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Recent Danish seismological projects involving neotectonic
investigations and structural studies have determined the
edge of the Baltic Shield underlying Denmark. The most
active earthquake zones in Denmark are located in north-
western Jylland and adjoining offshore areas, and in the
region around Kattegat, Øresund and north-east Sjælland
(Fig. 1). This pattern was originally recognised by Lehmann
(1956) and has been confirmed by several later studies, e.g.
Gregersen et al. (1998). Recent, more detailed investigations
have documented that changes in the pattern of earthquake
activity have occurred within a short time span. The most pro-
nounced example of change – possibly related to exploitation
of hydrocarbons – is an activity recorded in the Central Gra-
ben area of the North Sea that was first documented by Gre-
gersen et al. (1998).

The south-western margin of the Precambrian Baltic Shield
separates areas of different earthquake activity (Fig. 1; Gre-
gersen et al. 1991). Although lithospheric stresses are more or

less uniform in northern Europe, there are pronounced dif-
ferences in the behaviour of the lithosphere across Denmark.
The north-eastern area underlain by the Baltic Shield experi-
ences brittle failure as recorded by common earthquakes,
whereas earthquakes are virtually absent in the region south-
west of the shield (Fig. 1). 

The margin of the Baltic Shield as defined by earthquake
activity is not identical with that distinguished structurally in
sedimentary studies (EUGENO-S Working Group 1988; Vej-
bæk & Britze 1994), in crustal studies (Abramovitz & Thybo
2000), or by recent studies of the structure of the subcrustal
lithosphere (Gregersen et al. 2002; Shomali et al. 2002). The
physical edge of the Baltic Shield cannot be uniquely deter-
mined on the basis of seismological studies.

The earthquakes recorded, although of low magnitude, do
give information about the released stresses. The earthquakes
seem to be a response to a dominant NW–SE compression,
also apparent elsewhere in Scandinavia and northern Europe
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(Slunga et al. 1984; Slunga 1989; Gregersen 1992; Müller et
al. 1992). These stresses are part of the large-scale stress sy-
stems associated with continued plate motion pattern
(Gregersen & Basham 1989; Zoback et al. 1989). In contrast
to present low-magnitude earthquakes, postglacial sediments
in northern Scandinavia have preserved features interpreted
as caused by earthquakes of magnitudes around 7; these ma-
jor, c. 9000 years old earthquakes are believed to be related to
the post-glacial uplift of Scandinavia (e.g. Arvidsson et al.
1991; Gregersen 2002).

Earthquakes are always related to fault activity, but at-
tempts to link recent earthquakes occurring in and around
Denmark to geologically known faults have only been partly
successful (Gregersen et al. 1996). The most significant fault
zone in Denmark, the Sorgenfrei–Tornquist Zone, is only lo-
cally active. Recent geodetic and seismic investigations de-
monstrate that the two sides of the Sorgenfrei–Tornquist
Zone are characterised by different patterns of deformation,
but the zone itself is not defined by a present-day seismicity
trend crossing the central parts of Denmark (Fig. 1).

Seismological monitoring in Denmark

Seismological monitoring in Denmark has until recently
been carried out by a staff of four full-time workers and one
temporary employee at the Danish National Survey and Ca-
dastre (KMS). This function was transferred to the Geologi-
cal Survey of Denmark and Greenland (GEUS) in 2004. The
monitoring is carried out with four permanent seismographs
located in Denmark, and four permanent and ten temporary
stations located in Greenland. Currently a technical transfer
from analogue to digital data handling is almost complete.
This involves changes of the data processing for local earth-
quake signals and substitution of the earthquake location
program by an improved version described below.

The earthquake list covering the Danish area has recently
been updated to include all recognised small earthquakes (see

www.geus.dk). Supplementary data on earthquakes, which
other agencies have located in the Danish area, can be found
on the web pages of the University of Bergen in Norway
(www.ifjf.uib.no/seismologi) and the University of Helsinki
in Finland (www.seismo.helsinki.fi).

Recomputation of earthquake locations

The computer program hitherto used in Denmark for com-
puting earthquake locations (HYPOLG) is a modified ver-
sion of the globally distributed location program (HYPO71)
from the United States Geological Survey (Lee & Lahr 1972;
Gregersen 1979). The current location program (HYPO-
CENTER) now used at GEUS is that of Lienert et al. (1986)
and forms part of the analysis program for digital seismo-
graph data (SeisAn) from the University of Bergen (Havskov
& Ottemöller 1999). The consistency of new and old proce-
dures has been tested by analysis and comparison of all the
seismogram records of Danish earthquakes for the period
1995–2002 (Fig. 2). 

The input to the two programs is the same. The HY-
POLG program has an option for disregarding those readings
that are not in agreement with the rest, i.e. have arrival time
anomalies larger than three standard errors, while such ano-
malous readings are preserved and included in the computa-
tions in the SeisAn version of HYPOCENTER. This dif-
ference has been taken into consideration in the comparison
of the two programs, such that the same readings were
included in both. The distance between any two computed
locations of the same earthquake is typically 2 to 3 km. The
largest differences of 7 to 13 km determined for four earth-
quakes are due either to few station readings (4–5) or poor
azimuth coverage (overweight of readings from a small
azimuth interval). The error in location determination for
the same earthquake decreases with increased input of more
arrival times. 
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The results are very satisfactory and the shift to the earth-
quake location program HYPOCENTER included in SeisAn
(Lienert et al. 1986; Lienert & Havskov 1995) is made for
2003 and the following years. The errors in the locations
measured through the root mean square of the travel time
anomalies with SeisAn are no higher than 3.1 sec. with an
average of 1.76 sec. HYPOLG has a root mean square aver-
age of 1.88 sec. for the location of the 76 earthquakes.

Tor project 

A major international teleseismic project implemented in
1996 had the objective of delineating the lithospheric diffe-
rences and the shape of the edge of the Baltic Shield across the
Sorgenfrei–Tornquist Zone. The Tor project (Teleseismic
Tomography across the Tornquist Zone) represents a collab-
oration between geophysical and geological institutes in
Sweden, Germany, Poland, France, the Czech Republic,
Switzerland, the Netherlands and the USA with Danish lead-
ership (Gregersen et al. 2002). Field work and interpretation
studies carried out by most partner institutions were com-
pleted in the years 1996–2002, except for a Danish Ph.D.
study that is still active.

The Tor seismograph array (Fig. 3) covered areas where
extensive seismic crustal studies (i.e. in the depth range 0–60
km) over the last two decades have identified a terrane boun-
dary between the ancient plates of Baltica and Avalonia. The
Tor project extends below this level into the subcrustal parts
of the lithosphere (i.e. depth range 50–300 km). Methods of
investigation have included studies of P- and S-wave travel

time tomography, surface wave dispersion, receiver function,
SKS splitting and scattering analyses (Shomali et al. 2002). 

In the tomographic cross-section (Fig. 4) the local devia-
tions from a homogeneously layered reference model are
shown. Sharp and steep boundaries between ‘fast’ and ‘slow’
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Fig. 4. Deviations in P-wave velocities in a deep crustal to mantle cross-section acquired to a depth of 350 km during the Tor project (from Shomali et

al. 2002). For location of line see Fig. 3. The colouring indicates velocities lower (red) or higher (blue) than the average at any level. The edge of the

Baltic Shield as defined by sedimentary basin studies is located by the Sorgenfrei–Tornquist Zone (STZ). However, crustal transition occurs gradually

within frame A between the Ringkøbing–Fyn High (RFH) and the Elbe Line (EL). A subcrustal transition occurs within frame B, and another pro-

nounced and steep transition occurs in frame C, roughly coinciding with the STZ. A third, deep and less pronounced lithospheric transition occurs

beneath the Baltic Shield in frame D. 



28

lithosphere are seen as changes from red to blue in frames B
and C, and the change from light blue to dark blue (frame D).
Together these boundaries represent a major change in the
lithosphere between the Precambrian shield in Scandinavia
and areas dominated by Phanerozoic deposits in central
Europe. Although temperatures and pressures are large at the
investigated depths, it should be noted that the changes are
stepwise and not gra-dual, as might be expected.

The disparity in the position of the edge of the shield as
defined at shallow crustal levels in the flanking sedimentary
basins by the Sorgenfrei–Tornquist Zone, and that at deep
crustal and subcrustal levels is significant. Recent crustal
studies have indicated that the transition occurs somewhere
between the Elbe Line and the Ringkøbing–Fyn High (Fig.
4, frame A; Abramovitz & Thybo 2000). The subcrustal
lithosphere edges revealed by the Tor investigations (in fra-
mes B, C and D of Fig. 4) appear to be related to the shallow
crustal transitions. However, the actual relationships between
the changes observed at shallow and deep crustal levels are
not well understood, and further geophysical studies are
desirable.
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