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Abstract. The postglacial uplift and surrounding subsidence 1 Introduction
in Scandinavia is well described as close to regular, and the
phenomenon is similar on timescales of tens, hundreds anur geodesist colleagues are making more and more defini-
thousands of years studied via geodesy, seismology and géive observations of the uplift pattern of Scandinavia and the
ology. Searches for irregularities in the form of earthquakessurrounding subsidence. Methods are improving from level-
claimed in the scientific literature have disclosed many earthding and sea level observations to GPS measurements nowa-
guakes right after the Ice Age, 9000yr ago, and some latedlays. Many DynaQlim papers have over the years substanti-
cases for further evaluation. In a previous report, the presenated the pattern of vertical motion on the timescales 10s to
authors have mentioned doubts about the validity of somel00s of years. The central parts of such a good, regular refer-
of the most significant claimed irregularities. In the presentence pattern NKG2005LU (Vestal, 2006; Agren and Svens-
paper, a review is made of these significant claimed irregu-son, 2007; Engsager et al. 2006, personal communication)
larities in the south-western flank of the Scandinavian post-are in the present paper displayed in Fig. 1, overlayed on the
glacial uplift and subsidence via literature studies of geodeticearthquake activity. This geodetic pattern in essence repre-
and geological claims of earthquakes as well as discussionsents also the geological pattern of a timescale of 1000s of
in the field. Geodetic observations exist for all of Scandi- years, which is established via dated beach lines in old as
navia that describe the phenomenon on a scale of 10s—100gell as more recent data collections. De Geer gave in 1888
of years. Earthquake observations in seismology are of rela summary based on geological data available at his time,
evance in the same timescales. Geological studies of dateghown by Mdrner (1979) in a paper, where he presented his
shore lines describe the postglacial vertical earth-surface morewer map with more data, but introducing some question-
tion in a quite different timescale of 100s—1000s of years.able assumptions on linearity. The overlapping geodetic and
There is a need for integration of these observations geogeological patterns more than indicate that it is the same phe-
graphically. This is happening in the various timescales in thenomenon which uplifts Scandinavia in the timescales tens,
DynaQlim project. The review finds the claims unlikely to hundreds and thousands of years. The pattern which can be
be earthquakes concerning the following: (1) geodynamicalell represented by a broad-scale upwelling bulge is used
motion in the Copenhagen area, (2) a palaeo-earthquake iby other authors as data points for fitting in their theoretical
Leesg and (3) the recently proposed water level discrepancgnodelling (e.g. Lambeck et al., 2010).
in the southern part of Denmark. The assessment is less cer- The first irregularity to be noticed in observations as well
tain, but falls to improbable when concerning (4) proposedas modelling is that the uplift rate has changed drastically
palaeo-earthquakes by Hallandsésen in south-western Swé-om very fast right after the Ice Age, 9000 yr ago, to much
den. slower nowadays. The second observation is that the geo-
graphical patterns satisfying the observations are very regu-
lar, which means that irregularities are noticeable and worth
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a review. Irregularities have been found and evaluated incoast lines and geological zones. The Sorgenfrei—Tornquist
a number of papers for Norway (e.g. Olesen et al., 2004;Zone passes right through the middle of the illustration, but
Bungum et al., 2010). Here it is done for Denmark. its trend can not be distinguished through earthquake activ-
ity. The Ringkobing—Fyn Ridge can not be distinguished ei-
ther. This just emphasizes what has been pointed out before
(e.g. Gregersen et al., 2011).

. The summary of the small earthquake activity in Denmark
In previous papers the stress development after the Ice Ag igs. 1 and 2) is that it occurs not in one specific linear

has been treated (e.g. Gregersen and Voss, 2010). The Strezosne but rather scattered in several zones in north-western
field was right after off-loading of the ice, dominated by the '

uplift and pressure outwards from the central parts. Later,fJylland and in Kattegat as well as completely unsystematic

the present situation is that the uplift is less important while" eastern Denmark and southern Sweden (Gregersen et al,

! : Jf998). In a general sense, the seismicity pattern in Denmark
stresses caused by the present lithospheric plate movemer; Rows us the irregular rheological edge zone of the stiff old

are dominating with compression in a north'WeSt_SOUth'easfiennoscandian Shield, not as an active zone but rather as a
direction (Gregersen and Voss, 2009; Olesen et al., 2004, '

Bungum et al., 1991: Lindholm et al., 2000: Gregersen,brc.)ad area of transition from some_earthquake activity in the
o . shield north-east of the zone to quiet area south-west of the
1992). In several papers it is argued that there is no correla:-

tion between the uplift pattern and the pattern of earthquakezone' In the European scale the Tornquist Zone is considered

locations (e.g. Gregersen, 2002; Gregersen and Voss 20085 present-day inactive, as presented in conference proceed-
Zoback et al., 1989; ZOb:’:’le 15592' Poutanen et al. 2’009)Iﬁgs by 'Gregersen e.t al. (1995) and seen as .Iack of earth-
which for all of Scandinavia is displayed in Fig. 1. Like dis- quakes in the lower right hand corner of Fig. 2, in Poland.

plays of earthquake activity in other parts of the world, it Al least a part of Scandinavia has experienced post-
does not matter much which is the time period displayed.gIaCIaI earthquakes (e.g. Lagerback, 1990, 1991). These

. . . : : earthquakes (Fig. 1) in northern Scandinavia were caused
The general pattern is the same in any time period, while de; . . . .
by the Ice Age ice cap melting away within a short time.

tails can be different. The figure shows that the earthquakel_hat the present-day stress regime is completely differ-
activity is most concentrated along the Norwegian coast and nt is agreed by Mérner (2003), but additionally Mérner

continental margin, along the Swedish east coast, and in an . .
: . : 003, 2009) presents palaeo-seismological arguments on
around the Oslo Fjord. It is well established that the earth- . )
uake activity in Denmark is the southern limitation of the some large Svyed|sh ea_rthquakes further SO.Uth in Sweden
9 than those of Fig. 1. And in some cases, both in northern and

Scandinavian seismicity (Gregersen et al., 1998). And theresouthern Sweden, those earthquakes appear to be younger

is less earthquake activity as we go south-west in Jylland ir}han 9000yr, the time when the last ice cap melted away
the middle of Denmark. It is also established with good cred- ' . 0
i~ L . Those arguments of Mérners (2003, 2009) are less convinc-
ibility that the earthquake activity is smaller in northern Ger- . L : :

. . ; . ing than those giving basis for the earthquake fault signatures
many, in Poland and in the Baltl_c states (e.g. Griinthal et aLPf Fig. 1, where Mormer agrees with Lagerbéck (1990, 1991).
2008). In the IatFer_a}reas the selsmograph_ coverage h.as un&n evaIL,lation for Sweden is needed, just like that for Norway
recently been significantly poorer, so the information in the '

map is influenced by less sensitivity to small earthquakes.(Olesen etal., 2004). A first step is taken by the discussion

But there is not much doubt that the Kaliningrad events in CONCeMing claim 4 of this paper.
2004 of magnitudes just over 5 are very unusual for the coast

of Poland, Russia and Lithuania(Gregersenetal.,2007).Th(3r A t of claims in th loai d det
map should be complete down to magnitude 4. ssessment of claims in the geologic and geodetic

literature of active faulting near Denmark

2 Stresses in the lithosphere of various timescales

3 Earthquake investigations of various timescales The present assessment review includes both the long-term
geological evidence and the short-term geodetic evidence.
Several investigations are available concerning the regionalAdditionally the assessment acknowledges the view, that
recent earthquake activity around the south-western edge dhe small present-day earthquake activity in Scandinavia is
the Fennoscandian Shield. First of all the prominent geolog-caused by a dominating stress field from lithospheric plate
ical zone Sorgenfrei—Tornquist Zone is considered inactivemotion, supplemented by stresses from the postglacial up-
except for a small part in eastern Kattegat (e.g. Arvidsson etift (Gregersen and Basham, 1989; Zoback et al., 1989;
al. 1991; Gregersen et al. 1998). An illustration of this inac- Gregersen, 1990 and 1992) as well as by other regional ef-
tivity concerning earthquakes is shown in Fig. 2, supplementfects as lithospheric inhomogeneities (e.g. Hicks et al., 2000;
ing the regional activity picture of Fig. 1. The earthquake dotsPascal and Cloetingh, 2009; Bungum et al., 2010; Olesen
in the two maps of Fig. 2 are the same, and they cover thest al., 2012). Generalized maps of the very regular post-
same area. The purpose of the map without coasts and geadfacial uplift of the investigated area near Denmark have re-
ogy is to show the earthquake activity without prejudice from cently been presented from geodetic sources (Knudsen et al.
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Fig. 1. Map of the earthquake geography in Scandinavia covering the years from January 1970 to December 2004. Earthquakes in the
Danish area are extracted from the GEUS earthquake catalogue and earthquakes located outside this area are extracted from the Scandinavi
catalogue from Helsinki University. The earthquake magnitude scale is given in the upper left corner. Contour lines show uplift in millimetres
per year. Very thick black lines show the large postglacial faults of age close to 9000 yr (Lagerback, 1991). Updated earthquake files for
Denmark are available in home pag#p://www.geus.dkuinder seismology, and for the rest of Scandinavia in home pégd/www.
seismo.helsinki.fi/From Gregersen and Voss (2009).

2012; Hansen et al., 2011) as well as from geological sourcesf the treated irregularities (Fig. 3). It takes into account per-

(Mertz, 1924; Paasse, 1996; Christensen, 2001). These mapsanent GPS, three campaigns of precise levelling over the

all show a very regular pattern in the area, with the excep-ast hundred years as well as ten sea level stations in the area.

tion of a line across southern Denmark introduced by Hansen

et al. (2011), which will be treated later in this paper as4.1 Claim 1 — Carlsberg fault in the Copenhagen area

claim 3. The most complete geodetic map, that by Knudsen

et al. (2012), has been chosen as reference for the locatioriEhis fault is one of the most significant in the Copenhagen
area (e.g. Rosenkrantz, 1937; Nielsen and Thybo, 2004;
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Fig. 3. Modern geodetic map (from Knudsen et al., 2012) with post-

g glacial uplift in centimetres per year. Based on GPS, levelling and
sea level stations. Four treated claims of earthquakes or other irreg-
ularities shown by grey shading.

Fig. 2. Earthquake activity in and near Denmark without and with
coast lines and geological zones. Red dots show modern well-

located earthquakes of the last 75 yr, and green dots show the most _ _ ]
important relatively larger earthquakes in 1759, 1841, 1904, 1985cation, 1990s; Ovesen et al., 2002; L. Nielsen, personal com-

2004, 2008, and 2010. The two maps cover the same area. DenmafRunication, 2009). A very basic remark in assessing these
is in the middle. Upper right hand corner is inside the Fennoscan-0bservations is that a comparison with the surroundings is
dian Shield, and in the lower left corner we are outside the shield.necessary. And this comparison has not been done. Motion
A gradual and irregular transition from the shield is noted. This canon the fault stands as a suggestion, not as a result, and the
be termed the edge of the shield in relation to stresses and straingjternative suggestion that irregularities are caused by differ-
From Gregersen et al. (2011). ential settling of the loose upper sediments is more proba-
ble. A project with satellite radar scanning will as time goes
have a chance to localize patterns of surface motion (Jakob-
Nielsen et al. 2005) (marked as Copenhagen on Fig. 3). Isen etal., 2013). Tentatively the Carlsberg fault is pointed out
is part of the stepwise edge zone between the Fennoscandiaver a length of 25 km. Discussions on causes besides water
shield and the deep sedimentary Norwegian—Danish Basipumping can be expected.
with depth to bedrock under Copenhagen 3—-4 km. The Carls- As seen in Fig. 2, the fault is not active with small earth-
berg fault runs NNW-SSE. It is only known well near the quakes. It has been suggested by Rosenkrantz (1934, 1937)
Carlsberg Brewery, to which the excellent water flow in a that the larger-than-usual earthquake which shook Copen-
500 m wide zone is very important. The vertical displacementhagen in 1930 can possibly be ascribed to this fault. Assess-
of the near-surface Cretaceous limestone is about 90 m. It ifng this today, knowing the large uncertainties of earthquake
only known (Nielsen et al., 2005) to depths around 500 m.locations in this area at that time, one must conclude that it
Its length is only well confirmed to 10-12 km (Blem, 2002), could just as well be on another fault, easily ten kilometres
or tentatively about 20 km (Jakobsen et al., 2002). The faultaway, and no indication has been observed for the choice.
trace on the surface has been claimed observed through ex- The Carlsberg fault has also been held responsible for mis-
tensive cracking of house walls (B. Larsen, personal commufits in the Danish geodetic systems. The basis of the dis-
nication, 2009; O. Winther Christensen, personal communitance measuring system on the island Amager in Copenhagen
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has been described as deformed (Sand and Madsen, 191&;large fault of vertical displacement of 4 m, from the sur-
Ovesen et al., 2002). A large difference of 51 mm was re-face to a depth of a few kilometres, and for an unknown
ported between 1838 and 1911 of the basis line length ofength, which can at most be about 10km in the terrain as
2.7 km. The more probable explanation of this (M. Aarestrup,it is. An earthquake has been proposed although no other
personal communication, 1991; K. Engsager, personal comindicators of earthquakes have been identified. The present
munication, 2009) is near-surface sediment motion of oneassessment evaluates how this fault together with other indi-
of the end points by temperature effects, especially freezcators of postglacial movement fits into the tectonic setting
ing and thawing, toward which modern geodesists protectclose to the Sorgenfrei-Tornquist Zone.
their measurements by relying on a group of separated points In the 1980s the seismicity of the area was only marginally
at each end rather than just one vulnerable point. Comparknown (e.g. Lehmann, 1956; Gregersen, 1979), but tectonic
isons to basis length measurements north-west of Coperactivity was assumed by Bahnson (1986) and Hansen (1986a,
hagen show standard errors in the old data, so large that thie) with reference to structural studies showing many steep
length change turns out to be insignificant (Karsten Engsagemld faults (e.g. Baartman 1975). It was argued (Hansen, 1977;
personal communication 2010). Support for a conclusion orBahnson, 1986) that Laesg does not fit in the postglacial up-
stable length of the basis is that the 1838 measurement standift pattern of the neighboring Kattegat coasts. In a later pa-
alone, while the 1911 basis length has been confirmed wittper this argument (Hansen 1994) was modified to: “Strangely
standard errors 3mm in 1933, 1934 as well as 1980 and 1998nough the oldest beach line on Laesd][is at the same
(O. B. Andersen, personal communication, 1993), i.e. beforeneight as by Frederikshavn.” How well the uplift curves of
and after the 1930 earthquake. the highest beach lines in Laesg fit into the surroundings has
Also another basic distance in Amager (in Danish calledlater been illustrated by Christensen (2001) and quoted by
prgvebane trial distance) has been reported deformedGregersen and Voss (2012).
(e.g. Ovesen et al. 2002). For this the geodetic problem has Now assessing the Laesg observations 25 years later, we
been observationally identified as the above-mentioned entiave more data on the region, both on the scale of Kattegat
point trouble. One of the ends is sloping strangely, so theand for Scandinavia, and for other intraplate regions. This
end must have been disturbed by winter freezing and thawhas changed the interpretation and understanding of the Leesg
ing (Karsten Engsager, personal communication 2009). Reease. The question earlier was whether Leesg would fit into its
cently doubt has been presented whether the extension southssumed active surroundings. The question is now whether

wards of the Carlsberg fault actually crosses the geodetit.aesg fits into its quiet, regular uplift surroundings. A review

lines (Ovesen et al. 2002).

Ina paper on the levelling in the area of Copenhagen, Mark
and Jensen (1982) have the following conclusion for the pe-
riod between the 1940s and the 1970s: “An adjustment of the
vertical displacements shows a tilting about twice as big as
the one you know for Denmark as a whole, but the direction
of the isolines is about the same..JPossible displacements
in connection with the so-called Carlsberg fault can't be rec-
ognized in the results, but maybe some systematical displace-
ment in Amager can be explained by the graben-structure
in the area between the Carlsberg fault and the Svanemglle
fault.”

The assessment of the above discussion will have to con-
clude that the Carlsberg fault is probably responsible neither
for displacements in earthquakes nor for geodetic reference
line problems. There is no reason to believe that the Carls-
berg fault is active based on the presented observations as
these can easily be explained by alternative phenomena in
a non-seismic area. In the similar Norwegian evaluation by
Olesen et al. (2004) this would be classified as E, very un-
likely to be neotectonics.

4.2 Claim 2 — The island Laesg in the Kattegat Sea
Hansen (1977, 1980, 1986a, b, 1994, 1995) and Bahnson

(1986) have made geological investigations of sand deposits
of ages less than 7000yr in Leesg and found indications of

www.solid-earth.net/5/109/2014/

of the most significant arguments gives the following results:

1. As mentioned the maximum uplift of Laesg since the

regional flooding after the Ice Age fits nicely into the
regional picture. That the island of Leesg should have
subsided 4 m and then uplifted the same number of me-
tres within several thousands of years is improbable,
since the effects of such an event would be recognis-
able in neighboring coasts, where nothing is observed.
And even more improbable, subsidence and uplift sev-
eral times as suggested in the book by Hansen (1994)
is not a possibility.

. The alternation between transgressions and regres-

sions in a time interval of several thousand years right
after the Litorina Sea transgression is found similar in
other locations of the Kattegat area as referred to in the
overview paper by Noe-Nygard (2006) as well as that
by Christensen (2001) and by Bjgrnsen et al. (2008).
The phenomenon is called the Litorina transgressions
(Christensen, 1995). The last one ended 4000-5000 yr
ago.

. The paper by Baartman (1975) spoke about struc-

tural differences. The reference does not give any ar-
gument on recent activity. The structural steps and
faults are confirmed by the later projects EUGENO-
S (EUGENO-S Working Group, 1989) and Tor
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(e.g. Gregersen et al. 2009). But as an argument
concerning recently active faulting, the reference is
contradicted by recent evaluations of the earthquake
activity (Figs. 1 and 2) (e.g. Gregersen et al. 1995 and
1998).

c. 1000 BC [

towards the south-west)

4. A curve showing changes of tilting of successive beach + T
terraces was presented by Hansen (1980). When the £ _¢o |
slopes were calculated no evaluation was made of un-
certainties (Hansen, 1980). The slopes were based on:
heights, averaged over 10-15 individual height mea-

surements within a spread of approximately one me-rig. 4, Siopes of successive beach terraces of diminishing age to
tre. This one metre can be taken as a rough estimate e right, with estimated standard errors. When standard errors are
four times the standard error. The present assessmemitroduced in this Fig. 5 of Hansen (1980) it is obvious that abrupt
extends the data handling to take into account this esehanges of slopes are not significant. The slope readings are just as
timated standard error of a quarter of a metre. Thiswell explained by a steady change of slopes, approximated by the
means intoducing standard errors of the slopes, ovethick sloping line generally inside one standard error and certainly
distances smaller than 5 km, at least as large as showHithin two standard errors.

in Fig. 4, the basis of which is identical to Fig. 5 of
Hansen (1980). It is here obvious that the tilting argu-
ment has become non-significant. The observed differ-
ences and the standard errors are of the same size, as
shown in Fig. 4 of the present paper. The zigzag line of

Hansen (1980) goes through the average values of thg naje in 4 height of 4.5 m, of age approx. 3000 yr as well
S"?peS- B,Ut th? data may as vyell be explamed by theas other dates have to fit into the regional frame. It may well
thick st_ra|ght line, that is W'th'n_ the belt of intervals show that the part of the island on which the whale rests did
determined by averages plus/minus one standard €0kt follow the steady uplift of the oldest part of the island.
S0 the_ present assessment concludes that the d|ffe55\ slide in a coastal cliff is naturally of great significance to
ences in average slopes can not be used as an argumegt, jetajled geological description of Laesg, but of no sig-
for discontinuous anq occasmnally reverse _tlltmg. The nificance to the tectonic evolution of the greater Kattegat re-
data agree as well with steady uplift and tilting. gion. The present topography is convincingly a succession of
The errors mentioned above are directly concernedcoastal terraces, which display a recent geological evolution
with the old data of Hansen (1980), which were usedexplained in great detail by Hansen (1977, 1980, 19864, b,
to show tilting of the beach terraces with respect to 1994 and 1995) and followed up in recent further investiga-
horizontal water level. But it will also apply to mod- tions (Hansen et al., 2011).
ern data, which is now available for Leesg. The same The present assessment of all of the old and new argu-
size of standard errors in the use of geological markeraments concludes that the bedrock subsurface below Laesg has
for slope measurements and for height measurementbeen uplifted just as the rest of the Kattegat region, regu-
with respect to water level, are found in recent work by larly or with minor irregularities. This means that there was
Nielsen and Clemmensen (2009). They observe simi-no Leesg earthquake 4000-5000yr ago. In the classification
lar large measurement scatter in modern data on Anused by Olesen et al (2004) this means class E, very unlikely
holt, in the Kattegat Sea. In addition one must take intoto be neotectonics. The lower parts of Laesg with many well-
account that the physical circumstances of ocean curdocumented beach terraces have their own exciting develop-
rents and stormy weather influence the slopes, so thesment history (e.g. Hansen 1994; Hansen et al., 2011), best
observations in Fig. 4 can not give an argument for os-explained by regular postglacial uplift together with coastal
cillating tectonic tilting by themselves. development by water currents and weather, which is beyond
the scope of this paper.

5. An almost vertical fault displacement in the sediments
of approx. 4m, as said by Hansen (19864, b), can bet.3 Claim 3 — Line across southern Denmark
caused by displacement of various blocks in Laesg.
The location of the fault is presented as a coastal cliff A new map has introduced a hypothetical irregularity line
at the time of development, and coastal cliffs expe- called southern Denmark in Fig. 3. It is based on the geode-
rience sliding by irregular erosion and gravity. The tic/oceanographic data of water level stations of the last
southern part of Leesg must have experienced a seditO0yr (Hansen et al., 2011). It includes a few more water
ment slide along the observed fault, either fast or slow.level stations in the southern part than in Fig. 3, but is without

—200

It (mm/k

T

Oldest Succession of beaches Youngest

Sediment cliff slides are more probable in Laesg than
an earthquake, for which there is no other evidence in
this aseismic area.
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adhicads

Fig. 5. Numbered beach ridges on Hallandsaasen seen from abovt

A major earth slide in the ringed area n the lower right side of Fig. 6. Seismite? Disturbed water-filled sediment. Liquefaction.
the picture covers the older beach ridges (6—9) but not the younge'ghoto by Soren Gregersen

ones (1-5). The view as seen during the field trip. The photograph
is taken by the Russian seismologist Olga Pavlenko. Numbering is

from Mdrner (2003). . . o .
in some also signs of tsunami disturbances of the sediments.

The evidence for earthquake interpretation is not as over-

GPS and levelling, which in Fig. 3 supplemented the waterwhelming as in northern Sweden in the layers from the end
level data. Instead of accepting irregularities in a few stations°f the Ice Age (e.g. Lagerback, 1991), but it seemed worth-
in southern Denmark as caused by weather and ocean cuyhile investigating the claims of postglacial earthquakes by
rents, Hansen et al. (2011) focus arbitrarily on bedrock dif-Morner (2003, 2009). A field trip to Hallandsaasen of 12 in-
ferences that show no motion in the seismological data or if€rnational seismologists was carried out on 27 July 2013.
the geodetic levelling and GPS. The uplift picture of Fig. 3 is Nils-Axel Morner added excellent educational details to his
more representative of the full data set, which does not hav@ublications (Morner, 2003, 2009). Figure 5 is exactly like
a discontinuity in southern Denmark. The claim can be clas-one from Morner (2003). The view, as seen during the field
sified by E in the classification used by Olesen et al. (2004)rip, convinces that a rock slide has disturbed the metre high
very un|ike|y to be neotectonics Steps of the numbered beach ridges 6 to 9. The fOIIOWing
South of Laesg in the Kattegat Sea (i.e. south of Claim 3Pictures (Figs. 6 and 7) were taken of disturbances of dated
and north-west of Claim 4), the earthquake activity is inter- Water filled sediments (called seismites) and shattered rocks.
preted from seismology (Gregersen et al., 1998). The seis- The field trip has given the evaluation that the signs shown
micity picture as presented in Figs. 1 and 2 shows a con®f palaeo-earthquakes each could be caused by earthquake
centration of earthquakes in a short part of the Sorgenfrei-shaking, or by its own individual other cause. Misfit of beach
Tornquist Zone, where the zone changes character (e.g. Grdl€s in neighboring locations 400 m from each other could
versen 2009). This has been described by Arvidsson ehave been caused by slow non-earthquake motion or different
al. (1991), Gregersen et al. (1996) and Jensen et al. (2002) £§a wave and current systems. Talus falls and slides could oc-
connected to confirmed recently active basement faults. HerfUr Without a starting earthquake. Liquefaction disturbance
there is potential for earthquakes of magnitudes as large a8f sediment layers could be caused by water escape or slump-
around 5. This is not far from Hallandsaasen (Fig. 3). Does iting or bending of layers. Shattering of exposed bedrock could
mean that the claim of postglacial earthquakes there is supP€ caused by weather and climate, and tsunami signs in sed-

ported? iments are indications of disturbances, which could happen
by non-earthquake slides as well as by earthquakes. Together
4.4 Claim 4 — West coast of Sweden one is left with a choice in the evaluation between coinci-

dences or common cause: earthquake. The field trip con-
Several locations on the Swedish west coast have been menrinced the participating seismologists that the claimed signs
tioned as postglacial earthquake sites by Mdrner (2003pf earthquakes must be seriously taken into account.
2009). Signs of geological movement in these locations are Into the interpretation must go the overall pattern of grad-
variations in postglacial uplift of beach lines, faulting and ual uplift of the whole region, into which only small irregu-
rock deformation in a few cases, and in many incidences rocKarities fit. And when this is seen in connection with the dras-
slides and liquefaction in several stratigraphic layers. In sevdic fall-off of stresses since the Ice Age (e.g. Gregersen and
eral places liquefaction deformations have been observed andoss, 2009), the present assessment results in a category D of
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