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Abstract 
Based on recently published data dealing 
with the Jurassic lithostratigraphy from the 
Danish, Dutch, and Norwegian sectors of 
the Central Graben areas, it seems possible 
to establish a more consistent and dynamic 
stratigraphic scheme for these regions. A 
preliminary proposal of a south-north Iitho
stratigraphic section, from the Dutch to the 
southern Norwegian sector is discussed. It is 
suggested to initiate an international coop
eration in order to study the common ge
ological features in detail. 

Introduction 
Since the publication of Rhys (1974) on the 
"lithostratigraphic nomenclature" in the 
southern North Sea various papers, dealing 
with the Jurassic lithostratigraphy in the 
Central North Sea, have appeared. At the 
same time, the amount of available well 
data has increased considerably, leading to 
even more reliable lithostratigraphic subdi
visions within each of the national sectors of 
the North Sea. Correlation between these 
sectors still needs to be discussed between 
the geoscientists from the countries in
volved. This paper, which is a joint contri
bution of the geological surveys of Denmark 
and The Netherlands, could be a first step 
for future international coorperation. 
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Lithostratigraphy 
General 
In this chapter we will discuss several Juras
sic lithological units from the Danish, 
Dutch, and southern Norwegian sectors 
which are thought to surpass national 
boundaries (see fig.I, for the area dealt 
with). The discussion is gennerally referring 
to the following papers: 

Jensen et al. (1986) and Michelsen et al. 
(1987) for the Danish sector. NAM & RGD 
(1980), Herngreen & de Boer (1984), and 
Herngreen & Wong (1989) for the Dutch 
sector. Vollset & Dore (1984) and Bergan et 
al. (1989) for the Norwegian sector. 

Danish sector 
The Jurassic-Lower Cretaceous lithological 
scheme of the Danish Central Trough was 
described by Jensen et al. (1986) and it will 
be shortly reviewed below in stratigraphic 
order, from old to young: 

Fjerritslev Formation 

This Lower Jurassic formation consists of 
dark grey claystones interbedded with thin 
marlstones. It has a very characteristic log
pattern, which allows long distance correla
tion between the Danish Subbasin (where 
the formation was established), the Danish 



BFB Broad Fourteens Basin 

CNB Central Netherlands 
Basin 

Fig. I: Structural framework of the North Sea, including the study area (from Herngreen & Wong 1989). 
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Central Trough, and the southern Norwe
gian sector. 

Lower Graben Sand Formation 

In Denmark this formation has a wide-rang
ing Middle Jurassic age (Bajocian to Callo
vian), whereas in The Netherlands the age is 
Middle to Late Callovian only. The forma
tion is characterized by rather thick sand
stone units interbedded with claystones, silt
stones and heteroliths. Thin coalbeds are 
intercalated towards the east in the Central 
Trough. The formation was established in 
the Dutch sector (NAM & RGD 1980) and 
extends into the southern Danish sector. 

Middle Graben Shale Formation 

In Denmark the age of this formation is 
Callovian, but in The Netherlands only Late 
Jurassic (Oxfordian) ages have been rec
orded. This formation comprises claystones 
with siltstones and sandstones. A few coal
beds may be present in the lower part of the 
formation. In the Dutch sector, where this 
formation was established (NAM & RGD 
1980), the boundary with the underlying 
Lower Graben Sand Formation has been 
placed by Herngreen & Wong (1989) at the 
base of the lowermost coalbed. The forma
tion extends from the Dutch sector into the 
southern Danish sector. 

Bryne Formation 

This Middle Jurassic formation consists of 
sandstones with numerous interbedded silt
stones and claystones. Scattered coalbeds 
occur and all lithologies contain carbonace
ous material of varying sizes. The formation 
was established in the Norwegian sector 
(Vollset & Dore 1984), and is known from 
the S0gne Basin and the Tail End Graben in 
the Danish sector. 

Basal sand 

This Oxfordian unit was recognized in the 
Norwegian sector (Bergan et al. 1989) as an 
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approximately 100 m thick sequence of shal
low marine sandstones. The section is prob
ably identical to the one seen in the low
ermost part of the Karl-1 and Gert-1 wells in 
the northern Danish sector. Until further 
data are available, the sequence is regarded 
as a coast near deposit, resulting from the 
transgression following deposition of the 
Bryne Formation. The basal sand is overlain 
by the marine claystones of the Lola Forma
tion. 

Heno Formation 

This Late Oxfordian to Kimmeridgian for
mation consists of sandstones and siltstones 
interbedded with claystones and heteroliths. 
It is locally situated between the Lola and 
Farsund Formations, representing a period 
of regression. The formation has been es
tablished in the Danish sector at the Heno 
Plateau (Jensen et al. 1986), but it also 
seems to be present in the southern Norwe
gian sector. There, it is preliminarily named 
the Heno Formation Equivalent (Bergan et 
al. 1989). 

Lola Formation 

This Oxfordian to Kimmeridgian formation 
is characterized by slightly calcareous clays
tones with organic material of terrestrial ori
gin. The formation is present in the entire 
Danish sector and, according to Bergan et 
al. (1989), it is also recognized in the south
ern Norwegian sector. There it is regarded 
as a member of the Haugesund Formation. 

Farsund Formation 

This Kimmeridgian to Ryazanian formation 
mainly consists of claystones with numerous 
thin dolomitic or limestone beds which gen
erate the well-known log-motifs. The orga
nic material is predominantly of marine ori
gin. The formation was established in the 
Norwegian sector (Vollset & Dore 1984) 
and it is also present in the entire Danish 
Central Trough. 
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Fig. 2: Preliminary lithostratigraphic correlation of the Lola and Farsund Formations in the Danish U-1 
well and the Kimmeridge Clay Formation in the Dutch F3-3 well, indicating a possible extension to the 
south of the two first-mentioned formations. 
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Fig. 3: Preliminary correlation of the hot unit in the Danish Bo-1 well and the carbonaceous part of the 
Clay Deep Formation in the Dutch B18-2 well. The log-readings suggest that the occurrence of local, 
highly carbonaceous sedimentary facies at the Jurassic-Cretaceous boundary is a wide-spread feature. 

Hot unit 

The uppermost, Late Volgian (Late Por
tlandian) to Early Ryazanian, part of the 
Farsund Formation may be highly carbon
aceous, which is recognized by high gamma 
ray readings. In the Danish sector, this sec
tor is informally named the hot unit (Jensen 
et al. 1986). It is equivalent with the Norwe
gian Manda! Formation, but may not be one 
single coherent sedimentary body. We 
merely regard the hot unit as a sedimentary 
facies variation of the Farsund Formation. 

Pout Formation 

To complete the review of the Danish Juras
sic formations, the Volgian (Late Kimme
ridgian to Portlandian) Pou! Formation 
must be mentioned. It consists of partly ar-
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gillaceous siltstones and fine-grained sand
stones, which probably were deposited as 
gravity flows. It occurs along the eastern 
margin of the Danish Central Trough, in
terbedded in the Farsund Formation. This 
formation will not be further discussed in 
this paper, since it has a limited lateral ex
tension. 

Dutch sector 
Recently, Herngreen and Wong (1989) re
vised the "Late Jurassic" stratigraphy of the 
Dutch Central North Sea Graben. The sedi
ments discussed, range in age from Callo
vian to Ryazanian. They are grouped in 
two, partly time-equivalent, lithological 
units (see fig. 4): a mainly non-marine Cen
tral Graben Group (with the Lower Graben 
Sand, Middle Graben Shale, Upper Graben 
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Fig. 4: Combined south-north lithostratigraphic section through the Dutch, Danish, and Norwegian sectors 
(modified from Bergan et al. 1989, Herngreen & Wong 1989, Jensen et al. 1986, and Vollset & Dore 1984). 
The section is situated approximately in the central to eastern parts of the Danish and Norwegian sectors. It 
suggests a possible extension of the rock units across the national borders as discussed in text. Since the 
German sector is not included, a close tie between the Dutch and Danish sectors can not be expected in this 
figure. 

Sand, Puzzle Hole, and Delfland Forma
tions) and the distinct marine Scruff Group 
(with the Kimmeridge Clay, Scruff Green
sand, and Clay Deep Formations). 

As already mentioned, the Lower Graben 
Sand and Middle Graben Shale Formations 
can easily be extended into the Danish sec
tor. Therefore, the attention will be fo
cussed here on the overlying Late Jurassic 
sediments. 

Kimmeridge Clay Formation 

In the Dutch sector this formation rests con
formably on sediments of the Central Gra
ben Group. Generally, the formation is con
formably overlain by either the Scruff 
Greensand or the Clay Deep Formation. In 
the northern part of the Dutch Central 
North Sea Graben, the age of the Kimme-

ridge Clay ranges from mid Oxfordian to 
Middle Volgian. In this area, Hemgreen & 
Wong (1989) noted that a twofold division 
can be made of the formation. The upper 
part is characterized by the presence of nu
merous dolomitic beds, whereas the lower 
part is predominantly clayey. The same au
thors reported the presence of a slight intra
formational unconformity which seems to 
coincide with the boundary between these 
lithologies. They also emphasized the simi
larity with the Danish Central Trough in 
which the upper and lower units are named 
Farsund and Lola Formations, respectively. 
Pending further investigation, it was de
cided not to introduce new formation names 
but to maintain the well-established Dutch 
nomenclature. 

If we compare the Danish and the Dutch 
reference wells, respectively U-1 and F3-3, 
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there appears to be a good lithostratigraphic 
correlation (fig. 2). True lithostratigraphic 
conclusions can obviously not be drawn 
from this correlation, but it supports the 
assumption that further investigations of 
relevant Danish and Dutch wells possibly 
may lead to the extension of the Lola and 
Farsund Formations to the south. Local de
velopments within the Kimmeridge Clay in 
the Dutch sector ( e.g. the disappearance of 
dolomitic streaks and the increased silty 
character towards the south) also need to be 
studied in detail. 

Clay Deep Formation 

This is a new name proposed by Herngreen 
& Wong (1989) for a rather bituminous 
claystone that conformably overlies the 
Kimmeridge Clay Formation in the north
ern part of the Dutch Central North Sea 
Graben. It was also stated that the forma
tion differs from the Kimmeridge Clay by 
the absence of well-developed dolomite 
stringers. Furthermore, the bituminous 
character of the formation decreases toward 
the south, where the formation is reported 
to conformably overly the Scruff Greensand 
Formation. In this southern realm the Clay 
Deep Formation is rather difficult to recog
nize because the gamma ray readings are 
rather low, corresponding to a normal clay 
level. In general however, these readings 
are slightly higher than those of the over
lying claystones of the Vlieland Formation. 
As far as the dolomite stringers are con
cerned, it is known from Danish well data 
that density and number of these stringers 
vary greatly. This feature may, therefore, 
not alone be diagnostic in the lithostrati
graphic discussion. 

Herngreen & Wong (1989) already 
pointed to a possible relationship with simi
lar hot units from Norway and Denmark, 
stating that the Clay Deep Formation repre
sents one of the southernmost occurrences 
of the Kimmeridge Clay "hot shale" facies 
of Barnard & Cooper (1981) in the North 
Sea area. If we compare the only Dutch well 
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showing extremely high gamma ray readings 
of the Clay Deep Formation, the Bl8-2 
well, with the Danish type section of the hot 
unit, the Bo-1 well, a close resemblance is 
apparent (fig. 3). In both sections, the hot 
unit interval comprises dolomitic stringers. 

It is evident that, also in this case, we 
need to study more data from Danish and 
Dutch wells before we can make any revi
sion. At present it seems likely that a hot 
unit is present in the Dutch sector but it is 
still open for discussion if the remaining 
(non-bituminous) part of the Clay Deep 
Formation should be referred to the Kim
meridge Clay (or the Farsund Formation). 

Norwegian sector 
In fig. 4 the lithostratigraphic scheme of the 
Jurassic in the southern Norwegian sector is 
presented. 

Basal sand 

This is the oldest Late Jurassic (Oxfordian) 
formation recorded in the southern Norwe
gian sector. It has been interpreted as shal
low marine sands deposited during the 
transgression, which came from the north. 
It is covered by the deeper marine deposits 
of the Lola Formation (ranked as a member 
of the Haugesund Formation). 

Heno Formation Equivalent 

In all well sections shown by Bergan et al. 
(1987), the Lola Formation is separated 
from the more sandy Haugesund Formation 
by the Heno Formation Equivalent, which 
they correlate to the Heno Formation in the 
Danish Q-1 well. This unit may therefore be 
regarded as the northern extension of the 
Heno Formation. 

Haugesund Formation 

This formation comprises sandy claystones. 
It has not yet been recognized within the 
Danish sector. Since it overlies the Heno 



Formation it may be approximately time
equivalent to the lower Farsund and upper 
Lola Formations. 

Farsund Formation 

Since this formation, including the hot 
units, has a uniform appearance in the Nor
wegian and Danish sectors no further dis
cussion is needed. 

Manda! Formation 

The highly bituminous claystones seem to 
be comparable to the hot units in the Danish 
and Dutch sectors, but further research is 
required to unravel their relationship. 

Conclusion 
Having identified several common features 
within the Upper Jurassic stratigraphy of 
Denmark, the Netherlands, and Norway it 
seems appropriate to suggest a cooperation 
across the national boundaries. We think 
that it should be possible to establish a con
sistent use of lithostratigraphic names, ex
tending the formations outside the national 
sectors. In combination with further bio
stratigraphy and structural studies, a revised 
lithostratigraphy will contribute to a better 
and more dynamic description of the basin 
development. 

In fig. 4 we present a preliminary propos
al of a south-north lithostratigraphic section 
(from the Dutch sector to the southern Nor
wegian sector). At present, we do not have 
data from the intermediate German sector 
which makes a close tie between the Dutch 
and Danish sectors difficult. Despite this 
drawback, our section seems to represent a 
consistent picture which we can summarize 
as follows: 

1. On top of the fluvial to shallow marine 
Middle Jurassic Bryne Formation and 
Central Graben Group, marine clays 
(Lola Formation) were deposited in the 

central part of the area whereas, at struc
tural highs, transgressive sands (Basal 
sands) accumulated. During the follow
ing regression sand of the Heno Forma
tion was deposited in the Danish and 
Norwegian sectors. Both units are time
equivalent with the Delfland and Puzzle 
Hole Formations. 

2. Marine clays were uniformly deposited 
over large areas, resulting in the Lola and 
Farsund Formations. 

3. Intercalations of sandy units as the Poul 
Formation in the Farsund Formation 
(and probably also in the Dutch Kimme
ridge Clay Formation) are due to local 
sedimentary processes. 

4. At the Jurassic-Cretaceous boundary, or
ganic rich clays (hot units) were depos
ited, probably in local sub-environments. 
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