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This paper presents the results of investigation of the
relation between the earthquake epicenters with rup-
tures distinguished from gravimetric data collected on
land in the southern and central Magadan region and on
the shelf of the Sea of Okhotsk near Magadan (hereaf-
ter, SSO region). Quantitative analysis of the correla-
tion between the indicators of seismic activity in the
studied regions and the values characterizing tectonic
fragmentation of the Earth’s crust allowed us to distin-
guish principal differences in the spatial distribution of
earthquakes on land and under the sea.

On land, the earthquake epicenters are confined to
margins of maximal fragmentation (maximal values of
the discordance measure of fractures) and to the frac-
tures. On the shelf, they are concentrated in the central
parts of blocks (predominantly, local basins). Such dif-
ferences in the structural position of earthquakes on
land and on the shelf are related to the general process
of deepening of the bottom of oceans and seas during
and after the Mesozoic cycle of tectonomagmatic acti-
vation, which is demonstrated by the existence of sea-
mounts with flat summits (guyots). Deepening of the
bottom in the ocean and seas is related to cooling (and
consequent contraction) of anomalously heated marine
and oceanic lithosphere, the asthenosphere, and possi-
bly the entire mantle.

Statistical analysis of the spatial distribution of the
epicenters of crustal earthquakes on land in the south-
ern and central Magadan region, on the one hand, and
in the SSO region, on the other hand (Fig. 1), demon-
strated the existence of principle differences in their
structural position relative to the elements of deep fault
tectonics. The elements of deep fault tectonics (blocks
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and fractures at their borders) were distinguished from
gravimetric data as bands of increased horizontal gradi-
ents in the gravity field. Application of the gravity field
as an instrument for distinguishing fractures and blocks
allowed us to compare the structural data and earth-
quake epicenters on land and in the sea basin, because
identification and investigation of fault tectonics on the
sea bottom is possible only on the basis of the results of
marine geophysical studies (in our case, the gravity
field).

Study of the correlation between the earthquake epi-
centers with ruptures is based on comparison of the
indicators of seismic activity in the study regions with
the values characterizing tectonic fragmentation of the
Earth’s crust and the stressed state of a tectonic situa-
tion, such as discordance measure and density of frac-
tures [2, 3]. Discordance measure D is the value that
characterizes the degree of fragmentation of the sur-
faces of various objects by differently oriented frac-
tures and fissures [1, 2]. The area-normalized value of
discordance measure is determined as the sum of the
absolute values of pairwise vector products of rectilin-
ear segments approximating the fracture:
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where |; is vector fracture; m is total number of frac-
tures; (o, — O;) is the angle between the directions of
orientation of rectilinear fractures in general or of indi-
vidual segments of curved fractures; and S is the area
used for calculation of the ||D|| value, which is the area
of the window of the corresponding palette.

The authors determined the specific number of
earthquakes 0N and specific energy of earthquakes OF
as the indicator of seismic activity. Their values were
found from the following formulas:
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Fig. 1. Scheme of contour lines of fracture discordance based on the gravimetric data and spatial distribution of earthquake epicen-
ters in the central Magadan and SSO regions. (/) Discordance contour lines; (2) calculated values of discordance measure of frac-
tures; epicenters of earthquakes of energy class (K): (3) <8.5, (4) 8.5 < K < 12, (5) = 12; (6) seismic nodes: (SYa) Srednii Yam,

(ED) EI-EI’ gen, (Om) Omsukchan, (Kp) Kupka.
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where N and E; are the number and energy of earth-
quakes, respectively, whose epicenters are located
within the regions with fixed values of the discordance
measure of fractures, and S is the area of these regions.
Such a statistical approach to the study of structural
position of earthquake epicenters is applicable for large
regions with a small population and a scanty network of
seismic stations, unlike, for example, Japan, where
each fracture is studied specifically in detail.

Analysis of the scheme of contour lines of discor-
dance in the fractures distinguished on the basis of
gravimetric data on land in the southern and central

Magadan region (Fig. 1) and statistical dependence of
the indicators of seismic activity on the discordance
measure of fractures (Fig. 2) showed that the maximal
seismic activity is confined to the boundaries of anom-
alies of increased discordance measures or in other
words to the zones of increased horizontal gradients of
discordance contour lines (margins of the regions of
increased fragmentation of the Earth’s crust). Thus, the
maximal specific number of earthquakes and maximal
specific energy of earthquakes corresponds to the
regions with moderate values of the discordance mea-
sure in fractures (Fig. 2).

Earthquakes of energy class K= 12 in the SSO
region, and, correspondingly, the maximal energy of
earthquakes correspond to the regions with decreased
values of the discordance measure of fractures (Fig. 3).
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Fig. 2. Results of the analysis of the correlation between the discordance measures of fractures based on the gravimetric data with
the indicators of seismic activity in the central Magadan region. (8N) The ratio of the number of earthquakes to the area of the region
between two neighboring contour lines of discordance; (3F) the ratio of the energy of earthquakes to the area of the region between

two neighboring contour lines of discordance.

SN, 103 km2
7 -
0.2
61,
5' 2-4 6-8 10-12 14-16
2-4 6-8 10-12 14-16
4-6 8-10 12-14

SN, 107 J/km?
300

250
200
150

100

50

2-4

6-8 10-12 14-16

4-6 8-10 12-14

Discordance measure of fractures

Fig. 3. Results of the analysis of the correlation between the discordance measures of fractures based on the gravimetric data with
the indicators of seismic activity in the SSO region. (8N) The ratio of the number of earthquakes to the area of the region between
two neighboring contour lines of discordance (inset shows the dependence of the specific number of earthquakes, N, on the dis-
cordance measure of fractures for earthquakes of energy class K > 12); (3F) the ratio of the energy of earthquakes to the area of the

region between two neighboring contour lines of discordance.

The spatial distribution of earthquakes related to the
density (specific length) of the fractures was considered
along with the discordance measure of these fractures.
The density is determined as the sum of the length of
fractures in the palette window divided by the area of
the window [3]. It was found that earthquakes of energy
class K > 12 on the shelf are also confined to the regions
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of lower densities of fractures. Such a binary relation of
the regions with maximal earthquake energy on the
shelf to the zones with decreased discordance and den-
sity of the fractures allows us to interpret this phenom-
enon as the tendency of epicenters of seismic shocks to
the central parts of the blocks. A more thorough analy-
sis indicates that such blocks are frequently represented
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by local depressions in the Meso—Cenozoic sedimen-
tary cover of the shelf, which is distinguished by
decreased values of the gravity field.

S.A. Fedotov and his adherents [4, 6] came to simi-
lar conclusions after studies of the structural positions
of epicenters of crustal earthquakes in the Kamchatka
Peninsula. They demonstrated the lack of any correla-
tion between the spatial distribution of epicenters of
crustal earthquakes and Holocene fractures. The off-
fracture location of earthquake epicenters is character-
istic of the Pacific Ocean and the continent/ocean tran-
sition zone with marginal seas, islands, and peninsulas.
The genesis of such earthquakes is caused by Mesozoic
and post-Mesozoic processes, which led to subsidence
of the ocean and uplift of continents [5, 7]. Subsidence
of the ocean is supported by the existence of guyots
(seamounts at depths of 1000-2000 m with flat sum-
mits). Such processes are caused by thermal isostasy
(or thermal contraction) of planetary (oceans, marginal,
and internal seas), regional (basins within the seas and
oceans), and local scales related to the cooling of the
lithosphere and asthenosphere after the powerful Late
Mesozoic heat wave emission to the surface that was a
notable event in the Earth’s geological history. In the
Late Mesozoic, the bottom of the oceans and internal and
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marginal seas served as the most significant thermal con-
ductor of the Earth’s internal heat to the surface.
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