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Introduction

The work is performed in order to identify and study the
geoelectrical inhomogeneities of the earth's crust and upper
mantle of the Zvizdal-Zaliska and Brusylivka fault zones of
the Ukrainian Shield (USh) (Figure 1) on the basis of
three-dimensional resistivity distribution models according
to the experimental data of magnetotelluric sounding and
magnetovariation profiling. The explanation of the nature
of the detected geoelectrical inhomogeneities based on the
results of the geological and geoelectrical data
comprehensive analysis and their study as one of the
factors in the geodynamic process manifestations for the
mineral ore occurrences search.
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Figure 1 The region of the central part of the 3D
geoelectric model area of the Zvizdal-Zaliska and Brusyliv
FZ of the USH on the scheme of megablocks and fault
zones of the USH (inset) the geological-tectonic map of the
surface of the crystalline basement according to: 1 - deep
and main faults (a), other tectonic disturbances (6); 2 -
observation points of MTZ and MVP: in red according to
data; 3 - tippers for a period of 100 s (observed in black,
model calculated in red); USH megablocks: /7 - Podil, P -
Rosyn, B - Volyn.

Method

In order to study the deep structure of the geoelectrically
complex junction zone of three megablocks of the western
part of the Ukrainian shield (Molyn', Podil, and Ros"), the
three-dimensional model of the central part of the Zvizdal-
Zaliska and Brusyliv fault zones was created. It is based on
modern experimental observations of the low-frequency
Earth's natural electromagnetic field in a wide range of
periods.

The modern experimental MT/MV studies of the section of
the USh, which are presented in this work, were carried out
from 2015 to 2019 by long-period digital stations LEMI-
417 with ferrosonde magnetometers. The research was
carried out to study the deep geoelectrical structure of the
complex fault systems of the Wolynsky, Rosynsky and
eastern part of the Podolsksky megablocks of the USh.

Experimental works meet the requirements for the
observed data when using the synchronous evaluation
procedure of transfer operators of MT/MV fields by the
PRC-MTMV software complex. Estimates of tippers were
obtained for periods (T) of geomagnetic variations from 50
to 3400 s, for curves of apparent resistivity (pa) and phases
of impedance (¢) — from 20 to 10000 s.
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Synchronous experimental data of deep magnetotelluric
sounding and magnetovariational profiling, which were
obtained by the Institutes of the National Academy of
Sciences of Ukraine, were analyzed.

As a result of qualitative interpretation of complex tippers
and MTS curves, anomalies of high conductivity (several
surface and one deep) in the earth's crust of the complex
fault system in the joint zone of Podolsky and Rosynsky
megablocks and in Volynsky megablock were revealed.
The analysis of MTS curves shows the heterogeneous
three-dimensional situation over the entire study area, the
anomalies are characterized by the different conductivity,
depth and configuration. Estimates obtained from different
approaches for the formal interpretation of magnetotelluric
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Figure 2 Anomalies of electrical conductivity according to
the results of three-dimensional modeling of the
electromagnetic field on the geological-tectonic map of the
surface of the crystalline basement according to the data
(Geological..., 2005, 2003). Megablocks of the USh: I7 —
Podil, P — Ros', B — Wolyn'. 1 - deep and main faults (a),
other tectonic disturbances (b); 2 — parameters of
electrical conductivity anomaly: numeral — depth interval,
km, denominator — p according to the model, Ohm'm; 3 -
zones of metasomatosis. Minerals are shown in letters: iron
(Fe), titanium (T1), tungsten (W), copper (Cu), nickel (Ni),
tin (Sn), zirconium (Zr), bismuth (Bi), niobium (NDb),
tantalum (Ta), gold (Au), silver (Ag), cerium (Ce), yttrium
(Y), uranium (U), thorium (Th), graphite (gp).
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soundings are consistent with the regional three-
dimensional geoelectrical model of the western part of the
USh and complement the knowledge about the speculative
structure.

The main issues of the geoelectrical modeling
methodology using the Mtd3fwd software complex were
considered, such as model elements, stages, alternative
models, examples of calculations and observed data
comparison, errors, etc.

The three-dimensional geoelectrical model has been
constructed, in which the generally accepted normal
geoelectrical section of the earth's crust and upper mantle
for the Precambrian platform has been used. From 160 km
the resistivity decreases with increasing depth, and in the
lower layer is 1 Ohm-m. The size of the cells in the main
part of the model is 5x5 km, in the modeling area the
number of cells is x — 32, y — 41, and 18 horizons. The
model contained the priori information about the regional
Korosten conductivity anomaly, its northern part and the
conductive asthenosphere (southern part of the model). Six
models were calculated, two of which were theoretical, in
which the deep Zvizdal-Zaliska FZ and metasomatosis
zone were modeled from the information obtained in the
literature.

Examples (Optional)

The constructed model analysis showed that of the large
number of near-surface anomalies with low resistivity from
5 to 100 Ohm'm, most sink to 500 m and only a few reach
a depth of 1 km and are followed up to 11 km (Figure 2). It
was established that there are connections between
conductivity and structural features of the Zvizdal-Zaliska,
Brusyliv, Nemyriv fault zones (Figure 3), the Samgorod
fault and the Kocheriv synclinorium.

Most of the isolated conductors appear in a mosaic pattern
along the extended fault zones and form interspersed
chains of high and low resistivity. Regional anomalies were
confirmed and detailed both in the deep part of the earth's
crust and in the upper mantle, part of the Zvizdal-Zaliska
fault zone appeared at depths of 15-30 km as a contact
zone of abnormally high and low resistivities.

Sn
A gp Smgp
Y Au TaAu W
Ce ¥ U g4 gp gp gp gp gP'Nb Nb'Ta Nb Ta
Nemyriv FZ Andrushiv FZ Kocheriv synclinorium
19 18

lﬁ IP l% 16

100

10000

1000

250

250

1000

50 250 50

I | { | { | | { | { | | |
10 20 30 40 50 60 70 80 90 100 110 120 130

=>
Nord

Figure 3 Geoelectric sections of the three-dimensional
model along the profiles along the Zvizdal-Zaliska FZ.

Conclusions

Anomalies are confined to elongated zones of
metasomatization and graphitized rock areas, some of the
surface anomalies correspond to areas of the weathering
crust. Most of the anomalies coincide with ore occurrences,
ore-bearing fields and mineral deposits.

The conducted geological-geoelectrical analysis of the
model made it possible for the first time to identify two
promising areas for further study that meet the
geoelectrical criteria for the mineral search: along the
Zvizdal-Zaliska fault zone between the Samgorod and
Unava faults; along the Samgorod fault in the area of its
Intersection with the Kocheriv and Taboriv faults.
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