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Abstract—The paper presents the results of GNSS observations, provided by the authors in 2010-2019 years,
in the zone of contact of tectonic structures of the Siberian platform, West-Siberian plate and West-Sayan
orogenic area. We presented the first time assessment of the velocities of modern horizontal movements and
the structural-kinematic model of block movements in a southern sector of the Yenisei Ridge. This model
enables  to assess the geodynamic safety of disposal of high-level radioactive waste in granite gneisses rocks of
the Nizhne-Kansk massif.
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The southern part of the Yenisei Ridge is located at
the junction of large regional tectonic structures,
namely, the ancient Siberian Platform, the epi-Her-
cynian West Siberian Plate, and the West Sayan oro-
genic fold zone [1]. Within the boundaries of the
Nizhne-Kansk granite–gneiss massif, which directly
borders on the Atamanovskiy branch of the Yenisei
Ridge, the building of an underground research labo-
ratory (URL) for validating the safety of disposal of
high-level radioactive waste (RAW) began in 2019 [2].

In 2010, researchers of the Mining and Chemical
Combine at Zheleznogorsk and the Geophysical Cen-
ter, Russian Academy of Sciences, organized a satellite
geodetic network within the boundaries of the
Nizhne-Kansk massif; this network included 30 GNSS
stations intended for observations of modern crustal
movements (MCMs) [3]. Seven observation cycles
were carried out using this network, and the time
series obtained for the period from 2010 to 2019
reflecting changes in the coordinates of GNSS sta-
tions were analyzed.

To determine the displacement vectors and defor-
mation rates, we used the methods and algorithms
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described in [4, 5]. The basis for processing of the
GNSS data and their interpretation were base-line
vectors and their correlation matrices obtained from
statistical processing and diagnostic equalizing of the
measurements cycles conducted from 2010 to 2019.
We obtained the time series of displacements for 23
geodetic stations. Table 1 provides the calculated dis-
placement velocity for the GNSS stations presented in
Fig. 1 (the velocities are calculated for the first time).
The root mean square (RMS) errors in determination
of their plan-view position for particular measurement
epochs did not exceed 3–3.5 mm [5].

When designing the geodynamic polygon, the
structural–tectonic scheme of the region was used [6],
according to which the field of MCMs is determined
by geodynamic interaction between the largest tec-
tonic structures of the West Siberian Plate and the
Siberian Platform (Fig. 1), which border each other
along the Muratovskiy fault and subordinate faults,
mainly of submeridional direction [7].

The map of the velocities of MCMs was analyzed
together with the first-class highly accurate leveling
data [8] and the data of geological surveys [9]. Figure 2
shows the field of average annual velocities of horizon-
tal MCMs and the result of their kinematic interpreta-
tion. The study area is subdivided into 13 large struc-
tural blocks, separated in most cases by large tectonic
faults identified earlier from geological data [6, 10].

The obtained velocities of horizontal MCMs
(Table 1) indicate the contemporary tectonic activity
of the Muratovskiy, Atamanovskiy, Kansko-Atama-
novskiy, Pravoberezhnyi, and Shumikhinskiy faults
4
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Table 1. Velocities of horizontal MCMs in the eastern ( ) and northern ( ) directions for 2012–2019 and RMS errors in
their determination (σe and σn, respectively)

Codes
of GNSS stations

Measurement 
interval

Mean movement 
velocity , mm/yr

Mean movement 
velocity , mm/yr

RMS error 
for σe, mm

RMS errors 
for σn, mm

1205 2012–2019 –0.15 –1.42 0.90 1.05
1206 2012–2019 0.05 0.96 0.81 0.99
1214 2012–2019 –1.49 –0.26 0.95 1.17
1215 2012–2019 –0.53 –0.23 0.99 1.28
1216 2012–2019 –0.02 1.35 0.96 1.19
LP04 2012–2019 –1.56 –0.91 0.80 1.00
LP05 2012–2019 0.01 –0.93 0.97 1.20
LP06 2012–2019 –0.22 –1.13 1.25 1.58
LP07 2012–2019 1.15 2.35 0.89 1.10
OPO2 2012–2019 –0.80 0.21 0.84 1.06
OPO3 2012–2019 0.65 –0.11 1.05 1.30
1209 2014–2019 1.18 0.53 0.84 0.59
1219 2014–2019 –0.27 –1.92 0.71 0.50
1401 2014–2019 0.13 1.73 0.82 0.58
1201 2012–2016 0.17 –0.32 1.09 1.35
1202 2012–2016 0.41 2.37 0.66 0.80
1204 2012–2016 –3.83 0.21 0.46 0.56
1207 2012–2016 0.79 1.33 0.63 0.88
1211 2012–2016 0.71 –2.87 1.54 2.10
1212 2012–2016 0.85 –1.38 1.28 1.56
1213 2012–2016 –2.15 –0.36 0.59 0.72
LP08 2012–2016 1.02 –1.11 0.49 0.63
LP09 2012–2016 3.68 1.23 0.48 0.63

ve vn

ve vn
(Figs. 1, 2). Within the West Siberian Plate, the veloc-
ities of movement show a quite uniform distribution;
three blocks with maximum velocities of ∼2–3 mm/yr
have been distinguished here (Fig. 2).

Movements in the central and northern part of the
zone contact between the West Siberian Plate and the
Siberian Platform (structural blocks IV and V) change
direction from sublatitudinal to submeridional, indi-
cating strike–slip motions along the Muratovskiy and
Atamanovskiy faults (Fig. 2). This segment is the most
mobile in the study area. The structural blocks VI,
VIII, IX, X, and XI, confined by the Kansko-Atama-
novskiy fault to the north and by the Muratovskiy fault
to the west, demonstrate the highest movement gradi-
ents with the velocities of up to 3.5 mm/yr.

Block movements along the Pravoberezhnyi strike-
slip fault have produced a bench rock structure. Nota-
bly the maximum gradients of horizontal MCMs have
been obtained at the contact between blocks VII and
IX. The change in horizontal motions from sublatitu-
dinal to submeridional match with the Shumikha
fault, which across the URL construction site (rectan-
DOKLADY EARTH SCIENCES  Vol. 493  Part 1  2020
gle in Fig. 2). This structural block is located at a
distance of 2–3 km from the contact zone between
the West Siberian Plate and the Siberian Platform
and, undoubtedly, is affected by motions along this
boundary.

The model obtained is consistent with the results of
structural–geological and geodynamic studies in the
area [6–8, 10]. The velocity of approach of the Sibe-
rian Platform and the West Siberian Plate in their
interaction zone within the southern Yenisei Ridge
can be estimated at 2–4 mm/yr. Notably, the velocity
of motion of the West Siberian Plate is lower than that
of the Siberian Platform by 1–2 mm/yr. This probably
caused uplift of the Atamanovskiy branch at the neo-
tectonics stage, when the ancient Siberian Platform
and the young West Siberian Plate were hypsometri-
cally separated. The Siberian Platform was uplifted to
absolute altitudes of ∼700–800 m, while the West
Siberian Plate appeared to be relatively lowered by
120–200 m [7]. The Atamanovskiy Range has been
ascending since at least the Quaternary, as is indicated
by the inherited character of motions [7]. As a result of
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Fig. 1. Structural–tectonic scheme and modern horizontal movements in the southern Yenisei Ridge: (1) boundary between the
Siberian Platform and the West Siberian Plate; (2) large tectonic faults; (3) GNSS stations; (4) vectors of velocities of MCMs at
GNSS stations, mm/yr. Encircled Arabic numerals here denote the main tectonic faults: 1, First Krasnoyarskiy; 2, Muratovskiy;
3, Atamanovskiy; 4, Kansko-Atamanovskiy; 5, Malotel’skiy; 6, Pravoberezhnyy; 7, Bol’shetel'skiy; 8, Shumikhinskiy;
9, Baykal'skiy.. The rectangle denotes the URL construction site.
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Fig. 2. Averange velocities field of horizontal MCMs in the southern Yenisei Ridge: (1) boundary between the Siberian Platform
and the West Siberian Plate; (2) large tectonic faults; (3) GNSS stations; (4) vectors of velocities of MCMs, mm/yr; (5) active
geodynamic zones corresponding to the boundaries between structural blocks possessing different kinematics. Arabic numerals
denote the main faults (see Fig. 1). Latin numerals denote tectonic blocks revealed from GNSS observations. 
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this, block VII moves westwards and block XIII moves
eastwards.

Additionally, the cyclicity in the development of
geodynamic motions has been revealed in the geody-
namic research area [3]. In 2013–2014, activation of
the geodynamic regime was recorded: it was mani-
fested in the form of a change in the deformation sign
for both compression and extension on the western
and eastern banks of the Yenisei River.

In general, it can be thought that the regional
movements are caused by sublatitudinal compression
along the azimuth of ∼100°–110°. The velocities of
horizontal MCMs obtained within the tectonic blocks
are relatively low, which confirms the stable geody-
namic regime of the structural block where the URL
site is located. Thus, the results of the present work
demonstrate the possibility of high-level RAW dis-
posal within this structural block.
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