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SUMMARY 

Frequency-resonance processing of satellite images and photographs of the Western Antarctica 
volcanoes and large volcanic provinces was fulfilled out to study the volcanic structures genesis. New 
experimental data made it possible to obtain the frequency-resonance characteristics of the rocks that 
the deep channels of individual structures filling, to estimate the location and depth of the volcanic 
structures roots and melts - sources of the volcanic provinces magmatism. 

The research results show the existence of a complex magma-gas-fluid system consisting of a series of 
magma chambers with magmas that were raised from the intermediate zones of magma accumulation, 
located at the boundary of the earth's crust and mantle or directly from the mantle. The roots of many 
volcanoes are located in the molten rock layer at a depth of 195-217 km. This melt zone can “break 
through” with rocks of deeper (up to depths of more than 700 km) channels of fluid migration. The 
presence of volcanic structures with roots at various depths suggests their regular relationship with the 
processes of tectonic activation in these regions that have occurred over the past 500 million years. The 
reference frequencies for different types of known rocks using allows to study the deep structure of our 
planet and to solve the problems of searching for many minerals. 
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Introduction. Active volcanism plays an important role in the formation processes of the Earth's 
geospheres, therefore, studies of the deep structure of the eruptive channels of individual volcanoes and 
magmatic systems of volcanic provinces are of great scientific and applied value. As a result of seasonal 
geophysical work of the Ukrainian Antarctic expeditions (UAE) of different years (Bakhmutov et al., 
2017, Udintsev et al, 2010, Yakimchuk, Korchagin et al., 2019a), new experimental data on the 
possible depth of root canal formation and the foci nature of large volcanic structures and provinces of 
Antarctica were obtained.  

Method of research. This mobile technology is developed on the principles of a "real" paradigm of 
geophysical research (Bakhmutov et al., 2017, Levashov et al., 2012), which allows us to search for 
a specific substance at the first stage of prospecting. Additional information on the mobile technologies 
using and numerous results of their practical application can be found at (Levashov et al., 2012, 
Yakimchuk, Korchagin, 2019, Yakimchuk, Korchagin et al., 2019a).  

Geophysical measurements during the UAE seasonal work were carried out using direct mobile search 
technology, including vertical electro-resonance sounding (VERS) method, as well as frequency 
resonance processing and interpretation of Earth remote sensing (ERS) data. In the modified versions 
of the methods of VERS and frequency resonance processing of satellite images and photographs, 
collections of chemical elements, minerals, and rocks were used (Yakimchuk, Korchagin, 2019).  

About the volcanoes of West Antarctica. More than 140 volcanoes were discovered in West 
Antarctica and at the Antarctic Peninsula (Vries et al., 2017). A significant part of them belongs to 
inactive volcanic structures buried under thick ice and grouped in separate volcanic provinces along the 
continent coast (Figure 1). These provinces are especially concentrated along the central axis of the 
West Antarctic Rift System (Vries et al., 2017). 

 

 Figure 1. Schematic map of separate volcanoes and volcanic provinces in Western Antarctica position 
by (Vries et al., 2017). 

The Deception volcano and the Bransfield Strait volcanic province. Deception volcano is a multi-
phase caldera-type active stratovolcano in the Bransfield Strait (Figure 1). It can be part of a volcanic 
branch lying on the northern extension of the West Antarctic Rift System. This volcano is one of few 
Antarctic overland active volcanoes that periodically displays its activity. Increased hydrothermal 
activity in the area of Deception Island and presence of a large number of the land craters, fumaroles 
and many submarine volcanoes in the southeastern part of the island indicate that magma and fluid 
volumes are genetically related not only to local, but to regional processes of tectonic and geodynamic 
evolution of the region too. The results of the northern volcanic branch of West Antarctica studies show 
the existence of a complex plume magma-gas-fluid system that consisting of several crust and mantle 
magma chambers. Materials of deep frequency-resonance sounding show that the roots of many 
volcanoes are located in the molten rock layer at a depth of 195-225 km and more. 

The volcanic provinces of Amundsen Sea Embayment (ASE) and Marie Byrd Land (MBL). The 
Ross Sea region volcanic provinces may reflect the local mantle plumes and heterogeneous magma 
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chambers presence, some of which have a genetic relationship with the deep melts of the West Antarctic 
rift system (Daya et al., 2019, Gupta et al., 2009, Haeger et al., 2019, Hill, 2019, Rocchi et al, 2002, 
Shen et al, 2018, Winberry, Anandakrishnan, 2004). Numerous (more than 100) volcanic structures 
(Vries et al., 2017) located two kilometers below the ice cover of the Antarctic coast (Figure 1), 
Averaged data on the deep volcano roots position for these volcanic provinces were obtained. The roots 
of the supply channels can reach a depth of about 548-580 km in this area. Schematic sections of the 
deep structure of separate segments of the West Antarctic rift system indicate heterogeneity of the upper 
mantle according to the latest seismic studies in this region (Gupta et al., 2009, Haeger et al., 2019, 
Shen et al, 2018, Winberry, Anandakrishnan, 2004). In the upper mantle (profiles A-A1 ’and B-B1’, 
Figure 2) models high-speed inhomogeneities are identified at depths up to 250 km. It is assumed that 
the anomalous distribution of velocity anomalies is explained by large deep thermal anomalies presence 
(Shen et al, 2018). The location volcanic province mantle channels of the MBL indicates the deep 
fluid-magmatic melts existence (Figure 2). These melts are associated with the central zone of the West 
Antarctic rift system - one of the largest continental rift zones of the world. 

 

Figure 2. Upper mantle structure near the Marie Byrd Land (MBL) and Amundsen Sea Embayment 
(ASE), by (Shen et al, 2018). The location volcanic province mantle channels of the MBL indicates 
the deep fluid-magmatic melts: (a) -map view of the average values of Vs distribution for a depth of 80 
- 120 km; (b, c) - the upper mantle structure of MBL and ASE. The values of the mantle velocity (Vs) 
are presented as changes (in %) relative to the average 1-D mantle Vs profile of this study region. 
WARS - West Antarctic Rift System.  

The data obtained for the volcanic structures of MBL (in contrast to the ASE structures) indicate the 
wide range of igneous rocks (from syenites to ultramafic rocks) at the deep section presence. The mantle 
plume of the MBL age is about 100 million years and the entire region’ volcanic formations age reaches 
500 million years (Rocchi et al, 2002). Frequency analysis averaged data for the volcanic province area 
makes it impossible to differentiate the deep position of migration channels in the MBL crust - mantle 
section and to correlate them with the most important tectonic stages of the region’s development. 
Therefore, the structural features of the upper mantle deep volcanism in this region remain the subject 
of discussion (Daya et al., 2019, Rocchi et al, 2002). 

Erebus Province. The volcanic province of Erebus (Figure 1) includes a number of volcanic structures, 
the largest of which are the currently inactive volcanoes: Terror, Terra Nova and Bird, as well as a large 
active volcano Erebus (Figure 3). Volcanoes of Ross Island are considered as a part of an extensive hot 
spot, manifested in volcanic activity in the western part of the Ross Sea. The presented models of the 
earth's crust and lithosphere of Erebus volcanic province (Figure 3) reflect the presence of magmatic 
melts and zones of intermediate crystallization in the sections (Hill, 2019. The sources of fluid-
magmatic melts are at a mantle.   
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Figure 3. Schematic section of Erebus volcano crust, by (Hill, 2019). The red line (at 95 km) is the 
boundary of the volcanoes’ roots position according to frequency resonance processing of satellite 
data. 

 Modeling of the upper mantle structure showed that the heterogeneity of the velocity parameters 
distribution under the Erebus volcano (Figure 4) could be associated with the presence of melts whose 
roots reach of 410 and 660 km depths. It seems likely that these deep selected melts may be connected 
with the West Antarctic rift system structural elements. 

  
Figure 4. Deep velocity sections along the profiles AA '(A) and BB' (B) through the Erebus volcano, 
by (Gupta et al., 2009). The scale of anomaly changes of P-waves in the section (in %) is shown. Two 
dashed lines at a depth of 410 and 660 km indicate the position of the interface. Solid red lines (95, 
217, 450, 723 km) - the possible boundaries of the deep volcanoes’ roots position by frequency 
resonance processing of satellite data. . C - the profiles A-A’ and B-B’ position.  

The frequency - resonance data processing results for the central part of the Erebus volcanic province 
showed that the volcanoes roots of different ages are located at depths of 95, 217, 450 and 723 km. 
Responses at 95 and 217 km depths were obtained from the syenite and trachyte rocks group, as well 
as from lamprophyres rocks. Responses for roots at 450 and 723 km depths were obtained from a 
gabbro-basalt group of rocks. Comparison of previously obtained seismic studying the structure of the 
upper mantle results with integrated frequency-resonance characteristics of deep sections of the Erebus 
volcanic province shows that mantle inhomogeneities of various compositions extend to depths 
exceeding 700 km. It confirms not only local, but also regional character of large volcanic structures 
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formation. The data obtained can reflect the temporal and material differentiation of tectonic activation 
processes, because of which numerous magmatic bodies of different ages formed at this region. 

Conclusions. Frequency-resonance processing of satellite images and photographs of volcanoes and 
large volcanic provinces of Western Antarctica was fulfilled out to study the volcanic structures genesis. 
New experimental data made it possible to obtain the frequency-resonance characteristics of the rocks 
that the deep channels of individual structures filling, to estimate the location and depth of the volcanic 
structures roots and melts - sources of the volcanic provinces magmatism. 

The research results show the existence of a complex magma-gas-fluid system consisting of a series of 
magma chambers with magmas that were raised from the intermediate zones of magma accumulation, 
located at the boundary of the earth's crust and mantle or directly from the mantle. The roots of many 
volcanoes are located in the molten rock layer at a depth of 195-217 km. This melt zone can “break 
through” with rocks of deeper (up to depths of more than 700 km) channels of fluid migration. The 
volcanic structures with roots at various depths presence suggests their regular relationship with the 
processes of tectonic activation in these regions that have occurred over the past 500 million years. The 
reference frequencies for different types of known rocks using allows to study the deep structure of our 
planet and to solve the problems of searching for many minerals. 
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