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Preface 

The present paper is one of several reports issued as the 
result of a research project carried out by the Geologi
cal Survey of Denmark in cooperation with the Geolo
gical Institute at the University of Copenhagen. The 
project has been financed by special contributions from 
the Ministry of Energy for the period from August 1st 
1983 to December 31st 1985. 

The project was entitled "Jurassic - Lower Cretace
ous stratigraphy and basin development of the Danish 
North Sea sector". It was decided to limit the study 
area to the Danish Central Trough, and effort has been 
concentrated on the Middle Jurassic, Upper Jurassic, 
and Lower Cretaceous. 

The scope of the project was to coordinate analyses 
of the stratigraphy, facies development and burial hi
story in order to create a basis for predicting possible 
occurrences of reservoir rocks. The foliowing reports 
have been printed in 1986. 

Frandsen, N.: Middle Jurassic deltaic and coastal de
posits in the Lulu-1 well of the Danish Central 
Trough. Danm. geol. Unders., Ser. A, 9. 

Hoelstad, T.: Palynology of the Middle Jurassic Lower 
Graben Sand Formation of the U-1 well, Danish 
Central Trough. Danm. geol. Unders., Ser. A, 14. 

Hoelstad, T.: Palynology and palynofacies analyses of 
the Middle Jurassic to Lower Cretaceous in the Da
nish Central Trough. Danm. geol. Unders., Internal 
report. 

Jensen, T.F., Holm, L., Frandsen, N. & Michelsen, 
0.: Jurassic - Lower Cretaceous lithostratigraphic 
nomenclature for the Danish Central Trough. Danm. 
geol. Unders., Ser. A, 12. 

Møller, J .J.: Seismic structural mapping of the Middle 
and Upper Jurassic in the Danish Central Trough. 
Danm. geol. Unders., Ser. A, 13. 

Vejbæk, O.V.: Seismic stratigraphy of the Lower Cre
taceous in the Danish Central Trough. Danm. geol. 
Unders., Ser. A, 11. 

The foliowing reports (including the present one) will 
be issued in 1987: 

Heilmann-Clausen, C.: Lower Cretaceous dinoflagel
late biostratigraphy in the Danish Central Trough. 

Michelsen, 0., Frandsen, N., Holm, L., Jensen, T.F., 
Møller, J.J. & Vejbæk, O.V.: Jurassic - Lower Cre
taceous of the Danish Central Trough; - depositional 
environments, tectonism, and reservoirs. 

Poulsen, N.: Callovian (Jurassic) to Ryazanian (Creta
ceous) dinoflagellate biostratigraphy of the Danish 
Central Trough. 

Thomsen, E.: Lower Cretaceous calcareous nannofos
sil biostratigraphy in the Danish Central Trough. 

DGU, 30th November 1986 Olaf Michelsen 

5 



Contents 

Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Structural framework . . . . . . . . . . . . . . . . . . . . . . . . . 12 

Highs..................................... 14 
Lows..................................... 14 
Intermediate areas . . . . . . . . . . . . . . . . . . . . . . . . . 18 

Depositional evolution . . . . . . . . . . . . . . . . . . . . . . . . 19 
Early Jurassic.............................. 19 
Middle Jurassic . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
Distribution of the Middle Jurassic . . . . . . . . . . . 22 
Regional development in the Middle Jurassic.. 22 
Late Jurassic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 

Basin development in the Late Jurassic . . . . . . . 28 
Early Cretaceous. . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
Basin development in the Early Cretaceous . . . 37 

Reservoir sediments . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
Fluvial, deltaic and marginal marine sands . . . . 39 
Shallow marine sands . . . . . . . . . . . . . . . . . . . . . . . 40 
Deeper marine sands . . . . . . . . . . . . . . . . . . . . . . . 41 
Pelagic carbonates. . . . . . . . . . . . . . . . . . . . . . . . . . 42 

Concluding remarks . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
Acknowledgements. . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 

7 



Abstract 

A revised model for the Jurassic - Early Cretaceous 
basin development in the Danish Central Trough is 
described on the basis of new studies of the bio- and 
lithostratigraphy and sedimentological and seismic 
data. 

The trough has been subdivided into a number of 
areas, each characterized by specific structural evolu
tion. 

Middle Jurassic fluvio-deltaic and coastal sands fol
low the mid Cimmerian unconformity and probably 
cover large parts of the trough. Right-lateral move
ments, initiated during the Late Jurassic along WNW
ESE trending faults, caused fault controlled basin sub
sidence. The Jurassic and early Early Cretaceous sedi
mentation was dominated and characterized by clay. 
More than 4000 m of clay were deposited. Organic 
carbon rich clays were deposited from the Kimme
ridgian until the Late Ryazanian, when deposition of 
organic carbon poor sediments under oxygenated con
ditions commenced. During the Late Jurassic trans
gression coastal sands were deposited along tectoni
cally quiet basin margins. Sands deposited from density 

currents accumulated along tectonically active margins 
at the Jurassic-Cretaceous transition. More centrally in 
the basins, more distal turbidite deposits of Late Juras
sic age may be present. 

Early Cretaceous basin expansion caused by eleva
tion of the sea-level led to decreasing siliciclastic depo
sition rates and hence to more calcareous sediment 
types. Contemporaneously basin subsidence de
creased. At mid Hauterivian time the importance of 
differential subsidence governed by left-lateral trans
tensional wrenching along NNW-SSE trending faults 
decreased. This change was accompanied by a mild 
inversion controlled by NNW-SSE directed right-lat
eral transpression, heralding regional subsidence. Fol
iowing this inversion chalk was deposited in almost the 
entire trough area. Later, during the Barremian and 
Aptian anoxia in the basin caused deposition of marls 
rich in organic carbon, followed by marls deposited 
under oxygenated conditions during the Albian trans
gression. 

The distribution and character of possible reservoir 
bodies are discussed. 
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Introduction 

Since the late 1960s hydrocarbon exploration has 

yielded a large amount of information about the Da
nish Central Trough (fig. 1). Rasmussen (1974, 1978) 

and Michelsen (1978a) presented biostratigraphic sub

divisions of the Jurassic and the Lower Cretaceous in 

individual well profiles. Birkelund et al. (1983) dis

cussed the stratigraphy around the Jurassic-Cretaceous 

transition, and the sedimentology of Middle and Upper 

Jurassic sandstones was interpreted by Koch (1983). 

SOUTH-CENTRAL 
NORTH SEA 

~ Study area 

Fig. 1: Regional structural outline of the south-central North 
Sea with emphasis on the Danish sector. 

The subsidence history of the Jurassic sequence was 

outlined by Holm (1983) and Hansen & Mikkelsen 

(1983), while the general structural development of the 

Danish Central Trough was discussed by Michelsen & 

Andersen (1983) and by Gowers & Sæbøe (1985). A 

detailed and comprehensive account, dealing with a 

wide range of geological aspects of the Danish Central 

Trough, was given by Michelsen (1982). 
The Jurassic - Lower Cretaceous sequence of the 

Danish Central Trough has been the subject of a multi

disciplinary investigation carried out during the years 

1983-1985 by the project group mentioned in the pre

face. Biostratigraphic analyses are based primarily on 

dinocyst stratigraphy (Heilmann-Clausen 1987, Hoel

stad 1986a and b, Poulsen 1987). Studies of the sedi

ments have led to a sedimentologic interpretation of 

the sand-dominated, Middle Jurassic sequence drilled 

in the Lulu-1 well (Frandsen 1986). The structural evo

lution of the Central Trough has been analysed on the 

basis of new seismic data and a new subdivision into 

smaller structural units has been established (Møller 

1986 and Vejbæk 1986). 
Koch et al. (1982) and Hansen & Buch (1982) pre

sent informal lithostratigraphic schemes for the Danish 

Central Trough. The former paper deals with the Juras

sic sequences and the latter with the Lower Cretaceous. 

New well information, combined with biostratigraphic 

studies by Heilmann-Clausen (1987) and Thomsen 

(1987), with seismic studies by Møller (1986) and Vej

bæk (1986) and with lithostratigraphic studies by Hes

jedal & Hamar (1983) and Vollset & Dore (1984) have 

led to a revision of the earlier lithostratigraphic 
schemes by Jensen et al. (1986). Figure 2 shows the 

new, formal lithostratigraphic units compared with the 

previous, partly informal ones, and figs. 3 and 4 show 
regional correlations. 
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Fig. 2: Lithostratigraphy for the Jurassic and Lower Cretace
ous of the Danish Central Trough. Comparison with the in
formal lithostratigraphy of Koch et al. (1982) and Hansen & 
Buch (1982). 



During the work leading to these publications it be
came clear that a certain amount of information and 
ideas could not be included in the above mentioned 
papers. Especially, interpretation of the development 
of the depositional environments could not be in
cluded. Their relationship to the structural evolution is 
therefore the main topic of the present paper. Analyses 

of stratigraphy, facies development and burial history 
during the Jurassic and Early Cretaceous have been 
coordinated in arder to create a basis for the prediction 
of possible occurrences of reservoir rocks. Further
more, the reservoir properties of reservoir units are 
treated in a special chapter. 
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Fig. 3: Jurassic lithostratigraphy in the Danish Central Trough and adjacent areas. 
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Structural framework 

Danish 
Central Trough 

JO 20km 

JURASSIC 
STRUCTURALELEMENTS 

LEGEND 

--- Normal Fault 

Reverse fault 

Strike-slip fault 

Salt structure 

e Well encountering Jurassic 

0 Well encountering pre-Jurass1c 
but not Jurassic 

Geosection 1-4 

26 

29 

Fig. 5: Jurassic structural outline of the Danish Central Trough, including well location. Locations of geosections are also shown. 
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The Central North Sea Highs camprise a complex of 
structural highs trending east-west across the North Sea 
which came into existence during the Early Permian 
(Ziegler 1982). As a prelude to the opening of the 
North Atlantic, rifting occurred at various places in the 
North Sea region (Eynon 1981). One result of the 
rifting was the formation of the Central Trough separat
ing the Mid North Sea High from the Ringkøbing-Fyn 
High. Differential subsidence caused by block faulting 

Danish 
Central Trough 

10 

eN-2/11-1 

20km 

LOWER CRETACEOUS 
STRUCTURALELEMENTS 

LEGEND 
_._ Normal fault 

__._ Reverse fault 

@ Salt structure 

e Well encountering Lower Cretaceous 

0 Well encountering pre-Lower Cretaceous 
but not Lower Cretaceous 

and rifting controlled the development of the trough 
during the Jurassic. This tensional regime was gradu
ally replaced by a compressional regime during the 
Cretaceous. 

The structural picture of the Danish Central Trough 
in figs. 5 and 6 is characterized by a complex pattern of 
highs, lows and intermediate areas (Gowers & Sæbøe 
1985, Møller 1986, Vejbæk 1986). 
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Fig. 6: Lower Cretaceous structural elements of the Danish Central Trough, including well locations. 
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Fig. 7: Burial diagrams for three different area types in the 
Central Trough, constructed on the basis of seismic isopach 
maps, internat Upper Jurassic reflectors and biostratigraphic 
subdivision of relevant wells. Campaction effects have not 
been considered. Curve I represents areas with near maximum 
sedimentation rate in the Late Jurassic and mean sedimenta
tion rate in the Early Cretaceous. A point in the eastern part of 
the Tai! End Graben has been chosen as a reference point. 
Curve II represents areas with rather high Late Jurassic sedi
mentation rate and near maximum Early Cretaceous sedi
mentation rate. A point in the southwestern part of the Feda 
Graben has been used as reference point. Curve III represents 
areas with low to moderate sedimentation rates in the Late 
Jurassic and low sedimentation rate in the Early Cretaceous. A 
point in the southwestern part of the Salt Dorne Province has 
been used as reference point. The geochronological scale is 
based on Kent & Gradstein (1985). 

Highs 

On the highs, the Precambrian or Caledonian base
ment is found at relatively shallow depths and Jurassic -
Lower Cretaceous sequences are thin or absent. 

Two major highs, the Ringkøbing-Fyn High and the 
Mid North Sea High, define the eastern and western 
margins respectively of the Danish Central Trough (fig. 

14 

5). The former is bounded towards the trough by a 
system of well defined, basement attached, normal 
faults, while the latter is characterized by a gradual 
transition via intermediate highs to the deeper lying 
basins of the trough. 

In the western part of the trough, two smaller highs, 
the Inge and Mads Highs, make up what was formerly 
known as the Dogger High (Michelsen & Andersen 
1983). They are separated by a WNW-ESE trending 
fault zone which had a right-lateral strike-slip compo
nent during the Late Jurassic (Møller 1986). This fault 
zone apparently became inactive during the Early Cre
taceous. It is the major tectonic feature in this part of 
the trough and forms part of the boundary between the 
highs and the surrounding areas, while elsewhere the 
boundaries of the highs are characterized by gradual 
transitions via minor normal faults. Structural inversion 
during the Late Cretaceous has overprinted, and to a 
considerable degree complicated, this tectonic pattern. 

The Manda/ High extends from the Norwegian into 
the Danish sector where it forms the western edge of 
thc Søgne Basin. 

Lows 

Relatively high rates of sedimentation and subsidence 
during the Jurassic are characteristic for the lows (fig. 
7). Their subsidence was uniform during the Middle 
and early Late Jurassic, whereas in the late Late Juras
sic there was remarkably increased subsidence in the 
Tai) End Graben and the Feda Graben relative to the 
other lows. This subsidence is related to the right
lateral strike-slip movements mentioned above. Tec
tonic activity and sedimentation rates decreased mark
edly during the Early Cretaceous. 

Major lows extend along the fault system bounding 
the Ringkøbing-Fyn High and are typically developed 
as half-grabens with their major Jurassic subsidence 
close to these eastern boundary faults. Intermediate 
fault blocks are typified by the Poul Plateau where the 
timing of fault movements is indicated by a hiatus be
tween Triassic and early Late Jurassic sediments (fig. 
8). 

The most typical half-graben development is found 
in the Tai/ End Graben where the Middle to Upper 
Jurassic sequence is more than 4000 m thick (figs. 9 and 
10). The western boundary of this graben was rather 
vaguely defined by a more or less gradual transition to 
the Heno Plateau for most of the Jurassic. The main 
subsidence took place at Kimmeridgian-Volgian times 
(fig. 7) and during this period, a narrow graben, the 
Arne-Elin Graben, developed at the western margin. 
The opening of this graben was probably linked to 
movements along inferred strike-slip WNW-ESE faults 
located at the southern end of the Tai! End Graben and 
along the southern end of the Søgne Basin. The struc-
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Fig. 9: Geosection 2 showing the Jurassic and Lower Cretace
ous sequences across the southern part of the Tai! End Graben. 

f For location see fig. 5. 
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Fig. 10: Geosection 3 showing the Jurassic and Lower Cretace
ous sequences across the central part af the Danish Central 
Trough. For location see fig. 5, and for legend fig. 9. 

' Fig. 11: Geosection 4 showing the Jurassic and Lower Cretace-
ous sequences along the northern boundary af the Danish 
Central Trough. For location see fig. 5, and for legend fig. 9. 
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ture and subsidence patterns in the Arne-Elin Graben 
were governed by strike-slip movements along the con
jugated NNW-SSE fault direction. Movement along 
the bounding faults of the graben was inverted during 
the Late Cretaceous. 

To the north the Tail End Graben is bounded by the 
Søgne Basin. The houndary is defined hy the extension 
to the southeast of the southwestern boundary fault of 
the Manda! High (fig. 5). The Tail End Graben narrows 
and the Jurassic and Lower Cretaceous sequences 
wedge out between the Gertrud Graben and the Man
dal High - Søgne Basin area. South of the Tail End 
Graben there is a gradual transition to the Salt Dorne 
Province which is characterized by lower subsidence 
rates during the Volgian (fig. 7) than the Tail End and 
Feda Grabens and by the presence of salt structures. 
Salt movements to a certain degree influenced deposi
tion in the Salt Dorne Province and the half-graben 
development is less distinct than in the Tai! End Gra
ben (fig. 8). The Middle to Upper Jurassic sequence 
therefore only shows minor thickness variations from 
the east to the west whereas the transition to the Tail 
End Graben is marked by a distinct increase in thick
ness going from south to north. 

During the Early Cretaceous a small ridge (the Fol
ierne Ridge) emerged. The result was a separation of 
the northern part of the Tail End Graben from the 
southernmost part. This southernmost part subse
quently exhibited the same subsidence pattern as the 
Salt Dorne Province and it is hence included in this 
basin ( compare figs. 5 and 6). The depositional rates 
were of the same order of magnitude north and south 
of the Pollerne Ridge. 

The Søgne Basin is part of what was previously 
known as the Northern Salt Dorne Province (Michelsen 
& Andersen 1983). Like the Tai! End Graben, it is a 
well-defined half-graben (fig. 11) but it has a fairly thin 
upper Upper Jurassic sequence reflecting relatively 
limited subsidence during the Late Jurassic. Halokine
sis has had some influence on Jurassic sedimentation. 
The basin was probably elevated late in the Late Juras
sic and erosion is assumed to have taken place during 
the Early Cretaceous. 

Two half-grabens, the Feda Graben and the Gertrud 
Graben, are outlined in the northwestern part of the 
Danish Central Trough. They are separated by the 
narrow Gert Ridge and have a more or Jess symmetric 
configuration around the ridge. The Gertrud Graben 
had its main subsidence to the northeast, close to the 
Tail End Graben, whereas the main subsidence in the 
Feda Graben moved from the south, close to the Inge 
High, to a more central position in the graben during 
the Jurassic. The two grabens were apparently con
nected until the Volgian when new faults divided this 
basin and caused differential subsidence of the two 
grabens, bringing the Gert Ridge into existence. Dur
ing the late Late Jurassic and Early Cretaceous the 
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subsidence rate of the Feda Graben became much 

greater than that of the Gertrud Graben. 

Intermediate areas 

The Heno Plateau is a rather complex feature bounded 

by faults towards the Arne-Elin Graben and the Inge 

and Mads Highs (fig. 10) and it has transitional and 

poorly defined boundaries to the Feda, Gertrud and 

Tail End Grabens. The Jurassic sequence is less than 

18 

1000 m thick and Middle Jurassic sediments appear to 

be absent (no Middle Jurassic deposits are seen in the 

W-1 well). 
Two areas of intermediate subsidence, the Grensen 

Nose and the Outer Rough Basin, are defined in the 

westernmost part of the Danish Central Trough. They 

flank the Mid North Sea High and probably formed 

part of the high until the Late Jurassic. They have a 

thin Jurassic sequence and mainly developed during the 

Cretaceous. Interpretation suffers from a lack of well 

data and direct seismic ties to the east. 



Depositional evolution 

Early Jurassic 

In the Danish Central Trough the clay-dominated Fjer
ritslev Formation is found only in the Salt Dorne Pro
vince (the M-8, 0-1 and U-1 wells) where it is of 
Hettangian to Late Sinemurian age and has thicknesses 
Jess than 200 m (Michelsen 1978a). In the well sections, 
the formation is separated from the underlying, also 
clayey, Rhaetian Winterton Formation by a hiatus. 
Seismic profiles show truncation of seismic reflectors at 
anticlinal structures indicating an unconformity at the 
base of the Fjerritslev Formation (Andersen et al. 
1982). 

The age of the Winterton Formation appears to cor
respond to that of the Vinding Formation of the Danish 
Subbasin (Bertelsen 1980). The younger, although still 
Rhaetian, Gassum Formation seems to have no time
equivalent in the Salt Dorne Province (Michelsen & 
Andersen 1983). 

The hiatus thus indicated was probably caused by the 
early Cimmerian tectonic phase which may have led to 
erosion removing much of the Winterton Formation 
(Andersen et al. 1982). 

The hiatus does not appear to correspond to any 
important change in sedimentation. The Winterton 
Formation is interpreted as a marine deposit in a coas-
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tal environment (Bertelsen 1980) and the Fjerritslev 
Formation was mainly deposited from suspension in an 
open marine environment with upwards diminishing 
terrestrial influence as indicated by an upwards de
creasing content of siltstone beds (Koch et al. 1982). 
The Fjerritslev Formation is compatible with the gen
eral eustatic sea-level rise interpreted for the Early 
Jurassic (Hallam 1981). 

Outside the Salt Dorne Province, the Fjerritslev For
mation occurs in its type area, the Danish Subbasin 
(Michelsen 1978b), where it has an age span from the 
Hettangian to the Toarcian, possibly ranging into the 
Aalenian (Michelsen et al. 1984). Contemporaneous 
clay sequences in the Norwegian sector of the North 
Sea are included in the formation (Vollset & Dore 
1984). Deposits with comparable Iithology and age are 
found further north in the Norwegian and British sec
tors (Dunlin Group, Vollset & Dore 1984), in the 
southern part of the British sector (Lias Group, Rhys 
1974) and in the Dutch sector (Aalburg Shale Forma
tion, Posidonia Shale Member, NAM & RGD 1980). 
These deposits show that the Early Jurassic sea-Ievel 
rise was reflected by widespread sedimentation of ma
rine clays in the North Sea region. 

In the Danish Central Trough outside the Salt Dorne 
Province and in most of the Norwegian Central Trough 
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Fig. J 2: Lithostratigraphic correlation across the North Sea from the southwest to the northeast showing the erosion caused by the 
Middle Jurassic uplift. 
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neither seismic evidence nor well data indicate pres

ence of the Fjerritslev Formation. In the Danish Sub

basin , the formation thins towards the Ringkøbing-Fyn 

High and the sequences found close to the high belong 

to the oldest parts of the formation (Michelsen 1978b) -

like those in the Salt Dorne Province (Jensen et al. 

1986) and in the Norwegian sector (Vollset & Dore 

1984) . The ages and the present day distribution of the 

formation suggest that it was originally more widely 

distributed and that substantial parts were removed by 

erosion befare deposition of the overlying Middle Ju

rassic sediments (see also Gowers & Sæbøe 1985) . On 

Danish 
Central Trough 

10 20km 

the basis of comparisons between the thicknesses of the 

formation in the Salt Dorne Province and in the Danish 

Subbasin, Holm (1983) has estimated that more than 

500 m of sediment were removed . 
A section across the North Sea from the southwest to 

the northeast (fig. 12) shows how this erosion removed 

progressively deeper parts of the Lower Jurassic depo

sits as the central North Sea is approached. A full 

Lower Jurassic marine sequence occurs at the south

westcrn end of the section , viz. the Aalburg and Wer

kendam Shale Formations in the Anglo-Dutch Basin . 

[n the Dutch Central Trough , the marine sequence is 
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truncated by an unconformity at top Aalenian beds. In 
the southern part of the Danish Central Trough, the 
Fjerritslev Formation is truncated so that Upper Sine
murian beds are the youngest remaining. The forma
tion is absent further north in the Central Trough. As 
appears from the previous paragraphs, a corresponding 
cut-off of the Fjerritslev Formation is seen on an ap
proach towards the central North Sea from the north
east. The erosion probably followed the central North 
Sea uplift described by Eynon (1981). According to 
him, the uplift began in late Toarcian times but uplift 
and subsequent erosion in the region covered by the 
correlation diagram at fig. 12 must have continued until 
after the Aalenian since Aalenian sediments in the 
Dutch Central Trough are the youngest pre-erosion 
deposits in the area affected by the erosion. 

Middle Jurassic 

The mid Cimmerian unconformity separating Lower 
Jurassic and Middle Jurassic sediments was caused by 
the erosion described above. This erosion took place at 
the Middle Jurassic times, probably during the Bajo
cian, and was followed by deposition of sandy sedi
ments in the Central Trough. Two lithostratigraphic 
units are recognized in the Danish sector (Jensen et al. 
1986): The Central Graben Group penetrated by four 
wells in the Salt Dorne Province (A-2, M-8, 0-1 and 
U-1), and the Bryne Formation known from one well 
(Lulu-1) in the Søgne Basin (fig. 13). 

The Central Graben Group is defined in the Dutch part 
of the Central Trough where it comprises three forma
tions (NAM & RGD 1980). Two of these occur in the 
Danish part: The Lower Graben Sand Formation and 
the overlying Middle Graben Shale Formation. 

The Lower Graben Sand Formation is made up of 
fairly thick sandstone units interbedded with claystones 
and siltstones. Thin coal beds are intercalated towards 
the east. The formation is mainly of Callovian but also 
of Bajocian-Bathonian age (Hoelstad 1986a and b, 
Poulsen 1987). 

The Middle Graben Shale Formation is dominated by 
clay and has intercalations of siltstone and a few sand
stones. Fairly thick coal beds occur close to the base of 
the formation. The age of the formation is Callovian 
(Hoelstad 1986b, Poulsen 1987). 

Two interpretations of the depositional environment 
of the Central Graben Group in the Salt Dorne Pro
vince have been presented (Koch 1983, Frandsen et al. 
1985). Both papers suggest deposition in predomi
nantly fluvial environments with only minor marine 
influence. However, Hoelstad (1986a and b ), after hav
ing studied the palynofacies of the group, interprets the 
environment as more marine than previously assumed. 
The Lower Graben Sand Formation of the U-1 well is 

accordingly interpreted as having been deposited in a 
marginal marine environment with strong fluvial influ
ence. The overlying Middle Graben Shale Formation 
shows a higher degree of marine influence than the 
Lower Graben Sand Formation (N. Poulsen, pers. 
comm. 1986). The Lola Formation that conformably 
overlies the Middle Grahen Shale Formation was de
posited under marine conditions. The Central Graben 
Group and the Lola Formation in the U-1 well thus 
reflect a transgressive development. Similar conclu
sions can be drawn from the A-2 and M-8 wells. 

In the U-1 well, the Central Graben Group ranges in 
age from the earliest to the latest Callovian and in M-8 
the range is from the Bathonian to the Callovian (Hoel
stad 1986a and b, Poulsen 1987). The transgression 
thus continued through the Callovian. 

In the 0-1 well, the group is represented by the 
Lower Graben Sand Formation, which in this well is of 
Bajocian-Bathonian age. Koch (1983) and Frandsen et 
al. (1985) present different interpretations of this se
quence. Both papers assume fluvial dominance during 
deposition of the Central Graben Group further west. 
Koch (1983) suggests that the 0-1 sequence reflects 
progradation of a delta plain over an interdistributary 
bay, while Frandsen et al. (1985) offer an interpreta
tion of sediments of a flood plain extending from the 
west interfingering with those of an alluvial fan ad
vancing from the east. In the light of the above in
terpretation of the Central Graben Group, Koch's in
terpretation appears most likely. Callovian deposits are 
not reported from the 0-1 well and the Middle Graben 
Shale Formation has apparently been cut out by normal 
faulting (Jensen et al. 1986). The Callovian transgres
sion is therefore not reflected by the sequence pene
trated in the 0-1 well, although it probably did take 
place after the delta progradation of the Bajocian
Bathonian. 

The thickness of the Lower Graben Sand Formation 
in the 0-1 well is much greater than in the wells further 
west (237 m compared to 63 min M-8 and U-1). This is 
a result of a higher subsidence rate close to the Ring
købing-Fyn High than in the centre of the Salt Dorne 
Province, and subsequently of an earlier start of sedi
mentation close to the Ringkøbing-Fyn High than fur
ther to the west, as indicated by the biostratigraphic 
analyses. Seismically it can be shown that the Middle 
Jurassic sequence thickens from the 0-1 well towards 
the Ringkøbing-Fyn High (Møller 1986). Furthermore, 
it is believed that a local depocentre developed on the 
downfaulted, western side of the north-south trending 
fault west of U-1 (fig. 13), so that a Middle Jurassic 
sequence thicker than in U-1 may be expected here 
(Møller 1986). 

The Bryne Formation, as defined in the Norwegian 
sector of the North Sea (Vollset & Dore 1984), is a 
sequence of sandstones interbedded with siltstones and 
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claystones and containing scattered coal beds. In the 
Lulu-1 well, which is located on a salt structure, the 
formation is 129 m thick, but seismic evidence indicates 
that greater thicknesses are to be expected both in the 
Søgne Basin and in the Tail End Graben. The forma
tion is of Bathonian-Callovian, possibly Bajocian age 
(T. Hoelstad, pers. comm. 1985) and it is interpreted as 
the deposits of a deltaic interdistributary bay environ
ment followed in the topmost part of the formation by 
sediments of a coastal lagoon and beach barrier envi
ronment (Frandsen 1986). These deposits are eventu
ally overlain by marine claystones of the Lola Forma
tion. The sequence thus represents a transgressive de
velopment similar to and more or Jess 
contemporaneous with the transgression in the Salt 
Dorne Province. 

Vail & Todd (1981) and Hallam (1978) suggest a 
eustatic sea-level rise during the early parts of the Cal
lovian and a high sea-level through the rest of the stage. 
The transgression assumed to have taken place in the 
Danish Central Trough is apparently in agreement with 
this interpretation. 

Distribution of the Middle Jurassic 

Middle Jurassic sediments are absent from major parts 
of the Mads, Inge and Mandal Highs and the Poul and 
Heno Plateaus (Møller 1986 and fig. 13). The presence 
of Jurassic sequences is demonstrated with varying cer
tainty in the Outer Rough Basin, at the Grensen Nose 
and Gert Ridge, and in the Feda, Gertrud and Arne
Elin Grabens. Due to Jack of adequate well informa
tion it is not possible to tel1 whether Middle Jurassic 
deposits are present. 

A seismic sequence boundary termed "near base 
Middle Jurassic" indicates the position of the Middle 
Jurassic sediments in the Salt Dorne Province (Møller 
1986). The boundary can be followed into the Tail End 
Graben where it !oses character because of very deep 
burial as a result of major Late Jurassic subsidence and 
sedimentation. The poor seismic resolution, together 
with Jack of well evidence make it impossible to tel1 
whether Middle Jurassic deposits are present all 
through the Tai! End Graben. It is suggested that Mid
dle Jurassic sedimentation in the Danish Central 
Trough took place in two separate basins, or at least 
that the deltaic environments of the Søgne Basin and 
the Salt Dorne Province did not belong to the same 
delta. This suggestion is based on the following evi
dence: 

1) The different Middle Jurassic sequences in the two 
basins. 

2) Middle Jurassic coal beds in the Dutch Central 
Trough and the southern Danish Central Trough are 
characterized by very low radioactivity relative to 
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the surrounding rocks ( expressed as distinctly low, 
relative gamma ray radiation). This is in contrast to 
conditions in the northern Danish Central Trough 
and the Norwegian Central Trough where the radio
activity of coal beds is more or less equal to that of 
the rocks around them (Jensen et al. 1986). 

3) Møller (1986) suggests that strike-slip faulting dur
ing the Middle and Late Jurassic moved the south
ern part of the Danish Central Trough westward 
relative to the northern part. This means that during 
deposition of the Central Graben Group, the Salt 
Dorne Province may have had a more easterly posi
tion relative to the Søgne Basin than it has today. 

Regional development in the Middle Jurassic 

Deposition of the sandy Middle Jurassic sediments in 
the Central Trough started in the north where the 
Bryne Formation of the Norwegian sector was depos
ited during the Bajocian-Bathonian (Vollset & Dore 
1984). The basal part of the Bryne Formation in the 
Danish sector is possibly of Bajocian age but the main 
part was deposited during the Bathonian-Callovian 
(Hoelstad 1986b). Parts of the Central Graben Group 
of the Danish sector, close to the Ringkøbing-Fyn 
High, have a Bajocian-Bathonian age but the bulk of 
the sediments was deposited during the Callovian 
(Hoelstad 1986a and b, Poulsen 1987). Finally, in the 
Dutch sector, the Central Graben Group is of Callo
vian-Oxfordian age (NAM & RGD 1980). 

This gradual southward advance of sandy sedimenta
tion is in agreement with the idea of central North Sea 
doming during the Middle Jurassic (Eynon 1981). 

The collapse of the dorne, combined with global 
sea-level rise, caused the Callovian transgression men
tioned earlier: The Bryne Formation was deposited in 
fluvial to deltaic environments covering most of the 
southern Norwegian North Sea (Vollset & Dore 1984). 
Beginning in the Callovian, marine clays of the Hauge
sund Formation were deposited above the Bryne For
mation in the Norwegian Central Trough, a hiatus 
marking the boundary between the two formations. 
This transgressive development is similar to that seen in 
the Danish Central Trough except that the Lola Forma
tion, that is the age-equivalent of the Haugesund For
mation, rests conformably on the Middle Jurassic for
mations. The hiatus between the Bryne and Haugesund 
Formations may be a result of erosion during the trans
gression. No such erosion apparently took place in the 
Danish Central Trough. Although the precise relation
ship between the Haugesund and Lola Formations is 
unknown (Jensen et al. 1986), it may be assumed that 
they represent a depositional continuum. The trans
gression therefore probably advanced from the north, 
the erosive capability of the advancing sea front being 
reduced the further south it reached. In the Dutch 



Central Graben, the Kimmeridge Clay Formation rests 
conformably on the Central Graben Group (NAM & 
RGD 1980). The lower part of the formation is of Late 
Oxfordian age and is assumed to be equivalent to the 
Lola Formation (Jensen et al. 1986). It therefore ap
pears that the Callovian transgression from the north 
through the Central Trough continued into the Ox
fordian reaching as far south as the Dutch sector. This 
is in accordance with Vail & Todd (1981) and Hallam 
(1984) who believe that a new global sea-level rise took 
place in the Oxfordian. 

Late Jurassic 

The transgressive development of the Callovian and 
Oxfordian was followed by a period during the Kimme
ridgian when the sea-level was relatively high (Hallam 
1978, Rawson & Riley 1982). In the Danish Central 
Trough this resulted in a change from Middle Jurassic 
sediments with a strong terrestrial influence to the fully 
marine clays of the Upper Jurassic Farsund Formation. 
This transition from terrestrial to marine dominance is 
evidenced by clays of the Lola Formation which were 
deposited in a low energy marine environment. Their 
content of vitrinitic and inertinitic organic matter sug
gests a fairly short distance to the coast during deposi
tion (Jensen et al. 1986). Deposition of these clays 
started in the Callovian and continued through the 
Oxfordian and possibly into the Kimmeridgian (Jensen 
et al. 1986). In time-equivalent Haugesund Formation 
of the Norwegian Central Trough (Vollset & Dore 
1984), the sand and silt content increases upwards. A 
similar trend is not seen in the Lola Formation. 

The Lola Formation makes up the major part of the 
sediments, corresponding to a seismic sequence be
lieved to embrace the Middle Jurassic deposits and the 
Lola Formation (Møller 1986). Right-lateral movement 
along WNW-ESE trending faults probably started dur
ing deposition of these sediments (Gowers & Sæbøe 
1985, fig. 8) and the main subsidence took place in fault 
controlled basins formed along alder, N-S to NW-SE 
trending, basement attached faults. The seismic se
quence therefore has thickness maxima towards the 
east in the Tail End Graben and in its transition to the 
Salt Dorne Province, adjacent to the bounding fault 
system, and local maxima at the downfaulted, western 
side of the fault west of the U-1 well (fig. 14). The 
seismic sequence is not identifiable west of the Tail End 
Graben - Salt Dorne Province trend and the sediments 
are likely to be very thin or absent. The only well to 
confirm this interpretation is Q-1 at the transition from 
the Heno Plateau to the Gertrud Graben. The well 
contains 91 m of claystones assumed to belong to the 
Lola Formation. Well data further confirm that the 
formation was deposited in the Søgne Basin where it is 
more than 100 m thick, and in the Salt Dorne Province 

where its thickness varies from 170 to more than 370 m. 
At the Poul Plateau, 245 m of the formation overlie 
Triassic deposits in the V-1 well, indicating that this 
fault block separated from the Ringkøbing-Fyn High 
some time between the Triassic and the Callovian-Ox
fordian. 

The Reno Formation is a silt- to sand-dominated for
mation found in two wells (Q-1 and W-1) at the Heno 
Plateau (fig. 5). It is of Middle Oxfordian to Kimme
ridgian age (Jensen et al. 1986). On the basis of core 
material the formation is interpreted as consisting of 
shallow marine sediments deposited under low energy 
conditions, possibly in a protected bay (Koch 1983). 
Intervals of fine-grained sandstone with floating quartz 
granules reflect episodes of higher energy such as storm 
induced washovers into the bay. Deposition of these 
sediments are probably the result of erosion at the 
margins of a high area comprising the Inge and Mads 
Highs and areas further west. The erosion took place 
during the general transgression caused by the Ox
fordian sea-level rise (Vail & Todd 1981, Rawson & 
Riley 1982). 

The establishment of the Heno formation comprising 
the Oxfordian-Kimmeridgian sandstones of the Q-1 
and W-1 wells is somewhat speculative and based on 
lithologic similarities and age-equivalence. Owing to 
the presence of several smal! faults it has not been 
possible to trace the formation seismically between the 
two wells. A seismic reflector, believed to represent the 
presence of the Heno Formation, can be traced from 
the Q-1 well northwards into the Gertrud Graben, thus 
indicating that the formation may be present here. 
Together with Oxfordian sandstones in the B-1 well 
(German sector) southwest of the Mads High, the 
Heno Formation shows that sands were deposited 
along the highs of the Danish Central Trough during 
the Oxfordian transgression and the period of high 
sea-level in the Kimmeridgian. However, the presence 
of sands in between the clay-dominated Lola and Far
sund Formations in the Q-1 well may be ascribed to a 
brief episode of sea-level fall (cf. Hallam 1978) or local 
tectonic phenomena at the Oxfordian-Kimmeridgian 
transition (cf. Rawson & Riley 1982). By analogy, it 
may be assumed that similar sands were deposited at 
the flanks of other structural highs, such as the Mandal 
High. 

Deposition of marine clays continued in the Kimme
ridgian and through the Volgian into the Ryazanian. 
The claystones make up the Farsund Formation. A 
change in the organic matter from the vitrinites and 
inertinites of the Lola Formation to liptinite, mainly 
alginite, in the Farsund Formation (Lindgreen et al. 
1982) indicates a tendency to more open marine condi
tions during deposition of this formation. Poulsen 
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(1986) also reports a change from exinitic organic facies 
in the Lola Formation, via micrinitic facies in the lower 
part of the Farsund Formation, to xenomorphic facies 
in the upper part. 

This change of conditions within the marine realm 
corresponds roughly to the Oxfordian-Kimmeridgian 
transition and may be considered as a response to a rise 
of sea-level at the transition. Vail & Todd (1981) report 
a eustatic sea-level rise at that time and Hallam (1978) 
considers the Late Oxfordian-Early Kimmeridgian as a 
period of high sea-level after the Oxfordian transgres
sion. A brief episode of sea-level fall at the transition 
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from the Oxfordian to the Kimmeridgian interrupted 
this overall trend, followed by a rise so that the high 
stand was reestablished (Hallam 1978). No changes in 
the tectonic framework of the Danish Central Trough 
apparently took place at the transition, apart from in
creased subsidence during the Kimmeridgian in the 
major lows (Møller 1986). Therefore, the above-men
tioned interpretations regarding sea-level changes lead 
to the conclusion that a gradual, minor rise of sea-level 
was the main cause of the change from the Lola to the 
Farsund Formation (see also Poulsen 1986). 

The well log patterns of the Farsund Formation are 
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Fig. 14: lsopach map of the Middle Jurassic sequence and the Upper Jurassic Lola Formation in the Danish Central Trough. 
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generally characterized by many sharp peaks of low 
gamma ray readings and high sonic velocities (fig. 15). 
The peaks reflect the presence of carbonate, most com
monly developed as limestone or dolostone bands. A 
similar pattern is observed in the Farsund Formation in 
Norwegian wells (Vollset & Dore 1984) and in the 
time-equivalent part of the Kimmeridge Clay Forma
tion in the Dutch Central Trough (NAM & RGD 
1980). 

Claystones of the Kimmeridge Clay from the type 
Iocality in England, contain Early Volgian limestone 
bands with a very high proportion of coccoliths and 
closely associated with oil shales (Gallois 1976). His 
interpretation is that the oil shales and limestones were 
deposited on a continental shelf where anaerobic bot
tom conditions necessary for the preservation of the 
organic matter of the oil shales were provided tempo
rarily by coccolith blooms deoxygenating and poisoning 
the water befare the coccoliths themselves settled as a 
sediment. 

This interpretation of the blooms as the cause of the 
formation of oil shales is disputed by Tyson et al. 
(1979). On the basis of comparisons with present day 
conditions in the Mediterranean, they contend that the 
blooms were the result and not the cause of anaerobic 
bottom conditions. They envisage a cyclic development 
beginning with deposition of "normal" clays under oxy
genated bottom conditions. A gradually increasing H2S 
concentration in the lower part of the water column 
caused the ascent of an anaerobic, H2S rich zone and 
concomitant deposition of gradually more organic car
bon rich claystones. The H 2S zone eventually reached 
and mixed with the surface waters, supplying the nutri
ents for algal blooms. Deposition of the coccolith rich 
bands is therefore assumed to reflect the maximum 
development of anaerobic bottom waters. 

As no relevant core material is available from the 
Farsund Formation of the Danish Central Trough, the 
exact lithologies of the carbonate bands are not known. 
However, it has been shown that the formation is char
acterized by alginitic organic material and that it is a 
good source rock for oil (Lindgreen et al. 1982, Dam
toft et al. 1987, Østfeldt 1987). There is thus an in
dication of a relationship between algal dominance, oil 
source rocks and carbonate bands, comparable to that 
observed in the Kimmeridge Clay. The interpretations 
presented above by Tyson et al. (1979) may therefore 
also be applicable to the Farsund Formation. 

In addition to bands of primary coccolith limestone, 
Tyson et al. (1979) report the presence of bands of 
dolomitic limestone at the Kimmeridge Clay type local
ity. Irwin (1980) investigated one such band from the 
lowermost Volgian and showed that the dolomite was 
form ed diagenetically, a dolomitized horizon rich in 
primary carbonate forming the nucleus for further do
lomitization in the organic carbon rich clay sediment. 
Some of the carbonate bands of the Farsund Formation 

may be such dolomitic bands and can possibly be in
terpreted similarly. 

Some of the gamma ray and sonic peaks character
istic for the formation are caused by siltstone or sand
stone beds, which are partly carbonate cemented. 
These thin beds occur centrally in the basin of the Salt 
Dorne Province (e.g. the G-1 well). For interpretation, 
they may be viewed in context with relatively coarse
grained, clastic deposits known to be present at the 
basin margin (the Poul Formation, Jensen et al. 1986). 
The Poul Formation sediments may represent proximal 
density current deposits and the thin beds found cen
trally in the basin may be corresponding, very distal 
deposits. Lensoid features between seismic reflectors 
believed to represent lowermost Middle Volgian sedi
ments have been observed east of the Bo-1 well. These 
features can be interpreted as cross-sections in lobes of 
density current deposits and may thus support the in
terpretation of the depositional processes of the Poul 
Formation and the thin sands. An equivalent to the thin 
sands may be the sandy Eldfisk Formation, which was 
deposited axially in the Norwegian Feda Graben during 
the Kimmeridgian and is assumed to be of turbidite 
origin (Vollset & Dore 1984). 

Thicknesses of the Farsund Formation in the Salt 
Dorne Province range between 200 and 500 m whereas 
thicknesses of more than 1100 m are recorded in the 
area transitional between this province and the Tail 
End Graben (fig. 16). No well data are available from 
the Tail End Graben but the seismic sequence belicved 
to represent the Farsund Formation attains thicknesses 
corresponding to more than 3000 m (Møller 1986). 
These substantial thickness differences may be attri
buted to differential subsidence during deposition. Ac
cording to this interpretation, some parts of the basin 
subsided more rapidly than others, and resedimenta
tion processes removed sediments from structurally 
high positions and deposited them in lower areas of 
more high subsidence rates. A stepwise increase in 
subsidence rate from the Salt Dorne Province to the 
Tai! End Graben during deposition of the Farsund For
mation sediments is therefore suggested. 

More detailed conclusions regarding differential sub
sidence can be drawn from comparison of thicknesses 
of the formation in the G-1 and E-1 wells (fig. 15): An 
Early to Middle Volgian interval of the G-1 well (repre
senting the Pectinatus to Fittoni ammonite Zones) is 
close to 150 m thick whereas a corresponding interval 
in the E-1 well is more than 975 m thick. This demon
strates that the rates of deposition and subsidence in 
the area around the G-1 well were much lower than 
those in the E-1 area during part of the Early to Middle 
Volgian. 

The Volgian and the Ryazanian are missing in the 
U-1 well. This hiatus may be related to the position of 
the well above a salt structure, salt movements possibly 
having caused non-deposition and/or erosion at the U-1 
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Fig. 15: Biostratigraphic correlation of parts of the Farsund 
Formation in the G-1 well (Salt Dorne Province) and the E-1 
well (Tai[ End Graben). For well locations see fig. 5. 

site. The M-8, 0-1 and Lulu-1 wells are also located 
above salt structures, and salt movements may similarly 
have been responsible for deposition of the relatively 
thin Farsund Formation sequences of these wells. 

The claystones of the "hot unit" were deposited during 
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the Late Volgian to Early Ryazanian. The "hot unit" is 
an informal lithostratigraphic unit found in the up
permost part of the Farsund Formation. It is encoun
tered in three wells (Bo-1, E-1 and 1-1, fig. 17) and its 
thickness varies from 25 to 68 m (Jensen et al. 1986). 
The unit is characterized by high gamma ray radiation. 
In the Adda-1 and G-1 wells, the uppermost Farsund 
Formation also exhibits higher gamma ray readings 
than the underlying part, but the readings do not reach 
the high values of the first-mentioned wells. 

The high gamma radiation of the "hot unit" is caused 
by a relatively high uranium content (N. Springer, pers. 
comm. 1984). The total content of organic carbon is as 
high as 5-7% (Jensen et al. 1986). The uranium content 
is probably related to the organic carbon content, as 
uranium is liable to adsorption on organic matter 
(Bjørlykke et al. 1975). The organic matter is liptinitic, 
as in the rest of the Farsund Formation (Jensen et al. 
1986) and the unit also contains several distinct 
carbonate bands. The depositional environment of the 
"hot unit" apparently did not differ significantly from 
that of the rest of the Farsund Formation, as discussed 
above. Rawson & Riley (1982) believe that the Middle 
Volgian to Early Ryazanian was an important period of 
regression in the North Sea region. Enclosed basins 
with restricted bottom water circulation, favouring the 
preservation of organic material, may have formed dur
ing this regression, leading to deposition of the clays of 
the "hot unit" and similar units, e.g. the Manda! For
mation, known from the Norwegian sector. 

The seismic sequence corresponding to the upper
most part of the Farsund Formation probably includes 
the "hot unit" (Møller 1986). The sequence is mainly 
present in the Tail End Graben and wedges out south
wards into the Salt Dorne Province (fig. 17). West
wards, an inverted fault zone makes seismic correlation 
difficult. Slightly increased gamma ray radiation in the 
entire Volgian sequence in the Q-1 well may, however, 
suggest that the development in the Gertrud Graben, 
and probably also the Feda Graben, during this period 
was fairly similar to that in the Tai) End Graben. In the 
Lulu-1 well, Iocated in the Søgne Basin, a similar type 
of sedimentation took place during the Volgian. Upper 
Volgian and Ryazanian strata are not present in Lulu-1. 

The sediments corresponding to this seismic se
quence were deposited from the Middle Volgian 
through the Ryazanian, i.e. after the Early to Middle 
Volgian period of very high subsidence rates (fig. 7). 
Subsidence rates were moderate to small (Poulsen 
1986) and the "hot unit" appears to occur in areas 
where Middle Volgian to Ryazanian deposition was 
below its maximum. Where maximum deposition oc
curred (e.g. in the Adda-1 area) the "hot unit" is ab
sent. This pattern suggests that in the areas of maxi
mum deposition clastic sedimentation overshadowed 
the production of organic material so that a Jess "hot" 
but thicker sequence developed. 



In the V-1 well at the Poul Plateau a 33 m thick se
quence of very fine-grained sandstones and siltstones 
grading into claystones is intercalated in the uppermost 
Farsund Formation. The sequence makes up the Poul 
Formation and was deposited during the Volgian (Jen
sen et al. 1986) . No conventional core information 
exists from the forma tion , but on the basis of dipmeter 
log studies Hansen & Buch (1982) conclude that it 
apparently makes up a series of sand sheets interbed,
ded with claystones . With the position of the formation 
fairly close to the boundary fault towards the Ring-
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købing-Fyn High, they further assume that it was de
posited from density currents that originated from the 
high in connection with fault movements. Grain-sizes 
increase slightly upwards (Koch 1983) and may reflect 
progradation of the sandy sediments . Thus , combined 
sedimentological and seismic evidence from marginal 
and central parts of the Tail End Graben and Salt 
Dorne Province suggest that coarse-grained clastic ma
terial was deposited at the foot of fault controlled 
slopes. 

The formation probably has a restricted lateral ex-
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Fig. 16: lsopach map of 1he Upp er Jurassic Farsund Formation in the Danish Central Trough. 
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tent, but similar sediments may have been deposited 
elsewhere along the eastern margin of the Central 
Trough. 

Basin development in the Late Jurassic 

The Oxfordian was a period of major transgression in 
the North Sea region (Hallam 1978, Vail & Todd 1981) , 
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and marine sedimentation dominated in the Danish 
Central Trough. Ini tiation of strike-slip movements was 
contemporaneous with deposition of the clays of the 
Callovian to Oxfordian Lola Formation in the areas of 
subsidence to the south and east, whereas sands of the 
Oxfordian to Kimmeridgian Heno Formation , and pos
sible equivalents , were deposited along the more stable 
highs and plateaus to the west . The pattern of WNW to 
ESE striking right-lateral movements continued 
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Fig. 17: Distribution of rhe seismic unit comprising the uppermost pari of the Farsund Formation, which loca/ly includes the "hot 
unit ". 
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throughout the Late Jurassic and the differential sub
sidence demonstrated in the Tail End Graben and Salt 
Dorne Province was one result of this tectonism (fig. 7). 
A similar difference apparently existed between the 
Søgne Basin and the Tail End Graben, the former 
having the lowest rate of subsidence (Gowers & Sæbøe 
1985) . 

Subsidence continued during the Kimmeridgian and 
the sea-level was relatively high. The clays of the Kim
meridgian to Ryazanian Farsund Formation were de
posited over most of the Central Trough, and continued 
strike-slip movements caused continued differential 
subsidence in the Tai! End Graben and Salt Dorne 
Province. 

During deposition of the Farsund Formation, activity 
of the fault west of the U-1 well gradually ceased and 
the !argest thicknesses of sediment were deposited in 
the central part of the Tail End Graben , north of a 
major strike-slip fault (Møller 1986) . Movement along 
this fault further led to the formation of the Arne-Elin 
Graben as an additional basin. According to Møller 
(1986), this graben opened in late Late Jurassic . 

As a response to fault activity, density currents may 
have been generated along the slopes of the Ring
købing-Fyn High and deposited sediments such as the 
sandy Poul Formation as intercalations in the dom
inantly clayey sequence . 

The Feda and Gertrud Grabens were important ar
eas of subsidence during parts of the Jurassic. A seismic 
sequence corresponding to at least 2200 m of sediments 
is recognized in the Danish part of both grabens, and it 
is assumed that the base of the sequence is close to the 
base of the Middle Jurassic (Møller 1986). Lack of well 
information makes it difficult to identify the formations 
present in the grabens. At least the Feda Graben devel
oped in a similar fashion to the Tai! End Graben , and 
Middle Jurassic sediments are probably present (Gow
ers & Sæbøe 1985). Data presented by Yollset & Dore 
(1984) suggest that the Upper Jurassic Farsund and 
Lola Formations ( or the Haugesund Formation, equiv
alent to the Lola Formation) are present. More coarse
grained sediments of turbiditic origin, like the Kimme
ridgian Eldfisk Formation (see Vollset & Dore 1984), 
may also occur. 

Further southwest , the Outer Rough Basin became 
separated from the Mid North Sea High and subsided 
relative to both this high and to the Inge and Mads 
Highs. No well information is available from the Dan
ish part of this basin. However, Gowers & Sæbøe 
(1985) assume that up to 600 m of sediments accumu
lated here during the Late Jurassic , and Oxfordian 
sandstones are seen in the B-1 well which is situated in 
the German part of the basin . 

The Heno Plateau occupies an intermediate position 
in the Middle and Late Jurassic development. It has 
less than 1000 m of Jurassic sediments (Møller 1986) 
and, provided that the W-1 and Q-1 wells are repre-

sentative for the plateau, it appears that these sedi
ments are all of Late Jurassic age. Their thickness is 
modest in comparison with the large thicknesses of 
Late Jurassic deposits in the rapidly subsiding basins. 

High subsidence rate ceased at some time during the 
Middle Yolgian and a period of much lower subsidence 
rate ensued . Simultaneously there was a eustatic fall in 
sea-level (Rawson & Riley 1982, Poulsen 1986). Dur
ing the foliowing period of low sea-level, the highly 
radioactive " hot unit" developed as part of the Farsund 
Formation . It was possibly deposited in small, enclosed 
basins during the Late Yolgian and Early Ryazanian 
(Rawson & Riley 1982). 

Early Cretaceous 

Deposition of the organic carbon rich sediments of the 
Farsund Formation continued across the Jurassic-Cre
taceous boundary until mid or late Ryazanian times 
(Rawson & Riley 1982, Birkelund et al. 1983, Heil
mann-Clausen 1987, Poulsen 1987). 

The boundary between the Ryazanian to Hauterivian 
Yalhall Formation and older sediments was previously 
regarded as being an unconformity of regional signifi
cance, frequently named the late Cimmerian uncon
formity or base Cretaceous unconformity. Rawson & 
Riley (1982) disputed and rejected the concept of a 
basin-wide unconformity. Instead they believe that the 
boundary represents a facies change and suggest that 
this change was caused by a Late Ryazanian trans
gression which brought about changing water circula
tion patterns in the various North Sea basins , thereby 
terminating deposition of organic carbon rich clays. 

Lithologically the boundary between the Farsund 
and Valhall Formations is characterized by a change 
from dark, organic carbon rich claystones to light grey, 
calcareous claystones . The change in lithology coinci
des with a change in content and type of organic mat
ter. The Farsund Formation, including the "hot unit", 
has a total average organic carbon content of 3-5% 
(Lindgreen et al. 1982, Damtoft et al. 1987) with a high 
average content of liptinite, mainly bituminite (amor
phogen, Hoelstad 1986b). The overlying Val hall For
mation has a much lower total organic carbon content 
of 0.3-0.6% and a very low amorphogen content. The 
organic matter is also characterized by a relatively 
higher content of both liptinite (phyrogen) and land 
derived organic material. 

The boundary between the Farsund and Yalhall For
mations in the Danish Central Trough has recently 
been investigated biostratigraphically (Birkelund et al. 
1983, Heilmann-Clausen 1987, Poulsen 1987). The re
sults of these studies, combined with those of Rawson 
& Riley (1982), clearly indicate that the contact be
tween the Farsund and Valhall Formations in most 
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cases is conformable in the basinal areas. Unconformi
ties are present on certain structural highs but these 
highs existed before the end of the Jurassic, and some 
remained as highs into the Early Cretaceous. Such 
unconformities can hardly be related to the sea-level 
fall at the end of the Jurassic. This is supported by 
seismic data which rarely exhibit truncated reflection 
patterns at the boundary but show concordance or top
lap relations (Vejbæk 1986). Foliowing Rawson & Ri-
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ley (1982) we agree that the boundary appears to be an 
isochronous surface, although biostratigraphical data 
from the Danish sector (Heilmann-Clausen 1987) are 
less conclusive than those of Rawson & Riley (1982). 

The extensional tectonic regime of the Late Jurassic 
continued in the Early Cretaceous, but with much 
lower subsidence rates (fig. 7) and with maximum 
thicknesses of the total Lower Cretaceous Jess than 
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Fig. 18: lsopach map of the Lower Cretaceous Cromer Kno/I Croup in the Danish Central Trough . 
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1000 m (fig. 18). Subsidence occurred mostly in the 
same basins which were active during the Late Jurassic. 
An exception is the Søgne Basin which was probably 
elevated during latest Jurassic time and subsequently 
underwent erosion during the Early Cretaceous. Fur
thcrmore, the Outer Rough Basin and Grensen Nose , 
which had hitherto shown limited subsidence , became 
more active . The WNW-ESE striking, right-lateral 
strike-slip faulting apparently ceased , whereas the con
jugated NNW-SSE striking, left-lateral fault system 
continued to be active, as can be seen along the Arne
Elin Graben fault system (fig . 6). 

Foliowing the Late Ryazanian transgression, the Leek 
Member, the basal part of the Valhall Formation , was 
deposited in Late Ryazanian to earliest Valanginian 
time (Jensen et al. 1986, Heilmann-Clausen 1987). The 
member has a significantly higher content of carbonate 
than the underlying Farsund Formation and the re
maining part of the Valhall Formation above (fig. 19). 
The member consists of grey, calcareous claystone in
terbedded with marl- and limestone and occasional silt
or sandstone layers. Contrary to what is observed in the 
Farsund Formation, the carbonate consists of calcite 
(Thomsen et al. 1983) and it is assumed to have origi
nated from calcareous nannoplankton skeletons that 
briefly became an important constituent of the sedi
ment. 

It is tentatively suggested that clastic sedimentation 
rates were reduced in the basinal areas because the 
clastic supply was trapped in land-near waters, newly 
deepened during the Late Ryazanian transgression . 
The Leek Member is assumed to be present centrally in 
all basins within the Danish Central Trough. 

During latest Ryazanian to earliest Valanginian times 
deposition of more clastic-rich sediments resumed and 
continued until mid Hauterivian time (Heilmann-Clau
sen 1987). Thc resulting sequence constitutes the re
maining part of the Valha/1 Formation (Jensen et al. 
1986). The sediments comprise calcareous claystones 
with subordinate layers of marlstone or timestone and 
occasional silt or sand layers. At the Pollerne Ridge 
(Bo-1 , fig . 6) the Valhall Formation is developed as a 
more marly facies. 

The Yalhall Formation was deposited during contin
uous relative rise of sca-lcvel interrupted by minor 
periods of sea-level fall (Rawson & Riley 1982). In the 
Danish Central Trough the associated transgression is 
evidenced by basin expansion seen as a pronounced 
onlapping trend of the seismic units corresponding to 
the Yalhall Formation (see fig. 20 and Yejbæk 1986) . 
The intervening regressive phases are poorly docu
mented , but in the Salt Dorne Province internat reflec
tors of the seismic LCB unit (sensu Vejbæk 1986) are 
truncated by the overlying seismic unit. This truncation 
suggests the presence of a local unconformity that may 

correlate chronologically with one of the two Early 
Valanginian unconformities reported from onshore lo
calities by Rawson & Riley (1982) . 

In the Salt Dorne Province the seismic unit corre
sponding to the lower part of the Valhall Formation 
(including the Leek Member, see fig. 19) , has a lobate 
lensoid shape and internat reflectors onlap or downlap 
onto the substratum and a submarine fan environment 
was suggested for the unit (Yejbæk 1986). The palyno
facies of the corresponding sequences in the E-1 and 
Adda-1 wells are characterized by extraordinarily low 
contents of bituminite (amorphogen) and rather high 
contents of terrigenous organic matter (Hoelstad 
1986b). Mineralogically the unit in E-1 is characterized 
by higher quartz contents than elsewhere in the Valhall 
Formation (cf. Thomsen et al. 1983 , Hoelstad 1986b, 
Vejbæk 1986). Reworked Triassic and Jurassic micro
fossils are frequently reported from this interval (Han
sen & Buch 1982) and the dipmeter togs exhibit a "high 
energy pattern". The combined evidence supports the 
concept of a fan model. The shape of the unit as 
mapped in the Salt Dorne Province suggests that the 
fan system was elongate in shape. The fan body was 
probably provided with clastic material enriched in ter
rigenous organic matter from point sources along the 
Ringkøbing-Fyn High fault zone (south of the Pollerne 
Ridge, fig. 6), the clastics being transported by gravity 
flows in a west to southwesterly direction (see also 
comments below concerning the Yyl Formation) . 

In the Gertrud , Tai! End and Arne-Elin Grabens the 
thickness variations of the lowermost seismic unit of 
the Valhall Formation are clearly controlled by rota
tional block-faulting. The isopach patterns are conse
quently elongated parallel to the controlling faults 
(Vej bæk 1986) . In these basins the mineralogic compo
sition and palynofacies are Jess influenced by terrige
nous components (e.g. the 1-1 well , Thomsen et al. 
1983 , Hoelstad 1986b). Much of the thickness variation 
was probably caused by remobilization of sediments 
during phases of differential subsidence. This mecha
nism probably applies in particular to the intrabasinal 
depocentres like those situated southerly in the Arne
Elin Graben and northeast of the 1-1 well (fig. 6). 

The depocentres in the Gertrud and Tai! End Gra
bens probably had multiple or linear sediment sources 
along the emerged Manda! and Ringkøbing-Fyn Highs 
respectively. Gravity flows were triggered on the coas
tal slopes of the highs and transported sediment to the 
basins . A "slope-apron" depositional model (sensu 
Stow et al. 1984) is therefore suggested for these ba
sins . It must be stressed , however, that suspension 
deposition continued as a significant process in most 
basins as implied by the frequent occurrence of pelagic 
marl or timestone beds. 

The remaining part of the Valhall Formation is seismi-
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cally characterized by further basin expansion, and the 
basin continued to exhibit a fault controlled subsidence 
and sedimentation pat tern. However , thickness vari
ations of the seismic units indicate that the subsidence 
rate varied in magnitude with time from basin to basin 
(cf. Vejbæk 1986) 

Gravity flow deposition is be lieved to have continued 
as an important thickness controlling factor by redis
tribution of sediments, although its significance prob-
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ably decreased since the lithology becomes increasingly 
dominated by pelagic carbonate, and thickness vari
ations become less pronounced upwards through the 
Valhall Formation. In the early Late Hauterivian a 
small inversion phase resulted in weak truncation on 
the top of the Valhall Formation , as seen for instance in 
the Sa lt Dom Provincc (Vcjbæk 1986, Jensen et a l. 
1986) . 
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Fig. 20: Map showing extent of seismic units corresponding to the lowermost part of the Valhall Formation (unil L CA ), the third 
seismic unit within the Valhal/ Formation (unit LCC) and the unit embraching the Tuxen , Sofa and Rødby Formations (unit LCF). 
The pronounced onlapping trend of the Lower Cretaceous is evident (cf. Vejbæk 1986). 
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The Vyl Formation is only known from the V-1 well 

where it is 43 m thick, occurring above the Farsund 

Formation (Jensen et al. 1986) . The sediments are 

mainly siltstone with subordinate layers of sandstone, 

silty claystone and marlstone . The organic matter is 

mainly of marine origin but with strong terrestrial influ

ence (Hoelstad 1986b ), a feature that distinguishes this 

formation from the Poul Formation which is also pre

sent in this well (see above). Recent age determina

tions indicate that the formation was deposited within 
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(Hei lmann-Clausen 1987). 
The formation cannot be mapped seismically be

cause of its limited thickness. Nevertheless, Vejbæk 

(1986) suggests a proximal position - regarding sedi

ment source - of the Vyl Formation relative to the 

lowermost seismic unit of the Valhall Formation (see 

under the Valhall Formation). This interpretation is 

based on an observed increase in reflection amplitude 

towards the V-1 well presumed to reflect an increased 
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Fig. 21: lsopach map of the Lower Cretaceous Va lha/1 Formation in the Danish Central Trough. 
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content of coarse-grained si liciclastics. As stated previ
ously, major parts of the lowermost seismic unit are 
believed to have been deposited as gravity flow depos
its. 

The absence of cores from the formation reduces the 
reliability of environmental interpretations. However, 
on the basis of dipmeter data and the location of the 
well close to thc castern bounding faults of the basin , 
Hansen & Buch (1982) suggest a submarine fan deposi
tional environment for the sequence, though, consid
ering the rather fine-grained nature of the sediments, 
probably representing a rather distal part of a fan. Thin 
silt- or fine-grained sandstone beds are frequently re
ported from contemporaneous parts of the Valhall For
mation , especially in wells close to the eastern bound
ing faults of the Salt Dorne Province . These beds may 
be interpreted as distal density current deposits. 

Although data are sparse and other depositional 
models might apply, deposition from density currents 
appears to be the most likely interpretation of the Vyl 
Formation . 

It is believed that the Vyl Formation is developed 
marginally along the Ringkøbi ng-Fyn High. The sandy 
Poul and Vyl Formations in the V-1 well and separated 
by c. 70 m of the Farsund Formation may merge into 
one cohere nt sand body doser to the high . 
Time-equivalent sand bodies , developed as fringing 
sands along other structu ra l highs, cannot be discarded . 

Until mid Hauterivi an time the tectonic stress system 
had been tension-dominated, resulting in normal fault
ing and diffe rential basin subsidence. The subsidence 
pattern of the various Early Cretaceous basins was 
governed by right-lateral wrenching in a WNW-ESE 
direction. Of even greater importance was left-lateral 
transtensional wrenching a long the conjugate NNW
SSE direction (Gowers & Sæbøe 1985, Vejbæk 1986). 
At mid Hauterivian time the tectonic system changed 
to one dominated by compression, resulting in weak 
inversion governed by right-lateral compressional 
wrenching along a NNW-SSE direction . The mid Hau
terivian and subsequent phases of inversion are clearly 
reflected in both the areal extent and thickness vari
ations of the se ismic seq uences mapped by Vejbæk 
(1986) . From Late Hauterivian time differential basin 
subsidence aba ted, subsidence rates decreased, and 
much broader depocentres were developed. Basins 
which hitherto had been actively subsiding show signs 
of initial inversion whereas former highs started to 
subside (e.g. the Pollerne Ridge). 

Seismically , the remaining part of the Lower Creta
ceous sequence is includcd in the uppermost seismic 
unit corresponding to the Tuxen, Sola and Rødby For
mations . The base of this unit is marked seismically by 
an unconformity , indicated by the truncation of under
lying reflectors . The areal distribution of the unit in
dicates a further basin expansion interpreted as result-

ing from a continued relative rise of sea-level (Rawson 
& Riley 1982, Vejbæk 1986). The unit encroaches onto 
e.g. the Heno Plateau and for the first time the Gert 
Ridge became inundated . The unit is absent in large 
areas in the Salt Dorne Province owing to erosion or 
non-deposition as a result of tater or contemporaneous 
inversion . 

The Tuxen Formation was deposited in Late Hauteri
vian to Middle or Late Barremian time (Jensen et al. 
1986, Heilmann-Clausen 1987, Thomsen 1987) . The 
formation consists of bedded and burrowed marlstone 
and chalk , with chalk becoming the dominant lithology 
towards the top. As seen in fig. 7 the change in facies 
from the claystones of the Valhall Formation to the 
marlstone and chalk of the Tuxen Formation is coeval 
with a further decrease in subsidence rates in the vari
ous basins. The Valhall-Tuxen Formation facies change 
was probably mainly caused by a decrease in siliciclastic 
sedimentation resulting from a continued relative rise 
of sea-level. (cf. Vejbæk 1986, Jensen et al. 1986, Jen
sen & Buchardt 1987). Pelagic and hemipelagic pro
cesses are believed to have dominated deposition with 
hemipelagic processes decreasing in importance 
through the sequence as reflected by the decreasing 
content of siliciclastic material upwards in the forma
tion . Occasional layers interpreted as debris flow de
posits indicate the continued importance of redeposi
tion processes (Jensen & Buchardt 1987), however, 
both seismic mapping (fig. 22) and formation thick
nesses as encountered in wells (25-90 m) reveal that 
thicknesses are more uniform and thickness variations 
much Jess extreme than in the Valhall Formation. The 
decreasing tectonic activity which characterized the 
Early Cretaceous from mid Hauterivian time is be
lieved to have resulted in a decreasing importance of 
gravity flow processes . 

The Tuxen Formation was generally deposited in well 
oxygenated bottom water as indicated by the low con
tent of organic matter and intense bioturbation. How
ever, less burrowed intervals with higher organic mat
ter content, as well ·as the presence of the prominent, 
organic carbon rich Munk Mari Bed within the Tuxen 
Formation, indicate occasional periods with Jess ox
ygenated or anoxic bottom water (Jensen et al. 1986, 
Jensen & Buchardt 1987). The thin (up to 1 m) Munk 
Mari Bed , which contains up to 14% organic carbon , is 
widely d istributed in the North Sea area and probably 
equivalent to the Blatterton known from the Lower 
Saxony Basin and Helgoland-Schleswig Basin (Kemper 
& Zimmerle 1978, Jensen & Buchardt 1987). 

The Tuxen Formation is believed to be present in all 
basins where the uppermost seismic unit of Vejbæk 
(1986) is mapped and in the Outer Rough Basin and 
Grensen Nose . In the Salt Dorne Province its distribu
tion is probably governed by the magnitude of contem-
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poraneous and tater inversion causing either non-depo

sition or erosion. 
Chalk deposition of the Tuxen Formation came to an 

end in Middle or Late Barremian times. The Tuxen 

Formation is overlain by black , Iaminated, shaly marl

stone rich in organic matter, alternating with sequences 

of burrowed marlstone with little organic matter. These 

sediments are included in the Sola Formation (Jensen 

et al. 1986) and this facies persisted until Albian (Heil

mann-Clausen 1987), presumably Early Albian times. 

The sediments were deposited under mainly anoxic 
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conditions , alternating with periods of more oxyge

nated conditions. Anoxic conditions probably culmi

nated during the Early Aptian when marls containing 

up to 13% organic carbon were deposited (Jensen & 

Buchardt 1987). 
According to Hesjedal & Hamar (1983) anoxic con

ditions were established in restricted basins formed 

during a regressive phase associated with the Austrian 

tectonic phase. They further claimed that the regressive 

phase gave rise to the increasing content of siliciclastics 

in the Sola Formation. In the Danish sector a regressive 
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Fig. 22: Jsopach map of the Lower Cretaceous Tuxen, Sofa and Rødby Formations in the Danish Central Trough. 
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phase coeval with deposition of the Sola Formation 
cannot be disclosed seismically (Vejbæk 1986). Jensen 
& Buchardt (1987) suggest that the main reason for the 
increased content of siliciclastics is that calcareous nan
noplankton generally had poor living conditions during 
periods of basin stagnation. However, an increased 
content of terrigenous organic matter in the Sola For
mation compared with the Tuxen Formation indicates a 
subordinate contemporaneous increase in influx of ter
rigenous material to the basin. 

The Sola Formation is widespread in both the Danish 
and Norwegian parts of the North Sea (Hesjedal & 
Hamar 1983, Jensen et al. 1986). In released wells from 
the Danish Central Trough the formation attains maxi
mum thicknesses of 38 m. Thickness maxima are found 
in the Tail End Graben and Arne-Elin Graben. The 
thickness of the Sola Formation decreases southwards 
into the Salt Dorne Province where the formation is 
only present in a few wells. Its distribution in this area 
is probably governed by the same factors which con
trolled distribution of the Tuxen Formation. 

The Sola Formation is presumed to be absent on the 
Mads and Inge Highs and on minor parts of the Heno 
Plateau. 

Coeval units rich in organic matter are present in the 
Dutch and German North Sea sectors and in the Lower 
Saxony Basin (NAM & RGD 1980, Kemper & Zim
merle 1978 and 1982). On a much larger scale, it is 
worth noting the time equivalence of the Sola Forma
tion to organic carbon rich sediments encountered in 
the Atlantic Ocean during the Deep Sea Drilling Pro
ject (e.g. Schlanger & Jenkyns 1976, Ryan & Cita 
1977). However, it is uncertain whether the Sola For
mation is genetically associated with these deposits. 

The Rødby Formation, overlying the Sola Forma
tion, is composed of marlstones interbedded with lime
stones and claystones of pelagic origin. The formation 
is of Early to Late Albian age and locally of Early 
Cenomanian age. The formation becomes increasingly 
calcareous upwards, indicating a new transgression 
continuing into the Late Cretaceous and ultimately re
sulting in a lithofacies change to the chalks of the Chalk 
Group (fig. 19). Return of oxic depositional conditions 
is indicated by the general red coloration and low con
tent of organic carbon (Jensen et al. 1986). The forma
tion has a maximum thickness close to 50 m. In the Salt 
Dorne Province, on the Inge and Mads Highs, and 
probably on the Heno Plateau, it is thin or absent 
because it was eroded after an inversion event foliow
ing the change from differential to regional subsidence 
with associated compression. This and subsequent in
versions were the main causes for the structural outline 
of the base of the Upper Cretaceous. 

Basin development in the Early Cretaceous 

Structural development during the Early Cretaceous 
had many similarities to that in the Late Jurassic, i.e. 
continuing extensional block faulting under the influ
ence of wrenching. The WNW-ESE orientated, right
lateral wrench system apparently decreased in impor
tance while the conjugate, NNW-SSE directed, left
lateral wrench system continued to be active. Subsid
ence rates decreased drastically as tectonic activity 
waned (fig. 7). The decreasing tectonic activity resulted 
in the development of more local, laterally shifting and 
Jess pronounced depocentres. 

Deposition of the organic carbon rich claystone of the 
Farsund Formation continued until Late Ryazanian 
time (Rawson & Riley 1982, Heilmann-Clausen 1987). 
At this time oxygenated depositional environments be
came reestablished, presumably owing to a transgres
sion which accellerated water circulation (Rawson & 
Riley 1982). The boundary between the Farsund For
mation and the Valhall Formation is thus believed to 
represent a basin-wide, isochronous facies change and 
not an unconformity. 

After an initial period during the Late Ryazanian to 
presumably earliest Valanginian when deposition of the 
marlstones and calcareous claystones of the Leek 
Member occurred, deposition of calcareous claystones 
took over. Deposition of these claystones, included in 
the Valhall Formation, continued up to mid Hauteri
vian time. The Valhall Formation was deposited during 
a continuous rise in sea-level reflected by a pronounced 
onlapping trend. Concomitant tectonic activity caused 
rotational block faulting and development of major 
depocentres in the Outer Rough Basin, the Feda and 
Gertrud Grabens and in the Arne-Elin and Tai! End 
Grabens. The shape of the depocentre in the Salt 
Dorne Province is extensively influenced by halokine
sis. In these basins the Valhall Formation attains thick
nesses of up to 900 m (fig. 21). Thickness variations, 
together with seismic and sedimentological evidence, 
suggest, that gravity flows were important during depo
sition of the Valhall Formation, although their impor
tance presumably decreased through the time-span 
considered. The silty and sandy Vy! Formation sedi
ments found close to the western bounding fault of the 
Ringkøbing-Fyn High may have been deposited from 
density currents (Hansen & Buch 1982, Jensen et al. 
1986). The formation is contemporaneous with the 
lower part of the Valhall Formation. 

At mid Hauterivian time a weak inversion, governed 
by a change in the tectonic stress system to a right
lateral, compressional wrench system, caused erosion 
of the top of the Valhall Formation. Following this 
event, the transgressive development continued. Depo
sition of siliciclastic material fell markedly as a result of 
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the increasing remoteness of clastic source areas and 
abating tectonic activity. Maris and chalks, included in 
the Tuxen Formation, were therefore deposited mainly 
by pelagic processes up to Middle or Late Barremian 
time. At this time chalk deposition and oxygenated 
conditions of deposition terminated. Instead mainly 
anoxic conditions prevailed, and the Sola Formation 
marls rich in organic matter were deposited. In Albian 
times anoxic conditions were brought to an end, and 
deposition of the occasionally reddish and decreasingly 
siliciclastic marls of the Rødby Formation terminated 
the depositional history of the Early Cretaceous. 

Together the Tuxen, Sola and Rødby Formations 
camprise a seismic sequence corresponding to sedi
ments which may attain a maximum thickness of 300 m. 
Decreasing importance of extensional faulting is re-
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flected by the much broader depocentres and minor 
thickness variations which characterize these basins. 
Major depocentres developed in the Feda and Arne
Elin Grabens and minor anes in the Gertrud and Tai! 
End Grabens and in the Salt Dorne Province. 

The areal extent of the sequence is the. greatest of all 
the Lower Cretaceous sequences, thus proving a con
tinued relative rise of sea-level. Thin sediments were 
deposited for the first time on the Gert Ridge and on 
major parts of the Heno Plateau, and the unit is be
lieved to extend into the Outer Rough Basin. In the 
Salt Dorne Province, however, its areal extent is re
stricted as a consequence of contemporaneous and lat
er inversion tectonism (Vejbæk 1986, Jensen et al. 
1986). 



Reservoir sediments 

The distribution and ages of potential reservoir bodies 
will be described in this chapter, and known reservoir 
formations will be characterized. Possible occurrences 
of further reservoir formations will be outlined on the 
basis of the sedimentary and structural evolution of the 
Central Trough. 

Five siliciclastic and ane carbonate reservoir forma
tions have been described in the Jurassic and Lower 
Cretaceous sequences in the Danish Central Trough. 
They camprise the Middle Jurassic Bryne and Lower 
Graben Sand Formations, the Upper Jurassic Heno 
and Poul Formations and the Lower Cretaceous Vyl 
and Tuxen Formations . 

Analyses of tectonic setting, provenance, deposi
tional cnvironment and diagenesis are important fac
tors for evalu ation of thc reservoir quality . Recon
struct ion of the depositional environments in the sedi
mcntary successions crcatcs the framework for 
predicting reservoir quality and distribution. However , 
corc material from the above-mentioned reservoir for
mations is vcry scarce . The Bryne Formation is repre
sented by ane cored well profile and in thc Heno For
mation on ly ane core has been taken (cf. Koch 1983, 
Frandsen 1986, Jensen et al. 1986). Detailed analysis of 
the depositional environment cannot therefore be car
ried out on released wells from the Danish sector at the 
present time. 

Johnson & Stewart (1985) presented a review of the 
clastic reservoir rocks in the North Sea , including a 
classification of the J urassic reservoir formations. The 
Danish reservoir formations will be treated similarly , 
and classificd in the following four groups: 

I) Fluvial, dcltaic and marginal marine sands . 
2) Shallow marine sands . 
3) Deeper marine sands . 
4) Pelagic carbonates. 

Fluvial, deltaic and marginal marine sands 

This group of environments is represented by the Stat
fjord Formation and the Brent Group (Johnson & 
Stewart 1985). Regionally, these units are character
ized by a parallel arrangement of major sediment bod
ies, with a wide lateral distribution of the facies succes
sions. 

The Middle Jurassic Bryne and Lower Graben Sand 

Formations occurring in the northern and southern 
parts of thc Danish sector respectively are believed to 
belong to this group of environments . Both sequences 
seem to rcpresent a transgressive development. Being 
the best documented, the Bryne Formation is inter
preted as representing development from a deltaic in
terdistributary bay environment to a coastal lagoon and 
beach barrier environment (Frandsen 1986). The ap
proximately time-equivalent Lower Graben Sand For
mation seems to represent a marginal marine envi
ronment with strong fluvial influence. 

Thcsc Middle Jurassic , coarse-grained clastic forma
tions arc cxpected to blanket the main part of the 
Danish Central Trough, except from the structural 
highs (fig. 13) . Fluvial and deltaic sediments are not 
cxpectcd to be found at any other stratigraphic level 
within thc Jurassic - Lower Cretaceous sequence. 

Bryne Formation 

The only rcleased well in the Danish sector penetrating 
the Bryne Formation is Lulu-1. The thickness of the 
formation here is 129 m, with 30 m net sand . As this 
well is drilled on a salt structure , the thickness may not 
be representative for the formation in that area , and 
greater thicknesses may be expected. 

The lithology of the main reservoir units is fine- to 
medium-grained sandstones which are occasionally 
coarse-grained. They are moderately to well sorted 
with subangular to subrounded grains. Petrographically 
it is a subarkosic sandstone with traces of mica. Dia
genctic minerals are siderite, pyrite, ankerite, micro
crystallinc fcldspar , quartz, kaolinite and mica (Lind
green 1983). 

Thc porosity is fairly high, 9-23 % , with an average 
of 20% . Thc air pcrmeability ranges from 0.1 to 921 
mD with the highest values in crevasse splay and beach 
dcposits . Thc main porosity reducing , diagenetic pro
cess is thc precipitation of ankerite which has occasion
ally led to almost totally cemented sandstone beds. The 
main pcrmeability reducing, diagenetic process is the 
growth of mica in the pore spaces (Lindgreen 1983). 

The petrography of the sandstone reveals no specific 
evidence of the source area. The mineralogical compo
sition and textures suggest erosion and redeposition of 
alder sediments which may have originated from the 
Ringkøbing-Fyn High and the Manda! High. However, 
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the model for the mid Cimmerian uplift and the sub
sequent erosion implies removal of large quantities of 
material from the study area. The sand deposited in the 
Central Trough may, therefore, have a complex origin, 
with contributions from both local and more distant 
sources. 

The lower and marginal parts of the formation are 
presumed to have been deposited in a fluvial-deltaic 
environment. Deposits of fluvial channels, distributar
ies, crevasse splays and mouth bars are the main reser
voir units (Frandsen 1986). The upper part of the for
mation is more marine influenced and beach deposits 
and barrier island sands are expected to have good 
reservoir properties here. 

The Bryne Formation is expected to be present as a 
sheet like unit in the main part of the Tail End Graben 
and probably also in the Feda Graben region (fig. 13). 
However, the reservoir potential decreases in the 
deeper parts of the grabens (Damtoft et al. 1987). 

Lower Graben Sand Formation 

The thickness of the formation in the released Danish 
wells, ranges from 24 m to 237 m. The net sand thick
ness varies from 3 m to 48 m. Ona regional scale, the 
formation tends to be thin in the western part of the 
trough, with increasing thicknesses towards the south
east and towards the Ringkøbing-Fyn High. 

The main lithology of the reservoir unit is fine
grained, moderately to well sorted sandstone, but me
dium- and even coarse-grained sandstone and gravel 
also occur. The sandstone units may be rather thick ( c. 
10 m). 

Petrographic analyses have not been carried out. The 
sandstone seems to be mineralogically mature, and it is 
mainly non-calcareous and contains coal pieces and 
pyrite. There is apparently no severe diagenetic alter
ation. 

The average log porosities range from 19% to 21 % . 
A maximum value of 30% is found. The sand present in 
the Central Trough may have a complex origin, with 
contributions from both local and more distant sources 
(see the Bryne Formation above). 

The Lower Graben Sand Formation is expected to be 
present as a sheet like unit in the southern part of the 
Central Trough, from the Dutch sector in the south into 
the southern part of the Tai! End Graben (Jensen et al. 
1986). 

Shallow marine sands 

The group of shallow marine sands is typified by the 
Fulmar, Piper and Ula Formations (Johnson & Stewart 
1985). Offshore and shoreface depositional environ
ments have been suggested by Bailey et al. (1981) and 
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Johnson et al. (1986). These shallow marine sands 
show considerable lateral continuity. 

The shallow marine sands are divided into two types. 
One type with strong tectonic influence like the Fulmar 
Formation, and one with only moderate tectonic influ
ence, like the Piper and Ula Formations (Johnson & 
Stewart 1985). 

Among the Danish siliciclastic formations only the 
Heno Formation may be of shallow marine origin. It 
probably belongs to the latter type outlined above and 
is only known with certainty from the W-1 well situated 
on the Heno Plateau east of the Mads and Inge Highs. 
It is probably also present in the Q-1 well to the north. 
Time-equivalent sandstones occur in the B-1 well south 
of the highs. Seismic features indicate the presence of 
equivalent sands north of the Q-1 well in the Gertrud 
Graben. 

Shallow marine sands may probably fringe the Inge 
and Mads Highs and the Mandal High complex, and 
they may even cover parts of the area between. The 
structural evolution of the Manda} High area created a 
hiatus ranging at least from the Middle Volgian to the 
upper Lower Cretaceous, so that erosional material 
may have been produced in the corresponding period 
in the northeastern part of the Danish Central Trough. 
Shallow marine sands may also be present locally along 
the Ringkøbing-Fyn High. 

Heno Formation 

In the W-1 well the thickness of this formation is 91 m, 
with a net sand thickness of 67 m. The structural posi
tion along a minor high may mean that significantly 
greater thicknesses are unlikely to occur. 

The Iithology of the main reservoir units is fine- to 
medium-grained, and occasionally coarse-grained, 
sandstone. Minor intercalations of moderately to 
poorly sorted sandstone with floating quartz granules 
occur. The sandstone is partly calcite cemented. Shell 
debris, glauconite and carbonized plant remains are 
present. 

Core data from the sandstone show an orthoquart
zitic sandstone, with rounded, milky granules of lithic 
quartzite (Koch 1983). Calcite cementation seems to be 
an important diagenetic process. No analysis of the 
diagenesis has been carried out. 

The average log porosity of the Heno Formation in 
the W-1 well is 11 % with a maximum of 14%. The core 
porosities and permeabilities are Iow because the core 
has been cut in the calcite cemented, fine-grained se
quence. The log porosity of the sand in the Q-1 well is 
relatively high, around 20%. 

The rounded quartz granules in a poorly sorted ma
trix indicate that the grains are recycled and that the 
source area was at least partly covered by pre-Jurassic 
sediments. The most obvious source area is the Inge 



and Mads Highs, and possibly the Mid North Sea High. 
In addition to Triassic sediments, Upper Palaeozoic 
sediments (and volcanics?) on these highs may have 
contributed source material. 

A shallow marine sand model implies that sand
stones are expected to occur along the flanks of the 
Mads and Inge Highs. 

Deeper marine sands 

This group of siliciclastic reservoir formations is typi
fied by the Brae and Magnus Formations (Johnson & 
Stewart 1985). Compared to the shallow marine sands, 
distribution of this group is more restricted, and the 
conglomerate and sand formations often interfinger 
with the organic carbon rich, Upper Jurassic or Lower 
Cretaceous clays. These density current deposits are 
probably related to the extensive fault activity during 
the Late Jurassic. Turbiditic sands may also have been 
deposited in the axial parts of the basin. 

The Poul and Vyl Formations, ofVolgian and Ryaza
nian-Valanginian ages respectively, are the only reser
voir formations known from the Danish Central Trough 
that are assumed to belong to this type of deposit. The 
two formations are known from the V-1 well drilled on 
the Poul Plateau, close to the Ringkøbing-Fyn High. 
Core samples have not been taken in these formations. 

Corresponding submarine density current deposits 
may be locally present along the Ringkøbing-Fyn High. 
The mineralogy and texture will depend on the compo
sition of the pre-Jurassic rocks on the Ringkøbing-Fyn 
High, as discussed below. Similar deposits may also be 
present in connection with the Heno Formation, along 
the eastern bounding fault zone of the Heno Plateau. 

To the north, in the Norwegian sector, the Eldfisk 
Formation, from the axial part of the Feda Graben, is 
presumed to be of turbiditic origin (Vollset & Don~ 
1984). Seismic features which may indicate the occur
rence of similar deposits in the deeper parts of the 
Danish Central Trough have been mentioned earlier in 
the present paper. Turbiditic sands may therefore be 
present in the Danish part of the Feda Graben and in 
the Tai! End Graben. Such coarse-grained clastic sedi
ments may have originated from the Mid North Sea 
High, the Inge and Mads Highs and the Manda! High. 
Redeposition from the Heno Plateau and correspond
ing areas is also possible, and it may have taken place 
during the Kimmeridgian-Volgian, when the rate of 
subsidence was greatest (see fig. 7). 

Poul Formation 

The only released well which has penetrated this for
mation is the V-1 well, situated some 5 km west of the 
main boundary fault of the Ringkøbing-Fyn High. The 

thickness here is 33 m, and the net sand thickness is 11 
m. The thickness is assumed to increase towards the 
high. 

The lithology of the reservoir unit is very fine
grained sandstone and coarse-grained, clayey siltstone, 
poorly to moderately sorted. The grains are generally 
subangular. Part of the formation is calcite-cemented. 
The sand may become coarser-grained towards the 
high. 

The sandstone is subarkosic. The quartz is clean and 
monocrystalline with parallel to weakly undulatory ex
tinction. The feldspars are albite and orthoclase, some
times developed as perthite. Other minerals are calcite, 
clays, pyrite, and glauconite. Microlignite is present. 
Some of the calcite is developed as spar and is thus 
diagenetic in origin. No proper analysis of diagenesis 
has been carried out. 

The log porosity of 29% seems high compared to 
visual estimates from sidewall cores. The clay content 
of the sandstones reduces the reservoir quality, regard
less of whether the clay has a primary or secondary 
origin. 

The Ringkøbing-Fyn High is presumed to have acted 
as a source area for the Poul Formation. The minera
logically immature nature of the sandstone may in
dicate that a crystalline basement acted as a source. 
The composition of the Ringkøbing-Fyn High is very 
poorly known. The basement, drilled in the Per-1 well 
on the high (fig. 5), has been described as a microgra
nite by Ziegler (1982). Investigations carried out by the 
Danish Geological Survey point to a source consisting 
of a brecciated and altered (metamorphosed) layered 
gabbroic intrusion. lf this is correct, the data from 
Per-1 will only provide little information about the 
entire high area. The presence of a Triassic sequence . 
below the Upper Jurassic on the Poul Plateau may 
indicate that Triassic sediments are, or have been, pre
sent on the high itself. Seismic data indicate the pres
ence of a sedimentary cover over parts of the high. 

The best reservoir facies in the density current de
posits will be sand deposited in channels. The immatur
ity of the sandstone reduces the reservoir potential. 
Improved reservoir quality could be expected where 
coarse-grained sediments overlie the basement on the 
high. 

Vyl Formation 

The only released well which has penetrated the Vyl 
Formation is V-1 where it is 43 m thick with anet sand 
thickness of 27 m. The thickness may increase towards 
the high. 

The lithology of the reservoir unit in the V-1 well is 
coarse-grained siltstone and fine-grained sandstone, 
moderately to poorly sorted due to a clay matrix, and 
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locally very calcareous. Glauconite and pyrite are pre

sent. 
The log porosity is 25% and seems high compared to 

visual estimates from sidewall cores. The clay and car
bonate contents downgrade the reservoir potential. 

The Ringkøbing-Fyn High is presumed to have acted 
as a source area for the Vyl Formation (see the Poul 

Formation). 

Pelagic carbonates 

Pelagic carbonate reservoirs are well known features of 
North Sea geology, where one of the important reser
voir rocks is the Upper Cretaceous Chalk Group. 

The Lower Cretaceous sequence of the Danish Cen
tral Trough and the adjacent areas in the German, 
British and Norwegian sectors is characterized by clay 

deposits with upwards increasing carbonate content. 
This change from clastic influx to a dominance of pe
lagic carbonate deposition may be related to rising 

sea-level during sedimentation. 
At mid Hauterivian to mid Barremian time, pelagic 

carbonates became the dominant sediment, and chalk 

of the Tuxen Formation was deposited (Jensen et al. 

1986). 
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Tuxen Formation 

This formation blankets the main part of the Central 
Trough. It consists of interbedded marlstone and chalk 
in the lower part and is terminated upwards by a thick 
chalk sequence. Only the chalk section is regarded as 
having reservoir potential. 

The porosity in the chalk is fair, with an average of 
around 20%. However, because of a clay content of 5 

to 10% permeabilities are low. It is, therefore, neces
sary to find locations where processes, which have cre
ated conditions for higher porosity and particularly per
meability, have been active. Resedimentation pro
cesses have been indicated as one of the mechanisms 

which may cause relatively better chalk reservoir qual
ities (cf. Hardman 1982, Nygaard et al. 1983). In the 
Lower Cretaceous chalk facies analyses on core sam
ples from the Adda-2, E-1 and 1-1 wells have shown the 
presence of debris flow deposits. Location of reworked 

chalk within the basin may be indicated by thickness 
variations. However, such locations have to be de

duced from well data, as the thickness of the Tuxen 
Formation generally goes below seismic resolution 
(Jensen et al. 1986). 



Concluding remarks 

The basinal analysis presented in this paper has empha
sized the sedimentary development as controlled by the 
evolution of the structural pattern during the Jurassic 
and Early Cretaceous. The general trend in the sedi
mentation is deposition of fine-grained clastic material 
from the beginning of the Early Jurassic, with increas
ing production and preservation of organic material 
during the Late Jurassic. Deposition of fine-grained 
clastic sediments continued in the Early Cretaceous, 
but in an oxygenated environment from mid Ryazanian 
time, and with decreasing clastic influx. 

This development was interrupted by various tec
tonic events creating hiati, unconformities and giving 
rise to the influx of coarse-grained deposits. 

The so-called mid Cimmerian tectonic phase with 
uplift and subsequent erosion created the basis for 
deposition of sheet-like bodies of fluvial, deltaic and 
marginal marine sands. These are likely to be found in 
the main part of the Central Trough and represent a 
regionally rather uniform depositional regime which 
prevailed during the Middle Jurassic. 

During the Late Jurassic the depositional environ
ments varied from place to place in the Danish Central 
Trough. Oxfordian to Kimmeridgian, shallow marine 
sands were deposited around the Inge and Mads Highs, 
and similar sands may be present to the north around 
the Manda! High. Density current deposits may have 
occurred in the deeper parts of the basin. 

Increasing Kimmeridgian and Volgian fault activity 
and subsidence resulted in deposition of large amounts 
of fine-grained clastic material, especially in the Tai! 
End Graben. More coarse-grained clastic sediments 
which interfinger with the basinal, marine clay se
quence was probably brought in by density currents. 
These latter deposits seem to be connected with the 
major boundary fault zone along the Ringkøbing-Fyn 
High. A similar environment of deposition may have 
prevailed along the corresponding fault zones of the 
Feda Graben, Gertrud Graben etc. This type of coarse
grained clastic deposition continued until the beginning 
of the Early Cretaceous. Turbiditic sediments were pos
sibly deposited in the axial parts of the trough, prob
ably by resedimentation from the Heno Plateau and 
from the highs to the west and north. 

The decreasing tectonic activity during the Early 
Cretaceous created the background for a more uniform 
depositional regime. Clay with an increasing amount of 
carbonate was deposited. Thus the area evolved from 
graben subsidence to regional subsidence. 

Acknowledgements 

The work forming the basis for the present paper has 
been carried out as the concluding part of a project 
study financially supported by the Ministry of Energy. 
The late Prof. Tove Birkelund and Dr. Stefan Piasecki 
have provided great help and advice during the project 
work. 

Prof. Finn Surlyk and Dr. Gunver Krarup Pedersen 
have carefully read the manuscript and suggested many 
improvements. Our heartiest thanks go to these col
leagues and the members of the project group who 
have helped to increase the quality of the paper. 

Dr. Richard Wilson is thanked for correcting the 
English manuscript. Mrs. Inge Martin-Legene, Mrs. 
Gitte Nicolaisen and Mrs. Helle Zetterwall have pro
duced the drawings, Mrs. Pia Andersen and Mrs. 
Dorthe Plougmann typed the manuscript. 

43 



References 

Andersen, C.; Olsen, J.C.; Michelsen, 0. & Nygaard, E., 1982: 
Structural outline and development. In: Michelsen, 0. (ed.): Geo
logy of the Danish Central Graben. Danm. geol. Unders., Ser. B, 
8, pp. 9-26. 

Bailey, C.C., Price, I. & Spencer, A.M., 1981: The Ula oil field, 
block 7/12, Norway. In: Norwegian Symposium on Exploration 
(NSE-81). Norsk Petroleumsforening, Bergen, pp. 1-21. 

Bertelsen, F., 1980: Lithostratigraphy and depositional history of the 
Danish Triassic. Danm. geol. Unders., Ser. B, 4, 60 pp. 

Birkelund, T., Clausen, C.K., Hansen, H.N. & Holm, L., 1983: The 
Hectoroceras kochi Zone (Ryazanian) in the North Sea Central 
Graben and remarks on the Late Cimmerian Unconformity. 
Danm. geol. Unders., Årbog 1982, pp. 53-72. 

Bjørlykke, K., Dypvik, H. & Finstad, K.G., 1975: The Kimme
ridgian shale, its composition and radioactivity. In: Finstad, K.G. 
& Selley, R.C. (eds.): Jurassic Northern North Sea Symposium 
1975. Norw. Petr. Soc., Stavanger, pp. 12: 1-20. 

Damtoft, K., Andersen, C. & Thomsen, E., 1987: Prospectivity and 
hydrocarbon plays of the Danish Central Trough. Proceedings 
from the 3rd Conference on Petroleum Geology of NW-Europe. 
Graham & Trodman, London, (in press). 

Eynon, G., 1981: Basin Development and Sedimentation in the 
Middle Jurassic of the Northern North Sea. In: Illing, L.V. & 
Hobson, G.D. (eds.): Petroleum Geology of the Continental Shelf 
of North-west Europe. Inst. of Petroleum, London, pp. 196-204. 

Frandsen, N., 1986: Middle Jurassic deltaic and coastal deposits in 
the Lulu-I well of the Danish Central Trough. Danm. geol. Un
ders., Ser. A, 9, 23 pp. 

Frandsen, N., Hoelstad, T. & Mikkelsen, N., 1985: Middle Jurassic 
of the Danish Central Graben. In: Michelsen, 0. (ed.): Sympo
sium on Jurassic-Lower Cretaceous of the Central Graben, No
vember 1984. Danm. geol. Unders., Internat rep. no. 6, pp. 6-19. 

Gallois, R.W., 1976: Coccolith blooms in the Kimmeridge Clay and 
origin of North Sea Oil. Nature, 259, pp. 473-475. 

Gowers, M.B. & Sæbøe, A., 1985: On the structural evolution ofthe 
Central Trough in the Norwegian and Danish sectors of the North 
Sea. Marine and Petroleum Geology, 2, pp. 298--318. 

Hallam, A., 1978: Eustatic cycles in the Jurassic. Palaeogeography, 
Palaeoclimatology, Palaeoecology, 23, pp. 1-32. 

Hallam, A., 1981: A revised sea-level curve for the early Jurassic. J. 
geol. Soc. London, 138, pp. 735-743. 

Hallam, A., 1984: Pre-Quaternary sea-level changes. Ann. Rev. 
Earth Planet. Sci., 1984, 12, pp. 205-243. 

Hansen, J.M. & Buch, A., 1982: Early Cretaceous. In: Michelsen, 
0. (ed.): Geology of the Danish Central Graben. Danm. geol. 
Unders., Ser. B, 8, pp. 45-49. 

Hansen, J.M. & Mikkelsen, N., 1983: Hydrocarbon geological as
pects of subsidence curves; interpretations based on released wells 
in the Danish Central Graben. Bull. geol. Soc. Denmark, 31, pp. 
159-169. 

Hardmann, R.F.P., 1982: Chalk reservoirs of the North Sea. Bull. 
geol. Soc. Denmark, 30, pp. 119-137. 

Heilmann-Clausen, C., 1987: Lower Cretaceous dinoflagellate bio
stratigraphy in the Danish Central Trough. Danm. geol. Unders., 
Ser. A, 17 (in press). 

Hesjedal, A. & Hamar, G.P., 1983: Lower Cretaceous stratigraphy 
and tectonics of the south-southeastern Norwegian offshore. In: 
Kaasschieter, J.P.H. & Reijers, T.J.A. (eds.): Petroleum Geology 
of the southeastern North Sea and the adjacent onshore areas. 
Geol. Mijnbouw 62, pp. 135-144. 

Hoelstad, T., 1986a: Palynology of the Middle Jurassic Lower Gra
ben Sand Formation of the U-1 well, Danish Central Trough. 
Danm. geol. Unders., Ser. A, 14, 25 pp. 

44 

Hoelstad, T., 1986b: Palynology and palynofacies analyses of the 
Middle Jurassic to Lower Cretaceous in the Danish Central 
Trough. Danm. geol. Unders., Internat rep. 

Holm, L., 1983: Subsidence history of the Jurassic sequence in the 
Danish Central Graben. Danm. geol. Unders., Årbog 1982, pp. 
39-51. 

Irwin, H., 1980: Early diagenetic carbonate precipitation and pore 
fluid migration in the Kimmeridge Clay of Dorset, England. Sedi
mentology, 27, pp. 577-591. 

Jensen, T.F. & Buchardt, B., 1987: Sedimentology and geochemistry 
of the organic carbon rich Lower Cretaceous Sola Formation (Bar
remian-Albian), Danish North Sea. Proceedings from the 3rd Con
ference on Petroleum Geology on NW-Europe. Graham & Trod
man, London, (in press). 

Jensen, T.F., Holm. L., Frandsen, N. & Michelsen, 0., 1986: Juras
sic-Lower Cretaceous lithostratigraphic nomenclature for the Dan
ish Central Trough. Danm. geol. Unders., Ser. A, 12, 65 pp. 

Johnson, H. D., Mackay, T.A. & Stewart, D.J., 1986: The Fulmar 
Oil-field (Central North Sea): Geological aspects of its discovery, 
appraisal and development. Marine and Petroleum Geology, 3, 
pp. 99-125. 

Johnson, H.D. & Steward, D.J., 1985: The role of clastic sedi
mentology in the exploration and production of oil and gas in the 
North Sea. In: Brenchley, P.J. & Williams, B.P.J. (eds.): Sedi
mentology: Recent developments and applied aspects. Blackwells 
Scientific Publications, Oxford, pp. 249-310. 

Kemper, E. & Zimmerle, W., 1978: Die anoxischen Sedimente der 
praeoberaptischen Unterkreide NW-Deutschlands und ihr palaeo
geographischer Rahmen. Geol. Jb., Rh. A, 45, pp. 3-41. 

Kemper, E. & Zimmerle, W., 1982: Das Ablagerungsmilieu zur Zeit 
des spiiten Apt und friihen Alb im Niedersiichsischen Becken. 
Geol. Jb.,Rh. A, 65, pp. 655-680. 

Kent, D.V. & Gradstein, F.M., 1985: A Cretaceous and Jurassic 
geochronology. Geol. Soc. Am. Bull., 96, pp. 1419-1427. 

Koch, J.-O., 1983: Sedimentology of Middle and Upper Jurassic 
sandstone reservoirs of Den mark. In: Kaasschieter, J .P.H. & Reij
ers, T.J.A. (eds.): Petroleum geology of the southeastern North 
Sea and the adjacent onshore areas. Geol. Mijnbouw, 62, pp. 
115-129. 

Koch, J.-O., Holm, L. & Michelsen, 0., 1982: Jurassic. In: Michel
sen, 0. (ed.): Geology ofthe Danish Central Graben. Danm. geol. 
Unders., Ser. B, 8, pp. 37-45. 

Lindgreen, H., 1983: Mineralogical Investigation of the Jurassic 
Sandstone Reservoir of Lulu-1. Danm. geol. Unders., Internat 
rep. 

Lindgreen, H., Thomsen, E. & Wrang, P., 1982: Source rocks. In: 
Michelsen, 0. (ed.): Geology of the Danish Central Graben. 
Danm. geol. Unders., Ser. B, 8, pp. 73-86. 

Michelsen, 0., 1978a: The Lower Jurassic of the Dansk Nordsø 0-1 
boring, Central Trough. Danm. geol. Unders., Årbog 1977, pp. 
77-87. 

Michelsen, 0., 1978b: Stratigraphy and distribution of Jurassic de
posits of the Norwegian-Danish Basin. Danm. geol. Unders., Ser. 
B, 2, 35 pp. 

Michelsen, 0. (ed.), 1982: Geology of the Danish Central Graben. 
Danm. geol. Unders., Ser. B, 8, pp. 73-86. 

Michelsen, 0. & Andersen, C., 1983: Mesozoic structural and sedi
mentary development of the Danish Central Graben. In: Kaass
chieter, J.P.H. & Reijers, T.J.A. (eds.): Petroleum geology of the 
southeastern North Sea and the adjacent onshore areas. Geol. 
Mijnbouw, 62, pp. 93-102. 

Michelsen, 0., Holm. L. & Frandsen, N., 1984: Stratigraphy of the 
Danish Jurassic sequence. Internation. Symp. Jur. Strat., Erlan
gen, pp. 755-766. 



Møller, J.J., 1986: Seismic structural mapping of the Middle and 
Upper Jurassic in the Danish Central Trough. Danm. geol. Un
ders., Ser. A, 13, 37 pp. 

NAM & RGD (Nederlandse Aardolie Maatschappij B.V. & Rijks 
Geologische Dienst), 1980: Stratigraphic nomenclature of the 
Netherlands. Verh. Koninkl. Nederl. Geo!. Mijnbouwkund. Ge
nootsch., 32, 77 pp. 

Nygaard, E., Lieberkind, K. & Frykman, P., 1983: Sedimentology 
and reservoir parameters of the Chalk Group in the Danish Cen
tral Grabcn. In: Kaassrhieter, J.P.H. & Reijers, T.J.A. (eds.): 
Petroleum geology of the southeastern North Sea and the adjacent 
onshore areas. Geo!. Mijnbouw, 62, pp. 177-190. 

Poulsen, N., 1986: Callovian-Volgian dinocyst-stratigraphy of the 
Central Trough in the Danish North Sea area. Bull. geol. Soc. 
Denmark, 35, 10 pp. 

Poulsen, N., 1987: Callovian (Jurassic) to Ryazanian (Cretaceous) 
dinoflagellate biostratigraphy of the Danish Central Trough. 
Danm. geol. Unders., Ser. A, (in prep.). 

Rasmussen, L.B., 1974: Some geological results from the first five 
Danish exploration wells in the North Sea. Danm. geol. Unders., 
lII rk., 42, 46 pp. 

Rasmussen, L.B., 1978: Geological aspects of the Danish North Sea 
sector. Danm. geol. Unders., III rk., 44, 85 pp. 

Rawson, P.F. & Riley, L.A., 1982: Latest Jurassic-Early Cretaceous 
events and the Late Cimmerian Unconformity in the North Sea 
area. AAPG Bul!., 66, pp. 2628-2648. 

Rhys, G.H. (compiler), 1974: A proposed standard Iithostratigraphic 
nomenclaturc for the southern North Sea and an outline structural 
nomenclature for the whole of the (UK) North Sea. Rep. Inst. 
Geo!. Sci., 74/8, 14 pp. 

Ryan, W.B.F. & Cita, M.B., 1977: Ignorance concerning episodes of 
ocean-wide stagnation. Marine Geology, 23, pp. 197-215. 

Schlanger, S.O. & Jenkyns, H.C., 1976: Cretaceous anoxic events: 
Causes and consequences. Geo!. Mijnbouw, 55 (3-4), pp. 179-184. 

Stow, D.A.V., Howell, D.G. & Nelson, C.H., 1984: Sedimentary, 
tectonic, and sea-Ievel controls on submarine fan and slope apron 
turbidite systems. Geo-Marine Letters, 3, pp. 57--64. 

Thomsen, E., 1987: Lower Cretaceous calcareous nannofossil bio
stratigraphy in the Danish Central Trough. Danm. geol. Unders., 
Ser. A, 20 (in prep.). 

Thomsen, E., Lindgreen, H. & Wrang, P., 1983: Investigation on the 
source rock potential of Denmark. In: Kaasschieter, J.P.H. & 
Reijers, T.J.A. (eds.): Petroleum geology of the southeastern 
North Sea and the adjacent onshore areas. Geo!. Mijnbouw, 62, 
pp. 221-239. 

Tyson, R.V., Wilson, R.C.L. & Downie, C., 1979: A stratified water 
column environmental model for the type Kimmeridge Clay. Na
ture, 277, pp. 377-380. 

Vail, P.R. & Todd, R.G., 1981: Northern North Sea Jurassic Uncon
formities, Chronostratigraphy and Sea-level Changes from Seismic 
Stratigraphy. In: Illing, L.V. & Hobson, G.D. (eds.): Petroleum 
Geology of the Continental Shelf of North-west Europe. Inst. of 
Petroleum, London, pp. 216--235. 

Vej bæk, 0. V., 1986: Seismic stratigraphy of the Lower Cretaceous in 
the Danish Central Trough. Danm. geol. Unders., Ser. A, 11, 46 
pp. 

Vollset, J. & Dore, A.G. (eds.), 1984: A revised Triassic and Jurassic 
lithostratigraphic nomenclature for the Norwegian North Sea. 
NPD Bull. 3, Stavanger, 53 pp. 

Ziegler, P.A., 1982: Geological Atlas of Western and Central Eu
rope. Elsevier Scientific Publishing Company, Amsterdam. 130 
pp. 

Østfeldt, P., 1987: Oil source rock correlation in the Danish North 
Sea. Proceedings from the 3rd Conference on Petroleum Geology 
of NW-Europe. Graham & Trodman, London (in press). 

45 



ISBN 87-421-0745-3 
ISSN 0901-0270 


	33_0001.JPG
	33_0002.tif
	33_0003.tif
	33_0004.tif
	33_0005.tif
	33_0006.tif
	33_0007.tif
	33_0008.tif
	33_0009.tif
	33_0010.tif
	33_0011.tif
	33_0012.tif
	33_0013.tif
	33_0014.tif
	33_0015.tif
	33_0016.tif
	33_0017.tif
	33_0018.tif
	33_0019.tif
	33_0020.tif
	33_0021.tif
	33_0022.tif
	33_0023.tif
	33_0024.tif
	33_0025.tif
	33_0026.tif
	33_0027.tif
	33_0030.tif
	33_0031.tif
	33_0032.tif
	33_0033.tif
	33_0034.tif
	33_0035.tif
	33_0036.tif
	33_0037.tif
	33_0038.tif
	33_0039.tif
	33_0040.tif
	33_0041.tif
	33_0042.tif
	33_0043.tif
	33_0044.tif
	33_0045.tif
	33_0046.tif
	33_0047.tif
	33_0048.tif
	33_0049.tif
	33_0050.tif
	33_0051.tif
	33_0052.tif
	33_0053.tif



