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Fig. 1.22. Bystricany Formation.

Top lefi: view from SW, top right: loaded on the cumulative surface of the bedrock (in this case: previous complexes), bottom left:

thickness in [m], bottom right: approximate extent projected onto the surface of the area with DMR and topography (display without
scale).
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Fig. 1.23. Quaternary (DEM).
Top lefi: view from SW, top right: loaded on the cumulative surface of the bedrock (in this case: previous complexes), bottom left:
thickness in [m].
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1.4 Results by individual segments

As we mentioned above, the 3D space of studied area
was divided by generalized faults to tectonic segments
(see Fig 1.24).

SEGMENT 1: The Segment 1 forms a marginal zone
outside the central part up to the edge of the study area.
It covers an area of 420.7 km? and contains all modelled
complexes /formations, except the Borové and Raksa Fms.

SEGMENT 2: It covers an area of 37.36 km? and
contains complexes/formations: Granitoids/Crystalline
complex, Mesozoic undivided, Martin Fm., Budi§ Fm. and
Abramovce Mb.

SEGMENT 3: It covers an area of 26.45 km? and
contains complexes/formations: Granitoids/Crystalline
complex, Mesozoic undivided, Borové Fm., Huty Fm.,
Raksa Fm. and Martin Fm.

SEGMENT 4: It covers an area of 34.92 km? and
contains complexes/formations:

Granitoids/Crystalline complex, Mesozoic undivided,
Borové Fm., Rak$sa Fm., Martin Fm., Budi§ Fm. and
Abramovce Mb.

SEGMENT 5: It covers an area of 22.07 km? and
contains complexes/formations:

Fig. 1.24. 3D model of the territory. View from SW. Abramovce
Mb. is shown by a thin grid (white), the Bystricany Fm. is shown
by a dense grid (dark orange).

Granitoids/Crystalline complex, Mesozoic undivided,
Borové Fm., Huty Fm., Raksa Fm., Martin Fm. and
Abramovce Mb.

SEGMENT 6: It covers an area of 16.43 km? and
contains complexes/formations: Granitoids/Crystalline
complex, Mesozoic undivided, Borové Fm., Huty Fm. and
Martin Fm.

SEGMENT 7: It covers an area of 25.86 km? and
contains complexes/formations: Granitoids/Crystalline
complex, Mesozoic undivided, Huty Fm., Martin Fm. and
Bystri¢any Fm.

SEGMENT 8: It covers an area of 16.52 km? and
contains complexes/formations: Granitoids/Crystalline
complex, Mesozoic undivided, Huty Fm., Martin Fm. and
Bystri¢any Fm.

SEGMENT 9: It covers an area of 14.7 km? and
contains complexes/formations: Granitoids/Crystalline
complex, Mesozoic undivided, Huty Fm., Martin Fm. and
Bystricany Fm.

SEGMENT 10: It covers an area of 11.9 km? and
contains complexes/formations: Granitoids/Crystalline
complex, Mesozoic undivided, Raksa Fm., Martin Fm.,
epiclastic conglomerates and Budi§ Fm.

SEGMENT 11: It covers an area of 9.08 km?* and con-
tains complexes/formations: Granitoids/Crystalline com-
plex, Mesozoic undivided, Martin Fm. and Bystricany Fm.

SEGMENT 12: It covers an area of 8.05 km? and
complexes/formations: Granitoids/Crystalline

contains
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complex, Mesozoic undivided, Borové Fm., Huty Fm. and

Martin Fm.

SEGMENT 13: It covers an area of 8.15 km? and

contains complexes/formations:

Granitoids/Crystalline

complex, Mesozoic undivided, Raksa Fm., Martin Fm.
and epiclastic conglomerates and Budi§ Fm.
SEGMENT 14: It covers an area of 6.97 km? and

contains complexes/formations:

Granitoids/Crystalline

complex, Mesozoic undivided, Borové Fm., Martin Fm.

and Bystricany Fm.

AUXILLIARY SEGMENT 91: It covers an area of
18.94 km? and contains complexes/formations: Granitoids/
Crystalline complex, Mesozoic undivided, Martin Fm.,
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epiclastic conglomerates, Tur¢ok Fm., and Jastrabie Fm.

AUXILLIARY SEGMENT 92: It covers an area of
8.09 km? and contains complexes/formations: Granitoids/
Crystalline complex, Mesozoic undivided, Martin Fm.,
epiclastic conglomerates and Jastrabie Fm.

AUXILLIARY SEGMENT 93: It covers an area of
54.60 km? and contains complexes/formations: Granitoids/
Crystalline complex, Mesozoic undivided, Borové Fm.,
Huty Fm., Martin Fm. and Bystricany Fm.

The area and volume of individual modelled complexes
were calculated for each of the 14 tectonic segments of the
Turcianska kotlina Depression area delineated. The results
are shown in Tab. no. 1.3.

Tab. 1.3. Representation of modelled complexes in individual segments. Material volume in km®. The modelled complexes are defined
with the help of database code for the sake of clarity of the table, the names are assigned to the codes below.

Row  SBMOML o) 47 | 10 | 1 | 14 | 1624 | 17 | 19 | 20 | 21 | 181 | 182

1 2 [code] 74.55| 3.63 - - - 14.84 - - 4.50 | 12.48 - -

2 3 4598| 12.82 | 5.71 0.84 235 | 1041 - - - - - -

3 4 60.69| 6.10 | 0.58 - 294 | 27.14 - - 1.56 322 - -

4 5 25.38| 10.82 | 5.01 0.09 1.67 | 21.80 - - - 0.03 - -

5 6 29.12| 4.02 7.43 1.39 - 7.26 - - - - - -

6 7 3547 8.92 - 4.85 - 23.80 - 2.12 - - - -

7 8 11.92| 8.60 - 19.34 - 7.57 - 0.46 - - - -

8 9 28.94| 2.22 - 0.15 - 10.28 - 0.51 - - - -

9 10 2441 127 - - 0.36 6.42 1.30 - 1.91 - - -
10 11 17.61| 0.01 - - - 7.86 - 12.63 - - - -
11 12 8.56( 0.05| 3.32 0.42 - 11.33 - - - - - -
12 13 8.96| 9.85 - - 0.49 2.50 2.56 - - - - -
13 14 9.06| 0.03 0.46 - - 10.52 - 0.15 - - - -
14 91 30.05| 3.04 - - - 9.45 9.88 - - - 4.33 0.09
15 92 9.54| 8.08 - - - 0.57 6.46 - - - - 0.20
16 93 85.80| 42.09 | 4.57 | 27.21 - 2.45 - 0.06 - - - -
17 |Suml [r. 1 to 16] | 506.06|121.55 | 37.07 | 65.29 | 21.80 [174.23 | 37.19 | 34.94 | 27.96 | 36.73 433 0.30
18 continuation block 1 block 1 block 1 | block 1 |block 1 block 1 |block 1 |block 1
19 In directions NW NW \%% E W, N\W w W, S S
20 1 - edge 1,000.65|130.90 - 33.07 - 13.55 9.15 8.33 0.36 | 13.30 | 26.31 0.35
21 |Sum?2 [r. 17 +20]|1,506.71{252.45 | 37.07 | 98.37 | 21.80 [187.78 | 46.35 | 43.27 | 28.32 | 50.02 | 30.63 0.64
Formation [code] | Name Formation [code] | Name

2 Granitoids/Crystalline complex 17 Epiclastic conglomerates
4-7 Mesozoic undivided 19 Bystricany Fm.
10 Borové Fm. 20 Budis Fm.
11 Huty Fm. 21 Abramovce Mb.
14 Raksa Fm. 18.1 Turéok Fm.
16-24 Martin Fm. 18.2 Jastrabie Fm.

Explanations to the Tab. 1.3:

Interpretation in rows: e.g. Segment 6 involves 29.12 km? of the Crystalline rocks (code 2), 4.02 km* Mesozoic rocks (code 4-7), 7.43
km? rocks of Borové Fm. (code 10), 1.39 km? rocks of Huty Fm. (code 11) and 7.26 km? rocks of Martin Fm. (code 16-24),

Interpretation in columns: e.g. epiclastic conglomerates (code 17) are present in segments 10 (volume 1.3 km?), 13 (volume 2.56 km?),
91 (volume 9.88 km®) and 92 (volume 6.46 km?®).
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Fig. 1.26. 3D model of the territory. Transverse profile in the central part of the territory through the Budis Fm. View from S.

Fig. 1.27. 3D model of the territory. Transverse profile in the central part of the territory through the Abramovce Mb. View from S.
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Fig. 1.28. 3D model of the territory. Transverse profile in the central part of the territory through the southern part of the Bystricany

Fm. View from N.

1.5 Visualization options for the 3D model

The visualization options are demonstrated in Figs.
1.24 to 1.28. In 3D models, it is possible to turn on and
off individual layers, change their colour, transparency,
display method (fill, grid, iso-planes, etc.). In the 3D
model, it is possible to create a profile in any direction, a
dynamic profile (gradual display of the following profiles
with a defined step). The 3D model can be freely rotated,
zoomed in/out. Above the created map view, it is possible
to create various map compositions after adding a north,
scale, legend.

1.6 Conclusion

3D modelling of the Turcianska kotlina Depression
took place in several stages. The input data for modelling
were deep boreholes and analog geological profiles of
the area. When creating the model, it turned out that on
the basis of such data it was not possible to model the
volume of the basin with sufficient credibility (the quality
of the model depends on the quality of input data, which
is all the more true in multidimensional modelling) and
it was necessary to thicken the input data based on the
interpretation of VES profiles. Information from deeper
boreholes for calibration of modelled curves was also taken
into account in their interpretation. Despite the fact that we
did not have any seismic data and the spatial distribution
of boreholes and VES probes was not sufficiently uniform,
using interpolation and extrapolation techniques, the 3D
model of the entire Tur¢ianska kotlina Depression with a
depth range of approximately 2 km was created.

In comparison with the pioneer model of the area of
the Upper Nitra Basin, where the area of interest occupied
an area of 290 km? and the model area for 3D output

about a quarter, in the Tur¢ianska kotlina Depression the
area subjected to three-dimensional geological modelling
represented about 750 km? In addition to the 3D
geological model, other models were created: a geological-
geomorphological model of the whole area together with
engineering geological characteristics of the rocks and a
static hydrogeological model. For the first time in Slovakia,
3D modelling was applied to the basin development of a
complete and delimited sedimentary pool.

Since this was the first task of this type, several
procedures and algorithms were tested in the 3D
modelling. The result of this research was the creation
of a comprehensive methodological procedure for
processing geological spatial data for sedimentary basins
modelling. The process has been integrated into licensed
software products such as ESRI® ArcGIS™ and Petrel®
from Schlumberger. The spatial data processing (3D)
methodology applied the following processing methods in
consecutive steps:

— 3D georeferencing of objects (rasters);

— 3D vectorization (creation of polygons in space by
2D digitization and snapping to the corresponding
spatial plane);

— 3D import of objects;

— 3D (spatial) modelling of the distribution of the
observed phenomenon;

— 3D modelling of objects (vectors);

— 3D volume modelling;

— 3D visualization and 3D animation.

The resulting spatial model of the Turcianska kotlina
Depression reflects, on the basis of currently known
facts, all spatial relationships between the modelled
complexes, while the main tectonic lines are also reflected
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in it - which needs to be emphasized. From the created
model, the volumes of individual modelled complexes
were calculated, which can be used for further geological
analyzes.

The Petrel® software package from Schlumberger
was very suitable for the purposes of modelling the
sedimentary basin and can be recommended for use in
such areas in the future. All modelled objects in the form of
3D vector objects can be easily exported in ASCII format
with coordinates and used directly as inputs for specialized
programs (e.g. for hydrogeological modelling) or after
simple modifications as inputs for other GIS programs,
such as ESRI® ArcGIS™ or display some layers in
Google Earth™, etc. This procedure was later used in the
creation of a 3D geological model of the Slovak Republic
at a scale of 1: 500,000, the results of which are presented
in a separate article in this issue of the Slovak Geological
Magazine (Zlocha et al., 2020, in press).

References

Bielik, M., Krajnak, M., Makarenko, I., Legostaeva, O., Sta-
rostenko, V.I., Bosansky, M., Grin¢, M. & Hok, J. 2013: 3D
gravity interpretation of the pre-Tertiary basement in the in-
tramontane depressions of the Western Carpathians: a case
study from the Turiec basin. Geol. Carpath. 64, 5, p. 399-408.

Franko, O., Remsik, A., Fendek, M. et al., 2010: Atlas geoter-
malnej energie Slovenska [Atlas of Geothermal Energy of
Slovakia; online]. Bratislava: State Geological Institute of
Dionyz Stir.

Gasparik, J., Halouzka, R., Miko, O., Rakts, M., Bujnovsky, A.,
Lexa, J., Panacek., A., Samuel., O., Gasparikova, A., Plande-
rova, E., Snopkova, P., Fendek, M., Hanacek, J., Modlitba,
L., Klukanova, A., Zakova, E., Horni§, J. & Ondrejickova,
A., 1995: Vysvetlivky ku geologickej mape Turcianskej kot-
liny 1 : 50 000 [Explanations to the Geological Map of the
Turcianska kotlina Basin 1: 50,000]. Geological Institute of
Dionyz Stir, Bratislava, 196 p. In Slovak.

Map server of SGIDS, 2010: Digital geological map of Slovakia
at scale 1: 50,000 [online]. Available from https://apl.geolo-
gy.sk/gm50js/ [accessed on 20 January 2020].

Kotulova, J., Svasta, I., Paudits, P., Janega, A., Dananaj, 1., Hal-
mo, J., Ele¢ko, M., Simon, L., Zlocha, M., Sarkan, J., Faze-
kas, J. & Miiller, M., 2010: Horn4 Nitra, “Hornonitrianska
kotlina - trojrozmerné geologické modelovanie exponované-
ho izemia” [Upper Nitra Basin - three-dimensional geolo-
gical modelling of the area]. Manuscript, Geofond archive,
SGIDS, Bratislava.

Nagy, A., Zlocha, M., Kuchari¢, L., Svasta, T., Olsavsky, M.,
Zlinska, A., Fordinal, K., Simon, L., Gazi, P., Dananaj, L.,
Bucek, S., Barath, 1., Demko, R. & Lis¢ak, P., 2014: Tur¢ian-
ska kotlina — trojrozmerné geologické modelovanie tizemia
[Turcianska kotlina Depression - three-dimensional geolo-
gical modelling of the area]. Manuscript, Geofond archive,
SGIDS, Bratislava.

Zlocha, M., Vizi L., Kronome B., Cibula R., Nagy A., Fri¢ovska
J. & Surovy M., 2020: 3D geological model of the Slovak
Republic at scale 1: 500,000. Slovak Geological Magazine
1/2020, p. 33—48 of this issue.



