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ABSTRACT 

In mountain ranges there are always tectonic faults (faults), it is to them that, in most cases, mineral 

deposits are confined - hydrocarbons, metal ores, groundwater, etc. Therefore, special attention is paid to 

the study and classification of tectonic faults. Every year, new methods for detecting faults appear, and 

the old ones improved. Methods for processing remote sensing data are especially rapidly developing. In 

this article, the authors provide the results of studies carried out on the territory of the Central Kyzylkum, 

by processing, analyzing and correlating remote sensing and mineralization data. 
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INTRODUCTION 

Modern technologies for remote sensing of the Earth are used in almost all areas of our life, and geology 

is not an exception. To meet the needs of various categories of specialists, a variety of remote sensing 

systems have been developed, with the help of which the spatial, spectral and temporal parameters of a 

wide variety of objects are studied (Shovengerdt, 2013) and as the world experience of developed 

countries shows that in geological research, remote sensing is one of the most reliable and cost-effective 

methods for regional research (Usmanov and Oripov, 2019).  

 

 
Figure 1: Satellite image of Aster 
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The Central Kyzylkum is a plain, most of which covered by aeolian sediments and only in some parts of 

it there are disjointed mountain heights with a height of less than 1000m of absolute height and large 

drainless basins with absolute bottom values up to 16m (Pyatkov and Pyanovskay, 1967). The whole 

region of Central Kyzylkum was actively researched by authors from different countries, huge work was 

done by geological exploration, geophysical and geochemical methods, but few of the methods for 

analyzing remote sensing materials was used.  

 

MATERIALS AND METHODS 

One of the modern and frequently used remote sensing systems is the Aster satellite device. The satellite 

images obtained by the ASTER equipment from Terra satellite have 14 spectral ranges: 3 - in the visible 

and near-IR, 6 - in the middle IR, and 5 - in thermal, with a spatial resolution of 15, 30 and 90 meters, 

respectively, and a frame size of 60x60 km. Such parameters make the images of this satellite a very 

useful source for mapping and analyzing geological objects on a regional scale. 

The development of software products and technical capabilities of modern computers made it possible to 

raise the interpretation and decoding of remote sensing data to a new level. Such software products as 

Erdas imagine, ENVI, Geomatica PCI, ArcGIS and others, help to specialists around the world to solve 

various kinds of tasks related to geospatial data. The abundance of constantly updated methods in the 

above software makes it possible to make very detailed interpretations the data of remote sensing. 

The Aspect exposition tool detects the slope direction of the maximum rate of change from each cell to its 

neighbors. We can consider it by this as the direction of the slope. The values of all the cells in the output 

raster indicate the compass direction that the surface is facing at that location (Figure 2). It is measured 

clockwise in degrees from 0 (north) to 360 (north again), going full circle. Flat areas with no downslope 

direction are given a value of -1 (Burrough and McDonell, 1998). 

The value of each cell in the exposure dataset indicates the forward slope direction of the cell. 

Basically, Aspect exposition tool adjusts a plane for z-values from a 3 x 3 cell neighborhood around the 

cell being processed or the center cell. The direction of the flat faces is the exposure of the cell being 

processed.  

The following diagram shows the input elevation dataset and the output  

exposure raster. 

 

 

 
Figure 3: Input and output exposure raster 

 

The Aspect exposition tool usually does the following: 

• Find all north-facing slopes on the mountain as part of finding the best slopes for the ski runs. 

Figure 2: Color palette by direction 
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• Calculate solar irradiance for each cell in an area as part of a study to determine the diversity of life in 

each area. 

• Find all southerly slopes in mountainous areas to identify locations where snow melts first, as part of a 

survey to identify residential locations that may be the first to suffer from an avalanche. 

• Identify areas of a flat surface to find an area for aircraft to land in an emergency. 

Aspect Exposition tool algorithm.  

A 3 x 3 cell-sliding window passes through each cell in the input raster and an 

exposure value calculated for each cell in the center of the window using an 

algorithm that takes into account the values of eight adjacent cells. Cells are 

designated by the letters 'a' through 'i', with the letter 'e' representing the cell for 

which the exposure value is calculated.  

The rate of change in the direction x for cell 'e' is calculated using the following 

algorithm: 

  [dz/dx] = ((c + 2f + i) - (a + 2d + g)) / 8 

The rate of change in the y direction for cell 'e' is calculated using the following 

algorithm: 

  [dz/dy] = ((g + 2h + i) - (a + 2b + c)) / 8 

Given the rate of change in both x and y directions for cell 'e', exposure is calculated using the following 

equation: 

    aspect = 57.29578 * atan2 ([dz/dy] -[dz/dx]) 

The exposure value is then converted to compass heading values (0-360 degrees), according to the 

following rule: 

    if aspect < 0 

    cell = 90.0 - aspect  else if aspect > 90.0 

    cell = 360.0 - aspect + 90.0  else 

    cell = 90.0 - aspect 

A method that allows you to classify slopes according to the directions of the cardinal points. Slopes can 

face north, west, south and east. The compass direction of the slope is an aspect of the slope. Revealing 

aspects of the same type based on remote sensing data make it possible to identify unidirectional tectonic 

units and make it possible to refine the directions and contours of linear geological structures. 

The Exposure function determines the direction of maximum slope from each cell to adjacent cells. 

Exposure can be considered as the direction of the slope. The output raster values represent compass 

directions of exposure. 

Usually the Exposure function is applied to digital elevation models (DEM), but can be applied to other 

types of remote sensing material as well. 

During the study, we processed two images by Astect method: 14-channel Aster and Aster DEM V3. 

Aster DEM is a satellite image made by stereo imagery, the result of this survey is a digital surface 

model. It should be noted that the geospatial resolution of the above satellite images is different. Aster 

DEM is 90 meters, and 14 channel Aster is up to 15 meters. 

RESULTS AND DISCUSSION 

In the course of the work, two thematic images were created, each of which reflected the features of the 

slope of the surface. It is known that the curvature and slopes of the surface are a reflection of tectonic 

structures, indicating the presence of not only young alpine, but also the presence of more ancient tectonic 

structures. It should be noted that there is a certain continuity between the ancient and young faults, which 

should certainly be taken into account when decoding satellite data. 

Fig. 4 shows images obtained by interpreting a radar image, pictures are presented in different scales. 

Further, the decryption of these data was carried out. This made it possible to identify lineaments, which 

are often geological faults. 

Figure 4: Surface 

window 
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Figure 5: Aster DEM V3 processed image by Aspect method. 

The figure shows the results of processing a 14-channel Aster image. By deciphering, lineaments were 

also highlighted in the picture (Figure 5). 

 
Figure 6: Processed 14-channel Aster image by Aspect method 

The identified lineaments were converted into a single file using ArcGIS software, thereby creating a 

lineament scheme. Of course, not every lineament is a tectonic structure. Often the lineament is a 

reflection of anthropogenic structures: roads, electric lines, canals, and others. It was for the separation of 

anthropogenic data from natural that lineaments were graded. After the sorting process, only natural 

lineaments remained on the map. In order to assign the name of a tectonic structure to a lineament, proof 

of its geological affiliation is required. For this, field verification work is usually carried out, as well as 
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the data on the previously compiled maps. In our case, reports on previously carried out geological works 

were analyzed. 

The result of our research was a remote tectonic fault scheme. This scheme allowed us to identify faults 

associated with gold deposits in this area. This, in turn, makes it possible to identify promising areas for 

gold mineralization. 

 
Figure 7: Mapped results of decoding processed satellite images 

 

CONCLUSION 

If we compare the two-decryption schemes, we can see that although the two images were taken by the 

same satellite apparatus and went through the same processing process, they give us different data. These 

data complement each other and allow you to see a detailed geological picture of the area. The radar 

image indicates large - regional data, 14 channel Aster - more detailed data. 

  
a.       B 

Figure 8: Aspect method results with identified lineament structures 

In conclusion, we can say that the Aspect satellite data processing method is an effective method for 

mapping tectonic faults. However, this method can only be of an auxiliary nature, since some tectonic 

structures identified by other methods of remote sensing processing and previously mapped tectonic 

structures were not identified by the Aspect method. It is also worth noting that the method of identifying 

tectonic structures creates a preliminary map, and to compile the final map, field certified works are 

required. 

When carrying out work on mapping tectonic structures using remote sensing methods, it is 

recommended to use the Aspect method in conjunction with the Sobel, Kirch, PCA and other methods. 
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