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SUMMARY 

 
 

Monitoring of tectonomagnetic observations was carried out at the Antarctic polygon in the area of 

the Akademik Vernadsky station for the period from 1998 to 2020. Time series of changes in the local 

magnetic field were constructed for each observation point of the network and maps of 

tectonomagnetic anomalies were constructed for different periods of research. It has been established 

that three anomalous zones are observed in the spatial structure of the tectonomagnetic field of the 

Wilhelm archipelago, which are confined to the geological inhomogeneities of the earth's crust. The 

spatio-temporal relationship of tectonomagnetic anomalies with the seismic activity of the region was 

studied. 
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Introduction 

 

Tectonomagnetic observations at the Antarctic polygon in the area of the Akademik Vernadsky 

station have been carried out since 1998. The network of observation points was created gradually, 

from 7 points in 1998 to 28 points in 2020. Taking into account the specifics of the work area, 

tectonomagnetic points were laid mainly on islands archipelago of the Argentine Islands, on the coast 

of the Antarctic Peninsula, in fact along 2 conditional directions (profiles): sublatitudinal I-I Barkhany 

Island - Rasmussen Island, submeridian II - Barcelot Island - Peterman Island. 

 

During the entire period of work thirteen observation cycles were carried out. The research program 

more or less increased into a tectonomagnetic monitoring service for the geodynamic processes in the 

Vernadsky station region. 

 

Methods of investigation 

 

The tectonomagnetic method studies temporal changes of the local geomagnetic field over a network 

of stationary observation points by regular discrete or continuous measurements. The module of the 

total magnetic induction vector B is the value of interest. The base (main) station of the polygon is the 

magnetic observatory of the Argentine Islands station. The module of the total geomagnetic vector B 

is continuously measured in the pavilion every ten seconds using a proton magnetometer POS-1 with 

0.1 nT sensitivity. On other (ordinary) observation points of the polygon, the field vector B is 

measured mostly using proton magnetometers MMP-203 with 1.0 nT sensitivity. Since 2019, these 

measurements have been provided with the proton magnetometer РМP-8. At these points, the 

observation cycle lasts over half an hour with the frequency of 1 measurement per 20 seconds. The 

differential value of the field B is the main parameter for study:  

 

∆B=Bp– Bb  

 

where Bp and Bb are the values of B at the base and the ordinary observation point. 

 

The tectonomagnetic parameter ∆∆B of the temporal change of the differential magnetic field is 

determined as the increment of the ∆B values between observation cycles: 

 

∆∆B=∆B2–∆B1 

 

where ∆B1 and ∆B2 are the ∆B values between observation cycles (between cycle 1 and cycle 2). 

 

The standard deviation of the ∆B determination for the different years of observations on the polygon 

fluctuates between 0.7 and 1.2 nT (Maksymchuk et al., 2018a, 2018b). Therefore, the long-term over 

a yearlong change in the local field ∆B can be studied at the polygon. Over the whole period of the 

polygon’s functioning (1998–2020), the thirteen cycles of tectonomagnetic observation time series of 

field ∆B over 22 years have been provided. All polygon points were marked with brass marks to 

position the recorder of the magnetometer with the precision of several millimetres during the 

repeated measurements. 

 

Initial data 

 

The most detailed study of the local magnetic field ΔB was done along the profile I–I (The Barchans–

Rasmussen), where most of the observation points are concentrated. Most cycles of magnetic field ΔB 

measurements were obtained at this profile. The 11kmlong I–I profile crosses the main tectonic 

structures and rock formation complexes of the shoreline shelf from The Barchans to Cape 

Rasmussen at the Antarctic Peninsula. 

 

Ukrainian scientists have been focusing on the current geodynamics of the Antarctic Peninsula since 

the Faraday Base was transferred to Ukraine and renamed the Akademik Vernadsky station. The 
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relevance of studying the modern geodynamics of the station region is due to its location in the zone 

of the Bransfield Rift geodynamic influence, where strong earthquakes of M=6-8 occur. Near the 

station, the deep fault lines of sub-latitudinal and sub-meridional directionality are located, where 

active seismotectonic processes take place that a quite significant for deep crust modelling. 

 

According to the USCS Catalogue (The Earthquake Hazards, 2022), from January 1998 to December 

2020, 5487 earthquakes of M≥4 with hypocentral depths of 1.2–300.0 km have been registered. Most 

earthquakes were registered NE of the Vernadsky station in the South Sandwich Islands region, about 

two thousand kilometres away. A lot of them happen in the Bransfield Strait within the Bransfield Rift 

subduction zone and the Shackleton and Hero Fracture Zones. The earthquakes of M≥4 registered 

closest to the Vernadsky station occurred at the westernmost tip of the Bransfield Rift at the epicentral 

distance of 200 km. Although the Bransfield Rift zone does not include the Argentine Islands, where 

the Vernadsky station is situated, the Vernadsky station area is located at the continuation of the 

southern tip of the Bransfield Rift zone (Maksymchuk et al., 2018a). 

 

Results of investigations 

 

The long-term tectonomagnetic observations (1998–2020) are presented as the time series of the local 

magnetic field ΔB for every polygon point. The map of tectonomagnetic anomalies ΔΔB over 

different time ranges shows the revealed anomaly temporal and spatial changes (Figure 1). The 

character of temporal changes of the ΔB field over 1998–2020 and their intensity and morphology 

over different sections of the profile I–I are notably different. The most intense ΔB changes were seen 

in the western part of the profile (points 1, 1a, 2, 3, and 3a, 1а, 2, 3, 3а) and at point 3 (Three Little 

Pigs Islands). Over the 1998–2020 period, they reached −44 nT, which is −2.0 nT∙year−1 on average. 

 

 
Figure 1 Tectonomagnetic anomalies ∆∆B for 2008–2020 on the geological map of the Argentine 

Islands (Mytrokhyn and Bakhmutov, 2021), lines are the predicted tectonic faults, red arrows — 

compression axes, green arrows — the axes of stretching (Murovskaya and Bakhmutov, 2015). The 

figure is modified after (Mytrokhyn and Bakhmutov, 2021) 
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In the spatial structure of the tectonomagnetic field, three anomalous zones were identified. The 

Western group (The Barchans, the Three Little Pigs Islands, Forge Islands, Skua Island, and Grotto 

Island (points 1, 1a, 2, 15, 3, 3a, 16, and 17)) is characterized by a clear negative linear trend. The 

most intense changes in ΔB were seen for the Three Little Pigs Islands, where at point 3, changes in 

ΔB reached −44 nT over 1998–2020. The Central group of islands (Galindez, Skua, Yalour, Uruguay, 

Irizar; points 5, 4, 9, 10, 11, 12) has small changes in the ΔB field, fluctuating around the null 

horizontal trend almost within the error (±1.5–2 nT). Between 2020 and 2019, the field increased by 

2.84 nT for point 6. The Eastern group (points 24, 7, and 19) has a distinct morphology: ΔB field 

almost without anomalies in 1998–2003, then a sharp negative trend after 2004, declining by 40 nT 

over 1998–2020 (point 7). 

 

According to the tectonomagnetic observations on the Antarctic geophysical polygon, we drew maps 

of tectonomagnetic anomalies over different time intervals (Figure 1). The construction was 

somewhat complicated by the very uneven spacing of the observation points. Because of this, ΔΔB 

maps were drawn only for the central part of the polygon limited by the Skua Island, The Barchans, 

the Forge, Grotto, and Uruguay Islands. However, even within this scope, the spatial structure of ΔΔB 

anomalies is a general outline. In the structure of ΔΔB, the two intense negative ΔΔB maximums on 

The Barchans (point 1, −15.9 nT), the Three Little Pigs Islands (point 3, −22.4 nT), and a maximum 

on the Uruguay Island (point 10, +8.3 nT). The similar structure of the ∆∆B field has remained more 

or less stable practically over the whole study period, with changes in the intensity and direction of 

the anomalies with insignificant fluctuations in their placement. 

 

To correctly describe the nature of tectonomagnetic anomalies on the Antarctic polygon, it is 

important to reveal their spatio-temporal connection with other geological-geophysical data, 

especially seismicity and the current motions of the Earth’s crust. 

 

The ΔΔB distribution along the I–I profile over different time intervals is fairly stable and generally 

reflected by the summary ΔΔB profile for 1998–2020, which can be seen in the Western, Central, and 

Eastern sections with different anomalies amplitude for ΔΔB: the Western points 1, 1a, 2, 3, and 3a 

with strongly anomalous negative values from −15 nT to −44.0 nT at point 3; the Central (points 4, 5, 

9, 10, and 11) where the ΔΔB field does not exceed ±2.0 nT; and the Eastern (points 7, 24, and 19) 

with the negative ΔΔB field at the level of −6 nT. 

 

Compiling the spatial structure of tectonomagnetic anomalies with the geologic-tectonic data for the 

region shows that the most intense anomalies tend to the areas of vulcanite’s and intrusions of The 

Barchans, Forge, Three Little Pigs Islands region, and the tectonic fault running from NW to SE. In 

this fault (contact) area, there is a local intense magnetic anomaly of ∆B about 600 nT on the Three 

Little Pigs Islands and an anomaly of +430 nT west of Skua Island. 

 

The possible connection of the tectonomagnetic effects with geodynamic processes can be supported 

by their similar spatio-temporal behaviour with seismicity. The ∆B graph for point 3 and the graphs of 

the earthquake numbers in the Bransfield Rift region have similar behaviour. The section of 

anomalous ∆∆B data at point 3 in 2008–2012 may be coincides, or possibly precedes the 2011–2013 

period of the seismic activation in the Bransfield Rift where earthquakes of M>5 have been registered 

(Maksymchuk et al., 2022). 

 

A similar picture is seen in 2017–2020. In the ∆B graph for point 3 in 2017, a local ∆B anomaly of 5 

nT is seen, preceding a series of earthquakes in the Bransfield Rift in 2020–2021. However, due to the 

non-availability of magnetic field records in 2015–2016, this local anomaly in changes in ∆B was not 

clearly isolated. 

 

Recommendations and conclusions 

 

Evidently, to find the spatio-temporal connections of the tectonomagnetic effects with seismicity, we 

should consider the epicentral distance, magnitude, and depth of the hypocentre parameters. 
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We think that regionally, the seismic activity of the Bransfield area reflects the complex nature of 

changes in tectonic stresses in the crust. In such a case, the magnetic inhomogeneities in the 

Akademik Vernadsky station region can react to changes in tectonic tensions caused by the 

preparation of powerful earthquakes over long distances. 

 

We presume that at some observation points located in favourablegeotectonics conditions, there can 

be registered changes in the regional tectonic stresses locally reflected in the geophysical fields. 

 

The Three Little Pigs Islands (points 3 and 3a) is a "special" point where the anomaly of the local 

magnetic field ∆B manifests intense changes. 

 

We are proposing to conduct further tectonomagnetic research on the Antarctic geophysical polygon 

in combination with other methods of geophysics and geodesy (Savchyn et al., 2021). 
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