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SUMMARY 

Earthquake prediction and monitoring of seismic activity remains one of the most difficult 

problems in the geosciences. Progress in the study of dangerous geological processes is 

closely related to the use of remote sensing materials (RSMs), which make it possible to 

identify and analyze relationships, rank different geological structures, etc. In this regard, 

today the development of new approaches to the study of earthquakes and their forecasting 

using GIT based on RS< and software for their processing is widely used. One of the 

promising areas of research is the study of decipherable networks of lineaments on satellite 

images. 
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Introduction  

 

Prediction of earthquakes and monitoring of seismic activity remains one of the most difficult 

problems of Earth sciences. Vast territories, often quite densely populated, are at risk of earthquakes. 

The greatest danger of earthquakes lies in their unpredictability and inevitability. (Bolt, 1993). 

 

Progress in the study of hazardous geological processes is closely related to the use of remote sensing 

materials (RSM), which allow for the identification and analysis of relationships, ranking of various 

geological structures, etc. RSM reflect areas of increased fracturing, zones of deep, regional and local 

faults with seismic dislocations tending to them, which are the places of the most likely occurrence of 

strong earthquakes. The use of RSM and geoinformation technologies (GIT) for seismic hazard 

assessment opens up wide opportunities (Zatserkovnyi, 2018). 

 
In this regard, the development of new approaches to the study of earthquakes and their prediction 

using HIT, based on RSM and software for their processing, is widely used today. 

 

One of the promising areas of research is the study of lineament systems deciphered on space images. 

The comprehensiveness of space images allows to reveal the spatial relationships of tectonic 

structures of any order. Natural generalization makes it possible to obtain ranked information about 

the structure of the earth's crust and to identify new objects by integrating geological landscape 

features. (Vereshchaka, 1990) 

 

Lineaments are regional, linearly oriented elements of the structure and relief of the earth's crust, the 

length of which is many times greater than the width (fault lines) 

 

Methods of investigation  
 

Lineaments are expressed by the shape and orientation of geological and geomorphological objects, as 

well as features of the structure of geophysical fields. 

 

The ability to decipher is determined by many conditions: the scale of the RSM, seasons and types of 

filming, geological structure and landscape and climatic conditions of the territory, etc. Lineaments 

appear on space photographs, which have the overview and generalization of the image, when 

individual details of the geological and geomorphological structure are summarized, collected into a 

single remote image.  

 

Zones of lineaments are complex formations, usually with implicit, "blurry" boundaries. There are 

systems (swarms) of short convergent subparallel lineaments. Much wider (up to the first hundreds of 

kilometers) lineament belts, which appear on images with low spatial resolution, are even more 

complicated. 

 

In the relief, lineaments form regularly oriented zones of linear depressions in the relief. The width of 

such zones is from the first to tens of kilometers. Therefore, lineaments are difficult to detect on aerial 

photographs and during ground observations. In space pictures, they are manifested due to the 

visibility and generalization of the image. 

 

Lineament analysis is an effective complex of geomorphological, geological, remote and other 

methods of mapping geological and geomorphological objects of a linear nature. Linear structures 

revealed as a result of research can be used to solve a number of applied problems. (Busygin, 2016) 

 

The main reasons for the expediency and possibility of using lineament analysis are: 

1. Intermittent-progressive nature of the development of seismic events 

https://uk.wikipedia.org/wiki/Землетрус
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2. A regular change in the stress-strain state of the earth's crust 

3. Cyclical nature of earthquake precursors 

Timing of earthquake foci to the places of intersections of faults and areas of maximum density of 

ruptures, etc. 

 

More attention is paid to the use of lineament analysis methods of space images for the study and 

monitoring of seismic activity, as works have been created that provide convincing evidence of an 

increase in the degree of manifestation of lineaments on the eve of earthquakes. The potential of 

lineament analysis of space images in the assessment of seismic activity is far from exhausted. Further 

development of relevant methods can significantly increase the role of lineament study in solving the 

specified task 

 

Initial and geological data 

 

The territory of the Marche region, the city of Urbino, the national park "Monti Sibilini", the national 

park "Gran Sasso and Monti della Laga" was investigated in the work (Fig. 1). 
 

Italy is one of the most seismically active regions 

of Europe and its relatively well-documented 

seismic history dates back more than 2,500 years, 

but the peculiarities of its seismic regime are not 

sufficiently studied (De Donatis, Mazzoli, Saville, 

2005) 

 

The places of the epicenters are mainly located in 

the territory of the Gran Paso National Park. The 

complex geological and tectonic composition of 

Central Italy creates the risk of earthquakes . 

To decipher the lineaments, satellite images of the 

given territory are necessary. According to the 

authors, the best types of images for research can 

be considered: 

• Landsat 8, which surveys the Earth's 

surface in the visible, near-infrared, short-wave 

range of the spectrum with a resolution of 30 m 

and in panchromatic mode with a resolution of 

15 m. 

• SRTM30 version 2.0. DEM with a 

resolution of 1 arc second (about 30 meters) with 

the size of one tile 1°×1°. 

 

In the subsequent work, a multispectral Landsat 8 

image was used. 

Envi software and the PCI-correction tool, which reveals complex relationships between spectral 

characteristics and leaves only unique information necessary for processing, were used to clean up the 

excess information that arose due to multispectrality, and therefore the overlay and mixing of spectral 

information from several spectra. For further work, the authors performed automatic decoding of 

lineaments in PCI Geomatica software (Fig. 2). 

 

To apply the lineament extraction algorithm, you need to run the Lineament Extraction tool, set values 

for the following parameters: RADI (used: 10), GTHR (70), LTHR (30), FTHR (3), ATHR (30), 

DTHR (20). After processing the input image, a vector file in .shp format is obtained (Fig. 3). 

 

Figure 1 The territory of the study  
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Figure 2 Lineaments of the studied territory  Figure 3 Zones of the greatest density of 

lineaments and the greatest density of earthquakes  

 

 
Figure 4 Earthquakes and lineaments of the studied territory on the general map 
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Results of investigations.  
To perform the lineament analysis, a lineament density map and an earthquake density map were 

created for the study area. 

 

As shown in fig. 4, the zones of the highest density of lineaments and the highest density of 

earthquakes are similar in shape and location. 

 

Using the Envi software, the percentage ratio of individual density zones of lineaments and 

earthquakes was obtained. A table was created using the Change Detection Statistic tool. 1 with a 

percentage (and planar) ratio 

 

Table 1 Table of areas of zones with the same density (in %) 

       Earthquakes 

Lineaments 

1 2 3 4 5 

1 61,7 47,9 53,4 36,2 10,513 

2 8,2 13 11,1 13,2 8,8 

3 17,5 21,9 19,2 28,1 14,35 

4 8,7 13,5 11,9 12 29 

5 1,6 2,7 3,6 9,8 36,9 

 

Recommendations and conclusions. More than 65% of earthquake epicenters occur in areas with a 

high density of lineaments. In addition, the territories with the lowest density of lineaments also 

contain the lowest density of earthquake epicenters. More than 70% of territories that have not 

experienced earthquakes in the last 5 years do not contain clear fault lines (Fig. 4). So, after 

conducting these studies, it can be stated that the number of lineaments within a certain territory 

affects the probability of an earthquake. 

 

Over the past 5 years, 5 weak earthquakes have occurred near the city of Urbino. Since there are 

almost no deep fault lines in this area, the chance of a new powerful earthquake is really absent and 

therefore it can be said with high probability that the region of Pesaro and Urbino is sufficiently 

earthquake resistant. 
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