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SUMMARY 

Kaniv Dnieper area is a unique region that has evolved through the Neogene-Quaternary phase. The 
application of geological and geomorphological methods, remote sensing data and GIS made it possible 
to identify the genetic relationship between the processes of geomorphogenesis and tectogenesis within 
the Kaniv Dnieper region, to build a number of geological and geomorphological models. The 
methodology of structural-morphometric analysis is adapted to the GIS and the process of cartometric 
constructions is automated. An algorithm for creating order maps of valleys and basal surfaces has been 
developed. Basal surfaces are complex surfaces that combine local erosion bases and express the total 
movements of the earth's crust over various time intervals. A study of the morphogenesis and 
tectogenesis of the territory of the Kaniv Dnieper region showed that the neotectonic movements within 
this region had a differentiated character. Five stages of tectonic evolution were determined during the 
Neogene-Quaternary stage of its development. Hypsometry of basic surfaces of five orders was 
investigated, and a detailed comparison of the morphology of single-order surfaces has been made. On 
the basis of the obtained data on the nature of the surfaces, absolute and relative elevations, the nature 
of the isobasite pattern, the geomorphological structure of each stage has been analyzed in detail. The 
conducted studies revealed a regular relationship between the relief and tectonics. 
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Introduction 

The tectonic development of the multi-structural regions of Ukraine is characterized by a special 
complexity, which is reflected in the relief. One of the regions characterized by a complex 
combination of tectogenesis and morphogenesis during the Neogene-Quaternary stage of development 
is the Kaniv Dnieper. Its evolution is based on a variety of theories and hypotheses involving 
geomorphological and geological methods (Menshov et al., 2018). The Kaniv region of Prydniprov'ya 
is characterized by the complex dislocation of the Meso-Cenozoic sedimentary complex with the 
development of folded and scaly-push structures, complicated by different-order injectable forms.  

Due to the 'sensitivity' of the relief to the sequence of geological processes and the stage of modern 
tectogenesis method of structural morphometry has a special place in such analysis. This method is a 
tool for detecting the genetic link between geomorphological and tectonic processes, between the 
forms of the earth's surface and the structures of the earth's crust (Vyzhva, et al. 2017). The method of 
structural morphometry is based on the graphical decomposition of the relief into basal, residual, top 
and erosion surfaces by the order of valleys and watershed lines. Using of specialized software with 
the capabilities of spatial analysis accelerates the process of creating morphometric constructs. 
Geoinformation systems are an effective tool in versatile terrain research, first and foremost, for 
quantitative and qualitative interpretation of multiple genetic constructs, as well as for the selection 
and recognition of objects by a data set. ArcGIS 10.6 software (ESRI) and its specialized modules 
with powerful general spatial analysis, mapping, transformation and analysis of isolines and grid 
surfaces, as well as space-time modelling were used to analyze paleo-relief and determine its 
morphogenetic features. 

Method and/or Theory 

The applied geological-geomorphological methods in combination with the method of remote sensing 
of the Earth and GIS technology provided accessible information to the digital image of the territory 
of the Kaniv Dnieper. Field geological and geomorphological studies with detailed characteristics of 
relief structures have been performed. Structural-morphometric analysis was applied to evaluate the 
factors of the latest tectogenesis (Shevchuk, et al. 2012). 

Results 

The construction of Kanivskyi Prydniprov'ye relief models by structural morphometry requires the 
creation of a relational geodatabase that would contain combined cartographic and attributive 
information on disparate valleys and heterogeneous terrain surfaces (Burshtynska, 2003). 

During the research Earth remote sensing data (in particular, a digital snapshot of the Landsat 8 
satellite) was used to provide information about the study area as digital images. Specialized GIS 
modules were used for satellite image processing. Optical-electronic systems of remote sensing of the 
Earth of high altitude scattering gave the most qualitative colour image, and infrared shooting 
provided an opportunity to observe anomalous areas on the Earth's surface (Menshov, 2018). 

The first stage of structural and morphometric analysis is the creation of maps of the order of valleys 
and watershed lines. It is established that the valleys are usually inherited by active faulting, the 
direction of which coincides with the vectors of gradients of geopotential. To create a map of the 
order of the valleys of the Kaniv Dnieper region, a developed algorithm was used using the Spatial 
Analyst functional modules and the Hydrology Tool. The sequence of cartometric transformations 
consists in the construction and smoothing of surfaces, determining the direction of valleys and the 
direction of runoff, the transformation of raster surfaces into vector and others (Figure 1). 

The developed module made it possible to map all erosion forms of the studied region. There are 5 
valley orders. For the analysis of neotectogenesis and morphogenesis of the Kaniv Dnieper, maps of 
basal surfaces, which are complex surfaces that unite local bases of erosion, have been constructed. 
Basal surfaces express the total movements of the earth's crust over different intervals. The use of 
attribute queries and the analysis of spatial data play a major role in the construction of baseline maps, 
which are based on a valley map and digital terrain. As a result of the studies, we have sampled 
attribute data for each order and created separate classes of objects based on spatial data. The need to 
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make choices is to separate one order from another and to store their attribute data (Ivanik and 
Tustanovskaya, 2011). 
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Figure 1. The algorithm of creating maps of the valley order (a – equalizes, b - determining the 
direction of the Flow Direction valleys; c - determining the flow direction of the Flow Accumulation 

Based on the use of satellite images, a relief map with a horizontal interval of 5 m was constructed, 
which is important for the accuracy of further constructions, since traditional constructions use mostly 
topographic maps of 1:25 000 scale. Raster and vector models of paleo-relief were created depending 
on the orders based on the data obtained from point objects. This allows visualizing the morphology 
of the paleo-relief of the area. 

For a more complete analysis of baseline and vertex surfaces, TIN-models (Triangulated Irregular 
Network) are built using Spatial Analyst module (ArcMap, ArcView GIS) based on insulated 
surfaces. Base surface maps and vertex surface maps are static, allowing the analysis of the 
relationship between morphometric surfaces and tectonic structures. 

Based on the application of the specialized module Spatial Analyst vector isobasite themes have been 
converted to raster format and available analytical capabilities of grid analysis are used: the creation 
of surfaces, buffering of spatial objects, etc. Data were interpolated using different interpolation 
methods - weighted distances and splines (creating surfaces with minimal curvature). The software 
modules of the specialized modules allow comparing the difference of heights between the vertices of 
each face of TIN with the corresponding horizontal distances (Tustanovskaya, 2014). 

The following analytical operations for the implementation of the grid analysis involved the use of the 
functionality of the specialized modules 3D Analyst and Spatial Analyst. Thus, in particular, a 
statistical analysis of the constructed morphometric surfaces was performed with obtaining data on 
maximum and minimum heights, their distribution and standard deviation (Shevchuk et al., 2012). 
The points of intersection of horizontal lines with the valleys of the 2nd order were used to construct 
the map of the base surface of the 2nd order, without taking into account the valleys of other orders. 
Maps of the basis surfaces of the 3rd to 5th orders were similarly constructed (Khromikh, VV and 
Khromikh, VA, 2007). 

The advantages and disadvantages of using both methods have been identified by comparing baseline 
surface models built in the traditional and automated way. Thus, on the maps of the base surface of 
the 2nd order a similar morphological structure of the surface is recorded (fig. 2 (a)). The map 
obtained in an automated way distinguishes more local structures than the map constructed 
traditionally. This is probably because the automatic construction does not take into account such 
elements of terrain as the interception of river beds, which are very close to the area. This is especially 
true in the peripheral areas, where the tiered grid is heavily branched and characterized by a sharp 
elevation difference. To eliminate these inaccuracies, you need to use the relief feature. 

As a result of the analysis of maps of basis surfaces of the 3rd and 4th order constructed by two 
methods (fig. 2 (b, d)), a similar morphological structure of paleoreliferation within these models was 
confirmed. The map of the 4th order basis surface created by the automated method highlights some 
local areas with maximum elevations. That is, the coding algorithm considers and distinguishes such 
relief elements as saddles that differentiate the relief forms into sections, forming separate structures.  
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The comparative characterization of the 5th order baseline maps by both methods showed that the 
maximum and minimum elevations on both maps coincide (fig. 2 (d)), but significant outlines are 
observed, especially in peripheral areas where the images are somewhat blurred and inaccurate. This 
confirms the need to involve for cartographic constructions of larger areas of the area when 
constructing basic surfaces of higher orders.  

Thus, the automated method of constructing maps of the valley and basal surface orders makes it 
possible to create paleo relief models but does not always take into account the existence of such local 
landforms as interception of river beds and saddles. Acute isobasite surfaces are created on raster 
models that change the shape and appearance of structures. Additional tools and modules need to be 
plugged in to correct these inconsistencies and distortions. 
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Figure 2. Maps of bases of the 2nd (a), 3rd (b), 4th (c) and 5th (d) orders of Kaniv Dnieper, created 
in the traditional and automated way 

 

 On the whole, the analysis of the basal surfaces of the Kaniv Dnieper Dnipro River allowed us to 
gradually trace the development of the terrain during this neotectonic phase. Five stages of 
morphogenesis of the Kaniv Dnieper region were determined, based on the data obtained on the 
nature of the surfaces, absolute and relative marks, the nature of the isobasite pattern, and the 
geomorphological structure of the region-specific to each stage was analyzed in detail.  

Conclusions 

The complex application of geological and geomorphological methods (structural-morphometric 
analysis, comparative tectonics and structural analysis method), remote sensing data of the Earth and 
GIS technologies made it possible to identify the genetic link between the processes of morphogenesis 
and tectogenesis within the Kaniv Dnieper region, to determine the form factors and the activation of 
dangerous geological processes, as well as the construction of several geological and 
geomorphological models. The method of structural morphometric analysis was adapted to the GIS 
environment and the process of cartometric constructions was automated. An algorithm for creating 
maps of the order of valleys and base surfaces, which are complex surfaces, expressing the total 
movements of the Earth's crust at different intervals of time, has been developed. To refine the 
tectonic scheme of the region, identify local and buried structures, together with various genetic 
morphometric constructions, geomorphological, geological-geophysical and geodetic data were used, 
which in turn increased the informativeness of structural-morphometric analysis, as well as increased 
accuracy. 
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