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Structure from motion (SfM) for virtual 3D outcrop modelling and fracture corridors detection

on case of SW Poland granitoids.
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Problem of fracture network, fracture corridors and
fault zone spatial distribution and internal structure
was discussed by many authors e.g. (Hausegger & Kurz
2013, Barani et al. 2014, Bisdom et al. 2014, Cilona et al.
2016) for structural analysis and fluid flow in fractured
reservoirs. Our work is trying to fit into research trend
presented by above authors.

The Lower Silesian granitoide massifs have potential
to be fractured reservoirs of water, but moreover their
fracture system can provide deep water circuit, which
effects geothermal water occurrence (e.g. Cieplice
Slskie-Zdréj). For precise analysis of deep or shallow
water circuit in fractured crystalline rocks detailed data
about disjunctive tectonics spatial distribution and in-
ternal structure seems to be valuable input.

Structure from motion (SfM) is photogrammetric tech-
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nique based on digital photography. Basis of StM is to
collect set of images of object form different points of
view and reconstruct 3-dimensional colour point cloud
representation of measured object. In our study SfM is
used to create precise 3d data and orthorectified images,
both from quarries and natural outcrops to quantitative-
ly characterize fracture systems, Basing on 3D models
and ortho-images tectonic features are detected as 2D
trace lines on oriented profiles and 3D surfaces, next
2D and 3D data are combined to create fracture net-
work model. This approach allows describing not only
fractures orientation, but also their spatial density and
distribution along analysed outcrops. Using such data,
we can easily detect and quantitatively describe joint
system, fractures corridors, fault zones and mutual re-
lations between these structures.
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The Biikk and Uppony Mts. located in NE Hungary
are two adjacent structural units with different origins:
while the nappes of the Biikk Mts. once formed part of
the Inner Dinaric nappe system, the Uppony Mts. are
correlated with the Western Carpathians (Schmid et al.
2008). The mainly S-SW-vergent Bitkk and N-NW-ver-
gent Uppony Units are separated by the Nekézseny

Thrust Fault along which the Biikk-type Permomeso-
zoic formations are thrust upon the Uppony-type Pale-
ozoic and Senonian formations (Schréter 1945).

Despite of its obvious structural importance, the struc-
tural evolution of the Nekézseny Thrust Fault hasn’t
been studied in details. The possible timing of its move-
ments is between the Senonian and the Early Miocene.

Geology, Geophysics and Environment, 2018, 44 (1), 145-202
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In their preliminary structural study Fodor et al. (2005)
interpreted the results in the lights of the Paleogene de-
formation of the Darné Deformation Zone. On the other
hand, based on paleogeographic considerations Schmid
et al. (2008) consider the Nekézseny Thrust Fault as the
suture zone of the Meliata Ocean thus assume that the
age of this structural contact is Early Cretaceous.

Consequently, the aim of our study was to understand
the deformation geometry and the timing of activity
along the Nekézseny Thrust Fault. As part of the study
core samples from boreholes that drilled through the
supposed structural contact were reviewed, sampled
and interpreted. Detailed structural mapping in the sur-
roundings of the Nekézseny Thrust Fault was followed
by stress field analysis and preparation of cross-sections.
According to our preliminary results, at least five tec-
tonic phases could be separated. Field work in the gen-
tly folded Senonian Nekézseny Conglomerate revealed
both pre- and post-tilt low-angle thrust faults. While
the pre-tilt thrust faults are clearly the results of NW-
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SE compression (D1), the post-tilt thrust faults can be
separated into three groups that show slightly different
N-S, NW-SE and E-W compression (D2). These devi-
ations from the general NW-SE post-tilt compression
only appear immediately at the Nekézseny Thrust Fault.
The tilting itself is connected to NW-SE compression
as well. The subsequent three deformation phases are
connected to the later rotational events and extensional
deformation history of the Pannonian Basin (D3: Early
Miocene NNE-SSW extension, D4: Middle Miocene
E-W extension, D5: Late Miocene-Pliocene NW-SE ex-
tension; Fodor et al. 2005, Budai & Fodor 2008). All this
may contribute to understanding not only the deforma-
tion history of the Nekézseny Thrust Fault, but the role
of the Darné Deformation Zone during the Mesozoic
structural evolution of the area.
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Three models of structure of the Carpathian Klippen Belt -
variable records of nappe thrusting, backthrusting and transpression
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The Carpathian Pieniny Klippen Belt (PKB) is charac-
terized as an orogen-scale, unusually narrow but contin-
uous zone with intricate internal structure. It follows the
boundary between the Cretaceous Central Western Car-
pathian (CWC; Austroalpine) stack of thick- and thin-
skinned nappes and the Cenozoic accretionary wedge
(Flysch Belt). The PKB involves its own special units
(Pienidic or Oravic) that were derived from an indepen-
dent palaeogeographic domain known as the Czorsztyn
Ridge and its slopes. This represents an intra-Penninic
continental sliver that was separated from the Austroal-
pine domain during the Middle-Late Jurassic and rifted
off the foreland European plate in the Early Cretaceous,
hence bounded by two respective branches of the Pen-
nine oceans - the Piemont-Vah Ocean in the south and
the Rhenodanubian-Magura Ocean in the north. Oro-
genic deformation progressed from the Late Cretaceous
onward when the Oravic cover units were detached from
their basement, which underthrust the CWC orogenic
wedge, and were assembled in a shallow fold-and-thrust
belt. As shortening embraced the North Penninic Biele

Karpaty and Magura units, the PKB Oravic units have
got caught between the developing accretionary wedge
of the present Flysch Belt and the CWC rigid buttress.
In this backstop position, the original PKB nappe struc-
ture was variously modified up to almost destroyed by
subsequent out-of-sequence thrusting, backthrusting,
transpressional and transtensional movements.

Presence of the Oravic units, the Czorsztyn succession
in particular, is along with frequently disorganized
block-in-matrix structure the most distinctive aspect
of the PKB structure that occurs all along its ca 600 km
length. However, especially the western Slovakian PKB
branch incorporates also cover nappe units of the CWC
provenance (Peri-Klippen zone with the Klape, Manin
and Drietoma units) that were emplaced in the late
Turonian and then deformed together with the Orav-
ic units. As a result, they partially share the “klippen
tectonic style” and include also the Senonian-Paleo-
gene post-nappe strata deposited in the wedge-top Go-
sau-type basins (Pladienka & Sotdk 2015 and references
therein). On the other hand, the eastern PKB branch
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