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Overview

The rates of sediment input to the 
North Sea and the Norwegian Shelf 
from western Scandinavia varied sig-
ni�cantly during the Cenozoic.  
Whether this was caused by tectonic 
uplift or variations of climate change 
has been discussed for decades.
Here we present two-way-time thick-
ness maps of �ve Cenozoic units based 
on interpretation of 2D seismic and 
borehole data and their accumulation 
rates. The time span of these units is 
shown on the lithostratigraphic 
scheme in the bottom section of the 
poster. 
The accumulation rates vary signi�-
cantly between the three mapped 
areas - Southern North Sea (Danish 
and Dutch sectors), Central and North-
ern North Sea (Norwegian sector up to 
62 deg. N) an in the Norwegian shelf 
(Norwegian sector north from the 62 
deg. N). The variations are shown on 
the series of plots on the �gure below 
(in milliseconds two-way-time). How-
ever, they all have the same striking 
feature - a robust increase of sediment 
accumulation rate of the youngest 
unit. It is represented by glacigenic, 
glaci-marine and marine sediments of 
the Naust Formation in the Norwegian 
shelf and its time-corresponding units 
in the North Sea Basin. The accumula-
tion rates of older units are few times 
smaller.

Methods

Seismic interpretation across such a 
large area with di�erent tectonic his-
tory, lithological subdivision and vary-
ing stratigraphic control in wells must 
create uncertainty on all the input pa-
rameters for the calculation of the ac-
cumulation rates which we did not ac-
count for yet. However, this is planned. 
Di�erent uncertainties to input param-
eters are to be assigned (like mapped 
thickness, age, seismic velocity and de-
compacted thickness) which will allow 
to treat the data more realistically and 
give a better input for the values of ac-
cumulation rates. Still, we think the 
work presented here is a good �rst-
step approximation and the trends in 
Cenozoic accumulation rates should 
not change signi�cantly.  

Comments to the isopach maps

Presented thickness maps are in milli-
seconds two-way-time. Seismic veloci-
ties of Cenozoic sediments are com-
monly around 2000m/s which allows 
for reading of the two-way-time 
isopach maps in as thicknesses in 
meters. One common colorbar is ap-
plied to all the maps and the color 
scale spans from 0 to 1800 millisec-
onds. 

Comment to the
 lithostratigraphic scheme

Although the correlation of particular 
lithostratigraphic units across such vast 
area will create several discrepancies, 
the scheme gives the reader a general 
overview of Cenozoic formations and 
members and shows the intervals that 
are covered by particular two-way-time 
thickness maps. The grey bars symbolise 
age uncertainty. The areal span of par-
ticular sedimentary units and hiatuses 
should be understood only qualitatively. 
The lithostratigraphic scheme is a com-
pilation of existing publications. The 
oxygen isotope curve is redrawn from 
Zachos et al. (2001) and the timing of 
tectonic episodes and stress regimes are 
based on compilations in Nielsen et al. 
(2007) and Doré et al. (2008).

Paleocene  For the Paleocene 
and earliest Eocene deposits, 
which in several locations exhibit 
very high sedimentation rates, 
there is little doubt that tectonism 
must have stimulated sediment 
production. Faulting and doming 
taking place due to the opening of 
the North Atlantic during 
Paleocene/earliest Eocene en-
abled fault controlled or thermally 
uplifted areas to be exposed to 
erosion, explaining hiatuses of this 
age reported in many exploration 
wells. Finally, the large thicknesses 
of Paleocene deposits (submarine 
fans, deposits in the vicinity of the 
Møre-Trøndelag Fault Zone, sedi-
mentary wedges off the Norwe-
gian fjords) could be explained by 
tectonic activity in the area associ-
ated with the North Atlantic open-
ing. Generally, the tectonic influ-
ence on the Paleocene deposits 
along the west coast of Norway 
has been suggested to be indica-
tive of a rapid tectonic uplift at 
that time. However, we suggest 
that less dramatic tectonic distur-
bances could explain the observed 
sedimentary response, e.g. co-
seismic shaking which could have 
been responsible for mobilisation 
of bedrock material from catch-
ment hill slopes. 

Eocene The Eocene deposits on 
the Norwegian shelf and in the 
North Sea clearly corroborate how 
the western sediment sources 
(northern British Isles and the 
Faeroe-Shetland platform) re-
mained important while at the 
same time the Scandinavian main-
land became less productive. 
Large thicknesses of Eocene de-
posits in the Dutch sector are a 
result of a large drainage area 
(central Europe). The total Eocene 
accumulation rates presented on 
the blue graph have a major con-
tribution from this area and show 
an increase when comparing to 
the Paleocene period. However, 
the accumulation rates offshore 
the coast of Norway are lower. We 
suggest that this decline in Scandi-
navian sediment production rate 
was caused by the decline in tec-
tonic activity, combined with the 
warm climates. During the sub-
tropical to tropical climates of the 
late Cretaceous through Paleo-
cene and into the Eocene it is 
likely that the vegetation cover 
was very extensive, little bedrock 
was exposed and there were 
well-developed soils.

Oligocene to mid Miocene 
Warm climates came to a termina-
tion on the Eocene-Oligocene 
greenhouse-icehouse transition, 
which is well documented in the 
oxygene isotope record and in the 
abrupt change in palynological as-
semblages recovered from the 
ODP surveys located in the 
Greenland-Norwegian Sea. At this 
time the sediment yield of the 
Scandinavian shield increased re-
sulting in a more than 1000 m 
thick prograding wedge in the 
Eastern North Sea. We explain this 
rise in accumulation rates in the 
North Sea by increase of the rela-
tive importance of glacial and 
periglacial erosion processes in 
the inner highlands of western 
Scandinavia by lowering the snow-
line and the glacier equilibrium 
line altitude (ELA) due to signifi-
cant climate cooling at the 
Eocene-Oligocene boundary. In 
the Norwegian shelf Oligocene 
and Early Miocene sediments are 
commonly missing, most probably 
due to submarine erosion and low 
sediment production due to small 
drainage areas as long-term hia-
tuses are recorded in many explo-
ration wells and therefore the ac-
cumulation rates of this unit in the 
northern part of the study area 
are very low.

Mid Miocene to early Early Plio-
cene The so-called ‘mid-Miocene 
unconformity’ marks a distinct 
change in depositional patterns in 
this large study area. The distinct 
deltaic sediments of the Molo For-
mation deposited along the mid-
Norwegian coast commonly are 
explained as the result of in-
creased erosion rates due to relief 
rejuvenation in Scandinavia, 
coupled with the development of 
compressional structures in the 
Norwegian shelf. However, the 
main phase of activity of the ma-
jority of these structures ceased 
before this time in Early Miocene 
and, furthermore, the stress con-
ditions would not suffice to cause 
deflection of lithosphere and de-
velopment of new topography. We 
therefore suggest that an increase 
of erosion rates caused by the es-
tablished long-term climate dete-
rioration would be a better expla-
nation for the increased accumu-
lation rates which is also observed 
basinwards in the Norwegian shelf 
(the Kai Formation) and in the 
southern North Sea where the Eri-
danos deltaic complex had its 
onset of deposition and at that 
time the Scandinavian peninsula 
was the main sediment source for 
this unit. 

Late Early Pliocene to Holocene 
During the last 4 Ma accumulation 
rates in the whole study area 
boosted significantly, nearly by an 
order of magnitude. Such rapid in-
crease during last few million 
years is also observed in other 
basins worldwide and therefore is 
not surprising. Most commonly 
the climate is given the para-
mount influence. However, the in-
creased sediment production from 
Western Scandinavia has also 
been given a tectonic cause. We 
do not share this view and claim 
that the increase in sediment yield 
during the Plio-Pleistocene time is 
solely a result of colder climate 
with more abundant Alpine-type 
erosion and increased seasonality.
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