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Abstract  

 
The paper describes a modified algorithm of determination of the Euler pole 
coordinates and angular velocity of the tectonic plate, considering the 
continuous and uneven distribution of daily measurements of GNSS 
permanent stations. Using developed algorithm were determined the mean 
position of Euler pole and angular velocity of Antarctic tectonic plate and their 
annual changes. As the input data, we used the results of observations, 
collected on 28 permanent stations of the Antarctic region, within the period 
from 1996 to 2014.  
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1. Main directions of geodynamic research in Antarctica.  

 
A unique geophysical and geodynamic environment of Polar Regions can be 
characterized by tie connection between solid earth, cryosphere, hydrosphere, and 
atmosphere. Geodetic and geophysical observations in permanent and temporary 
stations play a significant role in a scientific research of the processes, and are directly 
connected with global climate changes. Within the last 25 years there have been 
established many geodetic observatories in the Antarctic. The observations methods 
include Global Navigation Satellite System (GNSS) - GPS, GLONASS , GALILEO, 
Doppler Orthography and Radiopositioning Integrated by Satellite (DORIS) - tidal, 
absolute and relative gravimetric, seismic and meteorological observations. 

Expert Group was established in the framework of Scientific Community of Antarctic 
Research (SCAR) and Geodetic Infrastructure of Antarctica (GIANT). This group plays 
a significant role in coordination and development of international geodetic and 
geophysical infrastructure and projects in Antarctica (Scientific Community of Antarctic 
Research - 2016).  
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Due to complicated climatic conditions, geodynamic research in Antarctica is 
substantially limited in space. In accordance with this, research of some Antarctic 
regions is uneven in time and space. Even for today, most part of Antarctica is a "white 
spot" in terms of field geodynamic observations (Fig. 1). 

The main goal of the first GPS measurements was the development of the highly 
precise geodetic network in Antarctica and determination of relative velocities and 
directions of Antarctic plate in the International Terrestrial Reference System 
(Johnstone, 2002; Dietrich, Rulke, 2008).  

For investigation of local geodynamic crustal movements, a number of projects were 
established: Victoria Land Network for DEFormation (VLNDEF) and Transantarctic 
Mountain DEFormation (TAMDEF) (Capra, et. al., 2008). In the framework of these 
projects there were investigated the Earth crust deformations of Transantarctic 
mountains in the Victoria Land region, and the connection between crust vertical 
movements and glacier-isostatic adjustment. In addition, there was found a rock uplift 
in Victoria Land region with the average velocity of 4 mm/year (Capra, et. al., 2002, 
2008). 

Within the period from 2001 to 2006 on the Western Antarctic territory, there was 
established West Antarctic GNSS network (WAGN). This network covers the territory 
along West-Antarctic Ice Cup from the Ross Sea to the Weddell Sea, and from the 
Pacific Ocean coast to the Transantarctic Mountains. The results of investigation 
carried out in the region showed the increase of tectonic activity, in particular, uplift and 
horizontal movements of the Transantarctic Mountains. Melting of Antarctic Ice Cup 
and tectonic activity of the regional tectonic faults (Dalziel, et. al. 2006) were 
considered the possible reasons.  

 
Fig. 1. Regional geodynamic research in Antarctica 
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The next important object of the geodynamic research in Antarctica is Merry Bird 
Land. It is one of the Antarctic microplates, which forms West Antarctica. The results 
of GNSS observations analysis showed minor spreading among Ross bay between 
GNSS stations (MCM4 and WMBL) (Donnellan, Luyendyk, 1999, 2004). Determined 
horizontal velocities are within 2.3 – 1.3 mm/year. It obviously indicates that tectonic 
activity in the Antarctic rift zone is minimal. 

Within the period from 2007 to 2008, under the program of International Polar Year 
there was developed a project “Earth Polar Observations Networks” – Polenet, which 
was focused on geodetic-geodynamic researches in Antarctica. Special attention was 
concentrated on the development of global and regional models (geodynamics, 
tectonic plates, postglacial rebound and climate systems) and investigation of its 
changes in time. 

Special attention in scientific research of Antarctica is dedicated to investigation of 
the interconnection between the climate changes and modern movements of the Earth 
crust. Thus, in the paper (Nield, 2014) continuous GNSS observations on PALM 
permanent station and on 6 stations of the LARsen Ice Shelf System Antarctica 
network (LARISSA) for the period of 1998.5 – 2013, were used for investigation of the 
response of low-viscosity solid Earth on the unloading of ice-mass in Antarctic 
Peninsula region (Nield, 2014).In paper (Berrocoso, 2016), the regional geodynamic 
model of the South Shetland Islands and the Bransfield Basin region was proposed. 
This model was established based on GNSS observations conducted, during 2002 – 
2014 on the 9 geodetic benchmarks located the research region. Computed horizontal 
velocity vectors showed opening of the Bransfield Basin. Subsidence of the 
benchmarks, located on the Shetland Islands, according to the authors, might be a 
consequence of tectonic activity of the South Shetland Trench. Uplift of the Antarctic 
Peninsula benchmarks authors explained as an effect of glacial isostatic adjustment 
after the Larson B ice-shelf breakup (Berrocoso, 2016). 

As follows, the continental geodynamic model of Antarctica has been established 
based on the results of complex geological and geophysical investigations. Over the 
last 20 years, this model has been much updated thanks to the precise geodetic 
measurements. The measurements of the permanent GNSS network of Antarctica is 
the main data source, which allows monitoring the recent movements of Antarctic 
tectonic plate. 

The investigation of the Antarctic tectonic plate kinematics is very important for the 
search of possible dominate factors of whole lithosphere motions. With respect to the 
tectonic plate’s theory, the main cause of these motions is a mantle convection. 
Nevertheless, this theory does not consider the influence of planetary forces (caused 
by the Earth rotation, Coriolis forces).  

The purposes of the work is Investigation of kinematic parameters of the Antarctic 
tectonic plate and annual changes of its angular velocity and Euler pole position, using 
GNSS data.  

 
2. Research results. 

 
For investigation of rotational motions of Antarctic tectonic plate, we used results of 
GNSS observations from 28 stations, located on the Antarctic plate for time period 
1996 – 2014 (fig. 2). Coordinates of these stations are displayed in Tab. 1. 
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Fig. 2. Location of permanent GNSS stations in Antarctica 
 
 
Daily solutions of each station, were computed by the Nevada Geodetic Laboratory 

(NGL, 2016) using GIPSY-OASIS-II software with Precise Point Positioning strategy, 
and daily station coordinates are available on the web-site NGL in IGS08 reference 
frame. 

From the fig.3 we can see, that position of GNSS stations is non-uniform, it is caused 
by difficulties in the exploration of Antarctica. Besides, the collected observations are 
not uniform in time. Table 2 shows availability of daily solutions for each station by the 
years of observations. 

Analysis of table 2 allows distinguishing five GNSS stations: CAS1, DUM1, MAW1, 
PALM, SYOG, VESL, which have the longest series of observations of about 20 years. 
Starting from 2010, time series are almost uniform and continuous. 
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Table 1. Geodetic coordinates of the selected stations, downloaded from GNSS database of 
the Nevada Geodetic Laboratory (NGL, 2016) 

 
Station 
name 

B [ ̊ ] L [  ̊] H [m] 

BRIP -75.80 -201.53 2110.910
BURI -79.15 -204.11 2006.304
CAS1 -66.28 -249.48 22.443
CLRK -77.34 -141.87 999.827
COTE -77.81 -198.00 1878.395
CRAR -77.85 -193.33 -19.811
DEVI -81.48 -198.02 67.011
DUM1 -66.67 -220.00 -1.326
DUPT -64.80 -62.82 43.466
FALL -85.31 -143.63 260.186
FLM5 -77.53 -199.73 1869.726
FTP4 -78.93 -197.44 243.223
HOOZ -77.53 -193.07 2070.409
HUGO -64.96 -65.67 20.638
IGGY -83.31 -203.75 1898.167
LWN0 -81.35 -207.27 1528.537
MAW1 -67.60 -297.13 59.141
MIN0 -78.65 -192.84 676.908

RAMG -84.34 -181.95 1062.348
ROB4 -77.03 -196.81 -41.611
SCTB -77.85 -193.24 -18.926
SDLY -77.14 -125.97 2097.301
SYOG -69.01 -320.42 50.011
VESL -71.67 -2.84 862.380
VNAD -65.25 -64.25 20.990
WHN0 -79.85 -205.78 2192.643
OHI2 -63.32 302.09 32.524
PALM -64.77 295.94 31.059

 
 
The connection between velocity of permanent GNSS station displacement and 

Euler pole parameters: coordinates and plate rotation velocity (fig.3) can be displayed 
by following formulae:  

 
)sin()cos(  LVB                                                       (1) 

))cos()sin()cos()cos()(sin(  LBBVL                           (2) 
 

where - is angular rotation velocity of tectonic plate; – Euler pole latitude and 
longitude; BL, – permanent GNSS station latitude and longitude; LB VV ,  –  permanent 
GNSS station velocity vector components. 
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Fig. 3. Euler pole 

 
For each point from the array of permanent stations, we can define nonlinear 

equations 1 and 2. These equations have three unknowns: Euler pole coordinates, and 
angular velocity vector components. Depending on the number GNSS stations, the 
number of equations is greater than the number of unknowns (when n ≥ 2, where n – 
number of GNSS stations). Determination of unknown parameters (  ,, ) can be 
done using the least squares method (Tretyak, 2016). 

For this, we must differentiate equations (1), (2), and deduce them to the linear form: 
 

BBB vVVLL

LL








)()sin()cos())cos()cos((

))sin()sin(())cos()(sin(
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


          (3) 
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










)())cos()sin()cos()cos()(sin(

))cos()sin()sin((

)))sin()sin()cos()cos()(cos((

))cos()sin()cos()sin()(cos(

00000

000

0000

000






             (4) 

 
where   ,, – corrections to apriori values of Euler pole parameters ( 000 ,,  ); 

0BV and 
0LV – apriori values of absolute velocity vector displacement of permanent 

GNSS station in latitude and longitude directions, determined using apriori values of 
Euler pole.  

To determine the components of the horizontal velocity vector BV and LV , we used 

daily time series of selected permanent GNSS stations (fig.4). 
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Fig. 4. Time series of permanent GNSS station BURI (North component)  
 
For each solution, we can write the linear equations: 
 

BiBi ctVx                                                        (5) 

LiLi ctVy                                                        (6) 

 
were it – observation epoch, LB cc ,  are constants. 

Using the least square method we separately solved the equations (5) and (6), 
determined components of velocity vectors BV , LV  and performed precision 

assessment of specified parameters 
BVm and 

LVm . 

Weights of each equation (5 – 6) relates to continuity and uniformity of data 
distribution, during observation time. Fig. 4 shows continuous daily time series. A 
weight of continuity and uniformity for this time series equals to 1. Fig. 5 shows time 
series with gaps, and fig. 6 – time series with gaps and irregularities in the considered 
time span of data. Weights of these time series will be different from 1. For a weight 
computation it is necessary to determine observation interval length: 

 

12 ttt  ,                                                      (7) 
 

where 21 , tt – the starting and final epoch of observation, respectively.  
Average length of time span of data is determined, consequently of number of 

solutions: 

2
21 tt

sr


 .                                                     (8) 

 

 
Fig. 5. Gaps in time series of permanent GNSS station BRIP (Height component) 
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Fig. 6. Gaps and irregular variations in time series of permanent GNSS station SYOG (North 

component) 
 

Average epoch of all existing solutions is computed as: 

n

t
s

n

i
i

t


 1  ,                                                  (9) 

where it – epoch of thi   solution; n  – number of solutions which could be different 

from the average length of time span data rs (fig. 8). 
A weight due to data irregularity is computed: 

t

ss
P tr





2

11                                                  (10) 

The greater is a deviation, is a difference: tr ss   the less is a weight, but if tr ss  , 

then the weight will be equal to 1. Weight determination of data continuity can be done 
using the following expression: 

t

t
t

P








4
4

12                                                  (11) 

where 
n

st
t ti 
  –the sum of average residuals of epochs of all available solutions 

from ts . 

Final weight of vector components BV and LV  is computed using the following 

expression: 

2
21

m

PP
P                                                          (12) 

where 1P – weight for data irregularity; 2P – weight for data of continuity; 2m – it the 
r.m.s. of 

BVm and 
LVm residuals, respectively. 

For each determined component of velocity vector BV and LV , with appropriate 

weight ,P  using apriory values of Euler pole ( 000 ,,  ) we composed correction 

equations (3 – 4). Solving these equations, using the least square method we have got 
corrections (   ,, ), and compute final values of Euler pole coordinates and angular 
velocity of tectonic plate ),,(  . 

   0                                                   (13) 

     0                                                   (14) 

          0                                                   (15) 
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Using final parameters we computed model velocities of GNSS station, and 
determine the mean errors of Euler pole parameters ),,(  .  

  Qm                                                     (16) 

     Qm                                                     (17) 

  Qm                                                     (18) 

where :  QQQ ,, – diagonal elements of correlation matrix 
12 


n

v
vT - error 

unit of weight of measured velocity vectors, v  – differences between the modeled and 
measured values of the velocity vectors. 

Using the presented algorithm, we have determined the horizontal velocities of the 
Antarctic GNSS stations, their precision and weight for all time span of observations 
(Table 3). 

 
Table 3. Determined GNSS stations velocity vectors 

 

№ 
Station 
name 

B [ ̊ ] L [ ̊ ] 
 

[мм] 
 

 [мм] 
 

[мм] 
 

[мм] 
  

1 BRIP -75.796 158.469 -12 8 2.1 2.1 0.371 0.371 

2 BURI -79.147 155.894 -12 6 1.9 2.0 0.372 0.373 

3 CAS1 -66.283 110.52 -10 2 0.7 0.7 0.969 0.969 

4 CLRK -77.34 218.126 -3 17 3.7 3.4 0.262 0.263 

5 COTE -77.806 161.998 -12 8 2.1 2.0 0.364 0.365 

6 CRAR -77.848 166.668 -11 9 0.8 1.0 0.656 0.667 

7 DEVI -81.477 161.977 -12 7 2.5 2.7 0.338 0.318 

8 DUM1 -66.665 140.002 -12 8 1.0 1.0 0.833 0.914 

9 DUPT -64.805 297.183 10 12 3.1 3.2 0.303 0.303 

10 FALL -85.306 216.368 -6 12 4.1 4.1 0.268 0.276 

11 FLM5 -77.533 160.271 -12 8 1.5 1.6 0.407 0.556 

12 FTP4 -78.928 162.565 -12 8 1.3 1.4 0.468 0.467 

13 HOOZ -77.532 166.933 -11 11 1.3 1.7 0.691 0.623 

14 HUGO -64.963 294.332 10 15 4.4 4.3 0.251 0.295 

15 IGGY -83.307 156.25 -13 4 3.1 4.2 0.320 0.290 

16 LWN0 -81.346 152.732 -12 4 2.4 2.4 0.325 0.368 

17 MAW1 -67.605 62.871 -2 -4 0.6 0.6 0.984 0.983 

18 MIN0 -78.65 167.164 -11 9 3.9 3.9 0.339 0.314 

19 RAMG -84.338 178.047 -11 9 2.1 2.0 0.362 0.363 

20 ROB4 -77.034 163.19 -12 9 1.2 1.4 0.474 0.484 

21 SCTB -77.849 166.758 -12 9 1.3 1.2 0.543 0.525 

22 SDLY -77.135 234.025 1 19 5.5 3.9 0.252 0.249 

23 SYOG -69.007 39.584 3 -4 0.6 0.6 0.981 0.980 

24 VESL -71.674 357.158 10 0 0.7 0.7 0.821 0.923 

25 VNAD -65.246 295.746 10 14 3.2 3.3 0.303 0.303 

26 WHN0 -79.846 154.22 -13 5 2.2 2.3 0.356 0.354 

27 OHI2 -63.321 302.099 10 15 1.6 1.9 0.671 0.667 

28 PALM -64.775 295.949 11 13 0.9 0.7 0.852 0.869 
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The table 3, shows that average precision of vector components equal to about 10% 
of their length. Fig. 7 shows the map of velocity vectors of the Antarctic GNSS stations 
for the period of 1996 – 2014. As we can see, the vectors have a rotational character 
that move in the clockwise direction.  

For all time span of data, we computed average values of angle velocity and Euler 
pole coordinates for the Antarctic tectonic plate. Assessment of precision and root 
mean-square errors of computed horizontal velocities 

pVm , are given in Table 4. 

 
Fig. 7. Velocity vectors of the Antarctic GNSS stations for the period of 1996 – 2014 

 
Table 4. Average values of the angular velocity and Euler pole coordinates, of the Antarctic 

tectonic plate 

  [ “/year] 0.00074 

  [ ̊ Euler pole] 58.2157 

  [ ̊ Euler pole] 52.9937 

m  [“/year] 0.000008 

m  [ ̊ ] 0.308 

m  [ ̊ ] 0.416 

pVm  [mm/year] 0.9 
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The precision of the angular velocity determination is two orders less than the 
velocity values, and precision of stations velocities determination equals to about 1 
mm/year.  

Figure 8 shows the positions of Euler poles, determined as average for the period 
(1996 – 2014) in this paper, and other papers (Drewes, 1998, 2001, 2009; Argus, 1991, 
2011; SOPAC, 2016; Altamimi, 2012; Dietrich, 2001, 2004; Sella, 2002; Jiang Wei-
Ping, 2009). 

As we can see from the figure 8 the computed Euler pole is located nearby to the 
pole computed by SCAR for time period 1997 – 2004. 
 

 
Fig. 8. Euler poles of Antarctic tectonic plate 

 
Using the results of computation of GNSS station yearly velocities we determined 

yearly parameters of Euler pole of the Antarctic tectonic plate and its angular velocities 
(table 5). Yearly migration of Euler pole is shown in fig.9. Fig. 10 a, b, and c shows 
yearly changes of latitude and longitude of Euler pole and angular velocity of the 
Antarctic tectonic plate. 

From the fig. 11 (a, b, c) we can see the connection between the changes of Euler 
pole latitude and its angular velocity. The decrease of the angular velocity leads to the 
decrease of the Euler pole latitude, and conversely, respectively.  

 
 



Tretyak, K. et al.: Investigation of changes of the kinematic parameters of antarctic tectonic plate … 

 

131 
 
 

 
Fig. 9 Movement of the Antarctic plate Euler pole, computed from GNSS observations in 

the time period of 1996 - 2014 
 

Table 5. Determined yearly parameters of Euler pole (angular velocity and pole 
coordinates), and its precision assessment 

Years 1996 1997 1998 1999 2000 
  [“/year] 0.00083 0.00118 0.00103 0.00094 0.00071 
  [  ̊Euler pole] 60.7776 62.8070 66.3532 64.3146 54.2651 
  [  ̊Euler pole] 57.0776 61.4130 55.7144 48.5908 50.7945 

m  [“/year] 0.00010 0.00011 0.00020 0.00008 0.00005 

m  [  ̊] 1.90520 0.91235 2.45059 1.69567 2.52444 

m  [  ̊] 3.18467 1.55628 6.95636 3.79690 3.11984 

pVm  [mm] 0.8 0.7 7.0 3.0 1.5 

Years 2001 2002 2003 2004 2005 
  [“/year] 0.00084 0.00079 0.00083 0.00076 0.00075 
  [  ̊Euler pole] 63.3941 61.1644 61.2747 59.6926 59.1372 
  [  ̊Euler pole] 59.2602 54.3568 59.3592 47.6225 51.0585 

m  [“/year] 0.00003 0.00005 0.00003 0.00003 0.00002 

m  [  ̊] 1.88183 1.74935 1.29964 1.32376 0.67070 

m  [  ̊] 4.84780 2.81064 2.05997 1.87300 0.97277 

pVm  [mm] 1.8 2.5 1.6 1.3 3.6 
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Table 5. (cont.) Determined yearly parameters of Euler pole (angular velocity and pole 
coordinates), and its precision assessment 

Years 2006 2007 2008 2009 2010 
  [“/year] 0.00077 0.00076 0.00078 0.00074 0.00075 
  [  ̊Euler pole] 58.4879 60.2095 57.0464 54.9920 59.4045 
  [  ̊Euler pole] 51.3520 56.5518 59.8963 48.9331 48.5756 

m  [“/year] 0.00003 0.00002 0.00002 0.00002 0.00003 

m  [  ̊] 1.37698 0.74816 1.06245 1.11181 1.38743 

m  [  ̊] 1.62137 1.00725 1.01728 0.86209 1.42594 

pVm  [mm] 1.5 5.8 11.5 6.6 3.1 

Years 2011 2012 2013 2014  
  [“/year] 0.00081 0.00070 0.00089 0.00085  
  [  ̊Euler pole] 58.3523 57.4884 62.7808 63.0495  
  [  ̊Euler pole] 52.7899 55.5839 54.9790 54.8560  

m  [“/year] 0.00003 0.00002 0.00003 0.00004  

m  [  ̊] 1.42683 1.32607 1.13422 1.44046  

m  [  ̊] 1.38077 1.26414 1.27073 1.71990  

pVm  [mm] 2.6 1.3 3.0 4.9  

 
3. Conclusions 

 
1) The modified algorithm for determination coordinates of Euler pole and the angular 

velocity of tectonic plates motions was developed, with consideration of the 
continuity and irregularity of GNSS time series. 

2) Using observation results of 28 permanent GNSS stations, located in Antarctica, for 
the period of time 1996 – 2014, the average coordinates of Euler pole and angular 
velocity of the Antarctic tectonic plate were determined, together with their annual 
changes. 

3) The comparison of the annual changes of determined Euler pole parameters 
showed the presence of the relationship between the changes of Euler pole latitude 
and angular velocity of the Antarctic tectonic plate. Obviously by the change of 
Euler's pole coordinates is related with conservation of angular momentum of the 
Antarctic tectonic plate. 
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a) 
 

 
b) 
 

 
c) 

Fig. 10. Changes of the average annual parameters of Euler pole and angular velocity of the 
Antarctic tectonic plate and angular velocity of the Earth in the time period of 1996 – 2014. a) 

latitude  ; b) longitude   ; c) angular velocity of the Antarctic plate  ;  
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