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SUMMARY 

The paper presents the results of the study of the anisotropy of the magnetic susceptibility of 
quartz-magnetite-pyroxene crystal shales of the Pishchansk iron ore structure. The authors 
measured the value of magnetic susceptibility in 3 petrographic groups (34 samples). The 
samples were taken at depths of 144-271 m, the magnetite content varies from 0 to 40%. The 
authors calculated a set of parameters that characterize the distribution of magnetic properties 
in the samples. The results showed high anisotropy of the magnetic properties of the samples. 
A significant variation in the shape of magnetic ellipsoids has been established. The correlation 
of the obtained data with previous studies of acoustic and elastic anisotropy was confirmed. 
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Introduction 
 
Tectonic processes play an important role in the formation of the orientation of minerals in rocks. 
Magnetic susceptibility anisotropy (AMS) allows us to study these processes. 
 
At the present stage, AMS research methods are widely used. From studies of crystals and minerals 
(Wang and Tan, 2020; Chatterjee and Kolorenč, 2020), to studies of geological bodies and territories. 
The results of the application of magnetic research methods in the study of tectonic processes, by 
studying igneous and metamorphic rocks, are given in (Hrouda et al., 2019; Jaroš et al., 2019) and 
others. 
 
In erupted and metamorphosed rocks, AMS analysis is mainly used to determine the plane orientation 
and flow direction of igneous flows. In these rocks, the viscosity of magma plays a fundamental role in 
the genesis of the structure (fabric) of the rock. The movement/rotation of magnetic minerals becomes 
difficult when the viscosity reaches a level that prevents further plastic flow. 
 
The AMS ellipsoid can vary from oblate to prolate according to the nature of the magma flow. The 
magnetic foliation is parallel to the flow plane, and the magnetic linearity is parallel to the flow 
direction. 
 
Method and Theory 
 
The AMS study can be divided into several stages: 
 

 sampling; 
 carrying out measurements of magnetic susceptibility; 
 calculation of magnetic anisotropy parameters; 
 analysis of the obtained data. 

 
The authors measured the value of magnetic susceptibility in 3 petrographic groups (34 samples) of the 
Pishchans`ka structure. The MFK1 kappa bridge was used as the main device. 15 measurements were 
performed for each sample (5 directions, on three XYZ axes). Based on them, К1, К2, К3 – are calculated 
- respectively the maximum, minimum, and intermediate value of the magnetic susceptibility along the 
three axes. Also, Кmean is calculated - the average value. Based on these values, the parameters of 
magnetic anisotropy are calculated. 
 
Examples 
 
Based on the obtained experimental laboratory data, the authors performed calculations and analysis of 
AMS parameters of 3 groups of samples of Pishchanka structure. Below is the distribution of samples 
by the value of the average value of magnetic susceptibility (Figure 1). Selected on the left 4 samples 
with the lowest value of Kmean, according to the petrographic description and previous petromagnetic 
studies (Bezrodnyi et al., 2018; Bezrodna et al, 2019) have almost no magnetite. 
 
In general, the samples are characterized by a range of magnetic susceptibility from 400 to 2000*10-3 
units. SI, due to the high content of magnetite in the rocks (up to 40%). In addition, the tendency 
revealed in previous studies to increase the value of magnetic susceptibility with depth was confirmed. 
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Figure 1 Graph of sample distribution by the value of magnetic susceptibility. 
 
Using Anisoft and Safyr software packages, a number of primers were used to characterize the 
anisotropy of the magnetic properties of the samples. Among the following parameters: 
 

 magnitude of the anisotropy (P); 
 anisotropy degree (H); 
 parameters of magnetic lineation (L) and foliation (F); 
 shape parameter (Jelinek`s T-parameter) 

 
Regarding the last parameter, it allows you to divide the samples by the shape of the magnetic ellipsoid. 

 
Figure 2 Separation of samples by parameter of ellipsoid shape (Jelinek`s T-parameter). 
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Figure 2 shows that most samples (20) have a planar type of ellipsoid (-1 <T <0), and 14 samples can 
be characterized by a linear type of magnetic ellipsoid (1> T> 0). The samples are placed within the 
value of T from 0.9 to -0.8, and also have a significant degree of anisotropy on the parameter P at a 
small depth (230 m). This allows us to speak about the high heterogeneity of rocks, as well as about the 
complex metamorphic processes that have caused such a significant variation in properties. 
 
The samples, which are placed in the centerline, within the value of T from -0.4 to 0.4 determine the 
ratio of the components К1≠К2≠К3. This means that all their AMS ellipsoids are triaxial. 
 

 
 
Figure 3 Separation of samples by parameter of ellipsoid shape (Jelinek`s T-parameter). 
 
Regarding the characteristics of individual petrographic groups, in all groups the variation of magnetic 
parameters is significant. Moreover, the quartz-magnetite-pyroxene group has a slightly higher average 
value of P (1.49 vs. 1.26 and 1.38 in the other two groups). 
 
Comparison of the parameter P and Kmean showed that the dependence of these two parameters is not 
direct and samples with a lower content of magnetite may have higher anisotropy values. However, this 
does not deny the decisive contribution of magnetite to the total value of magnetic susceptibility, 
because its susceptibility is orders of magnitude higher than that of other rock-forming minerals. 
 
It should be noted that the large variability of magnetic properties at small depths is also due to the 
peculiarity of the shape of rock-forming minerals. Thus, according to the analysis of sections, some 
minerals have traces of recrystallization. In addition to magnetite, there is also maghemite (up to 10% 
of total magnetite). Also, in addition to individual grains of magnetite, there is a significant part of its 
inclusions in pyroxene crystals, which also significantly affects the shape of the magnetic ellipsoid of 
the samples. 
 
Conclusions 
 
Studies of the AMS have found a significant variation in the properties of the sample collection. In 
particular, the shape of the magnetic ellipsoid varies from strongly oblate to strongly prolate. And the 
anisotropy parameter showed a substantive presence. 
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These studies are consistent with the results of previous studies of acoustic and elastic anisotropy, and 
the results of which structure indicates significant tectonic influences that contributed to significant 
metamorphism. Establishing a clear correlation between the structural and textural features of the 
samples and the anisotropy of the magnetic susceptibility requires further analysis of the obtained data. 
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