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SUMMARY 

The evolution of the dilatant zone from the volume limited by an uneven surface to its transition to the 
homeomorphic sphere is shown. Using the example of a smooth curve on a Euclidean surface, we 
demonstrate the dynamics of Ricci flows, the apparatus of which allows you to transform a smooth 
curve into a homeomorphic circle. On practical examples it is shown that at the intermediate stages of 
development the surface of the probable dilating inclusion is uneven, and from the analysis of 
gravitational data it follows that after the completion of the surface formation, the dilatant object 
becomes spherical and smooth. 
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Introduction 
 
It is known that only the mathematical apparatus allows you to objectively describe complex physical 
processes. For example, Perelman, using his solution, showed that the Universe is spherical and can 
transform into the starting point of the Big Bang. The mathematical apparatus proposed by Perelman 
on the basis of the work of Hamilton is universal and can be used to solve many problems. Let us try 
to apply the Hamilton apparatus (Hamilton, 1982), based on Ricci flows, to study the evolution of 
dilatancy zones in a shear stress field. The geological environment is a complex system located in the 
field of tectonic stresses. Unstable zones of the geological environment are dynamically active 
elements or zones-indicators of tectonic activity. These zones are characterized by physical and 
mechanical properties that are different from the surrounding medium. In addition, these objects have 
the ability to change their configuration over time under the influence of tectonic forces. The 
dilatancy zones — these are highly porous blocks of the Earth’s crust subjected to shear deformations 
(Rice, Rudnicki, 1979). As a rule, during shear deformation, the block volume increases. Let's try to 
find a mathematical analogy to the process of changing the volume of rocks, for example, in Ricci 
flows. The Ricci flow is a system of differential equations derived by Richard Hamilton and 
describing the deformation of a riemannian metric depending on t on a manifold (Hamilton, 1986). 
This system of equations is a nonlinear analogue of the heat equation: 
 

δ/δt gij(t) = -2Rij                                                      (1), 
 
where gij - riemannian metric, Rij - Ricci curvature. Below we will give a geometric image of the 
evolution of Ricci flows using an example of a smooth curve on a Euclidean surface. The apparatus of 
topology representing “geometry on a rubber sheet” is applicable for research. Topology studies the 
phenomenon of continuity; in particular, the properties of spaces that remain unchanged under 
continuous deformations. Unlike geometry, topology does not consider the metric properties of 
objects. 
 
In modern investigations using various geophysical methods, the dynamics of the dilatant zones of the 
Earth's crust is studied within a visible period of time (years - tens of years). In our work, an attempt 
is made to trace the evolution of a deformable dilatant zone on a geological time scale. To solve this 
problem, we used data from both monitoring of radon exhalation and interpretation of the 
gravitational field. In interpreting the exhalation data of radon, we believe that during the preparation 
of the tectonic event, an inhomogeneous dilatant inclusion develops, at the boundaries of which 
dilatant mesoinclusions are formed, during the evolution of which a homogeneous surface of the 
deformable zone is created (Martyshko et al., 2016). 
 
Analysis of experimental data 
 
Two geological objects are involved in our research: the San Andreas and Calaveras Fault Crossing 
Zone (Southern California) and the Fault Crossing Zone in the Krasnyi Zilim section (Bashkiria). The 
choice of these objects is due to the following: in California, faults are active, and the surface shape of 
the dilatant inclusion is still being formed, and in Bashkiria, in the zone of intersection of the faults, a 
dilatant inclusion with a spherical surface has probably already formed. Thus, using the example of 
these objects, one can trace the evolution of the dilatant inclusion on a geological time scale. Using an 
example of an analysis of the spatiotemporal pattern of radon exhalation variations, we considered the 
possibility of determining the structure of the surface layer of a dilatant inclusion. To this end, we 
interpreted the radon variations data obtained by Chi-Yu King (King Chi-Yu, 1980) at 12 wells at the 
intersection of the San Andreas and Calaveras faults (California, USA) from 1975 to 1980. Radon 
exhalation data obtained by weekly exposure of track detectors were selected for analysis. As a result 
of the experimental data, a model of an inhomogeneous dilatant inclusion is proposed, the surface 
quasicircular layer of which is formed by developing mesoinclusions. Hypothetically, the surface is an 
object with variable curvature. Let us prove the consistency of the proposed hypothetical model based 
on the analysis of experimental material. Figure 1 shows the spatiotemporal picture of variations in 
radon concentration on two intersecting profiles. 
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Figure 1 Spatio-temporal distribution of radon variations according to (King Chi-Yu, 1980). 
 
An analysis of radon variations data leads to two obvious conclusions. 
1. The maximum zones of radon concentration variations do not change their spatial position. 
2. The amplitudes of radon concentration variations in time change by more than an order of 
magnitude. 
Since the concentrations of radiogenic elements such as radium-226 at the observation points are 
practically unchanged (with the exception of the long-period decay process), it can be assumed that 
radon concentration variations reflect the dynamics of mesoinclusions, the volume of which varies, 
and which probably consists in leveling the surface of the regional inclusion.  
 
Apparently, it follows from the analysis of the presented material that the dynamics of the 
development of the entire system of mesoinclusions is aimed at smoothing the surface of the regional 
dilatant inclusion. Thus, when studying the dynamics of the Earth's crust of the studied region, the 
problem arises of both contouring the proposed zone of the dilatant inclusion and determining the 
likely shape of its boundary. For this purpose, a technique was developed for interpreting the spatio-
temporal picture of radon concentration variations. It is necessary to divide the field of variations into 
normal and anomalous components. For this, a factor analysis technique was used (Harman, 1976). 
 
Volumetric deformation in experiment and Ricci curvature 
 
According to the method of factor analysis, a study was made of the variations of radon in 12 wells in 
the area of the intersection of the San Andreas and Calaveras faults (California, USA). As a result of 
such studies, for example, during the preparation of the M> 5 earthquake (October 1979), an 
anomalous signal was identified that allows one to outline the zones of probable changes in the 
volume of mesoinclusions at the boundary of the main dilatant inclusion (Fig. 2) (Pyankov and 
Rublev, 2018). Let us try to find an analogy of changes in the volume of the Earth's crust with volume 
deformations reflected in the Ricci curvature. 
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Figure 2 Location of anomalous radon variations at the periphery of the dilatant inclusion (boreholes 
2 and 7). 
 
Let us consider the concept of Ricci curvature by analogy with changes in the volume of dilatant 
mesoinclusions determined from radon anomalies. The Ricci tensor measures the deformation of the 
volume, that is, the degree of difference between the n-dimensional regions of the n-dimensional 
manifold and similar regions of Euclidean space. Thus, by studying the variations of the Ricci 
curvature, we can trace the probable evolution of the dilatant inclusion. 
 

δ/δt (dvol t) = -R t (dvol t)                                                             (2) 
 

To visualize the concept of Ricci curvature, imagine a smooth closed curve on the Euclidean plane, 
choose a direction on it and consider at each point a tangent vector of unit length. Then, when going 
around the curve in the selected direction, this vector will rotate with some kind of angular velocity, 
which is called curvature. In those places where the curve is curved steeper, the curvature (in absolute 
value) will be greater, and where it is smoother, the curvature will be less. Curvature will be 
considered positive if the velocity vector rotates towards the inside of the plane, divided by our curve 
into two parts, and negative if it turns outward. This convention does not depend on the direction of 
the curve. At the inflection points where the rotation changes direction, the curvature will be zero. 

 

 
Figure 3 The evolution of a dilatant inclusion, an analogy with the geometric application of Ricci 
flows. 
 
Now at each point of the curve we attach a vector perpendicular to it, equal in length to the curvature 
at that point, directed inward if the curvature is positive, and outward if negative, and then make each 
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point move in the direction of the corresponding vector at a speed proportional to its length. An 
example is shown in Figure 3. 
 
To prove the probable evolution of the dilatant inclusion in the sphere, we consider an example of the 
interpretation of the gravitational field Δg in the region of the Bashkir anomaly of the secular 
variation. In this area of the Earth's crust, most likely, the processes of evolution of the surface of the 
dilatant inclusion are completed. The calculations were carried out by Akimova E.N. according to Δg 
from a map of scale 1:200000. From the analysis of the morphology of the isolines of the surface of 
the probable dilatancy zone (Krasnyi Zilim region), it follows that it is smooth and spherical 
(Martyshko et al., 2011). 
 
It is assumed that the classical dilatant zone evolves over time into a smooth spherical object. The 
assumption made is proved on experimental material. Thus, when interpreting variations of radon in 
California, it was shown that the surface inclusion zone is heterogeneous and consists of developing 
mesoinclusions. The formed spherical dilatant inclusion was discovered when solving the inverse 
gravimetric problem for the zone of the Bashkir anomaly of secular variation. Thus, a probable 
analogy of the processes of deformation of a dilatant inclusion with deformations "on a rubber sheet" 
described by the evolution of Ricci flows is shown. 
 
Conclusions 
 
An attempt was made to find an analogy between the processes of deformation of the Earth's crust and 
“geometry on a rubber sheet” (topology), which studies the properties under continuous deformations. 
From an analysis of the experimental data obtained during registration of radon exhalation in 
Southern California, it follows that radon variations reflect the processes of changes in the volume of 
blocks of the Earth's crust located on the periphery of the dilatant inclusion. It is assumed that in this 
way a smooth surface of a spherical dilatant inclusion is formed. A similar process is described in 
terms of topology, namely, in how the curvature changes in Ricci flows, which leads to the formation 
of a smooth spherical surface. As a result of analysis of materials for solving the inverse problem of 
gravimetry in a quasistable section of the Earth's crust (Bashkiria), it was shown that as a result of a 
long evolution, the dilatant inclusion transforms into a smooth sphere. 
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