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Neotectonic Rejuvenation of Variscan Structures in Relation to
Tracing of Methane Escape: Preliminary Note (Upper Silesian
Coal Basin, Moravosilesian Area, Bohemian Massif)
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The Moravosilesian zone of the Bohemian Massif consists of two
accretion wedges (Variscan and Alpine) lay above pan-African Bru-
novistulian terrane (microcontinent). The older Variscan allochton
was thrusted top-to-E up to SE and younger Alpine wedge in oppo-

site direction top-to-NW up to N. The covered part of Variscan

basement (first of all represented by Upper Silesian Coal Basin—
USCB) was influenced by a sedimentary loading of Inner Carpa-
thian molasses and Outher Badenian molasses, just as by tectonic
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movement of an accretion wedge during the period of Alpine oro-
geny. The coincident sedimentary and tectonic loading influenced
development of a lithospheric flexure of Alpine foreland and main-
ly a rifting activation of subequatorial fault systems. The distinct
tilting (block rotation linked to bookshelf tectonic) is typical brittle
deformation of rigid Brunovistulian basement that followed gene-
sis of asymmetric lithospheric flexure of Alpine foreland (Grygar
and Jelinek 2002). The movement of Alpine nappes over the base-
ment initiated significant rejuvenation of older Variscan structu-
res. A lot of reactivated Variscan faults of USCB were imprinted
through Outer Carpathian nappes to recent relief.

Research project focused on detection of features and extent
of Variscan structures to recent relief in Moravosilesian area is re-
solved at present. Results of the study (manifestation of tectonic
pattern in relief) will be helpful for localization of faults in the re-
cent relief and paleorelief of the USCB as well as for specification
of continuation of significant Sudetic faults SE-ward under Carpa-
thian nappes to area of USCB. Alpine tectogeny reactivated Varis-
can tectonic zones which could be potential natural zones of me-
thane’s escape. In the fifties Petranek (1954) pointed out a possi-
bility to escape of methane’s escape up to relief along reactivated
Variscan structures. His early ideas about the influence of young
Tertiary tectonics on structure-tectonical conditions of Variscan
accretion wedge of the USCB have been overlooked.

The selected methodical procedure included the morphostruc-
tural analysis of digital elevation models supplemented with repre-
sentative morphometrical analysis (the slope aspect, the aspect of
slope-orientation, the digital determination of topolineaments, the
drainage basin elongation ratio, etc.), structure-paleodynamic analy-
sis and some methods of remote sensing. The morphostructural ana-
lysis of studied area is based on 3D visual comparison between in-
terpretation of digital elevation models (DEM) of particular structu-
ral levels and results of structural-tectonic mapping. Analyzed digi-
tal models were compiled on basis of data from drilling and mining
activities and data from detailed digitalization of topographic maps.
The wide possibilities of computing 3D visualisation facilitate illu-
strative display of DEM of particular structural levels and much
easier qualitative analysis of the three-dimensional structural mani-
festation of tectonic deformations between Variscan and Alpine
DEM. Rightness of results was verified by structure field research,
which included brittle faults paleodynamic analysis of coal mining
data and complex structure analysis. The final structure framework
was confronted with tectonic maps and also underground structure
maps for representative structure and seam levels of the USCB.

The comparative analyses demonstrate in many aspects a neo-
tectonic rejuvenation of pre-Alpine relief linked to development
of a lithospheric flexure of Alpine foreland and mainly a rifting
activation of subequatorial fault systems. The Détmarovice Tecto-
nic Zone with vertical amplitude of movement about 1000 m on
partial faults represents the most evidently reactivated subequato-
rial fault system (direction WNW-ESE to WSW-ENE) in the north
of the Czech part of the USCB (Grygar and Jelinek 2002). This
shear zone connects the west of Orlova structure with the fault sys-
tems of the same direction in the western part of the USCB and
continues as a Jeseniky Marginal Fault as far as Opava town. The
intrusions of neovolcanites and the occurrence of mineral wa-
ter rich in CO, (Dopita et al. 1997) along this tectonic zone are
an evidence of the Neoidic geodynamic activities. Good exam-

ples of Neoidic activities of the Détmarovice shear zone is bend
of Odra’s riverbed to the east. The Détmarovice Tectonic Zone
together with the Bludovice Tectonic Zone, Orlova Fault-propa-
gation-Fold Structure, Michalkovice Structure, T¢$in Fault and
Karvina Graben are morphologically so evident in paleorelief of
USBC that they are distinctly imprinted to Alpine structural level
into recent relief.

The Alpine sedimentary and topographic loading of epi-Va-
riscan platform by Carpathian nappes activated not only sub-
equatorial pre-Alpine faults but also a genesis of new structures
at direction ENE-WSW to NE-SW. Neoidic genesis of normal
slip faults and tension depressions of Morava Gate Graben was
supported by results of comparative morphotectonic and paleo-
dynamic analysis. Their genesis is also related to development
of lithospheric flexure of Alpine foreland.

Alpine reactivation of Variscan radial faults (direction NNW-

-SSE up to NNE-SSW) is another example of fault rejuvenation
of buried Variscan relief and their imprint on recent georelief.

A typical example is zone of Jablunkov Morphological Depres-
sion, which is associated with Tésin Fault. Its structural imprint
to Outer Carpathian nappes genetically conditioned formation of
the most conspicuous radial structure in recent relief of Beskydy
Mts. Morphological features of DEM of recent relief showed that
the Tésin fault is connected NNW-ward to Odra tectonic zone.

Up-to-date in-situ stress measurements (e.g. Stas et al. 1996,
Schenk et al. 2004) in the contact zone of both Variscan and Al-
pine orogeny (Moravosilesian area) support consideration of
continued Alpine tectogenesis paleostress field, characterized by
the nearly same position of the main global compression stress
ol oriented NNW-SSE up to NW-SE. This fact indicates contin-
uation of neodynamic stress field up to recent time.
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The Vepor unit composed of Variscan basement and Late Palaeo-
zoic to Mesozoic cover sequences is one of the major crustal seg-
ments incorporated into the Alpine structure of the Central West
Carpathians. Two Alpine deformation events are recorded in this
unit. The first one is characterized by the presence of sub-horizon-
tal mylonitic fabric with E-W trending stretching lineation related
to formation of vast mid-crustal shear zone. The second one, res-
ponsible for kinking and folding of earlier fabrics in the weaker
lithologies preferentially, resulted from subsequent oblique con-
vergence with the Gemer unit in the south.

Based on our recent field and petrological studies of migmati-
tes and gneisses from the Kralova Hola massif in the north of the
Vepor unit, three metamorpic events can be distinguished. The first
event, characterised by the presence of garnet and staurolite, is re-
gional metamorphic event, most probably of Variscan age. The se-
cond event led to the formation of garnet and andalusite and could
relate to Variscan granite formation. There is a sharp composition-
al change in garnet between Ca-rich core formed during regional
metamorphism and relatively Ca-poor rim related to contact meta-
morphism. The last event, characterised by the presence of garnet
and chloritoid, is believed to represent regional Alpine metamor-
phism that was coincident with the first Alpine deformation event.
The Alpine garnet is again rich in grossulare content. Thermody-
namic modelling in the Vertex program was used to estimate P-T
conditions of the Alpine metamorphism for the gneiss from the Kra-
lova Hola massif. The results of this method indicated P-T condi-

tions 0.5-0.6 GPa and 450500 °C. Similar P-T conditions were ob- |

tained for the metasediments of the Slatvina formation in the south
of the Vepor unit (0.6 GPa and 500 °C, using Vertex) and for the
orthogeneisses form the central part of the Vepor unit (0.5-0.7 GPa
and 450-500°C, using THERMOCALC). Detailed investigation
of quartz microstructure carried out on orthogneisses of the entire
Vepor unit includes recrystallized grain size measurements and the
CPO (crystal preferred orientation) measurements. The recrystal-
lized quartz grain size determination was performed automatically
from a set of micrographs using the Lazy Grain Boundary macro
in the Scion program. This analysis covering most of the Vepor
unit area revealed only small variations in the mean grain size with
slight increase towards the west. The quartz CPO measurements
produced by using the EBSD (electron back-scatter diffraction)
and the CIP (computer-integrated polarization microscopy) meth-
ods indicated operation of basal <a>, rhomb and prism <a> slip
systems.

The results of microstructural analyses correspond well with
our temperature estimates and therefore can be used as comple-
mentary method for evaluation of regional extent of the metamor-
phic conditions during the first Alpine deformation. We argue that
the first Alpine deformation recorded in basement of the Vepor
unit occurred in similar metamorphic conditions during vertical
shortening of buoyant Veporic crust. The last stages of exhuma-
tion of the Vepor unit as well as differences in pressure estimates
in the interior of the Vepor unit could be explained by subsequent
convergence with the Gemer unit in the south and the Fatric unit

| in the north.



