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Fig. 2.16a. 3D tectonic structure of the Slovak Republic.

Fig. 2.16b. 2D projection of 3D tectonic structure of the territory of the Slovak Republic.

storage has been optimal. For the purposes of visualization,
the spatial objects obtained in this way were divided into
smaller parts on the basis of regional division.

A voxel structure was created from a set of spatial
planes with a selected step. The resulting 3D grid was used
to display a selected set of virtual functionalities, such as
the creation of virtual boreholes, profiles and sections (Fig.
2.22, 23, 24). The selected set of objects is stored locally
in a multishape format based on the query, similar to 3D
surfaces. Separate applications have been created to create
these functionalities.

In the future, direct support for the ESRI® platform for
displaying voxel data is expected. Created applications are
ready for this extension.

2.5 Discussion and Conclusions

The resulting 3D model of the geological setting of the
Slovak Republic in the form of 3D surfaces (Fig. 2.24) will
be available through a web application and in the form of a

binary 3D voxel grid, from which it is possible to generate
selected boreholes, profiles, sections and display them in
one scene.

The 3D voxel model was calculated in a 200x200 m
network and in a 600x600 m network with an optional
depth resolution interval, e.g. 20 m for detailed views or
60 m for general views.

During modelling, it was found that the source data
need to be re-evaluated applying a uniform methodology
and using a single legend. A number of differences
and inaccuracies were found in the mutual spatial
superposition of the calculated surfaces. This was caused
by the interpreted data themselves (e.g. the existing Pre-
Tertiary basement map), which were formed as separate
outputs without connection to other formations, or their
surroundings. We have to note that opinions on the
geological setting have also changed over time (the range
of interpreted maps creation is up to 50 years). It is similar
to the creation of classical geological maps, but in 3D there



2. 3D Geological Model of the Slovak Republic at Scale 1: 500,000

Fig. 2.17. Comparison of the
situation of imaging of the
pre-Cenozoic basement with
tectonics. A: tectonics off, B:
tectonics displayed.

Fig. 2.18. 3D digital relief model in 600x600 m network. The faults are cut to their surface projection.

Fig. 2.19. 3D model of Quaternary depths in a 600x600 m network. The faults are cut to their surface projection.



Slovak Geol. Mag., 20, 1 (2020), 33 — 48

46 |

Fig. 2.21. 3D model of the pre-Cenozoic basement of the territory of the Slovak Republic with faults displayed.

Fig. 2.22. 3D geological model with Neogene base.
Layers: relief, Quaternary, Neogene base, pre-Cenozoic basement with tectonics, model base (1,000 m below the pre-Cenozoic), in a
600x600 m network. Displayed using virtual geological profiles in the direction of the X and Y axes.



2. 3D Geological Model of the Slovak Republic at Scale 1: 500,000

Fig. 2.23. 3D geological model with Neogene base, imaging using horizontal sections and boreholes.
Layers: relief, Quaternary, Neogene base, pre-Cenozoic subsoil with tectonics, model base (1,000 m below the pre-Cenozoic), in a

600x600 m network.

Fig. 2.24. 3D geological model with geological situation in the basement.
Layers: pre-Tertiary basement, tectonics, geological situation in the basement.

are even more systematic and random inaccuracies and
ambiguities in the data, very uneven spatial distribution of
input data (boreholes), etc.

We encountered a number of problems at work, some
of which we were unable to solve. The created 3D model
corresponds in quality and accuracy to the input data
from which it was created. We had the smallest amount of
data in the northeastern part of Slovakia, as well as in the
Outer Carpathians as such (Flysch Zone), the complicated
geological structure of the Central Slovakia Neovolcanics
Field (with typical younger dikes, penetrating through
the older formations) had to be simplified. In the future,
geophysical methods will also need to be applied for more
reliable 3D modelling: VES, seismic sounding, etc.

The display of source data in space revealed all these
discrepancies, which were more pronounced in 3D. In
the case of intersecting profiles, it was clear whether
the interfaces were drawn correctly or were bounced
off, in the worst case non-coherent. A similarly created
model compared to the drilling data had to correspond
in a geologically acceptable way, it could not be a so-

called bull-eyes (naming taken from 2D methodologies),
etc. Troubleshooting was relatively easy, but the errors
eradication was very complicated.

During 3D modelling, it was found that the 3D
modelling packages we use (Petrel®, ISATIS™) could not
create all the required functionalities so that they could be
used in the web interface. Applications had to be created
for data import/export, for the creation of virtual boreholes,
profiles and sections, various forms of 3D model display
had to be designed and tested (locally, but especially via a
web application). The optimized procedure was tested on
already completed regional models in various stress tests.

The result of the work was the creation of a
comprehensive methodology from collection, through
data processing, creation of tectonics scheme, structural
map, modelling of individual 3D surfaces, creation of a
voxel model, creation of boreholes, profiles and sections
on request, creation of a web application to publish
calculated results. In addition, the web application created
over the ESRI® libraries will also support the voxel views
themselves in the future.
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The created 3D geological model of the Slovak
Republic at a scale of 1: 500,000 represents the first
attempt to provide a comprehensive 3D geological map for
the entire territory of the Slovak Republic and is the most
modern expression of a spatial geological setting. The 3D
model may in the future be one of the bases for economic
and administrative activities of the Slovak Republic and in
addition to basic information on the geological setting of
the region may provide data for compiling a wide range of
purpose, thematic and general geological maps of scales
1: 500,000, 1: 1,000,000. Its selected layer - “3D model
of the pre-Cenozoic basement” with a marked geological
structure, can be printed plastically as a wall-hung
exaggerated (or overlaid) 3D map.

By creating a 3D geological model at the state (national)
level, we have become more widely involved in leading
positions in this area. In the future, it will be appropriate
to participate in international expert commissions and
actively participate in the creation of catalogs and
methodologies. Such possibilities would provide space for
the creation of transnational 3D models in initiatives and
projects of OneGeology, GeoERA, GEOSS, etc.
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