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Introduction

In the frame of the joint Russian-Mongolian project, a system for monitoring deformations of the
earth’s surface using GPS-geodesy has been designed and implemented since 2010 around Ulaan-
baatar. Design and number of the sites of the new local networks “Ulaanbaatar” and “Emeelt” were
determined on the basis of the geological-geomorphological structure of the territory, location and
orientation of the active faults, the manifestation of paleo- and recent seismicity. Eleven campaign
GPS sites were installed during 2010-2011 by the efforts of the staff of the IEC (Irkutsk, Russia)
and TAG (Ulaanbaatar, Mongolia). These sites and the permanent station ULAB (Ulaanbaatar),
which is incorporated in the IGS, form “Ulaanbaatar” network (Fig.1). Additionally, seven new sites
were installed within the seismically active structure “Emeelt”. These two networks are connected
through two sites, EML7 and ULAB. The networks are located around mountain highland Bogd-
Khan-Uul. The “Ulaanbaatar” network is extended in the latitudinal direction by 100km, in the
meridional direction by 80km.
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Figure 1: Location of the GPS networks around Ulaanbaatar. GPS sites of the network “Ulaan-
baatar” are shown by circles; ULAB is also a station of the IGS. Location of the network “Emeelt”
18 shown by square with EML7 site in the center. Black lines are active faults considered here. Small
circles are epicenters of earthquakes.
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Measurements at all sites have been carried out using dual-frequency GPS receivers Trimble 5700
with Zephyr TRM 39105.00 antennas and by multifrequency receiver Sokkia GSR2700 ISX with inner
GNSS antenna Pinwheel ™. Since 2012, measurements have been carried out using Trimble NetR9
multichannel GNSS receivers with Choke Ring antennas in the kit, capable of tracking the signals
of all satellite systems that exist now. Measurements at the sites of the “Ulaanbaatar” network
were carried out for 72 hours or more, while in the “Emeelt” measurement interval varied from 8 to
72 hours. For velocity calculations, data from at least four observation sessions conducted in 2010-
2015 were used. Results of GPS measurements were processed with the special GAMIT/GLOBK
software packages. GPS velocities and their 95 per cent confidence ellipses for “Ulaanbaatar” network
were estimated in ITRF2014, whereas for “Emeelt” ITRF2008 was used as well as we also referred
“Emeelt” GPS velocities to the EMLS site to access the local-scale crustal movements. The regional
and global GPS network data were correlated using records from 31 IGS stations. The calculation
procedure is described in detail in (Lukhnev et al., 2010). We derived also relative strain patterns
from horizontal GPS velocities using formulae from (Turcotte and Schubert, 1985).

Results

Velocity vectors calculated from the measurements in “Ulaanbaatar” network for 2010-2015 are
shown at Fig.2.
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Figure 2: GPS-derived velocities of the sites of the “Ulaanbaatar” network for 2010-2015 in the
ITRF2014 system (a) and with respect to Eurasia (b). Ellipses are 95% confidence. Isolines are the
interpolated velocity values in mm/yr.

With respect to Eurasia the vectors are slightly turned to the south but in general they are also
oriented 130-150° and the values are 2-4 mm/yr. Nonregularity of the velocity distribution results
zonal structure of the the field of relative horizontal deformations (Fig. 3).

In the western part of the territory, an elongated in the S-N direction zone is observed with the
predominance of the relative deformations of extension whose axes are oriented in a sublatitudinal
direction. Here, the majority of earthquakes occur, mainly within the Emeelt fault. The central
part of the network is a zone extended from SW to NE where shortening of the crust prevails. Axes
of shortening have NW-SE orientation. This zone is also characterized by high values of maximum
shear strain.

Results for the “Emeelt” network, both velocities and strain patterns, have been calculated, too
(Fig.4). Within this network, significant variation of horizontal velocities is observed. The largest
value (11 mm/yr) has been found for EMLO site, which is located just in the central part of the fault
zone. This site, as well as the nearbyEML5, moves to the east. EML6 and EML7 have practically
equal velocities (7-8 mm/yr) and and azimuths of displacement (120°), though they are located at
the different fault sides. Relative deformations within the four distinguished triangular areas show
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Figure 3: Relative horizontal crust strain patterns. Black and white arrows are principal shortening
and elongation rate azxes, respectively. Isolines are the interpolated velocity values in mm/yr. Isolines
are the interpolated velocity (Emaz = (€1 —€2)/2 ).
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Figure 4: GPS-derived velocities of the sites of the “Emeelt” network (a) and field of the relative
horizontal crust strain (b) for 2010-2015.

an elongation of the earth’s crust in the SE-NW direction and a little bit smaller in rate shortening
in the SW-NE rhombs. The elongation rate reaches 5x10-6 yr-1. The axial part of the fault zone
that crosses the network in the NW direction is characterized by maximum deformations.

Discussion

The obtained data are the first results of GPS measurements in the vicinity of Ulaanbaatar. The
velocity vectors in the ITRF2014 system show a consistent movement of the sites in the southeast
direction that is consistent with the previous results for the ULAB permanent site. Considering the
results with respect to Eurasia, we can see that the velocity field is more complicated. The values
and orientations of the vectors are more diverse. The sites in the eastern part of the network move
slower comparing to the sites in the north-western part. This results in shortening of the crust in
the NW-SE direction in the local scale.

The sites of the ”"Emeelt” network are located directly within the seismogenic structure. The
high values of the strain rate obtained are due to the small area of the network. The strain rate of
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the crust elongation is somewhat higher than the strain rate of the shortening that is in agreement
with seismological data (Ganzorig, 2015). Orientation of the principal strain axes obtained from
GPS data also coinsides with the stress axes inverted from focal mechanisms, namely shortening
(compression) axis is directed NE-SW and elongation (extension) axis is directed SE-NW. At the
regional scale, this area is characterized by a subhorizontal compression acting in the northeastern
direction with a subhorizontal position of the extension axis oriented SE-NW (eg., Lukhnev et al.,
2010; Sankov et al, 2015; Radziminovich et al., 2016; Seminsky et al., 2017).

The kinematics of faults around Ulan-Bator deduced from seismogeological and structural data
also corresponds to shearing. As for the orientation of the compression axis, different researchers
define it depending on the scale of the territory or individual structures, from SW-NE (Seminsky et
al., 2017) to close to W-E or even NW-SE (Smekalin et al., 2013, Battsetseg, Ganzorig, 2017). The
latter direction is consistent with orientation of deformation axes from GPS data within the local
area.

Conclusions

As a result of the conducted studies, a decrease in the velocities of horizontal movements within
the network ”Ulaanbaatar” from NW to SE has been established. It causes the deformation of
shortening of the crust with the axis oriented NW-SE in the south-eastern part of the network. In
the western part of the network, elongation prevails with the axis in E-W direction. Here, the most
of the earthquakes recorded around Ulaanbaatar occurs. Results obtained from GPS measurements
are in agreement with those from focal solutions.

Our analysis of the GPS data shows that the recent deformation of the crust id determined by
the summed effects of geodynamics of the studied area and its geological settings.

The study was supported by the RFBR grants No. 17-05-00826_a, 16-05-00224.

References

[1] Battsetseg A., Ganzorig D. Primary estimation of the stress field orientation from focal
mechanism of earthquakes around Ulaanbaatar // Stroyeniye litosfery i geodinamika: Materialy
XXVII Vserossiyskoy molodezhnoy konferentsii s uchastiyem issledovateley iz drugikh stran (g.
Irkutsk. 22—28 maya 2017 g.). Irkutsk: Institut zemnoy kory SO RAN. 2017. — p. 283-285.

|2] Ganzorig D. Focal mechanisms of earthquakes in the Emeelt swarm and around Ulaanbaatar
city. Master‘s Thesis, MEE14604, National Graduate Institute for Policy Studies, Tokyo, Japan;
International Institute of Seismology and Earthquake Engineering; Building Research Institute,
Tsukuba, Japan. August, 2015.

[3] Lukhnev, A.V., San’kov, V.A., Miroshnichenko, A.I., Ashurkov, S.V.,Calais, E., GPS rotation
and strain rates in the Baikal Mongolia region. GPS-measurements of recent crustal deformation
in the junction zone of the rift segments in the central Baikal rift system.Russian. Russian
Geology and Geophysics. 2010, v. 51, pp. 785 793.

[4] Radziminovich N., Bayaraa G., Miroshnichenko A., Demberel S., Ulziibat M., Ganzorig D.,
Lukhnev A. Focal mechanisms of earthquakes and stress field of the crust in Mongolia and its
surroundings. Geodynamics & Tectonophysics, 2016, v. 7, Ne 1, p. 23-38, doi:10.5800/GT-2016-
7-1-0195.

[5] Sankov V.A., Parfeevets A.V., Miroshnichenko A.I., Sankov A.V., Bayasgalan A., Battogtokh
D. Active faults paragenesis and the state of crustal stresses in the Late Cenozoic in Central
Mongolia // Geodynamics & Tectonophysics, 2015; v. 6, Ne 4, p.491-5186 doi:10.5800/GT-2015-
6-4-0191.

150 The liternational Conference on Astronomy & Geaphysios i Mongota, 20-22 July, 2077



Geodynamics, active deformation, GPS, active fault, paleoseismology S 5 1

[6] Seminsky K. Zh., Demberel S., Mungunsuren D. Fault zones and stress fields of the Earth’s
crust in the vicinity of Ulaanbaatar (Mongolia) at the modern stage of tectogenesis. Doklady
Earth Sciences, 2017, v. 474, Ne. 1, pp. 511-515.

[7] Smekalin O.P., Imaev V.S., Chipizubov A.V. Paleoseismic studies of the Hustai Fault zone
(Northern Mongolia). Russian Geology and Geophysics. 2013, v. 54, pp. 713 722.

[8] Turcotte D. L. and Schubert G. Geodynamics (second edition). Cambridge University Press,
Cambridge, England, 2002, 456 p. (pp. 172-176).

151

The lnternational Conference on Astronomy & Goaphysios ix Mongotta, 20-22 Juty, 2077



CONTENTS

Astronomy, astrophysics and Space SCICNCE . ... .........couuiiteiieennernneronssonssnnnns 09
Owl telescope in Mongolia . .. ....... ... . . . . . 11
Observation of the coronal green line at a wavelength of 53034 . ... .. ... ... ... ... ......... 12
The results of wavelet analysis application to variations of the Earth rotation parameters . . . . . .. .. 13
Observation of solar radio bursts . ... ....... .. . . . . . 14
The minor planets in the solar SYStem . . ... ... ... . 15
Intensity of solar ultraviolet radiation in Ulaanbaatar regions and comparative analysis of some charac-
teristics of climatic conditions in the places of Khurel-Togoot and Tavan tolgoi . . ... ............ 16
A fuzzy neural network model in analyzing the air pollution factors ... ........................ 19
Dynamic phenomena in the active regions of 24-th solarcycle . ... ........ ... ... ... ........ 26
The optical afterglow observations of gamma-ray bursts . . ... ........ ... ... ... ... 31
Solar active phenomena observation . . ... ......... .. . . ... 32
Meteor observation in Irkutsk region . . ... ... .. . . . 33
Mongolian-Russian cooperation at the Khurel-Togoot observatory in the ison project framework . . . 34
A study of image prediction for yield mapping in real environment . . ... ....................... 35

GEOMAZGRELISHL . . o .« oo oot ettt tneeseneeesonesssonsesssnsessassssonsssssnsssssnsosonnss 41
Monitoring of the geomagnetic field variations at the high - mountain biospheric station dzhuga and fore-
casting of natural disasters and extreme weather . ... ....... ... . . . . . .. . ... 43
Probing the Earth'’s mantle using satellite and ground - based magnetic data. Progress status and chal-
[enges . . . . o 44
Towards geophysical exploration of geothermal resources in the Hangai Mountains . . ............ 45
High-precision Overhauser magnetometers applications . .. ................c..ouuuiunennon.. 46
Variations of earthquake focal mechanism types in northern tien shan . .. ...................... 53
Tectonomagnetic monitoring of crustal stress state in the baikal rift zone and some results for study of the
kultuk earthquake . . . .. .. .. . 54
Rigid blocks in the earth’s crust and strong earthquakes . .. ......... ... ... ... ... .. ...c....... 59
The monitoring of geomagnetic field in the Baikal-Hubsugul fault in 2010-2015 .. ............... 63
Geophysical complex ISTP SB RAS for monitoring electromagnetic fields in high and middle latitudes . .
................................................................................. 64
Study of the Magnetic Field Response due to Geodynamic Processes in Central Mongolia (Emeelt) and
Russia (North-West Caucasus) . . ... ... . ... ... e 65
The heat flows via CPD . . .. ... .. . . e 74

Geodynamics, active deformation, GPS, active fault, paleoseismology . . ... .............. 79
Identification and characterization of the Sharkhai and Avdar active faults near Mongolia's capital city:
Impact on Seismic Hazard Assessment in a low deformation setting . . ......................... 81
Co-seismic moment released by the surface rupturing 1934 bihar-nepal earthquake . ............ 87
Stress fields in the area of the Mogod earthquake in Mongolia from the structural paragenetic analysis of
FECIOMIC frACIUFITIZ . . . . .\ o oo e e e e e e e e 88
Wave dynamics of rock deformations according results of monitoring . ... ..................... 94
Numerical reconstruction of normal-fault scarps evolution . . .. ........ ... ... . ... .. .. 99
Radon monitoring of ulaanbaatar region . . ... ........ ... ... .. 103

Cosmogenic 36CI geochronology of offset terraces along the Ovacik Fault (Malatya-Ovacik Fault Zone,
Eastern Turkey): Implications for the intraplate deformation of the Anatolian Scholle . . . . . . ... ... 104
Tropospheric delay of GPS signals and their connection with the level of moisture content within the Bai-
kal region and the Selenga river basin . ... ......... ... . . . 105
Geodynamics of northern Mongolian and Transbaikalian segments of the Central Asian Orogenic Belt at



Late Paleozoic — MeSOZOIC . . . . .. ... .. 111

GPS developments in mongolia and its applications in geodynamic studies . . .. ............. ... 112
Gheological hazard assessment of the Ulaanbaatar agglomeration . . .. ....................... 113
Structural characteristics of the Hovd fault zone, Mongolian Altaid region, western Mongolia . . . . . 114
Cumulative deformation by multiple surface-faulting earthquakes on the Bulnay Fault, Mongolia: A pre-
liminary inVestigation . . .. .. ...... ... 120
Mapping of active faults in Korea by airborne LiDAR survey: A preliminary investigation . . . . . . .. 121
Slip rates and ages of past earthquakes along the main western Gobi-Altay active slip faults (Gobi-Altay,
Mongolia) . ... .. .. 122
Quantifying the differential uplift on the western branches of the north Anatolian fault: Sakarya river ter-
races, NW tUrkey . . . . . . . 124
Horizotal slip distribution through several seismic cycles the eastern Bogd fault, Gobi-Altai, Mongolia .
................................................................................. 129
Impact of cosmic factors on the Baikal rift zone seismic regime . . . .......................... 131
Studying active faults by GPR technique,; example of Songino fault Ulaanbaatar . . ... .......... 137
Present-day movements of the earth’s crust of Mongolia from GPS measurements at the permanent sites
................................................................................ 143
First results of GPS measurements within the local networks in the Central Mongolia . . ... ... .. 147
Songino active fault from GPR imaging and trench results, Ulaanbaatar, Mongolia . ............ 152
The crustal state of stresses and the conditions of the tectonic structures activation of Southeast Mongolia
iNthe CeNOZOIC . ... ... 158
Recurrence of strong earthquakes in the active Hovd fault zone, Mongolian Altay .. ............ 163
Tectonic position and geological manifestations of the 1967 Mogod earthquake, Mongolia . . . . . .. 165
Estimation of the recent activity of large faults in the Ulaanbaatar and Mogod geodynamic testing areas
in Central Mongolia based on soil-radondata . .......... ... .. . .. .. . .. . . .. .. ... .. ... .... 166
Active faults and Late Cenozoic crustal stress state in the central part of Mongolia . ............ 171

Wave dynamics of seismicity in the annual cycles in the southeastern segment of the Amurian plate . . . .

High-resolution surface rupture map and slip distribution of the 1905 M > 8 Tsetserleg-Bulnay strike-slip
earthquake sequence, Mongolia ... ... ... .. ... . . . . . . .. 181

Intraplate geodynamics in Mongolia: constraints from geochronology, thermochronology, and geochem-

QUAKES « o oo oot i i e i i e it i it e 183
Preliminary result of earthquake hypocenter determination using new 1d velocity model: khuvsugul area
................................................................................ 185
Seismicprofiling in a zone of mogod fault . ... ... .. .. . . . . . . . .. ... 186
Mongolian National Seismic Network and its operations .. .............. ... .c.ciiiuiiion.. 189
Lg-wave cross correlation applied to detection and location of events in high-seismicity regions of main-
land east asia . . .. .. ... ... 190
Earthquake Monitoring: Automatic processing at the Mongolian National Seismic Network . . . ... 196
Tectonophysical analysis of seismic hazard of faults in Central asia ......................... 197
Focal mechanisms of aftershocks of Mw = 4.59, Bayanbulag earthquake . . .. .................. 198
A mechanism causing temporal variation in b-values Prior to a mainshock ................... 199
Ambient noise monitoring in Ulaanbaatar region . . . . ....... ... . . . . . . . . i 203
Paleoseismic investigation on the eastern end of the Altyn Tagh fault . . ... .................... 207
Seismic activity of the Emeelt fault area investigated using tomoDD . ... ..................... 208

The seismicity of the south Hangay dome of central Mongolia: 1-d velocity model for the area from local
earthquake data . . . .. ... ... . . . . . 209



Radionuclide analysis of the CTBTO s IMS stations data in Mongolia . . .. .................... 210
Reference one dimensional velocity model and precise locations of local earthquake hypocenters in the

RANGAY TEGIOM . . . . . o o 211
Precise location of seismicity in and around Bulnay fault . . ... ........ ... .. ... ... ... ....... 212
Detection capability of infrasound Station . . . .. ....... .. .. . . .. 213
Ground Penetrating Radar result of data analysis For Songino active fault, Ulaanbaatar . . . . . . .. 214
Discrimination of earthquakes and explosions around north korean nuclear test site . . .. ......... 215
Crustal and lithosphere StrUCHUFeES .. ............oiiiiiiiiieineeineinenerneeneensennes 221
Deep structure of the baikal rift system Based on the seismic wave attenuation . ................ 223
Deep velocity structure and anisotropic properties of the asian upper mantle . .. ................ 228
Investigation of the boundary and internal fault zones of Tunka basin (Baikal rift system) using HVSR
MEtNOd . . . . o 231
High Topography and Deformation in Continental Interiors: Structure and Geodynamics of Central
Mongolia . . .. .. .. 235
Thickness of earth’s crust under broadband stations of Mongolian seismic network . ............. 236
Estimation of coda wave attenuation in the Hangay Dome, central Mongolia . . .. ............... 240
Crust and Upper Mantle Structure of Central Mongolia . ... ............ ... ... ... .. ........ 241
Receiver function imaging of crustal and upper mantle structure beneath seismic station Ulan-Ude
(Transbaikalia, RUSSIQ) . . . . .. ... .. e e 247

On conditions of preparation for the catastrophic earthquakes foci within earth crust of central asia . . . .

Deep configuration of the southeast edge of the siberian craton along the passcal 1992 transect . . .256
Vibroseismic sounding of the earth’s crust on the profile Baikal — Ulaanbaatar. . . .. ............. 261
Study seismic activity in Khovd region (West part of Mongolia) and seismic velocity 1D model. . . . . 266

Seismic hazard assessment, strong ground motion, attenuation and site effects, microzoning 271
Seismic hazard assessment of bayan-ulgii aimag: Probabilistic analysis ...................... 273
Seismic hazard assessment of bayan-ulgii aimag: Microzoning mapping . .. ................... 277
Reducing Digitiser Latency for Earthquake Early Warning: New Strategies for Seismic Hardware. . 282
Prediction of seismic effects of large earthquakes in Mongolian-Siberian region by studying the dynamic

parameters of earthquakes. . . .. ... ... .. .. . 283
Paleoseismogenic deformations of the central Mongolia and seismic hazard assessment for Ulaanbaatar
................................................................................ 287
Site effect estimation of Bayan-Ulgii aimag . . . ... ... .. .. . . 288
Studying of tectonic infringements in seismically active areas of Mongolia. . ... ................ 290
Effects and Post-Disaster Actions during the 2015 Mw = 8.4 Northern Chile Earthquake. . . . . . . .. 295
Weather-climatic changes in the Baikal-Mongol region: analysis and forecast before 2050 . . . . . . .. 296
The seismic microzoning study in Mongolia: the example of Ulgii city, center of Bayan-Ulgii aimag. . . . .
................................................................................. 302
Seismic hazard assessment of bayan-ulgii aimag: Deterministic analysis ... ................... 306
Seismic safety assessment of earth dams. . .. ........ .. . . . . . . ... 309
Seismic microzoning on the joint of geotechnical lands-capes. . ... ....... ... .. ... ... ... ... 310
Seismic Microzonation: principles and practices (for example, the city of Ulan-Ude). . . ... ... ... 325

Cosmogenic 36CI geochronology of offset terraces along the Ovacik Fault (Malatya-Ovacik Fault Zone,
Eastern Turkey): Implications for the intraplate deformation of the Anatolian scholle . . . .......... 330



