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Many small  and larger outcrops of Maastrichtian and Danian sediments as 
wel l  as borings are available for the investigation of calcareous 
nannefossils  in Denmark . Those menticned in the text or from which 
coccoliths are i l lustrated are shown in Fig . l .  The leealities in 
Jylland and Fyn are de seribed in Ødum ( 1 926 ) , those on S j ælland in 
Floris e t  a Z .  ( 1 9 7 1 ) . At several localities , the Cretaceous/Tertiary 
boundary , taken here to be the Maastrichtian/Danian boundary , is visible 
and can be studied in detail .  Remarks about some of these leealities 
( Stevns Klint , Dania , Kj Ølby Gaard , Nye Kl Øv and Eers lev in Denmark 
and Limhamn in Southern Sweden )  are to be found in the Exeursion Guides ; 
more complete information can be found in the Symposium Volume I I  as 
presentation of Cretaceous/Tertiary boundary sections ( Perch-Niel sen , 
1 9 79a) . 

The sequence of c alcareous nannefoss i l  events taking place in the 
Maastrichtian and in the Danian of Denmark ( Tab . l )  has been e stabli shed 
over the past 1 0  years from the inve stigation of numerous sections and 
some borings through the Danian . It has been tested and found to be 
use ful , also in the North Sea area , but eannot be used general ly outside 
this region . I l lustrations of Danish Maastrichtian coccoliths can be 
found in Perch-Niel sen ( 1 96 8 , 1 9 7 3 , in print ) . Danish Danian coccoliths 
are shown in Plates 1 - 4  and can also be found in Perch-Nielsen ( 1 96qb , 
1 9 7 1 a ) . 

MAASTRICHTIAN 

In the Lower Maastrichtian of e . g . MØns Klint , Arkhange Zskie Z �  
cymbiformis occurs together with Reinhardtites anthophorus and R.  Zevis . 
At the same locality we can also observe the last occurrence of 
R. anthophorus and subsequently R. Zevis , a sequence of events deseribed 
by Sissingh ( 1 9 7 7 ) . The first occurrence of Lithraphidites quadratus , 
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Fig . 1 .  Map of Denmark showing the leealities studied in the present 
paper . 

a useful event in many areas to further subdivide the Maastrichtian , 
seems very unre l iable here due to tne high latitude or the aften poor 
preservation of the assemblages . The next event , the first occurrence 
of Nephro lithus frequens could not be observed in any sequence ,  s ince 
this form i s  present in all Upper Maastrichtian outcrops , where 
Cribrosphaere Ua? daniae usual ly also i s  found . Micula murus s . str . 
was found at several localitie s ,  while the younger Micula prinsii ( see 
P.erch-Niel sen , in print ) was only found at ' Dania ' .  I t  is thus in 
Jylland that we find the youngest Cretaceous in the North Sea area . 

DANIAN 

The zonation of the Danian can be refined cons iderably from that 
sugge sted as Standard Zonation by Martini ( 1 9 7 1 ) , or by Bukry ( 1 97 3 ) . 
While  the type Danian can be subdivided into 3 zones according to 
Martini ( 1 97 1 ) , the whole Danian would fall within the basal Tertiary 
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zone of Bukry ( 1 9 7 3 ) . The detailed investigation of many sections 
in the type area has led to a very fine subdivision which , however ,  
eannot be found outside the type area . Thi s may suggest that , 
especially in the Danian , the accumulation rate was higher in many 
parts of Denmark than in mos t  other areas so far investigated , where 
the Danian a ften is miss ing or very thin . In most Cretaceous/Tertiary 
boundary sections the lowermost 2 zones of Martini , NP l and NP 2 ,  are 
absent or extreme ly thin . In many such sections , even the basal 3 or 4 
Standard Zones are mi ss ing and the Tertiary assemblage starts with the 
sudden appearance of more than 20 newly evolved species . In Denmark , 
however ,  we can observe the gradual increase of newly evolved species 
through the Danian ( see Fig . 2 )  and use it for a fine subdivi sion of 
the sequence ( Table 1 ) . As has been observed again and again , most 
Maastrichtian cocoliths disappear at the Cretaceous/Tertiary . boundary 
and their occasional occurrence in Danian sediments is attributed to 
reworking . This reworking is also found in the Danian of Denmark and 
decreases rapidly from the basal Fish clay ,  where Maastrichtian 
coccol iths constitute 99% of the assemblage , to a few spec imens in 
the Bryozoan l imestone above . Ideas concerning the surviving 
Maastrichtian forms , the evolution of new Danian forms and a discus sion 
of the suggestion of a " brackisk Aretic Ocean origin " of the Danian 
coccolith assemblage ( Gartner & Keany , 1 97 8 )  can be found in Sympos ium 
Valurne I I  ( Perch-Niel sen , 1 9 7 9b ) . 

In the fol lowing , the subdivis ion of the Danian ( D l  to D l O , see Table 1 )  
is commented in same detai l .  

NP l ,  Markalius inversus Zone , Dl  and D2 

In the fie ld , the base of the Tertiary or the Danian is  placed at the 
base of the Fish clay ,  where the latter is present . Where the Fish 
c lay is mi ssing , a hardground usual ly takes its place (but see 
Håkansson & Hansen , this volume ) . In terms of coccoliths , the change 
observable can be very small between the Maastrichtian chalk and the 
assemblage present in the Fish clay .  While Thoracosphaera i s  found in 
the Maastrichtian in other areas , it is restricted (with extremely rare 
exceptions ) to the Danian and younger sediments in Denmark and the 
North Sea area . It is thus present in the Fish clay together with 
Biantho lithus sparsus , another form not found in the underlying 
Maastrichtian . Already in the Fish c lay we can observe an increase of 
Biscutum, Crepido lithus and Cyc lage losphaera relative to other forms 
which occur a l so in the Maastrichtian . This eannot be attributed to 
dissolution of other Maastrichtian forms s ince , in even very poorly 
preserved Maastrichtian assemblages these forms are no more abundant 
than in wel l  preserved Maastrichtian assemblages . It is assumed , 
therefore , that thes e  genera survived the Cretaceous/Tertiary boundary 
event together with same others , not all represented in the Danish 
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Dani an , whi l e  the bulk o f  the other forms are reworked from the 
Maa s t r i c h t i a n  ( P e rch-Ni e l sen , 1 96 9b ) . 

Zygudiscus s igmaides i s  absent or occurs extreme ly rarely in D l , the 

l owe r subzone of NP 1 ;  i t  is po s s ib ly reworked from the Maa s tr ichtian . 

The re-occurrenc e , often in l arge numbers , of Z .  sigmaide s marks the 
ba s e  9f D 2 . Z .  s igmaide s  i s  al so known from the Maa strichtian , but 

s e em s  to be absent j u s t  above the Cretaceous /Ter tiary boundary . I t  

soon dominates the a s s emb lage o f  the upper part o f  N P  1 ,  whe re 
reworked Maastrichtian cocco l i ths thin out and the a s s emblage otherwise 

con s i s t s  o f  Biscutum, Crepido lithus , Cyc lage losphaera (mainly 

C. re inhardtii ) and , in some section s ,  Russe l lia mu ltip lus . In some 
sec tion s  NP 1 i s  ove r 7 m th ick , in other s  on ly a few dm or it c an be 
absent . 

NP 2 ,  Cr�cip laco lithus tenuis zone , D 3  and D4 

The first occur rence o f  C.  tenuis mark s the base of NP 2 and D3 . 
Ericsonia cava or forms very s imi l ar to it , al so occur at about the 
same level , as doe s C. primus . No interval with on ly C. primus , an 

ear ly form of Crucip laco lithus occurr ing be fare the typical C. tenuis 
at DSDP Site 3 5 6  in the South Atl antic ( Perch-Nie l sen , 1 9 7 7 ) , has been 

found in the North Sea area . In the uppe r part o f  NP 2 ,  the first 
repre s entative o f  the Prin s i aceae , Prin sius dimorphosus , appears in l ow 
numbers and mark s the base o f  D4 . Usually , Marka lius inversus and 

M. apertus become more common in NP 2 than they were in NP 1 ,  and in 

D4 round forms of Ericsonia occur ( Ericsonia sp . l ,  Pl . 1 ,  Fig . 1 1 ) , 
but not yet E. subpertusa . Qui te often , the a s s emblage i s  dominated 

by Z. sigmo ide s .  Al so NP 2 is rare ly over 7 m thick , its usual 
thickne s s  be ing e loser to 1 or 2 m. I t  c an be loc a l ly absent . 

NP 3 ,  Chiasmo lithus danicus Zone 

The r e s t  of the type Dan ian c an be a s s igned NP 3 ,  if the original 

diagno s i s  of thi s  zone i s  fo l lowed . There , the base o f  the next zone , 

NP 4 ,  i s  de f ined by the first occurrence of El lipso lithus mace l lus and 

He l iorthus concinnus is reported to occur in the upper part of NP 4 
( Martin i , 1 9 7 1 , p .  7 5 2 ) . At that t ime Martini probably used 

H. concinnus for any sma l l , Pal eocene form having a zeugoid rim and a 
central X .  Such forms occur i n  Danmark i n  the upper part o f  what here 
appears to be NP 3 ,  since E. mace l lus is absent . So far only 2 
spec imen s o f  E. mace l lus have been found in Upper Dan i an s amples from 

Denmark , both at Daub j e rg , whe re Neochias tozygus mode stus and 
Prin sius martinii are a l so present ( DB )  . It is thu s l ikely that parts 

o f  the type Dan i an should be corre l ated to NP 4 rathe r than NP 3 .  

E. mace l lus i s  a very frag i l e  form and its abs ence c an e a s i ly be 
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explained by di s so lution , or else the high latitude of the North Sea 
area was not sui table for its primary occurrence in reasonable numbers . 
For practical reasons , the Danian wi l l  probably remain correlated to 
NP 3 or a combined NP 3 / 4 , at best . 

A subdivision of  the NP 3 / 4  interval i s  pos s ible , however ,  in the type 
area of the Danian with the he lp of the Prinsiaceae , Chiasmo lithus and 
Neochiastozygus . 

The first occurrence of Chiasmo lithus danicus de fines the base of NP 3 
and DS . It can be difficult to distingui sh in the LM between C. tenuis 
and C. danicus , when the central X of the latter is oriented between 
its normal pos ition and that of the .central + of C. tenuis . In the 
lowermost part of NP 3 ,  P. dimorphosus is the only repre sentative of 
the Prinsiaceae . The base of D6 is marked by the appearance of Prinsius 
rosenkrantzii . which commonly dominates the assemblage . Both P. 
dimorphosus and P. rosenkrantzii are very small coccoliths , usually 
only 2-4 �m , and may be difficult to di stingui sh in the LM . 
P. dimorphosus i s  e l l iptic and its central area i s  bright between 
cros sed nicol s ,  whi le P. rosenkrantzii is round or subcircular and 
shows a dark , empty central field between crossed nicol s .  DS was 
found in several local itie s .  D6 is  best represented by the "Næsekalk" 
at Fakse Quarry . 

The first occurrence of  Neochiastozygus modestus marks the base of D7 , 
where Chiastozygus sp . l seems also to have its first appearance . The 
next new Prinsius , P. martinii , appears at the base of DB , befare the 
first occurrence o f  the next Neochiastozygus , N. saepes ( large 
variation , 5 - 7  �m) which marks the base of D9 . The sequence of these 
two events needs some further investigation , since small N. saepes 
( 4- 5 . 5  �m) were found in one sample we l l  below the first occurrence of 

P. martinii or the large variety of N. saepes in the Hval løse boring . 
While the Prinsiaceae are very res i stant forms and aften dominate the 
Danian as semblages ,  Neochiastozygus are usually rare and aften mi s s ing 
in samples where they would be expected , probably owing to dissolution . 
In the upper Danian the first Chiasmo lithus bidens also are found . 
Their appearance marks the base of D l O , a subzone we ll repre sented at 
Hval lØse . 

S ELANDIAN 

Overlying the light , calcareous sediments of the type Danian are the 
dark , detritic sediments of the Selandian . The ir coccolith content 
varies greatly and a large amount of reworked Maastrichtian coccoliths 
are commonly pre sent . The continuing appearance of new species can , 
however ,  also be observed in the Selandian . Since some reworking 
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Table 1 .  

Age Zon e/Subzon es Marker spec i es 
. 5 2  -

Toweius  s e l a nd ianus * Q) NP 5 ?  Vl 
/ s l / Neoch iastozygus perfectus * / 

/ D l O  N P  4 ?  Ch iosmol  i thus b idens * 
/ D 9 / 

Neoch iastozygus sa epes * / 
/ 

D 8 
Pr ins ius mart i n i i  * 

N P  3 D 7 
Neoch iastozygus m od estus * ....... 

c D 6 
Pr ins ius rosenkra ntz i i  * 

- � 
c D 5 

Ch iosm ol  i t hus  dan i cus * o 
o 

NP 2 D 4 
Prins i us d imorphosus * 

3 ....... D 
Cru c i p l acol i thus tenu is * " 

NP l D 2 
Zygod iscus s i gmaides *Acme 

D l 
B ia n tho l i thus sparsus * 

M.prins i i  
Mi c u l a  pr i ns i i  * 

c N . frequens Nephro l i thus frequ ens * -� " .... L.quad ra tus .J:: L ith ro ph id i tes quadratus * u 
· -

A. cym b iform is  ... .... Re inhard t i tes Iev is + "' 
o � R. I ev is 

Re inhardt i tes anthophorus + 
R.a n th ophorus l 

probably also took place  from the Danian into the Selandian and some 
Selandian is found in cracks and burrows in the uppermost Danian , it i s  
not absolutely certain whether the first occurrence of Neochiastozygus 
perfectus , e . g .  at Hval løse , fal ls  within the Danian or marks the base 
of the Selandian . N. perfectus continues up through the coccolith
bearing part of the Selandian and is accompanied there by the first 
Toweius with large holes , T. se Zandianus , the first occurrence of which 
marks the base of S 2 .  The cerre lation of S 1 and S 2 to the Standard 
Zonation of Martini ( 1 97 1 )  again poses prob lems . Martini de fine s the 
base of NP 5 by the first occurrence of Fascicu lithus tympaniformis . 
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Thi s  species was not found in the Tertiary of Denmark . On the other 
hand , he also mentions the pre sence of C. bidens , which is found in 
the Selandian and uppermost Danian . Forms simi lar to N. perfectus also 
are found in other areas in the F. tympaniformis Zone , so the cerrelation 
of S l and S 2 to NP 5 would seem to be good gue s s . 

SYSTEMATIC REMARKS 

Plates 1 - 4  show most calcareous nannafossils  so far observed in the type 
Danian . I l lustrations of  the Maastrichtian forms from Denmark are to 
be found in Perch-Niel sen ( 1 968 , 1 9 7 3 , in print ) . Systematic remarks 
about most of thes e  forms are available from the above mentianed 
publications and from Perch-Ni el sen ( 1 969a , 1 969b ,  1 97 l a ) . In the 
fol lowing same new species are de seribed and remarks are made about same 
rare forms not yet deseribed and/or understood . The genera are treated 
in alphabethical arder . 

Biantho Zithus sp . l .  Pl . 1 ,  Figs 1 6 , 1 7  

Biantho Zithus sp . l i s  higher than what i s  usual ly cal led B .  sparsus 
and shows a wel l  de fined central depre ssion , a feature that has so far 
not been observed in typical B . sparsus . Biantho Zithus sp . 1 has been 
found in the lower Danian at Bulbj erg only . 

Plate l .  1 :  Chiasmo Zithus consuetus , 6500x , distal view , 1 70/5 . 
2 :  Chiasmo Zithus danicus , 3 7 50x , distal view , 399 . 3 :  Chiasmo Zithus 
bidens , 3 75 0x , distal view , 1 70/7 . 4 :  Crucip Zaco Zithus subrotundus , 
8000x , distal view , 1 7 0 / 1 . 5 :  Crucip Zaco Zithus primus , l O . O OOx , distal 
view , 1 70/5 . 6 : Crucip Zaco Zithus tenuis , 5000x , distal view , 85G . 7 :  
Crucip Zaco Zithus notus , 4 500x , di stal view , 1 7 0/2 . 8 :  Crucip Zaco Zithus 
inseadus , 8000x , proximal view , 1 7 0 / 1 . 9 :  Crucip Zaco Zithus ? sp . 1 ,  
5000x , distal view ; note double central cyc le , 3 5 2 / 7 8 . 1 0 :  Ericsonia 
cava, 5000x , distal view , 1 70/7 . 1 1 : Ericsonia ? sp . l ,  5 000x , di stal 
view ( early form of  C. formosus ) ,  364/ 1 . 1 2 :  Ericsonia subpertusa , 
5000x , distal view ; note overlapping central e lements , 1 7 3 .  1 3 : 
Ericsonia brotzenii , 3 7 5 0x , proximal view , 1 70/6 . 1 4 , 1 5 :  BianthoZithus 
sparsus , 4000x , turned spec imen , 8 1 /5 .  1 6 , 1 7 :  Biantho Zithus sp . 1 ,  
4 500x , turned spec imen ; note central depre s s ion , 66 . 1 8 , 1 9 :  Gonio Zithus 
fZueckigeri , 5000x & 7 500x , distal and proximal view , 1 70 / 1 . 20 : 
Braarudosphaera turbinea , 5000x ; not very typical spec imen , 1 70 / 1 . 
2 1 : Russe Z Z ia muZtip lus , 5000x ; overgrown , as most spec imens in the 
Danian , 1 73 .  Location o f  samples l isted p . l 3 5 . 
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Chiastozygus sp . 1 .  Pl . 2 ,  Fig . 8 

See Neochiastozygus and Chiastozygus sp . 1 .  

Crepido Zithus cruciatus n . sp .  Pl . 2 ,  Figs 1 1 - 1 3 , 2 5 , 26 

H o l e t yp e : Pl . 2 ,  Fig . 1 2 .  
T y p e l e v e l : Danian 
Typ e l o c a l i t y : Legind , Jylland , Denmark 
D i a gn o s i s : A form of Crepido Zithus with inc l ined wal l  e lements and a 
proximal cros s .  
D e s c r i p t i o n : The wal l  consi sts of about 40  inc l ined e lements and the 
construction of the distal central part is not known . On the proximal 
s ide an outer cyc le of elements surrounds a cross-like arrangement of 
elements f i l l ing the rest of the central proximal plate . 
R e m a r k s : C. cruciatus differs from ether species of Crepido Zithus by 
the cross-like arrangement of the elements of the proximal centre . 
Most ether species have only one cyc le of radially arranged e l ements . 
C. cohenii has concentric cyc les of elements and C. fossus has an open 
centre . 
O c c u r r e n c e :  C. cruciatus has only been found in the Danian of Legind , 
Denmark . 

Crepido Zithus dirimosus n . sp .  Pl . 2 ,  Figs 1 6- 1 8 , 2 3 , 24 

H o l o t yp e : Pl . 2 ,  Fig . 1 6 .  
Typ e  l e v e l : Danian 
Typ e l o c a l i  t y : Stevn s  Klint , Denmark . 
D i a g n o s i s : A form of Crepido Zithus having incl ined wal l  e l ements and 
a wal l  with two cyc les , the second cyc le forming the filling of the 
distal centre . 
D e s c r i p t i o n : The wal l  consists of about 40 inc lined e l ements . The 
elements o f  the inner di stal wal l  cycle are incl ined in the oppos ite 
direction to those of the outer cycle . They almost completely fill  
the distal centre of the form . Radial elements form a relatively small 
proximal plate . 
R e m a r k s : The occurrence of forms having two cycles of wal l  elements 
is widespread in the Danian and the rest of the Paleocene : thi s  feature 
also evolve s in Zygodiscus and Neochiastozygus . C. neocrassus and 
C. cohenii have only single wal l  cycles ( Pl . 2 ,  Fig . 1 9 ) . 
O c c u r r e n c e :  C.  dirimosus eecurs from the lowermost Danian through 
Selandian , but has not been found in the Maastrichtian . 
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Crepidolithus sp . 1 .  Pl . 2 ,  Figs 2 7-30 

In some Danian samples , large forms of Crepido lithus sp . 1 have been 
found . They have about 20 wall e lements arranged more or less 
vertical ly . The ir size i s  about twice that of most other Crepido lithus . 
It seems not impossible that the se forms are merely heavily overgrown 
forms of other Crepido lithus specie s ,  where the radial proximal elements 
grew relative to the wal l  elements . 

Crucip laco lithus ? sp . 1 . Pl . 1 ,  Fig . 9 

The spec imen figured in Pl . 1 ,  Fig . 9 looks superficially like a 
C. tenuis . I t  differs from this species , however , in an extra cyc le of 
e lements between the di stal shield and the radial e lements surrounding 
the open central area . Such double central covers are typical of the 
Prins iaceae Prinsius and Toweius , but have only been found in a few 
Danian spec imens of Crucip laco lithus ? and Ericsonia? .  Were such forms 
unsuccessful competitars for the Tertiary seas ? The figured specimen 
was found in the lowermost part of the C. danicus Zone ( DS )  , other 
spec imens in the upper part of the C. tenuis Zone ( D4 ) . 

Cyc lage losphaera alta n . sp .  Pl . 3 ,  Figs 2 , 3 , 4 , 7  

H o l o t y p e : Pl . 3 ,  Fig . 7 .  
Typ e l e v e l : Danian 
Typ e l o c a l i t y : Dania , Jylland , Denmark 
D i a g n o s i s : Cyc lage losphaera having a distal superstructure with 4 to 
6 depre ssions araund the elevated central part . 
D e s c r i p t i o n : The distal shie ld is larger than the proximal shield . 
It consists of a cycle of inc l ined e lements forming an obtuse cone . 
Anether obtuse cone , bui lt of inversely oriented elements , forms the 
distal c entre . I t  has 4-6 depress ions of about equal size . The 
proximal shield cons ists of radially oriented elements . 
R e m a r k s : C. alta differs from all other species of Cyc lage losphaera 
by the depres s ions in the central obtuse cone . C. alta shows some 
common features with the Eecene Rhabdo lithus vitreus in Perch-Niel sen 
( 1 9 7 1b )  and might be an ancester of some rhabdoliths . 

O c c u r r e n c e : C.  alta was found in the Danian and Selandian of Denmark 
from the upper part of the basal Danian Dl zone . 
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Cyclage losphaera sp . 1 .  Pl . 3 ,  Fig . 8 

Cyc lage losphaera sp . 1 has a di stal cone constructed of two cyc les of 
elements , whi le C. reinhardtii has only one cycle . In both forms , the 
proximal shield is smal ler than the di stal shie ld , while it i s  of about 
the same s i ze in C. margere lii (Pl . 3 ,  Fig . 5 ) . 

Plate 2 .  1 :  Neochiastozygus saepes ,  9000x , di stal side , early form , 
3 4 7 /43 .  2 :  Neochiastozygus saepes , 7000x , proximal side , typical form , 
1 70 / 1 . 3 :  Neochiastozygus imbriei ,  7 500x , distal side of broken 
specimen , 3 4 7 / 1 5 . 4 :  Neochiastozygus denticulatus , 1 0  OOOx , di stal 
side , 1 70 / 1 . 5 :  Neochiastozygus digitosus , 10 OOOx , distal side , 3 9 . 
6 :  Neochiastozygus modestus , 9000x , di stal view of typical , late form , 
1 7 0/5 . 7 :  Neochiastozygus modestus , 1 0  OOOx , distal view of early 
form , 3 4 7 /5 5 . 8 :  Chiastozygus sp . 1 ,  1 0  OOOx , distal view ; note simple 
wal l , 1 7 0/5 . 9 :  Neochiastozygus perfectus , SOOOx , distal view of late 
form , 1 7 0/8 . 1 0 : Neochiastozygus perfectus , SOOOx , di stal view of 
early form with plate elements , 1 70j2 . 1 1 : Crepido lithus cruciatus n . sp . , 
7 500x , distal view , 3 6 4 / 1 . 1 2 :  Crepido lithus cruciatus n . sp . , 8000x , 
proximal view of holotype , 364/1 . 1 3 :  Crepido lithus cruciatus n . sp . , 
7 5 0 0x , proximal view , 3 6 4 / 1 . 1 4 :  Crepido lithus fossus , 9000x , proximal 
view , 1 7 0/7 . 1 5 :  Crepido lithus fossus , 9000x , distal view , 1 70/7 . 
1 6 : Crepido lithus dirimosus n . sp . , 7 5 00x , distal view of holotype , 8 5G . 
1 7 :  Crepido lithus dirimosus n . sp . , 7500x , proximal view , 85G . 1 8 :  
Crepido lithus dirimosus n . sp . , 7 5 0 0x , distal s ide view , 85G . 1 9 :  
Crepido lithus neocrassus , 1 0  OOOx , distal view , BSC . 20 : Prinsius 
rosenkrantzii n . sp . , LM 3 200x , crossed nicol s ,  3 9 9 . 2 1 , 2 2 :  
Crepido lithus neocrassus , LM 3 20 0x , parallel & crossed nicol s , 85G . 
2 3 , 24 :  Crepido lithus dirimosus n . sp . , LM 3 200x paral lel  & crossed 
nicol s , 8 5G .  2 5 , 26 :  Crepido lithus cruciatus n . sp . , LM 3 200x , paral le l 
& crossed nicol s ,  3 6 4 / 1 . 2 7 , 2 8 :  Crepido lithus sp . 1 ,  LM 2000x , parallel 
& crossed nico l s , 3 5 2/80A . 29 , 3 0 :  Crepido lithus sp . 1 ,  3 7 5 0x & SOOOx , 
proximal and side view of turned spec imen ; note larger size than other 
Crepidolithus and the near vertical rim elements . OVergrown ' normal ' , 
small Crepido lithus ? , 3 5 2 /80� Location of samples listed p . l 3 5 . 
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Ericsonia ? sp . 1 .  Pl . 1 ,  Fig . 1 1  

The oldest round form of Ericsonia i s  usually cons idered to be 
E. subpertusa , ( Pl . 1 ,  Fig . 1 2 ) , which eecurs from about D6 . Round 
forms already occur , however ,  in D4 . These forms , here assigned to 
Ericsonia? sp .  1 ,  are scrnewhat smaller than typical E. subpertusa and 
differ from the latter by the radial elements that form the central 
cover areund the central opening . The size of thi s  opening varie s , as 
it varies in E. subpertusa , where the elements are arranged tangential ly 
and overlap each other considerably . The distal shield of E. subpertusa 
i s  very narrow , while it is wide in Ericsonia sp . 1 .  

Markalius apertus n . sp .  Pl . 3 ,  Figs 1 1 - 1 3 , 1 6 

H o l o ty p e : Pl . 3 ,  Fig . 1 6 .  
T y p e l e v e l : Danian 
Typ e l o c a l i  t y : Stevns Klint , Denmark 
D i a g n o s i s : Markalius with an open centre . 
D e s c r i p t i o n : The di stal shield i s  larger than the proximal shield 
and they consist of an equal number of elements . The large or small 
central opening i s  surrounded by a cyc le of e lements vi sible from both 
s ide s . 
R e m a r k s :  M. apertus differs from M. inversus in the abs ence of radial 
elements covering the centre . Structurally , the radial elements 
covering the centre in M. inversus cerrespond with the circle of 
elements surrounding the centre in M. apertus . This is  also easily 
vis ible in the LM , where they appear bright between crossed nicels 
(Pl . 3 ,  Figs 1 0 , 1 2 ) . 
O c c u r r e n c e :  M. apertus was found in the Danian and Selandian of 
Denmark from the upper part of the basal Danian D 1 zone . 

Markalius/Ericsonia ? sp . 1 .  Pl . 3 ,  Fig . 1 8  

Pl . 3 ,  Fig . 1 8  shows the proximal s ide o f  a Markalius-like form , where 
the proximal shie ld has two cyc les . The inner cyc le consists of radial 
extens ions of the cyc le of elements covering the centre . Such ' double ' 
proximal shields are the rule in Tertiary Coccolithaceae as Ericsonia , 
Chiasmo lithus and Crucip laco lithus where , as in MarkaZius , the distal 
shield shows no birefringence between crossed nicols , while the proximal 
shield i s  bright . Several such forms as shown in Pl . 3 ,  Fig . 1 8  have 
been found in the lowermost Danian ( D l  and D2 ) and in the uppermost 
Maastrichtian (M. prinsii Zone at Dania ) . So far no forms suggesting 
an evolution from such forms to Crucip Zaco lithus , Chiasmo Zithus or 
typical Ericsonia have been observed , but it would seem to be 
worthwhile to search for them ! 
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Neochiastozygus and Chiastozygus sp . 1 .  Pl . 2 ,  Figs 1 - 7 , 9 , 1 0 

Mernhers of Neochiastozygus are important for the biostratigraphy of the 
Danian and Selandian of Denmark and the North Sea area . Distinction 
can usually be made by light mieroscape ( see Perch-Nie l sen , 1 97 1b , 
where l ight micrographs of all species are given ) , but i s  easier with 
the SEM . N. modestus i s  a relatively small ( 4- 5  �m) form and looks 
c lumsier than the larger and later occurring N. perfectus ( 6- 8  �m) . 
The wal l  i s  usual ly thinner in the latter and the central cross appears 
more e legant . In both forms the wal l  cons i sts of two cyc les of 
inc l ined e l ements . In N. modestus both cyc les are of about equal 
height , in N. perfectus the inner cyc le is reduced in height . N. saepes 
has a wal l  consisting of vertically oriented elements . Thi s can be 
observed in the LM , where , between crossed nicols , the extinction figure 
of the wal l  is a straight line . It is a curved line in all  other species 
of the genus . The outline of N. saepes is usually a somewhat e longated 
e l l ipse tending to pointed ends . Early forms are smaller than later 
forms ( 4- 5 . 5  �m to 5 - 7  �m) . In N. denticulatus the central cross 
consi sts of unequal arms , the longer one being oriented with a low 
angle to the major axes of the el lipse . Plate elements extend from 
the wal l  towards the centre and fi l l  up most of the open space between 
the central cro s s  arms . N. denticulatus can be confused with early 
forms of N. modestus , where the central cros s also seems to be more 
asymmetrical than in the later forms . N. digitosus is a smal l ,  slender 
form with the c entral structure formed like an H rather than X .  
Del icate plate e l ements extend from the thin wal l  towards the centre . 
N. digitosus occurs together with N. perfectus , from which it i s  easi ly 
distinguished by its smaller size ( 3- 5  �) and the different shape of 
the central structure . N. imbriei is very rare in Denmark and shows a 
wal l  consi sting of vertical e lements and a central cross with unequal 
bars . Chiastozygus sp . 1 has a central cross with more or less equal 
bars , but only a s imple wal l  consisting of one cycle . Such ' simple ' 
wal l s  are more common in the Cretaceous than in the Tertiary and can 
be cons idered ' re l icts ' from the Cretaceous coccolith assemblage . In 
Denmark , however , such forms have only been found from D7 and upwards , 
thus co-occurring with N. modestus , the first representative of 
Neochiastozygus in thi s  area . 

Prinsius rosenkr>antzii n . sp .  Pl . 2 ,  Fig . 20 ; Pl . 4 ,  Figs 1 - 5  

H o l o t y p e : Pl . 4 ,  Fig . 4 .  
Typ e l e v e l : Danian 
Typ e l o c a l i  t y : Fakse ,  Denmark 
D i a g n o s i s : A round or nearly round form of Prinsius with a central 
opening , a double proximal shield and more or less radial distal central 
e lements . 
D e s c r i p t i o n : The distal shield cons ists of usually 1 0- 1 5  adj acent or 
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slightly overlapping elements and is larger than the proximal shie ld . 
The l atter cons ists of two cyc les of radially oriented elements . The 
inner cyc le varies in radius and surrounds the central opening on the 
proximal side . Distal ly , the central opening i s  surrounded by a cyc le 
of more or less radially oriented , blocky elements . 
R e m a r k s : The new species i s  camparable in size with P. dimorphosus , 
which i s  e l l iptical and already occurs earlier . The centre i s  usual ly 
c losed in P. dimorphosus and surrounded by ane or two cycles  of 
tangentially oriented , overlapping e lements on the distal side . 
P. martinii also i s  e l l iptical and larger . 
O c c u r r e n c e :  P. rosenkrantzii (name after the late Prof . A .  Rosenkrantz , 
Copenhagen ) was found in the upper Danian of Denmark , where it aften 
occurs as a dominant form of the assemblage . 

Plate 3 .  1 :  Cyc lage losphaera reinhardtii , LM 3200x , crossed nicols ; 
large form , 8 1 /5 .  2 :  Cyclage losphaera alta n . sp . , LM 3200x , crossed 
nicols , 8 1 /5 .  3 , 4 :  Cyclage losphaera alta n . sp . , 7 500x , distal and side 
view of late spec imen , 1 7 0/2 . 5 :  Cyc lage losphaera margere lii , SO OOx , 
distal view , BSE . 6 :  Cyc lage losphaera reinhardtii , 7 500x , distal view ; 
note s ingle di stal central cyc le , 1 4 2 /7 . 7 :  Cyc lage losphaera alta n . sp . , 
7 500x , distal view of holotype , an early form , 8 1 /5 .  8 :  Cyc lage losphaera 
sp . 1 ,  1 0  OOOx , distal view ; note two distal central cycle s ,  1 42/7 . 
9 , 1 0 :  Markalius inversus , LM 3200x , parallel & crossed nicol s , 85F . 
1 1 , 1 2 :  Markalius apertus n . sp . , LM 3 200x , paral lel & crossed nicols , 
85F . 1 3 : Marka lius apertus n . sp . , 4500x , distal view of broken specimen , 
late form , 1 70/2 . 1 4 :  Markalius inversus , SOOOx , distal view of eroded 
specimen , 1 70/7 . 1 5 :  Markalius inversus , 4000x , proximal view of large 
specimen , 1 4 2/7 . 1 6 : Markalius apertus n . sp . , SOOOx , proximal view of 
holotype , an early form , 8 5F . 1 7 :  Watznaueria/Ericsonia? ?  sp . 1 ,  5000x , 
proximal view ; note double proximal shield , 8 1 / 1 0 . 1 8 :  Marka lius/ 
Ericsonia ? ?  sp . 1 ,  S OOOx , proximal view ; note double proximal shie ld , 
6 6 . 1 9 :  Biscutum sp . , SOOOx , proximal view ; note single proximal shie ld , 
8 5F . 2 0 : Biscutum sp . , S OOOx , distal view , 8 1 /6 .  2 1 : Thoracosphaera ? 
sp . 1 ,  2 5 00x , 1 7 0 / 1 . 2 1 : Thoracosphaera operculata , 2 500x , sphere with 
open operculum , 3 9 9 . Location of samples l isted p . l 3 5 . 
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Toweius se tandianus n . sp .  Pl . 4 ,  Figs 1 7-20  

H o l o t y p e : Pl . 4 ,  Fig . 2 0 . 
Typ e l e v e l : Selandian 
T y p e l o c a l i  t y : Capenhagen 
D i a g n o s i s : Smal l form ( 2-4 lJm) of Toweius with large central hole s . 
D e s c r i p t i o n : The distal shield is larger than the proximal shield . 
Distally , the central area is surrounded by two cyc les of elements , a 
feature typical for Toweius spec ies . Distally , the central area i s  
wel l  defined , proximally , the elements of the proximal shield extend 
into the central area and there form the central net which , in not 
overgrown spec imens , has large holes . 
R e m a r k s : Hay & Mobler ( 1 96 7 ) , who deseribed the genus Toweius and its 
generatype T. craticutus , defined the genus for round to subcircular 
placoliths . T. se tandianus i s  elliptical and even elongate , but 
otherwise fits the description of Toweius well . The main difference 
of the new spec ies from T. cratieutus , which was deseribed from the 
Upper Paleecene D. muttiradiatus Zone , is the smaller size of 
T. se tandianus and its e l l iptical outline and large holes in the 
central area . Larger forms of Toweius from the Selandian ( Pl . 4 ,  Fig . 
1 6 ) are a l so e l l iptical (Toweius sp . 2 ) . 
O c c u r r e n c e :  T. se tandianus occurs in the Selandian of Denmark . It 
seems to be the olde st form of the genus to have well  de fined holes in 
the central area . 

Plate 4 .  1 - 5 : Prinsius rosenkrantzii n . sp . , 1 0  OOOx and 8000x (Fig . 4 ,  
holotype ) ;  proximal views , 3 9 9 ; ( 1 , 3 ;  note double proximal shie ld) and 
distal views , 1 4 2 / 1 0 , 364/1 . 6 :  Toweius petatosus ( ? ) , 1 0  OOOx , 
proximal view , 66 . 7-9 : Prinsius dimorphosus , 1 0  OOOx and 7 500x ( Fig . 
9 ) , distal views ( 7 , 9 ) and proximal view , 364/5 , 1 42 / 1 , 3 4 2 / 1 1 .  1 0 : 
Toweius cf. T. eminens , 1 0  OOOx , distal view , 

·
1 70 / 1 . 1 1 :  Toweius cf. 

T. tovae , 7 500x , distal view , 1 7 0/2 . 1 2 : Prinsius martinii , 1 0  OOOx , 
distal view , 3 4 7 / 1 1 .  1 3 : Prinsius bisuZcus , 1 0  OOOx , distal view , 
1 7 0/5 . 1 4 : Lanternithus duocavus , 1 0  OOOx ; note holococcolithic 
structure , 3 9 . 1 5 :  Toweius ? sp . 1 ,  10 OOOx , distal view , 1 70 / 1 . 1 6 : 
Toweius sp . 2 , 7500x , proximal view , 1 7 0/2 . 1 7- 2 0 : Toweius se tandianus 
n . sp . , 1 0  OOOx , proximal views ( 1 7 , 1 8 )  and distal views ; halotype Fig . 
2 0 , SO . 2 1 -2 3 : Toweius ? sp . 3 ,  1 0  OOOx & 9000x ( Fig . 2 2 ) , distal views , 
3 5 2 /BOA . 2 4 : Transversopontis ? sp . l ,  c .  6000x , distal view , 1 70 / 1 . 
2 5 : Zygodiscus sigmoides , 5000x , dis tal view of l ate form , 1 70/7 . 
Location of samples listed p . l 3 5 . 
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Toweius ? sp . 1 .  Pl . 4 ,  Fig . 1 5  

A sma l l , e l l iptical coccolith ( less  than 2 �m) was found in the 
uppermost Danian sample from HvallØse . It has two shields of about 
equal size and the wel l  defined central area is covered by blocky 
elements . Its ass ignment to Toweius i s  due to the lack of any more 
l ike ly genus to which it could be assigned . 

Toweius sp . 2 .  Pl . 4 ,  Fig . 1 6  

In the Selandian o f  Denmark , large , elliptical forms o f  Toweius occur 
together wi th the smal ler T. se Zandianus . They have several cycles of 
holes in the central net and the distal shield is considerably larger 
than the proximal one . They differ from T. craticu Zus through the ir 
e l l iptical outline , T. craticuZus being round to subcircular . 

Toweius ? sp . 3 .  Pl . 4 ,  Figs 2 1 - 2 3  

Two spec imens of small ( 3-4 �m) , e l l iptical forms having a relative ly 
low distal shield and a large central area were found in the Danian of 
Rold . The central area i s  occupied by more or less  radially oriented 
elements ( overgrown in the specimens illustrated) . No proximal sides 
were found . The ass ignment to Toweius i s  mainly due to the lack of any 
more likely genus to which thi s  form could be assigned . 

Transversopontis ? sp . 1 .  Pl . 4 ,  Fig . 2 4  

The distal view of a s ingle specimen of an early form o f  
Transversopontis was found i n  the uppermost Danian sample a t  Hvalløse . 
Thi s  form sti l l  shows a single cycle wall and a central bridge spanning 
the open c entral area . The two resulting holes are each surrounded by 
a cyc le of blocky elements . Such elements are lacking in Zygodiscus 
sigmaides (Pl . 4 ,  Fig . 2 5 ) , with which Transversopontis ? sp . 1  has many 
features in common . Later , typical forms of Transversopontis show a 
double cycle wal l .  

Watznaueria/Ericsonia? sp . 1 .  Pl . 3 ,  Fig . 1 7  

Pl . 3 ,  Fig . 1 7  shows the proximal side o f  a Watznaueria-like form , 
where the proximal shield has two cycles . The inner cyc le consists of 
more or less radial ly oriented extensions of the elements covering the 
central area . Such ' double ' proximal shields are typical of the 
Tertiary Cocco lithaceae Ericsonia, Chiasmo Zithus and Crucip Zaco Zithus , 
which do not occur at the ba se of the Danian . The specimen shown here 
was found in the uppermost Maastrichtian (MicuZa prinsii Zone ) at Dania , 
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but similar forms were al so found in the basal Danian at Stevns . As 
with the circular forms ass igned to Markalius/Ericsonia? sp . 1 ,  no forms 
suggesting an evolution from such forms to typical Ericsonia or to 
Crucip laco lithus have so far been found . 

Sample number 

39 

5 0  

6 6  

8 1 /5 

8 1 /6 

8 1 / 1 0  

8 5  E , F , G ,  

8 5  c 

1 1 7 

1 42 / 1 , 5 , 7 , 1 0 

1 7 0 / 1  

1 70 /2 , 5 , 6 , 7 , 8 

1 7 3 

3 4 2/ 1 1 

3 4 7 / 1 1 , 1 5 , 43 , 5 5 

3 52 / 7 8 , 80A 

364/ 1 , 5  

3 9 9  

locality - calleetor - stage 

Vestre Gasværk , Capenhagen 
A .  Rosenkrantz 1 930 , Se landian 
Sundkrogen , Capenhagen harbour 
A .  Rosenkrantz 1 92 0 , Selandian 
Bulb j erg , Jyl land ( zone B of Ødum) 
K .  Perch-Niel sen 1 96 7 ,  Danian 
Dania , Jyl land ( Bryozoan limestone ) 
K .  Perch-Nielsen 1 96 7 , Danian 
Dania , Jyl land ( Cerithium limestone ) 
K .  Perch-Nie l sen 1 96 7 , Danian 
Dania , Jylland (marl ) 
K .  Perch-Nielsen 1 96 7 , Maastrichtian 
Stevns Klint , Høj erup (Bryozoan lime stone ) 
K .  Perch-Nielsen 1 967 , Danian 
Stevns Klint , HØj erup (Fish c lay ) 
K .  Perch-Nie lsen 1 96 7 , Danian 
Kerteminde ( Fyn ) 
w .  Wetzel/G . De flandre , Selandian 
Boring Taars ( see Perch-Nielsen 1 97 2 ) 
I .  Bang , Geological Survey of Denmark , Danian 
HvallØse (Jylland ) 
H .  J .  Hansen 1 96 7 , Danian 
Hvalløse (Jylland ) 
H .  J .  Hansen 1 967 , Selandian 
Kl intholm Sydbrud ( Fyn ) 
H .  J .  Hansen , Danian 
Horsens I (boring Jylland) 
P .  McDaniel , Geological Survey of Denmark , Danian 
Hval løse ( boring Jylland) 
P .  McDaniel 1 9 7 1 , Danian 
Trælborg ved Rold ( boring Jylland) 
P .  McDaniel 1 9 7 1 , Danian 
Legind ( Jylland) 
P .  McDaniel 1 97 1 , Danian 
Fakse ' Næsekalk ' 
A .  Rosenkrantz 1 9 3 3 , Danian 

1 35 




