRATUM. - Hauterivian.

DIAGNOSIS. - A species of Vagalapilla with an elliptical open area spanned 
by two crossbars of complex construction. The short bar is aligned with the 
short axis of the coccolith, while the long arm is S-shaped. A broad wall com­
posed of inclined and striated elements is serrate at the periphery.

DIMENSIONS. - Average length 5.7 ft; average width 4 ft.
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DESRIPTION. - Specimens seen in proximal view show a narrow rim cycle 
composed of 36 elements with slightly inclined suture lines. A central cross 
with a short arm aligned with the short axis of the ellipse and with a long S- 
shaped arm is inserted in this rim cycle. Each of the crossbars is composed of 
two rows of square elements. A broad wall built up of counterlockwise, strong­
ly inclined and striated elements has a height of 2.3 fi. The central area occupies 
about 28 percent of the coccolith area. The length of each opening is 1.1 n and 
the width 0,5 /-t.

REMARKS. - Vagalapilla coroniformis n. sp. occurs rarely in the studied 
samples. Manivit (1965) reported Zygolithus crux (Deflandre et Fert) 
Bramlette et Sullivan, 1961, illustrated by light microscope micrographs (Pi. 2, 
Figs. 13 a-b). Also Stover (1966) described Zygolithus crux (Deflandre et 
Fert) Bramlette et Sullivan, 1961 based on light microscope micrographs 
(Pi. 3, Figs. 17, 18, 22A). These forms show the typical S-shaped crossbars of 
Vagalapilla coroniformis n. sp. and thus differ from other Zygolithus i rux 
specimens showing straight crossbars [Deflandre et Fert (1954), Görka 
(1957), Stradner (1963)].

OCCURRENCE. - Hauterivian - Barremian.

Vagalapilla partita n. sp.

PI. XXI, Figs. 1-2; PI. XXII, Figs. 1-4

DERIVATION OF NAME. - partitus (lat.) - divided into parts.

HOLOTYPE. - Specimen No.: S Kp 94 90/1.

PARATYPE. - Specimen No.: S Kp 470 68a/31.

TYPE LOCALITY. - Köpingsberg Borehole No. 1, 846.4 m.

TYPE STRATUM. - Albian.

DIAGNOSIS. - A species of Vagalapilla with a broad rim cycle of strongly 
inclined elements in distal view. The perpendicular crossbars have a width of 
about two-thirds of that of the distal rim cycle.

DESCRIPTION. - The distal shield is composed of a single rim cycle of 
about 36 imbricate elements showing strong inclination. The width of the rim
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is about 1 ft. The central area occupies about 35 percent of the coccolith area. 
The crossbars have a width of about 0.7 ft and at the junction with the rim 
a width of about 1.5 ft. The openings have a length of about 1.5 ft and a width 
of about 0.8 ft. A central massive process at the base and pointed at the end 
extends distally. The length of the central process is about 7 ft. A smaller rim 
cycle having a width of about 0.6 ft surrounds the central area in proximal 
view. No central pore is visible.

DIMENSIONS. - Average length 5.8 /<; average width 3.8 ft.

REMARKS. - Vagalapilla partita n. sp. resembles forms described previously 
as Zygolithus crux (Deflandre et Fert, 1954) Bramlette et Sullivan, 1961.

Deflandre et Fert (1954) erected a new species, Discolithus crux from the 
Tertiary. The electron micrograph in Deflandre et Fert (PI. 14, Fig. 4) was 
made without carbon replica, and thus lacks details of the fine structure. Also 
the drawing (p. 20, Fig. 55) is schematic and the description on p. 23 only 
reports elliptical coccoliths with a narrow margin and an axial cross in the 
central area. The specimens belonging to this species are smaller than Vaga­
lapilla partita n. sp. and have a length of 3.6 ft and a width of 2.7 ft.

Z. crux (Deflandre et Fert, 1954) Bramlette et Sullivan, 1961 has been 
reported from the Cretaceous by many authors in synonymies as Cyatospbaera 
crux (Deflandre et Fert, 1954) Hay et Towe (1962b, p. 507, PI. 2) and 
Stain olithites crux (Deflandre et Fert, 1954) Caratini, 1963.

Stradner et al (1968) reported Zygolithus crux (Deflandre et Fert, 1954) 
Bramlette et Sullivan, 1961 with a thorough description illustrated by electron 
and light micrographs (p. 36, Pis. 28-30). Vagalapilla partita n. sp. does not 
show the central pore mentioned by Stradner et al (1968): “In some specimens 
there is a small central pore left open”. Vagalapilla partita n. sp. differs also 
from Zygolithus crux (Deflandre et Fert, 1954) in having winged crossbars. 
The author does not agree with the synonym list published by Stradner et al 
(1968): they included too many clearly distinct species as for example Stauroli- 
thites bocbotnicae (Görka, 1957) Caratini, 1963 in Reinhardt (1965) p. 39, 
PI. 3, Fig. 3 and 1966, p. 33, PI. 15, Fig. 1; PI. 19, Fig. 4; Pi. 22, Fig. 8; Pi. 23, 
Fig. 1. The diagnosis of this species (Reinhardt 1965 and 1966) is: “40 schräg 
liegende Elementa petala fiigen einen elliptischen Ring zusammen. Den Bin- 
nenraum iiberspannt ein 0.8 it dickes Kreutz. Seine Arme erstrecken sich in 
die Richtung der Ellipsenaxen. Grösse 5.5 ft”. Vagalapilla partita n. sp. differs 
from Staurolithites bocbotnicae (Gorka, 1957) Caratini, 1963 in having a 
central process. The crossbars are winged at the junction with the rim.

OCCURRENCE. - Köpingsberg Borehole No. 1: Hauterivian - Cenomanian.
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Vagalapilla solida n. sp.

PL XXIII, Figs. 1-2

1969 Vagalapilla elliptica (Gartner, 1968) Burry, 1969 n. comb, ex parte, - Burry, p. 57, 
Pi. 32, Figs. 9-10.

DERIVATION OF NAME. - solida (lat.) - massive.

HOLOTYPE. - Specimen No.: S Kp 318 80a/14.

PARATYPE. - Specimen No.: S Kp 94 7a/26.

TYPE LOCALITY. - Köpingsberg Borehole No. 1, 846.4 m.

TYPE STRATUM. - Albian.

DIAGNOSIS. - Eliptical coccoliths with a rather broad rim cycle. The 
central area occupies about 25 percent of the coccolith area. A broad massive 
crossbar is aligned with the axes of the ellipse. A perforation in the centre and 
a central process are present.

DESCRIPTION. - Vagalapilla species seen in distal view shows a rim com­
posed of about 38 inclined elements. The open central area is spanned by 
crossbars with a width of 0.8 /u. The micrograph in Pi. XXIII, Fig. 1 shows a 
perforation in the centre of the process.

REMARKS. - Vagalapilla solida n. sp. differs from V. elliptica (Gartner, 
1968) Bukry, 1969 in having a cross with bars perpendicularly intersecting. 
Micrographs in PI. 32, Figs. 11-12 (Bukry, 1969) show V. elliptica (Gartner 
1968) Bukry, 1969 with bars evidently dissimilar to those of V. solida n. sp. 
The present author proposes therefore a new species for specimens with a 
straight, massive cross, broad rim and rather small central area.

OCCURRENCE. - Köpingsberg Borehole No. 1: Aptian - Albian.

Genus Zygodiscus Bramlette et Sullivan, 1961 

Type species: Zygodiscus adamas Bramlette et Martini, 1964

Zygodiscus compactus Bukry, 1969 

PI. XXVI, Figs. 1-4

1969 Zygodiscus compactus Burry, n. sp. - Burry, p. 59, Pi. 34, Figs. 1-2.
1969 Zygodiscus elegans Gartner, emend. Burry, - Bukry, p. 39, Pi. 34, Fig. 8.
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1970 Zygolithus compactus (Bukry) nov. comb. - Noel, p. 26, Text-Figs. 2, 3; PL 2, Figs. 
2-8; PI. 3, Figs. 1-3.

1970 Zygolithus bussoni Noel, 1956, - Noel, p. 26, Text-Fig. 1; PI. 1, Figs. 4-7; Pi. 2, 
Fig. 1.

DIMENSIONS. - Average length 6.2 n\ average width 4.4 /t.

REMARKS. - Bukry (1969) erected the new species Zygodiscus compactus 
Bukry, 1969. He described this species and illustrated it by two micrographs 
in distal view (PI. 34, Figs. 1-2). The broad rim and the large irregularly ordered 
bar crossing the central area are typical of this species. In the investigated 
material the bar is composed of two rows of elements. The bar is smaller in 
proximal view than in distal view (1.58 // distally, 1.25 ft proximally). A rim 
cycle surrounding the central area is composed of about 30 elements. The cen­
tral area occupies about 50 percent of the coccolith area. Zygolithus elegans 
Gartner, emend. Bukry, 1969 in Pi. 34, Fig. 8 and Zygolithus bussoni Noel, 
1956 in Noel, 1970 (p. 26, Text-Fig. 1; Pi. 1, Figs. 4-7; PI. 2, Fig. 1) seem to be 
indistinguishable from Zygodiscus compactus Bukry, 1969 seen in proximal 
view. Although the specimens found in the investigated samples lack a process, 
they are included in the genus Zygodiscus Bramlette et Sullivan, 1961.

OCCURRENCE. - Coniacian - Campanian: Germany, Texas (Bukry, 
1969)
Campanian: France (Noel, 1970)

Köpingsberg Borehole No. 1: Hauterivian - Cenomanian.

Zygodiscus erectus (Deflandre, 1954) Manivit, 1970 

PI. XXVI, Figs. 5-6

1954 Zygolithus erectus Deflandre, new species, - Deflandre, p. 29, PI. 15, Figs. 14-17- 
Text-Figs. 60-62.

1965 Zygolithus erectus Deflandre, - Manivit, p. 191, PI. 2, Figs. 12 a-b.
1965b Zygolithus erectus Deflandre, - Noel, p. 62, PI. 1, Figs. 3-4, Text-Fig. 2.
1966 Zygolithus erectus Deflandre, - Reinhardt, p. 40, PI. 15, Fig. 13.
1968 Zygolithus erectus Deflandre, - Stradner et al, p. 34, Pis. 25, 26, Figs. 1-2.
1969 Zygodiscus erectus (Deflandre) nov. comb. - Bukry et Bramlette, p. 373.
1970 Zygodiscus erectus (Deflandre) n. comb. - Manivit, p. 85, PI. 29, Figs. 1-3, 5-8.

DESCRIPTION. - Elliptical coccolith with a rim cycle of strongly inclined 
and imbricated elements as seen in distal view. The central area is divided into 
two semicircular openings by a transverse bridge. A central process extends 
distally, massive at the base and pointed at the end.

DIMENSIONS. — Average length 8.3 average width 7 /<.
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REMARKS. - Zygodiscus erectus (Deflandre, 1954) Manivit, 1970 has 
the generic characteristics of the genus Zygodiscus Bramlette et Sullivan, 
1961.

Bukry et Bramlette (1969) previously included Zygolitbus erectus 
(Deflandre et Fert, 1954) in the genus Zygodiscus Bramlette et Sullivan, 
1961, but this new combination was declared invalid by Loeblich and Tappan 
(1970, p. 42).

OCCURRENCE. - Malm: Germany (Reinhardt, 1966)
Oxfordian: France (Deflandre et Fert, 1954) 
Oxfordian: Algeria (Noel, 1965)
Aptian — Cenomanian: France (Manivit, 1970) 
Albian: France (Manivit, 1965)
Albian: Netherlands (Stradner et al, 1968)
Albian: Blake-Bahama Basin (Bukry et Bramlette, 
1969 b)

Köpingsberg Borehole No. 1: Hauterivian — Cenomanian.

Zygodiscus inclinatus n. sp.

PI. Ill, Figs. 6-7

DERIVATION OF NAME. - inclinare (lat.) - incline.

HOFOTYPE. - Specimen No.: S Kp 502 84a/30.

TYPE FOCALITY. - Köpingsberg Borehole No. 1, 759.3 m.

TYPE STRATUM. - Cenomanian.

DIAGNOSIS. - Small elliptical coccoliths with a distal rim composed of 
two cycles visible in distal view. The outer rim cycle consists of about 30 ele­
ments. An inner cycle surrounding the central area consists of the same number 
of strongly imbricate elements. A broad bar divides the central area into two 
large openings. A short process, massive at the base and pointed at the top is 
seen in distal view.

DESCRIPTION. - Zygodiscus species seen in distal view in Pi. Ill, Fig. 6 is 
an elliptical coccolith with two cycles of elements, a broad transverse bar and 
a central process. The diameter of this process at the base is 1 n, decreasing 
towards the end. The outer rim with a width of 0.5 ,« is composed of radial 
elements. The inner rim has a width of 0.3 n.
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DIMENSIONS. — Average length 4.2 average width 3.5 fx.

REMARKS. - Zygodiscus inclinatus n. sp. differs from Zygodiscus acanthus 
(Reinhardt, 1965) in having an inner cycle composed of strongly inclined 
narrow elements as seen in distal view. Reinhardt (1966, p. 40) reported: 
“Eine Art von Zygodiscus mit 40 Elementa petala pro Randscheibe”. These 
cycles have the same width while Zygodiscus inclinatus n. sp. has an inner 
cycle more narrow than the outer one. Bukry (1969) described and illustrated 
(Pi. 33, Figs. 8-9) Zygodiscus acanthus (Reinhardt, 1965) with circular open­
ings in the central area.

OCCURRENCE. - Köpingsberg Borehole No. 1: Cenomanian.

1NCERTAE SED1S

Genus Lucianorhabdus Deflandre, 1959 

Type species: Lucianorhabdus cauyeuxi Deflandre, 1959

Lucianorhabdus arcuatus n. sp.

PI. X, Fig. 5

DERIVATION OF NAME. - arcuatus (lat.) - curved.

HOLOTYPE. - Specimen No.: S Kp 316 81a/15.

TYPE LOCALITY. - Köpingsberg Borehole No. 1, 888 m.

TYPE STRATUM. - Albian.

DIAGNOSIS. - A species of Lucianorhabdus with a massive curved process. 
The diameter of the basal shield is equal to the width of the process.

DESCRIPTION. — The massive process with a granulate surface is bent into 
a “knee” situated at about 3/4 of its length from the basal shield. Six parallel 
ridges are equidistantly arranged along the whole length.

DIMENSIONS. - Average length of the longer straight part of the process
15.1 u- average length of the shorter straight part 11 /x-, average width 5.5 /x.
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REMARKS. - Lucianorhabdus arcuatus n. sp. differs from L. quadrifidus 
n. sp. in having a bent and slender process and a basal shield with a diameter 
equal to the width of the process.

Deflandre (1959) illustrated a specimen of Lucianorhabdus (Pi. 4, Fig. 21) 
with a curved process but without a basal shield. However, the process is larger 
than in L. arcuatus n. sp.

Gartner (1968) reported a species of Lucianorhabdus with a slender and 
smooth process and without a basal shield. Both species are reported from 
the Senonian.

OCCURRENCE. - Köpingsberg Borehole No. 1; Aptian - Cenomanian.

Lucianorhabdus quadrifidus n. sp.
PI. IX, Fig.2; PI. X, Figs. 3-4, 6

DERIVATION OF NAME.. - quadrifidus (lat.) — square.

HOLOTYPE. - Specimen No.: S Kp 334 76a/2.

PARATYPE. - Specimen No.: S Kp 94 7a/7.

TYPE LOCALITY. - Köpingsberg Borehole No. 1, 904.72 m.

TYPE STRATUM. - Albian.

DIAGNOSIS. - A species of Lucianorhabdus with a massive central process 
terminating in a crown consisting of triangular elements. Four large elements 
form the central area of the basal shield leaving a rhombic opening at the 
centre.

DESCRIPTION. — The central process is provided with four ridges and 
has a coarse granulate surface. The basal shield is composed of cycle of 
imbricate elements surrounding the central area in proximal view.

DIMENSIONS. - Central process: average length 11.7 ju; average width 
2.8 ft. Basal shield: average length 7 fi; average width 5.8 /*.

REMARKS. - Lucianorhabdus quadrifidus n. sp. occurs often with basal 
shield and central process separated. The complete specimens with the crown
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at the top are rare. Eurhabdtis luciformis Reinhardt, 1965 (p. 39, Pi. 2, Fig. 5) 
is illustrated in side view. Since no crown is reported and no information is 
given on the structure of the basal shield, the specimens from Köpingsberg 1 
cannot be compared to the form described by Reinhardt.

OCCURRENCE. - Köpingsberg Borehole No. 1: Aptian - Cenomanian.

Genus Martbasterites Deflandre, 1959 

Type species: Martbasterites furcatus Deflandre, 1959

Martbasterites duplex n. sp.

PI. VIII, Figs. 1, 3

DERIVATION OF NAME. - duplex (lat.) - double.

HOLOTYPE. - Specimen No.: S Kp 470 68/11.

TYPE LOCALITY. - Köpingsberg Borehole No. 1, 912.52 m.

TYPE STRATUM. - Albian.

DIAGNOSIS. - A species of Martbasterites built up of two identical parts, 
each consisting of three branches of about equal length. The interspaces be­
tween the branches are U-shaped. The two parts are connected by a common 
axis and oriented in different directions.

DESCRIPTIONS. - Small calcareous bodies with branches in a cone-shaped 
arrangement. The U-shaped interspaces are broad. The curved arms terminate 
in lobes.

DIMENSIONS. - Average length 4.7 /(.

REMARKS. - Martbasterites duplex n. sp. differs from M. furcatus furcatus 
(Deflandre) Deflandre, 1959 in Burry (1969), p. 65, Pi. 38, Figs. 2-4) known 
from the Santonian - Campanian in having broader and shorter arms. The 
specimens reported by Burry have a maximum diameter of 8.7 //.

OCCURRENCE. - Köpingsberg Borehole No. 1: Hauterivian - Cenomanian.
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STRATIGRAPHY

Coccoliths in the Lower Cretaceous and in the Cenomanian have previously 
been investigated mainly by light microscope but also by transmission and 
scanning electron microscope (Fig. 2).

Stradner (1963), Stover (1966), Reinhardt (1966), Forchheimer (1968), 
Bukry et Bramlette (1969) and Manivit (1965, 1968, 1970) have described 
the stratigraphic distribution of the coccoliths in the early Cretaceous and in 
the Cenomanian.

According to Stradner (1963) the basal part of the Lower Cretaceous is 
easily recognized by the great abundance of Coccolithus pelagian and Nanno- 
conus steinmani Kamptner. Braarndosphaera disaila Bramlette et Riedel 
is rarely missing. The Upper Hauterivian and Barremian show a development 
of nannoconids which continues into the Aptian - Albian in addition to Zygo- 
lithus diplogrammus Deflandre, 1954. The Cenomanian associations mostly 
consist of Lower Cretaceous species, with Rhabdolitbus turriseiffeli Deflandre 
as a newcomer (Turriseiffeli associations).

Stover (1966) characterized Cretaceous layers as follows: “Lower Creta­
ceous assemblages are characterized mainly by an abundance of Coccolithus, 
Parbabdolitbus and Zygolithus specimens, although a particular species of a 
sparsely occurring genus may be abundant locally. Several new species appear 
in successively younger Lower Cretaceous stages”. According to Stover (1966) 
the assemblages from the Cenomanian contain a mixture of certain Lower and 
Upper Cretaceous forms, as Arkbangelskiella, Discolitbus, Eprolithus, Trano- 
lithus and Zygolithus species.

According to Reinhardt (1966) Braarudospbaera, Lithastrinus, Micrantho- 
lithus, Ahmuellerella, Nannoconus, Staurolithites and Zygolithus species occur 
in the Hauterivian of N. Germany. The first appearance of Cretarhabdus, 
Deflandrius, Eiffellithus and Glaukolithus species was observed in the Albian, 
which in regard to nannofossils is difficult to separate from the Cenomanian.

The present author described in 1968 coccoliths in the boundary Gault - 
Cenomanian, and in the Cenomanian from the Höllviken Borehole No. 1, 
SW Sweden. The Coccolithus pelagicus group amounts to 64 percent in the 
Gault - Cenomanian, and 34 percent in the Cenomanian. Tratiolithus, Dis­
colitbus and Cricolithus species have been abundant in the Gault - Cenoma­
nian layers. Cribrospbaera, Cretarhabdus, Polycyclolithus and Watznaueria 
species appeared first in the Cenomanian.

Bukry in Bukry et Bramlette (1969) reported Braarudospbaera, Crucipla- 
colithus, Discolitbus, Micrantholithus, Parbabdolitbus and Nannoconus spe­
cies from the Hauterivian. Apertapetra, Arkbangelskiella, Corollithion, Eiffel­
lithus and Watznaueria species are reported from the Albian, and Lithastrinus
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and Prediscospbaera species from the Cenomanian in cores from the Gulf of 
Mexico.

Manivit (1970) investigated coccoliths from the Aptian - Danian in France. 
She distinguished seven biostratigraphical zones in the Aptian - Cenomanian 
deposits. The zones with Prediscospbaera columnata and Parbabdolithus angus- 
tus represent the Lower and Upper Aptian respectively. The Albian is represent­
ed by three zones: Lower Albian with Hayesites albiensis, Middle Albian with 
Corollitbion rhombicum and Upper Albian with Staurolithites matalosus. 
The Lower and Middle Cenomanian is represented by the zone with Stauroli- 
tbites orbiculofenestrus, and the Upper Cenomanian by the zone with Gartne- 
rago obliquum (non obliquus).

In the present paper concerning the Köpingsberg Borehole No. 1 the strati­
graphic distribution of the coccoliths was studied by means of the scanning 
electron microscope. It is of particular interest that many species previously re­
ported only from the Upper Cretaceous are found to occur in the Lower Creta­
ceous sequence in the core. Examples are species of the genera Biscutum, Broin- 
sonia, Gartnerago, Helicolithus, Kamptnerius, Lucianorhabdus, Marthasteri- 
tes, Microrhabdulus and Micula.

The Lower Cretaceous and the Cenomanian are dominated by Biscutum 
kennedyi, Bukry, 1969; Coccolithus barnesae (Black) Bramlette et Martini, 
1964; Deflandrius cantabrigensis Black, 1967; Eiffellithus turriseiffeli 
(Deflandre) Reinhardt, 1965; Gartnerago costatum (Gartner) n. comb.; 
Gartnerago striatum (Stradner) n. comb.; Helicolithus stillatus n. sp.; Kampt­
nerius punctatus Stradner, 1963; Lithrapbidites carniolensis Deflandre, 
1963; Micula cubiformis n. sp.; Repagulum parvidentatum (Deflandre) n. 
gen., n. comb.; Tranolithus exiguus Stover, 1966 emend.; Vagalapilla partita 
n. sp.; Zygodiscus compactus Bukry, 1969 and Zygodiscus erectus (Deflandre) 
Manivit, 1970. Nannoconids have not been found.

The following species occur first in the Barremian: Biscutum blacki Gartner, 
1968; Gartnerago concavum (Gartner) Bukry, 1969; Discorbabdus ignotus 
(Gorka) Perch-Nielsen, 1968 and Rhabdolithina splendens (Deflandre) 
Reinhardt, 1967.

The species which occur first in the Aptian include: Chiastozygus 
ampbipons (Bramlette et Martini, 1964); Corrollitbion geometrician 
(Gorka) Manivit, 1970; Corollitbion rhombicum (Stradner et al) Bukry, 
1969; Lucianorhabdus arcuatus n. sp.; Lucianorhabdus quadrifidus n. sp.; 
Pontilithus flabellosus (Stradner et al) Black, 1968; Solasites horticum 
(Stradner et al) Black, 1967 and Vagalapilla solida n. sp. The following new 
forms have been found in the Albian: Calolitbus martelae Noel, 1969; Corolli­
tbion delftensis (Stradner et al) Bukry et Bramlette, 1969; Cyclolitbella sp.; 
Deflandrius cf. D. stoveri Perch-Nielsen, 1968; Gartnerago porolatum (Bukry) 
n. comb, and Markalius circumradiatus (Stover) Perch-Nielsen, 1968.
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The following continue from the Albian into the Cenomanian: Ac- 
tinozygus regularis (Görka) Gartner, 1968; Costacentrum lowei Bukry, 
1969; Cretarhabdus octoperforatus n. sp.; Deflandrius intercisus (Deflandre) 
Bramlette et Martini, 1964; Discolithina porososuturalis Bukry, 1969; 
Discolithina theta (Black) Forchheimer, 1968; Kamptnerius pertusus n. sp.; 
Polycyclolithus orbiculatus n. sp.; Rhabdolitbus cf. R. rectus Deflandre, 1954; 
Rhabdolithus decussatus (Manivit) Stradner, 1963; Scapholithus fossilis 
Deflandre, 1954; Zygodiscus biperforatus Gartner, 1968 and Zygodiscus 
pseudoantbophorus Bramlette et Martini, 1964.

The Cenomanian layers yielded badly preserved coccoliths as mentioned 
above (p. 13).

Broinsonia dempta n. sp., Podorhabdus albianus Black, 1968 and Zygo­
discus inclinatus n. sp. have been found in addition to forms from the Lower 
Cretaceous.

Fig. 12 shows the vertical distribution of the coccoliths.

DISCUSSION

The coccoliths investigated from the Lower Cretaceous and the Cenomanian 
of the Köpingsberg Borehole No. 1 include genera and even species previously 
known only from the Upper Cretaceous (Turonian - Maastrichtian, Figs. 7-10).

From the very beginning the present author has been surprised to find the 
following species in the Lower Cretaceous layers: Actinozygus regularis (Cam­
panian - Maastrichtian), Ahtnuellerella octoradiata (Turonian - Maastrich­
tian), Biscutum kennedyi (Santonian), Broinsonia handfeldii (Campanian), 
Costacentrum lowei (Coniacian — Campanian), Cylindralithus serratus (Cam­
panian), Deflandrius spinosus (Turonian - Maastrichtian), Discolithina poro­
sosuturalis. (Campanian), Discorhabdus ignotus (Turonian - Maastrichtian), 
Eiffellithus eximius (Turonian — Maastrichtian), Gartnerago costatum (San­
tonian - Campanian), Kamptnerius punctatus (Turonian - Senonian), Micror- 
habdulus belgicus (Turonian - Lower Maastrichtian), Micula staurophora 
(Upper Turonian - ? early Tertiary), Zygodiscus biperforatus (Coniacian - 
Campanian), Zygodiscus compactus (Coniacian - Campanian) and Zygodiscus 
pseudoantbophorus (Campanian - Maastrichtian). Genera Lucianorhabdus 
and Martbasterites are known from the late Cretaceous, the latter also from 
the early Tertiary.

As many of the forms have often been used as guide fossils for zones in the 
Upper Cretaceous, it has been necessary to recheck the vertical distribution of 
the coccoliths. Eleven new samples from the same stratigraphical stages from 
the core were selected and new studies on coccoliths as well as on foraminifera 
have been carried out. The coccolith assemblages examined showed the same
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composition as previously found; the foraminifera were typical of the Lower 
Cretaceous.

As under certain conditions porous rocks may be contaminated by absorp­
tion of water from the drilling mud, additional well consolidated new core 
samples have been selected. Examination of this material from the following 
levels 1 002.45-1 002.49 m, 1 002.17-1 002.21 m, 999.80-999.90 m, 998.20- 
998.27 m, 997.58-997.63 m, 996.96-997.08 m, and 995.35-995.41 m carried 
out after the main investigation shows the same results.

Preliminary examination of the spore and pollen contents of four samples 
(1 000.64 m, 986.35 m, 847.3 m and 805.8 m) by Drs. Miller and Skarby (per­
sonal communication) points to an early Cretaceous age and confirms the 
determination made by Norling (1968) based on foraminifera.

According to Drs. Kjellström and Sarjeant (personal communication) who 
examined the dinoflagellates of a sample (1 000.64 m) the assemblage is signally 
lacking in stratigraphically characteristic forms. Tentatively, however, an Ap­
tian or Lower Albian age has been suggested.

The coccolith flora from the Lower Cretaceous and the Cenomanian in the 
Köpingsberg Borehole No. 1 is rather confusing. The occurrence of forms 
previously reported only from the Upper Cretaceous can hardly be explained 
as resulting from contamination by material from younger layers. This would 
be equivalent to stating that from a core of 1 000.4 m, drilled in such a way 
that every 6 m section has been collected, 250 m (25 %) are contaminated. Such 
a contamination seems to be rather unlikely. This opinion is supported by the 
fact that the pollen investigation did not show any Upper Cretaceous forms. 
It should also be kept in mind that some of the forms in question, especially 
the Kamptnerius species, occur far more abundantly, and are better preserved 
in the lowest part of the core.

The problem will certainly be solved more easily by supposing that the forms 
in question occur in situ also in Lower Cretaceous layers. This will lead to the 
conclusion that some forms have to be eliminated as Upper Cretaceous “guide 
fossils”. It seems that coccolith investigations have to be continued with the 
purpose of finding genuine guide fossils with established stratigraphic limita­
tions.

An essential condition for reaching the necessary differentiation is a high 
resolution of the fine structures, and the scanning electron microscope is at 
present the most suitable instrument for this purpose.
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Ahmuelterella octoradiata ( GORKA, 1957)
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Fig. 7. STRATIGRAPHIC DISTRIBUTION. Unbroken line: reported in literature. Shaded
line: Köpingsberg Borehole No. 1. Dotted line: Investigation not finished.
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Deflandrius spinosus
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Kampinerius punctatus STRADNER, 1963
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Fig. 9. STRATIGRAPHIC DISTRIBUTION. Unbroken line: reported in literature. Shaded
line: Köpingsberg Borehole No. 1. Dotted line: Investigation not finished.
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Micula staurophora ( GARDET, 1955 )
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DISTRIBUTION OF COCCOLITHS

IN THE CRETACEOUS OF THE KÖPINGSBERG BOREHOLE N0.1

SPECIES
* not described or illustrated in this paper 
o not described but illustrated

£ I £

Cyglagelosphaera margereli NOEL, 1965 
Vagalapilla coroniformis n.sp.

* Cylindralithus serratus BRAMLETTE e .MARTINI, 1964 
Broinsonia lacunosa n.sp.
Cretarhabdus unicornis SrOVER,l966 
Cretarhabdus octinosus ( STOVER , 1966)
Poly eye loti thus brotzenii FORCHHEIMER, 1968 
Polycyclolithus florolis (STRADNER, 1962 ) n.comb. 

o Cribrosphoero ehrenbergi ARKHANGELSKY, 1912 
Eiffellithus eximius ( STOVER, 1966 )

* Microrhabdutus belgicus HAY et TOWE , 1963 
Micula staurophoro (GARDET, 1955 )
Margolatus manivitoe n.gen., n.sp.
Markalius sulcatus n.sp.

* Stephanolithion laffittei NOEL, 1965 
Tronoli thus skoglundii n.sp.

o Ahmuellerella octorodiota (GORKA.1957)
Biscutum kennedyi BUKRY, 1969 
Broinsonia hondfieldii BUKRY, 1969 
Chiastozygus cuneatus ( LYUL' EVA, 1967 )

* Coccolithus barnesae (BLACK, 1959)
Cretarhabdus biseriatus n.sp.
Cretarhabdus conicus BRAMLETTE et MARTINI, 1964 
Deflandrius cantabri gensis BLACK, 1967 
Deflandrius spinosus BRAMLETTE et MARTINI, 1964 

o Eiffellithus turriseiffeli ( OEFLANDRE, 1954) 
Gartnerago costatum (GARTNER, 1968 ) n.comb. 
Gartnerago obliquum ( STRADNER, 1963) n.comb. 
Gartnerago striatum (STRADNER, 1963 ) n.comb. 
Helicolithus stillatus n.sp.
Kamptnerius punctatus OEFLANDRE, 1954 
Lithastrinus septenarius n.sp.

* Lithraphidites carniolensis DEFLANDRE, 1963 
Loxotithus armilta (BLACK, 1959)
Marthasterites duplex n.sp.
Micula cu b i form is n.sp.
Repagulum parvidenta tum (DEF LANDRE, 1954) n.gen.,n.comb. 
Vagalapilla partita n.sp.
Vagalapilla alata n.sp.
Tranolithus exiguus STOVER, 1966 
Zygodiscus compoctus BUKRY, 1969 
Zygodiscus erectus ( DEFLANDRE, 1954 )
Discorhabdus ignotus (G0RKA,1957)
Biscutum black i GARTNER, 1968 
Gartnerago concavum (GARTNER, 1968) 

o Rhabdolithino splendens ( DEFLANDRE,1954)
* So las ites horticum ( STRADNER et ol,1966)

Vagalapilla solida n.sp.
* Chiastozygus amphipons ( BRAMLETTE et MARTI Nl, 1964)
* Co rot l i thion geometricum ( GORKA, 1957)
* Coroll it h ion rhombicum (STRADNER et ol, 1966)

L ucianorhabdus arcuatus n.sp.
Lucian or habdus quodrifidus n.sp.
Pontilithus flobet/osus ( STRADNER et al, 1968)
Catolithus martelae NOEL, 1965

* Corollithion delftensis (STRADNER etal,1968) 
Cyclolithelta sp.
Deflandrius cfD.stoveri PERCH NIELSEN,1968 
Markalius circumradiatus ( STOVER, 1966)
Gartnerago porolatum ( BUKRY, 1966) n.comb.

* Actinozygus regularis (GORKA 1957)
* Costacentrum lower BUKRY, 1969 

Cretarhabdus octoperfora tus n.sp.
* Deflandrius intercisus ( DEFLANDRE, 1954 )
* Discolithina porososuturalis BUKRY, 1969
* Discolithina theta ( BLACK, 1959)

Kamptnerius pertusus n.sp.
Polycyclolithus orbicutatus n.sp.

* Rhabdolithus cf R. rectus DEFLANDRE, 1954
* Rhabdolithus decussatus (MANIVIT. 1961)
* Scaphofithus fossitis DEFLANDRE, 1954 
° Zygodiscus biperforatus GARTNER,1968
* Zygodiscus pseudoonthophorus BRAMLETTE et MARTINI,1964 

Broinsonia dempta n.sp.
* Podorhabdus albianus BLACK,1967 

Zygodiscus inctinotus n.sp.

d

Fig. 12.
Sylvia Forchheimer, 1971
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REFERENCES TO COCCOLITHS NOT DESCRIBED HERE

Species
Actinozygus regularis (Görka) 
Ahmuellerella octoradiata (Görka) 
Cbiastozygus amphipons (Bramlette et 
Martini)
Coccolithus barnesae (Black)
Corolithion delftensis (Stradner et al) 
Corollithion geometricum (Görka) 
Corollithion rhombicum (Stradner et al) 
Costacentrum lowei 
Cribrospbaera ebrenbergi 
Cylindralithus serratus 
Deflandrius intercisus (Deflandre) 
Discolithina porososuturalis 
Discolithina theta (Black)
Eiffellithus turriseiffeli (Deflandre) 
Lithraphidites carniolensis 
Microrbabdulus belgicus 
Podorbabdus albianus 
Rhabdolithina splendens (Deflandre) 
Rhabdolithus cf. R. rectus Deflandre 
Rhabdolithus decussatus (Manivit) 
Scapholithus fossilis 
Solasites horticum (Stradner) 
Stephanolitbion laffittei 
Zygodiscus biperforatus 
Zygodiscus pseudoantopborus

Literature

Gartner, 1968 
Reinhardt, 1964 
Gartner, 1968

Bramlette et Martini, 1964 
Bukry et Bramlette, 1969 
Manivit, 1970 
Bukry, 1969 
Bukry, 1969 
Arkhangelsky, 1912 
Bramlette et Martini, 1964 
Bramlette et Martini, 1964 
Bukry, 1969 
Forchheimer, 1970 
Reinhardt, 1965 
Deflandre, 1963 
Hay et Towe, 1963 
Black, 1967 
Reinhardt, 1966 
Manivit, 1965 
Stradner,1963 
Deflandre et Fert, 1954 
Black, 1967 
Noel, 1965 
Gartner, 1968 
Bramlette et Martini, 1964
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ADDENDUM

The following papers recently published should be included in the reference 
list:
Black, M., 1971: The systematics of coccoliths in relation to the palaeontological record. - 

The Micropalaeontology of Oceans, Cambridge University Press, 611-620.
- 1971: Derived coccoliths in the Bridlington Crag. - Proceedings of the Yorkshire Geologi­

cal Society, Vol. 38, 1,37-44.
Bukry, D., 1971: 29. Coccolith stratigraphy Leg. 6 Deep Sea Drilling Projects. - Initial reports 

of the Deep Sea Drilling Projects, Vol. 6, February, 965-1 004.
Hoffman, N., 1970: Coccolithineen aus der weissen Schreibkreide (Unter Maastricht) von 

Jasmund auf Riigen. - Geologie, Jahrg. 19, Heft 7, 846-879.
- Placozygus n. gen. (Coccolithineen) aus der Oberkreide des nördlichen Mitteleuropas. - 

Idem., Heft 8,1 004-1 009.
- Elektronenmikroskopische Untersuchungen an ”stabförmigen” Nannofossilen aus der 

Kreide und dem Paläogen Norddeutschlands. - ”Hercynia”, Bd. 7, Heft 1-3, 131-162.
- Taxionomische Untersuchungen an Coccolithineen aus der Kreide Norddeutschland an- 

hand elektronenmikroskopischer Aufnahmen. - Idm., 163-198.
Reinhardt, P., 1970-1971: Synopsis der Gattungen und Arten der mesozoischen Coccolithen 

und anderer kalkiger Nannofossilien. - Freiherger Forschungshefte I - C 260, 5-32; II - 
C 265, 43-111; III - C 267,19-41.

As these investigations were finished before the papers named above were 
obtainable no consideration has been taken to the results described there. It 
must, however, be pointed out that Hoffman (1970), Reinhardt (1970-1971), 
Bukry (1971) and Black (1971) described some forms dealt with in the present 
paper. It has also to be mentioned that Bukry found a Micula sp. aff M. decus- 
sata Vekshina, 1959 in the Cenomanian, and Black a Polycyclolithus brotzenii 
Forchheimer, 1968 in the Barremian.
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PLATE II

1. Broinsonia lacunosa n. sp.
7 700 x, 45°, distal view. 
Köpingsberg 1, Aptian.
Coll, no.: S ICp 211 40a/24 ....

2. Broinsonia handfieldii Bukry, 1969.
8 500 x, 0°, proximal view. 
Köpingsberg 1, Cenomanian.
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7 000 x, 45°, distal view. 
Köpingsberg 1, Cenomanian.
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Köpingsberg 1, Cenomanian.
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8 700 x, 45°, distal view. 
Köpingsberg 1, Cenomanian.
Coll, no.: S Kp 22 69/1 ..........
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Köpingsberg 1, Hauterivian.
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2. Gartnerago porolatum (Bukry, 1969) n. comb.
4 400 x, 45°, distal view.
Köpingsberg 1, Albian.
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3. Gartnerago striatum (Stradner, 1963) n. comb.
7 700 x, 45°, distal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 478 74a/29 ........................................................................................... 29

4. Gartnerago porolatum (Bukry, 1969) n. comb.
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Köpingsberg 1, Albian.
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5. Gartnerago concavum (Gartner, 1968) Bukry, 1969.
6 700 x, 30°, proximal view.
Köpingsberg 1, Barremian.
Coll, no.: S Kp 431 60a/4 ............................................................................................... 26

6. Zygodiscus inclinatus n. sp.
8 500 x, 0°, distal view.
Köpingsberg 1, Cenomanian.
Coll, no.: S Kp 502 84a/30 ........................................................................................... 68

7. Zygodiscus inclinatus n. sp.
8 500 x, 45°, distal view.
The same specimen as in Fig. 6.
Coll, no.: S Kp 502 84a/33 ........................................................................................... 68
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1. Kamptnerius punctatus Stradner, 1963.

3 700 x, 45°, distal view.
Köpingsberg 1, Aptian.
Coll, no.: S Kp 213 41a/14 ........................................................................................... 31

2. Gartnerago costatum (Gartner, 1968) n. comb.
4 000 x, 0°, proximal view.
Köpingsberg 1, Cenomanian.
Coll, no.: S Kp 502 84a/36 ........................................................................................... 27

3. Kamptnerius punctatus Stradner, 1963, emend.
7 500 x, 45°, distal view.
The same specimen as in Fig. 1 (the enlarged central plate).
Coll, no.: S Kp 213 41a/13 ........................................................................................... 31

4. Gartnerago costatum (Gartner, 1968) n. comb.
3 800 x, 0°, distal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 94 90/17 ............................................................................................... 27

5. Gartnerago obliquum (Stradner, 1963) n. comb.
7 700 x, 45°, proximal view.
Köpingsberg 1, Aptian.
Coll, no.: S Kp 211 38a/30 ........................................................................................... 28

6. Gartnerago obliquum (Stradner, 1963) n. comb.
9 100 x, 0°, distal view.
Köpingsberg 1, Aptian.
Coll, no.: S Kp 217 85a/4 .................................................................................................... 28
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PLATE V

Page
1. Kamptnerius pertusus n. sp.

4 100 x, 0°, proximal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 334 85a/35 ........................................................................................... 30

2. Kamptnerius pertusus n. sp.
4 100 x, 39°, proximal view.
The same specimen as in Fig. 1.
Coll, no.: S Kp 334 85a/36 ........................................................................................... 30

3. Kamptnerius pertusus n. sp.
3 700 x, 0°, distal view.
Köpingsberg 1, Aptian.
Coll, no.: S Kp 338 51a/20 ........................................................................................... 30

4. Kamptnerius pertusus n. sp.
8 400 x, 45°, distal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 480 67a/10 ........................................................................................... 30

5. Kamptnerius punctatus Stradner, 1963.
4 000 x, 45°, proximal view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 359 61a/29 ............................................................................................... 31

6. Kamptnerius punctatus Stradner, 1963.
1 700 x, 45°, distal och proximal views.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 359 61a/15 ........................................................................................... 31
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PLATE VI

Page
1. Deflandrius spinosus Bramlette et Martini, 1964.

7 700 x, 45°, distal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 94 91/11 ............................................................................................... 44

2. Deflandrius spinosus Bramlette et Martini, 1964.
3 700 x, 0°, side view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 94 87a/21 ........................................................................................... 44

3. Biscutum kennedyi Bukry, 1969.
6 000 x, 0°, proximal view.
Köpingsberg 1, Aptian.
Coll, no.: S Kp 217 pol.................................................................................................... 32

4. Deflandrius spinosus Bramlette et Martini, 1964.
7 700 x, 45°, distal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 94 91/11 ............................................................................................... 44

5. Biscutum kennedyi Bukry, 1969.
7 700 x, 0°, distal view.
Köpingsberg 1, Aptian.
Coll, no.: S Kp 338 51a/3 ............................................................................................... 32

6. Deflandrius spinosus Bramlette et Martini, 1964.
7 500 x, 45°, side view.
Köpingsberg 1, Aptian.
Coll, no.: S Kp 211 39a/17 ........................................................................................... 44

7. Deflandrius spinosus Bramlette et Martini, 1964.
3 700 x, 39°, side view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 94 87a/22 ........................................................................................... 44

8. Discorhabdus ignotus (Görka) Perch-Nielsen, 1968.
5 600 x, 0°, proximal view.
Köpingsberg 1, Barremian.
Coll, no.: S Kp 441 pol.................................................................................................... 34

9. Discorhabdus ignotus (Gorka) Perch-Nielsen, 1968.
Köpingsberg 1, Barremian.
Coll, no.: S Kp 206 45a/15 ........................................................................................... 34

10. Deflandrius cf D. stoveri Perch-Nielsen, 1968.
8 800 x, 0°, distal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 331 77a/17 ........................................................................................... 46

11. Deflandrius cf. D. stoveri Perch-Nielsen, 1968.
8 800 x, 45°, distal view.
The same specimen as in Fig. 10.
Coll, no.: S Kp 331 77a/16 ........ 46
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PLATE VII

Page
1. Deflandrius cantabrigensis Black, 1967.

8 000 x, 0°, distal view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 165 50a/18 ........................................................................................... 42

2. Deflandrius cantabrigensis Black, 1967.
8 000 x, 0°, distal view.
Köpingsberg 1, Hauterivian.

Coll, no.: S Kp 165 50a/l9 ........................................................................................... 42

3. Deflandrius cantabrigensis Black, 1967.
8 400 x, 45°, proximal view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 137 23a/15 ........................................................................................... 42

4. Deflandrius cantabrigensis Black, 1967.
8 000 x, 45°, distal view.
The same specimen as in Fig. 2.
Coll, no.: S Kp 165 50a/21 ........................................................................................... 42

5. Deflandrius cantabrigensis Black, 1967.
8 500 x, 45°, side view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 194 37a/19 ........................................................................................... 42

6. Deflandrius cantabrigensis Black, 1967.
7 600 x, 0°, side view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 90 90/16 ............................................................................................... 42
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PLATE VIII

Page
1. Marthasterites duplex n. sp.

7 800 x, 45°, distal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 470 68a/ll ........................................................................................... 71

2. Biscutum blacki Gartner, 1968.
8 500 x, 0°, proximal view.
Köpingsberg 1, Aptian.
Coll, no.: S Kp 217 44a/9 ............................................................................................... 32

3. Marthasterites duplex n. sp.
7 800 x, 0°, distal view.
The same specimen as in Fig. 1.
Coll, no.: S Kp 470 68a/12 ........................................................................................... 71

4. Biscutum blacki Gartner, 1968.
8 500 x, 45°, distal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 90 12a/15 ........................................................................................... 32

5. Markalius sulcatus n. sp.
5 600 x, 0°, distal view.
Köpingsberg 1, Barremian.
Coll, no.: S Kp 450 pol..................................................................................................... 36

6. Coccosphere of Cyclagelospbaera margereli Noel, 1965. 
2 900 x, 45°, distal view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 359 pol.................................................. 33
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PLATE IX

Page
1. Cribrosphaera ehrenbergi Arkhangelsky, 1912.

9 100 x, 0°, distal view.
Köpingsberg 1, Cenomanian.
Coll, no.: S Kp 503 88a/l ............................................................................................... 82

2. Lucianorhabdus quadrifidus n. sp.
6 700 x, 0°, proximal view, basal shield.
Köpingsberg 1, Cenomanian.
Coll, no.: S Kp 496 72a/l ............................................................................................... 70

3. Cribrosphaera ehrenbergi Arkhangelsky, 1912.
9-100 x, 45°, distal view.
The same specimen as in Fig. 1.
Coll, no.: S Kp 503 88a/3 ............................................................................................... 82

4. Cribrosphaera ehrenbergi Arkhangelsky, 1912.
9 900 x, 0°, proximal view.
Köpingsberg 1, Cenomanian.
Coll, no.: S Rkp 588 89a/33 ........................................................................................... 82

5. Biscutum blacki Gartner, 1968.
9 900 x, 0°, distal view.
Köpingsberg 1, Cenomanian.
Coll, no.: S Rkp 589 89a/22 ........................................................................................... 32

6. Tranolithus exiguus Stover, 1966.
8 100 x, 0°, distal view.
Köpingsberg 1, Cenomanian.
Coll, no.: S Kp 503 88a/31 ........................................................................................... 60
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PLATE X

1. Pontilithus flabellosus (Stradner et al, 1968). 
7 300 x, 0°, proximal view.
Köpingsberg 1, Aptian.
Coll, no.: S Kp 338 53a/3 ................................

2. Pontilithus flabellosus (Stradner et al, 1968). 
7 300 x, 0°, side view.
Köpingsberg 1, Aptian.
Coll. no:. S Kp 338 51a/32 ............................

3. Lucianorhabdus quadrifidus n. sp.
4 000 x, 0°/0, side view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 334 76a/2 ................................

4. Lucianorhabdus quadrifidus n. sp.
4 000 x, 45°/39, side view.
The same specimen as in Fig. 3.
Coll, no.: S Kp 334 76a/4 ................................

5. Lucianorhabdus arcuatus n. sp.
1 900 x, 0°, side view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 316 81a/15 ................................

6. Lucianorhabdus quadrifidus n. sp.
4 0000 x, 45°, side view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 94 7a/7 ................................
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PLATE XI

1. Helicolitbus stillatus n. sp.
8 400 x, 0°, proximal view.
Köpiiigsberg 1, Albian.
Coll, no.: S Kp 478 74a/19 ................................

2. Helicolitbus stillatus n. sp.
7 800 x, 45°, proximal view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 196 31a/13 ................................

3. Helicolithiis stillatus n. sp.
8 000 x, 0°, distal view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 177 33a/10 ................................

4. Helicolitbus stillatus n. sp.
9 000 x, 45°, distal view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 194 37a 16 ................................

5. Pontilithus flabellosus (Stradner et al, 1968). 
8 000 x, 0°, proximal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 337 76a/28 ................................

6. Pontilithus flabellosus (Stradner et al, 1968). 
8 000 x, 45°, proximal view.
Köpingsberg 1, Albian.
Coll. no:. S Kp 94 7a/15 ................................
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Page
1. Repagulutn parvidentatum (Deflandre et Fert, 1954) n. gen., n. comb.

8 500 x, 45°, proximal view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 137 22a/10 ............................................................................................... 38

2. Repagulum parvidentatum (Deflandre et Fert, 1954) n. gen., n. comb.
8 500 x, 0°, proximal view.
Köpingsberg 1, Aptian.
Coll, no.: S Kp 217 44a/17 ............................................................................................... 38

3. Repagulum parvidentatum (Deflandre et Fert, 1954) n. gen., n. comb.
8 800 x, 45°, distal view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 133 24a/15 ............................................................................................... 38

4. Repagulum parvidentatum (Deflandre et Fert, 1954) n. gen., n. comb.
7 300 x, 0°, distal view.
Köpingsberg 1, Aptian.
Coll, no.: S Kp 338 51a/29 ............................................................................................... 38

5. Repagulum parvidentatum (Deflandre et Fert, 1954) n. gen., n. comb.
8 400 x, 0°, proximal view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 150 34a/ll ............................................................................................... 38

6. Repagulum parvidentatum (Deflandre et Fert, 1954) n. gen., n. comb.; fragment 
of a coccosphere.
8 700 x, 0°, proximal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 472 69a/6 ............................................................................................... 38

7. Repagulum parvidentatum (Deflandre et Fert, 1954) n. gen., n. comb.
8 000 x, 0°, distal view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 196 29a/12 ............................................................................................... 38
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PLATE XIII

1. Calolithus martelae Noel, 1965.
9 700 x, 0°, proximal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 482 71a/18 ........................

2. Calolithus martelae Noel, 1965.
9 700 x, 45°, distal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 482 71a/3 ........................

3. Markalius circumradiatus (Stover, 1966). 
8 700 x, 0°, proximal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 472 69a/24 ........................

4. Cyclagelosphaera margereli Noel, 1965.
8 500 x, 45°, distal view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 137 22a/8 ........................

5. Markalius circumradiatus (Stover, 1966). 
7 400 x, 51°, distal view.
Köpingsberg 1, Albanian.
Coll, no.: S Kp 97 82/6 ............................

6. Calolithus martelae Noel, 1965.
6 180 x, 0°, side view.
Köpingsberg 1, Cenomanian.
Coll, no.: S Kp 540 pol............................
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1. Cyclagelosphaera margereli Noel, 1965.

8 000 x, 0°, distal view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 133 73a/28 ............................................................................................... 33

2. Cyclagelosphaera margereli Noel, 1965.
8 000 x, 45°, distal view.
The same specimen as in Fig. 1.
Coll, no.: S Kp 133 73a/29 ............................................................................................... 33

3. Zygodiscus biperforatus Gartner, 1968.
8 000 x, 0°, proximal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 470 68a/13 ............................................................................................... 82

4. Zygodiscus biperforatus Gartner, 1968.
8 000 x, 45°, proximal view.
The same specimen as in Fig. 3.
Coll, no.: S Kp 470 68a/15 ............................................................................................... 82

5. Coccosphere of Margolatus manivitae n. gen., n. sp.
2 500 x, 45°, distal view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 359 pol..................................................................................................... 35

6. Margolatus manivitae n. gen., n. sp.
8 400 x, 45°, distal view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 137 23a/27 ............................................................................................... 35
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1. Eiffellithtts eximius (Stover, 1966).

4 160 x, 45°, side view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 359 61a/14 ............................................................................................... 47

2. Eiffellitbus exitnius (Stover, 1966).
8 400 x, 45°, proximal view.
Köpingsberg 1, Aptian.
Coll, no.: S Kp 217 42a/24 ............................................................................................... 47

3. Eiffellitbus eximius (Stover, 1966).
9 200 x, 45°, distal view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 195 36a/26 ............................................................................................... 47

4. Cyclolitbella sp.
4 100 x, 0°, proximal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 478 74a/16 ............................................................................................... 58

5. Eiffellitbus turriseiffeli (Deflandre, 1954) Reinhardt, 1965.
7 300 x, 0°, distal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 195 36a/10 ............................................................................................... 82

6. Cyclolitbella sp.
4 100 x, 45°, proximal view.
The same specimen as in Fig. 4.
Coll, no.: S Kp 478 74a/17 ............................................................................................... 58
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1. Eiffellithus turriseiffeli (Deflandre, 1954) Reinhardt, 1965.

8 400 x, 0°, distal view.
Köpingsberg 1, Cenomanian.
Coll, no.: S Kp 503 88a/19 ............................................................................................... 82

2. Tranolithus exiguus Stover, 1966.
9 900 x, 0°, distal view.
Köpingsberg 1, Cenomanian.
Coll, no.: S Rkp 590 89a/13 ............................................................................................... 60

3. Eiffellithus turriseiffeil (Deflandre, 1954) Reinhardt, 1965.
8 000 x, 0°, side view.
Köpingsberg 1, Cenomanian.
Coll, no.: S Kp 503 88a/36 ............................................................................................... 82

4. Tranolithus exiguus Stover, 1966.
8 400 x, 0°, distal view.
Köpingsberg 1, Cenomanian.
Coll, no.: S Kp 503 88a/21 ............................................................................................... 60

5. Helicolithus stillatus n. sp.
7 700 x, 0°, distal view.
Köpingsberg 1, Cenomanian.
Coll, no.: S Kp 503 88a/28 ............................................................................................... 48

6. Helicolithus stillatus n. sp.
7 700 x, 45°, distal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 86 8a/18 48
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PLATE XVII
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1. Tranolithus exiguus Stover, 1966.

8 100 x, 30°, proximal view.
Köpingsberg 1, Barremian.
Coll, no.: S Kp 431 60a/30 ............................................................................................... 60

2. Tranolithus exiguus Stover, 1966.
8 700 x, 45°, side view.
Köpingsberg 1, Barremian.
Coll, no.: S Kp 208 46a/16 ............................................................................................... 60

3. Tranolithus exiguus Stover, 1966.
8 500 x, 0°, distal view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 358 58a/25 ............................................................................................... 60

4. Tranolithus exiguus Stover, 1966.
4 400 x, 45°, distal view.
Köpingsberg 1, Barremian.
Coll, no.: S Kp 208 46a/12 ............................................................................................... 60

5. Tranolithus skoglundii n, sp.
8 000 x, 0°, distal view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 133 73a/21 ............................................................................................... 60

6. Tranolithus skoglundii n. sp.
8 000 x, 45°, distal view.
The same specimen as in Fig. 5.
Coll, no.: S Kp 133 73a/20 ............................................................................................... 61
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1. Chiastozygus cuneatus (Lyul’eva, 1967).
8 700 x, 0°, proximal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 470 68a/25 ..............................

2. Chiastazygus cuneatus (Lyul’eva, 1967).
8 170 x, 45°, distal view.
Köpingsberg 1, Aptian.
Coll, no.: S Kp 211 56a/36 ..............................

3. Chiastozygus cuneatus (Lyul’eva, 1967).
7 300 x, 0°, proximal view.
Köpingsberg 1, Aptian.
Coll, no.: S Kp 338 51a/17 ..............................

4. Chiastozygus cuneatus (Lyul’eva, 1967).
7 700 x, 45°, distal view.
Köpingsberg 1, Aptian.
Coll, no.: S Kp 211 38a/33 ..............................

5. Loxolithus armilla (Black et Barnes, 1959).
7 600 x, 0°, distal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 94 90/17 .............................

6. Loxolithus armilla (Black et Barnes, 1959).
7 600 x, 45°, distal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 97 9a/8 59
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1. Cretarhabdus conicus Bramlette et Martini, 1964.

9 200 x, 0°, distal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 478 74a/ll ............................................................................................... 50

2. Cretarhabdus conicus Bramlette et Martini, 1964.
9 200 x, 51°, distal view.
The same specimen as in Fig. 1.
Coll, no.: S Kp 478 74a/15 ............................................................................................... 50

3. Cretarhabdus conicus Bramlette et Martini, 1964.
7 800 x, 25°, side view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 94 92/5 ............................................................................................... 50

4. Cretarhabdus actinosus (Stover, 1966) n. comb.
9 700 x, 0°, distal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 316 81a/2 ............................................................................................... 49

5. Cretarhabdus biseriatus n. sp.
7 300 x, 0°, proximal view.
Köpingsberg 1, Aptian.
Coll, no.: S Kp 338 53a/l ............................................................................................... 50

6. Cretarhabdus biseriatus n. sp.
7 600 x, 0°, distal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 94 90/11 ............................................................................................... 50
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PLATE XX

1. Cretarhabdus octoperforatus n. sp.
7 800 x, 0°, proximal view. 
Köpingsberg 1, Albian.
Coll, no.: S Kp 96 20a/23 ..................

2. Cretarhabdus octoperforatus n. sp.
7 700 x, 45°, proximal view. 
Köpingsberg 1, Albian.
Coll, no.: S Kp 87 9a/10 ..................

3. Cretarhabdus unicornis Stover, 1966. 
4 000 x, 0°, proximal view. 
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 359 61a/22 ..................

4. Cretarhabdus unicornis Stover, 1966. 
4 000 x, 45°, proximal view.
The same specimen as in Fig. 3.
Coll, no.: S Kp 359 61a/20 ................

5. Cretarbabdxis unicornis Stover, 1966.
3 700 x, 45°, side view.
Köpingsberg 1, Aptian.
Coll, no.: S Kp 211 39a/14 ................

6. Cretarhabdus unicornis Stover, 1966.
4 300 x, 45°, distal view.
Köpingsberg 1, Aptian.
Coll, no.: S Kp 217 42a/22 ................
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PLATE XXI

1. Vagalapilla partita n. sp.
7 700 x, 0°, distal view. 
Köpingsberg 1, Albian.
Coll, no.: S Kp 94 90/1 ............

2. Vagalapilla partita n. sp.
7 800 x, 45°, distal view. 
Köpingsberg 1, Albian.
Coll, no.: S Kp 98 82/15 ........

3. Vagalapilla coroniformis n. sp.
8 700 x,0°, proximal view. 
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 359 75a/7 ........

4. Vagalapilla coroniformis n. sp.
8 700 x, 45°, proximal view.
The same specimen as in Fig. 3, 
Coll, no.: S Kp 359 75a 16 ........

5. Vagalapilla coroniformis n. sp.
8 300 x, 45°, side view. 
Köpingsberg 1, Barremian.
Coll, no.: S Kp 208 47a/6 ........

6. Cretarhabdus biseriatus n. sp.
7 300 x, 0°, distal view. 
Köpingsberg 1, Aptian.
Coll, no.: S Kp 338 51a/27 ........
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PLATE XXII

Page
1. Vagalapilla partita n. sp.

8 700 x, 51°, proximal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 470 68a/31 ............................................................................................... 64

2. Vagalapilla partita n. sp.
8 700 x, 20°, side view.
The same specimen as in Fig. 1.
Coll, no.: S Kp 470 68a/33 ............................................................................................... 64

3. Vagalapilla partita n. sp.
7 700 x, 0°, proximal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 94 90/4 ................................................................................................... 64

4. Vagalapilla partita n. sp.
8 700 x, 0°, side view.
The same specimen as in Figs. 1-2.
Coll, no.: S Kp 470 68a/34 ............................................................................................... 64

5. Vagalapilla alata n. sp.
7 700 x, 0°, distal view.
Köpingsberg 1, Aptian.
Coll, no.: S Kp 338 51a/16 ............................................................................................... 62

6. Vagalapilla alata n. sp.
8 500 x, 0°, proximal view.
Köpingsberg 1, Aptian.
Coll, no.: S Kp 217 44a/19 62
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PLATE XXIII

Page
1. Vagalapilla solida n. sp.

8 300 x, 0°, distal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 318 80a/14 ............................................................................................... 66

2. Vagalapilla solida n. sp.
7 800 x, 45°, distal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 94 7a/26 ............................................................................................... 66

3. Abmuellerella octoradiata (Gorka, 1957).
7 600 x, 0°, distal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 94 92/10 ............................................................................................... 82

4. Rhabolithina splendens (Deflandre, 1954) Reinhardt, 1966.
7 200 x, 0°, distal view.
Köpingsberg 1, Cenomanian.
Coll, no.: S Kp 22 84/15 ............................................................................................... 82

5. Rhabdolitbina splendens (Deflandre, 1954) Reinhardt, 1966.
7 200 x, 45°, distal view.
The same specimen as in Fig. 4.
Coll, no.: S Kp 22 84/27 ............................................................................................... 82

6. Abmuellerella octoradiata (Gorka, 1957). 
8 400 x, 45°, proximal view. 
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 359 75a/12 .................... 82
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1. Lithastrinus septenarius n. sp.

4 600 x, 0°, proximal view.
Köpingsberg 1, Aptian.
Coll, no.: S Kp 217 85a/3 ............................................................................................... 53

2. Lithastrinus septenarius n. sp.
4 600 x, 45°, proximal view.
The same specimen as in Fig. 1.
Coll, no.: S Kp 217 85a/8 ............................................................................................... 53

3. Lithastrinus septenarius n. sp.
8 800 x, 45°, proximal view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 136 24a/9 ............................................................................................... 53

4. Lithastrinus septenarius n. sp.
8 000 x, 45°, proximal view.
Köpingsberg 1, Barremian.
Coll, no.: S Kp 208 47a/10 ............................................................................................... 53

5. Micula staurophora (Gardet, 1955).
4 000 x, 0°, top view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 337 76a/29 ............................................................................................... 55

6. Micula staurophora (Gardet, 1955).
4 500 x, 45°, side view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 136 24a/5 ............................................................................................... 55
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1. Micula cubiformis n. sp.

7 700 x, 0°, top view.
Köpingsberg 1, Aptian.
Coll, no.: S Kp 338 51a/14 ............................................................................................... 54

2. Micula staurophora (Gardet, 1955)
4 100 x, 0°, top view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 359 75a 10 ............................................................................................... 55

3. Micula cubiformis n. sp.
8 700 x, 0°, top view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 359 75a/2a ............................................................................................... 54

4. Micula cubiformis n. sp.
8 700 x, 0°, top view.
The same specimen as in Fig. 3.
Coll, no.: S Kp 359 75a/2 ............................................................................................... 54

5. Micula cubiformis n. sp.
3 700 x, 45°, side view.
Köpingsberg 1, Aptian.
Coll, no.: S Kp 211 39a/6 ............................................................................................... 54

6. Micula staurophora (Gardet, 1955). 
4 400 x, 0°, side view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 472 69a/4 .............. 55
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1. Zygodiscus compactus Bukry, 1969.
8 000 x, 0°, proximal view. 
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 165 50a/8 ..................

2. Zygodiscus compactus Bukry, 1969.
8 400 x, 0°, distal view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 150 34a/9 ..................

3. Zygodiscus compactus Bukry, 1969.
8 400 x, 45°, side view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 137 23b/6 ..................

4. Zygodiscus compactus Bukry, 1969.
8 500 x, 45°, proximal view. 
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 194 37a/13 ..................

5. Zygodiscus erectus (Deflandre, 1954). 
4 000 x, 0°, distal view.
Köpingsberg 1, Hauterivian.
Coll, no.: S Kp 165 50a/9 ..................

6. Zygodiscus erectus (Deflandre, 1954). 
8 400 x, 45°, distal view.
Köpingsberg 1, Barremian.
Coll, no.: S Kp 208 47a/3 ..................
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PLATE XXVII

1. Broinsonia handfieldii Bukry, 1969.
8 300 x, 25°, distal view.
Köpingsberg 1, Cenomanian.
Coll, no.: S Kp 15 88/7 ..........................................

2. Lithastrinus septenarius n. sp.
7 300 x, 45°, proximal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 90 12a/13 .......................................

3. Polycyclolithus brotzenii Forchheimer, 1968.
7 300 x, 4°, proximal view.
Köpingsberg 1, Cenomanian.
Coll, no.: S Kp 22 83/23 ......................................

4. Polycyclolithus floralis (Stradner, 1962) n. comb. 
7 900 x, 0°, proximal view.
Köpingsberg 1, Barremian.
Coll, no.: S Kp 448 63a/............................................

5. Polycyclolithus orbiculatus n. sp.
13 Ö0Ö x, 0°, proximal (central area). 
Köpingsberg 1, Cenomanian.
Coll, no.: S Kp 22 84/20 ......................................

6. Polycyclolithus orbiculatus n. sp.
7 8Ö0 x, 0°, proximal view.
Köpingsberg 1, Albian.
Coll, no.: S Kp 472 70a/4 ....................................
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