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Abstract—The Bureya orogen is a special object among the geodynamic factors determining the high seis-
micity of the Lower Amur region. Its location and deep structure are studied on the basis of comprehensive
geophysical and tectonic data. This orogen is a low-density lithospheric domain expressed by an intensive
negative gravity anomaly and Moho sunken down to 40 km depth. Within the limits of this lithospheric struc-
ture, contemporary uplifting takes place to form a meridional dome peaking at more than 2000 m altitude.
The position of the orogen in the regional structure gives us grounds to think that the Bureya orogen formed
in the Paleogene, at the finishing stage of tectonic block movement along the Pacific margin represented by
the NE-trending strike-slip faults of the Tang Lu Fault Zone. Compression was concentrated at the triple
junction between the Central Asian, Mongolian—Okhotian, and Sikhote Alin tectonic belts. The meridional
orientation of the Bureya orogen is associated with the parallel elongated Cenozoic depressions in the region.
The united morphotectonic system may have formed resulting from lithospheric folding under horizontal
shortening in the Paleocene—Eocene. The wavelength of the Lower Amurian fold system is 250 km, which is
consistent with the theoretical estimates and examples of lithospheric folds in other regions. The contempo-
rary activation of the Bureya orogen began in the Miocene, under the effect of the Amurian Plate front mov-
ing in the northeastern direction. As a result of shortening, the meridional cluster of weak (M > 2.0) earth-
quakes formed along the western boundary of the orogenic dome. The most intensive deformations caused
another type of seismicity associated with the activation-related uplift of the mentioned orogen. As a result,
the so-called Bureya seismic zone formed above the apex of the dome, and it is here that the strongest
regional earthquakes (M = 4.5) occur.
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INTRODUCTION

The most serious problems in understanding the
nature of regional seismicity emerge when higher
activity is observed in intracontinental areas which are
located a priori far from lithospheric plate boundaries.
In these regions, deformations often accumulate in
multiple tectonic faults of different ranks and the lat-
eral distribution of earthquake epicenters therefore
becomes scattered, without any well-expressed spatio-
temporal tendencies. This diffuse style of seismicity is
observed in the Lower Amur region, Russian Far East
(Fig. 1).

The character and genesis of the higher seismicity
in the Lower Amur region has been discussed many
times and from different, sometimes even opposite
viewpoints [2, 3, 8,9, 15, 17, 19-21, 26, 28, 31, 34, 35].
The main attention has traditionally been paid to anal-
ysis of the relationships between seismicity and fault
structure and direct search for geological—geophysical
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peculiarities that may determine the spatial distribu-
tion and intensity of earthquakes. This problem has
not been solved, suggesting a multifactor character of
regional deformations. The diffuse epicentral field in
the region likely reflects the aggregated pattern of
events occurring under the effects of relatively inde-
pendent tectonophysical mechanisms.

The only possible way to reveal the spatiotemporal
regularities of seismicity in such a situation is to under-
stand the geodynamic nature of the present-day defor-
mations. Two major tectonic factors controlling the
regional stress field in the Lower Amur region are well
known. In the southern part of the region, the main
structure is the Tang Lu Fault Zone (Fig. 1). The exact
position of the Tang Lu Fault Zone in the territory of
China is well mapped, whereas it is weakly traced and
remains questionable within the Russian borders [3, 5,
13, 27, 49]. In our opinion, the most reliable markers
of the position of the Tang Lu Fault Zone are the
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Amurian

Fig. 1. Bureya (B) and Sikhote Alin (SA) orogens in the
relief of the southern Russian Far East.

earthquakes with M > 5.0, the epicenters of which are
concentrated along a band generally fitting the course
of the Amur River down to the city of Nikolaevsk-na-
Amure [36, 37]. The same band contains the epicen-
ters of the two known strong earthquakes in the Lower
Amur region: they occurred in 1500 and 1914 and both
had magnitude of about 6.0. In the southern continu-
ation of this band, Holocene seismogenic escarpments
70 and 20 km have long been documented, and the
respective seismic events may exceed 7.0 in magnitude
[59]. According to radiocarbon dating by Chinese seis-
mologists, the most recent of these strongest earth-
quakes occurred 1730 £ 40 years ago [59].

The key to understanding of the regional seismic
activation is the Amurian Plate (Fig. 1), which moves
to the northeast at a rate of 1—1.3 km/yr [13]. In the
initial geodynamic model [10], the boundaries of the
Amurian Plate are drawn far to the east of those
marked in Fig. 1; however, similar configurations of
this plate are still used in reconstructions of the
regional kinematics [42, 47, 52]. In this case, the
Lower Amur region is located within the limits of the
Amurian Plate, far from the tectonic boundaries,
making it difficult to explain its higher seismic activity.
However, comprehensive analysis of the deforma-
tions, supported by GPS geodetic data, suggests that
the eastern boundary of the Amurian Plate is located
far to the west [1, 13, 23, 49]. In this case, the area of
the Amurian Plate is considerably reduced and its
eastern boundary is along the Tang Lu Fault Zone [1,
5, 13, 36, 37]. This contemporary version places the
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Lower Amur region immediately at the front side of
the Amurian Plate (Fig. 1) and the character of
regional deformations is thus determined by westward
shortening.

Contemporary  geodynamic reconstructions
should also take into account the following factor. The
central object in the Lower Amur region is the con-
temporary Bureya orogen (Fig. 1) corresponding in
relief to the Turana—Bureya—Badzhal mountain sys-
tem [9, 12, 39, 41]. Along with the Sikhote Alin Range,
this is one of two contemporary orogens in the south-
ern Russian Far East. Notably, it is the Bureya orogen
that seemingly demonstrates the most intensive defor-
mations: there are fifteen peaks of more than 2000 m
altitude, whereas only two peaks of this height are
known in Sikhote Alin. Additionally, the seismic
activity of the Bureya orogen is much more intensive
compared that of Sikhote Alin (the latter is character-
istic of rare and weak earthquakes). The main goals of
the current work are to determine the features of the
deep structure and tectonic genesis of the Bureya oro-
gen and to clarify the character of its contemporary
activity with respect to other geodynamic factors. The
results obtained in this and subsequent articles will
show that orogenesis in the Bureya orogen also
directly affected the seismic activation of the Lower
Amur region and determined the key tendencies of the
spatiotemporal distribution of the earthquakes in the
region.

POSITION OF BUREYA OROGEN
IN THE REGIONAL STRUCTURE

Tectonic consolidation in the Lower Amur region
completed by the Late Mesozoic; it resulted from a
complex combination of accretionary processes of dif-
ferent time and direction that took place in the eastern
margin of Asia (Fig. 2). The western part is composed
of the ancient Bureya massif, which is a microconti-
nent of the Central Asian accretionary—fold belt
formed upon closure of the paleoocean dividing the
North China and Siberian continents in the Paleozoic.
Here, the Amuria paleocontinent had formed by the
early Mesozoic [33] and its collision with the Siberian
continental margin had terminated by the Late Juras-
sic. Resulting from this, the second (Mongolian—
Okhotian) accretionary belt had formed: its eastern
segment determined the structure of the northern
Lower Amur region (Fig. 2). Judging from the tectonic
reconstructions supported by geophysical data, the
boundary between the two regional tectonic belts is
assumed to be a large divide between the plates. In the
present-day structure, it is traced by the Paukan Fault
(Fig. 2), where the probable Mongolian—Okhotian
suture (remaining after the closure of the Mongolian—
Okhotian Ocean) is located [24]. The evolution of the
present-day Pacific Ocean began ca. 180 Ma ago; its
effect on the Asian margin formed the accretionary
Sikhote Alin sequences in the eastern Lower Amur
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Fig. 2. Position of the Bureya orogen in the tectonic structure of the southern Russian Far East. Arbitrary notes: (/) Siberian Cra-
ton; (2)—(4) accretionary—fold belts: (2) Central Asian, (3) Mongolian—Okhotian, (4) Sikhote Alin; (5) triple junction of tec-
tonic belts; (6) volcanic belts of the continental margin; (7) sedimentary basins surrounding the Bureya orogen: MA, Middle
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in meters.

region (Fig. 2). The meridional boundary between the
Amuria continent and the Pacific Ocean runs along
the eastern edge of the Bureya massif. Here, we can
infer the presence of a second divide between the
plates, superimposed by the Badzhal accretionary
sequence of Jurassic—Cretaceous age [11].

Thus, the Lower Amur region is where the three
major tectonic belts—Central Asian, Mongolian—
Okhotian, and Pacific—join each other to form a
unique lithospheric triple junction (Fig. 2). Relative to
this structure formed in the Late Mesozoic, the pres-
ent-day Bureya orogen is located in its logical posi-
tion, “perched” on this triple junction. The triple
junction structure in the center of the Lower Amur
region became, most likely, a “focus” of the stress field
where the most favorable conditions emerged for
regional deformations to concentrate.

The most important role in the regional structure is
played by tectonic faults of different ages, with the
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supposed deep continuation of the Yilan—Yitong seg-
ment of the Tang Lu Fault Zone playing a special role
(Fig. 2). Importantly, many tectonic faults in the
Lower Amur region are of the same (northeastern) or
very similar trends: for example, the largest Khingan,
Mel’gin, and West Turana faults (indicated with
numerals 5, 7, and 8 in the circles in Fig. 2). This is
obviously a unified supersystem of Mesozoic tectonic
faults; this supersystem was formed by oblique sub-
duction of the paleo-Pacific plates beneath the Asian
continental margin. The position of the Bureya orogen
is consistent with the locations of the faults in the Tang
Lu Fault Zone; we can therefore infer their leading
role in the formation of this orogen.

An important peculiarity of the tectonic structure
of the Lower Amur region is the common distribution
of continental sedimentary depressions surrounding
the Bureya orogen (Fig. 2). Analogous riftogenic
basins are well-known in East Asia; they are some-
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times petroleum-bearing and their common character
suggests that the continental margin evolved under
conditions of long-term extension since the Late
Mesozoic. Detailed studies of the North China basins
[54] show that rifting gradually moved eastwards. Sim-
ilar migration is demonstrated by the sedimentary
basins of the Amur region. The Amur—Zeya and Uda
basins to the west and north formed predominantly in
the Jurassic—Cretaceous time, whereas Middle Amu-
rian, Evoron—Chukchagir, and Lower Amurian basins
to the east are of Cenozoic age. However, all of the
mentioned basins are consistently located around the
Bureya orogen (Fig. 2). This spatial consistency
implies that downwarping of the sedimentary basins
accompanied uplifting of the Bureya orogen probably
during a common tectonic process.

MAIN STRUCTURAL PECULIARITIES
OF THE BUREYA OROGEN

The data and results of the comprehensive regional
geophysical studies of recent decades [7, 38] are of
principal value for understanding the nature of the
geodynamic processes in the Lower Amur region. At
present, the entire area of the Lower Amur region is
covered by middle-scale gravimetric and magneto-
metric surveys; we can thus specify the deep structural
peculiarities of the Bureya orogen. Interpretation of
the geophysical fields was carried out using the
KOSKAD-3D software developed by A.V. Petrov for
analyzing the digital geodata by probabilistic and sta-
tistical methods [32]. When interpreting the results,
special emphasis was made on the procedure of sepa-
ration of the geophysical fields into regional and local
components by using 2D adaptive filtering.

The general lithospheric structure of the region is
best demonstrated by seismic models; below we use
the scheme of crustal thickness variations in the
southern Russian Far East [7, 38] and the deep seismic
cross section of the Lower Amur region along the
Olekma River—Cape Nevelskoy profile, whose eastern
part crosses the Lower Amur region in the sublatitudi-
nal direction. The information on the lithosphere
structure of the principal value is obtained by density
simulation performed by V.Ya. Podgornyi [22].

Regional Position and Deep Structure of the Bureya
Orogen from Geophysical Data

A known peculiarity of the gravity field in the
Lower Amur region is a large negative anomaly, which
is often considered as an element of the gravity step at
the continental margin [7]. This anomaly spatially fits
the Bureya orogen, and their relationship becomes
obvious after application of the technique of field sep-
aration into regional and local components imple-
mented in the KOSKAD-3D software. The obtained
regional negative gravity anomaly (Fig. 3a) is isolated,
and is seen to be dominant in the region. The outline
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of its central part is described well by the —4 mGal iso-
line and shows a clear meridional elongation. There
are two minimums within the limits of the central con-
tour, with the major one having a gravity intensity
reaching —8 mGal. Within the limits of this anomaly,
the gravity field is asymmetric in the west-to-east
direction and the isolines are located closer to each
other along the eastern boundary of the anomaly. The
sedimentary basins surrounding the Bureya orogen are
located in the periphery of the regional anomaly
(Fig. 3a), which is particularly seen in the case of the
Bureya and Evoron—Chukchagir basins. The position
and outline of the regional gravity anomaly ideally fits
the fanlike pattern of the regional NE-trending faults.
This directly indicates the genetic relationship
between both the Bureya orogen itself and the regional
gravity anomaly marking the deep roots of this orogen,
on the one hand, and the tectonics of Tang Lu Fault
Zone, on the other hand.

The map showing the axes of the regional magnetic
field anomalies in the Lower Amur region contains a
great number of linear anomalies (Fig. 3b), both posi-
tive and negative, having different orientations. They
probably mark the positions of multiple dikes of vari-
ous compositions and ages, as well as the locations of
vein and fractured zones saturated with hydrothermal
fluids, thus reflecting in aggregate the complex defor-
mation history of the region. A simple pattern is
observed only in the southwest, where the axes of the
magnetic anomalies are predominantly northeast-ori-
ented. This relationship suggests the direct arrange-
ment of small faults and fractured zones, which were
filled by magmatic melts or fluids, along the vector of
pressure that was translated on the strike-slip faults of
the Tang Lu zone during a long time interval.

This pattern abruptly changes in the periphery of
the density anomaly of the Bureya orogen (Fig. 3b),
where the directions of the axes of the magnetic anom-
alies become variable. Nevertheless, it is seen in many
cases that the linear anomalies are either parallel or
orthogonal to the orientation of the orogen. In the
center of the low-density domain pointed out by the
gravity isoline of —5 mGal, the number of magnetic
anomalies abruptly decreases. Everything indicates
that the Bureya orogen considerably affects the defor-
mation field and, ultimately, the pattern of disloca-
tions in the upper crust.

The data on the anomalous lithospheric structure
in the deepest parts of the Bureya orogen were
obtained by density simulation along the Olekma
River—Cape Nevelskoy profile [22] (Fig. 4a). In the
eastern part of the cross section, a large archlike struc-
ture covering both the crust and the lithospheric man-
tle down to 70 km depth is seen. The asthenospheric
top beneath the center of this structure is sunken; the
calculated values of mantle density are minimal here
(3.22 g/cm?), but systematically grow in both direc-
tions from the center, reaching 3.31—3.37 g/cm? in the
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peripheral parts of the arch (Fig. 4a). The anomalous
arch is located exactly where two large linear density
inhomogeneities, probably reflecting the locations of
the interpolated boundaries in the Lower Amur
region, cross near the surface. The Bureya orogen is
located above this arch and, thus, “caps” the low-den-
sity lithospheric domain of about 400 km in cross size
identified along the cross section.

The more detailed crustal structure of the Bureya
orogen is shown in the seismic cross section along the
central CD segment of the Olekma River—Cape Nev-
elskoy profile (Fig. 4b). The Moho in this low-density
domain is sunken down to 40 km depth, while the seis-
mic boundaries in the upper crust of the orogen
become archlike in appearance. The cross size of the
anomalous domain in the seismic cross section is also
400—500 km. The distribution of seismicity along the
profile seems to be nonrandom and is clearly related to
the orogen position. The source depths of earthquakes
with M > 3.0 recorded along the profile are greatest
(~40 km) beneath the center of the anomalous
domain, but drop to ~20 km towards its boundaries.
This is evidence of the direct influence of the Bureya
orogen on the seismodynamics of the Lower Amur
region.

In the scheme of crustal thickness, the Bureya oro-
gen is seen as a trough of the Moho surface with the
crust thickening from ~36 to ~40 km (Fig. 4c). This
trough is almost meridionally elongated and is sur-
rounded by Moho surface rises (the crust thickness
declines there to 34 km) on three sides. Based on the
regional modeling data, the lithospheric mantle
beneath the orogen contains many low-density
domains. The thicker crust corresponding to the
Bureya orogen is completely analogous to the thick
crust of the Sikhote Alin orogen in terms of morphol-
ogy and spatial characteristics (Fig. 4c). These are two
major orogenic strictures in the southern Russian Far
East, which demonstrate contemporary geodynamic
activity.

Position of the Bureya Orogen in Morphotectonics
of the Lower Amur Region

The position and structural features of the Bureya
orogen are logically reflected in the regional relief
where the Turana—Bureya—Badzhal mountain struc-
ture corresponds to it [6]. In terms of orography, it is
subdivided into two parts. In the west, the large long
mountain ranges of northeastern orientation domi-
nate: Selemdzha, Turana, Bureya, and Badzhal
(Fig. 5). The Turana, Bureya, and Badzhal ranges are
subparallel to each other, and their orientations inherit
the trends of the faults belonging to the Tang Lu zone.
The short and low mountain ranges in the eastern part
of the region (Magu, Chayatyn, and others) maintain
the same northeastern orientation, emphasizing the
key role the faults of the Tang Lu zone play in the neo-
tectonics of the entire region.
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The character of the relief abruptly changes in the
eastern Bureya orogen (Fig. 5). The Yam Alin, Dusse
Alin, and Ezop mountain ranges located here can be
characterized as high but short, with meridional and
northwestern orientation. Together, they form the
Yam Alin dome [40], which is oriented submeridio-
nally, though transverse to the major regional struc-
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tures of northeastern orientation. In terms of orogra-
phy, this dome hosts 12 major mountain peaks higher
than 2000 m in the Lower Amur region; five of these
peaks are higher than 2300 m. It is this area that corre-
sponds to the central part of the Bureya orogen, where
uplifting is most intensive and contemporary geody-
namic activity is concentrated. The position of the
Yam Alin dome fits well the intensive gravity mini-
mum (Fig. 3a), supporting the agreement between its
deep structure and surface appearance.

The southern minimum of the gravity anomaly
coincides with the central parts of the Bureya and
Badzhal ranges. This is where three other peaks higher
than 2000 m are located and another dome is identi-
fied in the central part of the orogen. A double
regional rise is clearly expressed in the relief of the
basis surface drawn on the minimal relief marks [40].
The eastern boundary of the orogenic rise is indicated

RUSSIAN JOURNAL OF PACIFIC GEOLOGY Vol. 11

by a submeridional tectonic scarp (Fig. 5) extending
from the Uda Gulf in the north almost to the Amur
River in the south [40]. In general, the morphotecton-
ics demonstrates a clear asymmetry of the mountain
structure, with a gentle western slope and high eastern
dome (the latter is divided from the Tugur—Chikcha-
gir—Evoron meridional system of depressions by a
steep escarpment). The same west-to-east asymmetry
is observed in terms of the distribution of gravity
anomalies (Fig. 3a). In our opinion, this peculiarity is
of principal value in understanding both the genesis
and contemporary geodynamics of the Bureya orogen.

East of the meridional Tugur—Chikchagir—Evoron
system of depressions, and at the same time parallel to
it, the Lower Amur system of depressions extends,
uniting the Chlya—Orel’ and Udyl’—Kizi ones [40]. In
the west, the elongated Bureya sedimentary basin has
an analogous orientation. Although the main evolu-
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tion stage of the Bureya basin occurred in the Juras-
sic—Cretaceous, wells drilled in its limits also reveal
Miocene deposits [6]. Additionally, the meridional
orientations of the Upper Bureya and Tyrma depres-
sions which are located here emphasize the position of
another Cenozoic rifting zone. The morphotectonics
of the Lower Amur region generally demonstrate the
regular alteration of negative and positive landforms:
three parallel meridional depressions located at equal
distances from each other are divided by two mountain
rises, of which the western corresponds to the central
part of the Bureya orogen and undoubtedly dominates
in the morphotectonics of the entire Lower Amur
region.

RUSSIAN JOURNAL OF PACIFIC GEOLOGY Vol 11

ROLE OF BUREYA OROGEN IN REGIONAL
SEISMIC ACTIVATION

The earthquakes of the Lower Amur region are
usually classified as weak and moderate ones. Over the
short period of systematic observations since the late
19th century, only a few tens of quakes with M > 4.5
have been recorded in the region. The strongest earth-
quake in the last 100 years (M = 6.0) occurred on
December 23, 1914 in the lower stream of Amur River
(Fig. 6), near the city of Nikolaevsk-na-Amure. The
epicenter of this earthquake was located in the zone of
dynamic influence of the Tang Lu Fault Zone, as well
as the epicenter of the previously known strong earth-
quake of 1500, which supposedly had magnitude M ~
6.5. The high geodynamic activity of the Tang Lu
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Fault Zone is verified by Chinese seismologists [59]:
they found direct evidence of Holocene earthquakes
with M > 7.0 along the Yilan—Yitong Fault.

Including the parameters of all of the available
earthquakes, the epicentral field of the Lower Amur
region demonstrates a clearly dispersed and irregular
character (Fig. 6). Even the Tang Lu Fault Zone is not
clearly reflected in the distribution of regional earth-
quakes. Likewise, seismicity does not mark the litho-
spheric boundaries between the Siberian Craton and
Mongolian-Okhotian tectonic belt. The only import-
ant structural peculiarity of the epicentral field is the
presence of three earthquake clusters in the western
part of the region (Fig. 6). At a first approximation,
these clusters can be united into a meridional, east-
ward bended zone. It was probably identified as a spe-
cial lineament for the first time by V.E. Kuznetsov,
who interpreted it as the shortening zone on the front
side of the eastward-thrust lithospheric slab [17, 28].
According to K.G. Mackey and co-authors, it is this
direction (instead of the commonly accepted one
along the Amur River) that is the trend of the Tang Lu
Fault Zone [49]. Recently, this zone of earthquake
clusters has more often been attributed to the eastern
boundary of the Amurian Plate [13, 14, 23]. The
downside of these speculations is the absence of a real
tectonic structure, whose activation might link the
three clusters into a united seismogenic zone.

The occurrence and positions of these three earth-
quake clusters are caused, in our opinion, by the geo-
dynamically active structures of the Lower Amur
region (Fig. 6). The southern cluster (~49° N and
~132° E) is undoubtedly related to the Tang Lu Fault
Zone. The central cluster, oriented submeridionally
along ~133° E, is obviously located west of the central
Bureya orogen. Moreover, this cluster contains two
easily discernible subclusters corresponding to two
centers of orogen shortening, which are in turn mani-
fested in both relief and gravity anomalies. The third
cluster is located within the limits of the Siberian Cra-
ton (~55.5° N and ~130.5° E); earthquakes here occur
in the Stanovoy seismic belt. Both in the southern
Lower Amur region (in the Tang Lu Fault Zone) and
in its central part (near the Bureya orogen boundary),
earthquake clusters are shifted west relative to the
identified tectonic structures. This peculiarity evi-
dently suggests that geodynamic and seismic activa-
tions in the Lower Amur region take place under the
effect of the eastward-moving Amurian Plate.

The main regional zones concentrating the major
amount of activation are well-identified in the zonal
distribution of the strongest earthquakes with M > 4.0
(Fig. 7). In the southern Russian Far East there are
four seismic zones, of which two are situated in the
Lower Amur region. The first zone (called “Amurian”
in [36, 37]) is well-known: it extends along the Tang
Lu Fault Zone and is undoubtedly related to it geneti-
cally. The position of the second seismic zone in the

RUSSIAN JOURNAL OF PACIFIC GEOLOGY Vol. 11

245
131° 133° 135°  137° 139° 141°
sgo @)
3 7
-}.. : o // I
-~
— o
_ /// A ~
54° Udg =
= N ¢
/4 . .
// * y ///
52° [ il f'/)'é
@) WA
N N ;
=S 7
50° 7] \/gv o
&! &
P (gfzﬁ @ f
* ¢ ° ° //j
. % 5 Khabaroysk
48°
o® 7/
7
7 8

o1 D2 73 B4

Fig. 7. Seismic zonality of Lower Amur region based on
the analysis of earthquakes with M > 4.5 that occurred in
1888—2011. Arbitrary notes: (/) earthquake epicenters;
(2) seismic zones: I, Amurian; II, Bureya; I1I, eastern Sta-
novoy belt; IV, Sovgavanskaya (Sovetskaya Gavan’);
(3) earthquake clusters as in Fig. 6; (4) central Bureya oro-
gen in gravity anomalies.

Lower Amur region (let us call it “Bureya” for conve-
nience) is obviously directly related to the main north-
ern center of the orogen, where the most intensive
uplifting takes place and the most intensive part of the
regional negative gravity anomaly is identified. In
terms of the number of earthquakes with M > 4.0
recorded in about the last 100 years, the Bureya zone
is as active as the Amurian one. The Amurian and
Bureya seismic zones correspond to the southern and
central earthquake clusters, respectively (Fig. 7), sup-
porting the united nature of seismic activity in the
region. The same correspondence is characteristic of
the third seismic zone located in the margin of the
Siberian Craton. The mentioned peculiarities suggest
that the strong earthquakes in the central Lower Amur
region are caused by deformations emerging upon the
uplift of the Bureya orogen. The same vertical move-
ment likely causes the displacement of earthquake
hypocenters from bottom to top, with the simultane-
ous decrease of their magnitudes, as was revealed by
detailed seismic monitoring in the Lower Amur region
in 1983—2002 [6].
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DISCUSSION

Two regional processes, supplementing each other
and alternating in space and time, determined the tec-
tonic evolution of Lower Amur region during the Late
Mesozoic and Cenozoic. In the first half of the Creta-
ceous, accretion in the Sikhote Alin region ended and
was replaced with final consolidation and gradual
change to the intraplate evolution regime took place.
By the beginning of the Cretaceous, the Mongolian—
Okhotian Ocean disappeared and the last accretion
episode in the region dated back to the Aptian—Early
Albian [11] was completely caused by the effect of the
Pacific lithosphere on the continental margin.

Simultaneously with accretionary consolidation of
the eastern Eurasian Plate margin, the second com-
mon process—extension and oceanward moving of the
eastern Asia margin—began to play a noticeable role
by the end of the Jurassic; this process was manifested
the most clearly in the formation of vast sedimentary
basins in the continental margin [6, 46, 54]. This spe-
cific rifting developed in several stages and involved
huge areas in the Asian margin, while gradually mov-
ing from west to east. Systematic migration of Juras-
sic—Cretaceous magmatism in the same direction, as
is clearly documented in the territories of both Russia
and China, shows that extension involved both the
crust and lithospheric mantle beneath the continent.
The vast fields of predominantly Neogene—Quater-
nary alkali and tholeiitic basalts commonly repre-
sented in the Sikhote Alin and Lower Amur regions
reflect this terminal stage of rifting, which lasted from
the end of the Mesozoic, gradually moving towards
the Pacific.

Origin and Age of the Bureya Orogen

The regular position of the Bureya orogen at the
junction of the main accretionary—fold belts and the
obvious relationship of this orogen to the Tang Lu
Fault Zone suggest that the orogen formed due to the
final movements that ended the Pacific accretion
period at the Asian continental margin. The most
important element of the regional buildup was transla-
tion of the tectonic blocks along the Asian margin
along the subparallel left-lateral strike-slips of the
Tang Lu Fault Zone. The greatest displacements in the
Tang Lu Fault Zone occurred in the Jurassic—Creta-
ceous under the effect of oblique subduction of the
Pacific plates beneath the continental margin. The
regular position of the Bureya orogen relative to the
main faults of the Tang Lu Fault Zone—Khingan,
Mel’gin, and West Turana—shows (Fig. 2) that it
formed, most likely, as a shortening-related structure
at the ending stage of regional tectonic movements.

The last period of clear left-lateral deformations in
the central and northern Tang Lu Fault Zone dated
back to the Paleocene—Eocene [18, 60]. Most proba-
bly, it was exactly this time when the zone of litho-
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spheric shortening corresponding to the Bureya oro-
gen formed under the intensified deformations in the
Tang Lu Fault Zone. As shown by apatite thermochro-
nology, in this period, ca. 67—47 Ma ago, rapid uplift
and exhumation of the Greater Khingan Range
occurred directly southwest of here [48]. The same
orogenic phase was marked by the onset of uplift and
erosion in the Sungliao sedimentary basin, which led
to a considerable sedimentation hiatus in the local
stratigraphic sequence [56].

Intensified shear movements in the beginning of
the Cenozoic were accompanied by noticeable trans-
verse extension. For example, the thickness of the
Eocene—Oligocene deposits in the Yilan—Yitong gra-
ben is more than 3000 m [58]. Another comprehen-
sively studied pull-apart object in the Tang Lu Fault
Zone is the Fushun basin in Northeast China [50]. As
was shown by pollen-spore analysis, its formation
started in the Paleocene (59—65 Ma ago) and ended in
the beginning of the Eocene (39—30 Ma ago). The
sedimentation rate was greatest in the interval of ~45—
39 Ma ago, and probably this period was marked by
the highest intensity of northeast-directed motions in
the Tang Lu Fault Zone. In the Middle Amurian
depression joining the Bureya orogen in the south,
multiple semigrabens with orientations fitting that of
the Tang Lu Fault Zone formed under conditions of
Eocene transtension [29]. East of the Bureya orogen,
in parallel to the activation of left-lateral strike-slips,
the foundation of the meridional depressions occurred
in the beginning of the Cenozoic: the age of the basal
deposits in these depressions is clearly older than Oli-
gocene [18, 29].

Most likely, the Bureya orogen formed during the
stage of intensive deformations in the beginning of the
Cenozoic against the background of the completion of
tectonic movements in the Tang Lu Fault Zone. By
this time, the triple junction of the Mongolian—Okho-
tian, Central Asian, and Pacific main tectonic belts
had already formed (Fig. 2). This anomalous structure
appeared to be the most favorable location of concen-
trated deformations that were translated on the strike
slips of the Tang Lu Fault Zone, acting as a focus of
shortening in the regional lithosphere.

Model of Lithospheric Folding

The traditional approaches to understanding of the
neotectonics in the Lower Amur region proceed from
the dominant role of rifting processes in eastern Asia.
In this context, the Cenozoic deformation structures
of the region act as the key elements in the large rift
system of the continental margin known in the litera-
ture as the “East Asian Graben Belt,” the “Ussuri—
Okhotian Rifting Zone,” etc. [4, 16, 29, 30]. These
ideas concentrate mainly on the groups of pull-apart
basins in the Amur region, first of all the Evoron—
Chukchagir and Lower Amurian—Udyl’—Kizi ones.
However, the existence and tectonic genesis of the
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Bureya orogen in terms of rifting ideas have not been
considered.

However, the data given above on both the surface
appearance and deep structure prove that it is the
Bureya orogen that dominates in the region and its
formation was the leading process in the Early Ceno-
zoic tectonics of the region. Of course, we should not
exclude the possibility of the independent occurrence
of (a) horizontal shortening completing the Meso-
zoic—Cenozoic evolution of the Tang Lu Fault Zone
and (b) riftogenic destruction of the continental mar-
gin. In this case, the Bureya orogen and Cenozoic rif-
togenic basins in the Lower Amur region formed inde-
pendently and have different natures. However, the
pull-apart basins and the Bureya orogen are both close
in age and strictly parallel to each other. The distance
between the Chlya—Orel’—Udyl’—Kizi and Evoron—
Chukchagir systems of depressions is 240—250 km in
latitude (Fig. 5). The meridional Bureya sedimentary
basin, where Cenozoic sedimentation continued in
the Tyrma and Upper Bureya depressions, is located at
the same distance westwards. The meridionally elon-
gated central part of the Bureya orogen is located at a
distance of 120—130 km from the Evoron—Chukchagir
basin, which is parallel to this part of the orogen. It is
obvious that the riftogenic basins are spaced in a regu-
lar manner relative to the Bureya orogen (Fig. 8a),
indicating that some common tectonophysical mech-
anism resulted in the formation of the system which
united both the syncline and anticline structures of
Lower Amur region.

Present-day theoretical and regional studies have
revealed [43—45, 51, 55] that the tectonosphere struc-
ture is characterized by folds of 30—600 km long that
are widely distributed and formed under horizontal
shortening. A.M. Nikishin was probably the first who
proposed the possible role of lithospheric folding in
the morphotectonics of the southern Russian Far East
[25]. We can assume that, as a result of horizontal
shortening caused by final movements along the
strike-slips in the Tang Lu Fault Zone, the system of
lithospheric folds formed in the Lower Amur region,
with the central meridional part of the Bureya orogen
occupying its logical place (Fig. 8a). In this case, the
Bureya sedimentary basin in its Cenozoic boundaries,
the Evoron—Chukchagir, and the Lower Amurian—
Udyl’—Kizi basins are syncompressional depressions.
The wavelength in the Lower Amurian system of folds
is about 240—250 km.

As was shown by theoretical simulation [43, 44],
the wavelength of lithosphere folding directly depends
on the thermotectonic age of the region, namely,
when the lithosphere nucleated and was finally heated.
In the Lower Amur region, a realistic estimate of this
parameter can be assumed to be in the broad range of
140 to 40 Ma ago: the lithosphere of this region, most
likely, nucleated and completed its formation in this
period. The characteristics of lithosphere folding in
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Fig. 8. Lower Amurian system of lithosphere folds:
(a) model of spatial correlation between the Bureya orogen
and regional sedimentary basins (large arrows denote hor-
izontal shortening); (b) correlation between wavelength
during lithosphere folding and thermotectonic age of the
lithosphere. Gray zones are shown in accordance with the-
oretical estimates after [43]. Dots and circles mark litho-
sphere folding stages in different regions: circle (denoted
LA) means Lower Amur; dots: 1, Tien Shan; 2, West Gobi;
3, Central Asia; 4, West Himalayas; 5, Central Australia;
6, East European Craton; 7, southern Caspian Basin;
8, eastern Black Sea; 9, western Black Sea. Regional fold-
ing parameters are after [44].

the Lower Amur region are consistent (Fig. 8b) with
both theoretical constructions and the folding param-
eters of other regions. The later rifting, whose gradu-
ally increasing influence has been being the main fac-
tor in the evolution of the eastern Asian continental
margin since the end of the Eocene, was naturally
inherited by downwarping and crustal thinning zones
that appeared from lithosphere folding.

Late Cenozoic Activation of the Bureya Orogen

A predominant role in the long-term tectonic his-
tory of the Tang Lu Fault Zone has been played by left-
lateral shear deformations related to oblique subduc-
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tion of the Pacific slabs beneath the Asian continental
margin. The left-lateral shear stress field also
remained the main one in the region during the Paleo-
cene—Eocene, when the Bureya orogen formed. This
character of deformations is consistent with the north-
west motion path of the Pacific plates in the late Cre-
taceous—early Cenozoic [53, 57]. A radical change in
the kinematics of the Tang Lu Fault Zone occurred in
the late Miocene when the stress field took on a right-
lateral shear pattern [18, 29]. Probably, this was the
time when the Lower Amur region began to be
affected by westward shortening caused by the Amu-
rian Plate motion in the northeast direction. There-
fore, activation began in the region, and the main tec-
tonophysical process was asymmetric uplift of the
Bureya orogen. The location of the zone with strong
earthquakes above the orogen center shows that this
deep-seated structure transforms horizontal stress into
vertical uplift. This is the way of “breaking” the crust,
causing intensified seismic activity in the region.

CONCLUSIONS

Comprehensive analysis of the tectonic, geophysi-
cal, and geomorphic data has revealed the key role
played by the Bureya orogen both in the structure of
the Lower Amur region and in the contemporary
regional activation. The results of seismic and density
modeling show that there is a low-density anomaly in
the lithosphere of the region, where the Moho is
sunken down to 40 km depth. The position and con-
tour of crustal thickening is consistent with the nega-
tive gravity anomaly and the location of the orogenic
dome concentrating all of the mountain peaks higher
than 2000 m. The Bureya orogen formed in the zone
of concentrated deformations at the junction of three
major tectonic belts in the Asian continental margin:
the Mongolian—Ohkotian, Central Asian, and Sik-
hote Alin (Pacific). Horizontal shortening, which was
related to the last Paleogene stage of movements along
the Tang Lu system of NE-trending strike-slip faults,
was translated to the triple junction of the lithospheric
boundaries. The formation of meridional sedimentary
basins in the Lower Amur region has become an
important element of the assumed reconstruction.
These basins spatially frame the Bureya orogen to
form a united morphotectonic system of coeval units.
This system of parallel depressions and rises may have
formed under horizontal shortening during the pro-
cess of folding of the whole lithosphere.

Activation in the Lower Amur region occurred in
the Miocene under the effect of shortening on the
Amurian Plate front; northeastward motion of this
plate remains the leading factor determining the stress
state of the region. The areal distribution of the stron-
gest regional earthquakes with M > 4.5 demonstrates a
clear structure with epicenters clustered in two acti-
vated NE-oriented zones. The first (Amurian) zone is
located in the southern part of the region and extends
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along the main fault of the Tang Lu system. The cen-
tral (Bureya) seismic zone is produced by activation of
the orogen comprehensively characterized in the pres-
ent article.
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