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Magnitudes of strong earthquakes in the period 1903-1956 fall into two ranges: an
upper of magnitude 8.4-8.9 and a lower of magnitude 7.9-8.3. Earthquakes of the upper
range are distinctly related to (a) rotational parameters of the Earth (the so-called V
numbers) and (b) lunar declination at culmination. Earthquakes of lower magnitudes do
not reveal this relationship. Annual and diurnal trends in the seismic activity of the
TEarth’s crust and the upper parts of the mantle are considered. Changes of seismic activ-
ity are compared with those of tide-generating forces, these changes reaching some 100%.
Thestoring of seismicactivity, itsintensification and dimunition within different structural
levels in the Tarth’'s crust and mantle at different times, and the approximate coincidence
of selsmie events in various tectonic levels of continental and oceanic border regions are
discussed. Characteristics of the changes of seismic activity are related to the fixed posi-
tion of the Earth (i.e., the Greenwich Meridian relative to the Sun). Regularities in the
distribution of seismic activity are related to the axes of the Earth’s deformation. The as-
sociation of the strongest earthquakes with the position of maxima of geoid amplitudes in
gircumsolar space is described. -

Seismic activity of the Earth undoubtedly
is characterized by regularities which are
poorly understood at present.! The indirect
approach to attempt to solve the problem
of the regularities of seismic activity of
the Earth may hopefully be supplanted by
more direct ways in the near future.

I. TioE-GENERATING FORCES AND
THE MaAJjor EARTHQUAKES

Major earthquakes of the HEarth show
a distinet connection with the change of
tide-generating forces. Depending on the
variation of tide-generating forces, the
frequency and energy of earthquakes may
change many hundreds of percent, not just

! Hedervari (1964) discusses the distribution
in time of strong earthquakes for separate regions
of the Karth. Relationships among different geo-
physical parameters are examined.
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in units or tens of percent as was previously
believed. Tide-generating forces effect the
frequency of earthquakes in the crust and
mantle.

Variations of the tide-generating forces
most strongly relate to the major earth-
quakes (Table I). Thus, for example, during
the 1908-1956 near-perigee position of the
Moon. (= 2.5 days from perigee), the earth-
quake energy per unit time in the period of
syzygy relative to the period of quadratures
comprised 2679, for earthquakes of magni-
tude 7.9-8.3 and sharply increased to 982%,
for the strongest earthquakes of magnitude
8.4-8.9.

In general, the distribution of earthquakes
shows an irregularity within each synodic
(as well as the reduced anomalistic) month.
Usually, two maxima and minima of seismie
activity occur during a month which may
be displayed on an earthquake distribution
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TABLE 1
DIsTRIBUTION OF STRONG FARTHQUAKES (M = 7.9-8.7) pURrING THE SyNnopnic Montx
rroM 1903 To 19568 OccurrIiNG NBAR Periger (2.5 pays)
Percent:
- earthquake
Number of the carthquakes during— Earthquake energy E(X10% ergs) during— e\?ngf %firlfx?ar
3 2 g & & g :
1 o 3 a g B 2
B 5 2 b e by o K E =
RN L B - - . B - E -
P 2 kE: & 3B & @ & Zz Ez & 4B & & & &5 &
8.7 —_ —_ 1 — — 1 1 — — 70.8 — — 70.8  70.8
86 — — 1 — — 1 1 —~  — 501 — — 50.1 0.1} 100 982
8.4 3 1 2 — 1 5 6 75.4 25.1 50,2 — 25,1 125.8 150.7
8.3 2 1 3 — 1 5 6 3584 17.8 534 — 17.8 89.0 106.8
8.1 — ] 2 2 3 2 5 — 8.9 17.8 17.8 26.7 17.8 44.5 100 287
7.9 5 1 3 1 2 &8 10 226 4.5 135 4.5 9.0 36.0 45.0
Total 10 4 12 3 7 22 29 133.5 56.3 2B5.8 22.3 78.6 380.3 467.9 100 495

diagram. This displacement is quite regular
and systematic.

This relationship may be shown on a
synoptic diagram. In one such diagram
(Fig. 1) two groups of earthquakes are
distinguished, one of magnitude 7.9-8.3 and
one of magnitude 8.4-8.9. The lower magni-
tude group of earthquakes tends to con-
centrate into separate belts. These belts
are drawn parallel from the lower left corner
to the upper right corner.

The phase—perigee dingram may be repre-
sented as a spiral diagram. Iach of these
spiral diagrams consists of four spirals of
two seismoactive belts (numbers 1 and 3)
and two seismopassive belts (numbers 2
and 4).

For example, I'ig, 2 illustrates 4 spiral
diagram for the earthquakes of the Trans-
caucasus. Here, 1932 large earthquakes were
registered during the years 1900-1950;
they are rather distinctly distributed in the
spiral diagram. Although, for major earth-
quakes the spiral pattern is not very distinet
(Fig. 3), it can nevertheless be seen.

The relationships of earthquakes with
tide-generating forces are shown not only in
n, secular sense (during the first half of the
twentieth century) but also within yearly
periods.? Thus, for example, the earthquake

2 The distribution of seismic activity also com-
monly shows a similar relationship.

distribution of 1963 at syzygy and quadra-
ture compares well with the analogous
distribution of major earthquakes during
the 1903-1956 period (Fig. 4). With in-
crease of tide-generating forces during the
syzygy period, the number of earthquakes
sharply inecreases. In this period, 77% to
81% of all major earthquakes of 1963, as
well as some of the strongest earthqualkes.
of 1903-1956, occur. With decrease of the
tide-generating force at quadrature, the
number of earthquakes sharply decreases.
(199, to 23%, of the earthquakes of 1963.
and of 1903-1956).

With increase of the tide-generating
forces in the syzygy period, the seismie
energy released also sharply increases,
reaching at near perigee 87% for the strong
earthquakes of 1963, as well as for the
strongest earthquakes of 1903-1956. With.
the reduction of the tide-generating forces.
at quadrature, the quantity of released
energy sharply decreases, comprising only
139,. Thus, variations of tide-raising forces.
are closely connected with the intensity of
carthquakes. At syzygy, the intensity of
strong earthquakes increases six to seven
times that at quadrature when tidal effects
are minimal.

The increase of energy of earthquakes by
hundreds of percent depending on the
variation in magnitude of tide-generating
forces clearly demonstrates the genetic
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Tg, 1, Distribution of the strongest earthquakes of ¥ > 7.9 during 1903-1956 depending on the average
synodic and reduced anomalistic age. Days of the average synodic month are on the horizontal line. Days of
the reduced anomalistic month are on the vertical line. Earthquake magnitudes are 1, 8.9; 2, 8.7; 3, 8.6;
4, 8.4; b5, 8.3; 6, 8.1;7, 7.9. Key to legend in lower right hand corner: 1, seismically active zone; 2, seismi-
cally passive zone. Figures indicate the number of earthquakes ocourring within each zone. On the borders of
the diagram the numbers of the belts corresponding to the corresponding spirals of the spiral diagram are
shown.

association of seismic activity with such
forces. In the past this relationship was
- sought for and disputed. Proponents con-
ceded that if such a relationship existed,
it would be generated by variations of seismic
activity within values of only 59, to 159%,.

We show this relationship does exist and the
chance of seismic activity, which depends on
the variation of the tide-generating force,
will vary many hundreds of percent.

The influence of tidal forces on earth-
quakes depends to a certain extent on how
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Fic. 2. Spiral diagram of the change in seismic activity in the period. 1900-1950 in the Transcaucasus
area. The circles indicate the observed earthquakes detected by macroseismic techniques. Dates of the
average synodic month are indicated on the circumference. Dates of the reduced anomalistic month are
indicated on the radius. The synodic and reduced anomalistic age of the earthqualke define its position in the

diagram,

close the Moon lies to the ecliptic plane
(Fig. 5).

In general, the greatest major earthquake
energy is released at low values of lunar
declination at culmination (e). At a decli-
nation less than the value of the obliquity
of the Earth’s equator to the ecliptic, the
quantity of the energy released is almost
double (1879%,) that when the declination is
greater than this obliquity (a greater than

. 923°27"). However, different regions of the
Earth do not react similarly to the decli-
nation parameter. In America, especially in
South America, the maximum quantity
(82-93%,) of the seismic energy of the
twentieth century was released at small
values in declination (e less than 23°27');
in Eurasia the maximum quantity of energy

(65%,) was also released at small values of
«. However, the northwestern part of the
Pacific Ocean behaves otherwise and even
oppositely. Here, more seismic energy (56—
599,) is released at o greater than 23°27'. In:
general, the northwestern part of the Pacifie
Ocean reacts exactly opposite to that of the
southeastern part of the Pacific Ocean
relative to the variations of tidal forces
associated with changes of lunar declination
at culmination.

The maximum energy of the strongest
earthquakes (magnitude > 8.4 and even
magnitudes equal to 8.3) is released in all
global regions predominantly at the northern
(positive) declination of the Moon (ay).
During 19401964, 80-889, of the energy
of highest magnitude earthquakes (M > 8.3)
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T'1a. 3. Spiral diagram of the change of seismic activity depending on the change in tide-generating force
«luring 1903-1956. Magnitudes ave 1, 8.9; 2, 8.7; 3, 8.6; 4, 8.4; 5, 8.3; 6, 7.9-8.1, .

'was released during the period of northern
declination. For earthquakes of magnitude
7.9-8.2 the release of seismic energy in
general does not depend on the sign of the
lunar declination and is approximately equal
to the northern and southern declinations.
On the whole, during 1940-1964, 73-76%, of
‘the energy of earthquakes of magnitude 7.9-
8.9 was released during northern declination
of the Moon. Thus, global regularities of the
release of seismic energy of the highest
magnitude (> 8.3) occur when the Moon
is over the northern hemisphere of the
Karth. This relationship is of major sig-
nificance. '

II. V NUMBERS AND THE
STRONGEST EARTHQUAKES

Conditions controlling the change of the
Earth's rotation change in a complex man-
ner. As a first approach, these conditions

may be characterized by the change of V
numbers which represent the product of
the difference of the coordinate (z) of the
present day polar movement (expressed
in milliseconds of arc for 1/10 of a year) to
the difference of the observed Wolf numbers
(for 1/10 of a year). V numbers are shown
in Fig. 6C.

As is seen in Fig. 6C, V numbers change
rather erratically. These numbers attain
maximum values in the following epochs
within the period 1930 to 1956:

Epoch V number

1904.5-1911.5
1816.0-1923.0
1916.0-1923.0
1926.0-1930.5
1937.5-1042.0
1046.0-1953.0

2000-3500 and greater
2000-3500 and greater
2000-3500 and greater
1500-2500

2000 and greater
3000-4500 and greater
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Tig. 4. Distribution by zones of syzygy and
quadratures of strong and less strong earthquakes
oceurring near perigee or apogee of the Junar orbit:
a and b, less strong earthquakes during 1963,
M > 6; ¢, strong earthquakes during 1903-1956,
M >79; a and ¢, earthquakes occurring near
perigee during 24.6-3 days of the reduced anomalistic
month; b, earthquakes occuring near apogee during
10.8-16.8 days of the reduced anomalistic month.
1, Earthquakes of the zone of quadrature; 2, earth-
quakes of the zone of syzygy; n, number of earth-
quakes; E, earthquake energy in 10* ergs.

The duration of these active epochs
constitutes 27 years, i.e., half the time
interval of 54 years under consideration
(1903-1956). The remaining 27 years cor-
respond in general to the passive epochs
of Earth history.

The reality of the active and passive
epochs are extremely significant in under-
standing the release of seismic energy from
the Barth. Data recorded within this time
period of 1908-1956 show that 32 of the
strongest earthquakes occurred with magni-

57%

tude equal to or greater than 8.4. Of these,
27 earthquakes (849;) occurred during the
active epochs and only five earthquakes
(169,) took place during the passive epochs
i.e., at low V numbers. Within the period of
the active epochs the seismic energy released
by the strongest earthquakes under con-
sideration (M > 8.4) constitutes 819, (134 X
10* ergs). Within the passive epochs the
seismic energy released is only 199, (31 X
10% ergs).

Barthquakes of lower magnitude of 7.9
8.3 and even 7.0-7.7 are almost independent
in general relative to variations of V' num-
bers. However, since the bulk of seismic
energy is released during the strongest
earthquakes it follows that the seismic
activity of the Earth is in general closely
connected with ¥V numbers.

The strongest earthquakes of magnitude
> 8.4 in the first half of the twentieth cen-~
tury are defined by two active (1904.5—
1923.0 and 1037.5-1953.0) phases and one
passive (1923.0~1937.5) seismic phase. These
are closely related to three stages of vari-
ations of ¥V numbers, i.e., the minimum V
numbers correspond to periods of seismic
quiescence.

Of the 32 strongest earthquakes of magni-
tude > 8.4, 28 correspond to the two active
phases and only four correspond to the
passive phase. The frequency of earth-
quakes in the active phase is 2.5-3.5 times
greater than in the passive phase (Fig. 7). The
released energy in the active phase (33.1 X
10% and 48.5 X 102 ergs/year) is two to
three times greater than for the passive
phase (16.6 X 10% ergs/year).

Intermediate earthquakes also disclose
a relationship with V numbers, particularly
for the range of magnitudes 7.9-8.9. Of
24 intermediate earthquakes of magnitude
> 7.9, 23 earthquakes occurred during the
active phase and only one of them took
place in the passive phase.

Normal earthquakes reveal the association
with V numbers primarily for the most
intensive earthquakes of magnitude 8.4-8.9.
Earthquakes of lesser magnitude (<8.3)
are equally abundant in the active and
passive phases within the continents of the
eastern hemisphere (15 X 10% ergs/year)
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Ti1a. 5. Distribution of strong earthquakes in the period 1940-1964 relative to the value of the lunar
declination st the time of the earthquake (o)) and at culminations («). Bpicenters are located: 1, to the north
of Lat. 20°N; 2, between Lat. 29°N and the equator; 3, between the equator and Lat. 29°8; 4, to the south
Lat. 29°S; 5, America; 6, western Pacific; 7, Eurasia and oceans exclusive of the Pacific Ocean. The size of
the symbols corvesponds to earthquake magnitude, the largest size to 8.7-8.9, intermediate size 8.4-8.6,
small size 8.1-8.3, and smallest size to 7.9-8.0.
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but are somewhat different in distribution
for the Americas, where the energy released
during the active phase was 1.5 times
greater (6.7 X 10% ergs/year) than in the
passive phase (4 X 10% ergs/year). Thus,
the western hemisphere reacts to the change
of V numbers not only with regard to earth-
quakes of magnitude 8.4-8.9 but, in contrast
to the eastern hemisphere, also with earth-
quakes of magnitude 8.0-8.3, possibly indi-
cating a greater dynamic sensitivity to the
triggering of earthquakes in the western
hemisphere.

In the seismically passive period from
1923.0-1937.5 the length of the year has
been shortened. In the seismically active
period of 1904.5-1923.0, characterized by
2 maximum of seismic energy reclease, the
length of the year has been inereased.

The strongest earthquakes of each seismic
phase fall into two ranges within which the
released energy decreases with the decrease
of magnitude. The lower range of magnitude
7.9-8.3 is not a continuation of the upper
range of magnitude 8.4-8.9 but overlaps the
lower values. The upper range of earth-
quakes of the Earth’s crust, as well as of the
mantle, is most closely related to the V
numbers. In the lower range this relationship
only applies to earthquakes of the mantle
and is almost unrelated to earthquakes of
the crust or the base of the crust.

III. STRUCTURAL LEVELS IN THE
Process oF INTENSIFICATION,
ATTENUATION, AND MIGRATION

oF SmisMIc ACTIVITY IN THE KARTH

Let us examine the intradiurnal distri-
bution of the strongest earthquakes as
a function of Greenwich time (Fig. 8). The
diagram shows a distinct regularity in this
distribution: two maxima and two minima.
Seismic maxima correspond to the interval
0-6 o'clock and other 14-20 o’clock. The
energy release for these 12 hours corresponds
to 147 X 10® ergs/hr, whereas during the
remaining 12 hours it is about 83 X 10%
ergs/hr. During the 6 hours of maximum
seismic activity, from 0-3 o’clock and from
15-18 o’clock the average amount of seismic
energy released (174 X 10% ergs/hr) exceeds

the average quantity of seismic energy re-
leased during the 4 hours of the minimum
seismic activity from 7 to 11 o’clock (40 X
10% ergs/hr) by a factor of 4.

Tigure 8, showing the distribution as
a function of time of the strongest earth-
quakes, may be split into its component
parts. First, we may note earthquakes
according to regional provinees. Then, we
may separate normal shallow earthquakes
associated with the Earth’s crust and its
bage from earthquakes with their foei in the
mantle. As is shown in Fig. 9, processing the
data in this way does not lead to a loss of
the regularities shown by the intradiurnal
distribution of earthquakes but, on the
contrary, permits an even more distinet
analysis of the data and a disclosure of new
features.

We note seismic levels of activity and
seismic events in these levels at different
times within specific geographical provinces.
The maxima and minima of seismic energy
release in the Farth’s crust and the upper
parts of the mantle usually do not coineide
in time. This activity shifts from one place
to another in each major seismic province
of the planet.

In the western Pacific region the maxima
of seismic energy release in the Earth’s crust
and the base of the crust correspond to the
minima of the seismic energy release of the
mantle. Mainly from 15 to 21 o’clock and
less so from 1 to 6 o'clock, these maxima
correspond. to 80% (873 X 10%* ergs) of
the total energy of the normal earthquakes
of the region and at the samne time only 18%,
of the earthquake energy with foci in the
mantle. In this area the maximun seismic
energy released for one given event cor-
responds to 519, (655 X 10% ergs) of the
earthquake energy in the Earth’s crust and

only 4%, (18 X 10% ergs) of the maximum-

of a single earthquake event in the mantle.

Maxima of the seismic activity of the
mantle in this area occur in 5 hours within
the following hours (6-7, 11-12, 13-15, and
21-22 o'clock). Within these times 73%
(325 X 10% ergs) of the total seismic energy
of the mantle has been released. During the
same 5 hours, less than 9%, (93 X 10% ergs)
of the normal earthquake energy of the
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Fic. 7. The distribution of energy of all the
strongest shallow (A) and intermediate (B) earth-
quakes of M > 7.9 in phases distinguished on the
bagic of ¥V numbers from 1904.5 to 1953.5. Phases
where 1 is active and I is passive: a, first active
phase 1904.5~1923.0; b, passive phase 1923.0-1937.5;
¢, second active phase 1937.5-1853.0. Normal or
shallow earthquakes show a distinet connection with
¥V numbers for M > 8.4 and intermediate earth~
quakes for all magnitudes of 7.9-8.9. ¥ is energy in
10% ergs/vear.

8.4-

crust in the western Pacific region has been
released. The contrast is striking.

In western America from 1 to 6 o’clock
and 15 to 21 o’clock, 649, (325 X 10% ergs)
of the crustal earthquake activity and, at the
same time, 409, (18 X 10% ergs) of the man-
tle earthquake energy has been released.
Within the 5-hour time period mentioned
above, about 409, (18 X 10% ergs) of the
earthquake energy in the mantle for South
America and at the same time only 109
(49 X 10% exgs) of crustal earthquake energy
has been released, the latter all within Cen-
tral America.

Tectonic levels of seismic activity are

2004
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2 4 & 8 {0 & W4 B 8 20 22 24

Tra. 8, The intradiurnal distribution of all the
strongest earthquakes as a function of time (Green-
wich) from 1908 to 1956: n, number of earthquakes;
E, energy of earthquakes in 10% ergs; the curved
line shows the change of the value under consider-
ation averaged over a cumulative 3-hour period.

also demonstrated in the continental Kura~-
sian area. Here almost all seismic activity
is related to the crust of the Earth. Within
the maxima energy release from 11 to 15
o’clock and from 21 to 3 o’clock, earthquake
foci in the mantle were practically inactive.
Only one mantle earthquake occurred, of
magnitude 8.1, During the minima of
seismic activity of the Karth’s crust and

values (z) of the difference of coordinate “z*' of the movement of the immediate pole relative to its average
position estimated by data given by the International Latitude Service expressed in milliseconds of arc for
each one-tenth of a year. (B) Change of solar activity. The absolute value of the monthly difference in Wolf
numbers is shown as W. (C) Change of ¥V numbers, i.e,, the product of the absolute values of the difference
of coordinates of the movement of the immediate pole and the difference of the observed Wolf numbers
per one-tenth of & year. (D) The distribution of energy of the strongest earthquakes of M > 8.4 during
1903-1956. Shading shows time intervals of the maximum ¥ numbers symbolizing the most active periods.
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its hase, on the other hand, earthquake foci
m the mantle were active and within this
time period 859, of the totul earthquake
energy of the region was evolved,

The occurrence at different times of the
intensification und dimunition of seisniic
activity in similar structural levels on the
borders of the Pacific Ocean (the western
Pacific and western America), on one hand,
and in the mmense mainland  urasian
region on the other, is marked (Fig. 9). The
maximum  energy  release in the Rarth’s
crust and its base in the Pacifie region
corresponds to the minhnum in the Eurasian
region und vice versa. In the Pacific seisiic
ring, the maximum seismic energy release
oceurs, in geueral, during the evening from
15 to 21 o’clock, whereas in Eurasia at this
tine & minimum is recorded. The minimuim
release of energy in the Pacific from 7 to 15
o'clock corresponds to the significant maxi-
mum of the seismic energy release in Eurasia,
(Fig. 9). In general, crustal earthquakes of
Burasia are essentially distributed dif-
ferently than those of the Pacific.

Also, in general the Pacific ring of seismic
activity differs in that it is fairly uniform
relative to Eurasia. Within 11 hours (1-6
and 15-21 o’clock) 759, (1198 X 102 ergs)
of the total energy of crustal earthquakes of
the Pacific ring was released. Within the
remaining 13 hours, only 259, of the encrgy
was released. The borders of the Pacific
Ocean, however, differ soimewhat from each
other. This difference lies in the fact that in
the western Pacific region, the main maxi-
mum oceurs during evening, whereas in the
western American region it occurs later
during the night by Greenwich time.

In the mantle seismic energy relense also
tukes place at different times in different

wich time of the energy of strong earthquakes of
M 2 7.9 of wpecific regions of the world from 1903
to 1056, arthquakes with foci in the Barth's erust
and its base (normal earthquakes): I, western
Pucific; 11, western Ameriean; III, Eurusiang 1V,
earthquakes with foel in the upper parts of the
mantle (inlermediate  earthquakes). 1, weslern
Pacific; 2, western American; 3, Burasinn; 4, foci
of the Indinn and Atlantic Oceans; 5, deep-focused
earthquakes; 6, maximn of seismic activity; 7,
minjma of seismic aclivity.



e

o,y e

REGULARITIES IN EARTHQUAKES RELATIVE TO SOLAR AND LUNAR TIDES 585

regions. Because of the distinetly dominant
contribution of relensed energy of the mantle
as o function of time in the western Pacific
region (819) and only a negligible contri-
bution for the remaining two regions, the
picture of the release of seismic energy ut
diffevent times in the mantle is not as elewrly
revealed for the other two regions heeause of
insuflicient statistical data, In spite of this,
within the main maxinnn time of release of
mantle energy in the western Pacifie region
from 11 to 15 o’cloek, almost no carthquakes
with foei in the mantle in the other two
regions occurred. The few earthquakes in
Burasia tended to take place mostly during
the second half of the day.
I An  approximate simultaveity of the
intensification and diminution of seismic
activity exists in different structural levels
of the Earth’s crust and mantle in the
large muainland Eurasian region and the
bhorders of the Pacific Ocean, The simul-
taneous release of maximum seismic en-
ergy of the mantle of the western Pacific
region with the maximum seismic energy
release of the Earth’s crust and its base
in Furasia from 11 to 15 o’clock Greenwich
time is noteworthly (Ilig. 9, III and IV).
A gradual intradiurnal migration of
seisinic energy release in the Karth from
east to west of the seismic maxima of the
Farth’s erust and its base is observed. The
maximum Seismic energy release begins
carlier in Eurasia (11-15 o’clock) and some-
what later in western America (13-18
o'clock) and later yet in the western Pacific
(1521 o’clack). The second maximum of
seisinic energy release also shifts and extends
within a day toward the west; from around
midnight in Furasia (21-3 o’clock) to around
midnight to after midnight in western
America (22-5 o'clock), and from  past
midnight to early morning in the western
Pacific region (1-6 o’clock). This trend of
migration of maxima and minima scismic
energy is shown in IMig, 9 by dotted lines.
We also note the intradiurnal shifting
of the seisimic encrgy envelope in the western
Pacific region from the mantle to the Barth’s
crust. In this seismic region of the TSarth
(IMig. 9), the main pulse of the muximum of
seismic energy release beging in the mantle

(11-15 o'clock) and then rises higher,
reaching the Barth’s crust and its hase from
16-21 o’clock.

IV, SoME PRECULIARITIES OF THE
IISTRIBUTION OF SEISMIC ACTIviTy
IN THE FIxep Position or tui
Tlawrn’s Ormr

Features of the intradiwrnal distribution
of seismic encrgy are closely conneeted and
coordinated with cuceh other. Tn wddition to
regularities  predominantly  characterizing
the distribution of seismic wcetivity with
time, there also exist somewhat obscure
regularities in the distribution of seismic
activity with respect to the axes of the
Earth's deformation. The most important
of these regularities are the following:

(1) The strongest ecarthquakes of the
Earth’s crust and its base tend to hecome
more frequent and intensified under con-
ditions of maximum contrast of vertical
relief of fundamental tectono-morphological
elements of the Earth’s crust and of the
tidal spheroid. The most highly clevated
portions of the Iarth’s surface, ie., the
largest mainland regions, intensify their
seigmic activity when coincident with the
lowest cbbtides on the tidal spheroid and
diminish their seismic activity during coin-
cidence of the highland areas and the maxi-
mum tide of the Earth’s spheroid.

(A). The strongest earthquakes of the
largest mainland region, IRurasia, ocecur
chiefly under conditions of ebbtide on the
tidal spheroid. Being 1 howr late, they
correspond to 16-22 and 4-10 o'clock by
local solar thme. Within these 12 hours, 869,
of the energy of the strongest earthquakes
with foci in the Earth’s crust and its hase and
up to 809 of the energy of all the strongest
carthquakes of the Itarth’s crust and of the
mantle are released.

(B). The strongest earthquakes of the
Pacific seismie ring ave related to the borders
of the ocenn with its gencrally negative
geomorphological form, These earthquakes
chiefly ocewr under conditions of high tide
of the spheroid. Being 1 hour late, they
corvespondd to 10-10 and 22-4 o'clock hy
loeal solar time. Within these 12 hows 629,
of all the energy of the strongest carthquakes
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Fra. 10. The strongest earthquakes and the position of the Turth iu the cireumsolar orbit, Upward pointe
ing arrows indieate the direction of the Iarth’s movement in its orbit. To the left is the direction of the Sun,

586




- s i o e o e

REGULARITIES IN BARTHQUAKES RELATIVE TO SOLAR AND LUNAR TIDES b87

of the Tarth’s crust and ils base in the
Pacific ring have heen released. However,
the relationship of the tide-gencrating
forces to seismicity of the Pacific ring is less
clearly defined.

(2) The strongest ourthquakes in the
world are essentinlly dependent on the
displacement of the fundwmental harmonies
of the geoid by the movenent of the Farth
in cirewmsolar space (Fig, 10).

Analysis of the data of observations of
Kaula (1964) of artificial satellites showed
the presence of two maxima of the height
of the geoid. One of them, the Australian,
is the most clewrly shown with maximum
vertical displacement of the geoid surface
up to 52 meters. This maximum is situated
to the northeast of Australia with the crest
approximately near longitude 150°I8. The
other maximum, the European-South At-
lantic region, is less well developed with
maximuwm heights of the geoid up to 35-36
meters, and this is located near the Green-
wich meridian. The crest of the European
section of this maximumn is located approxi-
mately 10°IE from the Greenwich meridian.,
The best developed Australian maximum at
88°E is, however, less extensive, encompass-
ing only the Western Pacific region. The less
well developed uropean-South Atlantic
maximum of the geoid amplitude is more
extensive, stretching along the meridian of
the geoid at 160° and encompassing the
seismically active areas of Turope, Western
Africy, and Southwestern Asia, ete.

At different latitudes the latitudinal
seetions of the geoid have characteristic
profiles. At the equator the Australian
maximum is distinctly shown, whereas near
Intitude BO°N the best developed is, on the
contrary the Ifurasian maximum (g, 10).

An essentinl fact is that the crests of the
geoid displacements arve not strietly antipo-
dal, but are situated ahout 140-150° [rom
weh other on one side of the Iiarth and
210-220° on the opposite side,

Irom this point on we wish to compare
the relationship of discrete regions of the
Isarth with the various and almost invariable
spatinl fields of the planet to its orbit in
cireumsolar space, We shall define four
quudiants in the plance of the eeliptic nlong
the orbit of the Tarth. The first and second
quadrant are twmed to the Sun and the
third and fourth are in the opposite direc-
tion. The first and fourth quadrants arve
on the leading or stoss side of the FMarth
in its movement along the ecliptic and the
second and third quadrants are on the lee
sicle of it (I'ig. 10A).

(A). The strongest earthquakes of the
Earth’s crust and its base in the Pacific
ring are more frequent and intensified when
the crests of the geoid pass through the
regions of increased negative values of
acceleration of the Iarth’s surface points
in their movement in circumsolar space.

As soon as the Australian geoid maximum
enters the fourth quadrant with its in-
creasing negative vualues of acceleration,
the strongest earthquakes of the Pacific
ring become more frequent and intensive
and within 2 or 3 hours o scries of similar
earthquakes tuke place. When the Eurp—
pean-Southern Atlantic maximum of geoid
displacement enters this fom'th. quadrzmt,
again an increase of seismic activity takes
place and soon a second series of earthquakes
ensues, .

These two phases of seismic activity
are connceted to the entry of crests of the
geoid into the regions of increasing negative

The Taarth is shown in its equatorial soction ns the geoid with some meridinns marked. The section of the
geoid near Lat. 50°N is also shown by the inner curved line. Here, the horizontal seale is 1/25 000 that ofrt"he
clevation, which is actually 1/300 000 000. The geoid heighls ave given secording to g(n‘ulu (196h). Tho
seceleration of equatorial points during the Tarth’s movement in the circumsolar spnee iy in m/sect, ()uti?r
seale: 1, negutive; 2, positive. The change of the volocity of near equatorial points in circumsolar spnf:e' is
showu hy the dotted line in m/see. The seale is given in a eadial position in the drawing. The Iurth's position
by Greenadeh time: A, ol 17 o’clock; B3, ab 2 o'clock. Black dreles indicato that earthaquakes occurx_‘ed +1
lour by the Furth heing ina position A or B. Centers of these circles indicate the position of l':hc f‘{‘“ {’[ the
onrthaquake ab the moment of A or B. The heginning of the are direetad to the center of the vircle uuheui';es
the timo of the earthquake by Toeal time. The maxima of geoid height: T, Touropenn-southern Atlantic;

Au, Australinn,
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Fra. 11, The distribution of the strongest intermediate and deep-focused earthquakes during 1903-1056
on the curve of the change of acceleration of the equatorial points of the Earth in cireumsolar space. Hori-
zontal lines show the sverage solar time reckoned from midday, T, and the local time reckoned from mid-
night, Ty (upper scale), Vertical lines show neceleration W in m/sec?. Magnitudes of the earthquakes are as
follows: 1, 8.7;2, 8.6; 3, 8.4and 83; 4, 8.1; 5, 7.9, Intermedinte earthquakes; 8, western Pacific region: 7,
other regions; 8, deep-focused earthquakes, sll of the Pacific region.

values of acceleration and, during 14-21
and 1-6 o’clock Greenwich time, comprise
779 (1238 X 10% ergs) of all the seismic
energy of the Iarth’s crust and its base
in the Pacific ring in 54 years of observation.
On the other hand, for the remaining 12
hours of the sume 54 years the frequency is

only 23% (8.3 times less). When the FEuro-
pean—south Atlantic maximum of goeoid
displacement enters the fourth quudrant,
65% of seismic energy is released (330 X 10
ergs). The seismic activity is, as compared
with the other half of the duy, incrensed
by a factor of 2. When the Australian
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T1a. 12. The change of energy of the strongest (M > 7.9) intermediate and deep-focused earthquakes of
the world, 1903-1956, as a function of the passage of the geoid crest through the third quadrant. The planet's
sector in the plane of its orbit with the reduction of the positive values of acceleration of the equatorial
points on the Earth at its movement in circumsolar space is pronounced. I: 1 the hourly seismic energy
release during 0-17 o’clock local time taken as 1009,. The seismic energy release during each hour within
17-24 o’clock local time, i.e., approximately within the third quadrant, in the regions: 2, Burasian; 3, western
American; 4, western Pacific. II; the hourly seismic energy release at the European-southern Atlantic maxe
imum of the geoid height in the interval 18-22 o'clock Greenwich time, i.e,, approximately at the passage
through the third quadrant, in the regions: 6, western American; 7, western Pacific; 8, Eurasian. III: the
hourly seismic energy release in the western Pacific rogion (10) at the Australian maximum of the geoid
height in the interval 6-15 o’clock Greenwich time, approximately in the third quadrant; § and 9 indicate the
quantity of energy faken at 100%, released hourly in the interval of 15-18 and 22-6 o’clock Greenwich time.

maximum of geoid displacement enters the of geoid deformation and of the increasing
fourth quadrant, 839, (909 X 10% ergs) of negative values of acceleration of near-
energy is released and it follows that the surface points of the Earth in their move-
seismic activity relative to the other half ments in circumsolar space. Tidal stresses
of the day increases almost 5 times, complicate this picture.

Since the entry of the zone of maximum The distribution of the helghL of the
geoid deformation into the region of in- geoid, as is known, is not connected with the
creasing negative values of acceleration main elements of the Earth’s surface (main-
takes place at the same time as the maximum land and oceans), Maxiina and minima of
of the tidal bulge (I'ig. 10), it would appear the height of the geoid oceur on the oceanic
that seismic activity is connected only with as well as on the continental regions and,
tidal stresses. But in this case the picture therefore, the geoid heights are associated
would be repeated in 12 hours. However, with deeper layering of the mantle, ereating
this does not take place and one phase digsimilavities of the gravitational field,
follows another in 14-15 hours and the last The intensity of seismic activity of the
serics of events follow the first in 9-10 Tarth’s crust and its base is nssociated with
hours (Fig. 8). In these time intervals both the entry of geoid crests into the region of
positive crests of the geoid follow each other. increasing negative values of acceleration

All of this indicates that the seismic only for the Pacific ring and mmnly for its
activity of the Iarth’s crust and its bage, northwestern border. Hence, maximum tee-
within the limits of the Pucific zone, depend  tonic stresses of the Ezwth are presently
on the reciprocal sibuation of the maximum  tied to these borders and the most sig-
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nificant of them, the northwestern, is a zone
of deepest benetration into the Earth,
possibly because it is weakest there. In
this region more than anywhere on the
Farth, the seismicity of the Earth’s crust
and its base is associated with processes
taking place deep in the mantle and at the
same time associated with the movement
of the Karth in circumsolar space. The
seismicity of the arth’s crust and its base
in other areas does not disclose this asso-
ciation. For example, the strongest earth-
quakes of magnitude > 7.9 for Furasia
appear to be subordinate to the other
causes of seismic activity and, as we have
seen, this appears to be the case. The seis-
micity of Eurasia iy associated 1nost strongly
with tidal forces.

(B). The strongest _earthquakes of the
mantle in the Pacific ring, chiefly the west-
ern Pacific region, are more frequent and
intensified by passage of the positive waves
of geoid through the region of general de-
crease of acceleration of that portion of the
mantle in its movement through circum-
solar space, these being in areas of decreasing
positive and mcreaqmg negamve va]ues of
acceleration.

The seismicity of the mantle mcreases in
the third quadrant, where a decrease of the
positive values of acceleration of the move-
ment of the Larth in circumsolar space
takes place from 18 to 24 o’clock local time.
Seismicity of the mantle also increases
partly in the fourth quadrant with a further
decrease of acceleration of the mantle in
the fourth quadrant taking place by virtue
of increase of its negative value. This
relationship is clearly seen in Fig. 11, from
which it follows that the greatest seisinic
activitly occwrs on the descending line
of the acceleration change cuwrve. Maxi-
mum seismic activity oceurs, firstly, at the
extreme values of the acceleration change
curve and, secondly, to the descending
line of the acceleration change curve. In
the first case in the short time intervals of
61 o'clock and at 18 £ 1 o'clock local
time, the release of seismic enorgy during
1903-1966 was 38,4 X 10% ergs/hr; and for
the second case in the interval of 19-5
o’clock the release of selsmic. energy was

G, P. TAMRAZYAN

30 X 10% ergs/hr. The least amount of
seismic activity occurs on the ascending
line of the acceleration curve. In the interval
7-17 o'clock, only 9.7 X 10% ergs/hr of
energy were released.

All the strongest deep-foci earthquukes
of the western Pacific region are timned
to the acceleration change curve on its
descending line and pm*ﬂy at its niaxinmum,
whereas on increase in acceleration almost
no earthquakes occur. Only one deep-focus
earthquake oceurred in South Ameriea
(Fig. 11),

In the interval between 17 and 24 o’clock
local time the quantity of released energy
from the mantle exceeded the released
energy during other hours of the day:
1.8 times for LEurasia, 2.1 times for western
Ammerica, and 4 times f01 the western Pacific
region (Fig. 12-I).

The increase of seismic activity of the
mantle at the end of the day by local time
(17-24 o'clock) coincides with the tidal
tidal bulge and, therefore, one is tempted to
link it with mdal phenomcna But the daily
tidal bulge (about 12 o’clock local time) is not
in any was accompamed by similar in-
crease of the seismic activity of the mantle.
The phenomens is therefore not related to
tides.

Thus, any large seismically sensitive
region of the mantle tends to become more
active in passing through quadrant three,
irrespective of whether or not the mest
of the geoid is situated in this quadrant
(TMig. 12, IT, IID).

In the passage of the European-South At-
lantic portion of the geoid through quadrant
three, the seismic activity of the mantle
increases approximately 1.8 times on the
two borders of the Pacific Ocean, but within-
the limits of Kurasian the seisimic netivity
increases sharply up to 5.3 times. This is
due to the close association of Ilurasian
carthquake foci in the mantle to the [Luro-
pean—Southern Atlantic maximmn of geoid
deformation.

In the passage of the Australian maxinimm
through the third quadrant, the seisinic
activity of the mantle increases approxi-
mately 4.1 times only because the western
Pacific region is directly associated with it.
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During this time other seismic regions not
associnted with this maximum of the geoid
height. are different by having low seismie
activity.

When the vast INuropean-Southern At-
lantic maximum of the crest of the geoid
passes through quadrant three, the seismic
activity of the mantle increases not only
within the imits of the Eurasian region but
also within  the western Pueific region.
Seismic activity in the Tatter region coin-
ciding with the Australian maximum of
geoid deformation may be due to o resonance
mechanism,

These data, which pertain predominantly
to the strongest earthquakes, suggest a
periodic increase in the Earth's tectonic
stress and to global phases of release of
elastic energy. Specific correlations and
regularities are presented, testifying to the
effect of cosimic conditions triggering simul-
taneous energy release in foci often at con-
siderable distance from ecach other and
creating the impression of seismic activity
over large distances. Cosmic or extrater-
restrial conditions promote the release
of stresses in close time intervals in different
regions, sometimes forming a series of
earthquakes of strong and less strong in-
tensity.

V. SuMMARY

In general, basic regularities in the dis-
tribution of earthquakes are connected
with different phenomena and processes in
o complicated manner. Suseceptibility of
various concentrations of earthquakes in
time and space and of different magnitudes
occurs. In some cases a distinet correlation
between the strongest earthquakes and
some  Karth rotational process refleetod
mainly by ¥V nunibers is disclosed. In other
cases with less strong earthquakes, this
correlntion is lost. However, correlntion
exists with other phenomena, i.c., com-
binations of tide-genorating forees. These
phenomenn also influcnce the triggering of
the strongest encthquakes. These complex
intercombinations of processes are even
more complicated by the influence of the
position of the Tarth in cireumsolur space

591

and by the displncement of the crest of the
geoid relative to the Harth’s orbit.

VI, Postsonier

In 1964 the National Ceophysical Re-
search Council and the Acudenwy of Sciences
of the United States published n report on
basic geological velationships, In the fore-
word to this report the President of the
National Academy of Sciences of the United
States remawked, “The present report en-
velopes n range of problems without solution
of which we caunmot understand what our
planet is like. I am ardently recom-
mending the present report to all who deal
with the future scientific problems in the
realm of 'solid Earth physics and with the
rescarching of new ways in their solutions”
(NAS-NRC, 1964). In this report a thorough
study of the boundary conditions of seismic
phenomena with triggering forces, such ag
Earth tides, ete., is recommended.

The above report mentions some recent
results of research carvied out by the author
during the last 10 years. This research
relates to the understanding of some of the
more important and interesting problems
which may help in the solution of some
significant geophysical questions.

The regularities revealed are simple and
this by itself is significant. Perhaps, they
will permit o clearer analysis of the facts.
The essence of their meaning will become
clearer in the future. The criterion of re-
liability of any theory, as we know, rests in
its ability to prediet the future course of
events, The results published here are
related to such a prognosis which, however,
falls outside the scope of this paper.

In general, carthquakes “mature” as
result of o continuous development of
a planet’s interior, The eatses of caurthquake
generation, however, are differcnt; they are
polygenetic, Inrthquake generation, perhaps,
s o result of the combinaltion of many
phenomenn whose coordinnlion is dictated
by the fine hand of Nature.

ACKNOWLEDGMIENT

The nuthor i very mueh ohliged to Dr. Juck
Green, Douglas Advanead Resewreh Tabotories,



592 .

for his highly valuable improvements made by his
preliminary reading of my manuseript,

REFERENCES AND BIBLIOGRAPHY

Avien, M. W, (1936). The lunar triggering effect
on earthqualces in Southern California. Seismol,
Soc. Am. 26, No. 2,

Bewiorr, H. (1055). Seismic evidence of crystal
structure and tectonic activity., Geol. Soc. Am.
Spec. Paper 62.

Busse, E. I. (1948), “Seismic Conditions of Trans-
caucasus.”

Gurenserg, B., anp Ricurer, C, I, (1956) . Mugni-
tude and energy of carthquakes. Ann, Geofisika
g, No. 1.

Hepervar:, P. (1064). Tidal Foreces and Earth-
quakes. Intern. Lunar Soc. 2, No. 5.

Kavra, W. M. (1964). Determination of the
Earth’s gravitational field. Rew. Geophys. 3,
No. 3.

NAS-NRC (1964). “Solid-Earth Geophysics
Survey and Outlock.” Natl. Acad. Sei.,, Natl
Res. Council, Washington, D. C.

NEesrerenxe, P, G., anp Stovas, M. V. (1963).
CGravitation and seismicity. Priroda 7,

Ricurer, C. F. (1958), “Elementary Seismology.”

P. TAMRAZYAN

Srowas, M. V., (1963). “Some Problems of the
Tectogenesis: Collected Papers—‘Problems of
Planetary Geology.'"”

Tamrazyan, G, P. (1957), “Tarthquakes in Thilisi
and the Xarth’s Cosmic Space Conditions.”
Acad. 8ci. of Georgian Soc. Republic 19, No. 2,
151-158.

Tamuazyan, G. P, (1958). On the scismic netivity
in the area of the northwestern Pucific Ocean
murgin, Akad. Nauk SSSR Geophys. Ser. 5,
(664-668.

TamrazyaN, G. P, (1959). Intermediate and deop-
foci earthquake in connection with the Earth's
cosmic space conditions. fzv. Geophys. Ser. 4
598-603.

Tamrazyan, G. P. (1962). On the presence of
pulsations of the Farth coupled in time with
solar activity. Dokl. Akad. Naulk. SSSE

Tamrazyan, G. P. (1965). “Some Peculiar
Features Involved With the Liberation of
Seismic Energy From the Interior Parts of the
Earth in Connection With the Variation of the
Tide-Forming and Other Types of Forces.”
Fifth Conf. on Planetology Research (Geograph.
Soc. USSR), May 1965, Geographical Society of
the USSR, 78-83.

?




