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Introduction 

The foraminifera in Danish Oligocene deposits 
have been described by Larsen & Dinesen 
(1959), Kristoffersen (1965), Ulleberg (1971), 
Ulleberg (1974), Christensen & Ulleberg (1973 & 
1974), Dam (1976), and Meyer (1981). All These 
works deal more or less with investigations of sin
gle localities. It is the intention of the present pa
per to give a regional stratigraphic description of 
the Danish Oligocene Basin based on Foraminif

era. Figure 1 indicates the localities examined in 
this paper. 

Even though this study is not finished, there is 
enough data to establish a biostratigraphic mo
del, and to present the regional distribution of 
the zones. The study is mainly based on ben
thonic foraminifera. Only genera remarks on the 

planktonic part of the fauna are given. 

Methods 

Standard micropaleontological laboratory treat

ment has been used (Feyling-Hanssen 1958, Hil
termann 1958). Usually 50 to 100 g of dried mate

rial from each sample were processed. The sedi
ment was soaked and disintegrated in 3-5% H202 

and washed through sieves with mesh diameters 
0.07, 0.1 and 1.0 mm. Fractions greater than 0.1 
mm were analysed. 
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The foraminiferal fauna 

In general, the Oligocene marine deposits in the 

Danish basin are rich in foraminifera. Usually 
300 to 10,000 specimens occur in 100 g of dried 
sediment. The fauna is dominated by calcareous 
benthonic foraminifera. Planktonic tests are usu
ally rare; they are only frequent in one particular 
stratigraphic zone, but they may occur commonly 
in other zones. Agglutinated foraminifera seldom 
exceed 1 % of the fauna. 

The foraminiferal fauna throughout the Danish 
Oligocene sequence is divided into four distinct 
biozones which are from base to top: Turrilina al

satica zone, Gobigerina zone, Asterigerina giiri

chi giirichi zone, and Angulogerina gracilis zone. 
The zones correspond to the lithological forma
tions: Viborg Formation, Hvorslev Clay forma
tion, Branden Formation and the Vejle Fjord 
Formation/Sofienlund Formation. The Hvorslev 
Clay formation is not yet defined. It is seen as a 
distinct glauconitic day-layer in Viborg 1 Deep
bore, from 169,5 m to 164,5 m. Lieberkind (1977, 
fig. 12) has shown this formation as a "Glaucon
itic clay" above the Viborg Clay Formation. 

The most complete section through the four 
biozones is seen in the Viborg 1 Deep-bore. The 
Viborg 1 Deep-bore stands out as a model, and is 

used as a reference section in this presentation 
(fig. 1 ). 
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Fig. 1. Geographical location of Oligocene outcrops used in this study, 1. Røjle Klint, 2. Fredericia area, 3. Skansebakken, Brejning, 
4. Albækhoved, 5. Stensballe, 6. Aas, 7. Rodstenseje, 8. Boring NW of Skanderborg, 9. Aarhus area, 10. Grundfør, 11. Hvorslev 
clay pit, 12. Sofienlund, 13. Ølst, 14. Cilleborg, 15. Skovbos nye grav, 16. Fårup, 17. Hobro well No. 1,18. Viborg 1 Deep-bore, 19. 
Skive area, 20. Hesselbjerg, 21. Branden, 22. Harre Deep-bore. 

The Turrilina alsatica zone (fig. 2, plate l): 

The Turrilina alsatica zone was originally de
scribed by Christensen & Ulleberg (1973) from 
the Sofienlund locality. General remarks on the 

fauna in the Danish Embayment are given by 
Christensen & Ulleberg (1974), whereas a more 
detailed description on the fauna in the Sofien
lund locality was given by Ulleberg (1974). 

The most complete development of the zone is 
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Fig. 2. Turrilina alsatica zone. Geographical distribution in onshore Denmark. 

today probably restricted to the central part of have been observed. The silty sediment in this in-
the Danish Oligocene Basin, as registered in Vi- terval may support this assumption. It is assumed 
borg 1 Deep-bore between 255,3 m and 169,5 m that this more or less unfossiliferous part also be-
below surface. The upper 10 to 15 m contain very longs to the Turrilina alsatica zone, as the few 
few foraminifera. This is assumed to reflect disso- specimens recorded clearly indicate similarities to 
lution of calcareous material, since a few strongly the fossiliferous part below, 
pyritized or partly dissolved and fragmented tests The Turrilina alsatica zone is characterizes by 

13* 
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Plate 1. Simplified foraminiferal range chart of Oligocene sediments in Denmark. 

an extreme high content of Turrilina alsatica, usu
ally between 30% and 60%, but varying from 
10% to approximately 90%. Nonion afflne and 
Pullenia bulloides are also frequent and the three 
species together constitute at least 40% of the 
fauna. 

A faunal description and a faunal list from the 
Sofienlund locality are given by Christensen & 
Ulleberg (1973) and Ulleberg (1974). As the spe
cies composition is nearly constant, these works 
give a general description of the Turrilina alsatica 
zone throughout the Danish Basin. 

In spite of the more or less uniformity of spe
cies composition of the fauna throughout the 
zone, minor vertical variations have been ob
served. These may provide a base for separation 
into zonules. Here, only a few remarks on these 
minor stratigraphic variations are given. Species 
such as Svratkina perlata, Valvulineria petrolei, 
Karreria steegeri, and Nonion buxovillanum seem 
to be more or less restricted to the basal part of 
the Turrilina alsatica zone. Angulogerina gracilis 
tenuistriata and Hoglundina elegans are also 
more frequent here than in the rest of the zone. 
The species are thought to represent a shallow 
marine transgressive phase of the "Viborg sea". 
This zonule is assumed to include the lithological 
units of the Grundfør clay and the lower part of 

the Viborg clay. No foraminiferal boundary has 
been observed between the Grundfør clay and 
the Viborg clay. A gradual change in fauna oc
curs across this lithological boundary and con
tinues into the Viborg clay, indicating a gradual 
transgressive phase probably with increasing 
depth combined with more open marine environ
ments. Christensen & Ulleberg (1974) mentioned 
a gradual increase of planktonic specimens to 
about 15 m above the base of the Viborg Forma
tion in the Viborg 1 Deep-bore. A similar in
crease in the nannoplankton content was ob
served by Mikkelsen (1975). 

Other significant species in the Turrilina alsa
tica zone are species of Nodosaria, Dentalina, 
and Stilostomella (Ulleberg 1974). 

The planktonic elements of the Turrilina alsa
tica zone, consist mainly of rare specimens of the 
so-called "Globigerina ex. gr. bulloides", consist
ing of Globigerina officinalis and subspecies of 
G. praebulloides and G. ouachitaensis. Signifi
cant among the other rare planktonic specimens 
are Turborotalia cf rugosoaculeata and Globige
rina cf danvillensis. Specimens of G. cf danvillen-
sis in the Viborg Formation are very similar to 
those described by Marks & Vessem (1971) from 
the Silberberg Formation in Germany. 

The age of the fauna, based on the benthonic 
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tests, is Middle Oligocene since it is probably 
comparable with Rupel 2 in Northern Germany, 
according to Spiegler's (1965) zonation (Chris
tensen & Ulleberg 1973), and parts of zone FF 
(Dooppert & Neele 1983) in the Netherlands. 
However, Mikkelsen (1975) refers most of the 
Turrilina alsatica sequence in the Viborg 1 Deep-
bore to the Early Oligocene, based on the nan-
noplankton content. 

The paleoenvironment is assumed to be like 
that of a present day shelf area (Christensen & 
Ulleberg 1973). 

The regional distribution of the Turrilina alsa
tica zone is restricted to the distribution of the Vi
borg Formation, i.e. the central part of the Dan
ish basin, north of the Ringkøbing-Fyn high (fig. 
2). From this central part of the basin, the zone 
extends northwards in the Branden locality, 
where it occurs below a 20 m thick section of 
Branden Clay Formation. The zone has not yet 
been observed to the West probably because of 
heavy glacial erosion during the Quarternary. In 
Central and East Jutland, the zone has been ob
served at several localities. It is present as far 
North as Mariager Fjord, where it has been ob
served in the "Skovbos nye grav" on the northern 
side of the fjord. Probably, the Zone may also be 
present in the Hobro well no 1. According to 
Dinesen (pers. com.) specimens of Ceratobuli-
mina contraria, Gyroidina spp., Frondicularia 
budensis, Turrilina alsatica, and Epistomina ele-
gans may be caved from a thin section of Turrilina 
alsatica zone above in the well. 

To the South, the zone occurs in 01st, South of 
Randers, in Sofienlund and Hvorslev (around the 
village Ulstrup), in Grundfør and in the subsur
face of Aarhus City. Farther South, it occurs 
around the town of Odder, in Rodstenseje and 
seems to wedge out between Horsens Fjord and 
Samsø, since only older and younger zones occur 
South of this area. 

The Globigerina zone (fig. 3, plate 1): 

The glauconitic clay layer above the Viborg For
mation in the Viborg 1 Deep-bore, from 169,5 m 
to 164,5 m below surface, and in the Hvorslev lo
cality, 1-2 m thick, has a distinct foraminiferal 
fauna characterized by a strong influx of plank
tonic tests, particularly in its lowermost part, 
gradually decreasing to zero in the uppermost 

part. This is a very remarkable feature, as plank
tonic specimens are usually rare in Danish Oligo
cene sediments. 

Up to now, no characteristic forms have been 
observed. Species of the Globigerina ex. gr. bul-
loides seem to be the most common forms. 

The benthonic assemblage of this zone is also 
characteristic and clearly distinct from the bio-
zones below and above. It is dominated by cal
careous specimens; very few agglutinated tests 
are found. The assemblage is characterized by 
the disappearance or decrease in frequency of the 
species frequently occurring in the Turrilina alsa
tica zone; the distinct representation of Turrilina 
alsatica itself decreases to a few percentage of the 
fauna. The marked presence of uniserial tests 
(Nodosaria, Dentalina, Stilostomella) also de
creases to almost zero. Angulogerina gracilis 
subsp. with variated wallornamentation is com
mon. Other diagnostic species are: Valvulineria 
petrolei, Svratkina perlata, Eponides geinitzi, Bo-
livina antiqua, Rotaliatina bulimoides, Gyroidi-
noides mamillata, and Sphaeroidina bulloides, 
which all occur in the Globigerina zone and youn
ger zones; Spiroplectammina carinata and Boli-
vina osnaburgensis seem to be restricted to this 
zone. Several of the above-mentioned forms 
seem to be restricted to Middle Oligocene de
posits in NW Europe. Therefore, the Globigerina 
zone is assumed to be of Middle Oligocene age. 

Up to now, this zone has been observed only in 
three localities, Viborg 1 Deep-bore, Hvorslev 
locality and the Harre Deep-bore. It is missing in 
several localities, where older and younger zones 
are present (fig. 3). 

Even if there are faunal variations between the 
Globigerina zone in the Viborg 1 Deep-bore and 
the two other localities, the general faunal com
position clearly separates the zone from the 
zones below and above in all localities (plate 1). 
Therefore, it is assumed that the Globigerina 
zone is a true stratigraphic unit occurring cen
trally in the Danish Oligocene Basin. The strat
igraphic position in the localities and the faunal 
content do not give any indications that the zone 
may represent a facies equivalent to one of the 
other foraminiferal zones. The stratigraphical po
sition of the Globigerina zone suggests a short 
open marine phase in the Danish Oligocene sea 
where oceanic water was brought into the area. 
The extreme high representation of planktonic 
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GLOBIGERINA zone. 

• Present 

4- Missing, younger and 

older zones observed; 

Fig. 3. Globigerina zone. Geographical distribution in onshore Denmark. 

tests indicates that open marine influx existed in 
the lower part of the zone. 

The Asterigerina giirichi giirichi zone 
(fig. 4, plate 1): 

An abrupt change occurs in the fauna when the 

boundary between the glauconitic clay of the 
Globigerina zone to the clay section above in the 
Viborg 1 Deep-bore is crossed. A new fauna 
appears and stays more or less constant through
out this clay unit, from 164,5 m to 123 m below 
surface. Characteristic is the abrupt appearance 
and dominance of Asterigerina giirichi giirichi, 
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ASTERIGERINA GURICHI GURICHI 
zone. 

• Present 
•T Missing, youngerand older 

zones observed. 

Fig. 4. Aslerigerina giirichi giirichi zone. Geographical distribution in onshore Denmark. 

which often has been referred to as marking the 
"Asterigerina giirichi transgression". The species 
makes up more than 50% and often up to 90% of 
the fauna. Since only a few single specimens of 
Asterigerina giirichi giirichi have been observed 
in the zones above and below, this dominance is 
biostratigraphically very significant. 

The zone is more or less fossiliferous through
out the clay sequence in the Viborg 1 Deep-bore. 
But here, and at other localities, non-fossilifer-
ous parts of the zone may occur. This is assumed 
to be of local character and has probably no strat-
igraphic significance in the basin. Even if the 
fauna in general is rich in number of specimens, 
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this zone has the lowest faunal diversity of all Oli-
gOcene biozones, as a result of the constant high 
dominance of Asterigerina giirichi gurichi. Sel
dom more than 60 different species occur in a 
sample and most of them are represented only by 
few specimens. The fauna consits almost exclu
sively of calcareous tests; benthonic specimens 
usually dominate, although planktonic forms may 
be locally abundant. Most of these may be re
ferred to Globigerina ex. gr. bulloides. 

The benthonic tests comprise mainly species 
which have their first appearance at the base of 
this zone or in the Globigerina zone below, al
though some species from the Turrilina alsatica 
zone do occur. Among the more significant spe
cies, i.e. represented in all the samples, are: An-
gulogerina gracillis, Angulogerina gracillis tenuis-
triata, Angulogerina angulosa, Bulimina elon-
gata, Protelphidium roemeri, Sphaeroidina 
bulloides, and Pararotalia fallax. 

The Asterigerina gurichi gurichi zone is re
ferred to the Late Oligocene. The characteristic 
dominance of Asterigerina gurichi gurichi is ob
served in many parts of NW Europe and referred 
to the interval about or immediately above the 
Middle/Upper Oligocene boundary (Dam & 
Reinhold, 1942; Batjes, 1958; Bettenstaedt et al., 
1962; Kummerle, 1963; Indans, 1965). As the 
major part of the accessory species of the fauna 
are more common in younger than in older de
posits, the present writer prefers to refer the 
zone, at this stage of investigation, to the Late 
Oligocene rather than to the Middle Oligocene. 

The regional distribution of the Asterigerina 
gurichi gurichi zone in the Danish area seems to 
be restricted to the central part of the Danish 
Embayment in Jutland (fig. 4). Outside the Vi
borg 1 Deep-bore, the zone occurs in outcrops 
around the city of Skive and northwards to the 
Branden clay pit, where it is probably restricted 
to the type section of the Branden Clay. Farther 
towards the West, the zone has only been ob
served in the Harre Deep-bore. It is not found in 
any outcrops, probably because of Quaternary 
glacial erosion. To the north east, the zone is ob
served as far as Fårup north of the city of Ran
ders. Whether the zone is present in the classical 
Oligocene area around Mariager Fjord may be 
questioned. Until now, only older and younger 
Oligocene foraminiferal zones have been ob
served there. However, Troelsen (1955) made 

taxonomic studies on 99 specimens of Asterige
rina gurichi gurichi from the type locality of Cille-
borg Clay in that particular area. The material 
used was taken from the Geological Museum of 
Copenhagen. In the writer's opinion the presence 
of so many specimens of Asterigerina gurichi 
gurichi indicates the presence of the zone there 
because such high numbers of specimens do not 
occur in other zones. Today, unfortunately the 
Cilleborg clay pit is completely overgrown. Field 
work in this area has not yet revealed any Oligo
cene deposits. On the northern side of the fjord, 
in the "Skovbos nye grav", the Turrilina alsatica 
zone is overlain by the Angulogerina gracilis 
zone. The Asterigerina gurichi gurichi zone is so 
far not represented in that area. However, the 
foraminifera of the Asterigerina gurichi gurichi 
zone were observed by Dinesen in the Hobro 
well no 1 (Dinesen, pers.com.). The samples ex
amined represent ditch cuttings, so the thickness 
of the zone is very difficult to estimate, probably 
about 10 m. However, Dinesen indicates that 
these beds may be a flou in the Pleistocene de
posits. 

The Angulogerina gracillis zone (fig. 5, plate 1): 

The youngest zone in the Oligocene sequence of 
Denmark is referred to as the Angulogerina gra
cilis zone. In the Viborg 1 Deep-bore, it coincides 
with the uppermost glauconitic clay sequence and 
the overlying dark micaceous clay section from 
123 m to 90 m below surface. This sequence is 
overlain by Quaternary deposits. The zone was 
described from the Sofienlund locality by Chris
tensen & Ulleberg (1973), who referred the index 
species to the genus Uvigerina. On account of the 
distinct triangular cross-section of specimens 
without flattened sides (as in Trifarina), the spe
cies is here referred to the genus Angulogerina; 
and the name of the zone is hereby changed from 
Uvigerina gracilis zone to Angulogerina gracilis 
zone. Larsen & Dinesen (1959) also described 
the zone. 

The name of the zone reflects the dominant oc
currence of Angulogerina gracilis. Different sub
species occur and are recognised according to the 
variation in the ornamentation of the test sur
face. Ribbed ornamented tests, referred to An
gulogerina gracilis tenuistriata, are most frequent 
especially in the lower part of the zone and grad-

http://pers.com
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ANGULOGERINA GRACILIS zone. 
• Present 
+ Missing,younger and older 

zones observed. 

Fig. 5. Angulogerina gracilis zone. Geographical distribution in onshore Denmark. 

ually decreasing in frequency upwards. On the 
other hand, smooth tests, referred to Anguloge
rina gracilis, are rare in the lower part and in
crease upwards. This variation was also observed 
by Larsen & Dinesen (1959). In between, jagged 
to hispid ornamented tests also occur. 

The zone varies from highly fossiliferous to 

non-fossiliferous throughout the section in the 
Viborg 1 Deep bore. This is probably due to sec
ondary dissolution, as strongly weathered faunas 
also accur. In other localities, the zone is fossili
ferous throughout the section. 

In well preserved material, the non-weathered 
fauna is rich in number of species and specimens. 
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Approximately 5000 specimens per 100 g dried 
material, and about 100 species per sample is es
timated. 

Next to Angulogerina gracilis complex, the fol
lowing species are diagnostic: Bulimina elongata, 
a Pararotalia fallax complex, Sphaeroidina bul-
loides, Protelphidium roemeri, Valvulineria com-
planata, and Virgulina schreibersiana. The two 
last mentioned species do not occur in older 
zones. Ehrenbergina serrata, Lagena elongata, 
Sigmomorphina regularis, Elphidium subnodo-
sum minor have their first appearance at the base 
of the zone, whereas Frondicularia seminuda 
seems to occur higher up in the zone. The total 
absence of Asterigerina gurichi giirichi is also 
characteristic; only a few scattered specimens 
have been observed. 

The zone is referred to the Late Oligocene be
cause the fauna shows some continuation of the 
fauna in the zone below. Furthermore, the two 
species Elphidium subnodosum minor and Turri-
lina alsatica seems to be restricted to pre-Mio-
cene deposits in NW-Europe. An Oligocene age 
is confirmed by molluscs (Ravn, 1907; Harder, 
1913; Eriksen, 1937). 

The stratigraphic relationship with the fauna of 
the Klintinghoved Formation, which is probably 
the marine lithostratigraphic unit above the An
gulogerina gracilis zone, is uncertain. Unfortu
nately, the Angulogerina gracilis zone in the Vi
borg 1 Deep-bore, is overlain by Quaternary de
posits. Until now, no marine sequence of 
continuous marine Upper Oligocene - Lower 
Miocene deposits has been found in Danish on
shore areas. Kristoffersen (1972) has given a bio-
stratigraphic review of the foraminifera in the 
Miocene deposits. The fauna of the Klinting
hoved Formation, there described, shows affin
ities to the Angulogerina gracilis zone. Some kind 
of stratigraphic overlap may occur between the 
two units but more investigations are needed. 

The planktonic foraminifera of the Anguloge
rina gracilis zone are usually rare. Their fre
quency is seldom more than a few percentage. 
Most specimens may be referred to Globigerina 
ex. gr. bulloides. 

The regional distribution of the Angulogerina 
gracilis zone in Denmark (fig. 5) is the widest of 
all the Oligocene biozones treated in this paper. 
In addition to its presence in the Northwest and 

Central parts of Jutland (Viborg 1 Deep bore and 
Northwestwards), the zone has been observed 
from the Mariager Fjord area (Skovbos nye 
grav), to the East coast of Jutland (from the Aar
hus area in North to Middelfart area in the 
South). From Horsens Fjord and southwards, the 
zone overlies sediments of Eocene age, even 
transgressing the Ringkøbing Fyn High. There
fore, it may also probably be present South of the 
Ringkøbing Fyn High. 

As a stratigraphic summary, a correlation chart 
between the four biozones and the lithological 
units of the Oligocene deposits is presented in 
fig. 6. As expected, the figure indicates good 
agreement between lithostratigraphy and bio-
stratigraphy. The four biozones are each re
stricted to a lithological unit. 

The Turrilina alsatica zone coincides with the 
Viborg Formation. 

The sediments of the Globigerina zone, pre
sented for the first time in this paper, are given 
the name "Hvorslev Clay". It has probably been 
described before but because of its high glaucon-
itic content, it has probably been referred to the 
Grundfør Clay below or the Brejning Clay 
above. 

The Asterigerina gurichi gurichi zone coincides 
with the Branden Clay Formation in its type lo
cality, the Branden clay pit of Sailing. The bio-
zone is assumed to be restricted to this forma
tion. 

The Angulogerina gracilis zone is, in Southeast 
and East Jutland, recognized in the Brejning 
Clay member of the Vejle Fjord Formation, and 
in the Ulstrup Clay member of the Sofienlund 
Formation. It is present in the Mariager Fjord 
area, as the zone has been observed on the north
ern side of the fjord (Skovbos nye grav). It is 
found there in sediments which according to 
Ravn (1907) and Madsen (1918) can litholog-
ically be correlated with the Cilleborg Clay in its 
type locality (Cilleborg Clay pit) on the other 
side of the fjord. However, the 99 specimens of 
Asterigerina gurichi gurichi from this locality 
(Troelsen, 1955) cannot exclude the possibility 
that least part of the Cilleborg Clay also falls 
within the Asterigerina gurichi gurichi zone. 
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Fig. 6. Oligocene stratigraphy in Denmark. Oligocene lithostratigraphical units and their range in the foraminiferal stratigraphy pre
sented in this paper. 
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Dansk sammendrag 

En generel gennemgang af foraminiferfaunaene i de danske 
oligocæne afsætninger er givet. Stratigrafisk danner faunaene 
grundlag for inddeling i 4 biozoner, som fra bund til top er: 
Turrilina alsatica Zonen, Globigerina Zonen, Asterigerina guri-

chi giirichi Zonen og Angulogerina gracilis Zonen. De to første 
zoner refereres til mellem oligocænet, mens de to sidstnævnte 
refereres til øvre oligocænet. Zonenes regionale udbredelse i 
Danmark er præsenteret, samt en sammenstilling af anvendte 
oligocæne lithologiske navn og deres stratigrafiske udbredelse i 
den præsenterte foraminiferstratigrafi. 
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