








metric data provided by the Royal Danish
Administration of Navigation and Hydro-
graphy shows the preserved imprint of a
drowned spit system developed at the mou-
th of two incised palaeo-Great Belt river
channels that drained into the former Kat-
tegat (Figure 24).

From the collected data, it is possible to
reconstruct the geological evolution of the
transgressive coastal system. At the initial
stage, sand-gravel deposition characterised
the transgressive beach setting developed at
present water depths of 30-35 m (Figure 25
profile A). In the course of time, protective
sandy spits gradually developed in front of
the river mouths; leeward of the spits, lami-
nated silt-clay was deposited (Figure 25 pro-
file B).The system was fully developed when
about 10,500 years ago the transgression
had reached a level of about 28 m below
present sea-level. At that time, as the north-
easternmost spit had reached a length of
more than 10 km, the system had turned in-
to a barrier protecting a large back-barrier,
clay-silt sedimentation basin (Figure 25 pro-
file B and Figure 26).

Continuous transgression gradually cau-

sed back-stepping of the barriers and as the
transgression level reached about 24 m bel-
ow present sea level, the whole system was
drowned.After this, about 9,500 years ago,

new, shallower spit systems were formed
further south (Figure 25 profile C and Figu-
re 27).

The depositional environment described
above comprises a system with an initial
estuary phase with the rivers flowing straight
into the open sea.The river mouth gradual-
ly became more protected by the growing
spit, which eventually resulted in the forma-
tion of a barrier, after which the whole sy-
stem probably changed to be a barrier lago-
on system.Sediment data from the collected
vibrocores show finely laminated clay – silt
back-barrier sediments that reflect low-
energy hydrodynamic conditions with limit-
ed fluvial influence and no indications of ti-
dal action.

Studies of plant and animal macrofossils
show that the lagoon sediments contain a
mixture of marine, brackish, lake, telmatic
and onshore species, and analyses of forami-
nifers indicate shallow-water marine envi-
ronments with a large variation in tempera-
ture and salinity, influenced by freshwater.

The mixture of different biotops repre-
sented by the fossils can be explained in va-
rious ways.The  terrestrial species of which
remains were found obviously did not live in
the lagoon; these remains were blown out
into the lagoon or carried by currents.The
telmatic plant species could have grown along

G
E

O
L

O
G

I
N

Y
T

F
R

A
G

E
U

S
 

4
/

0
2

15

B A L K A T

26

27

28

29

m b.s.l

C
la

y

s
il
t

s
a
n
d

m b.s.l      Meters below sea level

9,0 ka BP
10,2 cal ka BP

9,2 ka BP
10,3 cal ka BP

-20 m

-30 m

-40 m

Lithology

Sand

Silt

Clay

Gytja

Structures

No Structures

Weakly laminated

Laminated

S N

500 m

Figure 22. Sediment echo sounder profile show-
ing the cross-section of an infilled channel in the
threshold area with the location of vibrocore
222620. The sedimentological log is shown as
well.
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Figure 23. Overview map of the south-western part of the Kattegat showing the location of the investigated
area, coring sites and cross-section.



the shores of the lagoon, along rivers and
streams that entered the lagoon,or along the
shores of lakes in the catchment area.The la-
custrine species might have lived within the
lagoon during periods when the water was
very diluted, or they could have been carri-
ed into the lagoon from the catchment area.
Many of the species classified as lacustrine
can tolerate slightly brackish water.The ma-
rine species, on the other hand, might have
lived within the lagoon during periods when
the water was brackish or saline,or they co-
uld have been washed into the lagoon during
storms, especially during periods of
northerly winds that would lead to wind set
up.

Apart from a detailed reconstruction of
the more local transgressive estuary to bar-
rier lagoonal system, vital information about
the Baltic Sea Ancylus Lake phase is provi-
ded.The maximum highstand level of the An-
cylus Lake in the south-western Baltic Sea is
dated at around 10,200 years ago corre-
sponding to the dating of the lagoonal sedi-
ments described above. Earlier studies from

the Baltic Sea show that the Ancylus Lake le-
vel dropped about 9 m around 10,000 years
ago, which is normally explained by a cata-
strophic event as discussed in the section on
the Langeland Belt threshold.The low-energy
lagoonal sediment environment in the Kat-
tegat is clearly not compatible with in favour
of the catastrophic Dana River drainage con-
cept. In contrast, it confirms the conclusion
drawn from the observations made at the
Langeland Belt threshold viz. that another
drainage pathway must have existed.

Project facts and numbers
Since the start of the marine geological col-
laboration between DGU and IOW in
1989, a very large database has been gene-
rated and interpreted. For the most part,
the results of this work have been reported
in marine geological maps, scientific jour-
nals and proceedings as well as in more po-
pular publications, both nationally and in-
ternationally.Moreover,numerous contribu-
tions have been made in the form of po-
sters and lectures at international confe-

rences. In the following, a short summary is
presented in the form of a series of facts
and numbers relating to the joint work of
the past 12 years.

During the 17 cruises conducted within
the framework of the project, more than
7000 km of seismic profiling data were col-
lected, and about 350 vibrocores with a
length of up to 6 m were retrieved. From
the total of about 1500 m sediment core, c.
7000 samples were taken for grain size ana-
lysis, whereas about 2000 samples were ta-
ken for diatom analysis and a similar num-
ber for the study of macrofossils.Normally,
for these analyses at least 400 fossil speci-
mens per sample are identified and coun-
ted, i.e. for each fossil type a minimum of
80000 specimen have been identified so far.

A rough estimate shows that about 20
tons of sediment have been collected from
the seabed, of which 3.5 tons of sub-sam-
ples were taken home  in order to be pro-
cessed and analysed in the laboratory.

BALKAT data have been presented at
more than 25 conferences, in the form ofG
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Figure 24. Detailed bathymetric map showing a drowned palaeosystem. It consists of a spit system at the entrance to two incised palaeo-Great 
Belt channels, which drained into the Kattegat. Coring sites and cross-sections are marked.



oral presentations (18) and posters (8). In
addition, some 25 presentations have been
made in the form of contributions to in-
ternational and national scientific journals
(see list of selected papers). Moreover, in
the course of the project, 5 different maps
with seabed information from the BALKAT
study area have been produced.

Despite the  low budget appearing from
the (computerized) GEUS project admini-
stration, the real project costs must not be
underestimated, since the use of the IOW
research vessels  alone in the course of the
past 12 years has resulted in costs for ship
time amounting to about 12 million DKR.
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Figure 26. Palaeogeographical map showing the
estuary entrance when the transgression level was
about 28 m below present sea level at about
10,500 years before present.

Figure 27. Palaeogeographical map showing the spit
complex developed when the transgression level was
about 24 m below present sea level.At that time the
first coastal system was drowned and the coastal
barrier system had “stepped” backwards in a sou-
therly direction.

Figure 25.The early Holocene transgressive evoluti-
on in the south-western part of Kattegat illustrated
by 3 idealised profiles.A: Initially sand and gravel se-
diments dominated the transgressive coastal sy-
stem.B:Gradually protective sand spits developed in
front of the river mouths and on the lee side of the
spits, laminated silt and clay was deposited. At that
time (10,500 years before present) the transgressi-
on level had reached a level of 28 m below present
sea level. C:When the transgression level reached
24 m be-low present sea level, the entire system
drowned and a new spit complex developed in the
coastal zone further south.
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Interest in the seabed has
increased strongly during the

past few generations, this can be attri-
buted to increased human activity at
sea, expanding mainly from fishery in
the past to include now the installation
of cables,windmill parks, sand and gravel
exploration and extraction, oil and gas
drilling rigs and pipelines, shipping traf-
fic lanes, marine fish farming etc.
These  activities impose restraints on
increasingly larger parts of the seabed
and in connection with increased con-
cern about the marine environment,
the need for marine management has
been growing.
On the basis of the fact that marine raw
materials such as sand and gravel are
natural seabed resources with a limited
distribution and volume, GEUS and the
Forest and Nature Agency have used
GIS for mapping the volumes of the
raw material resources, their location
and composition, as well as to what ex-
tent the resources have been exploited
with a special reference to the environ-
mental assessment of this exploitation.
An inventory of sand and gravel re-
sources designated for exploitation has
been made, based on marine geological
investigations, in large part originating
from the BALKAT project.
Understanding the geological develop-
ment of the western part of the Baltic
and the southern part of the Kattegat
has thus resulted in tracing a number of
drowned beaches and other high-energy
sedimentary settings which represent
potential sand and gravel resources.
The future assessment of all human sea-
bed activities can also be concluded to
be based on marine geological informa-
tion,which will be required in an increa-
singly more detailed form.

Seabed geology is a subject
under growing focus,as it has beco-

me evident for society that the seafloor
sediments are more than just the physical
bottom of the sea.The opposite is true,
i.e. the seabed

forms a habitat for the food supply of
fish and seabirds, whereas at the same ti-
me it represents a depot centre for all,
also man-made, matter discharged via
streams and rivers as well as airborne-ma-
terial. Accumulation on the seafloor is,
however, far from regular or evenly distri-
buted, and depends strongly on the hy-
drographic conditions and sedimentary
development in various parts of the area.
Apart from scientific aspects,marine geo-
logical investigations are thus crucial for
being able to make an environmental as-
sessment, since the sediment type and
morphology of the seabed characterise
the present sedimentary environment, i.e.
erosional conditions,sediment bypass and
resuspension potential,or sediment accu-
mulation. Moreover, these data are also
important for describing potential habi-
tats in relation to presently active sedi-
mentary environments or fossil deposits.
Apart from providing information on the
actual contamination level, the seafloor
sediments can produce a shorter or lon-
ger record of man-made contamination
of the marine environment when compa-
red with deeper sub-surface levels of se-
diment deposited before the onset of hu-
man activities.

The studies of the BALKAT project
have generated data and information
about the geological development of the
Baltic Sea since the last ice age,which to a
high degree can be considered to provide
basic input for environmental investigati-
ons and the general mapping of seabed se-
diment types, especially for the producti-
on of marine sediment maps. A future task
will be to refine the sediment maps by ad-
ding the results from more detailed inves-
tigations,and to introduce information on
the areal distribution of various habitats
which indirectly shows the marine food
supply potential.

Marine geological investi-
gations represent a multi-discipli-

nary research field, since the seabed se-
dimentary and environmental history
can only be reconstructed with the help
of the integrated information from seis-
mic, sedimentological, biostratigraphic,
and AMS C-14 data.The need for rese-
arch vessel facilities and time further im-
plies that marine geological investigati-
ons represent a branch of science that is
very expensive.

Realising this, in the BALKAT project
we have joined forces in the south-
western part of the Baltic,where GEUS,
the “Institute für Ostseeforschung“ (IOW)
in Warnemünde, the Institute of Marine
Sciences of Szczecin University, and the
AMS C-14 dating laboratory of Aarhus
University have established a joint project
to investigate the geological development
since the last ice age in the area of the
Baltic Sea west of Bornholm and the Da-
nish Straits, i.e. the connection between
the Baltic Sea and the world ocean. Ba-
sed on the data collected, the geological
environment has been reconstructed,
the outline of former coastlines deter-
mined and the possible implications for
the development of fauna and flora, cli-
mate, environment and cultural history
of the Baltic Sea region have been eluci-
dated.

Through a larger number of publica-
tions, the BALKAT project has contri-
buted to an improved understanding of
the regional geological development of
the south-western Baltic Sea with re-
spect to the sedimentary conditions and
water level fluctuations that occurred in
the course of the various postglacial la-
ke stages (Baltic Ice Lake,Ancylus Lake)
as well as during the Littorina Transgres-
sion.The future studies of the Baltic Sea
will, include detailed investigations of the
pathways of the Littorina Transgression
through the Danish Straits to-wards the
Baltic proper.This implies that the multi-
disciplinary approach will be extended
and also that marine archaeology will be
included in the project, since this disci-
pline can contribute with highly relevant
information for the period under focus.
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GEUS has issued the yearly report on
groundwater:

“Grundvandsovervågning 2002”

The report describes the results from
the groundwater monitoring programme
initiated in 1987, i.e. the effect of the ef-
forts to reduce pollution of the ground-
water. It can be expected that the effect
will only be slowly  registered, for instan-
ce the nitrate pollution since most of the 

groundwater was formed before 1987.
Also pesticides and their reduction pro-
ducts are monitored in water from water-
works. Borings of these are still polluted
from pesticides from 30% of the borings
tested and in 8%, the upper limits of
content have been passed.
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