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ABSTRACT

Cretaceous coccoliths from the lowest part of a continuously cored well in Kopings-
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 Kopingsberg 1 core, Abmuellerella octoradi-
ata (GORKA, 1957), Kamptnerius 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 Kopingsberg 1, SO
Schweden, wurden hauptsichlich mit dem Scanning Elektronen-Mikroskop (SEM)
aber auch mit dem Lichtmikroskop untersucht.

Vergleiche mit frither verdffentlichten, nur mit lichtmikroskopischen Bildern oder
Zeichnungen belegten Formen, werden nur in einigen Fillen gezogen. Die quantitative
Verbreitung der untersuchten Coccolithen wird gezeigt.

Von den Formen die in der unteren Kreide der Kernbohrung Kopingsberg 1 auf-
treten, sind bisher die Arten Abmuellerella octoradiata (GORKA), Kamptnerius punc-
tatus STRADNER, 1963 und Micula staurophora (GARDET) als Leitfossilien der oberen
Kreide, besonders des Turon bis zum Maastricht betrachtet worden. Auch die Gat-
tungen Marthasterites und Lucianorbabdus 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 gehdren demnach zum Hauterive-Cenoman.

Die Coccolithen sind verhiltnismissig gut erhalten und tiber 6800 Exemplare wur-
den nidher untersucht. Die 50 Arten gehoren 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:Broin-
sonia dempta n. sp., Broinsonia lacunosa n. sp., Cretarhabdus biseriatus n. sp., Cretar-
habdus octoperforatus n. sp., Helicolithus stillatus n. sp., Kamptnerius pertusus n. sp.,
Lithastrinus septenarius n.sp., Lucianorhbabdus arcuatus n.sp., Lucianorhabdus
quadrifidus n.sp., Margolatus manivitae n. gen., n.sp., Markalius sulcatus n. sp.
Marthasterites duplex n.sp., Micula cubiformis n.sp., Polycyclolithus orbiculatus
n. sp., Tranolithus skoglundii n. sp., Vagalapilla alata n. sp., Vagalapilla coroniformis
n. sp., Vagalapilla partita n. sp., Vagalapilla solida n. sp. und Zygodiscus inclinatus
n. sp.

PE3IOME

B paHHON cTaThe OnmmMcaHbI KOKKOJIMTBHI ¢ HHTepBaJja 7152,6 m — 1004,4 m B
ormopHOM pasMmepe ckBaxkuubl [Ilemmuurcbepr1 (Kopingsberg 1) B 10ro-BOCTOYHOM
IIIsenuu.

KoxkosmuThl GBLIIM HCCJIEOBAHBI I'JIABHBIM 00Opa3OM IIPH IOMOINM CKAHHUHID
— DJIEKTPOHHOI'0O MHKPOCKOTIA.

Banarogapss TOMy IOJIyYeHO HOBBIE JaHHbIE MO HX MOP(OJIOHH, TAaKCOHO-
MHH H DaCIpPOCTPAHEHHIO B HIDKHEMEJIOBBIX M CEHOMAHCKHX OTJIOXKEHHSAX.

HexoTopsle BHABI, BHICTYNAOIINE B HIXKHEM MeJIy DTOH CKBAXKHMHBI CUUTAJIUCH
A0 CHX TOp ,BeRyUIUMH’ JUIsi BepPXHEMEJIOBBIX OTJIOMKEHHH. OTOT OIOPHBIH
paspe3 copep:Kallui TakKe (opHaMHHH(pepb! HccienosaJsica pasbile Hop-
guarom (1968). IIpoBefleHHBIH HM XIpeJBapHTEJbHBIH OHOCTpaTHrpadHHe-
CKHH aHaJIM3 omHcaH B oTdere (AHpeperr um u., 1968).

WsyuyeHHble B 9T0H paboTe oOpasmu npuHagiexar K IayrepuB-CeHOMaHy.
Ha ocmoBe mccinemoBaHHs OK0JI0 6800 KOKKOJIMTOB OIPEHNEJIEHO TOXKE HX KO-
JIHYeCTBEHHOE PaCIpPOCTPaHEHHE.

B pesyspTare npoBe[leHHBIX HCCJIEJOBAHUN yCTAHOBJIEHO 7 ceMell # 26 pOROB.
ITpenyoxeHsl opfHa HOBas ceMbd, Polycyclolithaceae fam. n. m IBa HOBBIX poja:
Repagulum gen. n. m Margolatus gen. n.

Omnucano 50 BUOB, B ToM Yncie 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., Lucianorhabdus arcuatus n. sp., Lucianorhabdus quadrifidus n. sp., Margolatus
manivitae sp. n., Markalius sulcatus sp. n., Marthasterites duplex sp.n., Micula
cubiformis sp. n., Polycyclolithus orbiculatus sp.n., Tranolithus 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).

Huxiey (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
Sorsy (1860) and WarricH (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. Sorey found that they formed the walls
of small spheres, and were not “flat discs” as described by ExrEnERG 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 Warricu (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 ScHwaRrz (1894). LonmaN (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.
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The purpose of this paper is to present the coccolith flora occurring in the
Kopingsberg 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 NogL (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 Zygolithus litterarius
(Gérka) and the identification of this species was based on the descriptions
and drawings given by G6rka (1957). In their discussion they mentioned: “In
Gérka 1957 three different species designations were used for what is con-
sidered here as one species: Discolithus trabalis n. sp. (Pl. 3, Fig. 2), D. litte-
rarius n. sp. (PL. 3, Fig. 3) and D. anceps (Pl. 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.

Discolithus 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 Kopingsberg
Borehole No. 1.



AUTHOR *  |[DATE|STRATIGRAPHICAL RANGE | od€ of
illustration
Stradner 1963 | L.Cretaceous — Cenomanian |6;8
Gorka 1963 | Cenomanian 6.8
Caratini 1963 | U.Cenomanian 6,1;8
Cepek et Hay 1963 | Cenomanian 6;8
Manivit 1965 | Albian — Aptian 1,3.8
1971 | Aptian — Cenomanian 1:3;5
Noél 1965 | Hauterivian L;8
Reinhardt 1966 | Hauterivian — Cenomanian | 3;6;4,8
Stover 1966 | Neocomanian—Cenomanian | 6],2;3;8
Trexler 1967 | Cenomanian 6;8
Forchheimer 1968 | Albian— Cenomanian 6,1,2;3;5;8
Gartner 1968 | Cenomanian 6,1;2;3;4;8
Bukry 1969 | Albian 4L;8
Bramlette et Bukry [1969 | Hauterivian, Albian, 7
Cenomanian
Shumenko 1969 | Cenomanian 4,8

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

The samples studied are derived from the sequences between 752.6 m and
1004.4 m (T. D. or total depth) of the Kopingsberg 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.
The 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 1004.4-986.4 m, 955.2-950.6 m,
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 KampTnNER (1954), BLack et BARNES (1959), STRADNER
et Parp (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), NokL (1970) and Mantvrr (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-
fuge. The method described below does not involve any centrifuging. It is
based on repeated filtration and sedimentation. Pl. 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,O,, 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
(PL. 1, 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. PLL Figo 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 (P11 Eip. 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. Pl. 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 2” (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.

Hax et al (1966) proposed separate lists in English for descriptions of cocco-
liths studied under light and electron microscopes, the latter “adapted from
Haripar & MarkaLr (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 (1970) PeErcH-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
Zentralstruktur
Saule

Kristalle
Zyklus
Vertiefung
Flansch

distal

Element

Hohe
Zwischenareal
Knopf

lateral
Offnung
Perforation
proximal
Strahl

Grat

Krantz
Segment
Scheibe

Sutur

Wand

Weite
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Italian

braccio

base

area centrale
formazione centrale
struttura centrale
colonna

cristalli

giro

depressione
disco

distale

elemento
altezza

area interradiale
bottone

laterale

poro
perforatione
proximale
raggio

cresta

anello

segmento

scudo

sutura

parete

larghezza

Russian

pykKa
0as3uc

IleHTpaJIbHOe 10JIe
CTepXeHb
IIeHTpPaJbHAsA CTPYKTypa
CTOJIOHK
XpYyCTaJIbI

ITHKJT
yriryoJieHue
IHCK
IHCTAJIbHBIH
DJIEMEHT

BBICOTA
MexJIydyeBasd apes
Gyrop
JaTepaJIbHbIN
OTBepcTHe
nepdopanus
MIPOXHUMAJIbHBIN
Iyq

KpPOMKa

KpaeBOH 00OROK
CEerMeHT

IHTOK

IIIOB

CTEHKa

IIUPHHA

117
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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

Brack (1967):

English

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

Russian

IIOAIIOpa
Ky0

KpecT
por

9KCIIaHCHSA

BHEIIHHH Kpad

ITHK

BBINIYCKJIOCTh

pebpo
KJIMHOOOPa3HbIH
YTJI0BaTO-H30THYTHIH
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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 Kopingsberg 1 deposits) to which
these terms are applied.

—perforation
J—coccolith
o Z ~proxi shield
3 3 7R -
ﬁ&;}%p —————distal  shield
distal view
Genus GARTNERAGO
— distal  shield

i rim cycle
Th—2nd rim cycle

p 1) Ird rim cycle
) m 4th rim cycle

f—central area

proximal view

Genus MARKALIUS

\\ i

distal view

B 1 depression
= -«/7“Z_rlm cycle
(/ 1
/ / — *?‘* inner rim cycle
N ] : /
LT 7

Genus COCCOLITHUS

~—distal shield
proximal - shield
~central structure
perforations

proximal view

Genus KAMPTNERIUS

~flange

cross structure
3rd rim cycle

2nd rim cycle
1st rim cycle

proximal view

Genus MICULA

distal view

~——— distal shield
element

[} inner rim cycle
pertoration

central  structure

distal view

Genus LITHASTRINUS

——proximal ray
O—innrmy area
central area

———distal ray

proximal view

Genus REPAGULUM

distal view

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

. N — 1
'x\' sl
\\ -
;\U ! expansion
+
- ‘ — protuberance
“; “ : b~ central process
| (\‘
J ’ILEA g —— buttress
7Y \ £ distal shield
: istal shie
1\7:/ PEE \\Q\
e _A,z_ﬁ—~~proxxmol shield
| q
\0 @,7,, St Spine
{ it

il ——————central process

basal shield

zigzag element

———— wedge -shaped element

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

triangular element

POLYCYCLOLITHUS floralis

overlapping element

POLYCYCLOLITHUS orbiculatus 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 (LonMaN,
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.

DerLANDRE (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 (Noél,
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,

¢) 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,”
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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, Pl. 34 and Discolithus litterarius
nov. spec. GORKA, pp. 251 and 274, Pl. 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, Pl. 14, Fig. 4; Text-Fig. 55) has been used for different
forms occurring in the Cretaceous (Hauterivian — 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 A? 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 ARKHANGELSKIELLACEAE Bukry, 1969
Genus Broinsonia Bukry, 1969

Type species: Broinsonia dentata Bukry, 1969

Broinsonia dempta n. sp.

Pl. 11, 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. — Kopingsberg 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 (Pl 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 u; average width 4 u.

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 (Pl. 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. - Képingsberg Borehole No. 1: Cenomanian.
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Broinsonia lacunosa n. sp.

PL. I, Fig. 1
DERIVATION OF NAME. - lacuna (lat.) — depression.

HOLOTYPE. - Specimen No.: S Kp 211 40a/24.
TYPE LOCALITY. - Képingsberg 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 u; 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, Pl. 3, Fig. 7). The forms described by Bukry have
from 2 to 112 perforations.

STRADNER (1963) originally described the species Arkbangelskiella parca
STRADNER, 1963. The drawings on Pl. 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 Arkbangelskiella parca Strapner, 1963 (p. 38,
Pl 8, Figs. 4-5; PL. 11, Fig. 2) from the Campanian — Maastrichtian with a dia-
mond-shaped central area, traversed by sutures aligned with the major and
minor 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 (Pl. 21,
Figs. 1-4) made by means of a transmission electron microscope. The structure
of these forms has the generic characteristic of forms belonging to the genus
Arkbangelskiella Vexsuina, 1959. They also lack perforations in the central
area, a characteristic of Arkhangelskiella parca STRADNER, 1963.

NokL (1970) recorded B. parca (STRADNER, 1963) Bukry, 1969 (p. 78, Text-
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Fig. 18; Pl. 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 u.

OCCURRENCE. - Kopingsberg Borehole No. 1: Hauterivian — Albian.

Broinsonia handfieldii Bukry, 1969
PL. 11, Figs. 3—4; Pl. XXVII, Fig. 1

1969 Broinsonia handfieldii Buxry, n. sp. — Bukry, p. 22, Pl. 2, Figs. 9-11.

DIMENSIONS. — Average length 6.8 u; average width 4.7 u.

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 PL. 2, Fig. 10 is probably a central process.

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

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

Genus Gartnerago Bukry, 1969

Type species: Arkhangelskiella concava GARTNER, 1965

Gartnerago concavum (GARTNER, 1968) Bukry, 1969
Pl. I, Fig. 5

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

1968 Arkhangelskiella scapha GarTNER, p. 39, Pl 14, Fig. 1; PL 20, Figs. 1-3.

1969 Gartnerago concavum (GARTNER) BukRry, n. comb. — Bukry, p. 24, Pl 4, Figs. 2-6.

1969 Laffittius obliquus (RENHARDT, 1967), — NokL, p. 197, Text-Figs. 3 a-b; Pl 3, Figs.
1and 3.
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1970 Gartnerago obliquum (REINHARDT) nov. comb. — NokL, p. 79, Figs. 19-20; Pl. XXVI,
Figs.1a,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.

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 .

REMARKS. - The specimens described by NogiL (1970) as Gartnerago
obliquus (REINHARDT) N0EL,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. obliqgua
STRADNER, 1963, thus G. concavum (GARTNER, 1968) Bukry 1969 cannot be
substituted with G. obliqguus (RemNarpT) NoOEL, 1970.

OCCURRENCE. - Cenomanian — Campanian: Texas (GARTNER, 1968)
Coniacian — Campanian: France (Nokr, 1969)
Coniacian — Campanian: Texas (Bukry, 1969)
Ké&pingsberg Borehole No. 1: Barremian — Cenomanian.

Gartnerago costatum (GARTNER, 1968) n. comb.

Pl 1V, Figs. 2, 4

1968 Arkbangelskiella costata GARTNER, new species, — GARTNER, p. 37, Pl. 8, Figs. 1-3;
Pl 11, Figs. 1 a—c; Pl. 28, Fig. 2.

1969 Gartnerago costatum costatum (GARTNER) Bukry, n. comb. — Bukry, p. 24, Pl 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 u; average width 8.6 1.

REMARKS. — Forms with one crossbar in each perforation were referred
by Bukry (1969) to the subspecies G. costatum 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)
Kopingsberg Borehole No. 1: Hauterivian — Cenomanian.

Gartnerago obliquum (STRADNER, 1963) n. comb.
PL 1V, Figs. 5-6

1963 Arkhangelskiella obliqua nov. spec. — STRADNER, p. 176, Pl 1, Figs. 2 a-b.
1969 Laffittius confossus n. sp. — NokL, p. 198, Pl. 3, Fig. 6; Pl. 2, Fig. 5.

DIMENSIONS. — Average length 9 15 average width 6 wu.

REMARKS. — Gartnerago obliguum (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 (NogL, 1969)
Kopingsberg Borehole No. 1: Hauterivian — Cenomanian.

Gartnerago porolatum (Bukry, 1969) n. comb.
Pl. I, Figs. 2, 4

1969 Gartnerago costatum porolatum Bukry, n. sp., n. ssp. — Bukry, p. 24, Pl 4, Figs. 10-12.

DIMENSIONS. — Average length 15 u; average width 9.5 u.
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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)
Kopingsberg Borehole No. 1; Albian.

Gartnerago striatum (STRADNER, 1963) n. comb.
Pl. III, Figs. 1, 3

1963 Arkhangelskiella striata nov. spec. — STRADNER, p. 176, PI. 1, Figs. 1-1 a.
1966 Arkhangelskiella striata STRADNER, — STOVER, p. 137, Pl. 2, Figs. 3-4.
1968 Zygolithus striatus (STRADNER, 1963) nov. comb. — STRADNER el Al plg PliEss:

DIMENSIONS. — Average length 9.3 u; average width 8 u.

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 (Pl. 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 (Pl. 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 Kopingsberg 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)
Ko6pingsberg Borehole No. 1: Hauterivian — Cenomanian.
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Genus Kamptnerius DEFLANDRE, 1959

Type species: Kamptnerius magnificus DEFLANDRE, 1959

Kamptnerius pertusus n. sp.

Pl. 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. — Kopingsberg 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 u; average width 10.9 w.

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. — Képingsberg Borehole No. 1: Albian. — Cenomanian.

Kamptnerius punctatus STRADNER, 1963, emend.
Pl. IV, Figs. 1, 3; PL. V, Figs. 5-6

1963 Kamptnerius punctatus n. sp. — STRADNER, p. 11, Pl 2, Fig. 3.

1964 Kamptnerius magnificus DEFLANDRE, — LEzaup, p. 51, PL 1, Fig. 15.

1966 Kamptnerius magnificus DEFLANDRE, — STOVER, p. 147, Pl 4, Figs. 28-30.
1967 Kamptnerius magnificus DEFLANDRE, — LYUL’Eva, p. 96, Pl 4, Fig. 50.
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1968 Kamptnerius magnificus DEFLANDRE. — GARTNER, p- 39, PL. 10, Figs. 11-12; Pl. 12, Figs.
9 a—c; Pl. 14, Figs. 11-12; Pl 15, Figs. 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, PlL. 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 1V, Bigs 21 37

DIMENSIONS. — Average length 12.6 u; average width 9.3 x.

REMARKS. — DerLANDRE (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 (P1. 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 Kopingsberg 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
Turonian — 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 DerLANDRE, 1959 consists of
lamellae radiating from a line inside the coccolith parallel to the longer axis of
the ellipse.

OCCURRENCE. - Turonian: Russia (LYuL’EVA, 1967)

Turonian — Coniacian: France (LEzaup, 1964)
Turonian — Coniacian: Austria (STRADNER, 1963)
Coniacian - Santonian: Alabama (Cepek et Hay, 1970)
Coniacian — Santonian: Texas (GARTNER, 1968)
Coniacian — Santonian: France (MantviT, 1970)
Santonian — Campanian: Texas (Bukry, 1969)
Campanian: France (STOVER, 1966)
Senonian: Poland, Austria (DEFLANDRE, 1959)

Kopingsberg Borehole No. 1: Hauterivian — Cenomanian.
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Family COCCOLITHACEAE KAMPTNER, 1928
Genus Biscutum Brack et BArRNEs, 1959

Type species: Biscutum testudinarium Brack, 1959

Biscutum blacki GARTNER, 1968
Pl VIIL, Figs, 2, 4; Pl IX, Fig. 5

1968 Biscutum blacki GARTNER, new species, — GARTNER, p. 18, Pl 1, Fig. 7; Pl. 8, Figs. 8-10;
PL. 11, Fig. 8; PI. 15, Fig. 2.
1969 Biscutum blacki GARTNER, — Bukry, p. 28, Pl 7, Fig. 12; Pl. 8, Figs. 1-3.

DIMENSIONS. — Average length 6.3 u; average width 4.7 u.

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)
Kopingsberg Borehole No. 1: Barremian — Cenomanian.

Biscutum kennedyi Bukry, 1969
Pl. VI, Figs. 3,5

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

DIMENSIONS. — Average length 4.2 u; average width 3.8 .

OCCURRENCE. - Santonian: Texas (BUkry, 1969)
Kopingsberg Borehole No. 1: Hauterivian — Cenomanian.
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Genus Calolithus NogL, 1965

Type species: Calolithus martelae Nokr, 1965

Calolithus martelae Noir, 1965
Pl. XIIL, Figs. 1-2, 6

1965 Calolithus martelae nov. spec. — Nokr, p. 135, Figs. 50-52; Pl. 14, Figs. 1-10; Pl. 15,
Figs. 1-6.
1969 Watznaueria martelae (NokL) Bukry, n. comb. — Buxkry, p. 32, PI. 11, Figs. 1-3.

DIMENSIONS. — Average length 5.4 u; average width 4.3 w.

REMARKS. — Calolithus martelae Noir, 1965 found in samples from Ko-
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 NokL, 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
(Pl. VII, Fig. 6).

OCCURRENCE. - Oxfordian: Alger (NoEL, 1965)
Santonian — Campanian: Texas (Bukry, 1969)
Kopingsberg Borehole No. 1: Albian.

Genus Cyclagelosphaera NoiL, 1965

Type species: Cyclagelosphaera margereli NogL, 1965

Cyclagelosphaera margereli NogL, 1965

Pl VIII, Fig. 6; P1. XIII, Fig. 4; P1. XIV, Figs. 1-2

1965 Cyclagelosphaera margereli nov. sp. — NokL, p. 130, Fig. 46; Pl. 17, Figs. 7, 10.
1965 Coccolithus sp. — BLack, pp. 132-133, Fig. 7.

1966 Cyclagelosphaera margereli Noiv, — MaRrEscHh, p. 378, PL. 2, Fig. 5.

1969 Tergestiella margereli (NokL) nov. comb. — SHuMENKO, p. 36, PI. 2, Fig. 8.

1969 Cyclagelosphaera margereli Nokvr, — Bukry, p. 29, Pl. 9, Figs. 5-6.

DIMENSIONS. — Average diameter 6.2 u.

REMARKS. — NokL (1965) erected a new genus Cyclagelosphaera NoiL,
1965 with the type species C. margereli NogL, 1965. In 1970 she included
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besides C. aff. C. margereli NokL, 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
Kopingsberg 1 show a similarity to C. margereli NogL, 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 (Brack, 1965)
Lower Cretaceous: Austria (MARESCH, 1966)
Albanian — Santonian: Texas (Bukry, 1969)
Turonian: Russia (SHUMENKO, 1969)
Kopingsberg Borehole No. 1: Hauterivian.

Genus Discorhabdus NogL, 1965
Type species: Discorbabdus patulus (DerLANDRE, 1954) NokL, 1965

Discorbabdus ignotus (GOorka, 1957) PercH-NIELSEN, 1968
Pl VI, Figs. 8-9

1957 Tremalithus ignotus n. sp. — GOrka, p. 248, Pl. 2, Fig. 9.

1965 Biscutum tredenale n. sp. — REiNHARDT, p. 32, Fig. 2; Pl 1, Fig. 3.

1966 Biscutum tredenale REINHARDT, — REINHARDT, p. 31, Fig. 13; Pl. 2, Figs. 3 a-b.

1967 Biscutum ignotum (GOrRkA, 1957) n. comb. et emend. — REINHARDT et GORKA, p. 245,
PL 31, Figs. 9-13.

1968 Discorhabdus ignotus (GO6rka, 1957) n. comb. — PeErcH-NIELSEN, p. 81, Figs. 41-42;
Pl. 28, Figs. 6-9.

1969 Bidiscus cruciatus cruciatus Bukry, n. sp., n. ssp. — Bukry, p. 27, PL. 6, Figs. 10-11.

1970 Discorbabdus ignotus (GOrka, 1957) Percu-NIELsEN, 1968, — NokL, p. 87, Fig. 21;
Pl. 32, Figs. 17, 9-10, 14-16.

DIMENSIONS. — Average diameter 3.4 .

OCCURRENCE. - Turonian: France, Germany (REINHARDT, 1966)
Campanian: France (NogL, 1970)
Campanian — Santonian: Texas (Bukry, 1969)
Lower Maastrichtian: Denmark (PERCH-NIELSEN, 1968)
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Maastrichtian: Poland (GOorka, 1957)
Maastrichtian: Germany (REINHARDT, 1965)
Kopingsberg 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
ScHwARrz, 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.
Pl. X1V, Figs. 5-6

1970 Watznaueria prolongata Bukry, 1969, — MantvrT, p. 112, Pl 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. — Kéopingsberg 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 Pl. 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. Pl. 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 u; average width 6.4 u. Coccosphere
diameter 17 .

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. Mantvit (1970) described and illustrated forms with
two scanning electron micrographs which probably represent the same species
as that found in the studied samples from Kopingsberg 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 (Pl. 12, Figs. 10-12).

OCCURRENCE. — Upper Turonian: France (Man1viT, 1970)
Kopingsberg Borehole No. 1: Hauterivian, Albian — Cenomanian.

Genus Markalius BRAMLETTE et MaArTINI, 1964 emend. PERCH-NIELSEN, 1968

Type species: Markalius inversus (DEfFL., 1954) BRAMLETTE et MARTINI, 1964

Markalius sulcatus n. sp.
Pl. VIII, Fig. 5

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

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

TYPE LOCALITY. — Kopingsberg 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 u.

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, Pl. 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 Noér, (1970, pp. 93-94, PL. 36, Figs. 1-7) in lacking the star-shaped central
structure with 6=7 arms visible in distal view of the Campanian species.

OCCURRENCE. - Kopingsberg Borehole No. 1: Hauterivian, Albian —
Cenomanian.

Markalius circumradiatus (STover, 1966) PERcH-NIELSEN, 1968
Pl. XIII, Figs. 3,5

1966 Coccolithites circumradiatus STOVER, new species, — STOVER, p. 138, Pl. 5, Figs. 2-4;
Pl. 9, Fig. 10.

1968 Markalius circumradiatus (STover) n. comb. -~ PErcu-NIELSEN, p. 73, Figs. 36-37; Pl. 25,
Figs. 2-7; PL. 26, Figs. 1-7.

1970 Markalius circumradiatus (STover, 1966) PrrcH-NIeLsEN, 1968, — Nokr, pp. 93-94,
Pl. 36, Figs. 1-7.

DIMENSIONS. — Diameter 6 .

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 (Nogr, 1970)
Maastrichtian: Denmark (PERCH-NIELSEN, 1968)
Kopingsberg 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.

Brack (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 (DErFLANDRE et FErRT, 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 Tremalithus burwellensis sp. nov. — BLAck, p. 324, PL. 8.

1966 Coccolithus parvidentatus (DEFLANDRE et FERT, 1954) n. comb. — RemHARDT, 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 Watznaueria? parvidentata (DErLANDRE and FErT) Bukry, n. sp. — Bukry, p. 33, PL. 12,
Figs. 5-8.

1970 Reticulofenestra? parvidentata (DerLANDRE et Fert, 1954) nov. comb. — Noir, pp.
94-95, Text-Fig. 22; Pl. 36, Figs. 8-14.

1970 Watznaueria parvidentata (DEFLANDRE et FERT) Bukry, — MaNivrT, p. 112, Pl. 24, Figs.
11-15.

DIMENSIONS. — Average length 3.9 u; 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. Pl. XII, Figs. 1
and 3 show R. parvidentatum in distal as well as proximal view. The structures
of the central area are lacking. Pl. XII, Figs. 5 and 7 show specimens in distal
and proximal view with a fragment of the central structure. Pl. XII, Fig. 6
shows a fragment of a coccosphere where the central structures are complete.
Pl. 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 DErLANDRE 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 Coccolithus Scuwarz 1894. BLack
(1967), Bukry (1969) and NogL (1970) were doubtful whether this species
belonged to the genus Coccolithus 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 (MantviT, 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 (NogL, 1970)

Kopingsberg Borehole No. 1: Hauterivian — Cenomanian.

Family DEFLANDRIACEAE Brack, 1967

Genus Deflandrius BRAMLETTE and MARTINI, 1964 emend.

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

1) Investigations of Deflandrius cantabrigensis Brack, 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 MARTINT, 1964

REMARKS. — More than a century ago Sorsy (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.

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

Gorka (1957) published Discolithus cretaceus (ARKHANGELSKY) citing Coc-
colithophora cretacea ARKHANGELSKY as synonymy. The specimen illustrated
with a drawing (Pl. 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.

DErFLANDRE (1959) erected a new genus Zygrhablithus with the type species
Zygrhablithus bijugatus (DEFLANDRE, 1954) and transferred Rhbabdolithus
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 (Pl 1, Figs. 8-9;
Pl 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 Discosphaera due to
the funnel-shaped top of the process. As synonymy she proposed Coccolitho-
phora cretacea ARKHANGELSKY although Rbabdolithus intercisus DEFLANDRE,
1954 has been known.

GARTNER (1968) stated that the genus Prediscosphaera Vexsuina, 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 VexsHina, 1959 is an “objective
junior synonym to Coccolithophora cretacea ARKHANGELSKY, 1912”. GARTNER
continues: “The species was first described by ARKHANGELSKY in 1912, but
his illustrations are ambiguous. In 1954 DerLanpre described Rhabdolithus
intercisus, but illustrations of this species are also rather unclear. In 1959
VekstiNa named and described Prediscosphaera decorata, citing Coccolitho-
phora cretacea ARKHANGELSKY in her synonymy. She also pointed out the sim-
ilarity of her specimens to ArknHANGELsKY’s. The specific name 'decorata’
is an objective junior synonym of the specific name ’cretacea’ and, therefore,
is invalid. The transmission electron micrographs of Vexsamna (1959, Pl 1,
Figs. 8-9) are more accurate than her drawings, which appear to be largely
interpretations. In 1959 DerLANDRE redescribed R. intercisus, reillustrated the
type specimen and transferred the species to the new genus Zygrbablithus.
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 Coccolithopho-
ra cretacea ARKHANGELSKY, 1912, a comparison with the drawings on Pl. 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 Rhabdolithus intercisus. Further, Vexsina 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 DerLANDRE. 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,
cach 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 Brack, 1967

PL. VII, Figs. 1-6

1861 Sorsy, H. C,, p. 199, Figs. 34, p. 197.

1965 “Deflandrius” sp. — BLack, p. 134, Figs. 14-15.

1966 Deflandrius cretaceus intercisus (DEFLANDRE, 1954), — REINHARDT, p. 35, Pl. 22, Fig. 2,
Text-Fig. 20 a.

1967 Deflandrius cantabrigensis sp. nov. — BLACK, p. 140, Fig. 1.

1968 Deflandrius columnatus STOVER, — STRADNER, p. 31, Pls. 18, 19.

1968 Deflandrius cantabrigensis BLack, — BLack, p. 807, PL. 151, Fig. 1.

1968 Prediscosphaera cretacea (VExsINA), — GARTNER, p. 19-20, Pl. 9, Figs. 1-4; Pl 12, Figs.
1 a—c; Pl. 14, Fig. 20; Pl 18, Fig. 8; Pl. 22, Figs. 1-3; PL. 23, Figs. 4-6; Pl. 25, Figs. 12-13.

1969 Prediscosphaera cretacea cretacea (ARKHANGELSKY), — BUkry, p. 38, PL. 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. Pl. VII, Figs. 5-6.

DIMENSIONS. — Average diameter of basal shield 5 u; total average height
6.1 u.

REMARKS. — As mentioned by Brack (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, - Sorpy (1861)

Coccolithophora cretacea ARKHANGELsKY, 1912

Rhabdolithus intersisus DEFLANDRE, 1954

Discolithus cretaceus (ARKIIANGELSKY) GOrka, 1957

Prediscosphaera decorata Veksuina, 1959

(/ Prediscosphaera decorata Veksuina, 1959

Zygrhablithus intercisus (DEFL.) DEFLANDRE, 1959

1
»

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 (PL. 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 (ARKHANGELSKY,
1912) BRAMLETTE et MARTINI, 1964. He designated forms without a process
as D. cretaceus cretaceus (ARKHANGELSKY, 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 (Manivrt, 1970)
Middle Cenomanian: Denmark (FORCHHEIMER, 1970)
Cenomanian: England (Brack, 1967)
Cenomanian — Campanian: Texas (GARTNER, 1968)
Turonian: Germany (REINHARDT, 1966)
Santonian — Campanian: Texas (Bukry, 1969)
Kopingsberg Borehole No. 1: Hauterivian — Cenomanian.

Deflandrius spinosus BRAMLETTE et MARTINI, 1964
Pl. VI, Figs, 1-2, 4, 6-7

1964 Deflandrius spinosus BRAMLETTE et MarTINI, p. 301, Pl 2, Figs. 17-20.

1965 Eiffellithus cretaceus cretaceus (ARKHANGELSKY, 1912), — REINHARDT, p. 35, Pl 2., Fig. 4;
Text-Fig. 3.

1966 Deflandrius cretaceus cretaceus (ARKHANGELsKY, 1912), — RemNmHARDT, p. 35, PL 10,
Figs. 1 a-b, 2 a-b; Text-Fig. 4.

1966 Deflandrius cretaceus intercisus (DEFLANDRE, 1954), — RENHARDT, p. 35, Pl 37, Text-
Fig. 20 b.

1967 Deflandrius spinosus BRAMLETTE et MARTINI, 1964, — Lyur’eva, p. 96, PL 1II, Figs.
24-24 a.

1968 Deflandrius spinosus BRAMLETTE et MARTINI, — PERcH-NIELSEN, p. 35, Pl 11, Fig. 1;
Pl. X1V, Figs. 3-8.

1968 Prediscosphaera spinosa (BRAMLETTE et MARTINI, 1964), — GARTNER, p. 20, PL 2, Figs.
15-16; Pl. 3, Figs. 9-10; PL. 5, Figs. 7-9; PL. 6, Fig. 16; Pl 11, Fig. 17.

1969 Prediscosphaera spinosa (BRAMLETTE et MARTINI, 1964), — Bukry, p. 40, Pl 8, Figs.
7-9.

1970 Prediscosphaera spinosa (BRAMLETTE et MARTINI, 1964) GARTNER, 1968, — NoEL, p. 66,
Pl. 16, Figs. 4-5, 6-9 and 10.
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DESCRIPTION. — Coccolith with an clliptical 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 u; average width 3,8 «; average length
of the central process 4.2 u.

REMARKS. — BRAMLETTE et MARTINI (1964) erected the species Deflandrius
spinosus. Their illustrations (Pl. 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
Brack, 1967 and D. intercisus (DEFLANDRE, 1954) BRAMLETTE et MARTINI,
1964 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 Deflandrius 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 (Nokr, 1970)
Campanian — Maastrichtian: Texas (GARTNER, 1968)
Campanian — Maastrichtian: France (Mantvrr, 1970)
Lower Maastrichtian: Denmark (PERCH-NIELSEN, 1968)
Lower Maastrichtian: Germany (REINHARDT, 1966)
Maastrichtian: America, Europe (BRAMLETTE et MAR-
TINI, 1964)

Ko6pingsberg Borehole No. 1: Hauterivian — Cenomanian.
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Deflandrius cf. D. stoveri PERCH-NIELSEN, 1968
PL VI, Figs. 10-11

21966 Discolithus incobatus STOVER, new species, — STOVER, p. 143, PL. 2, Figs. 23-24; PL 8,
Fig. 17.
1968 Deflandrius stoveri n. sp. — PERcH-NIELSEN, pp. 6667, Pl. 16, Figs. 11-13.

DIMENSIONS. — Length 6.4 u; width 4.7 w.

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 Kopingsberg 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 (PErcu-NIELSEN, 1968, Pl. 16, Fig. 10)
with the exception of the crossbars. The crossbars of D. cf. D. stoveri PErRcH-
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)
Kopingsberg 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) Cepex et Hay, 1969
Pl. XVIII, Figs. 1-4

1967 Zygolithus cuneatus sp. nov. ~ LyuL’eva, p. 93, L. 1, Fig. 13.
1969 Chiastozygus cuneatus (LyuL’eva) n. comb. — Cepex 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, PL. 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, Pl 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)
Turonian: Russia (LuyL’Eva, 1967)
Képingsberg Borehole No. 1: Hauterivian — Cenomanian.

Genus Eifellithus ReinaarDT, 1964

Type species: Eiffellithus turriseiffeli (DErLANDRE, 1962) REINHARDT, 1964

Eiffellithus eximius (STover, 1966) PERCH-NIELSEN, 1968
Pl. XV, Figs. 1-3

1966 Clinorhabdus eximius Stover, n. sp. — STOVER, p. 138, Pl. 2, Figs. 15-16; PI. 8, Fig. 15.

1967 Clinorhabdus eximius SToVER, — LyuL’eva, p. 93, Pl 2, Figs. 21-21 a.

1968 Eiffellithus turriseiffeli (DEFLANDRE) REINHARDT, — GARTNER, p. 26, Pl. 16, Fig. 2; Pl. 17
Fig. 3; P1. 18, Fig. 10; Pl 19, Figs. 1-2; Pl. 23, Fig. 8; Pl 24, Fig. 2.

1968 Eiffellithus eximius (STover) n. comb. — PERCH-NIELSEN, p. 30, Pl. 3, Figs. 8-10.

1968 Zygrhablithus turriseiffeli (DEFLANDRE), — MaNIvIT, p. 284, Pl. 2, Figs. 4 a-b.

1970 Eiffellithus eximius (STOVER) PERCH-NIELSEN, 1968, — NokL, p. 40, Pl. 6, Figs. 4-5 a, b-7;
Pl. 7, Figs. 1-7.

1970 Eiffellithus eximius (STover) PERCH-NIELSEN, — ManivrT, p. 88, P 11, Figs. 10-11.

]

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

OCCURRENCE. - Turonian: Russia (LuyL’Eva, 1967)
Turonian — Campanian: France (STOVER, 1966)
Coniacian: France (MaN1vrT, 1970)
Coniacian — Campanian: Texas (GARTNER, 1968)
Campanian: France (NokL, 1970)
Maastrichtian: Denmark (PERCH-NIELSEN, 1968)
Kopingsberg Borehole No. 1: Hauterivian, Aptian — Cenomanian.
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Genus Helicolithus NogL, 1970

Type species: Helicolithus anceps (Gorka) NokL, 1970

Helicolithus stillatus n. sp.
Pl. XI, Figs. 1-4; Pl XVI, Figs. 5-6

DERIVATION OF NAME. - stilla (lat.) — drop.
HOLOTYPE. — Specimen No.: S Kp 177 33a/10.
PARATYPE. — Specimen No.: S Kp 196 31a/3.

TYPE LOCALITY. — Kopingsberg 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 u, and the large
openings of 1.66 u. 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
(GérkA) ManiviT, 1970. However, the comparison with the original form
described by Gorka (1957, p. 251, PL. 3, Fig. 3) requires great care. GOrka de-
scribed an elliptical coccolith from the Maastrichtian, with a narrow rim (0.5
1). 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 GORrKA,
1957 does not make a comparison possible.

OCCURRENCE. — Kopingsberg Boerhole No. 1: Hauterivian — Cenomanian.
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Family PODORHABDACEAE NogL, 1965
Genus Cretarbabdus BRAMLETTE et MARTINI, 1964

Type species: Cretarhabdus conicus BRAMLETTE et MARTINI, 1964

Cretarbabdus actinosus (STOVER, 1966) n. comb.

Pl. XIX, Fig. 4

1966 Coccolithus actinosus STOVER, new species, — STOVER, p. 138, PL 1, Figs. 15-16;

1968 l(),fl;eSt’a}:l’a%bZius crenulatus BRAMLETTE et MARTINI, — GARTNER, p. 22, PL. 1, Fig. 8.
Non 1968 quypodorhabdtts actinosus (STOVER, 1966) n. comb. — PErcH-NIELSEN, p. 35, Pl. 14,

1969 ?feiaﬁ%bdus crenulatus hausmanii Bukry, n. ssp. — Bukry, p. 35, Pl. 14, Figs.
Non 1969 z’(_/?z}zmumria actinosa (STover), BUKRY n. comb. — Bukry, p. 31, PL. 9, Fig. 12.

DIMENSIONS. — Average length 4.8 u; average width 4 wu.

REMARKS. — Stover (1966) erected and described Coccolithus actinosus,
illustrating this species by light microscope micrographs and an excellent draw-
ing. Cretarbabdus 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 Polypodorbabdus 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; Pl. 10, Figs. 1-6).

C. actinosus (STOVER, 1966) n. comb. differs from Watznaueria actinosa
(Stover) Bukry, 1969 in having the composition typical of Cretarbabdus
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)
Kopingsberg Borehole No. 1: Albian.
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Cretarbabdus biseriatus n. sp.
Pl. XIX, Figs. 5-6, Pl. XXI, Fig. 6

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

HOLOTYPE. - Specimen No.: S Kp 338 53a/1.
PARATYPE. — Specimen No.: S Kp 94 90/11.

TYPE LOCALITY. — Kopingsberg 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 ). The central
plate is divided by an axial cross into four quadrants. In every quadrant four
larger perforations (0.27 u 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 (Pl. XIX, Fig. §). The
perforations mentioned above as well as a central perforation are seen in proxi-
mal view.

DIMENSIONS. — Average length 7.6 u; average width 5.9 w.

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

OCCURRENCE. — Koépingsberg Borehole No. 1: Hauterivian — Cenoma-
nian.

Cretarbabdus conicus BRAMLETTE et MARTINI, 1964
Pl. XIX, Figs. 1-3

1964 Cretarbabdus conicus BRAMLETTE et MARTINI, new species, — BRAMLETTE et
MARTINI, p. 299, PL. 3, Figs. 5-8.

1965 Cretarhabdus conicus BRAMLETTE et MARTINI, 1964, — MaNIvIT, p. 193, Pl 1, Figs.
2 a—d.
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1966 Cretarbabdus conicus BRAMLETTE et MARTINI, — STOVER, p. 140, PL 1, Figs. 19-2(;
Pl. 8, Fig. 9.
1968 Cretarhabdus conicus BRAMLETTE et MARTINI, 1964, — GARTNER, pp. 21-22, Pl. 1,
Fig. 115 Pl 3, Figs. 5-6; Pl. 6, Figs. 3-4; Pl. 11, Figs. 12 a—c; Pl 22, Figs. 20-21.
Non 1968 Cretarhabdus conicus BRAMLETTE et MARTINI, 1964, — PERCH-NIELSEN, p. 51, Pl. 12,
Figs. 1-4.
1969 Cretarhabdus conicus BRAMLETTE et MARTINI, — BUKRY, p. 35, Pl 13, Figs. 7-12.
1970 Cretarbabdus conicus BRAMLETTE et MarTINI, 1964, — Manivrr, p. 97, Pl 2,
Figs. 13-18.
Non 1970 Cretarhabdus conicus BRAMLETTE et MARTINI, 1964, — NokL, p. 58, Text-Fig. 14,
Pl. 17, Figs. 2-4.

DIMENSIONS. — Average length 6 u; average width 5 u.

REMARKS. - Cretarhabdus 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 PErRcH-NIeLseN (1968) and NogL (1970). PErcH-NIELSEN
reported: “. .. die Granulae, die das Zentralfeld besetzen sind dicht gepackt und
ca 0.5 u gross”. NogL described the central area as follows: “L’aire centrale
conique est faite de petits cristaux équidimensionnels”. Cretarbabdus conicus
BrRAMLETTE 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. comicus BRAMLETTE
et MarTINI, 1964 found in the samples studied from Képingsberg Borehole
No. 1 are smaller than the forms reported in the synonym list where the long
axis varies between 7,7 « and 12 u.

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)
Kopingsberg Borehole No. 1: Hauterivian — Cenomanian.

Cretarhabdus octoperforatus n. sp.
Pl. XX, Figs. 1-2

DERIVATION OF NAME. - octo (lat.) — eight, perforatus (lat.) — perforate.
HOLOTYPE. - Specimen No.: S Kp 96 20a/23.

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

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

DESCRIPTION. — A broad elliptical Cretarhabdus 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 u; average width 6.4 w.

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. - Kopingsberg Borehole No. 1: Albian — Cenomanian.

Cretarbabdus unicornis STOVER, 1966

Pl. XX, Figs. 3-6

1966 Cretahabdus unicornis STOVER, new species, — STOVER, p. 140, Pl 5, Figs. 15-16; PL. 9,
Fig. 15.

1969 Cretarbabdus unicornis SToVER, — Bukry, p. 36, PL. 15, Figs. 7-9.

1970 Cretarhabdus unicornis STover, 1966, — NokL, p. 59, Fig. 15; PL. 18, Figs. 1-3.

1970 Cretarhabdus unicornis STover, 1966, — Mantvrt, p. 100, PL. 9, Figs. 13-16.

DIMENSIONS. — Average length 10.8 u; average width 9.4 u.

REMARKS. — The specimen illustrated on Pl. 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 x. 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 Amphizygus broksii broksii Bukry,
1969 (Pl. 25, Figs. 1-3).
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OCCURRENCE. - Albian — Coniacian: France (STOVER, 1966)
Albian — Coniacian: France (MantviT, 1970)
Santonian: France, Texas (Bukry, 1969)
Campanian: France (Nokr, 1970)
Képingsberg 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.
Pl. XXIV, Figs. 1-4; P1. XX VII, 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. — Kopingsberg 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 x and the diameter of the central area 2 u.

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

REMARKS. — Lithastrinus septenarius n. sp. differs from L. grilli STRADNER,
1962, reported from the Turonian (p. 369, Pl. 2, Figs. 1-5) in having seven rays.
The transmission electron micrographs of L. grilli published by GarTNER
(1968, Pl. 18, Figs. 1-2; PL. 20, Fig. 17; P1. 22, Fig. 26) and Bukry (1969, p. 43,
PlL. 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 Man<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>