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SUMMARY

In the study, the calculation and analysis of the average annual rotation poles of the Antarctic
plate during 1995-2021 was performed to study the dynamics of their change over time. It
was established that the decrease in angular velocity is synchronous with the reduction in
latitude and vice versa. By changing these parameters, the angular momentum of the
Antarctic plate is obviously adjusted. It has been confirmed that rotation poles of the
Antarctic plate are dynamic parameters, however, for a precise determination of the factors
that cause such dynamics, it is necessary to conduct additional research. The presented
algorithm and the obtained values of the recent rotation poles of the Antarctic plate can be
used to develop new and refine existing models of plate movements and coordinate systems,
as well as to forecast the movements of the Earth's crust on a global scale. A promising
direction for further research is to determine the recent rotation poles of other plates and
establish the relationship between them.
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Introduction

According to Euler's rotation theorem (Euler, 1776), the motion of a solid body on the surface of a
sphere can be described as a rotation around an axis passing through the center of this sphere. Using
this theorem can find a place (the location of the Euler pole) to fix a plate in space and the motions
within the plates can be analyzed. Lobkovsky in 1988 notes that the use of this theorem in
geodynamics gave the concept of plate tectonics a quantitative character and opened the way for
theoretical geology to gradually transform it from a descriptive science into an exact scientific
discipline. Obviously, the rotational mode should serve as the starting point and basis for numerical
and physical modeling of any geological (as well as all other) processes, that is, any research in
tectonophysics should begin with the analysis of the role of rotation poles in geodynamic movements.
Due to the increase in the number of continuous GNSS stations, as well as the high quality of their
measurements, they are an alternative method for estimating rotation poles. To date, long-term time
series of daily solutions of continuous GNSS stations located on all continents and a large number of
islands have been accumulated. Obviously, on the basis of these data, it is possible to reliably follow
changes in the recent rotation poles of tectonic plates over time and analyze their correlation. In this
regard, it was decided to determine the recent rotation poles (the location of the pole of rotation and
an angular rotation rate) of the Antarctic plate based on long-term time series of daily solutions of
continuous GNSS stations (1995-2021), as well as analyze the dynamics of their changes over time.

Method

Using procedures based on the method of least squares, an algorithm for determining recent rotation
poles of tectonic plates based on processing time series of daily solutions of continuous GNSS
stations was proposed and implemented in the MathCAD software package. It should be noted that
this algorithm uses, generalizes, and modernizes the approaches given in Marchenko et. al., (2012),
Tretyak, Al-Alusi, & Babiy (2018), Savchyn (2022), Savchyn, Brusak and Tretyak (2022).

Structurally, this algorithm consists of five consecutive stages:
« transformation of data into an internal format;
* checking for compliance with requirements and filtering time series;
» determining the velocities of horizontal movements;
» checking for compliance with requirements and filtering of specified velocities;
* determination of rotation poles.

In the proposed algorithm, the input data are geographic coordinates and time series of daily solutions
of continuous GNSS stations, as well as requirements for time series and requirements for
determining velocities of permanent GNSS stations. The algorithm involves the use of freely available
at Nevada Geodetic Laboratory (2022) time series of daily solutions of continuous GNSS stations or
any other data prepared in a similar format. The output data are processed (filtered) in time series and
determine velocities of continuous GNSS stations, as well as determining rotation poles of the studied
tectonic plate.

Data

The initial data for the study were long-term time series of daily solutions of 59 continuous GNSS
stations located within the Antarctic Plate downloaded from the Nevada Geodetic Laboratory
(Blewitt, Hammond and Kreemer, 2018). Additionally, the study included time series of daily
solutions for the ASAV continuous GNSS station installed and put into operation by the author near
the Ukrainian Antarctic Academic Vernadsky Station in January-April 2019 (Savchyn et. al., 2021;
Savchyn, Otruba and Tretyak, 2021). As a result, 60 continuous GNSS stations were included in the
study (Figure 1).
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Figure 1 Continuous GNSS station network
Result

Using the proposed method, the components of the horizontal displacement velocity vectors of
continuous GNSS stations located on the Antarctic plate for the period 1995-2021 in the
ITRF2014/1GS14 system were determined, and maps of their distribution were constructed. All
values, maps, as well as detailed analyses of the obtained horizontal velocity rate of Antarctic Plate
continuous GNSS stations in the ITRF2014/IGS14 reference frame are presented in Savchyn, Brusak
and Tretyak (2022). The authors note that the direction of the velocity vectors of horizontal
displacements of continuous GNSS stations is rotational (clockwise). The values of displacement
vectors are in the range of 4.3-22.1 mm/yr, and the accuracy of their determination is on average 15%
of the length of the vector (or 0.4—4.6 mm/yr). In general, the displacement velocity vectors of
continuous GNSS stations located in the western part of the Antarctic Plate are greater than the
vectors in the eastern part of the Antarctic Plate. The obtained horizontal velocities of continuous
GNSS stations were used to determine the rotation poles of the Antarctic plate for the period 1995-
2021 in ITRF2014/IGS14 reference frame. As a result, the following values were obtained
®=0.218+0.002°/m.yr.; @=58.528+0.282°N; A=126.429+0.348°E (Savchyn, Brusak and Tretyak,
2022). These values are in good agreement with recent models of Antarctic plate movements, the
highest correlation is identified for ITRF2014 (Altamimi et. al., 2017). In the next stage, the average
annual rotation poles of the Antarctic plate were calculated to study the dynamics of their change over
time. Figures 1 show the position of the average annual left-hand rotation poles of the Antarctic plate.
Figure 2 shows changes in the average annual rotation poles of the Antarctic plate during 1995-2021.
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Figure 2 The position of the average annual left-hand rotation poles of Antarctic plate during 1995-
2021
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Figure 1 Average annual rotation poles of Antarctic plate during 1995-2021 in term of angular
velocity (a), pole latitude (b) and pole longitude (b)

Longtitude, °E

Analyzing the results shown in Figures 1 and 2, we can conclude that the accuracy of the average
annual values of the rotation poles is lower than the values obtained over a longer period, obviously,
this is caused by the accuracy of determining the rates of horizontal velocities.

The angular velocity value varies from 0.187 to 0.313°/m.yr. with a standard deviation of
0.026°/m.yr. The longitude value varies from -130.617 to -118.604° with a standard deviation of
4.548° and the latitude value varies from 51.318 to 67.463° with a standard deviation of 3.715°. The
results shown in Figure 1 confirm that the rotation poles are dynamic parameters. It is necessary to
note the existence of a relationship between the change in the latitude and the angular velocity of
rotation of the Antarctic plate. It was established that the decrease in angular velocity is synchronous
with the decrease in latitude and vice versa. By changing these parameters, the angular momentum of
the Antarctic plate is obviously adjusted. In order to determine in detail, the factors that cause such
dynamics, it is necessary to conduct additional research.

Conclusions

The calculation and analysis of the average annual rotation poles of the Antarctic plate during 1995-
2021 were performed to study the dynamics of their change over time. It was established that the
decrease in angular velocity is synchronous with the reduction in latitude and vice versa. By changing
these parameters, the angular momentum of the Antarctic plate is obviously adjusted. It has been
confirmed that rotation poles of the Antarctic plate are dynamic parameters, however, for a precise
determination of the factors that cause such dynamics, it is necessary to conduct additional research.

The presented algorithm and the obtained values of the recent rotation poles of the Antarctic plate can
be used to develop new and refine existing models of plate movements and coordinate systems, as
well as to forecast the movements of the Earth's crust on a global scale. A promising direction for
further research is to determine the recent rotation poles of other plates and establish the relationship
between them.
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