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SEISMICITY OF FENNOSCANDIA IN RELATION TO COSMIC
CONDITIONS

G. P. TAMRAZYAN

Institute of Geology, Academy of Sciences of the Azerbaijanian SSR.

This paper deals with the distribution of earth-
quakes in Fennoscandia in connection with cos-
mic conditions. Considerad here are earthquakes
of a magnitude M > 3 from 1900—1950 (data
from Markus Bath, 1956). Within these 50 years
269 earthquakes were registered (Fig. 1). Com-
paratively strong earthquakes (magnitude M > 4)
during this period are shown in Table 1. The
strongest earthquake in Fennoscandia on 23rd
October 1904 had a magnitude of M = 6.5 and
the quantity of energy released was 3.5 X 10™ erg.
All the other earthquakes taken together released
only 5.4 x 10* erg, which is almost 6.5 times
less. In order not to obscure the picture of the
distribution of seismic energy of all the earth-
quakes in Fennoscandia, this strongest earth-
quake (M = 6.5) is excluded from the following
statistical account. As seen in Table 2 the 74
earthquakes with a magnitude of M > 4 released
slightly more than 95 9, of the energy of all the
earthquakes recorded in Fennoscandia (1900—
1950). The remaining 195 earthquakes with a
magnitude of M = 3.0—3.9 released less than
5 9, of the total seismic energy in Fennoscandia.
The energy released by earthquakes of lesser
magnitude (M < 3) is insignificant. On the
whole, 74 strong earthquakes form the seismic
picture of the region.

In order to analyse the seismic material, it has
been necessary in the following to use some
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conventional terms, such as the synodic and re-
duced anomalistic age of the earthquakes as well
as the reduced lunar days.

Fig. 1. Earthquakes in Fennoscandia (1900—1950). Earth-
quake magnitude (M): 1) 5.0—5.4 or more: 2) 4.0—4.9:
3) 3.0—3.9.
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TaBLE 1

The strong earthquakes (with magnitude M > 4) in Fennoscandia for the period 1900—1950, their synodic and
reduced anomalistic ages and reduced lunar time

Greenwich . . . Synodic age Reduc'cd' Reduced
Mean Lati- Longi- Magni- of the earth- | anomalistic local
No. Date Time tude tude tude quake age of the lgnar
(hours, N E M (days, hours) earthquake time
minutes) (days) (hours)
1 2 3 4 5 6 T 8 9
1 Novembet 5, ..o 1901 22 58 59.7 13.8 4.7 24 18 9.0 15.8
2 April 10, o oo aiaia 1902 19 30 64.3 27.6 5.2 2 17 0.7 T
3 ApEl 2900 (vl v 1902 13 15 57.2 13.4 4.0 21 14 19.0 8.7
& September 4, ....... 1902 9 00 65.5 11.0 4.5 2 15 7.0 19.7
5 Octabet 23, . cnmpimis 1904 10 27 59.2 10.5 6.5 13 18 15.2 12.1
6 November 18 . oo..: 1904 2 30 59.6 115 4.7 10 23 13.0 6.3
7 Deécenber 13, 5. 1904 21 51 58.7 11.3 4.2 7 06 12.4 4.7
8 Bebtuaty 6 ooins s 1905 17 10 62.0 5.0 4.7 2T 14.1 3.2
9 Juhe 30 iniaie . 1906 324 58.0 6.5 4.3 11107 25.0 6.7
10 Decembet 10, .. ..o .« 1906 16 11 58.0 6.5 4.2 24 23 23.2 8.4
11 January 10.....0no00e 1907 0 32 59.6 12.3 4.9 2520 25.0 16.4
12 Japuaty 14505 cosiiein 1907 13 03 65.5 11.0 5.2 0 18 1.9 1.2
13 Janary 27, aaiaten 1907 4 58 65.5 11.0 5.4 1511 14.2 6.8
14 ADEIL D avetsissate wistiones 1907 1:25 58.4 13:1 4.0 22 07 2.3 20.2
15 May 26, “crr cuneiice 1907 10: 32 64.4 20.3 4.4 14 14 25.7 12.1
16 Jutie 29 <ot iucesas 1907 20 00 60.0 8.1 4.5 19 06 4.1 16.9
17 Tarary: 8,050 0 it 1908 22 30 58.3 11.5 4.4 513 4.7 6.8
18 Tutie 30 i nieas 1908 4 53 67.3 14.3 4.8 123 13.3 16.3
19 Mareh 9. o shiste s 1909 0 18 64.0 21.6 5.0 17 02 16.0 23.8
20 March 15,0 svnioen 1909 7 58 59.0 1%2:2 4.1 23 14 22.0 1.5
21 February 24 ... oo 1911 18 13 64.6 11.5 4.2 25 .19 16.8 10.1
22 ANUPUSE 24 nnlonniiline 1911 21 48 60.0 5.2 4.9 1 06 3.3 9.1
23 Decembet 26, ¢« 1911 8 55 62.9 27.6 4.3 6 04 19.2 i L7 66
24 September 18, ...... 1912 20 48 60.2 14.8 4.0 8 04 9.4 3.3
25 Taly 9, s somesons 1913 1550 64.0 8.0 4.9 16 01 12.9 15.4
26 AUPNEE A, Lt o s 1913 7 38 61.4 5.8 5.2 2 06 0.8 18.2
27 September-T1, ... 1913 2 34 67.5 13.5 5.0 10 19 9.9 6.7
D8 |ATuly 8. . terns e 1917 | 14 41 68.9 15.6 40| 1913 25| 119
29 APE A0 5 e ds 1918 0 26 61.4 6.5 4.9 28 21 0.1 13.4
30 Anpgust 22, s seris 1918 20122 60.6 6.0 4.0 16 11 1.4 19.8
31 Septembet 6, .....u. 1920 4 46 66.9 14.0 4.5 23 A7 25,3 22,3
32 August 23, s caa s 1921 22 00 55.0 15.0 4.0 20 19 19:9 18.1
33 ANGUSt 23, s s svenis 1921 23 45 55.0 15.0 4.0 20 21 20.0 19.8
34 Jane 11; sesisdnas 1922 12 44 59.6 14.5 4.3 16 07 8.9 12.5
35 17 T SO I 1922 18 58 61.6 5.7 4.2 19 06 15.2 15.7
36 October 27, :..ose0. 1922 510 59.7 12.0 4.2 7 04 7.8 12.1
37 Match 23; «ooiiiaisss 1923 1. 10 61.3 5.6 4.2 6 00 18.5 8.6
38 MAV 8 deeiiore s aiofin 1923 3109 62.4 6.0 4.2 19 07 5:2 0.0
39 Nav: 59 s ware 1924 6 20 61.8 5.4 4.0 1. 19 14.5 18.3
40 | January 4, .......... 1926 8 30 69.9 29.4 40| 1917 17.2 6.4



Seismicity of Fennoscandia in relation to cosmic conditions 147

TasLE 1 (continued)

2 3 4 5 6 7 8 9
August 18, coovnves 1926 13 58 65.8 28.5 5.4 9 23 22.4 19.8
Octobet 19, i« u 1926 1717 57.8 7.5 4.2 12 18 0.1 19.5
Februaty: 25, oo 0 s wie 1927 20 00 65.5 29.0 4.2 23 14 21.2 14.8
Jone b, oo s s b 1927 6 16 61.7 4.4 4.3 15 11 18.2 6.2
April 13 coenueiionns 1929 8 05 65.3 21.6 4.1 3 12 0.5 18.6
May 28, e 1929 18 36 57.5 7.4 4.9 14 14 1216 19.2
May 29, oo ncientic i 1929 2331 57.7 7.3 4.7 20 19 18.6 19.2
Octobet 26, .+ ovia 1929 13 44 57.0 13.5 4.2 23 14 3.6 7.5
Mateh 105500 ate. 1930 22 36 62.9 17.7 4.0 10 08 25.6 3.4
APl 35 vaiminies vemes 1930 17 47 69.0 24.0 4.2 412 21.9 3.7
June 10 e ofiomla 1930 0.15 61.0 5.4 4.1 12249 9.6 2.2
October 3k oo oot 1930 23 17 55.3 12.8 4.5 10 01 12.4 4.1
November 16, ...... 1931 3 21 62.5 25.8 4.9 6 05 7.3 12.0
November 16, ...... 1931 19 30 62.5 25.8 4.3 6 21 8.0 3.6
Septembef 3, ..o 1932 19 06 58.6 13.0 4.2 2.23 0.0 545
ABPUSEES otols semmdiaitis 1933 23 58 59.4 13.0 4.5 14 08 2.3 1.2
Novembet 2, « e s 1934 16 40 62.1 28.0 4.0 25 01 16.6 10.2
December 12, ....... 1934 20 10 60.2 23.2 4.4 6 06 13.4 4.6
Januaty Ty ove o nsios 1935 17 32 65.0 20.2 4.0 2/ 12 1.2 4.9
January L. cenioies 1935 22 47 60.2 23.2 4.2 6 17 5.2 6.5
Janwaty 28 c00mes s 1935 15 12 65.6 139 4.0 23 12 22.4 8.9
@October 10, oo 1935 5 52 62.5 17:4 4.0 2 20 26.6 16.7
April 5% wsiensemnaiin 1936 21 22 64.0 18.0 4.1 13 19 134 234
Match 115 teapaa e 1938 16 08 61.9 4.2 5.2 9 10 0.3 20.8
June 225 oipnwnsans 1939 14 11 61.4 5.0 4.0 5 01 27 22.3
October 9, uisiimsns 1939 10 09 58.0 7.6 4.6 26 03 26.0 1.5
Tanuaty 27 soweaims 1941 121 61.2 5.8 4.4 27 03 8.0 157
January 4, coesessims 1942 22 39 60.0 6.0 4.0 17 13 17.8 20.8
November 26, ...... 1942 3 09 59.9 6.4 4.8 1713 15.0 1.3
ABEVRY 29 ouiieiaiipeds 1943 5 35 59.0 6.2 4.1 27 22 13.5 19.2
April 24; . cessosase 1946 17 45 55.4 15.6 4.3 22 16 20.3 12.7
Bebruaty 8, . ..o usvweis 1947 20 45 62.2 8.2 4.0 17 09 4.9 18.9
Taly 22 snmas emivias 1948 19 15 55,4 15.6 4.0 16 01 13.9 19.3
751 6 2 P i e 1948 8 31 62.5 6.0 4.0 16 14 14.5 7.5

TABLE 2

Distribution of earthquakes and their energy in Fennoscandia from 1900—1950

A Number of Summary energy, Quantity of energy which on an average
Magnitude earthquakes in %% accounts for one conventional earthquake, in 9%
5.0—5.4 8 56.7 7:1
4.5—4.9 18 28.7 1.6
4.0—4.4 48 10.0 0.2
3.5—3.9 84 3.6 0.04
3.0—3.4 111 1.0 0.01
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Fig. 2. Strong earthquakes in Fennoscandia (1900—1950).

Years of the XX century are on the horizontal line.

The lunar orbit perigee is: in the syzygy zones (shading):

beyond the syzygy zones (left unshaded). Earthquake

magnitudes (M): 4.8—5.4 or more (large circles): 4.0—
4.7 (small circles).

The average synodic age of an earthquake is
the time Th—tggrmin days) between the date of
the earthquake and the last new moon; it is de-
termined by taking the average duration of the
synodic month as 29.6 days. In this paper, the
difference in the time interval between two real
subsequent new moons and the duration of the
average synodic month is corrected.

The reduced anomalistic age of the earthquake
is the time interval (in days) between the date of
the earthquake and the previous moon’s passage
through its perigee. The duration of the reduced
anomalistic age is determined by taking the aver-
age duration of an anomalistic month as 27.6
days. For the conversion of the current anoma-
listic age into the reduced anomalistic age a cor-
rection is introduced (sometimes up to some
dozens of hours).

For the purpose of uniformity, it is convenient
to use the reduced lunar days conjugated by du-
ration with the solar days instead of the lunar
days with a duration of 24 hours 50 minutes.

The whole time interval between 1900 and
1950 is divided into two groups of intervals
which are equal in total duration (each amounting
to 25 years). One of them, 7.e. the first group of
intervals, corresponds to the conditions under
which the new moon or full moon was near the
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perigee of the lunar orbit. The second group of
time intervals corresponds to the conditions
under which the new moon or full moon was
far from the perigee (Fig. 2).

13 strong earthquakes (M = 4.8—5.4) have
been recorded within the first group of time
intervals, while only 3 strong earthquakes fall
within the second group of intervals. On the
whole, the amount of seismic energy released by
strong earthquakes in the first group of intervals
was twice as high as that in the second group of
intervals. Thus, with the increase in the tidal
efforts (the proximity of the perigee part of the
lunar orbit to the syzygy phases) the seismic
activity in Fennoscandia is increasing.

The greatest amount of seismic energy (416 x
10" ergs or 77 9,) was released in the regions
situated north of the 60° parallel (the greater
part of Norway and Sweden and the whole of
Finland).

In Fennoscandia as a whole the main quantity
of seismic energy (81.2 9,) was released in the
interval between the 28—3 (32.9 9,) and 9—18
(48.3 9,) days of the synodic month. Within the
other part of the synodic month (3—9 and 18—
28 days) the frequency of the seismic energy
released was 5 times less.

This is a remarkable fact indicating the ex-
tremely important role played by the lunar
phases (with the mutual location of the Earth,
the Moon and the Sun) in the distribution of
the seismic energy of this region during the
lunar month.

It may be mentioned in passing that the strong-
est earthquake with a magnitude of M = 6.5 (it
occured on the 13.7th day of the synodic month)
falls within the interval of the 9—18 days of the
synodic month (main maximal released seismic
energy in Fennoscandia).

The distribution of the earthquakes as a func-
tion of the synodic and reduced anomalistic age
is shown in Fig. 3. As can be seen the plots of
the strongest earthquakes (with a magnitude of
M > 4.0) in Fennoscandia fall within narrow
zones elongated in a direction extending from
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Fig. 3. Distribution of strong earthquakes (with M > 4.0)
in Fennoscandia from 1900—1950 as a function of the
average synodic and reduced anomalistic age. Days of
the average synodic month are on the abscissa. Days of
the reduced anomalistic month are on the ordinate.
Circles designate earthquakes. Earthquake magnitudies:
1) 4.6—5.4 or more: 2) 4.0—4.5. By dots is shown the
time during which cosmic conditions favor the ecarth-
quakes.

the lower left corner to the upper corner of the
diagram.

56 earthquakes (with a magnitude of M > 4)
occured in the seismically active zones, whereas
only 19 earthquakes occured in the seismically
passive belts. If the number of earthquakes in
the seismically passive belts (numbers 2 and 4)
is recalculated to one hundred percent, then the
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Fig. 4. Distribution of energy of all earthquakes in Fenno-
scandia according to seismically active zones (shading)
and seismically passive belts (is left unshaded).

1 and 3 — seismically active zones: 2 and 4 — seismically
passive belts. E — energy, in 1018 ergs (on the right —
is energy in percent).

seismically active zones (numbers 1 and 3) show
an increase of 295 9, (Table 3).

Especially interesting is the distribution of
carthquake energy (Table 3). In seismically active
zones the release of seismic energy increased 6
times (641 9,

passive belts. This is especially obvious for the

as much as it did in seismically

first seismically active zone, where the energy of
the earthquakes exceeded that of the earthquakes
in the seismically passive zone 7—18 times (Fig. 4).

TABLE 3

Distribution of strong earthquakes (M > 4.0) in Fennoscandia (1900—1950)

and their energy in seismically

passive betls and seismically active zones

In the active
Belt, Seismically Seismically Seismically Seismically Z0N€cH a3
zone passive belt active zone passive belts | active zones compared
to the passive
belts, %%
Numbers (belt, zone) 2 4 1 3 24+ 4 143
Number of carthquakes ... 10 9 39 17 19 56 295
Euergy of earthquakes
X TOIBELD8, ..cinsninmvns 20.3 49.3 373.5 72.6 69.6 446.1 641
A e 3.9 9.7 72.4 14.0 13.6 86.4
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Fig. 5. Distribution during the lunar day of strong earth-

quakes (with M > 4) and their energy in Fennoscandia

(1900—1950). n — number of earthquakes: E — energy

of earthquakes, in 108 ergs: curve shows the change in

seismic energy (E x 1018 ergs) by twice-sliding three-
hour periods.

The increase of several hundred percent (500—
1000 9, or more) in the energy released by earth-
quakes as related to the variation of values of
the tide-generating forces is a visual and undispu-
table demonstration of the genetic connection be-
tween seismic activity and tide-forming forces
(Tamrazyan, 1968).

The distribution of earthquakes in Fenno-
scandia as related to local reduced lunar time is
shown in Fig. 5.
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Fig. 6. Distribution of strong ecarthquakes in Fenno-
scandia by hours of the reduced lunar days (counted
from the moment of the upper culmination of the Moon)
and simultaneously in connection with their synodic age
(1900—1950).
Eearthquake magnitude (M): 1) 5.1—5.4 or more:
2) 4.3—5.0.

The distribution of strong earthquakes as re-
lated to local lunar time and their synodic age
is shown in Fig. 6. The increase in the number
of strong earthquakes and especially in their
energy, depicted in the lower left part of Fig. 6,
is striking. Here, in comparison with the rest of
the figure, the frequency of the earthquakes is
twice as high and their energy is 5 times greater.

The almost distinct maximum of the strong
earthquakes in certain sections of this figure in-
dicates the role of cosmic influences on the period
of intense seismic activity in Fennoscandia. The
above correlations testify to the influence of cos-
mic conditions in triggering off the energy re-
leased at earthquake foci.
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