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Abstract
To date, considerable experience has been accumulated in solving the problems of forecasting and evaluation 
of minerals, primarily fossil fuels and ore minerals. Virtually any such forecast requires the use of computer 
modeling methods, which today have become an integral part of geological industry, operating with large data 
sets. But despite such significant successes in solving the problem of natural (mineral) resources forecasting 
using up-to-date information technologies, scientific and methodological approaches to modeling the subsoil 
of territories where commonly occurring mineral resources (COMR) are concentrated are still insufficiently de-
veloped. Due to insufficient funding, this type of resources is often overlooked, despite its important socio-eco-
nomic significance for the development of local industry of various ranks in regions. COMR are also important 
for the territory of the Brest region of Belarus. The development of the mineral resource base of this region due 
to the peculiarities of its geological structure (the territory is formed by a thick strata of Cenozoic sediments) 
is associated with commonly occurring types of raw materials. Therefore, scientific research aimed at modeling 
the geological structure of Cenozoic sediments in the Brest region to assess the prospects for dicovering new 
deposits of non-metallic minerals in the region is very relevant. The purpose of this work is to create a digital 
geological model of the Cenozoic sediments of the Brest region as a basis for forecasting the new COMR de-
posits, being most accessible for development in the region, and assessing the prospects for their development. 
Objectives: to systematize data on the geological structure of the Brest region; to create a digital geological 
model of the Cenozoic strata in the Brest region; to develop an approach to the grouping of the region’s lands 
according to their acceptability for the development of COMR deposits; to develop a scheme of involvement 
of the predicted COMR deposits of the Brest region in development. Study subject: Cenozoic sediments in the 
Brest region. Methods: computer modeling, geoinformation, approximation, cartographic, classification, expert 
review. Results: a new, targeted scientific and methodological approach to the geological modeling of the subsoil 
and non-metallic mineral deposits in the Brest region was proposed. The regional-level digital geological model 
created on its basis makes it possible to perform primary forecasting of COMR deposits confined to the Cenozoic 
sediments, as well as to assess the acceptability of involvement of the identified deposits in development.
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Аннотация
К настоящему времени накоплен значительный опыт в решении задач прогноза и оценки полезных 
ископаемых, прежде всего горючих и рудных. Практически любой подобный прогноз не обходится 
без использования методов компьютерного моделирования, которые сегодня стали неотъемлемой 
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Introduction
To date, a huge amount of research has been car-

ried out to solve the problems of forecasting and eva- 
luation of oil and gas deposits. The growing interest 
in these raw materials is determined by the perma-
nent growth of demand and prices for them. In addi-
tion, such studies are characterized by large amounts 
of both governmental and private investments. At the 
same time, commonly occurring mineral resources 
(COMR)1, which are of great socio-economic impor-
tance for the development of local industry in regions, 
are quite often undeservedly neglected.

COMR should to solve one of the most important 
problems for regions of different ranks – to meet the 
needs of the construction industry with local raw ma-
terials. That is why the systematic geological study of 
such resources is seen as a very relevant area of re-
search at the present stage. Geological studies of the 

1 The Interparliamentary Assembly of CIS Member States: 
The Model Code for Subsoil Management and Subsoil Usage for 
CIS Member States. URL: https://base.spinform.ru/show_doc.
fwx?rgn=29299 [Accessed February 29, 2024].

raw materials base of COMR are also important for the 
territory of the Brest region (the Republic of Belarus), 
which (its subsoil) is geologically composed of a thick 
sedimentary strata, mainly Cenozoic. The most acces-
sible for development deposits of COMR in the region 
and in the country as a whole are genetically connec- 
ted with this strata.

Detailed studies of Cenozoic sediments in the 
Brest region, first of all the Quaternary strata, were 
carried out since the middle of the XIX century and 
were connected with the construction of railroads and 
industrial enterprises, which created a demand for 
construction raw materials [1]. Today, numerous de-
posits of construction materials (clays, loams, sands 
and sand-and-gravel rocks, etc.) have already been 
explored in the region. A significant portion of such 
deposits are being developed. The rest serve as re-
serve bases for businesses in the region.

Despite the achieved successes in the creation 
and development of the raw material base of COMR 
in the Brest region, the problem of forecasting and 
assessment of such resources continues to be an ur-

составляющей геологической отрасли, оперирующей большими массивами данных. Но несмотря на 
столь значительные успехи в решении проблемы прогнозирования полезных ископаемых с исполь-
зованием современных информационных технологий, научно-методические подходы к моделиро-
ванию недр территорий, в которых сконцентрированы общераспространенные полезные ископае-
мые (ОПИ), все еще разработаны недостаточно. Ввиду незначительного финансирования данный 
вид ресурсов часто оставляют без внимания, несмотря на их важное социально-экономическое 
значение для развития местной промышленности регионов разного ранга. Важное значение ОПИ 
имеют и для территории Брестской области Беларуси. Развитие минерально-сырьевой базы данного 
региона в связи с особенностями его геологического строения (территория сложена мощной тол-
щей кайнозойских отложений) связано именно с общераспространенными видами сырья. Поэтому 
научные исследования, направленные на моделирование геологического строения кайнозойских 
отложений территории Брестской области для оценки перспектив выявления новых залежей неруд-
ных видов минерального сырья в регионе, являются весьма актуальными. Цель настоящей работы 
заключается в создании цифровой геологической модели кайнозойских отложений территории Бре-
стской области как основы для прогноза новых наиболее доступных для освоения залежей ОПИ в ре-
гионе и оценки перспектив их освоения. Задачи: систематизировать сведения о геологическом стро-
ении Брестской области; создать цифровую геологическую модель кайнозойской толщи территории 
Брестской области; разработать подход к группировке земель региона по приемлемости к освоению 
залежей ОПИ; разработать схему вовлечения прогнозных залежей ОПИ территории Брестской об-
ласти в разработку. Объект: кайнозойские отложения территории Брестской области. Методы: ком-
пьютерного моделирования, геоинформационный, аппроксимации, картографический, классифи-
кации, экспертных оценок. Результаты: предложен новый, адресный научно-методический подход 
к геологическому моделированию недр территории Брестской области и находящихся в них залежей 
нерудных полезных ископаемых. Созданная на его основе цифровая геологическая модель регио-
нального уровня позволяет выполнить первичный прогноз на залежи ОПИ, приуроченных к толще 
кайнозойских отложений, а также провести оценку приемлемости вовлечения выявленных залежей 
в разработку.
Ключевые слова
геология, геологическая модель, кайнозой, кайнозойские отложения, общераспространенные полез-
ные ископаемые, минерально-сырьевая база, сырье, прогноз, ГИС, ArcGIS, оценка, картосхема, Брест-
ская область
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gent problem here. This is primarily due to the need 
to update the results accumulated by the predecessors  
using the latest (most complete) geological drilling 
data. At the present stage, this problem can be solved 
most effectively with the use of computer modeling 
methods. Updating of data on COMR reserves / re-
sources in the region will allow geologists to plan fur-
ther study of subsoil for the development of mineral 
resource base (MRB) of Brest region and create a qua- 
litative basis for providing interested organizations 
with information on promising deposits of construc-
tion raw materials.

Based on the above, the aim and objectives of the 
present study can be formulated.

The purpose of the study is to create a digital geo-
logical model of the Cenozoic sediments of the Brest 
region as a basis for forecasting the new most accessi-
ble for development COMR deposits in the region and 
assessing the prospects for their development.

Research objectives: 
– to systematize the accumulated data on the ge-

ological structure of the Brest region;
– to create a digital geological model of the Ceno-

zoic strata in the Brest region;
– to develop an approach to grouping the lands 

of the Brest region according to their acceptability for 
the development of COMR deposits;

– to develop a reasonable scheme of involvement 
of predicted COMR deposits in the Brest region in de-
velopment.

The study  subject is Cenozoic sediments in the 
Brest region.

Source materials
The database of drilling exploration maturity of 

the Brest region, compiled by the authors on the basis 
of materials provided by the State Enterprise “Scien-
tific and Production Center for Geology” and the State 
Scientific Institution “Institute of Nature Manage-
ment of the National Academy of Sciences of Belarus” 
served as the source data for the present study imple-
mentation.

The described database contains information on 
more than 5500 wells that were drilled at different 
times in the region. For each horizon penetrated by 
a particular well, more than 20 characteristics are 
given here. Among them the most significant for the 
purpose of the present research are the following: 
location, depth of occurrence, stratigraphic descrip-
tion, lithological description, absolute elevations of 
the upper and lower contacts, thickness of rocks.

A characteristic feature of the described well net-
work is the unevenness of its distribution over the ter-
ritory of the Brest region. As can be seen in Fig. 1, the 
concentration of wells in the western part of the region 
is very high, while in the eastern part, on the contrary, 
it is extremely low. This feature has had a significant 
impact on the development of a digital geologic model 
of the Cenozoic sediments of the region.

Research techniques
Currently, there are a wide variety of techniques 

devoted to solving the problem of geologic compu- 
ter modeling for mineral deposit prediction. At the 
same time, most of these approaches, which have 

Exploration drilling
maturity 
of the Brest region

Number of objects

> 319

250

150

80

< 2

Fig. 1. Distribution of drilling wells over the territory of the Brest region
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proven their practical effectiveness, are focused on 
the creation of models with respect to the forecast 
of ore and fossil fuels deposits. To a lesser extent, 
these approaches are focused on building subsoil 
models for COMR forecasting. This is due not only 
to the smaller amount of funding for research in the 
field of forecasting of commonly occurring raw ma-
terials, but also to the specificity of specialized GIS 
programs. A large number of tools presented in such 
GIS were developed in the context of oil exploration 
tasks, where the data network is dense and uniform. 
Applying them to a  heterogeneous and sparse net-
work of data (most inherent in COMR) is often infea-
sible. That is why the creation of models of subsoil 
structure for forecasting non-metallic minerals quite 
often requires the use of specially developed algo-
rithms, methods, and technologies.

Taking into account the above-mentioned, as 
well as the experience accumulated in domestic 
and foreign practice in the field of geological mode- 
ling [2–4], to achieve the purpose of this study, the 
author’s method of forecasting and evaluation of 
COMR deposits occurring in Cenozoic sediments of 
the Brest region [5] is proposed. The scheme assumes 
realization of forecasting and evaluation on the basis 
of digital geological model of the given strata. The 
main blocks of the proposed methodology are shown 
in Fig. 2. In the following, we will elaborate on each 
of these blocks in more detail.

Block  1.  Systematization  and  updating  of  data  on 
the geological  structure of  the Brest  region.  In view of 
the fact that the main objective of the study is to 
forecast new COMR deposits in the region, the first 
stage of the study, according to the authors, should 
be the systematization of the accumulated extensive 
material on the geological structure of the Brest re-
gion. After all, it is the geological structure that is the 
key factor determining the regularities of the region’s 
mineral raw material base location and its specificity. 
In addition, it is impossible to build a correct geolo- 
gic model without understanding the specifics of the  
geologic structure.

The direct implementation of this block inclu- 
ded: 1 – collection and generalization of numerous 
materials on the geological structure of this territory; 
2 – clarification of data obtained in the historical re-
searches of this territory on the basis of the author’s 
set of horizon-by-horizon isopachyte schematic maps.

Block  2.  Selection  of  software  products  for  creating 
a digital geological model.  In view of the fact that the 
goal set in the paper can be achieved most effective-
ly with the use of information products, this block be-
came a significant part of the study.

As practice shows, a variety of GIS packages are 
used as a software basis for geological modeling, 
which can be combined into two groups [6]: subsoil 
use GIS (Rock-works, GMS, Surfer, Petrel, etc.) and 
general geographic GIS (ArcGIS, MapInfo, QGIS, etc.).

Systematization and updating of data on the geological structure of the Brest region 

Selection of software products for creating a digital geological model 

Digital geological modeling

Grouping of lands of the Brest region by acceptability for the development 
of non-metallic raw materials deposits 

Classification of deposits of non-metallic raw materials 
in the Brest region by rational use 

Development of an 
algorithm for 

processing geological 
drilling data

3D modeling 
of the Cenozoic 
strata structure

2D modeling
of the Cenozoic 
strata structure

Calculation
of geological

and commercial 
parameters

BLOCK 1

BLOCK 2

BLOCK 3

BLOCK 4

BLOCK 5

Fig. 2. Structural and logical scheme of the methodology of forecasting and evaluation  
of COMR deposits in the Brest region
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The use of such programs as GIS Petrel and GIS 
ArcGIS 10.5 was considered for creation of digital ge-
ological model of the studied region. However, since 
Petrel package was developed for the use in oil explo-
ration and production sector, where drilling data net-
work is very dense and uniform, it was not possible to 
apply it to model creation for the purpose of COMR 
deposit prediction. Therefore, preference was given to 
the ArcGIS 10.5 general geographic system.

In addition to the selection of GIS as the main 
modeling platform, this stage included the selection of 
additional software tools that extend the basic func-
tionality of the selected GIS package. The use of the 
following means was justified: MS Access DBMS,Mi-
crosoft Excel, Blender 3D computer graphics software, 
Wolfram Mathematica computer algebra system.

Block  3.  Digital  geological  modeling.  The block 
under consideration is the key block of the study and 
the longest in terms of implementation time. It in-
cluded the following steps:

– development of an algorithm for processing 
the materials presented in the exploration drilling 
database in order to identify erroneous data present 
in them;

– creation of a three-dimensional digital geologic 
model of the region [7];

– converting the three-dimensional model into 
a two-dimensional format;

– calculation of the most significant geological 
and commercial parameters(vertical thickness of sed-
iments, overburden thickness, overburden ratio);

– construction of a set of prognostic-mineralo-
genic schematic maps reflecting data on the patterns 
of distribution and promising areas of the most sig-
nificant types of non-metallic raw materials in the in-
vestigated territory in terms of thickness.

Block 4. Grouping of lands of the Brest region by ac-
ceptability for the development of non-metallic raw ma-
terials deposits. Inclusion of a block allowing to take 
into account the type of land of the deposit location 
area in the evaluation scheme is connected with the 
specifics of COMR mining. The development of these 
types of raw materials is usually carried out by open-
pit mining, which leads to negative impact on envi-
ronmental components. This, in turn, increases the 
cost of developing such resources due to the need for 
subsequent compensation for damage, primarily re-
lated to the degradation of different types of land.

In the Brest region, the use of such a block is 
also significant due to the fact that here the extrac-
tion of construction raw materials is often carried out 
through the development of on-farm quarries, that 
makes commercialization of the disturbed lands ex-
tremely problematic.

The final result produced by the block under con-
sideration was the authors' proposed approach to 
grouping of the Brest region lands in terms of the fea-
sibility of open-pit mining [8].

Block  5.  Classification  of  deposits  of  non-metallic 
raw materials  in  the Brest  region by  rational use. The 
final block of the proposed methodology was the clas-
sification of COMR deposits of the Brest region iden-
tified during the modeling by their acceptability for 
development. The classification procedure was car-
ried out on the basis of complexing raster coverages, 
reflecting geological and commercial parameters for 
each deposit, and calculated weighting coefficients, 
characterizing the acceptability of the groups of lands 
of the Brest region selected at stage 4 for COMR de-
velopment. The algorithm of deposit classification is 
described in more detail in [9].

Results and their discussion
A complex analysis of the geological struc-

ture of the Brest region territory as a key factor 
determining the regularities of formation of the 
region raw-materials base and its specificity was 
carried out. A brief characterization of the main 
features of the region territory geological structure 
is given below.

The territory of the Brest region is located in the 
western part of East European paleoplatform. Taking 
into account the depth the crystalline basement top, 
the following tectonic elements were distinguished 
within the basement: Podlyassko-Brestsky Depres-
sion (eastern part), Polesskaya Anticline, Pripyatsky 
Trough (western part), Mikashevichsko-Zhitkovichsky 
nose of the crystalline basement, Ivatsevichsky buried 
nose of the Belarusian Anticlise, Lukovsko-Ratnovsky 
gorst, Volynskaya monocline of the Volyno-Azovsky 
plate. The sedimentary cover sediments are ubiqui-
tous and united into structural complexes, succes-
sively alternating in the section of the formation se-
ries and separated by nondepositional hiatuses. These 
complexes correspond to the main tectonic stages of 
the territory’s development: Gothic, Lower Baikaskyl, 
Upper Baikalsky, Caledonian, Hercynian, Cimmeri-
an-Alpine.

The most widespread among the rocks of the 
platform cover of the studied region are Cenozoic sed-
iments, primarily Quaternary ones. The accumulation 
of the Cenozoic sediments occurred during three ge-
ologic periods with different paleogeographic condi-
tions that influenced the nature of sedimentation and 
the present-day structure of the sedimentary cover of 
the region.

The Paleogene system sediments occupy signif-
icant areas within the region. Absolute elevations of 
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their base vary from 30–40 m in the north and north-
west to 150 m in the south and southwest. The sedi-
ments thickness in most of the region is 20–30 m.

The Neogene system sediments within the Brest 
region occupy extensive areas, overlying the Paleo-
gene and underlying Quaternary. They occur at ab-
solute elevations of 30–150 m, reaching maximum 
elevations in the southwest. Their average thickness 
is 15–20 m.

The Quaternary sediments are widespread in the 
study area and superpose the formations of older geo-
logical systems. Their thickness varies from a few tens 
to 240 m.

Since the greatest prospects for the development 
of raw-materials base in the region are associated 
with the Cenozoic sediments, a set of horizon-to-ho-
rizon isopachyte schematic maps was produced to 
clarify the specifics of their structure. One of them is 
shown as an example in Fig. 3.

A digital geological model of Cenozoic sedi-
ments in the Brest region was developed. It rep-
resents a concentrated system of data on structural, 
lithologic, and mining and geological features of the 
structure of the Cenozoic strata in the region [7].

Due to the multi-layered structure of the data 
used for modeling, the model was initially generated 

in a volumetric form. The three-dimensional model 
was realized on the basis of the author's algorithm 
executed with the use of an independently developed 
module in the C++ programming language. This al-
gorithm is based on constructions based on Voronoi 
diagram. As can be seen in Fig. 4, the volumetric mod-
el consists of a set of convex polyhedra in three-di-
mensional space. The adjacent groups of these pol-
yhedrons represent sedimentary rock deposit bodies 
that may be considered as potential for development 
of COMR in the region.

Since the construction of the three-dimensional 
model was based in some parts on a sparse network 
of wells, it differs to a great extent from the classical 
volumetric models, which are presented in the scien-
tific literature devoted to modeling of oil reservoirs. 
This led to the necessity to carry out the procedure 
of its approximation and formation of a two-dimen-
sional model, which is also the most familiar from 
the viewpoint of analysis for profile specialists. The 
algorithm for transforming a three-dimensional 
model into a  two-dimensional format is described 
in detail in [7].

On the whole, the created two-dimensional mo- 
del represents data sets structured as an ArcGIS  
geodatabase files: 1 – vector point layers obtained 

No reliable data available
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Fig. 3. Isopachyte schematic map of the Sozh subhorizon of the Pripyatsky horizon (Q2pr1 sz)  
of the Quaternary system in the territory of the Brest region 
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Fig. 4. Example of the generated volumetric model reflecting the distribution of sand deposits in the Quaternary sediments 
in the territory of Zhabinka district of the Brest region, author's algorithm

during numerical processing of the volumetric model 
“sliced” into layers; 2 – raster covers for each of the 
19 rock types; 3 – classes of polygonal objects reflec- 
ting preliminary boundaries of COMR deposits, their 
thicknesses, thicknesses of overlying sediments, and 
occurrence elevations.

The two-dimensional model served as a basis 
for creating a basic set of digital prognostic-mine- 

ralogenic schematic maps of the region, which was 
performed for such rock types as sands, rubbly-gra- 
vel-sandy rocks (sand-gravel-rubbly rocks), clays, 
clay loams and sandy loams, and peat. It is these 
rocks that are the most significant in terms of thick-
ness and areal representation within the study terri-
tory. An example of the map from the described set 
is shown in Fig. 5.

53°N

52°N

23°E 24°E 25°E 26°E 27°E

53°N

52°N

23°E 24°E 25°E 26°E 27°E

 0  – Predominant overburden thicknesses
15 – Thicknesses of productive strata

Sediment thickness, m

2 3 4 5 6

0 25 50 100 km

Fig. 5. Schematic map of regularities of location and forecasting of peat deposits  
in Cenozoic sediments in the Brest region
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The approach to grouping of the Brest region 
lands according to their acceptability for develop-
ment of COMR deposits is proposed. When classi-
fying the lands, consideration was given to: 1 – legal 
norms regulating the possibility of using lands of dif-
ferent types in the Republic of Belarus for quarrying2; 
2 – approaches to grouping of lands according to their 
acceptability for development of COMR deposits, used 
in the works of other researchers3 [10, 11]; 3 – the ap-
proach to grouping of lands according to the degree of 
anthropogenic impact on natural landscapes, used in 
the work of B.I. Kochurov [12].

2 National Legal Internet Portal of the Republic of Belarus. 
Land Code of the Republic of Belarus. URL: https://pravo.by/do
cument/?guid=12551&p0=H12200195 [Accessed February 29, 
2024]; National Legal Internet Portal of the Republic of Belarus. 
Subsoil Code of the Republic of Belarus. URL: https://pravo.by/
document/?guid=3871&p0=Hk0800406 [Accessed February 29, 
2024]; Belarus Legal Forum. Draft Resolution of the Council 
of Ministers of the Republic of Belarus “On the procedure 
of location, development, reclamation and accounting of 
on-farm quarries”. URL: https://forumpravo.by/publichnoe-
obsuzhdenie-proektov-npa/forum15/16239 [Accessed February 
29, 2024].

3 Lyutyagin D. V. Geological and economic substantiation 
of involvement in development of deposits of commonly occur-
ring mineral resources [Ph.D. thesis in Economics]. Мoscow; 
2006. 28 p. (In Russ.).

The land groups are the result of systematiza-
tion of a set of land subtypes4 [13] in the Brest region 
land information system database. A total of six land 
groups were identified due to the grouping (Table 1).

To ensure the possibility of using the developed 
classification when assessing the acceptability of the 
development of COMR deposits in the Brest region, 
weighting coefficients were calculated for each group 
of lands based on the method of hierarchy analysis 
T. Saati [13, 14].

Based on the land grouping and the calculation 
of weighting coefficients , a digital raster model was 
created (Fig. 6), reflecting the acceptability of the dis-
tinguished groups of lands in the region for the de-
velopment of deposits of construction raw materials.

The scheme of involvement of predicted COMR 
deposits in the Brest region into development was 
developed. As a result of creating a raster model re-
flecting the acceptability of different groups of land 
in the Brest region to the development of COMR de-
posits, it became possible to substantiate the rational 
sequence of involving the construction raw materials 

4 National Legal Internet Portal of the Republic of 
Belarus. Land Information System of the Republic of Belarus. 
Procedures for creating, maintaining (operating and updating). 
URL: https://pravo.by/document/?guid=12551&p0=W22137315
&p1=1&p5=0 [Accessed February 29, 2024].

Table 1
Grouping of the Brest region lands in terms of acceptability for the development  

of construction raw materials deposits

Code Land group Land subtype

1 Land most acceptable  
for the development of COMR

Other unused land; sands devoid of vegetation; ravines and scour holes; bars; pits

2 Land acceptable  
for the development of COMR

Derelict land; meadow; meadow (bushy); meadow (waterlogged); meadow (waterlogged, 
bushy); improved meadow; unforested

3 Land allowable  
for the development of COMR

Arable; greenhouses, hot houses; orchards; berry fields; plantations; fruit crop nurseries; 
forests; plantings; forest belts; field, forest roads; clearings

4 Land restricted  
for the development of COMR

Lands disturbed during mining and extraction of minerals; lands disturbed during peat 
and sapropel extraction; lands disturbed during construction works; burnt-out peatlands; 
former agricultural lands contaminated with radionuclides; lands under reclamation 
construction; lands in the stage of fertility restoration; dumps and spoil heaps; pits/
quarries and other facilities at the stage of mineral extraction; lands at the stage of 
peat and sapropel extraction; active construction sites and other sites at the stage of 
construction; lands used for waste storage; animal burial sites.

5 Land extremely restricted  
for the development of COMR

Country roads; improved roads – right-of-way (carriageway); improved roads – slopes; 
cattle runs; railroads – right-of-way; railroads – slopes; railroads – platforms; other 
transportation lanes; lands under pipelines; bridges, overpasses, trestles; squares; streets 
and passages; carriageways of streets; parks, squares, boulevards, other green areas; lawns 
and flowerbeds; mounds; cemeteries; lands provided to citizens for collective gardening; 
homestead lands; yards (without division into industrial and residential buildings; open 
warehouses; pens; residential buildings; non-residential buildings; light-type buildings; 
other buildings and structures; silage pits

6 Land prohibited  
for the development of COMR

Rivers; canals and ditches; lakes; reservoirs and ponds; dams; weirs; under-edges; swamps
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Fig. 6. Raster model reflecting the acceptability of different groups of lands in the Brest region for the development 
of deposits of construction raw materials

deposits of the studied region in development. For this 
purpose, a procedure of complexing several types of 
raster surfaces was carried out in ArcGIS 10.5 software 
package: 1 – rasters of thicknesses of the identified 
promising areas of local raw materials; 2 – rasters of 
overburden thicknesses over the identified deposits; 
3 – raster showing the availability of the Brest region 
lands for COMR development [9].

Two types of schematic map sets were generated 
based on the complexing results:

1) schematic maps providing a general concept 
of the acceptability of development of the identified 
non-metallic raw materials in the region. An example 
of such a map is shown in Fig. 7;

2) schematic maps providing a detailed concept 
of the acceptability of development of each individual 
deposit. An example of such a map is shown in Fig. 8.

As can be clearly seen in both figures, all the de-
posits are grouped into five classes on the schematic 
maps:

1) the most acceptable for development depo- 
sits, which occur close the surface, have significant 
thicknesses of productive strata, and are confined to  
unused or poorly used agricultural and forest lands;

2) acceptable for development deposits, the strip-
ping ratio of which is predominantly equal to one, 
confined to agricultural and forest lands with high in-
tensity of use;

3) Deposits, development of which is allowed 
when there is an acute demand for a raw material, 
mainly occurring under disturbed lands, with strip-
ping ratio equal to or exceeding 1; 

4) Deposits, development of which is highly un-
desirable, occurring under developed lands with strip-
ping ratio exceeding 1; 

5) Deposits, development of which is impossi-
ble, occurring under water bodies and swamps, with 
the overburden thickness significantly (two or more 
times) exceeding the productive strata thickness.

At the same time, it should be noted that the pre-
sented approach to justification of the feasibility of 
a deposit development taking into account the status 
of lands should be considered as preliminary. The final 
decision on the acceptability of developing a particu-
lar deposit should be made only after a detailed study 
of the area where it is located. This will allow a more 
objective assessment of the impact of the planned 
works on the natural environment components.
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Fig. 8. Schematic map reflecting the acceptability of development of an individual sand and gravel deposit  
within the Brest region
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Fig. 7. Schematic map of peat deposits in the Brest region classified in terms of development prospects
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Practical application of the research results
The results obtained during the implementation 

of the research described in this paper have already 
found their application both in the educational and 
production process. In particular, the developed  
algorithm of geological survey data processing and 
a set of tools designed to automate its work are used 
in the educational process and research work by the 
students of the Department of Urban and Regional 
Development of the Faculty of Natural Science of 
the Brest State University named after A. S. Push-
kin, as well as by the students of the Department of 
Environmental Management of the Faculty of Engi- 
neering Systems and Ecology of the Brest State Tech-
nical University. This is confirmed by the relevant 
adoption deeds. 

The created sets of isopachite schematic 
maps, prognostic-mineralogenic schematic maps, 
schematic maps of acceptability of involvement of 
non-metallic raw materials deposits in the Brest re-
gion into development are introduced and used in 
the study of Cenozoic sediments of the region in the 
laboratory of recent geodynamics and paleogeog-
raphy of the Institute of Nature Management of the 
National Academy of Sciences of Belarus, as well as 
in the Quaternary geology department of the branch 
Institute of Geology of the Republican Unitary Enter-
prise “Scientific and Production Center for Geology”.

The economic significance of the obtained re-
sults can be assessed in the case of making appro-
priate management decisions on the development of 
the region mineral resources base and consists in the 
availability of relevant and verifiable information on 
the geological structure of the territory, significantly 
facilitating both solving the problems of further pros-
pecting for new mineral deposits and the subsoil use 
for the purposes unrelated to development of mineral 
resources.

Areas of further research
The authors see the prospects for further research 

on the forecast and assessment of COMR deposits 
in the Brest region in supplementing the proposed 
methodology with a block for assessment of deposit 
accessibility. In this paper we propose to understand 
accessibility as the proximity / remoteness of deposits 
in relation to raw material consumption clusters and 
in relation to the available transportation infrastruc-
ture. The authors suggest assessing accessibility using 
the following criteria:

– remoteness of deposits in relation to transpor-
tation lanes;

– remoteness of deposits in relation to consump-
tion clusters [5].

The last criterion can be analyzed in two ways:
– assessment of remoteness relative to settle-

ments as areas of potential construction, expansion 
or repair of various construction facilities, as well as 
areas acting as places of labor force concentration;

– assessment of remoteness relative to specia- 
lized industrial enterprises, taking into account  
their demand for certain types of construction raw 
materials.

Conclusion
The study for the first time presents the results 

of the forecast and assessment of deposits of mineral 
construction raw materials concentrated in the Ce-
nozoic sediments of the Brest region with the use of 
computer modeling methods. The main results of the 
conducted work can be summarized in the following 
conclusions:

1. On the basis of the materials accumulated by 
predecessors and a series of the author's digital hori-
zon-by-horizon isopachite maps, the analysis of the 
geological structure of the studied region was per-
formed. The data obtained during the analysis pro-
vided the possibility of visual assessment of the cor-
rectness of the results obtained at different stages of 
creating a digital geological model of the Cenozoic 
sediments in the Brest region.

2. A three-dimensional digital geological model 
of the Cenozoic sediments in the Brest region was 
developed. An author's algorithm based on the ap-
plication of the Voronoi diagram has been developed 
for its creation. Due to the fact that the created vo- 
lumetric model differs significantly from classical 
two-dimensional models, the algorithm includes 
the possibility of approximating it by switching to 
a two-dimensional model. The obtained two-dimen-
sional model gives a holistic view of the geological 
structure of the Cenozoic sediments in the region 
and serves as a basis for the creation of a series of 
digital schematic maps reflecting the features of 
spatial tracking of the COMR deposits in the region 
identified in the course of modeling.

3. An approach to land grouping in the Brest re-
gion was developed. On its basis, all lands in the re-
gion were grouped into six groups (classes) in terms 
of their acceptability for COMR extraction. For each 
group of lands weight coefficients were calculated 
and a digital raster model was created, which served 
as a basis for the classification of COMR deposits in 
the Brest region according to the “rational sequence” 
of development.

4. The approach to classification of COMR depo- 
sits in the Brest region identified in the course of 
modeling in terms of their acceptability for develop-
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ment is proposed. It is based on taking into account 
such characteristics as the thickness of a deposit, 
the overburden thickness above the deposit, and the 
weight value of the land groups under which the de-
posit is located. As a result of the classification, a set 
of schematic maps reflecting the acceptability of the 
region’s COMR deposits for development was created. 

Attributive information is attached to each deposit on 
the generated digital schematic maps. The obtained 
sets of the schematic maps and the associated databa- 
ses of the attributive information may be of interest 
to local territorial authorities in the development of 
a regional action plan for the study, development, and 
rational use of deposits of local raw materials.
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