Epov M. I., Sukhorukova K. V. Electric and electromagnetic logging sounding in realistic models 
of oil-gas collectors: numerical modeling and interpretation

The paper is devoted to the problems of numerical interpretation of the data of electric and electromagnetic logging soundings. Problems of influence of dielectric permeability, anisotropy of electroconductivity, probes eccentricity on reliability of determination of resistivity radial distribution have been considered. It has been shown that application of two-dimensional and three-dimensional modeling increases reliability of recoverable spatial distributions of resistivity by practical data measured within the intervals of collectors with complex form both in vertical and inclined holes. Correct accounting of the influence of geometric special features of the borehole and eccentricity of a probe ВЭМКЗ in case of high electroconductivity of drilling mud facilitates visual interpretation of diagrams and increases the accuracy of estimation of parameters of permeability zone with numerical inversion of data.

Epov M. I., Shurina E. P., Artemyev M. K. Numerical homogenization of multi-scale heterogeneous media

A problem of electrical potential distribution in media, containing micro-inclusions with highly contrasting physical properties and different geometric shapes, was considered. Multiscale finite element method has been chosen as a solver. A procedure of homogenization of electrical resisti​vity of heterogeneous media was held, using the solution of original task. The results of numerical modeling were compared with the results of physical experiment.

Zhamaletdinov А. A.,  Kulik S. N. First-rate anomalies of electro-conductivity on the Globe

On the background of published and new experimental data the geoelectric parameters, the  structure and geologic-tectonic position of a number of the largest anomalies of electrical conductivity found on different continents of the planet Earth are analysed. Criteria of division of anomalies into fluid and electronically conducting ones are analysed and their relation with mineral deposits is considered.

Shuman V. N., Kobolev V. P., Starostenko V. I., Burkinskiy I. B. Loyko N. P., Zakharov I. G., Yatsiuta D. A. A method of analysis of spontaneous electromagnetic emission of the Earth: physical backgrounds, elements of theory, field experiment

Existing and new approaches to the analysis of spontaneous electromagnetic emission generated by the lithosphere in the wide frequency range outlined lately have been analyzed in the article. Considerations of a set of problems and controversial topics of its generation and propagation and some results of field experiments permitted to accentuate the commonness and differences of methods of natural impulse electromagnetic field of the Earth measurements and analysis of spontaneous electromagnetic emission of the Earth, to outline the contours and perspectives of their practical application.

Abramova D. Yu., Abramova L. M., Varentsov Iv.M., Kulikov V. A., Lozovskiy I. N., 
Work group KIROVOGRAD Correlation of constant magnetic field anomalies and crustal 
geo-electric structures within the western slope of the Voronezh massif

Simultaneous magnetotelluric and magnetovariation soundings carried out recently at the western slope of the Voronezh Massif in the network of the international project KIROVOGRAD outlined bright quasi-linear conductivity anomalies in the lower crust, having a complex junction southwards from Briansk. The nature of these anomalies is clarified in the correlation study of electromagnetic (primarily, horizontal magnetovariation) responses and related geoelectrical models with anomalies of the permanent magnetic field resulted from the ground and satellite observations. The approaches for distinction of relatively low frequency lithosphere magnetic anomalies produced by low-crustal sources are further discussed.

Aryasova O. V., Khazan Ya. M. Spatiotemporal correlations between traps, carbonatites and kimberlites

Based upon the most complete modern plateau basalt, carbonatite and kimberlite databases, we show the existence of spatiotemporal correlations between these three types of intraplate magmatism. These correlations are evident everywhere in Eurasia and Africa but they are absent in North America. A probable cause of such correlations is an interaction of a giant plume «head» with the lithosphere, which generates almost simultaneous magmatic activity over a territory of a few thousand kilometers across with magma volume and composition depending on the tectonic structure and thermal state of lithosphere. A distinction of Eurasia and Africa on one side and North America on the other is probably related to the fact that during the last 350 M years North America in contrast to Eurasia and Africa were not situated above the African and Pacific zones of plume generation. 

Belyavskiy V. V. Saturation with fluids of earthquake focal zones of Eurasian folded belt 
(according to 2D—3D inversion of MT data)

The information received at realization 2D—3D of inversion magnetotelluric the data, has allowed to estimate together with seismic constructions a mineralization and fluid-filled focal zones of earthquakes within the limits of Northern Caucasus and Тien-Shans, Pamirs, Altai-Sajns, Кorak-Kamchatkas regions. It is shown, that fluid-filled depends on character of seismicity and changes from the tenth shares up to the first interests.
Varentsov Iv. M., Kovalchikova S., Kulikov V. A.,Logvinov I. V., Tregubenko V. I., Yakovlev A. G., 
Workgroup KIROVOGRAD  Simultaneous magnetotelluric and magnetovariation soundings 
in the western slope of the Voronezh massif

This paper presents the international project KIROVOGRAD studying the geoelectrical structure of the western slope of the Voronezh Massive in Russia and Ukraine by means of the advanced simultaneous deep electromagnetic sounding array with natural field excitation and geological and geophysical analysis of the nature of the revealed crustal conducting anomalies. We discuss the history, goals, tasks and organizing structure of the project, methodical and technological innovations applied, the achieved results and perspective plans. Maps of the most important invariants of magnetotelluric and magnetovariational transfer functions are presented in the area from the Moscow Syncline to the Dnepr-Donetsk Trough and from Belorussian borders to the railway Moscow-Kharkov. Geoelectrical sections along the series of profiles and maps of sedimentary and crustal conductance obtained from 2D+ and quasi-3D data interpretations are shown. The complex junction of three quasi-linear crustal anomalies – Kirovograd, Kursk and Kirov-Bariatino is demonstrated.

Zayets L. N., Kao Ding True, Tsvetkova T. A. Velocity structure of the mantle and abyssal fluids 
of Southeast Asia

The real work is devoted to consideration of velocity structure of mantle under South-East Asia with the purpose of possible selection of velocity mantle columns, communication of them with petroleum-gas pools. The features of velocity structure of transition zone are analysed in detail, transition zone-1, middle mantle, transition zone-2, lower mantle in connection with the selection of mantle columns. By velocity recommendation of mantle the unset activated mantle is certain.

Kazanskiy A. Yu., Matasova G. G., Kozhevnikov N. O., Antonov E. Yu., Maksimov P. S .Contribution 
of magnetic aftereffect and induction transition characteristics of basalts from the Vitim plateau

To study magnetic aftereffect (magnetic viscosity) with its manifestations making difficulties for interpretation of the data of transitional processes, comprehensive experimental studies of samples have been conducted, which characterize the upper rock mass of the Vitim basaltic plateau. An attempt to reveal the character of distribution of magnetically viscous rocks within volcano-sedimentary succession of strata has been made and to find out which ferromagnetic particles display the effect of magnetic viscosity on the inductive transient response. It has been shown that in time-domain measurements with inductive systems the greatest contribution of magnetic viscosity effect is brought by the most fresh, unchanged rocks. Magnetic viscosity effect is mainly caused by super-paramagnetic grains of low-titanic titanomagnetite, close to pure magnetite with rather narrow grain-size interval (most probably 0.0254-0.029 m). As for the smaller   superparamagnetic grains, the contribution of relaxation of their magnetization to inductive transient responses is approximately 3 times lower. Possible criteria of diagnostics of superparamagnetic particles of different size are proposed on the base of petro-magnetic data.

Kozhevnikov N. O., Antonov E. Yu., Matasova G. G., Kamnev Ya. K. The method of transitional processes in studies of geological media with magnetic viscosity

A lithospheric ultra low frequency (ULF) magnetic activity is recently considered as very promising candidate for application to short-time earthquake (EQ) forecasting. However the ULF lithospheric magnetic field is very weak and masked by much stronger ionospheric and magnetospheric signals. The study of pre-earthquake magnetic activity is very hard problem which consists of identification and localization of weak signal sources in seismo-hazardous area of the Earth crust. A new approach is developed to find a source of pre-EQ ULF electromagnetic activity of lithospheric origin. For separation and localization of EQ magnetic precursors the polarization ellipse technique has been developed to process the measurements data acquired from 3-component magnetometers. The method efficiency is illustrated at the example of the data from fluxgate magnetometers installed in Sichuan province. The Panzhihua earthquake with magnitude Mw 6,0 was happened in the southern part of Sichuan province on August 30, 2008 at 8:30:52 UT. The EQ hypocentre was located in point 26,28 N, 101,92 E at depth 10 km. The data from three fluxgate magnetometers placed near clustered EQs area at a distance 10―55 km from epicentre of main shock have been processed. The theoretical approach, observation method and obtained results are discussed.
Kushnir A. N., Burakhovich T. K. Anomalies of electroconductivity and intraplate earthquakes 
of the western part of the Ukrainian Shield and Volyno-Podolian Plate

Three-dimensional geo-electric model of the Earth’s crust and upper mantle of the Mogilev-Podol-Novodnestrovian seismically dangerous area is characterized by electro-conducting zones at the depths from 3 to 5 km with ρ=10 Ohm·m, from 15 to 30 km with ρ=30 Оhm·m and from 50—70 to 120 km with ρ=30 Оhm∙m. On the base of the results of geo-electric studies, characteristics of Mogilev-Podol-Novodnestrovian seismically dangerous zone which is confined to joint areas of Podolian, Belotserkovian, Zhmerynskiy and other ones of  deep faults with lower range have been replenished and specified. 
Levashov S. P., Yakymchuk N. A., Korchagin I. N. Frequency-resonance principle, mobile geoelectric technology: new paradigm of geophysical investigations
The results of the practical application of non-classical geoelectric methods of forming a short-pulsed field (FSPEF) and vertical electric-resonance  sounding (VERS) for various geological and geophysical problems of exploratory character solving are discussed. The experimental results show that the areal survey by FSPEF method allows to detect and map operativly the anomalous zones of the «oil», «gas», «aquifer», «gold», «uranium» type etc. The depth of lying and thicknesses of anomalous polarized layers of the appropriate type are determined with high accuracy by VERS sounding. Field works of such character are often executed very quickly and easily. The FSPEF and VERS methods make a significant contribution into emergence of a new paradigm of geophysical investigation, in which the «direct» searching for a specific physical matter are realized: gas, oil, gas hydrates, water, metallic minerals and rocks (gold, platinum, silver, zinc, uranium, diamonds, kimberlites, etc.). The effectiveness of geophysical methods, based on the principles of this paradigm, is much higher than traditional ones.

Matasova G. G., Olenchenko V. V., Kazansky A. Yu. Grain size, magnetic and electrical features 
of subaerial cover deposits in the territory of Akademgorodok in Novosibirsk city

During geological engineering research for new building of the Novosibirsk state university a horizon of ground settlement classified by the standard analysis as sandy silt loam has been found. Genesis of this ground and its distribution remains obscure. Our study of grains size, electric and rock-magnetic properties of those materials shows that they are represented by inter-bedding of sandy layers of different grain size and horizons of fossil soils. The upper part of the section up to the depth of 0,8—1,0 m sufficiently differs from the lower part by abnormally high specific electric resistance, opposite character of correlation between grain size and rock- magnetic parameters that can be caused by a continuation of modern soil-forming processes. Our  results recommend geological-geophysical studies of soils for the given territory with sampling interval in boreholes 0,5 m. 

Mirontsov N. L. A method of solving inverse problem of electro-logging

A method of solving inverse problem of logging sounding has been proposed based on the possibility to take into account quantitative connection between a measurement inaccuracy and inversion inaccuracy. A possibility has been analyzed of taking into account  an inaccuracy of existing methods of solving inverse problems of electrologging effectively. Efficiency of applying the table connecting the layer model parameters with the data of measurements in course of interpretation  has been estimated.  Examples of comparing results obtained by the method proposed and the other one used now on the real borehole material have been given It has been shown that a method proposed makes possible to distinguish the layers with penetration and without applying additional information on collector properties of their section.

Mogilatov V. S. Target objects and parameters in oil electrical survey

The resistivity is the traditional parameter for electrical prospecting. The body of a deposit is a target object in the oil electrical prospecting. Such approach dooms the petroleum electrical prospecting to a low efficiency. We need more focus on the other electromagnetic parameters and the properties of the medium, the other targets (such as halo). And this, of course, requires innovative pilot schemes in the field and alternative interpretation.

Nevedrova N. N., Epov M. I. Electromagnetic monitoring in seismically active regions of Siberia
Field data of the electromagnetic monitoring of controlled source have been obtained in two seismically active regions of Siberia. The article demonstrates an approach to the interpretation of regime observations data and it attempts to explain the variation of the electromagnetic parameters due to geodynamic processes, taking into account the peculiarities of the nontectonic structure. For the territory of the Baikal polygon, which is located on the southwestern shore of the Baikal Lake, geoelectric characteristics of the main seismogenic structures and fault disturbances have been provided. The analysis of monitoring measurements interpretation at constant current in the regime point VES has been presented and the relationship with the geoelectric structure has been proved; the sensitivity of the VES setting was determined. In the Altai geodynamic polygon the measurements were conducted by a complex of electromagnetic methods (VES, TEM in several modifications). The investigations were aimed at the study of a structure and variations of electrical conductivity associated with the devastating Chui earthquake and development of aftershock process. Interpretation of the regime TEM data with an inductive source has been considered. On the basis of the complex geologo-geophysical analysis the processes of geological array consolidation disturbed by the strong seismic influence have been described. 

Orliuk M. I., Pashkevich I. K. Deep sources of regional magnetic anomalies: tectonotypes 
and relation with transcrustal faults

Dual nature of deep sources of regional magnetic anomalies has been considered. First, tectonotypes of deep sources are rift and subduction-obduction zones of the Earth’s crust, specified by its saturation with products of magmatic activity of basic and average composition under favorable thermodynamic and oxidation-reduction conditions for realization of iron as ferromagnetic minerals. Secondly, these are zones of trans-crustal faults in geodynamic regime of the Earth’s crust extension with wide development in their deep parts of diffusion and fluid processes with re-crystallization of ferruginous minerals into ferromagnetic varieties.

Rokityanskiy I. I. Notes on geoelectrics

Unlike practical science — electrical prospecting, geoelectrics is regarded as a fundamental science, which sets the task of an honest, reliable study of the objective reality — the Earth. Since  observation of electromagnetic fields is possible only on/above the Earth in a limited number of sites with limited accuracy, the conclusions of geoelectrics are always ambiguous. Providing only a single solution, especially resulting from the use of regularization, can lead to false conclusions, and regarded as a manipulation of facts, that discredits both the authors and the whole science of geoelectrics. So, many products of inversion (especially 2D) should be regarded not as a well proven geological result but as one of possible transformation of response functions.

Semenov V. Yu., Petrishchev M. S. Variability of averaged annual impedances of the Earth 
and their spatial gradients in Europe

Secular variations of the Earth’s impedance for periods from several hours till month have been detected by two kinds of induction sounding methods. The analysis is based on the dynamic spectra of the 30—70 year data series observed at eight geomagnetic observatories in Central Europe. The apparent resistivities obtained by the generalized magnetovariation sounding method have been averaged for annual intensity taking into account coherence values. These annual variations are correlated with the intensity of the Sun activity. Besides, the Earth’s apparent resistivities have some quasi-linear trends. Five groups of observatories have been analyzed to estimate the lateral gradients of response functions. The most brightly changes of the induction vectors have been established for imaginary arrow Cv near the years 1969—1972. The obtained results have been used to estimate possible variability of the Earth’s conductance. The peculiarities of this phenomenon are discussed.

Sharov N. V. Comparison of geophysical sections of the Earth crust with the results of deep drilling 
in the Fennoscandian Shield

The nature of geoacoustic waves is discussed, based on comparison of the results of seismic and acoustic studies in the Fennoscandian Shield with the drilling record of the Kola Superdeep Borehole: 12262 m (1970—1990), Russia; Gravberg 6337 m (1986—1987), Sweden; Outokumpu — 2516 m (2004—2005), Finland; Pogranichnaya — 5200 m (2004—2006), Russia; Onezhskaya — 3537 m (2007—2009), Russia. The assumption that the crystalline crust has a heterogeneous structure with gradient variations and elastic wave velocity inversions and the vertically and laterally varying degree of differentiation is well-based. The nature of seismic boundaries depends on differences in rock composition and the physical state of the rocks. The results of geophysical studies, conducted during deep drilling in the Fennoscandian Shield, make investigators re-interpret the geological and geophysical data.
Shelukhin V. V., Eltsov I. N. Dynamics of near borehole zone while drilling poroelastic layer

Mathematical model of strain state dynamics has been proposed, which makes possible to detect  how stresses and strains impact filtration flows near the borehole. Behavior of both invasion front and mud-cake growth has been studied. Comparison with the earlier obtained results for a rigid rock frame has been made.

Sheremet E. M., Kulik S. N., Burakhovich T. K. Prediction of commercial minerals in the Precambrian based on the development of geologic-geophysical models of the Ukrainian Shield suture zones

Based on the development of geologic-geophysical models of the Ukrainian Shield suture zones with relation to plate tectonics the article gives description of regional and local prediction of com​mercial minerals formed in different geodynamical conditions within areas of suture zones of Proterozoic stage: Orekhovo-Pavlogradska (Priazovsky megablock), Zakhidno-Inguletsko-Krivorizko-Kremenchutska, Golovanevska (Central part of US), Nemirovsko-Kocherovskaya (Western part of US).

Shuman V. N. Modern electromagnetic sounding systems: situation, trends of development, 
new ideas and aims

State-of-the-art and opportunities of development of electromagnetic sounding systems are being considered. The ways and methods of solving old problems as well as new ideas and new aims are under consideration. Key principles of geoelectrodynamics important from the viewpoint of applications are analyzed. In particular, a set of propositions of impedance approach to modern geoelectrics are specified taking into account physical and mathematical aspects of the problem. Necessity of changing “classical” electrodynamic paradigm by a paradigm of fractal electrodynamics of unstable geo-medium, which integrates fractal geometry and the theory of electromagnetism is accentuated. It is noticed that application of the theory of fractals, the determined chaos, scale invariance (scaling) and fractional operators open additional possibilities and prospects in proces​sing of observation data and increase of information capacity of sounding systems orienting them to obtaining qualitatively new information on geo-medium.   

Epov M. I., Glinskikh V. N., Nikitenko M. N., Sukhorukova K. V. Fast solution of two-dimensional 
inverse problem of high-frequency electromagnetic logging in oil-gas boreholes

The paper is dedicated to development of physical-mathematical tools of interpretation of the data of electromagnetic logging in oil-gas boreholes. Program-algorithmic means of numerical inversion of relative gain-phase characteristics in axis-symmetric models have been worked out. Algorithm of solving fast inverse problem is based on linear inversion and includes analysis of a matrix of sensitivities of the measured signals to model parameters. Inversion is accompanied by determination of areas of ambiguity of parameters recovery. High productivity of two-dimensional direct problem made possible realization of alternative approach to inversion based on plotting and analysis of all the ensemble of quasi-solutions of two-dimensional inverse problem. Elaborated algorithms give possibility to determine geo-electric parameters of penetration zone and the layer and estimate their inaccuracies. Experiments on  recovery of electro-conductivity in typical models of collectors on synthetic and experimental data have been performed. 
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