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Seisrnologica_~_" Institut:t:,1 __ Uppsala University, Uppsala (Sweden) 

The objective oi this report is to present a general brief 

description of seismic activity in Sweden. Geographical distribution 

of epicentres, seismicity, magnitudes of Swedish earthquakes and 

their relation to source dimensions are included. Macroseismic 

observations from 189]-1957 and instrumental data from 1963-1972, 

altogether 182 earthquakes, are used. 

l. Macroseismic observations 1891-1957 

For the time period 1891-1950 the relevant seismic information 

is taken from a paper by Bath (1956), entitled "An earthquake 

catalogue for Fennoscandia for the years 1891-1950'', hereafter 

called the Catalogue. In the present report only Swedish earthquakes 

(adjacent waters included) with magnitudes M ~ 3 have been used. 

101 such events are given in the Catalogue. The magnitude limit 

refers to the recornmE,ndation made in the Catalogue. No consideration 

is made with respect to the varying accuracy of epicentral location 

given in the Catalogue. Thus, some few of the epicentres used may 

shrn,-1 location error of 100 km or larger. 

The time intervaJ of 60 years covered by the Catalogue has been 

extended up to 1957 by utilizing data of Sahlstr5m and B&th (1958). 

Since magnitudes are not given maximum intensity, r 0 , and area of 

perceptibility, which they present for 14 Swedish earthquakes, are 

converted to the released energy, E, by using the formula (see B~th, 

1954) 
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log E - 9.6 + 3.2 log r - 1.6 log (10 
3 - 1) + 1.1 r 0 (1) 

where r is radius of the circular (assumed) area of perceptibility. 

The desired magnitude, M, is then obtained from (see B~th, 1954) 

log E = 12 + 1.8 M ( 2) 

Calculated magnitudes and approximate epicentral locations are 

given in Table I. To homogenize the data again only events with 

magnitudes M ~ 3 (9 in number) are employed. 

1.1 Geographic distribution of epicentres 

A map of all the 110 selected epicentres covering the 

time period 1891-1957 and with magnitudes M ~ 3 is shown in 

Fig. 1, The largest earthquake from this ensemble is the event 

of March 9, 1909 which has a magnitude M = 5 and occurred in 

the northern Gulf of Bothnia. Swedish earthquakes beneath the 

sea from this time interval are rather scarce, 12 in number. 

This may be due to the macroseismic origin of data. Note also 

that 7 of the off-shore events are rather large, with magnitudes 

M ~ 4. 

The map gives an indication of areas with higher seismic 

activity. These are especially the south-western Sweden including 

also the southern Baltic Sea and the eastern coastal area along 

the Gulf of Bothnia. A diffuse seismic area may be traced in 

northern Norrland. Generally speaking, southern part of the 

country shows higher activity when compared with the northern 

part. Areas with practically no seismic activity are broadly 

0 

the western part of the country, say,north of 61 N and the 

area of south-eastern Sweden. 
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The map in Fig. 1 provides no information on focal depth. 

As follows from the discussion of B~th (1954) the mean depth 

of Fennoscandian earthquakes is about 25 km. Majority of Swedish 

events occur between 5 and 35 km depth. 

1.2 Seismicity 

By seismicity we mean the seismic energy released by 

earthquakes per certain area and certain time interval. Seismic 

energy is calculated from equation (2), where Mis the magnitude 

given in the Catalogue, for events 1891-1950, or the magnitude 

calculated according to equations (1) and (2), for events 

1951-1957. When estimating the energy, multiple shocks reported 

on several places in the Catalogue were considered as single 

earthquakes. This simplification has only marginal effect on 

the determination of seismicity considered here. Seismicity 

estimates are made firstly for the whole territory of Sweden 

and secondly for the southern Sweden, here the portion of the 

territory south of 60°N latitude. Table II comprises the 

energy release corresponding to five different magnitude ranges. 

It follows from the table that large events contribute 

significantly to the total seisrnicity, whereas small events, 

say, with M < 4 have practically negligible effect. For the 

period 1891-1957, more than 60 % of the total seismicity of 

Sweden originates in southern Sweden. 

In Table III we present the mean seismic energy, E 1 , 

released per year. The available period of observation 1891-1957 

is sampled by 10 years long time intervals (period 1951-1957 

being an exception) and E' is determined within each interval. 

Calculations are carried out for both the whole Sweden and 

the southern Sweden. From the table, it is clear that E 1 is 
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strongJ.y time dependent. Note that e.g. during decades 1901-1910 

and 1911-1920 seismicity differs by a factor of 30, for both 

areas investigated, Increase of the sampling interval up to 

20 and 30 years provides somewhat more time-stable results. 

Since an estimation of a representative time interval is by no 

means the purpose of the presenL report, we emphasize 

that results presented refer to the period 1891-1957. Any 

extrapolation beyond the limits of this period must be done 

with utmost caution. 

1.3 Magnitude-frequency relationship 

During the period 1891-1957 there were 110 earthquakes 

(M ~ 3) reported £Lorn Sweden and 66 from southern Sweden. This 

means that in average there was one earthquake every 0.6 year 

in Sweden and one every year in southern Sweden. Mean return 

periods, T(M), for magnitude M defined as 

T(M) = period of observation 
number of events 

are listed in Table IV, for four different magnitude ranges 

( 3) 

and for the total magnitude range considered. Data given in the 

table may be utilized to describe the seismicity in terms of 

magnitude-frequency relationshj.ps. It is known that the logarithm 

of the number of events, Ne, of a given magnitude decreases 

linearly with the magnitude, i.e. 

log Ne - a - bM 

where a, bare constants. We calculated N at 0.5 magnitude 
C 

( 4) 

steps starting at 3.2, in correspondence with the sampling used 
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in Table IV. Straight lines, estimating a and b, are fitted by 

least squares. Data for the whole Sweden and for southern 

Sweden have been treated separately. The resulting linear 

relationf', are 

loci N 
- C 

4.69 ± 0.44 - (0.87 ± 0.10) M 

for Sweden 1891-1957, 3.0 ~ M < 5.5 and 

log N 
C 

3.36 ± 0.30 - (0.57 ± 0.08) M 

for southern Sweden 1891-1957, 3.0 < M < 4.9. 

2. Instrumental observations 1963-1972 

( 5) 

( 6) 

During the first years of the 1960's the seismic network 

in Sweden expanded, so that it was possible to locate regional 

events from Swedish seismograph readings. The seismic activity 

in Sweden, during the above stated ten years, recorded by 

Swedish modern seismographs and further analyzed from records 

of these instruments, occasionally with the aid of Finnish and 

Norwegian readings, is tabulated (Table V) and mapped (Fig. 2) 

below. 

Epicentral coordinates and origin times have been recalcula­

ted according to the travel-time tables in B~th (1971). The 

tables were not available for the routine bulletin work for 

most of these ten years. Therefore, present focal parameters 

differ somewhat from those given in the Seismological bulletins 

(1963-1972). Coordinates are given with an accuracy of ±10 km 

and times with an accuracy of ±1 sec. To obtain a consistent 



6 

material only events located with the help of tiiree or more 

stations have been included. Therefore, some events, the 

locations of which are found in the monthly bulletins, are not 

included in the table. Many additional small-size events 

occurring during these ten years have been recorded at one or 

two stations only and have therefore been impossible to locate. 

Such events are here not considered. Table V contains 93 events. 

Magnitudes, ML, are calculated according to B~th et al. 

(1976). Only maximum trace amplitudes equal to or larger than 

0.20 mm are regarded as sufficiently reliable to be used for 

magnitude calculations. For each event the number of stations 

used for the magnitude calculation is noted in the table. In 

some cases this number is zero, so that no magnitude is 

available. The magnitude accuracy is estimated to be ±0.2 units. 

Seismic energy is estimated from (see Bath et al., 1976) 

log E = 12.30 + 1.27 ML (7) 

Since E(M)-relationships presented are simplifications of true 

dependences, equations (2) and (7) should not be combined in 

order to convert Minto ML and vice versa. Instead, a prelimi­

nary formula of Bath (personal communication) is recommended 

( 8) 

The notation "uncertain location" in the comments of 

Table V implies inconsistency in data, so that an accurate 

location solution is not obtainable. "Near·-surface" indicates 

the appearance of Rg-waves. These events have occurred within 

the uppermost two kilometers of the crust. This notation is 
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sometimes followed "possibly explosion", "probably explosion" 

or "probably explosion or rockburst". Events which have one of 

the last two notations are not includPd in the map in Fig. 2, 

neither are events with magnitudes ML< 2.0. The map contains 

73 events separated into three magnitude groups. Largest 

earthquakes from thL s time period have rnagni tudes ML = 3. 4. 

The accumulated seismic wave energy for the mapped events 

is calculated according to formula (7) for all of Sweden and 

southern Sweden, and for various magnitude ranges. The results 

are given in Table VI. It is found that during the ten years 

the seismic wave energy released in southern Sweden is 26 % 

of that released in all of Sweden. This is in disagreement with 

the energy distribution based on the macroseismic data. Also the 

total energy released between 1963 and 1972 is far less than 

energy released during the decades between 1891 and 1957. 

The geographic distribution of instrumentally determined 

epicentra differs somewhat from that given in Secion 1. A belt 

with higher seismic activity starts at the area of lake Vanern 

and extends in the NE direction to the northern Gulf of Bothnia. 

Another distinct active region can be seen in the northern 

Norrland. The aseismic areas resemble more or less those determined 

from macroseismic data. 

At present, instrumental data are available only for a 

relatively short time interval of 10 years. Consequently, no 

statistical processing has been applied. 

3. Source dimensions 

By source dimensions we mean the fault length, L, the 

fault width (or depth extent), W, and the fault displacement 
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(or total offset), D. For a given source mechanism, e.g. for 

strike-slip movement, it is reasonable to expect close relation 

between the source dimensions and the total energy emitted by 

the seismic source. The energy is related with magnitude by 

known and fairly simple formulae. Much effort has been invested 

to find linear dependences between magnitude and the logarithm 

of the source dimensions or their combination. The attempts 

become rather difficult when approaching low magnitudes. This 

is due especially to the fact that theoretical and/or empirical 

dimensions obtained for weak earthquakes can hardly be examined 

by accurate field measurements. Besides the magnitude limitations, 

number of difficulties appears when estimating in situ the 

source dimension. The fault may terminate in an inaccessible 

area, surface (visible) displacement differs from that at 

depth, the depth extent is usually difficult to estimate etc. 

Concluding, source dimensions of small earthquakes determined 

from magnitudes should be considered as first approximations 

only. Errors of 100 % and more are rather likely to occur. 

Below, we summarize empirical results presented by 

Chinnery (1969). Strike-slip movement source and magnitude 

range 3.4-8.3 are assumed. In the low-magnitude range 

3.4 $ M ~ 6.4, Chinnery used 9 Californian events. For the 

three source dimensions the following least-squares fits have 

been recommended 

ML = 1. 32 log D + 4.27 ( 9) 

ML = 0.97 log LD - 1. 51 (10) 

ML = 0.79 log LDW - 4.74 (11) 



9 

In Table VII there are given L, D and W for fo 11r different 

magnitudes. Note that ML magnitudes are regionally dependent. 

Equations (9)-(11) when applied to Swedish e2rthquakes provide 

most likely overestimated D, DL, LDW. This is due to the 

different crustal attenuation in California (sedimentary rocks) 

and in Sweden (granitic rocks). Thus, using ML magnitudes 

of Swedish events in equations (9)-(11) we obtain source­

dimensions which may be considered as the upper limits of true 

values. 
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TABLE I 

Date, approximate location and rragnitudes (M ~ 3) of SWedish earthquakes 

1951-1957 

Date 

1953, Nov. 11 

1955, May 24 

Aug. 30 

Nov. 15 

1956, Jan. 1 

Jan. 21 

Feb. 15 

Aug. 26 

1957, Clct. 10 

Epicentral area 
approx. coordinates 

Sundsvall area 
0 0 

62.4 N, 17.3 E 

Burtrask 

64. 5°N, 20. 7°E 

Deje 

59.6°N, 13.5°E 

Falbygden-Skara-Tibro 
0 0 

58 . 3 N, 13 . 3 E 

M.o-Glosbo-Norrala 
0 0 

61. 2 N, 17 .1 E 

Arjeplog 

66.1°N, 18.0°E 

Tranerro 

57.5°N, 13.3°E 

Bergsjo-Hassela 
0 0 

62.1 N, 16.8 E 

Varmland-calarna 

60.7°N, 13.4°E 1 ) 

l) Instrumental determination (see sariistrom and Bath, 1958) 

Magnitude 
M 

3.5 

3.1 

3.3 

3.1 

3.1 

3.5 

3.2 

3.5 

3.1 
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TABLE II 

Number of earthquakes, N, and energy released during 1891-1957 

rvlagnitude SWeden Southern SWeden 

M N 
Energy 

N 
Energy 

ergs ergs 

3.0-3.4 52 J.8 X 1019 32 3.3 X 1019 

3.5-3.9 33 L5x 1020 17 8.1 X 1019 

4.0-4.4 20 6.6 X 1020 13 4.7 X 1020 

4.5-4.9 4 1.2 X 10 21 4 1.2 X 1021 

5.0- l l.Ox 1021 

3.0-5.0 llO 3.0 X 1021 67 1.8 X 1021 
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TABLE III 

Number of earthquakes, N, and seismic energy, E ' , released per year 

Tirre interval 
Sweden Southern Sweden 
N El N E' 

ergs ergs 

1891-1900 11 1.0 X 1019 6 8.7 X 1018 

1901-1910 21 2.2 X 1020 15 1.1 X 1020 

1911-1920 21 7.1 X 1018 12 3.3 X 1018 

1921-1930 18 3.3 X 1019 15 2.9 X 1019 

1931-1940 17 2.5 X 1019 7 1. 7 X 1019 

1941-1950 13 9.3 X 1018 8 7.6 X 1018 

1951-1957 9 1.3 X 1018 3 2.6 X 1017 
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TABLE IV 

Number of events, N, and mean return periods, T(M) 

Magnitude 
Sweden Sout.hern Sweden 

M 
N T(M) N T{JVI) 

years years 

3.0-3.4 52 1.3 32 2.1 

3.5-3.9 33 2.0 17 3.9 

4.0-4.4 20 3.4 13 5.2 

4.5-4.9 4 16.8 4 16.8 

3.0-5.0 110 0.6 66 1.0 
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TABLE V 

81.vedish e...arthguakes 1963-1972, instrumental detemination 

lDcation Nurrber of 
Event Date Origin time lat. long. :Magnitude stations used Comments 
nurrber y m d h m s ON OE ~ for magnitude 

calculation 

1 63 01 19, 19 54 08 59.8 15.3 2.4 3 * 
2 63 10 03, 02 05 32 64.7 23.0 3.0 3 

3 63 10 11, 16 39 44 58.3 13.3 2.9 6 

4 63 10 29, 18 28 35 65.8 21.9 3.1 3 G 

5 63 11 02, 22 54 57 57.l 12.1 2.9 3 

6 65 01 23, 11 09 41 64.9 23.9 3.4 4 

7 65 02 23, 13 55 38 64.7 20.9 2.5 3 

8 65 05 06, 10 02 46 60.0 14.5 2.8 l A 

9 66 06 22, 00 50 38 66.9 18.8 2.2 l 

10 66 10 14, 16 08 25 65.2 22.6 2.7 3 

11 67 01 04, 04 44 18 67.9 21.0 3.1 4 

12 67 02 04, 15 34 56 59.5 13.3 3.3 4 

13 67 04 10, 05 14 37 65.1 22.9 3.1 5 

14 67 04 13, 08 46 19 68.1 20.8 3.4 6 

15 67 04 13, 09 03 48 63.2 18.9 3.3 6 

16 67 05 24, 16 14 26 67.5 21.l 2.1 l 

17 67 06 08, 08 51 00 65.2 24.6 2.6 2 

18 67 06 19, 19 30 01 59.2 14.5 0 ** 
19 67 06 24, 15 01 51 60.8 15.0 2.1 3 

20 67 08 16, 22 44 51 59.3 13.3 2.6 5 

21 67 08 24 I 23 11 57 64.8 21.3 2.4 2 

22 67 10 19, 08 55 38 62.4 17.1 2.5 3 

23 67 10 22, 07 43 14 61. 7 14.l 2.5 4 

24 67 11 29, 09 25 27 60.6 17.7 2.8 2 

25 67 11 30, 11 47 17 59.0 13.6 3.0 6 

26 67 12 04 I 04 59 08 66.6 23.4 2.2 2 

27 67 12 18, 09 54 08 60.7 16.8 2.0 3 F 

28 68 02 06, 01 27 33 57.3 12.4 2.4 3 

29 68 03 12, 07 32 41 58.6 13.5 3.0 5 

30 68 03 28, 03 42 02 60.5 16.0 2.8 3 

31 68 06 01, 04 50 17 68.3 20.7 2.3 1 

32 68 06 13, 04 50 00 64.4 20.8 2.7 5 

33 68 06 14, 17 49 34 55.9 13.9 2.1 2 ** 
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'I~l\BLE V (cont.) 

L::::Jcation Number of 
Event Date Origin t.ilre lat. long. Magnitude stations used Comnents 
number y m d h m s ON OE f,1:L for rragnitude 

calc-ulation 
-----

34 68 08 07, 12 33 46 58 .6 14.6 2.0 l C 

35 68 09 03, 22 35 19 58.5 13.8 3.1 5 H 

36 68 09 04, 17 09 17 66.9 23.7 3.3 7 

37 68 09 08, 17 23 47 67.9 19.4 2.2 l 

38 68 09 08, 17 24 24 67.9 19.4 0 

39 68 10 11, 19 23 10 59.6 12.9 1.9 l 

40 68 10 12, 15 52 24 66.8 17 .5 2.2 2 

41 68 12 25, 15 28 20 68.2 20.3 2.5 2 

42 69 02 13, 18 04 05 59.4 13.l 2.5 4 

43 69 02 13' 23 30 05 60.l 15.0 2.1 l * 

44 69 03 07, 21 33 10 60.1 15.0 2.3 2 * 
45 69 06 19, 20 35 05 60.5 16.6 2.3 2 ** 
46 69 06 19, 23 59 11 67.6 19.8 2.2 1 

47 69 07 04, 22 28 54 67.6 19.4 2.9 4 

48 69 10 05, 14 57 01 60.6 17.8 2.5 2 ** 
49 70 03 24, 14 04 29 59.0 13.l 2.7 3 

50 70 03 24, 15 58 36 59.0 13.1 2.2 1 

51 70 03 28, 07 28 09 67.3 23.6 2.1 2 

52 70 05 12, 14 14 13 61.0 12.8 3.0 6 

53 70 05 24, 00 22 02 59.8 13.7 2.4 4 

54 70 06 14, 16 24 05 65.2 21.9 2.0 1 

55 70 06 14, 17 33 52 65.l 22.l 2.8 4 

56 70 08 12, 19 28 46 61.5 16.4 2.8 5 

57 70 09 28, 04 17 59 60.1 14.7 1.7 2 

58 70 10 02, 15 16 22 58.3 17 .3 2.6 3 I 

59 70 11 20, 09 30 49 61.6 17.6 2.4 2 C 

60 70 11. 20, 09 32 51 61.6 17 .6 2.2 3 C 

61 71 03 27, 11 30 44 59.9 1.5.3 1.3 1 * 
62 71 04 01, 7 ,-, 

.L L, 00 32 59.2 15.7 0 ** 
63 71 04 17 f 08 05 03 67.8 22.6 2.8 5 

64 71 04 20, 23 33 37 64.3 20.8 2.9 4 

65 71 04 29, 15 29 43 58.8 13 .0 2.0 2 F 

66 71 06 03, 12 31 41 59.4 16.1 0 ** 
67 71 07 08, 11 05 37 55.7 13 .s 1.8 ,-, ** " 
68 71 07 10, 04 12 13 58.3 13 .2 2.4 4 
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TABLE V (cont. ) 

k,ca t ion Number of 
Event Date Origin t.ime lat. long. Magnitude stations used Comments 
number y m d h m s ON 0E: ~ for rnagni tude 

calculation 

69 71 07 28, 23 24 54 62.1 17.3 2.9 5 D 

70 71 08 04 I 12 09 50 62.4 17 .3 2.1 2 

71 71 08 27, 07 16 29 62.9 17.9 2.0 2 

72 71 09 07 1 0'.2 41 37 61. 2 17.0 2.6 2 

73 71 09 10, 11 04 06 66.6 16.4 2.1 2 

74 71 09 11, 14 16 25 58 .9 12.8 2 .. 5 4 

75 71 09 14, 16 54 32 65.5 22.5 2.1 1 

76 71 10 05, 11 56 15 62.9 17.9 2.5 1 

77 71 10 06, 07 42 49 62.6 18.0 2.1 2 D 

78 71 10 07, 09 33 08 58.6 13.0 2.7 3 

79 71 11 25, 13 46 50 66.8 22.l 2.7 2 

80 72 02 05, 18 31 45 60.0 15.2 1.8 2 * 
81 72 03 06, l_6 03 04 64.9 20.5 1.8 1 

82 72 04 19, 00 18 30 62.6 17.2 2.2 2 

83 72 06 12, 04 31 33 60.l 14.5 2.7 4 G 

84 72 07 03, 15 04 16 58. 9 14.3 1.9 l B 

85 72 08 12, 05 36 15 60.l 15.0 2.0 2 * 
86 72 08 13, 06 29 50 60.l 15.0 2.1 2 * 
87 72 08 20, 02 52 35 61. 9 16.8 2.9 2 

88 72 09 04, 00 26 33 57.l 18.4 2.3 2 

89 72 09 25, 02 55 34 58.9 13. 7 2.5 l 

90 72 10 13, 01 28 34 67.2 20.5 2.2 3 E 

91 72 10 13, 01 28 56 67.2 20.5 2.6 4 E 

92 72 12 16, 10 09 27 63.5 19.7 2.6 4 

93 72 12 19, 21 12 57 59.8 15.1 2.5 1 * 

Comrrents: * = Near-surface event, probably explosion or rockburst (not mapped 

in F'ig. 2) 

** = Near-surface event, probably explosion (not mapped in Fig. 2) 

A = Near-surface event, possibly explosion or rockburst 

B = Near-surface event, 1x,ssibly explosion 

C = Possibly explosion 

D = Near-surface event 

E = Rockburst at the Mahnberget iron ore mines 

F = Uncertain location 
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TABLE V (cont. ) 

Corrrnents: G = Possibly 2 events, 3 sec apart 

H = Possibly 2 events, 4 sec apart, the 2nd one sanewhat stronger 

I = Possibly 2 events, a. few sec apart 
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TABLE VI 

Number of earthquakes, N, and ex1ergy released during 1963-1972 

Magnitude Sweden Southern Sweden 

~ N 
Energy 

N 
Energy 

ergs ergs 

2.0-2.4 28 3.6 X 1016 7 1.1 X 1016 

2.5-2.9 32 18.1 X 1016 9 4.7 X 1016 

3.0-3.4 13 29.6 X 1016 4 7.4 X 1016 

2.0-3.4 73 51.3 X 1016 20 13.2 X 1016 
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TA.BIB VII 

Earthquake magnitude and source dimensions 

Magnitude Displacerrent Fault length Fault width 
D L w 

MT, cm km km 

3.5 0.3 5.6 1.8 

4.0 0.6 7.7 2.4 

4.5 1.5 10.5 3.2 

5.0 3.6 14.4 4.1 
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Figure captions 

Fig. 1. Locations and magnitudes of Swedish earthquakes for 

the period 1891-1957. Macroseismic determinations. 

Fig. 2. Locations and magnitudes of Swedish earthquakes for 

the period 1963-1972. Instrumental determinations. 
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