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Relief and Cenozoic active faults of Mongolia



Tectonic-stratigraphy map of the terranes of Mongolia

(Badarch et al., 2002)





• The main goal: To identify the main patterns of stress-strain state of the 
earth's crust of the Mongolian Altai and its evolution in the Cenozoic

• The main tasks:

• 1. Reconstruct the paleostress state based on data on tectonic fracturing 
in active fault zones and folding in MZ and KZ sediments; supplement the 
database "Maps of the stress state of the earth's crust in Mongolia" 

• 2. Compare the paleostress state with data on the modern field of tectonic 
stresses and deformations based on data on earthquake focal mechanisms 
and satellite geodesy

• 3. Conduct modeling of the modern stress-strain state and kinematics of 
active faults using the finite element method



Scheme of the study of the Cenozoic stress state of the earth's crust in the 

territory of Mongolia and southern Siberia using geological and structural 

methods



Method of reconstruction of paleo- and modern stress state

• Data: (1) planes of ruptures and directions of displacement along them in 

zones of active faults, MZ and KZ rocks and sediments; (2) rupture planes 

in earthquake foci

• Calculation using the program TENSOR (Delvaux, 1993) – “right dihedra” 

method  +  rotation optimization => 1,  2,  3 and staress-ratio 

R=(2-3)/(1-3)

Classification of stress tensors (Delvaux et al., 1997)



Stress tensors of Kobdo, Sagsay and Tsagan-Shibety fault zones



Late Cenozoic right lateral movements along Kobdo fault

“Aster” satellite image

Amplitude of horizontal
Movement - 8600 m



Tectonic fracturing in Pliocene lacustrine clays in the Kobdo fault zone
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Stress tensors of Khan-Tayshir-Nuruu fault system



Location of research sites

1
23

4

1 – Sharga basin
2 – Ikhesnur basin
3 – Tseyseg basin
4 – Dzeger basin



Characteristics of sediments of the Mesozoic-Cenozoic basins of the 

Mongolian Altai (by Nikolaeva, Shuvalov, 1969)

MZ KZ

J1-2 J3 K1 Pg олигоцен N миоцен-

плиоцен

Q плейстоцен-

голоцен
Large-pebble, boulder 

conglomerates with interlayers 

and lenses of coarse-grained 

sandstones and gravelites, gray-

colored inequigranular 

sandstones interbedded with 

small-pebble conglomerates, 

greenish-gray siltstones, fine-

grained sandstones with 

interlayers of carbonaceous 

siltstones, gray and pink 

lacustrine limestones, red-colored 

siltstones and sandstones.

In the marginal parts of the basins 

there are coarse-grained deposits 

of proluvial facies: boulder 

conglomerates, fanglomerates, 

conglobreccias with interlayers 

and lenses of inequigranular 

sandstones, gravelites and packs 

of coarse-grained sandstones.

Coarse-grained red-

colored 

conglobreccias and 

conglomerates 

weakly cemented by 

coarse-grained sandy 

material with 

interlayers and lenses 

of gravelstones and 

coarse-grained 

sandstones with 

cross-bedding.

Grey-colored 

sandstones, 

siltstones with 

calcareous cement 

and with thin 

interlayers of fine-

pebble 

conglomerates and 

coarse-grained 

sandstones.

Loose red sands 

and loams with 

thin basal pebbles 

at the base.

Coarse-grained 

light grey sands 

and pebbles.

Pebble-boulder, 

pebble, sand-

gravel alluvial-

proluvial deposits 

of alluvial fans 

and foothills 

(belays).





Folded and faulted deformations in the northern side of the 

Sharga depression

Uplift









Deformation regimes of the earth's crust within neotectonic structural 

domains of the territory of the south and west of Mongolia
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Current stress state of the earth's crust in the Mongolian-Siberian 

region: earthquake focal mechanisms



Scheme of the present day stress state of the earth's crust in the 

Mongolian-Siberian region



Scheme of zoning of the territory of Mongolia by the type of stress fields 

of the earth's crust in the late Cenozoic
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The extension of the axes of maximum horizontal compression SHmax

stress tensors reconstructed by geological-structural methods in the 

territory of Mongolia

N=48

Mongolian Altai
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Velocity field of modern horizontal movements of Central 

Asia for 1994-2004 according to satellite geodesy data 

(IRKT stable)



Velocity field of present day horizontal deformations of the earth's surface 

in the Mongolian-Siberian region based on satellite geodesy data 

(Lukhnev et al., 2010) 
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Modeling of stress-strain state of Mongolian Altai and surrounding 

structures using finite element method

The PLATES program [Bird, Kong, 1994] was used. Inelastic 

deformations of the lithosphere model with inhomogeneities 

(faults) are simulated.



Model rates of deformation of the earth's crust 

of the Mongolian Altai



Model displacement rates along active faults of the 

Mongolian Altai and surrounding structures



Velocities of displacements and rotations in fault zones of the Mongolian 

Altai and surrounding structures (summary of Gregory et al., 2018)

Data from Frankel et al. (2010); Gregory et al. (2014); Nissen et al. 
(2009a); Nissen et al. (2009b); Vassallo (2006); Thomas et al., 2002.



Conclusion

• The stress-strain state of the Mongolian Altai and surrounding structures 
in the late Cenozoic arose during compression due to the convergence of 
Hindustan and Eurasia. The predominant reconstructions of the stress 
state of the earth's crust based on geological-structural and seismological 
data are the stress tensors of compression and transpression, as well as 
strike-slip.

• MZ-KZ sedimentary cover of intermontane basins is deformed at the initial 
stage under conditions of sublatitudinal and NE compression with the 
formation of fold-and-thrust structures. There is a tendency for the 
direction of compression to change over time to NNE and submeridional
and the manifestation of shear structures.

• In western Mongolia, structural control of the stress state of the earth's 
crust is carried out by fault zones of northwest and sublatitudinal strike.

• Modeling using the finite element method made it possible to reproduce 
the type of modern stress state and the directions of the main 
deformations on different structures and their sections.

• The model reproduces the kinematics and velocities of displacements 
along active faults, which can be used to assess seismic hazard in fault 
zones.
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