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Quantitative presentation of seismicity as the energy
released per square unit during a time unit was for the
first time introduced by M. Bath [1]. Application of this
characteristic with a clear physical sense allows us not
only to compare the seismic activity in different parts of
the world but also to form concepts about the nature of
the seismic process. The influence of external tidal
forces on activation of the seismic process and magma-
tism has recently attracted the attention of geophysi-
cists and geologists [2].

The search for global regularities in the latitudinal
distribution of earthquakes even in the epoch of the for-
mation of seismological science demonstrated a clear
inhomogeneity in the distribution of epicenters over the
Earth despite low representativeness of the observa-
tional material in the middle of the 20th century [3].

It was shown that the seismic activity of the planet,
which is almost absent at the poles and polar caps of the
Earth, increases significantly at mid-latitudes reaching
the maximum in the region of 40°-50° N and 10°-20° S
with a stable local minimum near the equator.

Quantitative estimates of earthquake distribution by
latitudinal zones of the planet based on electronic cata-
logues recently obtained in [4] demonstrated an almost
complete absence of seismic events in the polar zones
and two clear maxima of seismic activity at mid-lati-
tudes.
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The objective of this work is to find statistically reli-
able regularities in the latitudinal distributions of earth-
quakes of different energy in representative regions
characterizing the global seismicity of the Earth taking
into account the contribution of the modern kinematics
of the boundaries between lithospheric plates.

The Pacific region (PR), in which more than 80% of
all seismic events in the world occur, was selected as
the object to study the latitudinal distributions of earth-
quakes. The Pacific region is defined as the ocean basin
with island arcs, inland seas, and land regions over sub-
duction zones. We used the data from the International
Seismological Catalog (ISC) with preliminary standard-
ization of magnitudes and removal of aftershocks. We
processed the earthquakes with magnitudes Mb > 4.0,
which occurred from 1964 and 2004 (a total of more
than 200 000 events). Since the events of different ener-
getic levels can differ in the character of latitudinal dis-
tributions, in this work we considered the distributions
separately in six magnitude ranges 4.0 < Mb < 4.5,
45<Mb<50,50<Mb<55,55<Mb<6.0,6.0<
Mb < 6.5, and Mb> 6.5. The whole PR was divided into
18 latitudinal intervals, each 10° wide.

Despite the distribution of the total number of
events, we considered the distributions of normalized
values (as the ratio to the total number of events in the
given magnitude range). Previous attempts to normal-
ize the number of events by the square of the latitudinal
zone were ineffective and physically wrong due to a
strong irregularity in the distribution of earthquakes
within the latitudinal zones of the PR. Taking into
account the fact that the earthquakes occur generally
along the boundaries of the lithospheric plates and that
the modern kinematics of the plate boundaries is stud-
ied quite well [5, 6], we applied normalizing the num-
ber of events in the latitudinal zone by the total length
of the plate boundaries in the given zone. This parame-
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Fig. 1. Chart of the PR with the boundaries of lithospheric plates (spreading zones are marked with arrowed intervals) and distribu-
tion of the length of boundaries between lithospheric plates (km) in latitudinal zones for the spreading and subduction zones.

DOKLADY EARTH SCIENCES Vol. 424 No.1 2009



BIMODAL CHARACTER OF LATITUDINAL EARTHQUAKE DISTRIBUTIONS

0.07
0.06
0.05
0.04
0.03
0.02

Entire PR

177

(@)

—— 4-4.5
- 4.5-5

A— 5-5.5
== 5.5-6
=H¥= 6-6.5
—e— 6.5-8

0.01
0
0.14
0.12 Western part of
0.10F the PR

0.08
0.06
0.04
0.02

0.25

Eastern part of
the PR

0.20

0.15

0.10

0.05

Fig. 2. Double normalized latitudinal distributions of earthquakes in the PR.

ter characterizes the seismic activity at the boundaries
of lithospheric plates in the given latitudinal zone.

Figure 1 shows a chart of the PR with the boundaries
between lithospheric plates. Figure 2 shows the distri-
bution of the number of earthquakes by the latitudinal
zones in the PR normalized by the total number of
events in the magnitude range and by the total length of
the boundaries between plates within the interval as
well as double normalized distributions of events in the
western and eastern parts of the PR. The number of
earthquakes in the spreading zones does not exceed 2%
of the total number of events in each latitudinal zone
(less than 1% in the majority of the zones). Thus, while
normalizing the boundaries between lithospheric plates
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by their length, we did not take into account the spread-
ing zones.

The problem of time stability of these distributions
is one of the debatable problems in the works on global
seismicity. Therefore, we specially analyzed the latitu-
dinal distribution over 10-year time intervals. The
results of the analysis for four 10-year intervals in the
western part of the PR are shown in Fig. 3. The bimodal
character of distributions is generally conserved in all
intervals considered. The most pronounced stability is
found for the latitudinal distributions of the mean val-
ues over all magnitude ranges for four 10-year intervals
(Fig. 3e). Analysis of shorter time intervals is not rea-
sonable (the samples for strong events would be weakly
filled).
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Fig. 3. Latitudinal distributions of earthquakes in the western part of the PR for different time intervals. Latitude intervals are laid
off as abscissas. The relative numbers of events (after double normalizing) are laid off as ordinates. (a)—(d) Double normalized dis-
tributions of events by latitudinal zones for different magnitude ranges over 10-year periods. (e) Distribution curves of the mean
value calculated from all magnitude ranges over four 10-year periods.

Detailed analysis of the results demonstrates that
latitudinal distributions of earthquakes for the mean
values over all magnitude ranges and for each of the
distinguished energetic ranges practically demonstrate
the conservation of the bimodal distribution form. Two
characteristic maxima in the mid-latitude region, a
local minimum near the equator, and almost zero values
in the regions of the polar caps are distinguished. A
similar pattern is observed also in the separate analysis
of the western and eastern parts of the PR. It is worth
noting that amplitudes of the tides and calculated theo-
retical distribution of the total energy of tidal forcing of
the Earth by the Sun and the Moon [7] reveal maximum
values in the region of 45° in the Northern and Southern
hemispheres, and minimum values at the equator and
poles.

Such coincidence between the distribution forms of
recorded events and calculated values of tidal energy
(Fig. 4) gives an additional argument supporting the
long existing hypothesis about the correlation between
seismicity and tidal interactions [8]. It can hardly be
random. Statistical analysis demonstrated that none of

the latitudinal distribution presented here can be con-
sidered uniform with a probability greater than 0.999.

It is worth noting here that the widely accepted con-
cept about the dominating influence of the geothermal
flux energy and convective mass motion in the interior
of the Earth on the generation of the seismic process
becomes vulnerable in light of the observations pre-
sented. The attempts to explain the distinguished irreg-
ularity in the distribution of earthquakes on the planet
using only the effects of endogenic forcing of the heat
flux do not seem convincing. Obviously, some of the
seismic events (predominantly deep ones) appear
owing to the energy generated by the heat flux uni-
formly distributed over the geospheres, while other
seismic events, generally the crustal earthquakes, are to
a large extent initiated by the tidal processes with their
typical energy distribution of a bimodal character. The
stability of the presented time distributions of earth-
quakes (Fig. 3) is also an additional argument support-
ing the tidal character of the origin of global seismicity.
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Fig. 4. Upper panel: latitudinal dependence of variations in the density of free energy for tidal perturbations and Chandler wobble based
on model concepts [7]; Lower panel: distributions of seismic events by latitudinal zones for six magnitude ranges normalized by the
length of the boundaries between lithospheric plates in each latitudinal zone and the number of events in each magnitude range.
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