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SUMMARY 

The purpose of this study is to create a unified geodatabase of containing information on relict 
(continental) dunes. Continental dunes are widespread in Eurasia and North America. In the studies by 
many authors, a considerable amount of information regarding the distribution of continental dunes, 
their morphology and lithology of sediments has been obtained. This information requires unification 
and systematization. The study proposes the structure of the "Relict continental dunes" multilevel 
geodatabase. The principle of territorial display of aeolian forms has become a priority in concept of 
geodatabase development. The geodatabase consists of five major relational multilevel blocks. The 
advantage of proposed geodatabase is the coverage of a large amount of information about the objects 
under study and ability to quick analysis it with the spatial display of the research object. The main tool 
for building the geodatabase is ArcGIS Desktop 9.0. The geodatabase structure uses a variety of RS and 
cartographic data processed by GIS, field surveys and laboratory analysis methods. Overall, 
geodatabase contains systematic, geocoded and layered raster, vector and text, data types in SHP, MDB, 
GRID/IMG, and TIN formats. 
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Introduction. In Eurasia, there exists the so-called “European dune zone” (Koster, 1988; Kasse, 1997; 
Zeeber, 1998; 2002; Woronko, 2012, Dubis, 2013 et al.), which extends from the Netherlands and 
Belgium to Ukraine and Belarus. In Ukraine, it covers a large part of the right-bank Ukrainian Polissia, 
including the Small Polissia. According to L. Dubis (2013), 3000 dunes have been identified on the 
right-bank Ukrainian Polissia. The abundance of diverse information on the research of continental 
dunes requires creation of unified multilevel geodatabase that would provide data entry, 
systematization, analysis and visualization (Dubis, 2013). A number of systems already been proposed 
to unify thematic information, but not offered comprehensive geodatabase for relict continental dunes. 

Methods of investigation: methods of systematization, analysis and synthesis of information, RS 
methods, cartographic GIS processing methods using ArcGIS Desktop 9.0. In the structure of 
geodatabase was included data of field surveys and laboratory analysis methods of researching Aeolian 
sediments lithology. 

Results of investigations. In 2013, L. Dubis proposed a structure of geodatabase for studying Aeolian 
paleomorphogenesis on right-bank part of Ukrainian Polissia (Dubis, 2013). From the standpoint of 
current research, we suppose that the amount of existing information on the relict continental dunes 
requires only the improvement of this block with further development of a separate multi-level “Relict 
continental dunes” geodatabase on its basis. 

The “Relict (continental) dunes” geodatabase consists of several blocks: “Relief and deposits of 
modern and relict surface”, “Dunes: general information”, “Morphology of relict dunes”, 
"Lithological features and age of dunes deposits”, “Regionalization of dunes distribution area”. 

The “Relief and deposits of modern and relict surface” block includes information of relict and modern 
relief (Fig. 1). It consists of two sub-blocks characterizing the relief and sediments. 

Important information of “Relief of modern and relict surface” sub-block is not only the data of modern 
relief morphology (horizontal and vertical dissection, tilt angles of the surface, absolute heights, etc.), 
but also the data of relict relief in the dune formation time. The ancient Aeolian forms that formed on 
the relict surface are different from the modern ones. Morphodynamic processes have changed surface 
that existed at the time of their formation. The remnants of this surface are located, primarily, at the 
base of dunes. Therefore, we present them as markers of the relict surface. In this block we also indicate 
the data on the crossections, including their localization and morphology (width, length, morphology in 
the plan). The distance from the boundaries of “landmark events”, in particular, from the boundaries of 
the stages of development and degradation of glaciers or their maximum spread in the study areas, 
terraces and floodplains, watersheds and watershed surfaces is important (Fig. 1). 

The “Deposits” sub-block contains data of sediments, which could have been source of wind-driven 
streams that formed relict dunes. The data on localization and power of deposits, their genesis and age 
and lithological features, including granulometry, mineral composition, etc., are implementing into that 
sub-block. The data on genesis, age, texture and structure of sediments are recording according to the 
international stratigraphic scheme and classifications of sediment structure and texture. Some of them 
are described below in the “Lithological features and age of dunes deposits” block. 

The “Dunes: general information” block contains spatial coordinates of the dune, its confinement to 
certain genetic types of sediments, forms and elements of relief. Additionally, we provide the data on 
pits, unique plants, archeological sites, economic use and wetlands around the form. The information 
on the presence of archeological sites will allow us to further define the forms as geo-archaeological 
sites or forms with habitats of unique plants. This is especially important for protected or adjacent to 
them areas, such as the territory of the Shatskyi National Nature Park (NNP) and the Nobel NNP on the 
right bank of Ukrainian Polissia. 

An important result is the formation of a vector layer of dunes’ distribution. The algorithm of its creation 
involves several sequential actions, in particular, their defining and vectorization on the maps of 1:50 
000 scale and larger, with further specification of the configuration of forms according to remote 
sensing data. The obtained data are compared with the results of field studies, as well as with the results 
of geological and hydrogeological surveys of the territory. 
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Figure 1. General structure of “Relict continental dunes” geodatabase. 

 

The “Morphology of relict dunes” block includes two sub-blocks, in particular, the “General 
morphology and typology of relict dunes” and “Morphometry of dunes.” Into the first “General 
morphology and typology of relict dunes” sub-block, we enter the data according to the type of dunes 
based on their classification. The dunes are divided into three types ‒ single, double and complex, 
which, in their turn, are divided into subtypes (Dubis, 2013). According to these types and subtypes, 
the dunes of different morphology are enumerated. This makes possible to take into account the 
morphological differences of the dunes and, appropriately, to calculate a number of additional 
morphometric parameters in accordance with the types and subtypes. The end result of the formation 
of this sub-block of the geodatabase is the vector multilayer information about the different 
morphological types of dunes. 

The “Morphometry of relict dunes” sub-block. Includes the database on dunes’ morphometry, taking 
into account the types and subtypes of relict continental dunes. General parameters include the length 
of the ridge line, maximum width of the form, area, height, the size of the form perimeter, and the spread 
of the form horns (Dubis, 2013, Dubis and Andreychuk, 2012). Depending on type, additional 
parameters are determined for parabolic dunes ‒ length of each dune horn, strands, double and complex 
forms, the total length of the form along the ridges, etc. The base of morphometric parameters allows 
determining a number of coefficients showing the characteristics of dunes’ morphology. These include 
the coefficient of elongation, of asymmetry of dune horns, etc. The height of form was calculating as 
difference between absolute heights of form top and its foot. In field conditions or on very detailed 
maps (plans), we also determine the angles of incidence of windy and leeward slopes of the head of 
form, and as a separate layer, if possible, add incidence angles of windy and leeward slopes of dune 
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horns (shoulders) and the presence of additional microrelief on the surface of the aeolian form. All of 
the options listed in the geodatabase are saved in separate attribute database fields for each object in the 
thematic layer. The final step is to create a block of geodata related to the morphology of the dunes and 
vector layers of certain parameters of the relict continental dunes.  

The “Lithological features and age of dunes deposits” block. Contains the geographical coordinates of 
section and its location data in relation to the morphological elements of dune. The information on the 
main stages (layers) of sedimentation of aeolian deposits of the dune, in particular, depth, sole, power 
of the isolated stage, and type of texture is entered into the database. An important lithological 
characteristics is the granulometric composition of sediments. The data are entered in accordance with 
the division of sand deposits into fractions based on the international Wentworth classification in the φ 
(phi) scale. For the interpretation of the results of granulometric analysis, the Folk and Ward (Folk and 
Ward, 1957) indicators are used. They include average grain diameter (Mz), standard deviation (1) 
used to estimate the sorting of sediments, and asymmetry coefficient Sk1 indicating the dominance of 
certain fractions over the maximum frequency fraction (Folk and Ward, 1957; Mycielska-Dowgiałło 
and Rutkowski, 1995 et al.). The application of this scale will ensure comparability of results with other 
international researches and provide an opportunity to carry out statistical analysis of the data, to 
distinguish stages with similar indicators for reconstruction of initial wind speed, etc. 

Mineral composition of sediments. The unit based on the information about the content of light and 
heavy minerals, revealed by method of their separation in heavy liquids (bromoform), and followed by 
their determination in immersion liquids under a polarization microscope (Mycielska-Dowgiałło and 
Rutkowski, 1995; Chlebowski, Gożik and Lindner, 2002 et al.). The following data are entered into the 
database: total content of light minerals (%), content of dominant light minerals, including quartz, 
feldspar, etc. Heavy minerals. In addition to the total content of heavy minerals (in %) and the content 
of individual minerals, data on the mineral content of different groups according to Chlebowski, Gożik 
and Lindner (2002) are entered. These groups reflect the resistance of minerals to transportation. Their 
correlation allows determining the probable source and duration of the mineral transfer (Chlebowski, 
Gożik and Lindner, 2002 et al.). 

Micromorphology of the surface of quartz grains. The data in this sub-block indicate the duration of 
transport of quartz grains in wind-sand streams before their accumulation in the dune. Currently, there 
exist different methods for assessing the micromorphology of quartz grains. The methodology of 
E. Mycielska-Dowgiałło and B. Woronko (2004) was used for filling in the database. The percentages 
of content of all types of quartz grains are entered, and the coefficients of the wrapping of quartz grains 
and the ratio of the content of quartz grains with different genesis characteristics are calculated. These 
data are important to reproduce the intensity of Aeolian processes in the past. 

The “Age of Aeolian deposits” sub-block contains information on the absolute age of sand deposits 
dated by luminescent methods (TL i OSL). The important information of this unit is data on buried soils 
and found artifacts. Localization with respect to the morphological elements of the dunes and depth 
clearly indicated. In addition, the data (if available) of the dating of organic residues by the radiocarbon 
method (C14) are entered. It is indicated to which sedimentation horizon the data are confined. A 
description of the buried soil and a photo are added. 

The “Regionalization of dunes distribution area” block. This block is based on the information of the 
“Dunes: general information” and “Morphology of dunes” blocks. It contains systematic information 
on the location of relict dunes on the respective territories and their spatial location in relation to each 
other. This information is mainly obtained through the ArcGIS-Spatial Analyst software module (Toms, 
2015), which is separately implemented as a toolbar with a limited set of basic functions and a toolbox 
in the ArcToolbox module in its expanded form. It enables raster-vector overlay analysis of the dunes’ 
distribution. On its basis, it is possible to establish territories of the maximum concentration of dunes, 
to outline “dunes’” fields, and to carry out appropriate regionalization of the territory taking into account 
the features of localization of distribution and morphology of dunes. 
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Conclusions. The “Relict continental dunes” geodatabase grounded on a geoinformational approach 
that enabled the development of a multi-level database with corresponding blocks of spatially 
coordinated information. The geodatabase consists of five main blocks: “Relief and deposits of modern 
and relict surface”, “Dunes: general information”, “Morphology of relict dunes”, "Lithological 
features and age of dunes deposits”, “Regionalization of dunes distribution area”. These blocks are 
multilevel and contain information of relict continental dunes distribution and morphology, lithological 
features and age of Aeolian sediments. The principle of territorial mapping of dunes has become 
dominant in concept of proposed geodatabase development, their structure and information content.  
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