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ROLE AND IMPORTANCE OF GEODETIC
SURVEYS IN GEODYNAMICS

In science geodynamics has been actively developing as a new direction recently, especially in the last
decade. For the first time this term was described in A. Liyav’s monograph 90 years ago. A. Liyav himself
formed this term as a relationship of the Earth and space factors, as well as a legal regmatic formation of
cracks-light grid on the entire surface of the bottom and the entire planet surface. In the last 20 years, the
meaning of geodynamics is often used in a slightly modified version, so geodynamics has become under-
stood as the whole complex of development processes inside the Earth. In the foreign literature, geodynam-
ics is understood to be a branch of geology engaged in the study of forces and processes that occur only
in the interior of the Earth and cause the formation of disorderly structures and deformations in its shells.
Subsequently, E. Og considered geodynamics as a section of tectonics, studying the forces affecting the
planet and phenomena occurring on its surface. In other foreign sources, modern geodynamics is the sci-
ence of Earth’s movements in real time, which can be measured, identified and explained in the language
of fundamental sciences. The purpose and task of this work is to make a general overview of the results of
geodesic research in geodynamics, considering geodynamics as a new direction of science.

Key words: geodynamics, geodesy, geology, quarries, mineral extraction.
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lFeoAMHaMMKaAAFbl FEOAE3USIABIK, i3AEHICTEPAiH POAI MEH MaHI

fblAbIMAQ FeOAMHAMMKA KaHa GaFbIT PeTiHAE COHFbl YakblTTapAd, 8Cipece COHFbl OH XXbIAABIKTA
6eAaceHAl Aambin KeAaeai. EH aaraw pet 6yA TepmuH A. AsBTbIH MOHOrpadmsacbiHaa 90 >KbiA GypbiH
KOAAQHbIAFaH GOAATbIH. A. ASBTbIH 631 GYA TepMmuHAl XKep MeH FapbiliTbiK, (hakTOpAApAbIH, 63apa
6aAaHbICbl, COHbIMEH KaTap TYGiHAEri arbiH MeH MAaHeTaHblH 6GapAbIK, )XOFapFbl GeTiHAeri cbi3aT-
>KapbIK, TOPbIHbIH, 3aHAbI PErMaTuKaAblk, Ty3iAyi Aen KaAbinTacTbipFaH 6oAatbiH. CoHFbl 20 Xblapa
reopMHammka CesiHiH MarblHachbl Gipwiama esrepicke yiubipaabl. Kenbip moaimertep 6GoibiHWIA,
3.0r reoamHamukaHbl XKepre oacep eTeTiH KYLITEPAI CUMMATTaNTbliH TEKTOHWMKAHbIH 6ip GeAimi
peTiHAe KapacTbipFaH. [eoAMHaMuMKaHbIH acTapbiHAa JKepaiH iwki KabaTbiHAAFbI MPOLECTEPAIH
KellleHAT AaMyblH KapacTbipyra 6oAaasbl. backa weteaaik aepek Ke3aepAe Kasipri reoAMHammka —
OYA YaKbITTbIH HaKTbl MaclUTabbliHAAFbI YKEpAiH KO3FaAbIChl TYPaAbl FbiAbIM, SIFHW ipreAi FblIAbIMAAP
peTiHAe eAllleyre, aHbIKTayFa XKeHe TYCiHAipyre 60AaTbiH KO3FaAbicTapFa ciateme >acay. CoHfbl 30
SKbIAAAPAQ DAEMAIK FbIAbIMHbBIH, KAAbINTaCybIMEH 8p TYPAi GOAXKAMAAP MEH eckepTreAepAiH, OpHbiHa
AMTOCEPAAbIK, TaKTaAdp TEKTOHMKACbl TEOPUSCbIHbIH, Ma3MyHAbl TEPMUHI KenTereH Ker KblpAbl
MOHOrpausIrnapAd, CO3AIKTEPAE >KOHe KiTanTapaa alTapAbikTan e3repai. Llletea apebuetTtepiHae
reoAvHamuka Herisinae YKepAiH ilki 66AikTepiHAe GOAbIN KaTaTbliH MPOLECTEP MEH OAAPFa 8Cep eTeTiH
KYLUTEP apKbIAbl FEOAOTUSI CAAAChl TypPaAbl TYCiHIK Naaa 60Aa 6acTasbl. ByA KYMbICTbIH MakcaTbl MeH
MIHAETI — FreOAMHAMMKAHbI FbIAbIMHbIH, )KaHa GafblTbl PETIHAE KApPacTblpa OTbIPbIM, re0AMHAMMKAAAFbI
reoAE3nsIAbIK, I3AEHICTEPAIH HOTUXKECIHE YKaAMbI LLOAY >Kacay.

Tynin ce3aep: reoArHaMK1Ka, FeOAE3US, FTEOAOMMS, KapbepAEp, NManAaAbl Ka30arapAbl OHAIPY.
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PoAb ¥ 3HauYeHMe reope3nyeckmx U3bICKaHUIM B reOAMHaAMUKe

Hayka reoaMHammka akTMBHO Pa3BMBAETCSl Kak HOBOE HarpaBAEHME B MOCAEAHee Bpems, 0COBEHHO
B MOCAEAHEE AECSTUAETHE. BriepBble 3TOT TepMmH BbiA onmcaH B MoHorpadum A. Asisa 90 AeT Hasaa, Kak
B3aMMOCBSI3b 3EMAM 1 KOCMMYECKMX (DaKTOPOB, a Tak>Ke 3aKOHHOE perMatnyeckoe obpasoBaHme TpeLmH —
CBETOBOW CETKM Ha BCe NMOBEPXHOCTM AHa M BCel MOBEPXHOCTU NAaHeTbI. B nocaeaHue 20 AeT onpeaeAeHne
reoAMHaAMMKM YaCTO MCMOAb3YETCS B HECKOABKO MHOM BapuaHTe, Tak MoA reOAMHAMUKONM CTAaAM MOHUMAaTb
BECb KOMIMAEKC MPOLIECCOB PasBUTUS BHYTPM 3eMAM. B 3apybexkHOM e AuMTepatype MoA reOAMHaMMKOMN
CTaAQ MOHUMATbCS OTPACAb FEeOAOTMM, 3aHMMAIOLLIQACS M3YUYEHMEM CUMA U MPOLECCOB, MPOMCXOASLIMX
TOAbKO BO BHYTPEHHMX YaCTAX 3eMAM M 06YCAABAMBAIOLLIMX (POPMMPOBAHME Pa3HOMOPSIAKOBbBIX CTPYKTYP U
Aedhopmaumin B ee o6oAoukax. Brnocaeactsum . Or paccmaTprBaA reOAMHAMMKY Kak PasAeA TEKTOHUKM,
M3YYaloLLMI CUAbI, BO3AEMCTBYIOLLME HA MAQHETY U IBAEHWS, MPOUCXOASILLME HA ee NMOBEepXHOCTU. B apyrmnx
’KE MHOCTPaHHbIX MCTOYHMKAX COBPEMEHHas FeOAMHaMMKa MPEACTaBASET COOOM HayKy O ABMXKEHMSX
3eMAM B pPeaAbHOM MacliTabe BpemeHM, TO eCTb CCbIAASICh Ha T€ ABMXKEHMSI, KOTOPbIE MOXHO M3MEPSTb,
MAEHTUMDMUMPOBATD M OOBACHSTb Ha A3bIKe (PyHAAMEHTaAbHbIX HayK. LleAb 1 3aaaua 31oin paboTbl - CAeAaTb
00LWMi1 0630p PE3YALTATOB MEOAE3MUECKMX M3bICKaHWIA B re0AMHAMUKE, paccMaTpuyBasi FeOAMHAMMKY Kak
HOBOE HarpaBAEHWE HayKM.

KAtoueBble CAOBa: reoAMHaMMKa, FEOAE3MS], FEOAOTMS, Kapbepbl, AOObIYA MOAE3HbIX MCKOMaeMbIX.

Introduction

Geodynamics was first used in the monographA.
Liyav 90 years ago. A. Liyav formed it as a
relationship between the dynamics of the Earth
and space factors leading to the formation of tides
in the crust and the formation of regular regmatical
grid of cracks and ruptures across the surface of
the planet. Over the past 20 years, geodynamics
has often been used in a slightly modified way.
Under geodynamics began to understand the whole
complex of development processes inside the
earth, at that moment in the foreign literature under
geodynamics began to be understood the branch
of geology engaged in studying of forces and the
processes occurring only in internal parts of the
earth and causing formation of various structures
and deformations in its shells (Yudin, 2005:21-24).

The current geodynamics of the continental
lithosphere should be considered as a result of the
interaction of a complex of natural endo-dynamicand
outsidedynamic processes(geological processes
that occur in the Earth’s interior depending on the
internal energy, gravity, and forces that occur when
the Earth rotates), the elucidation of causal links
between which often represents an independent
scientific problem. Its solution opens the way for
revealing regularities of geodynamic processes
variations in time and space. The most important
is the medium-term forecast of socially dangerous
phenomena, which are often catastrophic in nature.
Integrated information on the geodynamic state of
large regions is usually reflected in geological maps.

At present, they are practically the most popular
documents, which are the basis of the exploited and
planned for the development of social and economic
protections.

Fully completed tasks on the integration project,
their generalization combined with some results of
work on other projects, allowed to get a new idea of
the geological structure of Asia and to draw a map of
modern geodynamics of Asia. It is based on the data
on the stress state of the lithosphere, which provides
an opportunity to consider the relationship between
the formation of structures and processes in the
lithosphere of Asia from a new angle of view. At the
current level of knowledge, only a comprehensive
analysis of geological and geophysical observations
allowsus to create amodel of geological development
of the continental lithosphere that is close to reality.
On its theoretical basis, socially important works
on the forecast of natural, including cataclysmic,
processes can be continued (Levi, 2005: 254-261).

Materials and methods of research

Geodynamics is a subfield of geophysics dealing
with the Earth’s dynamics. It applies physics,
chemistry and mathematics to the understanding of
how mantle convection leads to plate tectonics and
geologic phenomena such as seafloor spreading,
mountain building, volcanoes, earthquakes, faulting
and so on. It also attempts to probe the internal
activity by measuring magnetic fields, gravity and
seismic waves, as well as the mineralogy of rocks and
their isotopic composition. Methods of geodynamics
are also applied forexploration of other planets.
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Figure 1 — Relief, which forms during the opencast development of various types of fields These measures lead
to the most significant changes in terrain. The amplitude of heights between the bottoms of the deepest excavations
and the highest dumps has now exceeded 1100 m. Information on changes in the relief of land during the extraction

of solid minerals is systematized by V. A. Ovchinnikov

V. A. Ovchinnikov’s data testifies to the fact
that the peculiarities of the developed relief forms
during the quarry production are determined by
the conditions of the deposit occurrence (Figure
1). At the same time, the shape of accumulating
bodies depends to a certain extent on the waste rock
dumping technology.

Having analyzed the known maps of geodynamics
(Zonenshain, et all,, 1988: 112; Map of Newest
Tectonics..., 1998), other editions and having taken
all the best of them, the authors have come to toe
conclusion that on maps of modern geodynamics
it is necessary to display only the main complex of
various components of endogenous and exogenous
situations. This allows, on the one hand, to reveal
the regularities of spatial distribution and variations
of one process, and on the other hand, to determine
the areas of “superimposition” of different processes,
where their interaction can lead to the initiation of
other processes, including catastrophic ones.

The most important endo-dynamic components
that determine the state of the lithosphere at the
present stage of its evolution have been estimated:
the thickness of the lithosphere, its stress state,
active faults and their density, seismicity, volcanism
and kinematics of horizontal movements of large
blocks.

The thickness of the lithosphere L (km) was
estimated by the equation InL=320.4¢%"9, where
q is the heat flux (mWt/m?) averaged over a grid
of 50*50 (Levi, 1991). The correlation ratio

determined for this equation is 0.9 with a sample
size of about 200 pairs of values. Variations in the
thickness of the lithosphere reaches 200-250 km or
more abruptly decreases to 70- 100 km under the
modern mobile belts. Variations in the thickness
of the lithosphere within different geodynamic
regions cause changes in its stress-strain state, the
de gradient of tectonic motion speed and density
of active faults, without which the manifestation
of block tectonic movements is impossible (layer
1). The density of active faults was determined
by honoring their number N in a window of
5°x5°. Within Asia, it varied from 0 to 40 units:
the minimum on cratons is maximum in modern
submerged areas. An increase in the number of
active faults in the regions of the relatively thin
lithosphere is clearly visible. The growth of their
number leads to an increase in heat outflow from
the bowels, additional heat due to the deformation
of the lithosphere layers and friction on the
fracture planes in the process of tectonic blocks
movement. All this causes relative overheating of
the upper lithosphere and changes in its rheological
properties.

Results and discussion

Let’s briefly characterize the active faults of Asia.
They are usually understood as breaks with signs
of tectonic movement in historical time or, more
broadly, during the Holocene - the late Pleistocene.
They reflect the manifestation of modern tectonic
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activity. The undisputed signs of movement are the
observed surface deformation and displacement
of Late Pleistocene and Holocene sediments and
relief elements (Fault Activity Map..., 1987;
Geodynamics..., 2000). Rift activity indicators
include geodetic data on modern movements in
their planes, linear location of Holocene volcanoes
and earthquake epicenters. Active faults are mapped
by ground-based observation and interpretation of
aerospace materials.

Taking into account the peculiarity of the stress-
strain state of the lithosphere, they are offen classified
by morphogenetic accessories. The known data on
the size and age of Holocene displacements made
it possible in many cases to estimate the velocity
of movements along the fault plane. At impulse
movements connected with earthquakes, the average
speed for large time intervals was calculated taking
into account the frequency of occurrence of seismic
events.

Here is a brief regional overview of the largest
active fault zones and their main parameters. In the
Caucasus, Late Pleistocene — Holocene and modern
active movements are carried out mainly through
the already known modern faults. At the present
stage the most active ruptures of the “Caucasian”
(Western from the North-Western) and “anti-
Caucasian” (North-Eastern) stretches are the most
active (Koshelev, 1991).

Mining relocation activities

Pit mining. This way of extracting mineral
resources, due to the possibility of its progressive
cheapening, is increasingly replacing the competitive
underground mining operations. According to E.
P. Doronenko, the cost of extraction of 1 ton of

raw ore by open-cut method is 3-3.5 times higher
in comparison with the underground method of
extraction of the mineral resource.

The open-pit mining method achieves a mere
complete extraction of minerals. The possibility to
create deep quarries (some of them have depths of
more than 700 m) is associated with the use of highly
profitable equipment. For example, in Canada, in
preparation for open pit mining, a copper- nickel ore
deposit for overburden removal of 11.5 million tonnes
of overburden is being prepared. m3 a hydraulic
suction dredge is used. Water for it was supplied from
the nearest lake and there was also sucked rock. The
elliptical excavation reaches a length of 1.1 km and
a width of 0.6 km. Recently, Arizona (USA) began
mining copper ore from the open pit, with a total
of 113. 3 million tonnes of open pit material m3.
Currently, the share of open-pit mining in the global
mining industry is 66%. The share of ores of different
metals extracted by this method is 57%, coal -34%
and construction materials — 97%.

In the United States, the share of open pitor
pitmining in mineral production is 84%. The open-
pit mines receive 85% of the total number of ores
mined and 42% of the coal.

Inthe USSR, the development of mineral deposits
by quarrying is rapidly increasing. In 1975, the
volume of stripping work in the USSR amounted to
2.2 billion and by 1990, it’s increasing several times.
The share of open-pit mining with the production
capacity of up to 1 billion tons is decreasing. In 1975,
as compared to 1970, the number of such quarries in
the USSR Ministry of Economic Development and
Trade decreased and amounted to 39.3% of the total
number of quarries, with a specific weight of 3.1%
of production volumes.

Figure 2 — The scheme of zoning of regional voltage fields in the Baikal rift zone (Sherman, 1989)
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The depth of the quarries increased by 30-50
m or more from 1970 to 1975 at an average annual
rate of deepening from 5 to 12 m. Thus, in 1975,
the share of quarries with depths from 100 to 250
m increased from 28.3% to 36.1% in the USSR
Ministry of Culture. According to N.A.Bykhover,
the share of the open-pit mining method in its total
volume is now 81% for iron ores and for others;
for manganese ores — 78.7%, for ores of non-
ferrous metals -64%, for mining and space raw
materials -82% and for other non-metallic minerals

and building materials — almost 100%. According
to V. N. Novozhilov, as of the end of the 1970s,
there were more than 3500 quarries in the USSR,
of which more than 30 are over 150 m deep, the
height of dumps in some quarries reaches 100 m
(in the project - 400 m and more); the volumes
of separate tailings dumps 100-250 million mM3(in
the project 500 million, m*). The deepest are the
Korkinsky coal pits in the Chelyabinsk Region -
470 m. The design depth of some quarries exceeds
the mark of 600 and 700 m (Morgan, 2017).

Figure 3 — International tectonic map of the world 1-6 — types of intense; 2 — shear tensile, o, =0, > 0,; 3 —shift, 0, >0, >0,;
4 — shear compression; 8 — the boundaries of the major plates of lithosphere; 9 — faults (a)

In case of quarry mining, the following
operations are carried out: 1) removal of overburden
rocks and formation of dumps, 2) construction
of ditches for drainage of surface waters and
accumulation of dumps, 3) extraction of mineral
resources, 4) formation of dumps from tailings and
ore concentration.

Geodynamics is a broad field which combines
observations from many different types of geological

study into a broad picture of the dynamics of Earth.
Close to the surface of the Earth, data includes field
observations, geodesy, radiometric dating, petrology,
mineralogy, drilling boreholes and remote sensing
techniques experiments

These measures lead to the most significant
changes in terrain. The amplitude of heights between
the bottoms of the deepest excavations and the highest
dumps has now exceeded 1100 m. Information about
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changes in the relief of land during the extraction of
solid minerals is systematized by V. A. Ovchinnikov.
Here are some of the data relating to the results of the
quarrying and processing of mineral resources.

Geo ecological studies of the formation of very
dangerous for mankind natural soufflars have shown
that their geodynamic development depends on
both toe peculiarities of the geological and tectonic
structure of the mine fields (positive plicative
structures, faults in the kernels of anticlines, gas
weathering and other factors). Keywords: soufflars,
geo-ecology, geodynamics, anticline nuclei, gas
saturation. Kuznetsk coal basin (Kuzbass) is one of
the largest coal deposits of the Russian Federation
and is administratively located in the south of Western
Siberia, in the territory of the Kemerovskaya oblast
(Levi, 2005: 254-261). the practice of coal mining
shows that almost all underground mine workings
of the Kuznetsk basin connected with mines of
various depths, in which methane with impurities
of hydrocarbons, hydrogen and helium are mainly
renewed everywhere, belong to explosive on gas.
The most dangerous types of catastrophes associated
with toe presence of soufflars in the rocks and coals
of the described basin are given from the point of
view of geo-ecology:

— sudden methane emissions,

— the explosion of methane soufflars together
with coal dust,

— the soufflars and the underground fire
connection with them. This article will focus on the
nature and dynamics of the early Permian soufflar
formation.

In the Kuznetsk Basin, there are three types
of disturbance of the horizontal occurrence of
rocks. plicated (folded), disjunctive (explosive)
and injectable (amagmatic) dislocations. The most
widespread, almost everywhere, are various, mainly
with block movements of the ancient crystal bed of
the basin in the category with horizontal movements
of the Earth’s crust of the collision type. Folded
dislocations are represented by a wide range of
structures of different orders — folds with the length
of tens of kilometers and amplitude up to 1000 and
more meters, up to microforms with the size of the
first the early Permian soufflar formation. In the
Kuznetsk Basin, there are three types of disturbance

of the horizontal occurrence of rocks. plicated
(folded), disjunctive (explosive) and injectable
(amagmatic) dislocations. The most widespread,
almost everywhere, are various, mainly with block
movements of the ancient crystal bed of the basin in
the category with horizontalmovements of the Earth’s
crust of the collision type (S.P.Gorschkov, 1996:184-
197). Folded dislocations are represented by a wide
range of structures of different orders — folds with
the length of tens of kilometers and amplitude up to
1000 and more meters, up to microforms with the
size of the first meters. Breaking dislocations are
also excellent in shape and size - from regional faults
with a length of more than 100 km and an amplitude
of up to 1-3 km to subtle hollow cracks. Almost all
large and overwhelming majority of ruptures with
different amplitudes are represented by the structures
of discharges and overthrust discharges formed, as our
studies have shown, in the geodynamic conditions of
large-scale compression and collision of the coal basin
as a whole, especially in the mountainous Salaira part
of it. Up along the section, the deep faults slowly fade
out, which is well observed in the predominantly
thick Paleozoic deposits of the roof of the composite
section of the productive Paleozoic (S.P.Gorschkov,
1996:184-197).

Conclusion

This article was written according to theoretic
materials and it gives general explanation of
geodynamics. Inconclusion, the current geodynamics
of the continental lithosphere should be considered
as a result of the interaction of a complex of natural
endos and exo dynamic processes, the elucidation
of causal links between which often represents an
independent scientific problem. Its solution opens
the way for revealing regularities of geodynamic
processes variations in time and space. The most
important is the medium-term forecast of socially
dangerous phenomena, which are often catastrophic
in nature. Integrated information on the geodynamic
state of large regions is usually reflected in
geological maps. At present, they are practically the
most popular documents, which are the basis of the
exploited and planned for the development of social
and economic protections.
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