
ISSN 0742-0463, Journal of Volcanology and Seismology, 2019, Vol. 13, No. 5, pp. 292–304. © Pleiades Publishing, Ltd., 2019.
Russian Text © The Author(s), 2019, published in Vulkanologiya i Seismologiya, 2019, No. 5, pp. 22–35.
Fault Tectonics and Deep Structure
of Seismic Zones in the Eastern Priamurye Region

T. V. Merkulova*
Kosygin Institute of Tectonics and Geophysics, Far East Branch, Russian Academy of Sciences,

ul. Kim Yu Chena, 65, Khabarovsk, 680000 Russia
*e-mail: merculova@itig.as.khb.ru

Received June 21, 2018; revised September 15, 2018; accepted May 16, 2019

Abstract—This paper is concerned with spatial relationships between seismic zones in the eastern Priamurye
region (М ≥ 5) on the one hand and, on the other, regional faults and zones of hidden faults as indicated by
axes of gravity and magnetic anomalies. The seismoactive zones where М ≥ 5 earthquakes occurred are mostly
confined to regional faults, while there are two cases where no such relationship has been detected. Seismic
zones are observed both at intersections of regional faults and at intersections of regional faults with hidden
faults of different rank. The seismic zones comprise inclined and subvertical deep-seated faults as identified
by deep seismic sounding (DSS), the earthquake converted wave method (ECWM), and magnetotelluric
sounding (MTS) surveys. The seismoactive zones were studied by geophysical techniques to identify indica-
tion of f luid saturation, as follows: the seismoactive faults frequently control low velocity and low resistivity
inhomogeneities in the Earth’s crust and upper mantle; some seismoactive faults have displaced the Moho
interface; there are dome-shaped flexures of crustal interfaces and of the Moho interface; and the crust is
found to contain numerous conversion interfaces. The deep occurrence of seismoactive faults and the indi-
cations of f luid saturation suggest that the seismoactive faults in the eastern Priamurye region provide supply
of f luids from the mantle to the crust.

Keywords: seismoactive zones, fault tectonics, deep structure, Amur region
DOI: 10.1134/S074204631905004X

INTRODUCTION
The controlling role of faults as weakened zones

where accumulated energy is released has been
pointed out by many researchers (Zobak and Zobak,
1984; Ulomov, 1993; Bulin, 2004; Sherman, 2009).
All models of the earthquake focus treat a seismic
event as resulting from a displacement on an active
fault (Sherman, 2009). A fault is a three-dimensional
body defined by its length, width, and depth, i.e., one
that has a zone of dynamic influence (Sherman et al.,
1983; Kocharyan et al., 2011). However, the relation-
ship of earthquakes to faults as mapped by geological
data is not invariably observed. Earthquake hypocen-
ters are occasionally found to occur along fault zones
that have no surface expression at all or which exhibit
several indirect indications of so-called hidden faults
(Makarov and Shchukin, 1979). The confineness of
earthquakes to hidden faults that can be identified
from combined geological and geophysical evidence
has been found to be the case for many seismic regions
all over Russia (Stognii and Stognii, 2005; Vashchilov
and Kalinina, 2008; Trofimenko, 2010; Spichak,
2016). Young faults that are formed in zones of pres-
ent-day destruction can also be hidden, in addition to
older faults that have poor surface expression (Sher-

man, 2009). Earthquakes propagate nonuniformly
over the fault plane, occurring in those zones only
where there are intersections of differently directed
faults or fault bending (Ulomov, 1993; Blinova, 2003).
The seismo-generating movements in the foci zones of
large earthquakes frequently involve parts of the
planes of differently directed faults near their intersec-
tions (Rogozhin, 2000).

Some researchers noted in their studies of seismic-
ity in intraplate areas that faults with different angles
showed different levels of seismic activity. In some
regions it is only nearly vertical faults or faults that
show activity (Zobak and Zobak, 1984; Bulin, 2004).
In seismic areas of the former Russian Central Asia, it
is weakened inclined zones that are the most import-
ant (Lukk and Yunga, 1988).

Many publications emphasize the role of f luids in
the seismic process, hence in stimulating movements
on active faults (Kissin, 2001; Gufeld et al., 2011; Bel-
yavsky and Rakitov, 2012). F.A. Letnikov acknowl-
edged the presence of intense f luid f lows rising from
the asthenosphere via fault zones and giving rise to
strain-stress systems that can function a long period of
time (Letnikov, 2013). Geophysical studies show that
the presence of f luids is indicated by regions of low
292
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Fig. 1. The fault tectonics and seismic zones (М ≥ 5) in the eastern Amur region. (1) regional faults after Zabrodin et al. (2015);
(2) preliminary boundaries of seismic zones and their identification numbers; (3) lines of deep seismic surveying (a DSS,
b ECWM); (4) MTS lines; (5) earthquakes (a М ≥ 5, b 5 < М ≥ 4, c 4 < М ≥ 3). Numerals in squares denote faults: (1) Central
Sikhote-Alin, (2) Itun–Ilan (Kharpi), (3) Kur, (4) Boktor, (5) Bichi–Amur, (6) Duki, (7) Amgun, (8) Hinggan, (9) Paukan,
(10) Limurchan, (11) Vyun, (12) Assynisky, (13) Tastakh, (14) Bureya, (15) Melgin, (16) South Tukuringra, (17) Tugur, (18) Tyl,
(19) Uligdan, (20) Lansky, (21) Verkhnimelginsky, (22) Selemdzha, (23) Bira, (24) Chanchung, (25) Pompei, (26) Ulikan,
(27) Ditur.
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velocity and higher conductivity, as well as by other
features (Pavlenkova, 1996; Karakin et al., 2003;
Rybin, 2011; Kushnir and Burakhovich, 2012; Moroz
et al., 2015).

THE DATA SET
AND THE METHODS OF STUDY

The data to infer the spatial distribution of moder-
ately large earthquakes (М ≥ 5) were taken from the
catalog compiled at the Institute of Tectonics and
Geophysics (ITG), FEB RAS. The catalog contains
information on historical and instrumentally recorded
earthquakes from the Earthquakes in Russia and
Earthquakes in North Eurasia catalogs. The zones of
JOURNAL OF VOLCANOLOGY AND SEISMOLOGY  V
near М ≥ 5 earthquakes or the seismic zones where at
least one M ≥ 5 earthquake has occurred along with
relatively small events have been preliminarily divided
into eleven zones (Fig. 1).

Within these zones we studied relationships
between earthquakes and the regional faults identified
by geological surveys (Zabrodin et al., 2015). Some
information on a possible participation of hidden
faults in fault tectonics can be derived from axes of
gravity and magnetic anomalies. The analysis used
regional components of the gravity and magnetic
fields and the local first-order component of the grav-
ity field; these provide evidence of fracturing of the
deeper lithosphere. Some experience has been accu-
ol. 13  No. 5  2019
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Fig. 2. The axes of regional magnetic anomalies. (1) axes of regional magnetic anomalies (a positive, b negative). For other expla-
nations see Fig. 1.
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mulated in the identification of hidden faults from

geophysical data. One of the features from which to

recognize the existence of a fault consists in persistent

axial lines of magnetic and gravity anomalies. Linear

gravity and magnetic anomalies can be due to linear

geological features in faults consisting in the occur-

rence of magmatic rocks of basic and ultrabasic com-

positions (massifs and dikes). Some faults are charac-

terized by active manifestations of granitization and

metasomatism, making linear zones saturated with

granite, pegmatite, and metasomatites. Local negative

gravity anomalies can be a signature of structures filled

with unconsolidated sedimentary deposits (basins and

grabens) formed due to fault activation. Linear mag-

netic anomalies can also record mylonitization zones

and patches of secondary alteration (Trofimenko,

2010). Linear regional gravity anomalies reflect large

lithosphere blocks controlled by deep-seated faults
JOURNAL OF VOLCAN
(Tyapkin and Kivelyuk, 1982). It is known that a major
fault consists of a large main rupture accompanied by
minor ruptures (Seminsky, 2003), so that the distribu-
tion of anomaly axes as indicators of ruptures of differ-
ent ranks is frequently complicated (Tyapkin and
Kivelyuk, 1982; Trofimenko, 2010).

Our analysis of gravity and magnetic fields, the
decomposition into a regional and a local compo-
nents, and the identification of anomaly axes were car-
ried out using the COSCAD 3D program developed
by A.V. Petrov (Petrov et al., 2010). The multifunc-
tional COSCAD 3D program is a tool for a full statis-
tical, spectral-correlation, and gradient analyses of
gravity and magnetic fields. The program uses linear
optimizing filters that decompose a field into compo-
nents, eliminate trends, enable a correct estimation of
anomaly shape, and estimate the depths of anomaly-
producing bodies. The detection algorithms can detect
OLOGY AND SEISMOLOGY  Vol. 13  No. 5  2019
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Fig. 3. The axes of gravity anomalies. (1) Axes of gravity anomalies (a regional anomalies, b local anomalies of the first order).
For other explanations see Fig. 1.
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linear anomalies, which is important for the study of
tectonic faults.

The features of the structure of seismoactive zones
was studied based on data derived from deep seismic
prospecting using deep seismic sounding, converted
earthquake waves, and magnetotelluric sounding
methods (Kaplun, 2004; Kaplun and Malyshev, 2010;
Bormotov and Merkulova, 2012). Our profiles of deep
surveying had earthquake data collected from 100-km
bands on both sides of a profile.

AN ANALYSIS OF FAULT TECTONICS
AND DEEP STRUCTURE OF SEISMOACTIVE 

ZONES IN THE PRIAMURYE REGION

Zone I. The М ≥ 5 earthquakes occurred in the
zone of dynamic influence due to the Tastakh fault
striking nearly north–south (see Fig. 1). Apart from
nearly north–south strikes, the axes of the gravity and
magnetic anomalies also strike nearly east–west and
JOURNAL OF VOLCANOLOGY AND SEISMOLOGY  V
northeast (Figs. 2, 3). The М ≥ 5 earthquakes occurred
in a fault zone traceable down to a depth of 30 km as
shown by deep seismic sounding data; that zone
bounds a low velocity inhomogeneity in the middle
crust in the depth range 17–22 km (Fig. 4).

Zone II. This seismic zone is controlled by major
regional faults striking northeast, the Ushu–Kharpi
and the Amgun, with a network of considerably
shorter faults striking in different directions between
these two major faults (see Fig. 1). One of the М ≥ 5
earthquakes occurred near the Amgun fault. Another
large earthquake was confined to the Pompei (Bid-
zhan) fault striking nearly east–west. The smaller М < 5
earthquakes concentrated along the nearly east–west
Pompei fault and the northeast Chángchūn and Ditur
faults.

The data obtained from converted earthquake
waves show that this extensive seismoactive area was
formed where a deep-seated steeply-dipping zone
ol. 13  No. 5  2019
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Fig. 4. The results of deep seismic prospecting using the deep seismic sounding method. (a) AB profile, (b) CD profile. (1) seismic
interfaces; (2) Moho; (3) faults identified from seismic data; (4) low velocity regions after (Bryansky, 1992); (5) earthquakes
(a М ≥ 5, b 5 < М ≥ 4, c 4 < М ≥ 3).
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Fig. 5. The results of deep seismic prospecting using the method ECWM. (a) AB profile; (b) CD profile (Bormotov and Merku-
lova, 2012). (1) conversion interfaces; (2) isolines of the cumulative density distribution of conversion and reflection points; (3)
low velocity regions; (4) Moho; (5) dipping detachment surface; (6) earthquakes (a М ≥ 5, b 5 < М ≥ 4, c 4 <М ≥ 3). One earth-
quake is shown above the line of measurement, since its depth of focus has not been determined.
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exposed at the surface as traceable by low velocity
anomalies (Fig. 5).

Zone III. The epicenters of two М ≥ 5 earthquakes
lie in the zone of dynamic influence due to the Ulikan
fault. An analysis of the axes of gravity and magnetic
anomalies showed that the М ≥ 5 earthquakes were
confined to an intersection of nearly north–south,
nearly east–west, and northeast striking faults.

According to the data obtained from conversions of
earthquake waves, both of these earthquakes occurred
in a juncture area of seismic interfaces dipping at dif-
ferent angles in the mantle (see Fig. 5a). Further east,
smaller М < 5 earthquakes were confined to seismic
interfaces in the upper crust, with the dip of these
interfaces consistent with that of the upper mantle
interface (see Fig. 5).

Zone IV. The earthquakes are confined to the ter-
mination of the northeast striking Duki fault whose
direction is consistent with the local gravity anomalies.
Axes of the magnetic anomalies strike northwest at the
location. One notes a clearly displayed confineness of
small 5 > М ≥ 4 earthquakes to the northwest striking
axes of magnetic anomalies. According to deep seis-
mic sounding data, the seismoactive zone includes a
nearly vertical fault that extends throughout the
crustal thickness and penetrates into the upper man-
tle. This fault controls a low velocity inhomogeneity at
depths of 20–25 km (see Fig. 4a). According to mag-
netotelluric sounding data, the earthquake occurred
above a nearly vertical low resistivity inhomogeneity in
the upper mantle (line I in Fig. 6).

Zone V. The М ≥ 5 earthquakes occurred in the
zone of the Kur northeast striking fault, consistent
with the axes of most local gravity anomalies. The
magnetic anomaly axes in the area of earthquake clus-
tering strike both nearly east–west and nearly north–
south. Further southeast, the axes of small magnetic
anomalies extend northwest.

The deep seismic sounding results obtained for the
AB profile provide evidence of an inclined fault whose
zone of dynamic influence forms a seismoactive zone
(see Fig. 4a). According to magnetotelluric sounding
data, the М ≥ 5 earthquake was controlled by a low
resistivity inhomogeneity that extends 110 km depth
(line II in Fig. 6).

Zone VI. The zone of earthquake clustering is situ-
ated on the Tatar Strait where no regional faults have
yet been identified. In addition to nearly north–south
striking anomalies, there is a magnetic anomaly that
strikes nearly east–west and gravity anomalies striking
northeast.

Zone VII. There are no faults near the seismic
zone. An М ≥ 5 earthquake is confined to an intersec-
tion of nearly north–south and northeast striking
gravity anomalies. The magnetic field has nearly east–
west and northeast striking anomalies, in addition to
those described above. According to magnetotelluric
sounding data, the seismoactive zone is located in
JOURNAL OF VOLCAN
close proximity to deep inclined interfaces exposed at
the surface. One of these interfaces f lattens out at a
depth of 160 km, while two other anomalies control a
shallow-dipping inclined zone of lower resistivity
extending from depths of 65–70 km to 25 km (Fig. 7).

Zone VIII. A zone of earthquake clustering is noted
at the intersection of the Vyun nearly north–south
fault and the Bichi–Amur northeast striking fault.
According to deep seismic sounding data, the М ≥ 5
earthquakes are clustered on a gently-dipping fault
identified from deep seismic sounding surveys at
depths of 15 to 35 km that controls a low velocity inho-
mogeneity at depths of 23–26 km in the middle crust
(see Fig. 4b). In the upper crust, the seismoactive zone
comprises nearly vertical faults bordering a low veloc-
ity area. According to magnetotelluric sounding data,
the zone of higher seismicity was formed in a low resis-
tivity (200–500 Ohm) area in the upper crust (MTS
82), while the resistivity in neighboring segments
exceeds 1000 Ohms (MTS 103, 111). The resistivity
decreases to 20–50 Ohms at depths of 25–40 km (see
Fig. 7).

Zone IX. The earthquake clusters are observed
between major nearly east–west regional faults, that
is, the Tugur and the Paukan faults. The earthquakes
in the zone align in a nearly north–south direction, in
agreement with the nearly north–south direction of
the regional gravity anomaly. The М ≥ 5 earthquake is
confined to an intersection of the axes of smaller local
magnetic and gravity anomalies striking in different
directions, nearly north–south, northeast, and nearly
east–west. According to deep seismic sounding sur-
veys, the М ≥ 5 earthquake occurred on the nearly ver-
tical fault that controls the low velocity inhomogeneity in
the upper crust down to a depth of 15 km (see Fig. 4b).

Zone X. The zone includes earthquakes occurred at
the intersection between the Tuksi nearly east–west
regional fault and northeast striking faults (the Selem-
dzha and the Uligdan). This direction of the regional
fault is consistent with that of the axes of magnetic
anomalies. The axes of regional gravity anomalies in
that zone also have nearly northsouth and northwest
strikes, in addition to the two directions described
above. According to deep seismic sounding data, the
seismoactive zone includes a deep-seated fault that is
nearly vertical in the upper crust and dips in the lower
crust; the fault controls a low velocity inhomogeneity
in the middle crust (see Fig. 4b).

Zone XI. Two collocated М ≥ 5 earthquakes form,
along with smaller earthquakes, a northwest striking
zone, parallel to the South Tukuringra (Paukan)
regional fault, which probably lies in the zone of
dynamic influence of the fault. The northwest orien-
tation of the zone of earthquake clustering coincides
with that of most magnetic and gravity anomalies. An
analysis of the gravity field shows that the zone was
formed in an area where the northwest and northeast
striking axes intersect.
OLOGY AND SEISMOLOGY  Vol. 13  No. 5  2019
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Fig. 6. The results of deep surveying using the MTS method (Kaplun, 2004). (1) MTS stations; (2) resistivity isolines, Ohm; (3)
earthquakes (a М ≥ 5, b 5 < М ≥ 4, c 4 < М ≥ 3).
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Fig. 7. The results of deep surveying using the MTS method on profile III (Kaplun et al., 2010). (1) MTS stations; (2) boundaries
of geoelectric layers. For other explanations see Fig. 6.
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RESULTS AND DISCUSSION

An analysis of regional faults and the locations of
М ≥ 5 earthquakes showed that most seismoactive
zones are confined to regional faults; however, there
are two cases where no such relationship has been
identified (zones VI and VII). There is no doubt that
intersections of faults are important factors in earth-
quake localization, but the fact that the seismic zones
are confined to intersections of regional faults identi-
fied from geological evidence is uncertain, being well-
defined in only two cases (zones X and VIII). The
earthquake clustering zones are mostly localized at
intersections of regional faults with the magnetic and
gravity anomaly axes that indicate the participation of
faults of different orientations in these intersections
(zones V, IV, II, and III). As an example, apart from
nearly east–west anomalies consistent with the direc-
tion of the Ulikan fault, zone III also includes nearly
east–west gravity anomalies. In zone IV, the magnetic
field shows northwest striking anomalies, in addition
to the northeast gravity anomalies that coincide with
the Duki fault orientation. In two cases the seismoac-
tive zones are not found to be confined to regional
faults and do not take an active part in the intersec-
tions, thereby indicating the presence of hidden faults
and ruptures of different ranks in the lithosphere of the
region, which can be identified from axes of gravity
and magnetic anomalies.

The formation of zones of more intense fracturing
is due both to ancient faults and ruptures striking
JOURNAL OF VOLCAN
nearly north–south and nearly east–west and to
northwest striking anomalies that are indicators of
younger faults. It can therefore be asserted that the for-
mation of seismoactive zones is affected by deep frag-
mentation and fracturing of the crust due to faults of
different ranks.

However, it should be noted that there are intersec-
tions, both of anomaly axes and regional faults, where
no earthquakes occur at the present time. The lack of
seismicity at the intersections of faults and ruptures
can be explained by healing, i.e., strength rehabilita-
tion of the rock underwent destruction processes. In
addition to field surveys, experimental studies have
been carried out to consider various aspects of this
phenomenon; as well instrumental evidence has been
obtained corroborating the strengthening of a fault
after an earthquake (Ruzhich et al., 1990; Medvedev
et al., 2014; Kocharyan, 2014). Mechanisms have been
proposed to explain strength rehabilitation and heal-
ing of microcracks due to earthquakes of different
intensity (Kocharyan, 2014). It is that, apart from
healing, the lack of seismicity at intersections of faults
and hidden ruptures can be explained by other factors
that affect seismicity.

According to deep seismic sounding and conver-
sions of earthquake waves, М ≥ 5 earthquakes in the
eastern Priamurye region have been recorded both in
inclined fault zones (zones II and V) and along subver-
tical faults (zones I, IV, and IX), as well as faults that
are subvertical at the top and inclined in the lower part
OLOGY AND SEISMOLOGY  Vol. 13  No. 5  2019
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(zones VIII and X). The inclination of a fault probably
slightly affects its seismic activity in the Priamurye
region.

Deep geophysical studies showed that the present-
day seismicity in the Priamurye region is affected by
deep faults that generally extend throughout the
crustal thickness and penetrate into the mantle. The
influence of mantle processes on seismicity in the
study area is demonstrated by results from magnetotel-
luric sounding and the method of converted waves
from earthquakes. The MTS profile I runs along col-
located faults (the Hinggan and the Amgun) striking
northeast (see Fig. 6). It can be seen on the geoelectric
section that the structure of different segments of the
collocated faults is different, both in the crust and the
upper mantle. The М ≥ 5 earthquakes (zones I and IV)
occurred above subvertical low-resistivity inhomoge-
neities in the upper mantle that extend from 120 km
depth in the former case and from 100 km in the latter.
A single earthquake of magnitude below 5 has
occurred above the third inhomogeneity. The other
MTS profile (profile II) crosses the northeast striking
Kur fault. Seismoactive zone V is confined to a low-
resistivity inhomogeneity at a depth of 110 km in the
upper mantle. The participation of mantle processes
in the formation of seismoactive crustal structures is
corroborated by studies in other intraplate seismic
regions: deformation processes involve the entire lith-
osphere rather than the crust only (Ulomov, 1993;
Petrishchevsky, 2007; Dolginov et al., 2011; Moroz
et al., 2015).

Crustal seismic interfaces around faults in a seis-
moactive zone can be dipping and can experience rup-
tures and displacement. The Moho interface can also
be disturbed by ruptures and displacements (see Fig. 4,
zones IV and X). The behavior of seismic interfaces
near seismoactive faults occasionally involves sharp
dome-shaped flexures that complicate the behavior of
seismic interfaces within the crust and disturb the
behavior of the Moho (see Fig. 4, zone V). Breaks in
the Moho and its dome-shaped flexures are treated by
researchers as indication of mantle f luid intrusion into
the crust and its degassing (Belyavsky and Rakitov,
2012; Rudnitskaya et al., 2013). Similar features have
been found in the focal zones of large earthquakes.
The geological–geophysical model for the focal zone
of the Altai earthquake (2003, M = 7.3) involves a sub-
sidence of the Moho from a depth of 45 km to 55 km and
an increase in resistivity by two orders of magnitude in
a zone adjacent to the focal area (Kadurin et al., 2013).

According to the ECWM, the crust around seismo-
active zone III is saturated with conversion interfaces
whose dips are consistent with the dip of the seismic
interface in the upper mantle in the depth range 40–
50 km (see Fig. 5c). The 5 < М ≥ 4 and 4 < М ≥ 3 earth-
quakes are confined to dipping seismic interfaces or
form dipping linear zones that seem to be continuation
of crustal dipping interfaces. The М ≥ 5 earthquakes
JOURNAL OF VOLCANOLOGY AND SEISMOLOGY  V
occur above the junction of two dipping interfaces in
the mantle. Dipping seismic interfaces in the mantle
are thought to be related to mantle zones that f latten
out toward low velocity areas (Pavlenkova, 1996,
2011). A similar situation is typical in areas of large
earthquakes in the Caucasus and in the Koryak region
(Kadurin et al., 2013). The crust in the focal zones of
these seismoactive regions is saturated with seismic
conversion interfaces that are characterized by breaks
and dips, thus creating the impression that the
medium has undergone faulting there. In these regions
researchers have established a close relationship
between the earthquake focal zones and deep inclined
faults whose roots are in the mantle; these are also
considered to serve as supply canals for f luids to pene-
trate from the mantle into the crust (universal f luid
conductors) (Kadurin et al., 2013). According to the
existing concepts, the lower boundary of penetration
of faults into the mantle is suggested to be the top of
the asthenospheric layer, because deep faults can exist
in solid rocks only (Bondur et al., 2016). In the case of
major mantle gently dipping fault zones, the seismo-
active zones are formed in Piamurye as close to their
exposure at the surface (see zone II in Fig. 5 and zone
VII in Fig. 7) so above mantle inhomogeneities toward
which they f latten out (see zone III in Fig. 5 and zone
VIII in Fig. 7).

The great depths of seismoactive faults in the east-
ern Priamurye region and their features such as dis-
placements of the Moho interface, the presence of
dome-shaped and dipping seismic interfaces, suggest
that they are faults which conduct f luids from the
mantle into the crust. The f luid saturation is also con-
firmed by the fact that seismoactive faults frequently
bound low velocity inhomogeneities in the crust
detected from deep seismic sounding, or that seismo-
active zones lie above low resistivity areas inferred
from magnetotelluric sounding in the upper mantle.
Lower resistivity and low velocity zones provide evi-
dence of a f luid in these (Kissin, 2001, 2015). Geo-
chemical evidence has been acquired that shows the
presence of mantle-derived f luids in the focal zones of
large earthquakes in seismoactive regions (Kopnichev
and Sokolova, 2005).

Indirect evidence for f luid saturation in seismoac-
tive zones of the Priamurye region is provided by
a high correlation between earthquakes and the axes of
regional magnetic anomalies. As an example, zone IV
shows a clearly displayed correspondence between the
М ≥ 4 earthquakes and the northwest orientation of
magnetic anomalies. The magnetic anomalies indicate
the locations of numerous dikes of various composi-
tion and age, vein and fissure zones that are saturated
with hydrothermal f luids, which reflect the movement
of f luids during different time intervals. The authors
suggest that maps of the magnetic field can illustrate
the interaction between the crust and the deep mantle,
as well as other aspects of Earth dynamics; they can
also provide some information which allows for deter-
ol. 13  No. 5  2019
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mining the locations of future large earthquakes
(Soloviev et al., 2016).

The data on the seismoactive zones as canals for
fluids moving from the mantle explain the fact that the
locations of seismoactive zones do not invariably cor-
relate with faults exposed at the surface. Fluids can
move along fractured and disintegrated zones formed
due to ancient processes and are permeable at present.
In areas where permeable zones are absent, the pene-
tration of mantle f luids into the crust results in the
structural and metamorphic transformations of rocks
that reduce rock strength; this can be regarded as the
initial phase in the formation of a new fault (Rebetsky,
2009). Certain seismoactive zones in the Priamurye
region originate due to participation of young north-
west striking faults that do not form major faults at the
surface. The faults of this orientation are probably at
the formation stage in the Priamurye region.

In the opinion of many researchers, the seismicity
in intraplate areas, and the Priamurye region is one, is
due to strain waves generated by geodynamic processes
at plate boundaries (Sherman et al., 2013; Rudakov,
2014; Trofimenko et al., 2015). When moving from the
source of their excitement, strain waves cause unstable
states in disturbed volumes of a geological medium.
Zones of high deep permeability that can conduct f lu-
ids will probably act as “rheologic traps” that capture
the energy of strain waves and transform it into earth-
quakes. The f luid saturation in the seismoactive zones
of the eastern Priamurye region that act as “rheologic
traps” correlates with processes at plate boundaries as
sources of strain waves (Sherman, 2009). Fluids also
take part in these processes. The seismicity of the Pri-
amurye region is affected by zones of interaction
between the Indian and Eurasian plates (the Pamir–
Hindu-Kush area) and the subduction of the Pacific
plate (Geodinamika …, 2006; Stepashko, 2011; Trofi-
menko et al., 2015). The zones of earthquake cluster-
ing at depths of 100 and 200 km in the Hindu Kush are
argued to be related to the physico-chemical processes
induced by f luids (Pavlenkova, 2011). An upward
migration of earthquake hypocenters has been
detected in the Pacific region (the Kuril–Kamchatka
and the Japanese segment of the subduction zone);
the migration starts from depths of 600–700 km and is
accompanied by the migration of f luids into the crust
(Molchanov, 2011).

CONCLUSION

Our study has shown that hidden faults have con-
tributed greatly to the formation of the seismoactive
zones of the eastern Priamurye region, in addition to
faults identified from geological data. The hidden
faults combined with regional faults form intersec-
tions, which are regions of intense faulting and perme-
ability, and which are presently active. Therefore,
there is the need to further develop methods for iden-
tification of hidden faults with subsequent classifica-
JOURNAL OF VOLCAN
tion of these into main faults and faults of lower ranks
based on geophysical anomalies and other evidence.
The results of geophysical surveys at depth using deep
seismic sounding, the method of converted waves
from earthquakes, and MTS, point to the participa-
tion of mantle processes in activation of earthquake
slip episodes in the eastern Priamurye region. Geo-
physical data are used to find indirect indications of
fluid saturation in the seismoactive zones: the control of
low resistivity and low velocity inhomogeneities, breaks
and displacement of the Moho, dome-shaped flexures
of crustal interfaces, and the numerous conversion
interfaces. The role of mantle processes and the
revealed indirect evidence for fluid saturation allow us
to consider the seismoactive zones in the eastern Pri-
amurye region as the canals providing supply of mantle
fluids into the crust.
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