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Abstract

The article presents the results of experimental and methodological work on the use of magnetotelluric sounding
in the area of the Russian Progress Station (Princess Elizabeth Land, East Antarctica). The research was accomplished
by a field team from the Saint Petersburg Mining University in the course of the 71st Russian Antarctic Expedition
(2025-2026) and is a continuation of the comprehensive geological and geophysical studies of East Antarctica.
The main focus is on the practical application of the method in high polar latitudes. Issues related to ensuring
the operability of the equipment, fieldwork logistics, and the influence of physiographic conditions on measurements
are considered. The study of the geological structure of the Antarctic continent is complicated by the occurrence of
a thick ice sheet which ensures the leading role of geophysical methods in solving this problem. The article presents
the results of practical application of the Russian Nord electrical prospecting hardware-software measurement system
and the Canadian MTU-5A together with preamplifiers designed to compensate for a high grounding contact resistance.
The experimental and methodological survey line is laid across the Amery lineament, a large linear magnetic anomaly
extending sublatitudinally for over 500 km. A comprehensive interpretation of magnetotelluric data and the anomalous
magnetic field was accomplished. A resistivity section was constructed using a two-dimensional inversion, and a direct
problem for the magnetic field was solved. As a result, a model is proposed for the structure of the Proterozoic suture
zone, the rocks of which create a positive anomaly in the magnetic field. In the resistivity section, the anomalies with
increased conductivity at depths below 10 km correspond to this structure. The obtained data create new opportunities
for studying the deep structure and geodynamics of the East Antarctica.
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Introduction
The Prydz Bay fold belt has traces of the Grenvillian and Neoproterozoic-Cambrian orogeny making

its study the key to understanding the evolution of the Rodinia and Gondwana supercontinents [1-3].
In the area of the Progress Station, in the sublatitudinal direction, a large linear magnetic anomaly
occurs called the Amery lineament [4]. The closest bedrock exposures are in the Larsemann Hills
oasis within which ortho- and paragneisses of the amphibolite and granulite facies crop out [5-7].

1
This is an open access article under the CC BY 4.0 license



et Journal of Mining Institute. 2026. P. 1-11
' © Nina N. Pokrovskaya, llya A. Shuklin, Aleksei S. Egorov, Tatyana V. Davydkina,
- Andrei A. Yankilevich, Anna N. Naumova, Gleb D. Gorelik, 2026

The results of subglacial drilling showed that the magnetic anomaly was mainly caused by mafic
granulites, the protoliths of which formed in an island arc environment approximately 970 Ma ago
during collision of the Rayner Province with the Indian Craton. These rocks subsequently underwent
granulite and amphibolite facies metamorphism. Pyrrhotite, pyrite, chalcopyrite, magnetite, and
ilmenite were found in the rock samples [8].

Magnetotelluric sounding (MTS) was successfully applied in Antarctica for refining the deep
structure of the Earth’s crust and the upper mantle since 1964 [9, 10]. The analysis of the distribution
of electrical conductivity anomalies in crustal rocks allows to identify deep faults, delineate large
geological structures, and helps in the study of tectonic evolution of the study area. Conducting MTS
in this area is complicated by extremely low temperatures, cracks in coastal parts of the glacier, vio-
lations of the plane-wave principle, the “coastal effect”, a thick ice sheet to 4 km (in the study area,
the glacier thickness is to 800 m [11]) with high contact resistance as well as wind interference and
the associated drifting snow — the movement of charged particles when snow is transported by the
wind [10, 12]. To minimize the distorting effects, the graph for processing the recorded data was
adapted, and the equipment was specially prepared; for example, the use of active electrodes with
preamplifiers enables to minimize the influence of the high contact resistance of the glacier [13, 14], and
extended receiving electrical lines reduce the influence of wind interference [15]. Increasing the duration
of data recording to 5-7 days eliminates the problem associated with wind interference [16-18].

Previous magnetotelluric surveys of the Prydz Bay fold belt conducted in the course of the 36th
China National Research Expedition (2019-2020) with the use of non-polarizing electrodes, provided
insight into the nature of the geoelectric section from the coast to the central part of the Amery line-
ament to a depth of 60 km [19-21]. According to Chinese scientists, bodies of high electrical conduc-
tivity corresponding to the position of positive magnetic anomalies are associated with the anomalous
effect of the Neoproterozoic suture zone between the Indo-Antarctica and the East Antarctica.
Increased conductivity of the bodies was accounted for by a possible occurrence of graphite and
sulfides associated with metamorphism during formation of suture zones.

The most important research objective of the field team from the Saint Petersburg Mining University
in the course of the 71st Russian Antarctic Expedition (RAE) was the development of magnetotelluric
sounding methodology in high polar latitude conditions in the area of the Progress Station (Princess
Elizabeth Land, East Antarctica) on the glacier surface using active electrodes with preamplifiers.
These studies are aimed at investigating the deep structure in the area of the presumed Proterozoic
suture zone between the East Antarctica and the Indo-Antarctica and are a continuation of the com-
prehensive work program of the Saint Petersburg Mining University for the study of the East Antarc-
tica [22-24]. The experimental survey line was laid across the strike of a linear positive magnetic
anomaly.

Methods

During the 71st RAE season, magnetotelluric data were obtained at 13 sounding points, 11 of
which were along the line running across the Amery lineament intersecting it completely. The
investigated survey line has a total extent of 25 km running along the Progress — Vostok snow
route, with 2.5 km spacing between the sounding points (Fig.1).

The experimental and methodological work (EMW) was performed using two types of hardware-
software systems: the MTU-5A manufactured by Phoenix Geophysics Ltd and the Nord Plus manufac-
tured by the Nord-West Ltd. A five-channel cross-shaped unit was used for measurements at the sounding
point; azimuths of electric lines and the induction magnetic field sensors Hx and Hy were 0° and 90°,
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Fig.1. Anomalous magnetic field of western Princess Elizabeth Land [4]
MT — MTS points; Bur — drilling point; Base — base station

respectively. Five components of electromagnetic field were measured at each point: electric (Ex, Ey)
and magnetic (Hx, Hy, Hz) (Fig.2). To reduce the influence of wind interference, 300 m long receiving
electric lines were applied. Electric field variations in conditions of a thick ice sheet were recorded using
active electrodes with preamplifiers (North-West
Ltd.). The main characteristics of the preamplifiers
are: frequency range 0.0001-1000 Hz, input im-
pedance 1 MOhm, external bipolar power supply 12 V.
The electrodes are made of stainless steel with overall
dimensions 350%450%1.2 mm. At the initial stage of
the EMW, grounding of metal plate electrodes was ac-
complished by burying them in the snow both hori-
zontally to a depth of about 30 cm, and vertically. No
differences were found in the contact resistance
parameters, the value of the constant component of
voltage between electrodes (DC), or the quality of
resistance curves at different setup options. Further, to
measure the electric field variations at sounding
points, the plate of active electrodes was buried ver- Fig.2. Scheme of MTS measurement unit.

tically, as this reduced the time required to set up Insets show electrode installation options: horizontal (a),

. . . vertical (b); operating position of vertical magnetic field sensor (c);
and dismantle the equipment after completing the  use of a thermal box with a solar power supply system (d)
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surveys. Contact resistances of the snow-firn layer in the study area ranged from 0.4 to 2 MOhm, with
average values 0.6-0.8 MOhm. Magnetic field was recorded using low-frequency induction MTS-50
sensors (Phoenix Geophysics Ltd) and IMS-015 broadband induction sensors (OOO Vega).

To reduce the effects of wind interference and temperature fluctuations, the Hx and Hy induction
sensors were set up in the snow-firn layer to a depth of 30-40 cm and covered with snow. The Hz
vertical magnetic field sensor was also completely buried in the snow, and the surface above it was
levelled. Solar radiation during polar summers can significantly heat the surface of the plate elec-
trodes, induction sensors and cables causing the snow around them to melt actively. This can have a
negative effect on the quality of the recorded data due to a major change in the position of the induc-
tion sensor as well as a decrease of the contact area between the electrode plate and the snow.

Average equipment setup time at an MTS sounding point with extended 300-metre lines by two
persons was 1.5-2 h. The time required to dismantle the MTS station from the recording point was 1 h.
In case of a multi-day recording combined with prolonged snowstorms, thawing to a depth below
20 cm, and subsequent sweeping of magnetic and electric lines, the time required to remove the equip-
ment from the sounding point increased to two hours.

Travel along the MTS line was accomplished using the Burlak snow and swamp vehicle. Travel
time between points on the line (2.5 km) was approximately 10 min. In good weather and visibility,
travel speed on the glacier roads can reach 40 km/h. In case of snowstorms, low clouds, and damp
snow, travelling on the glacier can be difficult.

Before the pilot work began, the MTS measuring systems were calibrated, and the recording
identity test was performed. Routine maintenance was accomplished directly on the glacier in the
area of the MTS line. Six MTS instrument sets were used in the work, with three sets applied for
routine measurements along the line.

Using a remote base point. To suppress the uncorrelated noise and improve the quality of the
recorded data, measurements were taken synchronously with two remote base stations (one was se-
lected for subsequent processing). The first base station (Basel) was set up in a partially glacier-free
zone on the rock exposure 9 km from the MTS line; measurements were taken using the MTU-5A
hardware-software system. The length of electric dipoles was 90 m, and grounding connections were
made to the soil using NW-4 non-polarizing graphite electrodes (North-West Ltd). Grounding re-
sistances ranged from 3.2 to 5.5 kOhm. The Hx and Hy induction magnetic field sensors were buried
in the ground, and the Hz vertical induction sensor was mounted on an Agcos tripod.

The second base station (Base2) was set up on the survey line on the glacier, and measurements
were taken using the Nord Plus hardware-software system. Base2 setup parameters are identical to
those of the standard sounding points on the line.

Wind interference. Due to strong, prolonged winds on the glacier, the recording time for the MTS
data had to be extended. Wind interference and the associated drifting snow have a major effect on
the field data quality. Interference caused by drifting snow on the resistance curve is recorded in the
frequency range 0.5-100 Hz. In time series for electrical channels, it manifests itself as values outside
the dynamic range of the analogue-to-digital converter, or “off-scale” values. The number of “off-
scale” values for electrical channels during recordings on the line varied from 17.1 to 33.4 % on
different days; drifting snow has a lesser effect on magnetic channels. Wind interference associated
with mechanical vibrations of wires does not significantly affect the recording quality, as the electric
and magnetic wires are thawn in the snow and remain stationary.

Fieldwork was conducted from December 29, 2025, to February 4, 2026. From late December
to mid-January, daytime temperatures in the area of the EMW testing site — drilling point — ranged
from +5 to +10 °C in sunny weather, while nighttime temperatures varied between 0 and -5 °C. Snow
was soft and damp. No drifting snow was recorded during this period. On the MTS line, which starts
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5 km to the south, the temperatures were 3-5 °C lower than at the testing site. In good weather, drifting
snow could be observed in the evening hours until the following morning. At the EMW testing site,
there could be no drifting snow during this time. At cold spells (from mid-January), when daytime
temperatures began to drop to -5 °C, at night the temperature decreased to —10 to —15 °C, wind speed
increased, snowstorms began, and drifting snow started to appear at daytime on the line, and less
frequently at the drilling point.

To minimise the impact of wind interference and obtain high-quality MTS data, the recording
time at the point was extended to 3-7 days. As a result of the work, the recommended recording time was
determined which allows obtaining the values of electrical resistivity down to a depth of 50-100 km.
Under favourable meteorological conditions, 36-48 h of continuous synchronous recording are
required to obtain high-quality data. In adverse weather conditions, drifting snow, it is recom-
mended to carry out measurements for more than 72 h in order to catch a weather window.

Thermal boxes. For long-term recordings at the MTS point at negative temperatures, the measuring
stations together with a battery were set up in special thermal boxes with additionally heat insulated
walls. Two 90 A-h gel batteries were used for long-term recordings. The use of a thermal box demon-
strated the need for it to be as airtight as possible to prevent snow from entering during strong winds
and snowstorms. To ensure the box warms up better in the sun and is more visible against the snow,
it is advisable to paint it a dark colour. Burying the box in snow to conserve heat is not necessary,
including when working in Central Antarctica and at the VVostok Station, where snow temperature at
a depth of about one meter does not rise above —40 °C [25]. A solar power system can be used to
extend the recording time without replacing the battery. Eliminating the need for frequent battery
replacement optimizes the fieldwork by reducing the overall weight of the equipment during trans-
portation and minimizing battery charging costs.

Rapid assessment of field data quality. Rapid assessment of the quality of the MTS data was
made every few days to determine whether the equipment could be moved to the next survey point.
Data from Base2 point were checked — data from the Nord recorder were downloaded to a smartphone
via Wi-Fi without interrupting the recording. Preliminary data processing and quality assessment of
apparent resistivity curves were performed on the smartphone via a Web browser. If high levels of
noise were detected on the calculated base point curve, further checks of regular points were discon-
tinued; all the stations remained in place to continue recording.

The quality of the recorded data from the MTU-5A recorder was assessed using the EPI-KIT and
MT-Corrector software (North-West Ltd) which are part of the Nord Plus hardware-software electri-
cal exploration measuring system.

Field data from the Nord Plus and MTU-5A recorders was processed using the EPI-KIT soft-
ware. For each sounding point, resistivity curves were calculated sequentially using two different
base stations. The results were then compared, and one optimal solution was adopted for further work.

When calculating the MTS curves, sections of the time series with strong wind interference were
cut out. Resistance curves with wind interference calculated together with the base point set up in a
partially glacier-free area (Basel) have better quality as compared to the curves calculated with the
base point set up on the line (Base2). For resistance curves without obvious wind interference, no
difference in quality was recorded when calculating with different base points. For obtaining a high-
quality telluric tensor, using a base point on the ground is advantageous.

To account for and evaluate the source effect (non-plane wave), the curve calculations were
performed using the Jackknife robust processing version [26], and the time series analysis of the
calculated transfer functions for the recording sections.

As a result, the impedance and phase curves were obtained in the range 0.0015-286 Hz using the
MTU-5A system and 0.0015-1065 Hz using the Nord Plus system (Fig.3). Further, noisy sections of
the recording were manually rejected for each frequency, and a spline was manually fitted to the
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Fig.3. Curves of electrical resistivity xy (a) and yx (b) and impedance phase xy (c) and yx (d)
at MT-1-MT-11 points
averaged data using second-order dispersion relations, an algorithm for which is implemented in the
MT-Corrector software [27-29].
In the MT-2-MT-8 curves, the impedance phase Zxy goes out of its quadrant in the mid- and
low-frequency range (below 0.035 Hz), which can be due to the existence of a deep anisotropic
conductor.

Discussion of results

The dimensionality of geoelectric medium was estimated from the magnetotelluric test [30] by
means of the invariant parameters N, Skews and . Threshold values for the dimensionless quantities
N and Skewg were set equal to 0.2, and for  — 3°. N parameter delineates one-dimensional regions;
Skews, two-dimensional or axisymmetric regions; and B, three-dimensional geoelectric structures.

Pseudo-sections of heterogeneity parameters indicate a deviation of the geoelectric medium from
the one-dimensional one, as N parameter exceeds the threshold value across the entire frequency
range. In the central part of the line, the Skewg parameter takes high values at frequencies below 10 Hz,
indicating the presence of a three-dimensional object in the deep part of the section. f parameter
which characterizes the asymmetry degree of the medium, also exhibits high values at frequencies
below 10 Hz, but these values are localized within two distinct intervals — to 0.01 Hz and below
103 Hz (Fig.4), which can indicate a depth-limited three-dimensional object.

The azimuth of strike of geoelectric structures with an ambiguity of 90° was determined by analysis
of the diagrams of principal directions and the phase tensor ellipses (Fig.4, d, e) constructed in the
Inversio software (STC Nord-West). The final choice of the angle was made taking into account a
priori information. The geoelectric section is characterized by two different strikes. For the upper part
of the section (frequency range to 100 Hz), one of the principal directions is defined as 10°. Given
the sublatitudinal strike of the magnetic anomaly, this azimuth is taken as a transverse direction. For
the full frequency range and for the deep part, the angle varies, which can point to a regional structure
or the influence of the ocean on the MTS data. In this case, the angle of 45° — parallel to the coastline —
was taken as the longitudinal direction.
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Fig.4. Heterogeneity parameters of the medium: N (a), Skews (b), B (c), and diagrams of principal directions
of phase tensor for 1-100 Hz range (d) and full frequency range (e)

For a comprehensive interpretation of geophysical data [31, 32], the results of aeromagnetic sur-
veys carried out in the course of the 68th Russian Antarctic Expedition (2022-2023) are used in the
article [4]. Data on the anomalous magnetic field are traditionally used to study the deep structure of
different tectonic structures [33-35]. The Earth's crust section was simulated using an algorithm for
solving the direct problem of magnetic surveying in the Oasis montaj software (Geosoft Inc.). The
simulated section is laid along the magnetotelluric line. In their constructions, the authors proceeded
from the assumption that a large linear magnetic anomaly is confined to the Proterozoic suture zone [8].
The magnetic field structure can be accounted for by induced magnetization of a deep-seated
wedge-shaped suture with magnetic susceptibility y = 70-10~ and two bodies in the upper crust with
magnetic susceptibility ¥ =35-10" interpreted as manifestation of a tectonic cover against the
background of host rocks of the consolidated crystalline basement with magnetic susceptibility
x =6.3-107 (Fig.5) using the normal field value T = 54,130 nT, inclination | = —71.64°, and declina-
tion D =-81.75°. Simulation provided a convergence between the observed and calculated magnetic
field data with an error less than 15 nT.
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Fig.5. Simulated cross-section of the Earth’s crust along the survey line based on anomalous magnetic field data
1 — continental crust; 2 — rocks of suture zone; 3 — glacier; 4 — observed (a) and calculated (b) magnetic field

Due to a small number of observation points and their linear arrangement, it was decided
to perform a two-dimensional inversion, despite possible distortions from three-dimensional objects.
Two-dimensional inversion of magnetotelluric data was carried out in specialized software WinGLink
(Geosystem Srl). The result of one-dimensional inversion was used as the starting model. The grid for
magnetotelluric inversion was created taking into account the topography, since there is a major dif-
ference in heights in the work area (about 470 m). Grid size is 77 rows and 37 columns, and the cells
are rectangular in shape. Vertical division was partially set manually — first, the automatic division
with a gradual increase of the cell size with depth, then additional division for a greater detail. Hori-
zontal grid spacing is chosen, so that the minimum cell size is at least half the distance between the
adjacent measurement points.

When constructing the deep geoelectric section, the x-axis was rotated by 45°. For inversion,
the longitudinal and transverse components of magnetotelluric sounding and the tipper were used
sequentially, since they have different sensitivities to geoelectric heterogeneities [30]. The regu-
larization parameter t varied from 30 to 3. At the first stage, the inversion was accomplished only
for the longitudinal component, since it is more sensitive to deep structures. The inversion result
served as a starting model for the second stage — inversion for the transverse component which better
restores the upper part of the section, and the tipper, sensitive to heterogeneities of the medium.
At the final stage, a bimodal inversion based on the previous stage was used. As a result, a geoelectric
section was obtained, the model selection error was about 3 % (Fig.6). In the future, it is planned to
refine the section upon obtaining additional information.

Analysis of the general structure of the geoelectric section shows that the average resistivity in
the northern part, adjacent to the ocean, is lower than in the southern part extending deep into the
Antarctic continent. The electrical resistivity section exhibits zones of increased electrical conductivity
(C1 and C2) at depths below 10 km. Their nature can be explained by the manifestation of deep
tectonic faults feathering the Proterozoic suture zone, the position of which was identified from the
results of simulating the anomalous magnetic field data as well as by a high conductivity of sulfide
films encountered in this type of metamorphism. In the upper part of the section, position of the suture
corresponds to a zone of increased electrical resistivity (R1), which can be accounted for by a com-
bination of low temperatures and rupture of films at grain boundaries under low pressure [16]. In the
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southern part of the section, an increase in electrical
resistivity (R2) is recorded which is associated with
high-resistivity rocks of the continental crust of the
East Antarctica. In the northern part of the section, at
depths 22-35 km, a zone of increased conductivity is
distinguished, which the authors interpret as a possi-
ble influence of the ocean.

Conclusion

In the course of the work accomplished by the
experts from the Saint Petersburg Mining University
in the course of the 71st Russian Antarctic Expedi-
tion, the magnetotelluric sounding technique was
successfully tested in high polar latitudes using ac-
tive electrodes with preamplifiers. The obtained re-
sults confirm the feasibility of conducting the MTS
on the surface of snow-firn layers with a high contact
resistance value.

A comparison of multi-day magnetotelluric
field records obtained using the equipment of the Ca-

Depth, km

nadian company Phoenix Geophysics Ltd and the 40 !
Russian company North-West Ltd was performed.
The quality of the curves obtained using the systems 45 |

of different manufacturers is consistent. Both foreign
and Russian equipment can be applied in future

50 S LSS T T T T

work. To optimize the fieldwork technology, i.t is 0 5 10 15 20 25
recommended to use only one type of geophysical Distance, km
equipment. The Russian equipment offers several ad-
vantages, such as a universal wide-range induction £ 8820w o
> : ; E SC383838898Ysno
magnetic field sensor, which allows a simultaneous O ® N Hdo0TNAd~TF N A0 oA
SHMET | T T -

acquisition of data in the audio-magnetotelluric and
ma.g.netOte”u”C fanges dlfmng.a Smgl_e recordl_ng’ the Fig.6. Geoelectric cross-section along the survey line.
ability to assess data quality without interrupting the Dashed lines show the inferred deep faults
recording, and a more compact size.

Interpretation of the obtained geoelectric section enabled to reveal the features of deep structure
of the study area. Deep zones of increased conductivity can represent an anomalous effect of the
Proterozoic suture zone and the faults that bound it. A combined analysis of the MTS and magnetic
field data confirms the complex structure of the studied object and the potential for further compre-
hensive study.
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