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SUMMARY

The paper analyzes the results of magnetic anisotropy measurements of rocks taken from the
well "Suputnyk-2" (490 - 2720 m) of the Kryvorizka ultra-deep well.

The cuberhombic decahedron - shaped biotite, muscovite, magnetite quartzites, gneisses and
granites are in the focus of the study. We calculated the intrinsic parameters of the
susceptibility tensor, that was used for the initial classification of rocks. According to the
shape of the ellipsoid of magnetic susceptibility anisotropy four classes of rocks were

defined.

Highly anisotropic rocks comprise 53.8% of the entire collection. The effect of magnetic
anisotropy is caused by arrangement of magnetic minerals: The orderly arrangement of
magnetic minerals can create the effect of magnetic anisotropy due to ordering of both
magnetic axes and domains as well as the texture of minerals and rocks.
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Introduction

It is well-known that rocks have magnetic anisotropy related to their magnetic texture. The exploring
of magnetic texture by studying the anisotropy of magnetic properties allows us to trace the changes
of the geological factors. The paper considers magnetic anisotropy rocks taken from the well
"Suputnyk-2" (490 - 2720 m) of the Kryvorizka ultra-deep well. The well is located in the central part
of the Annivska syncline and is represented by rocks of the Novokryvorizka, Skelevatska,
Saksaganska, Gdanska and Gleivatska strata. According to the authors' previous studies, the samples
of the Sputnyk - 2 well are represented by the most high-grade tectonofacies of the VI-X mesozone, at
minor intervals the rocks were affected by the brittle-viscous and brittle tectonics of the secondary
epizone (Prodayvoda et al., 2011).

Cuberhombic decahedron-shaped biotite, muscovite, magnetite quartzites, gneisses and granites are
the object of the study.

Method and/or Theory

The theoretical basis of the magnetic anisotropy research method is the concept of the magnetic
texture of rocks as a characteristic that records the conditions of their formation and existence.

Rocks can be affected both elastic and plastic deformations as a result of various tectonic processes.
At the same time, the change in the magnetic texture strongly depends on the rheological properties of
the rock matrix material.

The magnetic anisotropy of metamorphic rocks is similar to the magnetic anisotropy of plutonic
rocks. The anisotropy at low degrees of metamorphism of those types of rocks that appeared as a
result of progressive regional metamorphism from sedimentary rocks is greater than the anisotropy for
sedimentary rocks. The increase in the orderliness of magnetic grains is associated with the influence
of mechanical stresses in the process of metamorphism. The plastic deformation of the rock occurs
under the influence of stresses, which is followed by the orientation of grains, as well as the direction
of recrystallization of ferromagnetic grains. The magnetic anisotropy remains almost unchanged
during higher degrees of metamorphism, and have a slight decrease during a very high degrees of
metamorphism (Guziy, 1999; Aparin and Mashukov 1973; Lanza and Meloni, 2006; Tarling and
Hrouda, 1993; Stacey and Banerjee, 1974 etc.).

M.A. Grabovsky has distinguished three types of magnetic anisotropy taking into account the features
of magnetization and "great structural heterogeneity of rocks":

1) natural, caused by "crystallographic texture";
2) anisotropy of the body shape due to the effect of demagnetization;
3) anisotropy due to large structural heterogeneity (texture).

The texture of the domains and the texture of the axes of easy magnetization are both present in the
rock. The first one controls remanence in the rock and it is a "soft" part of the magnetic texture that
can be destroyed by strong magnetic fields. The second one is the "hard" part of the magnetic texture
and can be rebuilt only by changing the position of ferromagnetic grains in the rock or by changing
the grains. (Aparin, Mashukov, 1973)

Anisotropy of magnetic susceptibility can also be caused by the shape of the body (in the case of non-
isometric bodies). The physical principles of the shape of the anisotropy are as follows:

1) the magnetic moment is located in the direction of the largest linear size of the body in bodies of
non-isometric, but finite shape, the smallest demagnetizing field (H) will be observed in this
direction;

2) H does not depend on the direction of magnetization for isometric bodies;

3) H field will be zero in a toroid and in similar bodies.

Thus, the fundamental feature of rocks is the presence of a magnetic texture. Rocks can have various
induced components of magnetic anisotropy in addition to textural components. The induced
magnetic anisotropy is the result of the influence on ferromagnets of various additional factors that
change their magnetic state. (Shashkanov, Sushko, 2006) There are additional factors such as:
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1) the combined effect of the magnetic field or the magnetization created by this field, and the
temperature, which leads to the appearance of uniaxial anisotropy due to the processes of diffusion
stabilization of magnetic states. This type of anisotropy is called anisotropy of magnetic annealing;

2) occurrence of plastic deformations in ferromagnets. For example, slip deformations can cause
strong magnetic anisotropy.

The results

The authors used KLY-2 kappabridge (Geofizyka, Brno) series-to measure the magnetic susceptibility
of samples having the shape of cuberhombic decahedron. The instrument measures magnetic
susceptibility, which refers to the axis of the sensor coil and depends on the susceptibility of the
sample in the direction of measurement, its volume and the demagnetization factor. In general, the
values of the magnetic susceptibility of the samples (Fig. 1) do not so much differ, not changing
within large limits for the samples of different lithology (except for sample # 91(60), where the value
reaches 0.22 SI units). The samples are represented by the following rocks: biotite schists, gneisses,
ferruginous quartzites, muscovite quartzites, microcline-plagioclase granites.
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Figure 1 Histogram of the distribution of the total magnetic susceptibility of samples of the collection

The corresponding directional total susceptibilities are measured in an appropriately chosen system of
sample directions. Detection of anisotropy is determined by calculations of the susceptibility tensor,
the system of main susceptibilities and the system of main directions. The system of directions is
always defined in the coordinate system xi, X», x3 of the sample, which are associated with important
directions in the geometric shape of the sample.

The authors have investigated 26 samples. The authors have performed primary processing of
measurement results and calculation of anisotropy parameters in the ANIZO10 program.

The following parameters were determined:

e magnetic susceptibility (y),

e statistical value of the standard deviation,

e normal values of magnetic susceptibility along three axes,

e coefficients characterizing magnetic anisotropy (H1 - H6),

e magnetic declination angle (D) and

e magnetic inclination angle (I).

Based on the measurements, the authors have calculated the intrinsic parameters of the susceptibility
tensor (K1, K2, K3). The authors have performed an initial classification of rocks using a practical
scheme (Lanza, Meloni, 2006), based on the shape of the ellipsoid of magnetic susceptibility
anisotropy, where the following rules were used:
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e when (K1 = K2 = K3), then the shape is a sphere;

e when (K1 = K2> K3), the ellipsoid is flattened;

e the shape of the ellipsoid is elongated when (K1> K2 = K3);
e the anisotropy ellipsoid is triaxial when (K1> K2> K3).

When analyzing the calculations, 4 classes of rocks were obtained (Fig. 2):

e Only three samples have the shape of an ellipsoid in the shape of a sphere: #Ne19(78) 91(84) 99(91)
(3 - in Fig. 2).

e Triaxial magnetic susceptibility ellipsoid - in six samples (14(90), 20 (90), 19(58), 21(67), 91(29))
(2 -1in Fig. 2)

e The shape of the ellipsoid in most (12) samples has a flattened appearance (1 - in Fig. 2),

e samples 26(02), 91(39), 92(15), 9990(131) have a complex ellipsoid shape (4 - in Fig. 2).
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Figure 2 Classification of rocks by the shape of the ellipsoid of magnetic susceptibility anisotropy

This indicates the complex geological conditions, that rocks from the well "Suputnyk-2" (490 - 2720
m) of the Kryvorizka an extremely deep well were formed. It is confirmed that the samples belong to
the V-IX tectonofacies according to the authors' previous research (Prodayvoda etc., 2011).

The authors also have investigated the coefficient of differential magnetic anisotropy (Fig. 3), such as
acoustic anisotropy (Bezrodna et al., 2017, Prodayvoda et al., 2011).
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Figure 3 Histogram of the changing in the coefficient of differential magnetic anisotropy of the
samples
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It was calculated using the formula:

VAR (KD (R ) ) (K |7
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K1, K>, K3 - parameters of the susceptibility tensor.

According to the results of the calculations, it was established that samples with low magnetic
anisotropy make only 3.8% of the total number of samples. Highly anisotropic samples of the
collection comprise 53.8% of the entire collection. It indicates the variety of processes that affected
the rocks during their formation.

Conclusions

The obtained data indicate that the textural-structural features of the samples have been changed due
to the influence of brittle-viscous tectonics and brittle tectonics of the mesozones and secondary
epizone, including as a result of mechanical destruction, it was affected on the parameters of their
magnetic anisotropy.

The ordered arrangement of the rocks can create the effect of magnetic anisotropy, when magnetic
minerals with crystallographic anisotropy participate in their composition. It is caused by the
ordering:

e long axes of ferromagnetic minerals;

e crystallographic axes;

e domains in multi-domain grains;

e texture ordering, which is a special case of shape anisotropy.

The importance of each of the factors in the formation of magnetic anisotropy can vary randomly,
creating background for the classification of geological objects according to this feature.

Thus, such type of research should be extended to establish the geological and physical causes of the
detected magnetic anisotropy and to conduct a comparative analysis with the acoustic anisotropy of
the samples of the studied region.
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