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Rutger Wahlström
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SUMMARY

On December 23, 1979 an earthquake sequence occurred near Bergshamra-Roslagen,

Sweden, about 50 km northeast of Stockholm. The main shock, which has been

assigned a magnitude M. = 3.2, has been followed, with a 3 minute delay, by

a shock of magnitude M. = 2.6 and, with additional 21-minute delay, by a

third shock of magnitude M̂  = 2.0. Whereas the main shock was recorded by

almost all Finnish, Norwegian and Swedish permanent stations, the whole

sequence has been observed only at UPP (A = 68 km). A six-week field survey

in the epicentre area revealed a number of small aftershocks located close

to the main sv < .. The first, largest shock of December 23 was generally felt

over an area . Flout 150 km with maximum intensity V+ (MM) on western

Löparö, indi v ix g a very shallow hypocentre with focal depth of about 2 km.

Pg- and Pn-i a; M lgs suggest for the main shock reverse faulting with a strike

of N36 E ÖIU iip of 55 to the south-east. Spectral analysis applied to

available 5* •J.nograms from Finnish, Norwegian and Swedish stations gave for

the dynami •. ource parameters a fault length of 0.8 km, a seismic moment
20

estimate o. ;.6 x 10 dyne cm and a stress drop of 6 bars.

The Bergshsv .a sequence took place in a zone of very low seismicity in eastern

central Swe.;n and for Swedish earthquakes at unusual shallow depth. Since

the epicentre lies less than 100 km from a nuclear power plant in Forsmark,

the sequence received publicity which was not in proportion to the size of

the shock. At this occasion, some rather strange explanations of the shock

emerged.



1. INTRODUCTION

Swedish earthquakes are weak, events confined to an elongated

zone extending from the area south of Lake Vänern to the

northern part of the Gulf of Bothnia, and to a rather

diffuse zone in Swedish Lapland (Fig.l). Roughly speaking,

ten Swedish earthquakes are annually recorded and located by

the Swedish Seismograph Station Network (SSSN), currently

comprising six permanent stations (Fig.l). During the last

twenty years, which is the period of high-sensitivity seismic

instrumentation, the strongest recorded Swedish earthquake,

of April 11, 1973 in Lake Vänern, has been ascribed a magni-

tude M=3.9. A majority of the located events occur at

focal depths of 10-30 km. Compared with the other Nordic

countries, the seismicity in Sweden is considerably lower

than that of Iceland and Norway but greater than that of

Finland and Denmark. With respect to the low regional seismi-

city, moderate earthquakes (ML-3) in Sweden and adjacent

waters are of considerable interest from both the seismolo-

gical and engineering point of view.

On average, three earthquakes per year are also reported

felt by people. Maximum intensities observed in Sweden are

V-VI (MM). Intensity maps are extremely useful for estimating

local ground accelerations and the depth of the rupture,

especially when strong-motion records and teleseismic data

are not available.

Swedish earthquakes take place at distances of several

thousand kilometres from the nearest plate margin. Hence,

they are classified as typical intraplate events. Interpre-

tation of intraplate seismicity in terms of stress release

in the uppermost part of the earth is on the one hand

usually a rather complicated task, on the other hand neces-

sary to understand the tectonics of the region in question.

Thorough investigation of Swedish earthquakes, in particular

their source mechanism and possible alignment along narrow

active belts, provides important information on the evolution



of the crust of the Fennoscandian Shield, especially on its

recent tectonic movements.

Or. December 23, 1979 an earthquake sequence occurred near

Bergshamra-Roslagen (hereafter Bergshamra), Sweden, about

50 km northeast of Stockholm. The main shock, which has been

assigned a magnitude M=3.2, has been followed, with a 3-

minute delay, by a shock of magnitude M=2.6 and, with addi-

tional 21-minute delay, by another shock of magnitude M=2.0.

Whereas the main shock was recorded by almost all Finnish,

Norwegian and Swedish permanent stations, the whole sequence

has been observed only at UPP (A=68 km). A six-week field

survey in the epicentral area revealed a number of small

aftershocks located close to the main shock. The largest

shock of December 23 was generally ielt ov^r an area of

about 150 km with maximum intensity V+(MM) on western Lö-

pa rö.

The Bergshamra sequence took place in a zone of very low

seismicity in eastern central Sweden and for Swedish earth-

quakes at unusual shallow depth. Since the epicentre lies

less than 100 km from a nuclear power plant in Forsmark, the

sequenc3 received publicity which was not in proportion to

the size of the shock. At this occasion, some rather strange

explanations of the shocks emerged.

The main purpose of this study is to present collected

instrumental and macroseismic data and their interpretation

in terms of relevant source parameters.

2. INSTRUMENTAL DATA

Epicentral coordinates and corresponding origin times of the

three shocks of December 23 were computed using Pg, Sn and

Sg arrival times from the SSSN. A uniform crustal and upper

mantle structure with Pg-, Sn- and Sg-velocity of 6.25, 4.58

and 3.58 km s , respectively/is assumed. Magnitudes have



been determined f. ._• the main shock and the two aftershocks.

The available, instrumentally determined, focal parameters

are the following

Origin time Epicentral
coordinates

h m s(GMT) °N °E

Magnitude Remark

14

14

14

09

12

33

13

41

29

59.

59.

59.

6

6

6

18

18

18

.7

.7

.7

3

2

2

.2

.6

.0

Main shock. Felt.

Largest aftershock.
Felt.

Felt.

It is noteworthy that the Bergshamra sequence took place in

a zone of extremely low seismic activity, i.e. outside the

ordinary seismic region. No earthquakes have been reported

from the area since the early nineteenth century. The cata-

logue of Kjellén (1910) includes two previous earthquakes

felt in this part of Sweden,namely those of November 1, 1822

and of January 30, 1823.

2.1 Focal mechanism

A fault-plane solution was obtained for the main shock by

using the direction of first motion of Pn- and Pg-waves.

For epicentral distances of about 300 km and larger, the

two phases are well separated in time of arrival so that 12

first-motion short-period readings could be obtained from

eight Finnish and Swedish permanent stations (Table 1).

Crustal models of Båth et al.(1976a)and of Båth (1979) are

applied, Corresponding fault-plane solutions are of the

same type, differing only in the strike direction. A shallow

focal depth has been assumed as indicated by macroseismic

data and the recorded Rg-waves at UPP.

The resulting mechanism i£ left-lateral reverse faulting.



A double-couple point-source was assumed. The radiation pattern

gave a better fit to the Swedish station amplitudes for the

model of Båth (1976a). As follows from Fig. 2 the nodal planes

strike about N 36°E and N 271°E and dip at about 55° to the

southeast and about 51 to the north, respectively. The former

solution is here preferred since its strike almost coincides with

the orientation of faults based on LANDSAT images. The analysis

of LANDSAT satellite photos, made by Stephansson and Carlsson

(1976), reveals a system of north-east trending faults in the

vicinity of the Bergshamra epicentre (Fig. 3). The system extends

from the area north of Västerås into the Åland sea as has also

been confirmed by marine geological investigations. In this

connection, it is interesting to mention, that on September 30,

1979 a minor earthquake (M. < 2) has been detected and located

at 60°N, 20°E by Finnish stations and by the SSSN. This event

may be ascribed to the eastern portion of the fault system.

For the Bergshamra main shock, the preferred solution indicates

faulting on the southern branch of the fault system. However, it

should be stressed that the azimuthal coverage is poor (Fig. 3),

with the auxiliary plane being better constrained than the pre-

ferred fault plane. As mentioned above, the faulting is reverse

with the seawardside moving upward with respect to land. The slip

angle is 50° and a near horizontal principal compressional axis

is found with an orientation of N 27°W which agrees well with

in-situ measurements in the area (Stephansson and Carlsson, 1976).

2.2 Source parameters

In order to estimate the source dimensions of the main shock of

December 23, Sg-wave spectra measured at DEL, UME, KON, KAF and

NUR (see Table 1) are employed. Relevant station response

characteristics are shown in Fig. 4. Observed Sg-wave displacement

spectra are interpreted in terms of the seismic-source model of

Brune (1970). A constant long-period level, fi_, an a high-frequency

decay for frequencies above the corner frequency, fg, are assumed.

According to the Brune's model, the source dimension is related to

the spectral corner frequency by



IT —*
0.37 v

f0
(1)

where r = radius of a circular rupture area, v = wave velo-

city near the source and fQ = corner frequency in the dis-

placement spectrum. In the present analysis, references to

Sg-wave spectra mean vertical-component spectra.

To obtain reliable estimates of the flat part of the

spectrum, seismogram portions of length equal to several

times the reciprocal corner frequency have to be Fourier

analysed. The sample lengths used varied from 5 to 15 s.

DEL-, UME- and KON-records are analog photographic-paper

records which were manually digitized, whereas KAF- and

NUR-records are magnetic-tape records in digital form. As

an example, Fig. 5 shows portions of KAF- and UME-records of

the main shock. Estimated amplitude spectra are corrected for

the instrumental response. Corrections for the anelastic

attenuation are performed by using the exponential law with

Q = 1500 (see Båtl" et al., 1976a). Fig. 6 shows Sg-wave

spectra observed at KAF and UME. Depicted spectra are

normalized to a reference hypocentral distance of 100 km with

ii(f)
J.UU K

R/100, where R is the hypocentral distance.
__The thin dashed lines, with a frequency decay of f (complete

stress drop), are the tt^-f» fit made by eye. Resulting

fQ-values and inferred source dimensions are listed in Table

2. As follows from the table, radii of the rupture area

deduced from Sg-spectra observed at the five stations are

consistent with each other. Assuming the relation, L = 2r

(Hank and Wyss, 1972), we can assume a fault length of

L = 0.8 km for the Bergshamra main shock.

Measured long-period spectral levels have been utilized to

estimate the seismic moment through the relation

M =

"o
(2)

R,e<t>



where c = density (2.64 g cm according to Båth et al., 1976b),

R = reference hypocentral distance and R = radiation pattern.

The spectral level, r.Q, in eq. (2) means the long-period portion

of the corrected displacement spectrum at the reference hypocentral

distance of 100 km. The radiation pattern, R^,» corresponds to

that given by Ben-Menahem et al. (1965).

Using the seismic moment and the radius of the rupture area

we estimate the stress drop as (Brune, 1971)

A 7

A o = 16
(3)

We assume the case of a complete stress drop, i.e. the average

shear stress along the fault surface after the earthquake equals

the average frictional stress. The seismic moment and the rupture

area determine the average displacement through the formula

u =

11 -2where \i = shear modulus (3 « 10 dyne cm ) . A summary of

calculated estimates of Mo, Ao and u, due to eqs. (2), (3) and

(4), respectively, is presented in Table 2. Mg-values deduced

from the Sg-spectra are consistent with each other. The dynamic

source parameters of the main shock of December 23, 1979 are the

following

Fault length

Rupture area

Seismic moment

Stress drop

Average displacement

L = 0.8 kn

A = 0.5 km

MQ = 6.6 x

Aa = 6 bars

u = 0.5 cm

10 dyne cm

2.3 Aftershocks

To study the total energy release within a hypocentral area the

investigation should include foreshocks, the main shock and after-

shocks. This might be a rather difficult task concerning Swedish

conditions, as Swedish earthquakes are weak events, so that



generally only the main shock is recorded and located by means

of regional permanent seismograph stations. Thus, aftershocks,

and in special cases also foreshocks, may only be recorded with

the aid of a network of mobile stations, placed within or close

to a known or suspected epicentral area. Such a network should

consist of at least 4 stations and should be installed immediately

after regional earthquakes OJ. interest have been recorded.

However, by the time mobile stations are successively installed,

the largest aftershocks most likely have already occurred and

are, therefore, lost for the analysis. To reduce the leap-time

to a minimum, a stand-by network should be made available,

preferably at the Seismological Section, Uppsala, which supplies

basic information on earthquakes in Sweden. We regret that such

preparedness is not existing in Sweden.

Due to the lack of such facilities and also to the deviating

initial opinions about the origin of the events of December

23, field equipment could not be installed before January 10.

Though the possible aftershock sequence had most likely been

going on for 18 days, we considered it worthwhile to carry out

a quantitative fi^ld survey of the presumed aftershock acitivity,

to remove the last doubt about the origin of the Bergshamra

sequence. A seismograph station, equipped with a Geotech

Portacorder and a S-500 vertical-component seismometer, was

installed on western Löparö on January 10. The seismograph

site was chosen in accordance with the macroseismic observations,

i.e. at the place of the highest observed intensity. The station

was operated during a period of six weeks, until February 21.

To run the station at a high gain and a reasonable signal-to-

noise ratio, the seismometer was placed in a wind-force

protecting shelter on rock and as far as possible from surrounding

trees. The gain was changed according to the varying background

noise. Due to the station location, measurements were not

distorted by traffic or other kinds of cultural noise.

Even though the 1ocal noise could be avoided to a great extent,

the record analysis was still complicated, since for an event

location one needs at least four stations. On the other hand,



since the Löparö station was placed within the epicentral area,

we could expect rather short aftershock signals of total duration

not more than a few seconds. We also assumed that aftershocks

took place at distances not more than several kilometres from

the station. Four aftershocks were felt and identified on the

records. These were then used as master events. Altogether, 28

aftershocks were identified on the field records. Their origin

times and log amplitudes in arbitrary units are summarized in

Table 3. None of the aftershocks have been recorded by any of the

SSSN stations. With respect to the available threshold magnitudes

for UPP (Shapira et al., 1979), we can conclude that magnitudes

of the aftershocks are most likely below M. = 1.5. Typical

appearance of discovered aftershocks can be seen in Fig. 7. The

time distribution of aftershocks, displayed in Fig. 8, shows a

clear decrease of released seismic energy with increasing time.

However, final conclusions can not be drawn, as the aftershock

sequence in Fig. 8 is not complete.

3. MACROSEISMIC OBSERVATIONS

The Bergshamra earthquake sequence occurred in a fairly populated

area of Roslagen in central eastern Sweden. Intensity estimates

were obtained from 94 direct interviews, covering the landward

portion of the epicentral area reasonably well. For the seaward

portion (Norrtälje archipelago) the observations are obviously

less complete. All intensities given in the present report are

those determined on the American Modified Mercalli Scale, MM,

1956. For most practical purposes, intensity estimates made in

terms of the MM-scale and cf more recent MSK-scale, 1964, are

essentially the same. The macroseismic epicentre is located to

western Löparö, about 6 km southeast of the instrumental location.

The discrepancy is within the accuracy of the instrumental

location, considering the sparse Swedish network. The maximum

intensity In = V+. Distribution of intensity V and IV together with.

the area of perceptability are depicted in Fig. 9. It follows

from the figure that intensity V has been felt over a small area
2

of about 5 km whereas intensity IV has been felt over an area

of approximately 70 km . Exceptional pockets of higher intensity

occurred on Yxlan and in Norrtälje (not shown in Fig. 9).
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Except for a deep crack in the basement and small cracks in

walls of one house on Löparö and one on Helgo, respectively,

no damage was reported. Within the macroseismal region a

large majority of buildings are properly built brick or

wooden houses. The foundation materials consist mainly of

solid rock, and to a lesser extent, of clay. People within

the epicentral area reported on several shocks, heavy shaking

was felt indoors as well as outdoors and with sounds similar

to those of a distant thunder. Close to the epicentre

there were some cases of frightened people taking to the

outdoors. There is one report of a biological precursor

observed in Mora, near Bergshamra. At many places, animals

became uneasy during the earthquake. It is also interesting

to note that at several places severe ground shakings have

been experienced during the preceding years.

In Table 4 we summarize the localities, number of interviews

and corresponding descriptions of effects ascribed to the

Bergshamra earthquake. Only localities where some effects

were felt, approximately one half of the interviews, are

given. Obviously, it is not possible to discriminate effects

of the main shock against those of the first or later after-

shocks. Descriptions in the table, therefore, correspond to

cumulative effects. For the sake of convenience, the locali-

ties are arranged alphabetically.

2
The area of perceptibility extends over about 150 km ,

corresponding to an average radius of about 7 km. The effect

of an unusually shallow focal depth, producing smaller radius

of perceptibility, is clearly demonstrated by the sequence.

Several formulae to determine the focal depth from macro-

seismic information, based upon the assumption that the

intensity decreases in proportion to some function of the

hypocentral distance, are on hand. For example, the Blake—

Shcbalin formula reads

Io - In - k log (Dn/h) (5)
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where In = maximum intensity, I = intensity of degree n,
n 2 2 2k = coefficient of attenuation, D = h + r , r = radiusn n n

of area of intensity I and h = focal depth. For shallow

earthquakes within the Baltic Shield a value of k=3.5-3.6

is recommended (KSrnik, 1969; Korhonen and Ahjos, 1979).
2

Assuming IQ=5.25, I =4, k=3.5 and r.=22.3 km, formula (5)
provides a focal depth of 2.0-2.5 km Båth (1979) suggests

a relation based upon the measured radius of perceptibility,

Cp, namely

(Io - 2)/3 = log (rp + h2)/h2 (6)

Introducing the value of ro=7 km, eq.(6) gives a focal depth

slightly below 2 km, which is in excellent agreement with

the depth obtained from the above Blake-Shebalin formula.

From all the three shocks of December 23, clear Rg-waves

were recorded at UPP. The appearance of Rg is another strong

indication of c very shallow focal depth, at most 2-3 km

(Båth, 1975).

For the MM intensity scale, ranges of likely peak ground

accelerations, velocities and displacements are presented

e.g. in Willmore (1979). Formulae for approximate peak

ground-motion parameters, for a limited range of MM-intensi-

ties, have also been suggested by Trifunac and Brady (1975).

Table 5 summarizes pertinent values obtained from the two

sources mentioned. Note that values of Willmore relate to

total parameter values while values due to Trifunac and

Brady are given separately for vertical and horizontal

components. It follows from the table that the total peak

acceleration in the epicentre of the Bergshamra shock is

within the range of 0.025-0.05 g. Measured peak values

plotted against intensity display a wide scatter and con-

sequently figures given in Table 5 should be considered as

first approximations only.
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4. DISCUSSION

The source dimension and the average dislocation of the

Bergshamra main shock, as estimated from Sg-spectra, are in

general agreement with the same parameters deduced theoretically

by Båth (1980b). It should be emphasized that the estimates

of Ao and u, at various stations, show large scatter in contrast

to the estimates of r and Mfi. The former estimates should

thus be considered as first approximations only. At present,

there are no other studies, of stress drops and seismic

moments from Swedish earthquakes, available for comparison.

The unusual focal depths, deduced from macroseismic data

by employing two different formulae, are consistent with

each other and further confirmed by observed Rg-waves.

Due to the unusual epicentral location, the origin of the

sequence of December 23 has been widely discussed in local

newspapers and radio. Below, we make several comments on

some of the more serious hypotheses presented. Sonic booms

are often felt along the aircraft route, but almost no

seismic waves are generated. Since the event (main shock)

was recorded over a large part of Scandinavia, sonic booms

can be excluded as a possible origin. In a similar way also

frost phenomena can be ruled out (Båth, 1930a). The very

shallow focal depth, with clear Rg recorded at UPP, suggests

an explosion (blasts in mines or quarries, military tests)

as an explanation of the Bergshamra main shock. However,

military authorities denied any test activities within the

area. In addition, the origin time (Sunday afternoon, the

day before Christmas eve), extensive and systematic

questioning when collecting macroseismic data and above all

the existence of aftershocks, exclude the explanation in

terms of an explosion. The absence of active or abandoned mines

in the epicentral area also excludes the rockburst hypothesis.

Concluding, we are reasonably convinced that the Bergshamra
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sequence of December 23, 1979 was a sequence of natural,

i.e. tectonic, earthquakes.

The occurrence of the sequence outside the ordinary seismic

region reflects the obstacles we meet when determining

seismic hazard in low-seismicity regions. Various statisti-

cal, approaches for the assessment of earthquake risk provide

useful information for high-seismicity regions. However, as

has also been confirmed by the recent Bergshamra sequence,

for so-called aseismic regions, i.e. regions with very low

known seismicity, statistical methods are not practical.

Until we fully understand why earthquakes do not occur in

certain parts of Sweden we cannot accurately forecast

whether areas that have been aseismic for the last, say,

100 years will also be quiet in the future. To present a

satisfactory explanation, in seismotectonic terms, of the

origin of Swedish earthquakes is a rather complicated task

mainly due to their location inside the Eurasian plate,

small size and rare occurrence. Seismologists contribute

with invaluable information on hypocentre location, magni-

tude, fault mechanism, source dimension, stress drop etc.

The present analysis, first of this type applied to an

earthquake in Sweden, shows that a complete study of source

parameters can be performed for selected Swedish events by

using macroseismic and instrumental data and by combining

time- and frequency-domain methods.
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TAbLE 1

Seismograph stations used in this study

Station

Uppsala

Kiruna

Skalstugan

Umeå

Uddeholm

Delary

Kongsberg

Keuruu

Kangasniemi

Porkkala

Nurmijärvi

Sumiainen

Code

UPP

KIR

SKA

UME

UDD

DEL

KON

KEF

KAF

PKK

NUR

SUF

Station
coordinates

°N

59.8

67.8

63.6

63.8

60.1

56.5

59.6

62.2

62.1

60.0

CJ.5

62.7

°E

17.6

20.4

12.3

20.2

13.6

13.9

9.6

24.9

26.3

24.5

24.7

26.2

Epicentral
distance

km

68

924

560

477

291

451

513

440

499

329

347

530

Phase15

Pg

-

-

Pg

Pg,
-

-

Pg,

Pg,

Pn

Pn

Pn

Pn

Pn

Pn

1)The sixth column indicates P-phases used in the focal-

mechanism solution.
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TABLE 2

Source-parameter estimations

Station f

Hz

M,0

km x 10 dyne cm bars

u

cm

UME

DEL

KON

KAF

NUP

Mean

S.D.

2.9

2.9

1.9

4.2

4.7

3.2

1.3

0.5

0.5

0.7

0.3

0.3

0.4

0.2

8.5

3.7

4.6

10.2

5.9

6.6

2.7

4
2

1

14

12

6

6

.3

.0

0.4

0.2

0.1

0.9

0.8

0.5

0.4
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TABLE 3

Information on recorded aftershocks Jan.20-Feb.211)

Date Approximate
Origin time

m

Maximum trace
log amplitude

arbitrary units

Remarks

Jan.20

Jan.22

Jan.25

Jan.26

Jan.27

Jan.28

Jan.29

Jan.30

Feb.01

Feb.02

17

17

17

58

58

59

1.
1.

1.

55

20

90

19 14

20 00

08 40

01 06

14 31

21 42

00 47

15 01

04 22

04 58

14 40

22 48

07 05

17 44

19 57

15 43

1.52

1.50

1.32

1.24

0.74

0.83

1.20

0.95

0.78

0.97

0.79

0.61

1.22

0.36

1.22

1.18

Feb.04

22

00

20

02

48

14

0

0

0

.92

.76

.85

Felt on Löparö and
Urö. Probably a
multiple shock.

High noise level
Jan.20, 19 00 -
Jan.21, 24 00.

Technical failure
Jan.22, 14 00 -
Jan.23, 11 00.

Felt on Urö.

High noise level
Feb.02, 10 00 -
Feb.02, 18 00.
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TABLE 3 (cont.)

Date Approximate
Origin time

m

Maximum trace
log amplitude

arbitrary units

Remarks

Feb.

Feb.

Feb.

05

06

08

05
19

09

06

07

31
18

02

36

00

0.90

0.86

0.81

0.23

0.56

Feb.12 03 21 1.23

Felt on Urö.

Felt on Urö.

High noise level
Feb.10, 01 00 -
Feb.10, 11 00.

High noise level
Feb.15, 09 00 -
Feb.15, 23 00.

1)Due to initial technical problems and changes of the

seismometer site, the Löparö field station started

continuous operation on Jan.20.
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TABLE 4

Macroseismic effects

Locality Number of
interviews

Observed effects

Bergshamra

Grövsta

Hemmarö

Helgo

Hysingsvik 1

Lagboda

Lögla

Two shocks were felt by all in-
doors as well as outdoors. Some
frightened. Heavy vibrations of
the house similar to those when
the furnace has exploded.

Two shocks were felt by all in-
doors. Floor and walls creaked.
People thought the furnace or the
pump had exploded. Similar pheno-
mena were felt approximately 3
years ago.

Two shocks were felt in the north-
eastern and expecially in the
southern part of the island. Heavy
vibrations of the building were
felt by all indoors and outdoors.
The first shock was accompanied by
a thunder-storm like sound.

Three shocks were felt by all in-
doors. Indoors, people were
frightened. During about two hours,
following the earthquake, a number
of small shocks were felt. Vibra-
tions were much stronger than
those caused by a passing heavy
truck. Animals became uneasy. Fine
cracks in walls appeared.

Two shocks, large and small, were
felt by all indoors. Vibrations of
the building like due to an ex-
plosion of the furnace.

Two shocks, large and small, were
felt by all indoors. People thought
that the furnace had exploded.
Sounds like thunder. The
shocks were not noticeable in a
moving motor car. Similar shocks
were felt about 4 years ago.

Several shocks were felt by many
indoors. The vibrations were like
those due to the passing of a
heavy truck.
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Locality Number of
interviews

Observed effects

Löparö

Mora

Mörtsunda

Norrtälje

Penningby

Ribacken

At least three shocks, with de-
creasing intensity, were felt by
all indoors as well as outdoors.
Heavy vibrations of buildings,
some people frightened. At one
place people ran outdoors. Windows
rattled, pictures swinged out of
place. In the western part of the
island a deep crack in the base-
ment of one house occurred. The
shocks were accompanied by sounds
similar to a thunder.
Animals became uneasy. Ground vi-
brations were felt in the area
during the two months preceding
the earthquake.

Two shocks, large and small, were
felt by all indoors and by many
outdoors. Buildings trembled,
floors and walls creaked. At one
place people were frightened and
ran outdoors. Thunder-storm like
sounds. One dog showed anomalous
behaviour minutes before the
first shock.

At least three shocks were felt
by all indoors. The sensation of
vibrations was like that due to
an explosion of a furnace. Doors
and dishes rattled.

One or two shocks were felt by all
indoors. The vibrations were like
those due to a passing of a heavy
truck. Vibrations of the floor,
furniture was shaking.

Three shocks were felt, people
were frightened and ran outdoors.
The building trembled throughout,
vibrations like those due to a
heavy object falling inside the
buildings or due to an explosion
of the furnace.

One shock was felt by few indoors.
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TABLE 4 (cont.)

Locality Number of
interviews

Observed effects

Rävsund

Skållöpet I

Skälvholmen 1

Solo

Spraggarboda 1

St. Aspön

Tranvik

Urö

Uttersättra i

Vaxtuna

At least three shocks, with de-
creasing intensity, were felt by
all indorrs as well as outdoors.
Heavy vibrations of the building,
windows rattled. Heavy shaking
was felt also 3 days earlier.

One shock was felt by all indoors.
Floors creaked. Shaking of the
building similar to that due to
the passing of a truck.

Two shocks were felt by all in-
doors. Windows, doors and dishes
rattled, walls and floors creaked.

Two shocks, large and small, were
felt by all indoors and by many
outdoors. Shaking similar to that
due to a heavy object falling in-
side the building or due to an
explosion of a furnace. Walls
rattled.

Shaking of the house was felt by
many indoors. Windows rattled.

Shaking of the house was felt by
all indoors. Explosive sounds.

Two shocks, large and small, were
felt by all indoors as well as
outdoors. Shaking of the house.

At least three shocks, with de-
creasing intensity, were felt by
all indoors as well as outdoors.
Many people were frightened and
some ran outdoors. Heavy shaking
of buildings like those due to an
explosion of a furnace. Several
claps were heard.

Vibrations felt by few at rest in-
doors on the upper floor. Windows
rattled.

Three shocks, two large and one
small, were felt by all indoors.
Vibrations similar to those caused
by an explosion of a furnace or a
water-pump.
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Locality Number of
interviews

Observed effects

Veda

Vettershaga

Vik

Väringsö

Yxlan

Three shocks, with decreasing in-
tensity, were felt by few at rest
indoors.

Three shocks, the first strongest,
were felt. The building trembled
throughout like during passing of
a heavy truck. Windows trembled.
People thought the furnace had
exploded. Animals became uneasy.

Two shocks were felt by all in-
doors and by many outdoors.
Windows, doors and dishes trem-
bled. Some shaking was felt also
4 days before the earthquake.

Three shocks were felt by all in-
doors. The house trembled through-
out. Windows rattled.

On Yxlan, the earthquake was felt
in Alsvassen, Grundviken, Starr-
bäck and Vagnsunda. One to four
shocks were felt by many indoors.
Buildings were shaking, windows
and dishes trembled. Weak sounds
like from a thunder .
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TABLE 5

Peak ground acceleration, velocity and displacement

Source

Willmore (1979)

Trifunac and
Brady (1975)

Intensity

MM, 1956

V+

IV

V+

vert,
horiz.

vert,
horiz.

a

cm s

25

10
16

25
39

V

cm s

2

1
2

2
4

.1

.3

.3

.8

d

cm

0.
1.

1.
2.

7
7

4
9
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FIGURE CAPTIONS

Fig. 1 Swedish earthquakes 1963-1977 (solid circles) and

the Swedish Seismograph Station Network, SSSN,

(open circles).

Fig. 2 Nodal-plane solutions of the December 23, 1979

main shock in an equal area lower-hemisphere

projection. First motions of Pg (circles) and Pn

(squares) are used. Open symbols denote dilatation,

solid symbols compression, P pressure axis, T

tension axis and crosses slip vectors.

Fig. 3 Seismograph stations used in this study. Epicentres

of the Bergshamra main shock and of the earthquake

of September 30, 1979 are given by solid circles.

Also shown are the nodal planes for the main shock,

and faults in the vicinity of Bergshamra, deduced

from LANDSAT satellite images and marine geological

investigations (after Stephansson and Carlsson,

1976) .

Fig. 4 Amplitude response characteristics of short-period

seismographs used. DEL, KON and UME produce analog

photographic-paper records whereas KAF and

NUR produce digital magnetic-tape records.

Fig. f> Short-period vertical-component Sn- and Sg-waves,

Bergshamra earthquake (main shock) of December 23,

1979, ML = 3.2, recorded at KAF (upper trace) and

UME (lower trace). Vertical axes use different

scales.

Fig. 6 Amplitude spectral density of Sg-wave displacement,

U{f), of the Bergshamra earthquake (main shock)

measured at UME and KAF. The spectral amplitudes

have been reduced to the reference hypocentral

distance of 100 km. The idealized spectra are

indicated by thin dashed lines.



26

FIGURE CAPTIONS (cont.)

Fig.7 Vertical-component seismograms of aftershocks re-

corded at the field station on western Löparö:

a) January 20 at 17 59, felt; b) February 8 at

06 36, felt; c) January 26 at 00 47; d) February

1 at 19 57.

Fig.8 Recorded maximum trace amplitudes of aftershocks

versus time. The step-like curve represents the

accumulated log.,, of maximum trace amplitudes.

The two averaging lines are fits to the accumu-

lation curve made by eye.

Fig.9 Intensity (MM) distribution of the Bergshamra

earthquake (main shock) of December 23, 1979.
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