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EGS-19 (1994)





ESTIMATION OF MICROTEXTURAL ROCKS ORDERING DEGREE ON THE BASIS OF KLIMONTOVICH S-THEOREM 


D.Yegorov and G.Ivanyuk 


BIFs of the Kola Peninsula were studied in detail; this allowed us to relate ordering of their properties to the transition from laminar to turbulence flow. The transition is accompanied by: 1) the growth of magnetic order degree as a result of bifurcation; 2) the advent of attractor in the phase space of magnetite compositions; 3) an increase in BIF differentiation degree when all components, beside from Fe and Si oxides, have been removed. To sum up, there are strong constraints between such formally different characteristics as fractal dimension of folding, angles of folds, physical properties of many minerals, magnetic symmetry of BIFs, their composition and textures. From other hand, an estimation of microtextural ordering degree as Shannon entropy of grains distribution shows that the entropy decreases with folding, which is strange. For this reason a relative degree of the BIF's ordering was estimated on the basis of Klimontovich's S-theorem. According to the latter, it is necessary to compare only energetically equivalent states of the system. Experimental data were found to be in perfect agreement with turbulence theory: ordering of folded rocks is above of non-folded ones.





INFORMATION APPROACH TO STUDY OF DETERMINISTIC CHAOTIC GEOLOGICAL SYSTEMS


G.Ivanyuk and D.Yegorov 





 A detailed study of the BIFs of the Pecheguba deposit (Kola Peninsula) shows that practically all BIF properties change as a function of folding intensity, and become more ordering during folding. A comparison of the results obtained with fold angles and fractal dimension of corresponding zones of ore body showed a good positive correlation between them (R = 65-85%). Being in the plane of banding in non-folded rocks, vectors of magnetization turn  through an angle ? of ±45o concerning the banding during folding, which is a stochastic analogue of bifurcation, accompanied by  a growth of Shannon information. An estimation of microtextural ordering degree as Shannon information of grain distributions shows that the entropy decreases with folding. According to traditional the information treating, if the rock is folded, their petrographic as well as magnetic order decreases, which contradicts earlier findings. However, we can not identify Shannon information and information entropy due to the fact, that these states of BIF’s system are non-equivalent energetically. For this reason, a comparison of the BIF’s mineral aggregates has been carried out using Klimontovich’s S-theorem.








EGS-20 (1995)


STRANGE ATTRACTORS IN THE TIME HISTORY OF THE PRECAMBRIAN BANDED IRON FORMATIONS (BIF)


G.Ivanyuk and D.Yegorov 





It is presently common knowledge that banding in BIFs has a multiorder structure with fractal dimension ranged from 0.59 to 0.87. Fractal dimension of folds ranges from 1.0 to 1.3, which gives dimensions of BIF equal to 2.5-2.9. Geometrical fractal structures are often products of non-linear chaotic processes, however, no unambiguous link between them has been established. The main barrier here is the unclearness in the relations between the temporal evolution of the system and the resulting spatial formations. However, by analyzing experimental data, we can find out from what kind of temporal evolution a certain signal derived. An analysis of 100 BIF's magnetic logs (() using Takens method showed that spatial variations of magnetite are an exhibition of the deterministic time history of the ore systems. It is established that inclinations of all D=f(d) plots reach saturation with d=4-6, thus defining a fractional dimension of attractors D=2.2-3.3. This means that magnetite distribution in the ore bodies after folding, metasomatic alterations of BIFs, etc., is controlled and can be set by an interaction of a small number of variables (six for 70% of drillholes). It turned out that they correspond to the number of rock-forming minerals in the relevant ore bodies.








ESTIMATION OF MICROTEXTURAL ROCKS ORDERING DEGREE ON THE BASIS OF KLIMONTOVICH’S S-THEOREM


G.Ivanyuk and D.Yegorov 





A detailed study of the BIFs of the Pecheguba deposit (Kola Peninsula) shows that practically all BIF properties change as a function of folding intensity, and become more ordering during folding. From other hand, an estimation of microtextural ordering degree as Shannon entropy of graindistributions shows that the entropy decreases with folding. A comparison of the results obtained with fold angles and fractal dimension of corresponding zones of ore body showed a good positive correlation between them (R = 65-85%). According to traditional entropy treating, if the rock is folded, its petrographic ordering decreases, which contradicts earlier findings. Can we identify Shannon information and information entropy in the case under consideration? No, we cannot due to the fact, that these states of BIF’s system are non-equivalent energetically. For this reason, a comparison of the BIF’s mineral aggregates has been carried out using Klimontovich’s S-theorem. It is possible to record this equation followed from the theorem:


( ln pi (pi1/D /(( pi1/D)-fi )=0.


The equation must be solved twice - for the second time, p and f grain distributions interchange places. Greater D will indicate a more ordered grain distribution. Experimental data are found to be in perfect agreement with turbulence theory: ordering of folded rocks is above of non-folded ones.








EGS-21 (1996)





INFORMATION APPROACH TO THE STUDY OF DISSIPATIVE


GEOLOGICAL SYSTEMS


D.G.Yegorov 


(Kola Science Center of Russian Academy of Sciences,


Fersman str. 14, Apatity, 184200, RUSSIA)





The information entropy as a criterion of degree of order for geological


systems in many cases is not effective. The reason for this is the dissipative nature of the systems. In this case there are distant  correlations in the


geological structures between different elements, and the data about local


correlations between neighboring elements can not be employed for


information analysis. The method handling this problem is a study of


elements correlation with different distances of elements sensitivity. Another


way to work out this problem is to normalise the prior data on a basis of


Klimontovich's S-theorem.


A relative degree of order of the banded iron formations (Kola peninsula)


was studied on the basis of these approaches applied to geological bodies


of a different scale from 1mm to 10 km. Experimental data are found to be


in perfect agreement with the turbulence theory: ordering of folded rocks is


greater than that of non-folded.These methods may be applicable in


scientific investigations of a lot of geological bodies  for prediction of their


properties and  for geological systematization on a quantitative basis.








D.G.Yegorov 





Investigations of fractal geological objects (most of them are a 3D


bodies) are based as rule on their 2D sections. In fact this is true for


all geological objects that are more than 1 m in size. Such


investigations, however, do not provide a strong basis for calculation


of fractal dimensions of these 3D bodies. A 3D fractal object may


have a 2D nonfractal section and, on the other hand, a 3D nonfractal


object may have a 2D fractal section.


Unique geological and geophysical data of the Kirovogorskoye ore


deposit structures of the banded iron formations (Kola peninsula,


Russia) give a possibility to determine 3D fractal dimension of the


Fe-ore (D=2.14). At the same time, 2D sections with different


orientations have very identical dimensions (D=1.50-1.52), and this


allows a conclusion to be made that the anisotropy of ore elements


transport was absent in the course of the ore generating process.





 


STRANGE ATTRACTORS IN THE TIME SERIES OF THE


PRECAMBRIAN BANDED IRON FORMATIONS (BIF)


D.Yegorov and G.Ivanyuk


It is presently common knowledge that banding and folding in BIFs has a


multiorder fractal structure. Geometrical fractal structures are often products


of non-linear chaotic processes, however, no unambiguous link between


them has been established. The main barrier here is the unclearness in the


relations between the temporal evolution of the system and the resulting


spatial formations. However, by analyzing experimental data, we can find


out from what kind of temporal evolution a certain signal derived. An


analysis of 100 BIF's magnetic distributions using Takens method and


original modifications of this one showed that spatial variations of magnetite


are an exhibition of the deterministic time history of the ore systems. It is


established that inclinations of all D=f(d) plots reach saturation with d=4-6,


thus defining a fractional dimension of attractors D=2.2-2.8. This means that


magnetite distribution in the ore bodies after folding, metasomatic


alterations of BIFs, etc., is controlled and can be set by an interaction of a


small number of variables.
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STRANGE ATTRACTORS AND 3-D FRACTALS IN THE TIME SERIES OF THE


PRECAMBRIAN BANDED IRON FORMATIONS (BIF)


D.Yegorov 


It is presently common knowledge that banding and folding in BIFs has a


multiorder fractal structure. Geometrical fractal structures are often


products of non-linear chaotic processes, and by analyzing nature data, we


can find out from what kind of temporal evolution a certain signal derived.


An analysis of 100 BIF's magnetic distributions using Takens method showed


that spatial variations of magnetite are an exhibition of the deterministic


time history of the ore systems. It is established that inclinations of the


D=f(d) plots defining a fractal dimension of attractors D=2.05-2.3 (more


precision calculation, an opposite of D=2.2-2.8 in the primary calculation).


Unique geological and geophysical data of the Kirovogorskoye BIF deposit


structures give a possibility to determine 3D fractal dimension of the BIF


bodies (D=2.14). At the same time, 2D sections with different orientations


have very identical dimensions (D=1.50-1.52), and this allows a conclusion


to be made that the anisotropy of ore elements transport was absent in the


course of the ore generating process. This means that magnetite distribution


in the ore bodies after folding, metamorphism of BIFs, etc., is controlled


and can be set by an interaction of a small number of variables.





NP 2.2  J.Kurths


NON-LINEAR EFFECTS IN MINERAL GEOTHERMOMETERS AND


GEOBAROMETERS BY PHASE EQUILIBRIA.





D.G.Yegorov 





The Gibbs-Duhem equations for 5-7 mineral's phases may have non-linear


functions in multi-component systems (f.ex.: GR-BT-STAVR-KY-QU). It is


possible if many components participate in the synthesis/destruction of


several phases.


The computation of this systems it was found out, that temperature and


pressure are non-linear functions of chemical composition of minerals, it is


even possible to observe periodical waves of concentration Mg, Fe, Mn in


granats with the increase of temperature. This fact may be of utmost


importance as the limiting factor  of mineral geothermometers and


geobarometers application in the metamorphic petrology.
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3-D ORE FRACTALS AND STRANGE ATTRACTORS IN THE TIME SERIES OF THE PRECAMBRIAN BANDED IRON FORMATIONS (BIF).


D.Yegorov 


An analysis of 100 BIF's magnetic distributions using Takens method showed that spatial variations of magnetite are an exhibition of the deterministic time history of the ore systems. It is established that inclinations of the D=f(d) plots defining a fractal dimension of attractors D=2.05-2.3. This means that magnetite distribution in the ore bodies after folding, metamorphism of BIFs, etc., is controlled and can be set by an interaction of a small number of variables.


Investigations of fractal geological objects (most of them are 3D bodies) as a rule are based on their 1D - 2D sections, or some indirect data (as in seismology). Such investigations, however, do not provide a strong basis for calculation of fractal dimensions.Unique geological and geophysical data of the Kirovogorskoye BIF deposit structures give a possibility to determine 3D fractal dimension of the BIF bodies (D=2.14). 


Digital experiments in modelling of re-distribution of components, according to the model system of 8 variables (Si- Fe2+-Fe3+-Ca-Mg-Al-K-Na) show that there is a possibility that structures analogous to BIF bodies could be formed. This testifies that fractal structures of the Kola BIF’s are not a random coincidence, but an evidence of functioning of a metamorphic-self-organization system.
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3-D FRACTALS OF THE BANDED IRON FORMATIONS (BIF).





D.G.Yegorov


Geological Inst., Kola Sci. Centre, Russian Academy of Sci., 14 Fersman street, Apatity, Murmansk reg., 184200, Russia. <yegorov@geo.kolasc.net.ru>





Investigations of fractal geological objects (most of them are 3D bodies) as a rule are based on their 1D - 2D sections, or some indirect data (as in seismology). An extremely thorough geological and geophysical survey of the Kirovogorskoye BIF deposit (northern part of the Baltic Shield) resulted in such a great amount of data (30000 points) that there is a possibility to determine 3D fractal dimension of the BIF bodies (2.14). Such fractal structures correspond to the model of diffusion limited aggregation: initial fluctuations of iron content appeared to be cluster aggregation centers, which controlled subsequent ore deposition through metamorphism. Processes of this kind are described by systems of parabolic differential equations. Using the canonical procedure of Takens, it is possible to correlate the equations phase trajectory with a long series of values of one relevant variable. However, as it was shown (Jedyak et al., 1994), a reliable identification of the process would require a series of data N=42D. With this restriction, in this study the initial massif was obtained by combining the drill-hole logging data on magnetite distribution at several sections of the ore body. It is established that inclinations of the D=f(d) plots defining a fractal dimension of attractors D=2.05-2.3. Digital experiments in modelling of re-distribution of components, according to the model system of 8 variables, show that there is a possibility that structures analogous to BIF bodies could be formed as metamorphic-self-organization system. 





