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Anotation

Shylo O.M. Modeling and mapping of planetary geodynamic processes.

Dissertation for the degree of Doctor Btilosophy(PhD) onspecialty 103
Earth Scienceg 1 0 ¢ Nat ur ail Lvi'SRolytechn éNatienal University,
Lviv, 2025.

The dissertation research is devoted to the development of methods fc
modeling and mapping geodynamic processes that deternmeealynamics and
evolution of the Earth's planetary shape. The work considers the comple
mechanisms of interaction between tectonic movements, rotational effects, ar
gravitational anomalies that cause lithospheric deformations, form the stress state
the Earth's crust, and create the preconditions for True Polar Wander (TPW) on tt
scale of geologic time. The need for this study is due to the importance of predictin
planetary and regional geodynamic changes that can significantly affect seism
activity and geological stability of regionH. should also be noted that the priority
tasks of the International Association of Geodesy IAG are research of deformatior
of the Earth's crust at all scales from global plate tectonics to local deformations, ¢
well as the development and coordination of international programs for observatior
analysis and interpretation of data of deformation fields by geodynamic method
within the framework of Subcommission Peformation of the Earth's crésof
Commission 3;Earth Rotation and Geodynamécs

The aim of the worls to develop a comprehensive methodology for modeling
and mapping planetary changes in the Earth's shape, assessing the gloksttaimess
fields of the lithosphere and the Earth's pole displacemdmthvwill provide more
informative insights into the course of geotectonic and geodynamic processes (
spatial and temporal scales.

The scientific noveltpf the work lies in the development of new models that
take into account the multifactorial influenoérotational changes, the dynamics of
lithospheric plate movement and topographic changes of the Earth's surface, whi

allows modeling and mapping complex geodynamic processes, in particular chang
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in the Earth's shape in geological timinis approachmakes it possible to predict
changes in the stress state of the lithosphere due to its rotational dynamics a
reorientation of the planet's shape. An important aspect of the novelty is also the u
of a digital elevation model (PaleoDEM) to analyze tiamsformation of the Earth's
shape in a spatial and temporal context and to display them on maps. An importa
element of the study is the use of paleoreconstruction data to track past changes in
Earth's shape and determine their impact on modern gaody processes. The
scientific significance of the research also lies in the ability to create models o
evolutionary changes in the Earth's shape, which contributes to a better understand
of geodynamic processes and can serve as a basis for pregussigle structural
transformations of the lithosphere in the future.

The practical significance of the results confirmed by the use of the
developed methodology for determining the stssain state of the lithosphere to
predict potentially dangerguzones with increased tectonic activity on a planetary
and regional scale, to assess risks in terms of life safety and possible catastrop
consequences. From the point of view of practical significance, the develope
algorithms, methods and research uliss are directly applicable to solving
geodynamic problems in connection with the description of the course and predictio
of a number of physical processes at the present stage of Earth's evolution. T
proposed solutions can be used to prepare reconatiensl for minimizing
dangerous natural disasters in regions with high tectonic risk, as well as to monit
displacements and transformations of the Earth's surface in the context of glob
climate change, sea level fluctuations, and other dynamic prgcesse

The dissertation analyzes the studies of planetary geodynamic processes a
the problems of their modeling and notes the need to integrate interdisciplinar
methods for a deeper understanding of changes in the shape of the planet,
geodynamics and eflormation processes to build a dynamic theory of Earth

evolution.
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A model of changes in the parameters of the generalized shape of the Ear
was developed using a global digital topography model (PaleoDEM), which reflect:
geological changes in the lithgseric surface, taking into account
paleoreconstructions. As a result, trend patterns of changes in the parameters
orientation of ellipsoids describing the lithospheric surface on a geologic time scal
were revealed. Thus, the maximum deviation oftble of the minor semraxis from
the north pol e fooI08obthired dlipsoids haseéd ®n PaleoBEM
data, which approximate the surface of the lithosphere for different geologica
epochs, which may indicate a critical value of the deviatibthe geographic pole
from the axis of rotation of the Earth for any configuration of the location of
continents and water surfacdVe propose an interpretation of lithospheric
deformations and mapping of their changes occurring as a result of rotation:
processes and reorientation of the planet. These models differ from the existing on
in that they take into account not only the current state of the lithosphere, but also |
evolution due to past processes in the mantle and changes in the planatisafotat
regime.

The characteristics of the strestgsain state of the Earth's lithosphere based on
the data of modeling geopaleoreconstructions in geological time are obtained L
formulating and solving the problem of finding the vectors of displacemertitfsp
on its surface as a result of the transformation of one shape into another due to t
occurrence of tangential mass forces (TMF). The relations are obtained that allow (
a viscosity of 1fPaAs and a thickness of t tne
recalculate the obtained TAVin terms of strain rate (1 mGal corresponds to 0.16
mm/year) and normal stress (1 mGal correspon@5b0° Pa). Taking into account
the maximum value of the TR} which is 210 mGal, we obtained the continental
displacemen rate of ~ 40 mm/year and the stressf ~ 5.10 Pa. A probable
interpretation of the role of gravitational and rotational forces in the formation of the
global stress field and the transformation of the Earth's lithospheric surface shape

proposed. Dueto the deviation of the two main figures of the Earth, which
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approximate the topography of the lithosphere surface and the geoid, individu:
blocks of the Earth's crust are in a permanent state of motion, which adequate
affects the deformation of the tolpgy of the figure, which changes parameters
over time in accordance with the angle of rotation around the axis of rotation. In ou
opinion, this is one of the likely factors of the process that triggers global movement
of lithospheric blocks. As aesult, the lithosphere shape is transformed, which is
characterized by a change in the size of the axes of the ellipsoids describing tl
lithosphere surface and their orientation.

The cluster and correlation analysis of the A iector field with the fieldof
tectonic plate displacements based on the directions of GNSS stations and continer
movement according to the Global Strain Rate Map Project (GSRM) model wa
performed, which provided quantitative confirmation of the assumptions about th
possible infuence of these forces on the mechanism of tectonic plate movement. Tt
planetary pattern of TH vectors distribution mostly correlates well with the
direction of horizontal displacements vectors of permanent stations based or GNS
measurements.

For the frst time, the results of determining the pole wander (TPW) from
paleogeoid models associated with lithospheric plate movements were obtaine
which deepens the understanding of dynamic processes occurring on a geologic tir
scale. The main factor is théet amplitudes of such displacements can reach up to 30
m along the meridianChanges in the amplitudes of pole motion are uneven and
periodic, which are caused by cyclic geodynamic instability, manifested as seculz
variations in the shape of the planetlagravitational field due to the influence of
mass redistribution from the lithosphere to the inner core during the Earth's evolutior

The resultsobtained can also be used as a basis for further development c
models of geodynamic processes that take actmunt the interaction of the Earth's
core and mantle and their impact on pole motion and planetary rotation. Furthe
research in this area can reveal even more details about the cyclicity of tectonic a

gravitationalrotational processes that ensure #wvolutionary development of the
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Earth's shape and affect its geodynamic properties. In addition, studies aimed
adapting the model for other planets of the Solar System are promising, which wi
allow studying similar processes on planets with diffegaological conditions.

Key words geodynamic processes, modeling, mapping, tectonic activity, Earth
shape, lithosphere, stresgain state, digital elevation model, paleogeographic
reconstructions.
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