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Introduction

One of the unique phenomena of the Ukrainian
Carpathians is the magnetovariational anomaly. The
most complete review of previously performed
electromagnetic studies of the Carpathian region can
be found in publications. Experimental observations
of MT and MV fields were carried out in the western
part of the Ukrainian Carpathians (Figure. 1) by the
method of synchronous observations: in 2015 - in the
cross of tectonic structures - along the two profiles of
Mukachevo-Skole and Seredne-Borynya in the
amount of 11 points (the distance between which was
10-15 km), in 2020 - along the western part within
the known Carpathian anomaly, the Carpathian
profile - in the amount of 12 points (the distance
between which was 20-30 km). Observations in the
field points were carried out from 3 to 12 days using
two long-period digital stations of the LEMI-417
series with ferrosonde magnetometers. Due to the
modern approach to the processing of experimental
MT/MV data, implemented in the PRC_MTMV
software, amplitude and phase curves of apparent
resistivity (ρa) were obtained for a wide range of
periods (T) 10–10000 s, tippers for T 50–5000 s in
different tectonic structures of the Ukrainian
Carpathians.

Figure 1. The scheme of location of MVP and DMTS
points and anomalous zones according to the
qualitative interpretation results of electromagnetic
data (2015-2020) on the scheme of tectonic zoning of
the Ukrainian Carpathians according to : I - Western
European platform, II - Eastern European platform,
III - Pre-Carpathian depression, covers: IV - Sambir,
V - Boryslav-Pokutsky, VI - Skibovsky, VII - Krosno,
VIII - Chornogora, IX - Dukla, X - Porkulets, XI -
Rakhiv, XII - Magur, XIII - Marmaros massif, zones of
clips: M - Marmaros, P - Pieninski. Transcarpathian
Depression (TD) and its zones: 1 - Pidhallia, 2 -
Craiova, 3 - Central, 4 - Prepannonian, 5 -
Pannonian depression, 6 - Vyhorlat-Huty volcanic
ridge, 7 - observation points - a) 2015, b ) 2020; 8 -
observation points of previous researchers;
conductivity anomalies, which are alocated as a
result of qualitative interpretation: 9 - MVP data; 10
- MTS data; Carpathian magnetovariational anomaly
according to the results of the previous interpretation:
11 - quasi 3D (a) and 3D (b), 13 – (www.isc.ac.uk).

Deep magnetotelluric soundings (DMTS)

Formal interpretation of DMT curves was performed
using the Niblet transformation, or so-called
transformations ρa (T) into curves that determine the
resistivity dependence on depth ρ (H), where
resistivity ρ and the margin H are not real, but
approximate values (“effective”), but in most cases
the method gives a smoothed geoelectrical section.
According to the qualitative interpretation of tippers,
four local differently oriented anomalous zones or
their axes can be distinguished (the variant of the
single longitudinally inhomogeneous conductive
structure can be considered within the hypothesis of
the axial zone of the Carpathian magnetovariational
anomaly) (Figure. 1) and (Figure. 2):

Figure 2. Visualization according to the results of
Niblett transformations of ρa curves along the
Carpathian profile. Numbers are the values of ρ (H)
in Ohm⋅m. Legend on Figure 1.

in the earth's crust
- south-west of the Ukrainian Carpathians (parts of
the Vyhorlat-Hutyn volcanic ridge, Magur, Porkulets,
Dukla and Krosno covers). The local isometrically
conductor is provided. It spatially coincides with the
location of the Carpathian magnetovariational
anomaly according.
- the central part of the southen Ukrainian
Carpathians (mostly part of the Porkulets cover). The
narrow local situated along the general direction of
Mizhhirya - Mukachevo zone is assumed, which
manifested itself both in different types of DMT
curves and inhomogeneous ρa distribution.
- south-east of the Ukrainian Carpathians (mainly
parts of Dukla, Porkuletsk, Rakhiv covers and
Marmaros massif). It is possible to exist of two local
areas with the squeeze along the line of Rakhiv -
Yasenya. The variant of two spatially separated areas
also needs to be tested: the single elongated structure
that coincides with the axial part of the Carpathian
magnetovariational anomaly according. and local
(mostly parts of the Chornogora, Dukla and Porkulets
covers).

in the upper mantle
- the asthenosphere is revealed in the region of the
Ukrainian Carpathians from the Transcarpathian
Depression to the Skibova covers;
- the asthenosphere is not a homogeneous layer; there
are areas with the homogeneous layer, and
differentiated with different resistivity within it, in
addition, possible areas of conductivity branching
with depth are revealed;

- there is the general deepening of the upper margin
of the asthenosphere to the northeast: from 40-60 km
(Transcarpathian trough) to 90-100 km (Krosno
cover) and sharp deepening along the Porkulets and
Dukla covers;
-the variation of the asthenosphere upper margin and
its galvanic breaks are possible along the extension
of the inner and central zones of the Outer
Carpathians. There are three sections: the northern -
to the line of Tyachiv - Fontinyasi (deepening to the
south of the upper margin from 40-50 km to 90 km),
central - represented by the differentiated sequence
with ρa from 100 to 1000 Ohm·m below core-mantle
inhomogeneity, southern – vertical penetration or
from the south direction, because the upper margin is
deepening from 60 to 110 km.
The obtained conductivity distribution in the earth's
crust and upper mantle of the Ukrainian Carpathians
can be used in the construction of deep geological
and geotectonic models, as well as to explain the
geodynamic processes of the region. A separate area
of interest for the application of the results may be
the study of the earth's crust by logging methods
especially in the study of oil and gas sections.

Conclusions

The resulting conductivity anomalies correspond to
the fault tectonics of the Ukrainian Carpathians and
create the chain between the Pieninsky and
Chornogolovsky deep faults, and in the southern part
between the Chornogolovsky and the Borynsky. In
the longitudinal direction there are Lemkiv, Boykiv
and Hutsul megablocks, which are oriented across
the Ukrainian Carpathians. In the geoelectrical sense
the upper part of the upper mantle along the
Carpathian profile is divided into three segments, but
their contours do not correspond to the location of
deep faults, such as Latoritsia, Borzhava, Hutsul and
some transverse zones of lineaments, which are
distinguished with satellite imageries Teteriv I
(Hutsul fault) and II, and Sushchanivskayy
(Latoritskyy fault). But these faults, or zones of
intersection of several faults, for example, Latorinsky
and Turkovsky, are situated in the central parts of the
mantle conductive segments. At the same time, they
correspond to those areas where the highest electrical
conductivity is observed.

As a rule, the manifestations of modern
geodynamics, namely earthquakes are realized
beyond or above the margins of electrical
conductivity anomalies. In general, the seismicity of
the Ukrainian Carpathians confirms this idea. If we
count the number of seismic events for the period
2000-2021 on the same areas over 4000 km2 within
the Carpathian anomaly and southwest of it, we get
values that differ four times. In the northeast, this
value will be less than twice. On the example of one
core-mantle area, consider the ratio of earthquake
foci and the deep electrical conductivity distribution
(Figure. 1) and (Figure. 2). As noted above, this zone
is divided into northern - less condacted and southern
- more condacted. The earthquake epicenters are
concentrated mainly in the northern part of the
heterogeneity. Another anomalous area crossed by
the Borzhavsky fault is characterized by the
alternation of zones of high and low resistivity in the
earth's crust and upper mantle, which indicates its
high heterogeneity and tectonic stratification. With
vertical contacts between: 50 and 20, 1000 and 20,
1000 and 100, 20 and 50, 20 and 150 Ohm·m, etc.
different current structures can be connected, which
can be considered as the source for stress-strain
environment creation. The presence of tectonic
stratification of the middle and lower crust provides
sufficient conditions for increasing the porosity and
permeability of the medium, and contributes to the
release of accumulated seismic energy.

XV International Scientific Conference “Monitoring of 
Geological Processes

and Ecological Condition of the Environment”

http://www.isc.ac.uk/

	Mon-21-058  Seismicity of the Ukrainian Carpathians and their connection with anomalous electrical conductivity�* A. Kushnir (Institute of Geophysics NAS of Ukraine ), V. Ilienko, B. Shyrkov 

