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Abstract. The database for critical and strategic raw materials (CSRM) in Bulgaria is designed and structured
within the framework of the National Scientific Program “Critical and strategic raw materials for green transition
and sustainable development” (2024-2029) in the ArcGIS 10.5 environment. The collection and systematization
of information proceed in parallel with its construction, as its structure allows for supplementation, addition of
new data, expansion and editing of the content. The database integrates spatially referenced information on de-
posits, occurrences and indications. The system includes polygons, linear and point layers, with detailed attribute
tables, allowing selection by chemical element, deposit type and geographical location. This study outlines the
methodology, database structure and initial results for analysis.
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Introduction

Achieving the European Union’s environmental
goals to reduce carbon emissions requires a funda-
mental change in the use of Earth’s resources. The
European Green Deal (2019) aims to make Europe
the first climate-neutral continent by 2050. Critical
and strategic raw materials are essential to achiev-
ing this.

The availability of databases on mineral deposits
and their associated maps of critical raw materials
in Europe enables the systematic organization and
spatial representation of key resources, supporting
scientific research and strategic planning. As re-
ported by Bertrand et al. (2016), the ProMine pro-
ject developed a comprehensive database of mineral
deposits across Europe, encompassing details on
deposit size, mineralogy, economic characteristics,
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and high-tech metals. The database employs struc-
tured data fields and standardized classifications to
ensure consistency and enable advanced analytical
applications. Significant deposits of critical raw ma-
terials were extracted from this database and subse-
quently presented on thematic maps, freely accessi-
ble to users. Integrating the database of critical and
strategic raw materials, developed within the frame-
work of the National Scientific Program “Critical
and strategic raw materials for green transition and
sustainable development,” into the European plat-
form would facilitate tracking, analysis, and visuali-
zation of resources at the international level.
According to Sofronieva (2025), research on
critical metals in Bulgaria mainly focuses on their
occurrence and the formation processes of the min-
erals that host them, but less attention is given to the
overall mineralogical characteristics of ore deposits
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and the quantitative assessment of metal contents
and reserves. The author emphasizes the need for
additional investments in exploration and in updat-
ing the assessments of the country’s extractive po-
tential. Critical metals are often found in second-
ary mineral phases or as isomorphic substitutions
within rock-forming and accessory minerals.

The main objective of the Program is to conduct
fundamental and applied research to identify Bul-
garia’s potential for these materials, including ex-
ploration, environmentally friendly extraction and
their effective processing (Georgiev, 2024).

The creation of a database for critical and stra-
tegic raw materials, designed and structured within
the framework of the Program, is of great impor-
tance for the management of natural resources. It
provides centralized and up-to-date information on
the availability, spatial distribution, and exploitation
potential of raw materials, supporting extraction
planning, environmental protection, and the imple-
mentation of complex analyses. The database also
supplies essential data for visualization and the de-
velopment of spatial models and maps that facilitate
scientific research and informed decision-making.

The database was developed within a Geo-
graphic Information System (GIS) environment,
which enables the integration, analysis, and rep-
resentation of spatially linked data. GIS software
allows the integration of multiple thematic layers,
including geological, mineralogical, economic,
and environmental data, into a single unified an-
alytical platform. This approach enables spatial
modeling of potential zones, identification of cor-
relations between geological factors and resourc-
es, and optimization of exploration and resource
assessment processes. In addition, the GIS envi-
ronment supports data traceability over time and
facilitates updates in response to changes in geo-
logical or economic information.

According to Gogu et al. (2001), GISs are de-
fined as systems for input, storage, manipulation,
and output of geographically referenced data, pro-
viding a means for representing spatial information
through integrated layers in the form of objects or
fields. Within the framework of the Program, GIS
serves as a key tool for deposit identification, risk
analysis, and resource planning and management in
the context of sustainable development and the stra-
tegic security of the country.

The current study presents initial results and
analyses, describes the methodology for data col-
lection and processing, and outlines the structure
of the developed database, as well as its functional
capabilities for selection, visualization, and spatial
analysis.

96

Database creation methodology

The process of creating a geodatabase begins with
defining the main goals and tasks that it must
serve. The collection and systematization of infor-
mation proceed in parallel with the construction of
the database, since its structure allows for supple-
mentation, adding new data, expanding and editing
the content.

The main source of geological information is the
National Geological Fund (NGF) under the Ministry
of Energy of the Republic of Bulgaria, which main-
tains an archive of geological maps, documentation
and registers of deposits and occurrences of minerals.
Additional data is used from the Public Register of
Concessions under the Council of Ministers (https://
nkr.government.bg/Concessions), containing infor-
mation on granted, terminated and active concessions
on subsoil resources. Data are taken from geological
maps and published literary sources, reflecting the ge-
ological structure, mineral potential and mining and
geological characteristics of the regions with identi-
fied critical and strategic raw materials. Information
on the location of raw materials and their associated
parameters was obtained from the mineral resources
database of Bulgaria maintained by the Geologi-
cal Institute at the Bulgarian Academy of Sciences
(BAS), which is continuously updated and expanded.
Developed within the Google Earth environment, the
database contains data on metallic and non-metallic
minerals, construction materials, decorative stone,
solid fuels, mining waste, as well as oil and natural
gas. Critical and strategic raw materials have been
extracted from this database and imported into a geo-
database specifically created for the purposes of the
Program. For comprehensive spatial analysis, admin-
istrative and geographic layers provided by the Japan
International Cooperation Agency (JICA) database
have also been integrated into the system.

In the process of project development, it is
planned to include results from field observations,
geochemical and mineralogical studies, as well as
additional analytical data, which will contribute to
enriching and updating the created database.

Project participants are expected to provide data
in various digital formats suitable for processing and
integration into a geodatabase. Acceptable formats
include text and spreadsheets (PDF, Excel), raster
images and maps (JPG, PNG, TIFF), spatial and
geospatial files (KML, Shapefile, GeoJSON, TAB),
as well as digital elevation models (DEM). The data
collected in this way will allow their full use for
spatial analysis, visualization and supplementing
the database, ensuring compatibility between dif-
ferent sources and types of information.
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Database scope

For the purposes of the project, a geodatabase was
created, built using the ESRI software product —
ArcMap 10.5. The geodatabase is organized into
groups (Feature Dataset), including layers with simi-
lar types of information, which facilitates the man-
agement, processing and spatial analysis of the data.
The layers are categorized by geometry type: point,
line and polygon. Each layer contains an attribute
table with text and numeric data, allowing analysis,
filtering and visualization of the relevant character-
istics. Within the Feature Dataset, spatial data is dis-
tributed according to the following thematic groups:

— administrative units and infrastructure — in-
cludes data on administrative regions, municipali-
ties, districts, settlements and road network, provid-
ing context for the spatial location of sites and the
infrastructure environment;

— geographic information — contains spatial lay-
ers for rivers and water bodies, relief, soils, land
cover, spatial characteristics of ecosystems, as well
as additional geographic data necessary for the anal-
ysis of the environment and terrain conditions;

— geology — includes data on geological units
and structural boundaries, allowing integration of
geological information with other spatial data for
the study area;

— concessions and deposits — contains data on
concession areas and mineral deposits (feature type:
polygon), providing an opportunity for assessing
the mining and geological potential and planning
resource Uuse;

— deposits, occurences and indications — contains
data on critical and strategic raw materials (feature
type: point), which allows localization and analysis
of existing and potential mining sites.

The layers in the database containing informa-
tion on critical and strategic raw materials provide
the ability to select and filter data based on vari-
ous criteria, such as mineral type, chemical element
content, and other characteristics defined in the at-
tribute table. Figure 1a—fpresents maps showing the
results obtained using the newly created database of
critical minerals and their deposition type within
the framework of the Program. The system allows
not only for rapid retrieval of relevant information
but also for conducting spatial and thematic analy-
ses that support the assessment of mineral poten-
tial, planning of exploration activities, and informed
decision-making in the context of managing critical
and strategic raw materials.

The database also offers the capability to inte-
grate new layers and update information as explo-
ration progresses and additional data are collected,
ensuring flexibility and long-term applicability.
Furthermore, it facilitates communication and data

exchange between different institutions and stake-
holders, enhancing collaboration and transparency
in resource management.

The geodatabase is designed to support expansion
and update of the content, including the addition of
new layers, relationships between them, and addi-
tional attribute data. This ensures flexibility in man-
aging spatial and thematic data within the project.

Conclusion

The creation of a geodatabase for critical and stra-
tegic raw materials represents a significant stage
in the process of digitalization and optimization
of mineral resource management. The developed
system ensures the integration and structuring of
spatial and descriptive data collected from various
sources into a unified and standardized information
environment. This approach achieves a high level
of data compatibility, reliability, and operability,
which is essential for scientific research, strategic
planning, and decision-making processes.

The geodatabase provides extensive capabilities
for spatial analysis, thematic mapping, and assess-
ment of the potential of mineral resources, support-
ing the identification of prospective areas for explo-
ration and extraction. Its digital structure and stand-
ardized format enable seamless integration with
other geoinformation systems and analytical tools,
thereby broadening its applicability.

The implementation of visualization mecha-
nisms, interactive access, and automated report
generation contributes to enhanced transparency
and traceability of data, as well as to facilitating in-
formation exchange between research institutions,
administrative bodies, and the public. As a result,
a solid foundation is established for effective, sus-
tainable, and responsible management of mineral
resources in accordance with national and European
policies in the field of raw materials security.

The database being developed for critical raw
materials has significant potential for compatibility
with European systems especially if it is structured
in standardized formats and follows GIS standards,
similar to EU-level platforms. It can be integrated
into the European infrastructure through the ex-
change of datasets and spatial layers. However, the
possibility of such integration depends on the har-
monization of classifications, adherence to stand-
ards for data records and metadata, as well as the
compatibility of coordinate systems and geospatial
formats. Integrating the Bulgarian data could en-
hance the tracking, analysis, and visualization of
resources at the European level.
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Fig. 1. Data visualization: Minerals — a, graphite; b, antimony; ¢, barite; d, tungsten; e, manganese; f, cobalt; Type deposits — 1,

indication; 2, occurence; 3, deposit.

Program “Critical and strategic raw materials for a
green transition and sustainable development”, ap-
proved by the Resolution of the Council of Minis-
ters Ne 508/18.07.2024 and funded by the Ministry
of Education and Science (MES) of Bulgaria.
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