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Deep structure and new experimental data
of the Bransfield Strait volcanoes (West Antarctica)

Abstract. The aim of the study is to determine the existence of a complex magma-gas-fluid system of the West Antarctica northern
volcanic branch in the Bransfield Strait. It consists of several different-level deep magma chambers with magmas raised directly
from the mantle or the accumulation zone located at a depth of about 25—30 km. Research methods are based on the known idea
that the Earth can be considered a spherical capacitor formed by various layers from its core to the surface with different param-
eters — thickness, permittivity, density, contact potential difference. Our experimental data show that there is a molten zone at
195—225 km where considerable part of volcanic roots is located. Certain structural patterns for land and submarine volcanic struc-
tures are revealed, and the first data on the deep migration channels of fluids in the Bransfield Strait are obtained. Volcanic channels
are filled with different basic, ultramafic rocks, and sedimentary rocks too. The deep roots of volcanic structures' presence can
be associated with the pulsed functioning of a gas-fluid channel with low viscosity. The gas-saturated melts form some zones of
intermediate crystallization in the crust due to this channel. These studies showed that multiphase pulsed volcanic activity mainly
through the vertical migration channels of deep fluids from the melting zone played a significant role in forming the tectonic
diversity and the evolution of the Antarctic continental margin region structures. The results of modified methods of processing and
decoding satellite images and photographs allow supplementing the understanding of the West Antarctica structures’ formation.
These results of the Bransfield Strait magmatic systems studying indicate the need for further research to understand the mecha-
nism of formation and evolution of structures and deep geospheres in different regions of the Earth.
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Some schematic sections and new experimental
data on the deep structure of some volcanoes of West
Antarctica obtained in Ukrainian Antarctic expedi-
tions (UAE) (Bakhmutov et al., 2017; Soloviev et al.,
2016; Yakymchuk et al., 2019) are shown.

1 Introduction

The variety of volcanism structural forms (including
modern) reflects the different scales of near-surface
and deep geological processes of the Earth’s geo-
spheres’ evolution. Therefore, research of separate vol-
canoes’ structure and the volcanic structures’ mag-

matic system is essential for understanding the role of 2 Data and methods

volcanism in the Earth’s lithosphere geological struc-
tures’ formation, as well as for a wide range of scien-
tific and applied problems.

Research methods are based on the ideas of N. Tesla,
who considered the Earth as a spherical capacitor
formed by various layers from its core to the surface
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with different parameters — thickness, permittivity,
density, contact potential difference. Each object in
nature has its own electric charge and creates a cor-
responding electric field strength and corresponding
standing half-waves with other Universe objects (Yakym-
chuk, 2014). The developed technologies are focused
on studying the structure of the surface layer of the
atmosphere, which is formed by ions of various signs,
polarization zones at the interfaces of the geological
heterogeneities of section, and the Earth’s natural
electromagnetic background.

The vertical electro-resonance sounding method
(VERS) is based on the geoelectric heterogeneities
polarization effect of section in the Earth’s natural
quasi-stationary electric field. Inhomogeneity of the
geological section characterized by geoelectric pa-
rameters of the environment anomaly values is polar-
ized in the Earth field, forming a system of electric
dipoles. Electric dipoles emit electromagnetic waves
with a wavelength of L = 2H, where H is the depth to
the surface of the polarized object with changing of
the Earth’s natural electric field E (z) magnitude.
This allows assessing the depth of geoelectric objects
anomaly. The further implementation of these ideas
was the development of a "real" geophysical explora-
tion paradigm (Levashov et al., 2012), the essence of
which is isolation and localization of the specific sub-
stance’s signal (frequency).

Resonant frequencies of mineral and rock bases
are used in the modified methods of frequency-reso-
nance processing of satellite images (Landsat-7, -8,
Google Earth). The collection of oil samples in the
base includes 117 samples, gas condensate — 15 sam-
ples. Sedimentary rocks include groups: 1 — psephy-
tes; 2 — psammites; 3 — siltstones, argillites, clays; 4 —
kaolinite argillites; 5 — kaolinite clays; 6 — sedimen-
tary-volcanic rock; 7 — limestones; 8 — dolomite; 9 —
marls; 10 — siliceous rocks; 11 — salt. Groups of
igneous and metamorphic rocks are as follows: 1 —
granites and rhyolites; 2 — granodiorites and dacites;
3 — syenites and trachytes; 4 — diorites and andes-
ites; 5 — lamprophyres; 6 — gabbro and basalts; 7 —
ultramafic rocks; 8 — syenites and phonolites; 9 —
gabbroids and basaltoids; 10 — ultramafic and mafic
breeds; 11 — kimberlites and lamproites; 12 — car-

bonate; 13 — granulites; 14 — gneiss; 15 — crystal-
line shales. Photographs of sets of samples of sedi-
mentary, metamorphic, and igneous rocks used are
borrowed from the electronic document on the web-
site http://rockref.vsegei.ru/petro/. Features of the
used methods and technique of measurements are
described in more detail in (Yakymchuk, 2014; Le-
vashov et al., 2012; Yakymchuk et al., 2019).

The direct frequency resonance methods provide a
real opportunity to fill the investigated section with
appropriate complexes of sedimentary, metamor-
phic, and igneous rocks immediately in the process
of measurements (signal registration) by developed
hardware-measuring devices without additional stag-
es of modeling and geological interpretation of the
results of geophysical measurements.

The revealed direct relationship between the posi-
tion of the atmosphere’s various layers height and the
Earth’s lithological boundaries with high contact po-
tentials, as well as reference frequencies for different
types of rocks and minerals, allow using frequency
resonance methods to study the deep structure of our
planet and solve problems of searching for many
types of minerals. The results of modified methods
use for processing, and decoding satellite images and
photographs allow supplementing the understanding
of the underlying processes of the West Antarctica
structures’ formation (Yakymchuk et al., 2019).

2.1 A brief overview of West Antarctica volcanoes

About 150 volcanoes have been discovered in the
Antarctic Peninsula region (Vries et al., 2017). Many
of them are inactive volcanic structures that are bur-
ied under thick ice (up to several kilometers) and
grouped in volcanic provinces along the coast of the
continent (Fig. 1).

Elevated surface temperature gradients in the
western part of Antarctica (Steig et al., 2009) can be
largely associated with the presence of local volcanic
structures, systems of deep and near-surface magma
chambers, and channels that form the thermal field
of this region (Fig. 1).

The spatial connection of this volcanic formation
system with the coastal structures indicates that a sig-
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Figure 1. Schematic distribution map of ground temperature gradients in Antarctica (a) according
to the results of measurements for 50 years (1956—2006), by (Steig et al., 2009) and the mantle heat
flux (b), by (Losing et al., 2020). The position of separate volcanoes in West Antarctica is shown.
More intense color corresponds to increased gradients and heat flux (a)

nificant amount of the volcanoes is associated with
extended segments of the West Antarctic rift zone
(Vries et al., 2017).

Below is a brief overview of the available geological
and tectonic ideas about the nature of the formation
of the Bransfield Strait and its volcanic structures
(Fig. 2).

2.2 On geophysical models
and the deep structure of the Bransfield Strait

The Bransfield Strait is one of the key objects in
the study of riftogenesis and structures evolution of
the Pacific continental margins (active and passive
types). The results of geological and geophysical
studies of the lithosphere structures of the Drake
Passage and the continental margin of the Antarc-
tic Peninsula contributed to the development of
new ideas about deep structure and multifactorial
tectonic transformations of West Antarctica (Bakh-
mutov et al., 2017; Berrocoso et al., 2016; Catalan
et al., 2013; Dubinin et al., 2013; Kozlenko & Koz-
lenko, 2011, 2019; Geyer et al., 2019; Janik et al.,
2014; Lodolo & Perez, 2015; Pedrera et al., 2012;
Prudencio et al., 2015; Schreider et al., 2015; Te-
terin, 2011).

This 400 x 80 km Basin is located between the
South Shetland Islands in the north and the Antarc-
tic Peninsula in the south (Fig. 2). The Strait has a
total area of more than 65 000 km? and has an asym-
metric cross-section (from north to south). Within its
limits, three (Western, Central, and Eastern) basins
are distinguished (Fig. 2).

The Western Basin borders with the Central Basin
in the region of Deception Island (Fig. 1) and has a
length of about 130 km (with a width of 70 km). The
average depths here range from 1500 m to 1900 m.
Large submarine volcanoes with modern activity
within have not been identified. There are known
only small seamounts and volcanic structures con-
nected with local tectonic submeridional faults.

The Central Basin of Bransfield Strait is elongated
at about 230 km (with a width of 60 km and a maxi-
mum depth of 2.0 km). Its characteristic feature is
the presence of large volcanic structures (Figs. 1, 2),
isometric (Axe and Orka), or elongated along the axis
of the trough structures (Three Sisters and Hook
Ridge). All volcanic structures are practically without
sediments known in adjacent parts of the basin
(Schreider et al., 2015).

The Eastern Basin borders the Central Basin in the
area of Bridgeman Island (Fig. 1), where seismic acti-
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Figure 2. Bransfield Strait near the Antarctic Peninsula and volcanic structures’ position (a), by (Lodolo & Perez, 2015); vector
directions in the Bransfield Strait by (Berrocoso et al., 2016) and model profiles position (b). Legend: / — the Bransfield Strait
trough; 2 — axis; 3 — volcanic structures / — "Exe"; 2 — "Three Sisters"; 3 — "Orka"; 4 — Hook Ridge; 4 — VERS-point; 5 —
vectors of horizontal movement at the axis zone; 6 — vectors of regional movements relative to the Antarctic Plate; 7 — vectors
of absolute horizontal movement; § — profiles position: /— I — by (Kozlenko & Kozlenko, 2011); 2—2 — by (Teterin, 2011); 3—3 — by
(Catalan et al., 2013); 4—4 — by (Kozlenko & Kozlenko, 2019); 9 — fracture zone

vity is most intense. The basin extends at about 150 km
(with a width of about 50 km and a maximum depth
of 2.7—2.9 km). Its features are the increased depth,
the absence of large volcanic structures, and the relative
elevation of the acoustic foundation (by 0.5—1.0 km)
and Moho.

The Central Basin area exceeds 30 000 km?. Ac-
cording to morphology, the trough of the central part
of the Bransfield Strait can be characterized as an
active rift trough (with coaxial volcanic structures)
that separates two continental blocks. The neovol-
canic zone is an important structural element of the
Bransfield Strait.

In the history of the formation of Bransfield Strait,
several stages of the continental crust extension and
cracking with the formation of a graben system (north
of the Antarctic Peninsula) are distinguished. Also,
there are noted active volcanic activity and formation
of volcanic structures, as well as the deposition of

stratified sediments with a thickness of about 0.2—0.8
km (Schreider et al., 2015).

The Bransfield Strait rift, most expressed in the
central part of this Strait, may be part of the rift sys-
tem traced from the South Sandwich Island Arc to
Deception Island (Udintsev et al., 2010). Modern
tectonic activity in the Strait is confirmed by increased
heat flow and many volcanic activity centers. High-
precision GPS measurements determine the spread
velocity of about 10 mm/year orthogonal to the Strait
strike (Fig. 2b). That is why the Central Basin of the
Bransfield Strait may be attributed to the rift zone re-
gion with the deep structure of the mid-ocean ridge
spreading formation (Dubinin et al., 2013).

Various authors attribute the Bransfield Strait ei-
ther to marginal basins with oceanic crust or to back-
arc basins with reduced and stretched continental
crust. The age of the Strait ranges from 37—26 to 4—3
million years, and the views on the nature of exten-
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Figure 3. The results of complex modeling of marine gravity data along with profile /—1 (a), by (Kozlenko & Kozlenko, 2011),
and profile 2—2 (b) across the Bransfield Strait by (Teterin, 2011). Numbers are density values in g/cm?. The profiles position —

in Fig. 2b

sion processes also vary (Bakhmutov et al., 2017;
Berrocoso et al., 2016; Catalan et al., 2013; Dubinin
et al., 2013; Kozlenko & Kozlenko, 2011; 2019;
Lodolo & Perez, 2015; Pedrera et al., 2012; Schrei-
deret al., 2015; Teterin, 2011).

The results of complex geological and geophysical
modeling along profiles 1—4 (Fig. 2b) comparison shows
the ambiguity of the interpretation results for the deep
structure and geodynamic evolution of this region.

According to the authors of seismic works, profiles
across the Drake Passage and Bransfield Strait indi-
cate subduction of the Phoenix oceanic plate frag-
ments in the South Shetland Trench. Opening of the
Bransfield Strait and the formation of back-arc rift
basin with manifestations of modern volcanic activity
in its central part (Janik et al., 2014) as was a conse-
quence of its deceleration result, which occurred (ac-
cording to the interpretation of linear dated magnetic
anomalies) in the Drake Passage about 4 million years
ago. Similar conclusions, based on complex modeling
with profile 1-1 (DSS-17), were also reached (Bakh-
mutov et al., 2017). The gravity-magnetic model
along profile 3-3 (Fig. 2b) in the central part of the
Bransfield Basin showed (Catalan et al., 2013) that
the Bransfield Strait was an active back-arc basin

formed in the process of separation of the South
Shetland Islands block from the Antarctic Peninsula.
The important role of subduction processes and the
promotion of tensile deformations from the South
Scotia Ridge in the Bransfield Strait rift zone forma-
tion was also indicated (Lodolo & Perez, 2015).

The good convergence of the model and observed
fields in both cases may indicate correctly selected
model parameters of these structures (Fig. 4.). How-
ever, there are completely different geological and
tectonic interpretations of the presented models (Koz-
lenko & Kozlenko, 2011; Teterin, 2011).

Authors of the seismic-density model (Fig. 3a)
along profile 1-1 (DSS-17) considered that it was im-
possible to create a density section that was adequate
to the seismic model (Kozlenko & Kozlenko, 2011).
Such a result, possibly, may indicate no reality of sub-
duction processes within the continental margin near
the Antarctic Peninsula.

Completely other geological and tectonic inter-
pretations of the geodynamic evolution of the Drake
Passage and Bransfield Strait based on the construct-
ed seismic density model (Fig. 3b) were given in (Te-
terin, 2011): "Stopping spreading process at the Aluk
Ridge (3.3 million years ago) led to the redistribution
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of the complex configuration of the axes of tension
and compression associated with the mutual move-
ments of the plates of the Antarctic, Scotia, Shetland,
and Phoenix. It was the trigger for the beginning of
the advancement of tensile deformations from the
South Scotia Ridge and the formation of the Brans-
field Strait rift".

Thus, complex geophysical models have been built
for profiles across the Bransfield Strait that radically
differed in the deep structure parameters and geo-
logical and tectonic conclusions.

The regional influence of anomalously heated
substance (to a depth of 150—200 km) on geodynam-
ic processes in the Drake Passage, South Shetland
Islands, and the Bransfield Strait area significantly
changes the distribution of the lithosphere and upper
mantle density inhomogeneity. But these anomalies
remained out of modeling. It was previously shown
that the total, differentiated by area, effect of the ac-
tivated mantle anomalous temperatures on the density
distribution relative to "normal" mantle could exceed
—150 mGal in this area (Bakhmutov et al., 2017).

A common element for all the proposed models is
the presence of a crust-mantle mixture (heated man-
tle material) block in the deep section (Fig. 3) of the
Central Basin of the Bransfield Strait. It is likely that
the formation of a young rift system in the Central
Basin of the Bransfield Strait, localized under the
axis of the trough, is associated with a split in the ax-
ial part of the Strait, the rise of heated material, and
the subsequent formation of a neovolcanic zone (Ro-
mashov, 2003).

Using additional and independent data, including
results from isotope-geochemical and petrological
studies, tomography, experimental data on the physi-
cal properties of rocks at high pressures and tempera-
tures, as well as on the frequency-resonance and
other characteristics of rocks and individual lithos-
phere blocks, complements the possibilities of a
comprehensive analysis of tectonics and geodynam-
ics of this vast region.

Volcanic rocks of the distinct zone from Decep-
tion Island to Bridgeman Island (Fig. 2) have to vary
along with the Strait axis geochemical and isotopic
features. Selected from the submarine volcanoes rocks

at the northeastern part of the Bransfield Strait were
assigned to three different groups, one of which was
closed to basalts of the mid-ocean ridges, the second —
to basalts of the South Shetland volcanic arc, and the
third — to a specific mantle source of Pacific Ocean
mid-ridges (Udintsev et al., 2010). The intermediate
geochemical composition of the studied basalts can
be explained by the significant influence of the ther-
mal effects of mantle rocks, which were raised to the
upper horizons of the earth’s crust of the coast of the
Antarctic Peninsula from common sources of the
formation of the asthenosphere melts. It is assumed
that their melting occurred at a depth of 10—12 km
(Geyer et al., 2019; Shnyukov et al., 2013).

Detailed studies of a geochemical composition of
a number of the Bransfield Strait volcanoes showed
that not only processes of slow subduction in the
South Shetland Trench have great importance, but
also the South Scotia Ridge fault zone formation (in
SW direction) during the last 3 million years. That is
why the authors (Fretzdorff et al., 2004) argue that
the Bransfield Strait is not a back-arc but a marginal
basin with active tensile processes.

2.3 On the volcanic structures of the Bransfield Strait

There are a number of volcanic structures of the
Bransfield Strait, which form the northern volcanic
branch in West Antarctica near the Antarctic Penin-
sula (Figs. 1, 2).

The largest of them include the active overland
volcano Deception Island, as well as the submarine
volcanoes of Orca, Three Sisters, and others (Fig. 2).

The Strait structures are segmented into separate
blocks, which differ in wave characteristics and cor-
relate with the volcanic centers of the axial zone. It
should be noted that three identified Basins of the
Strait exhibit differences in the manifestation of vol-
canism. Four volcanic structures are distinguished in
the Western and Eastern Basins. The most active vol-
canism, accompanied by the formation of sufficient-
ly large submarine volcanoes (more than 10), is con-
fined to the Central Basin (Fig. 2).

The local volcanism of the Central Basin of the
Strait is replaced eastward by volcanism with a sig-
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Figure 4. Scheme (a) of the Deception volcano loca-
tion, by (Prudencio et al., 2015), with the profile
7-7a, VERS points (Levashov et al., 2008) and pro-
file B-B’ position; (b) — interpretation results along
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with the B-B’profile; (c) — VERS — section along
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tary layer of low geoelectric resistance (silts, clay, sand deposits); 3 — the second sedimentary layer of increased geoelectric re-
sistance (zones of clastic material, moraine deposits, crushing zones of the upper part of basement rocks); 4 — zones of increased
polarization and geoelectric resistance at the basement (dike zone); 5— heating zone at the basement (crushed zone)

nificant amount of crack-like structures. This region
is characterized by modern tectonic processes, ac-
companied by active volcanic activity from the
Holocene to the present day on the islands of Decep-
tion, Penguin, Bridgeman. Active modern seismic
events are associated with tectonic movements and
local gas eruptions through the vents of submarine
volcanic.

Deception Volcano — a multiphase caldera-type
stratovolcano — is located on the island of the same
name in the Bransfield Strait (Fig. 2). The volcano
caldera (Port Foster Bay) was formed more than
10.000 years ago, wherein the ejection of melted
magma was about 30 km?. This volcano is one of the
few Antarctic overland active volcanoes that periodi-

cally displays its volcanic activity and carries a poten-
tial threat to the environment, personnel of the is-
land’s research stations, as well as to flight safety in
the region (Geyer et al., 2019; Pedrera et al., 2012;
Prudencio et al., 2015).

3 Results and discussion

The VERS method interpretation results along pro-
file 7-7a (Fig. 4) through the caldera of the Decep-
tion volcano showed that the total thickness of the
sedimentary rocks at volcano caldera (and beyond)
varies from 0.5—0.7 km to 1.3—1.7 km. The zone of
reduced resistance is mapped (to a width of 3—5 km)
in the central part that was explained by the presence
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Figure 5. Schematic diagram of the volcanic structures forma-
tion and multilevel magmatic melts in the lithosphere (Xia et
al., 2018, modified). / — volcanoes; 2 — folds of compression;
3 — sills; 4 — dykes; 5 — chambers with magmatic melts; 6 —
intrusions; 7 — crust-mantle rocks

of partially molten substance (at a depth of 1.5—6.5 km).
Local zones of increased resistance and polarization
are interpreted as dike zones located in the central
part of the profile and the caldera outside.

The VERS data and the results of later seismic to-
mographic studies have common structural charac-
teristics of the upper part of the Deception volcanoes
crust (Pedrera et al., 2012; Prudencio et al., 2015;
Zandomeneghi et al., 2009). Magma chamber with
partially melted matter under the caldera existence
can explain the features of the modern hydrothermal

regime, formation of anomalies, and fracture systems
with active fluid migration in near-surface waters.
Deception Island hydrothermal activity in the area
with many of land craters, fumaroles, and submarine
volcanoes is a result of different local and regional
processes of the tectonic and geodynamic evolution
of this region.

The size of the magma chamber, from the intense
anomaly of reduced velocity determined, is close to
the size of the zone of reduced resistance according
to the VERS data (Fig. 4). The mosaic distribution of
velocity anomalies largely coincides with the hetero-
geneity of the caldera section by geoelectric data (sig-
nificant fluctuations in the thickness of precipitation,
the inclusion of dikes, and zones of possible heating).
We assume that this section characterizes a near-sur-
face intermediate chamber, in which heated gas-vol-
canic material comes from deeper sources.

The possible depth of the Deception volcano’s deep
magmatic melts is 25—30 km (Shnyukov et al., 2013).
The actual position of the lower boundary of the gas-
saturated melts channel for most volcanic structures
remains unknown due to limited information on their
deep structure. Therefore, experimental data are of
interest, indicating that it is possible (in principle) to
determine the magma melts location for the volca-
noes of various types (Yakymchuk & Korchagin, 2019).

Regional changes in the Earth’s crust thickness of
the Deception volcano identified by seismic data and
potential fields’ data interpretation were also con-
firmed by VERS data (Levashov et al., 2008). These
data show the real reduction of the Earth’s crust in
the areas of the submarine volcanoes of the Brans-
field Strait location. It should be noted that the
thinned crust is characteristic of the entire area of the
West Antarctica volcanic structures development.

The spatial heterogeneity of the Moho boundary
distribution in the Bransfield Strait is associated with
the complex deep architecture of the Strait lithos-
phere that formed under the influence of regional
processes of the upper mantle heated rocks elevation.
The rise of these melts controls volcanism develop-
ment along the rift axis. The reduction in the thick-
ness of the Earth’s crust in the areas of the submarine
volcanoes location at the Bransfield Strait confirms
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the presence in the lithosphere of favorable condi-
tions for zones of intermediate crystallization forma-
tion. Modeling local magnetic anomalies over vol-
canic structures indicates the crustal distribution of
their sources at depths of 8—12 km.

The results of petrological and geochemical mod-
eling (Geyer et al., 2019) showed that part of magmas
of the Deception volcano post-caldera eruptions lo-
cated mainly at depths from 2 to 10 km. They formed
a complex network of separate, potentially intercon-
nected, small reservoirs of variable size, volume, and
composition.

Part of magmas that supply the Deception volca-
noes system could rise directly from the mantle or the
chamber located near the Moho boundary (25—30 km).
The magma chamber system under the island (Geyer
et al., 2019) may consist of magma residues born at
the caldera- and post-caldera formation stage, as well
as part of magma that has invaded in recent decades
(1992, 1999, and 2014—2015). The small magma res-
ervoirs may be associated with faults that control the
caldera formation. The volcanic structure of the De-
ception Island with magmatic melts position is in
good agreement with the generalized layout of multi-
level magmatic formations in the continental margin
lithosphere (Fig. 5). The varied position of the mag-
ma chambers in the crustal section can be associated
with the deep chambers regime features and magma
pulsed flow energy into the volcanic structure.

The geological and geophysical characteristics tes-
tify to the considerable complexity and heterogeneity
of the tectonic processes of the formation and evolu-
tion of the Pacific margin of Antarctica structures
(Haeger et al., 2019).

The eastward movement of the asthenosphere flow
in the region (from the Pacific Ocean to the back-arc
basins of the South Sandwich island arc) creates ad-
ditional powerful compression and expansion forces
that contribute to the occurrence of intensive proc-
esses with the formation of young rift systems under
the lithosphere regional stretching prevailing (Udint-
sev et al., 2010). The regional impact of this deep
body influenced the distribution of density inhomo-
geneities of the earth’s crust, which made it possible
to restore the formation of the transition zone of the

Drake Passage and assess the possible age of the Brans-
field Strait. Considering the age of the Bransfield
Strait (26—37 million years), synchronous with the
time of extensive sinking (to depths of 4.0—5.0 km) of
the Drake Passage structures, as well as other extend-
ed areas of the Antarctic margin (Udintsev et al.,
2010), it should be assumed that there is a common
regional source of such transformations.

Following experimental results (Romashov, 2003),
it can be assumed that a large mantle plume was
formed in the region of abnormally elevated temper-
atures. It destroyed the outer shell of the lithosphere
and was lifted to the surface, which led to the forma-
tion of extensive plateau-basalt fields between the
South American and Antarctica continents (Udint-
sev et al., 2010). In the process of their cooling, radi-
cal processing of the upper layers of the Earth’s crust
and the formation of cracks filled with volcanic rocks
took place, the age of which decreased with distance
from the continent.

The age of linear magnetic anomalies can reflect
the cooling time of melts lifted to the surface in the
periodic processes of changing the thermal regime of
vast sections of the upper mantle, as well as the action
of powerful tectonic movements from the side of
boundary structures.

Perhaps, this mechanism can explain the extended
heterogeneity zones below the Moho section in deep
VERS sections in the Drake Passage and the Scotia
Sea. They may reflect the processes of primary crust
processing as a result of the mantle melts lifting into
the lithosphere of the region’s structures. The proc-
ess of a new crust formation, including a crust-man-
tle mixture in the upper crust, led to the separation of
the South Shetland Islands from the Antarctic Pe-
ninsula. However, this process was not accompanied
by the formation of an oceanic crust with a system of
linear paleomagnetic anomalies.

3.1 Frequency — resonance sounding results
in the Bransfield Strait

New data on the possible depth of the magma cham-
bers of West Antarctica and Antarctica volcanic struc-
tures were obtained as a result of seasonal (2018)
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UAE work in the Antarctic region (Yakymchuk et al.,
2019). Geophysical measurements were carried out
with mobile direct-search technology, including flux
metric surveying, deep VERS, as well as frequency-
resonance processing and interpretation (decoding)
of remote sensing data (satellite images) and photo-
graphs (Yakymchuk et al., 2019).

Bases (collections) of minerals and rocks in the
modified versions of the vertical sounding and fre-
quency resonance processing of satellite images me-
thods were used. These works made it possible to ob-
tain experimental (frequency-resonance) rock char-
acteristics for separate local volcanoes and regional
structures.

Deep soundings for the Bransfield Strait volcanic
structures were carried out near the Elephant Island
and Discovery Bay near Greenwich Island (Fig. 2).

Frequency-resonance characteristics from the sam-
ples’ database were the reference to determine the
structure of deep sections in the sounding points. The
initial base of samples is systemic, opened for replen-
ishment and inclusion of new elements.

The presence of sedimentary and igneous rocks
was established by the deep-sea sounding results in
Discovery Bay (Greenwich Island, South Shetland
Islands) near Elephant Island.

Responses at various depths showed that sedimen-
tary groups (clastic and clayey, volcano-clastic, and
carbonate) can be traced to a depth of 3 km. Below
(4—10 km) responses from clastic rocks are traced,
and responses from dolomites are recorded at depths
of up to 60 km. The melting layer is located at a depth
of 202—227 km, and the signal from igneous rocks
(kimberlites) is traced at a depth of 140—723 km (ex-
cept for the melting layer).

Sedimentary and carbonate rocks dominated in
the section (up to 45 km) according to the sounding
results near the Elephant Island. Magma channel is
highlighted here, and a signal is received from deep
hydrocarbons and salt.

The obtained results with the known seismic mod-
els comparison showed that there are rocks with 5.8
km/s velocity and a thickness of about 15 km at the
Elephant Island crust. Deep dolomites identified by
sounding near the island may have this velocity.

The structure of the Deception Island volcano was
also studied with this technology. Carbonate and sili-
ceous sedimentary rocks were identified in the volcan-
ic structure (outside the central part section). Only
carbonate rocks frequency responses were obtained
in the center of this volcano. The roots of the deep
fluids and minerals migration channel can be located
in the zone of molten rocks at a depth of 195—225 km.
Signals of oil, condensate, and gas (up to 57 km) are
identified in the deep frequency-resonance charac-
teristic of the section of the Deception Island. The
rocks with V = 4.0—6.6 km/s are located at a depth
above 15—17 km, which indirectly confirms the pos-
sible presence of carbonate rocks at great depths.

The total elemental composition of rocks of De-
ception Island data was obtained, where a wide range
(over 85) of elements was revealed. Earlier, for the
Deception Island rocks were obtained the quantita-
tive characteristics of the elemental composition (for
more than 30 elements) (Shnyukov et al., 2013).

Some submarine volcanoes of the Bransfield Strait
were also studied by this technology using (Fig. 2).
Signals for the Orca volcano were obtained for sedi-
mentary (limestone, dolomite) rocks from an interval
of 400—450 m to a depth of more than 200 km. The
existence of a melting layer at a depth of 220—222 km
was revealed.

Responses for Bridgeman volcano (Fig. 2) were ob-
tained for sedimentary rocks up to the melting layer
at a depth of 225 km. Responses from oil, conden-
sate, and gas were obtained to a depth of 57 km. In
the deep section (up to the melting layer at a depth of
225 km) of the Wordie volcano, carbonate and sili-
ceous sedimentary formations were revealed.

The results of the remote determination of elemen-
tal (chemical) composition can be an important and
additional argument in assessing the genesis of struc-
tures and their prospects for mineral accumulations.

4 Conclusions

The results of the northern volcanic branch of West
Antarctica studies show the existence of a complex
plume magma-gas-fluid system consisting of several
shallow magma chambers (depth <10 km). The mol-
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ten magmas rose directly from the mantle or the mag-
ma accumulation zone at a depth 25—30 km located.
Our experimental data show that there is a molten zone
at a 195—225 km where considerable part of volcanic
roots is located. Certain structural patterns for land
and submarine volcanic structures are revealed, and
the first data on the deep migration channels of fluids
in the Bransfield Strait are obtained. Volcanic chan-
nels are filled with different basic, ultramafic rocks
and sedimentary rocks too. In some cases, it can be
assumed that this melt zone can "breakthrough" with
rocks of deeper migration channels of fluids, minerals,
and rocks. The deep roots presence of volcanic struc-
tures can be associated with the pulsed functioning of
a gas-fluid channel with a low viscosity. Due to this
channel, gas-saturated melts rise and form some
zones of intermediate crystallization. Certain struc-
tural patterns for inland and submarine volcanic struc-
tures are revealed, and the first data on the deep mi-
gration channels of fluids, minerals, and chemical
elements in the Bransfield Strait are obtained.

The studies showed that multiphase pulsed vol-
canic activity mainly through the vertical migration
channels of deep fluids and minerals from the melt-
ing zone, at the depth interval 195—225 km located
played a significant role in the formation of tectonic
diversity and the evolution of the structures at the
Antarctic continental margins.

The volcanic structures with roots at various depths
presence may be connected with the tectonic activa-
tion processes during the last 500 million years. The
reference frequencies data for different types of rocks
allow to study the deep Earths’ structure and to solve
many problems of minerals searching.

As aresult of the practical application of the devel-
oped measuring equipment in various regions of the
world, considerable evidence (facts) have been ob-
tained in favor of the "volcanic" model of the forma-
tion of many structural elements of the Earth (and
other planets and satellites of the Solar System).

The first results of the magmatic systems of the
volcanic structures of the Bransfield Strait studying
indicate the need for further research to understand
the mechanisms of formation and evolution of struc-
tures and deep geospheres in different regions.
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[OuHHA cTPYKTYpa i HOBi eKCIIepUMEHTAJIbHI JaHi Mpo BYJIKaHH npoToKu bpancdinn (3axinHa AHTapKTHKA)

Pedepar. Meroto f0CHiIKeHHSI € BUSIBJICHHSI Ta XapaKTepUCTUKA CKJIAAHOI MarMo-Tra3oiioifHOI CUCTEMU JUISI OKPEMUX
CTPYKTYp TiBHIYHOI BYJIKAHIYHOI TiJIKM 3aXiTHOT AHTAapKTUKHU B TIpoTolli bpaHcdina. BoHa ckilagaeTbest 3 1eKiTbKOX TJTMOWH -
HUX MarMaTUYHUX KaMep pi3HOTO PiBHS 3 MarMaMM, IMiAHATUMU Oe3MocepeHbO 3 MaHTIl 200 i3 30HM HAKOMUYEHHS Ha Tpa-
HUIIi 3¢eMHOI KOpY Ta MaHTii (Ha ran6uHi 25—30 kM). MeToau nociimKeHHs 3aCHOBaHi Ha BimoMili inei, 1o 3emutst Moxke OyTu
PO3IJISIHYTA SIK c(pepUIHMIT KOHAEHCATOP, YTBOPEHUIA PI3HUMU 1IapaMU Bill CBOTO siipa 0 MOBEPXHi 3 Pi3HUMU MapameTpaMu —
TOBILIMHOIO, IieJIEKTPUYHOIO TPOHUKHICTIO, IIIIbHICTIO, Pi3HUIIEI0 KOHTAKTHUX MOTEHLiaiB. MaTepiaiu rMIMOMHHOIO YaCTOTHO-
PE30HAHCHOTO 30HYBaHHSI MTOKa3yl0Th, IO KOPEHi 0araThoX BYJIKAHIB pO3TalllOBaHi B 1l1api pO3IJIABJIEHUX MOPi HA INTUOUHI
195—225 xM i Ginbie. BusiBneHo CTpyKTypHi 3aKOHOMIPHOCTI BYJKaHIYHMX CIIOPYA Ta OTPUMAHO TIEPIii JaHi Mpo KaHaIN
mIMOWHHOI Mirpatii dumoini y mporoni bpancdina. 3a maHuMM DOCTiIKeHh YJaCTOTHOTO PE30HAHCY, BepTUKaAIbHI KaHaIN
BYJIKaHiB 3alIOBHEHi 0a3aibTaMu, yJAbTPAOCHOBHUMU MOPOIAMU Ta Pi3HUMHU TPYIIaMM OCalOBUX MOpia. [TMOMHHI KOpeHi ByI-
KaHIYHUX CTPYKTYP MOXKYTb OyTH MOB'A3aHi 3 iMITyJIbCHUM (DYHKIIIOHYBAaHHSIM ra3o(JIi0iTHOT0 KaHaly 3 HU3bKOIO B SI3KICTIO.
3aBIsIKU 1IbOMY KaHaJly HAaCUYeHi ra30M po3ILJIaBU YTBOPIOIOTh B KOPi 30HU MPOMiXHOT KpucTajizailii. Pe3ynbratu Monudiko-
BaHMX METOIiB, 1110 BUKOPHCTOBYIOThCS JJIsl 0OpOOKU Ta JIEKOAYBaHHS CYITyTHUKOBUX 300pakeHb Ta hororpadiii, 103BONISIIOTh
JIOTIOBHUTHU PO3YMiHHSI OCHOBHUX TpOLIeCiB (hOpMYBaHHS CTPYKTYP 3aXiiHOT AHTapKTUKHU. JlOCTiIxKEHHST TToKa3aiu, 1o dara-
Toha3Ha iMITyIbCHA BYJIKaHiYHA aKTMBHICTh, TIEPEBaKHO Yepe3 BePTHKAIbHI KaHaIM Mirpaiii mmOnHHUX (QIIoimiB i3 30HU
TUIaBJIEHHSI, PO3TALlIOBAHOI B iHTepBasi IMMOMH 195—225 KM, Bimirpaua 3HauHy poJib Y (popMyBaHHI TEKTOHIYHOI'O Pi3HOMaHITTS
Ta eBOJIOLLIT CTPYKTYP KOHTUHEHTAIbHOI OKpaiHU AHTAPKTUYHOTO perioHy. [IprcyTHICTh ByIKaHIYHUX CTPYKTYP 3 KOPiHHSM Ha
Pi3HUX IMTMOMHAX CBIMYMTH MPO iX PEryJISpHUI 3B’5130K i3 MpoliecaMy TeKTOHIYHOI aKTUBALLil B LIMX PerioHax, 110 BilOyBaJIUCh 3a
octaHHi 500 MiJIbIiOHIB pOKiB. BUKOpUCTaHHS €TAJIOHHUX YACTOT [UIS Pi3HUX TUITiB BiTOMUX MOPiJI JO3BOJISIE BABUYMTU INIMOVHHY
CTPYKTYpY HAIIOI TJIAHETU Ta BUPILIUTH TTPOOJIEMHU TTONIYKY KOPUCHUX KOTATWH. Pe3ybraTi BUBYEHHST MATMaTUIHUX CUCTEM
npoToku bpaHcding BKa3yroTh Ha HEOOXiTHICTh MOJANBIINX JOCTIIKEHb MEXaHi3MiB YTBOPEHHSI Ta €BOJIOLIT CTPYKTYP i IJIM-
OuMHHUX Teocdep y pi3HUX perioHax 3emi.

KumouoBi cioBa: riiubuHHa OynoBa, (uitoinu, miaBoIHI ByJKaHU, MOOiIbHI TEXHOJIOTII, 00poOKa JaHUX, TUCTAHIIiiHEe 30H-
JTyBaHHS
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