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The results of the analysis and generalization of the petrophysical properties of sedimentary cover rocks
and the underlying crystalline basement are considered. Based on these materials, a reinterpretation of
geoelectrical works on the Southern Kryvbas was performed. The relevance of the research is to study
the petrophysical properties of sedimentary cover rocks in order to search for weakened zones that are
formed as a result of changes in the hydrodynamic regime of groundwater during the migration of highly
mineralized waters. The obtained petrophysical properties of sedimentary cover rocks, together with an
expanded set of geophysical observations, can be used as an improved method for detecting areas of
fresh groundwater in areas that are under the influence of technogenic factors (exhausted areas of mine
fields, quarries, residential and industrial communication networks and other anthropogenic
components). Therefore, special attention was paid to the study of petrophysical properties of rocks and
the development of an interpretation method that could be used in the future to solve similar problems
using previously obtained geophysical materials for various purposes and assessing the influence of
tectonics for the localization of freshwater and technogenic water distribution sites.
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Introduction

The long-term open-pit mining of mineral deposits in the Kryvyi Rih iron ore basin (Rudko et al. 2018)
actively affects the state of the geological environment (Dovgyi et al. 2017). At the same time, the
geoecological problems of the Kryvyi Rih territory are caused not only by the geological and tectonic
structure, but also by the active mining, processing and disposal of iron ore waste (Dovgyi et al. 2021).
Mining by blasting methods provokes the development of technogenic ‘“neotectonic” processes that
affect the physical and mechanical properties of the environment and the hydrodynamics of
groundwater (Svistun 2015; Pihulevskyi et al. 2023). The relevance of the research is to study the
petrophysical properties of the rocks of the sedimentary cover in order to search for weakened zones
that are formed as a result of changes in the hydrodynamic regime of groundwater and migration paths
of highly mineralized waters (Bahrii et al. 2005; Azimov et al. 2020). Geophysical methods can provide
answers to these problems (Dovgyi et al. 2017). Comparison of test drilling data with the results of
electrical tomography (ET) and vertical electrical sounding (VES) showed good convergence of the
methods and allows detecting weakened zones in rocks with increased migration and accumulation of
technogenic waters (Pigulevskiy et al. 2016). The western and southern parts of Kryvbas are
characterized by a high density of the largest technogenic objects - sludge and tailings dumps, as well
as large dumps of crystalline and sedimentary rocks, which are an integral part of the technological
process of mining enterprises. The presence of such technogenic formations is reflected in a certain way
on the hydrogeological regime of the territory and determines its saturation of highly mineralized waters
(Babhrii et al. 2005). Along with the large technogenic load, the region is also under the influence of
natural geological processes - karst formation and neotectonic activity, controlling both surface and
underground water distribution.

Method and Theory

The hydrogeological features of the territory are determined by the geological and tectonic structure,
natural and geographical (climatic and geomorphological) factors and enrichment of the sedimentary
cover with highly mineralized waters due to large technogenic structures (tailings, sludge storages, mine
water accumulation ponds (Pigulevskiy et al. 2016). The geological structure of the studied upper
sedimentary complex includes rocks of Quaternary and Neogene age. According to the conditions of
occurrence, the degree of water enrichment, and the chemical composition, five aquifers, two weakly
aquifers, and four water-resistant horizons are distinguished in the area (Bahrii et al. 2005). Below are
aquifers and water-resistant horizons of the Paleogene system.Electrical properties of rocks in the
geological conditions of Kryvbas.

The great complexity and importance of solving existing geoecological problems necessitates the
collection and thorough study of the results of all previously conducted geological, hydrogeological and
geophysical works, their detailed analysis, on the basis of which it is possible to determine the optimal
complex and methodology of geophysical observations. For a comprehensive analysis of geological and
geophysical information when studying hydrodynamic processes in the sedimentary cover, knowledge
of the petrophysical properties of rocks and clarification on their basis of the complex relationship of
the physical characteristics of geological formations is required (Kurlov et al. 2011; Pihulevskyi et al.
2024). Analysis of the results of previous geological and geophysical studies in the territory of Kryvbas
showed that the study of the physical properties of rocks was carried out unsystematically and using
different methods and density of drilled wells. Therefore, it is first necessary to perform a petrophysical
classification of rocks with selection of groups of rocks according to their geoelectric properties, taking
into account the regular relationships between the physical properties, composition and texture of rocks,
which reflect the conditions of their formation, lithogenesis and water enrichment. The obtained
physically justified average values of the geoelectric properties of rocks for different formations allow
further assessment and localization of areas of distribution of highly mineralized waters from large
water-containing technogenic structures. Differentiation according to the geoelectric characteristics of
rocks of Quaternary, Neogene and Paleogene age, Proterozoic and Archean metamorphosed
sedimentary-volcanogenic, ultrametamorphic and intrusive rocks (Kurlov et al. 2011; Pihulevskyi et al.
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2024), allows us to more objectively obtain the boundaries and level of areas of distribution of
technogenic waters in the technogenically loaded Kryvyi Rih region.

Examples

Currently, the study of natural, technogenic and hydrogeological conditions of the territory of the
Kryvyi Rih region is mainly carried out by various electrical exploration methods in the modification
of vertical electrical sounding (VES), electrotomography (ET) and natural field (NF), which requires
detailed knowledge of the electrical properties of rocks. For this purpose, archival materials obtained
by the mining geophysics party of Kryvyi Rih and the Dnipropetrovsk geophysical expedition
"Dniprogeofizika" were collected and analyzed (Pigulevskiy et al. 2016). The results of the analysis
and generalization are presented in Table. 1.

Results

The highest values of electrical (specific) resistance are characteristic of crystalline basement rocks
(from the first hundreds to thousands and more Q-m). Weathered varieties of bedrock have lower
electrical resistivity values (Table 1), which decrease in the weathering crust to 10 Q-m. The
confinement to the upper weathered part of the bedrock of the aquifer contributes to an increase in the
electrical conductivity of the weathering crust and a decrease in its resistance. This phenomenon is
favorable for mapping discontinuous faults and studying the distribution channels of highly mineralized
water.
Table 1. Electrical properties of rocks (resistivity).

Ne Name of rocks Condition of the rock | Electrical resistivity of rocks, Q-m
1 Soil layer wet 50 - 10000
low moisture 150 - 240
2 Sands wet 80-150
water-saturated 20 - 100
hard and plastic 15-80
3 Sandy sands fluid 20-70
hard and soft,plastic 11-170
4 Loams fluid-plastic and fluid 15 - 35
hard and soft, plastic 5_130
5 Clays - . .
fluid-plastic and fluid 1-15
6 | Weathering crusts 10 - 50
. Grani weathered 30 - 400
ranites unweathered 250 — 10000
g Amphibol weathered 188 — 276
frpriboles unweathered 5121200
9 fractured weathered 158 — 1115
Diabases unweathered 1290 - 1330

Among the rocks of the sedimentary layer, sands have a relatively high electrical resistivity, but their
resistance depends entirely on water saturation and, to some extent, on the granulometric composition.
In natural occurrence, sands are aquifers, therefore, under water saturation conditions, their resistance
will fluctuate within 20 - 80 Q-m.

Sandy loams and loams are similar in electrical properties. Their resistivity varies for the Kryvyi Rih
district mainly within 10 - 30 Q-m. Clays have the lowest electrical resistivity values. Depending on the
degree of compaction and moistening, they vary from 1 to 20 Q-m.
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Figure 1. Geological and geophysical section of the Southern Kryvbas area.
Legend: I — graph of anomalous values of the gravity field (4g); 2 — Quaternary rocks; 3 — Neogene
rocks; 4 — stratigraphic boundaries (a), faults (b)); 5 — groundwater level; 6 — areas flooded by
technogenic waters.

Reinterpretation of previous field electrical exploration studies

The obtained values of petrophysical properties of rocks allowed us to perform a geological
interpretation of those previously obtained on 14 profiles of the VEZ in the southern part of the Kryvyi
Rih industrial zone (Pigulevskiy et al. 2016). According to the results of the integrated reinterpretation
of geological and geophysical materials, new information was obtained about the geological structure
of sedimentary formations and horizons of mineralized water distribution (Figure 1). Based on them,
maps of the integrated interpretation of geological and geophysical materials for the Cenozoic deposits
of the sedimentary cover, represented by the Paleogene, Neogene and Quaternary systems, were
compiled. The main geophysical materials were geoelectrical sections along the profiles and interprofile
lineament analysis for the identifying and tracing of disjunctive disturbances. The main aspect in the
identifying and tracing of disjunctive faults in potential fields was that they represent the boundaries of
anomalous objects, and therefore are clearly manifested in the "boundary" components of potential
fields. The integration of the calculated boundary field components (gradients, dispersion, kurtosis,
asymmetry, etc.) on the profiles and in the plan made it possible to identify and trace disjunctive faults
in the study area and predict the sources of leaks from sludge and tailings ponds and localize their places
of distribution and entry into aquifers along tectonic faults in the territories around them and in the low-
density and low-resistivity rocks associated with them (Pihulevskyi et al. 2024).

Conclusions

As a result of the generalization and comprehensive analysis of information on the petrophysical
properties of rocks of Kryvbas, groups of rocks were identified that correspond to certain lithological
formations and the magnitude of the influence on their properties of mineralized groundwater was
determined. A significant differentiation in the geoelectric characteristics of sedimentary and crystalline
rocks was established, which is due not only to the different conditions of their formation, but also to
the influence of technogenic groundwater on them.
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The integration of the results of observations on the profiles of the VEZ and the gravity field made it
possible to trace faults in the plan and map not only the places of leaks from the sludge and tailings
ponds, but also the areas of their entry into the aquifers behind tectonic faults in the territories around
them (Dovgyi S. O. et al. 2021; Shevchenko et al. 2021). The results of the comprehensive analysis of
previously obtained electrical exploration materials show that detailed gravimetric surveys play a
significant role in their reinterpretation, which allow mapping the position of fault zones with intense
open-type planar fracturing and local near-fault depressions at the boundary of water-resistant horizons.
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