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The eastern part of the Elbe Fault System covers an area of the Bohemian Massif located
between the middle Odra faults in the north, and the system jumps to the south of the Elbe
edging the Bohemian Cretaceous Basin on the orientation of NW-SE to WNW-ESE. The Sudetic
horst is located in the middle part of this area, and within it there are distinguishable, smaller
tectonic forms that arise after the Cretaceous-Paleogene inversion. In this part of the Western
Sudetes, the Nysa Klodzka Graben is clearly marked, and surrounding it, horst formations:
Bardo Mountains, Ztote Mountains, Snieznik Massif, Orlickie and Bystrzyckie Mountains. In
this part of the Sudetes there are many more complementary faults with directions of NNW-SSE
or NNE-SSW.

The lack of correlative deposits makes difficult to identify stages of the Nysa Klodzka Graben
tectonic development. However, it is estimated that since the Miocene until today, displacement
between the bottom of the graben, and the surface of the Snieznik Massif peak had an amplitude
about of 1000-1200 m. On the basis of indirect evidence, it can be assumed that since the late
Miocene to the present, the northern border of the graben has increased by about 50 m and the
southern, by about 15 m. Numerous gorges and places of an occurring lattice system of river
valleys indicates that this area is still little changed as a result of tectonic movements. Weak
seismicity of the area is recorded in the historical documents, and now recorded by the seismic
stations. Satellite measurement campaigns (GNSS) conducted in this area during the last
20 years confirm the trend of vertical movement points. They also point to the diversity (velocity
and directions) of horizontal displacements (Kapton et al., 2014). Attempts to determine the
scale of the vertical displacements in repeated precision levelling lines confirm the relative
displacement occurring between the bottom of the Nysa Klodzka Graben and its metamorphic
frame, and also indicate weak tectonic movements that occur within the graben bottom.

INTRODUCTION

(Radwanski, 1975; Don, 1996). Badura and Rauch

The evaluation of vertical activity areas of the
Snieznik Massif, Krowiarki, Zlote Mountains and
Nysa Klodzka Graben was carried out on the basis of
measurements at the I-st and II-nd class state precise
levelling lines, located near these areas.

The analysed sequences of precise levelling
include the western and eastern borderland of the
Sudetes: Ztote Mountains (Rychlebské), Laskowka
depression, Bardo Mountains, Snieznik Massif and
Ktodzko Valley (Fig. 1). According to the geological
division, physiographic units mentioned above are
part of the Western Sudetes. In this part of the Sudetes
there are the following tectonic units: granitoid
Klodzko-Ztoty Stok Massif, Orlica-Snieznik Dome
(OSD), Bardo Unit, Ktodzko Metamorphic and Upper
Nysa Klodzka Graben (UNKG) (see Fig. 2). Within
OSD there is the distinctive Mtynowiec-Stronie Group
(Zelazniewicz et al., 2014). Within UNKG there are
several sub-sedimentary basins of varying thickness of
Cretaceous sediments changing to 100 to 700 m

(2014) believe that the current differences in the
thickness of the Cretaceous sediments may have
a secondary character. They were created as a result of
the uneven uplift and erosion that has taken place in
this area, mainly during the Miocene and Pliocene. In
the Upper Cretaceous the area mentioned above was
located on the southern edge of the European
platform. After the Cretaceous period, the area of the
Sudetes, along with the entire Czech massif, has been
unevenly uplifted (Ziegler and Dézes, 2007). The
framework of the former Cretaceous basin has been
uplifted by about 700 to 1000 m, in relation to the
ceiling of the Upper Cretaceous sediments. In the
UNKG, there is also marked diversity of the uplifting
rate. A number of indirect geomorphological evidence
indicates that tectonic movements are still occurring in
this area (Pospisil et al., 2013). They are now more
easily identified by geodetic methods than geological
methods.
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METHODS AND RESULTS

Data have been used from precise measurements
of levelling lines in a polygon 156 to assess the
vertical crustal movement. These data come from the
Central Documentation Centre of Geodesy and
Cartography in Warsaw, Poland. Polygon 156 consists
of the class I lines: Ztoty Stok—Ktodzko and Ktodzko—
Boboszow; and lines of class II: Ztoty Stok—Stronie
Slaskie, Zelazno—Stronie Slaskie, Stronie Slaskie—
Jaworek, Bystrzyca Klodzka—Jaworek and Jaworek—
Boboszow.

In the first stage, the completeness and
consistency of the levelling data was carried out to
identify benchmarks in selected lines. With further
description, benchmarks that were damaged and
impossible to uniquely identify were eliminated. After
the selection, data were used from the selected results
of the campaigns of years 1953 to 2002 (class I lines)
and from 1989 to 2008 (class II lines). To analyse the
stability, comparative archival data from the XIX
century were used. Theoretical problems related to the
choice of common benchmarks for different periods of
research are described, among other things, in the
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works of Wyrzykowski (1985, 1988), Kowalczyk

(2009) and Kowalczyk at al. (2011).

The analysis led to isolating fixed benchmarks,
forming a reference frame. Subsequently, the changes
in the benchmarks elevations and the velocity of
vertical movement along the levelling lines were
calculated. Interpretation of the geometric changes
was carried out taking into consideration the

geomorphological and geological-tectonic conditions.
Selected reference benchmarks were regionally
relatively stable in the long term. The benchmark's
vertical movement velocities were calculated on the
basis of height differences without normal correction.
Graphical illustration of the results is shown in
Figs. 3-8.



298

O. Jamroz et al.

[mg‘/sy] N Litas S
’ 1\
{8 I8 3 83 53 pga 2 ey
i F“‘ "
i v
05— 1% 108 -
; _159 ., ey
Vo [
NN
LA RN
-16.7 8
\-186
\
. "203_-206 227
= = v N M
§ § -21.2 '\ -23.0 248 / N
1.0~ g 2 ’ N 269
A . . . ~ . -
| Krowiarki | § 2 261 A\
600 — i = S . . —600
A Mts 3 $ ¥ < 128.7\
1 < 3 o e Lo |
> 400 — -29.3[—400
£ 1 N\-&?}__/‘ .o . ' z
g Nysa Ktodzka Graben Diugopote™ = ~~_ Nysa Ktodzka Graben [ S~
2% 200 il =3 : LN 1 7 St Sl e
Se 20—|iKlodzko § E  Miynowiec- p  lddkow | ¢ o msean L0 P LU Y Gavors pisary 20 o9
e it Massif 2 £ Stronie Group o Troueh 1,0 G "0 ops Trough, o @ <o 1TV | 8
00— & Cee . b e o
1 g 5] e g 1 * Mi¢dzylesie‘s s’ 0
. &b = Sto -
X V- Step
- 200 —it r y " - - - 200
1.5 ) 10000 20000 300_00 Miedzylesie 401000 m
: Ktodzko Zelazno Mielnik Bystrzyca Dtugopole Dtugopole -1 Roztoka Boboszow|
-33.8 todzka olne orne \-
--------- velocity of benchmark movement in 1953 - 1975 == fault '\,’_42.1
—.=—-. velocity of benchmark movement in 1975 - 2002 ~——— topographic surface
V reference benchmark ~ TTTeee pre-Mesozoic surface
-42.1 max. change of benchmark elevation [mm]

Fig.3 Velocity of vertical displacements in the line Ktodzko-Boboszow (class I levelling).

Changes in the benchmark elevations and the
velocity of these changes for levelling line Ktodzko—
Boboszoéw (class 1) relate to periods 1953-1975 and
1975-2002. For this line in the region of Ktodzko
and Zelazno, there were initially observed signs of
subsidence (-0.2 mm/year to -0.5 mm/year). In the
years 1975-2002 the benchmarks show an uplifting
tendency (Fig. 3). For most of the benchmarks,
the result of these movements is close to 0. Only
the benchmark no. 24 in Klodzko in the years
1953 to 1975 subsided at a velocity of more than
- 1.5 mm/ year. In the next period it was slightly
uplifted. These movements were associated with
suffosion elution of this part of sediments beneath the
town hall, where the benchmark is fixed.

In the region of Mielnik, uplifting trends up to
0.5 mm/year were observed. The visible uplifted zone
is associated with the range of Krowiarki Mountains.
This area is separated from Nysa Klodzka Graben by

the Krosnowice framework fault from the south.
Within Krowiarki there are probably faults associated
with the parallel valley also. The lack of outcrops
makes it impossible to confirm whether this is a valley
with lithological or tectonic origin. A zone with
benchmarks indicating the uplift is observed in
Bystrzyca Klodzka, but it has a very gentle character
(up to 0.1 mm / year). Perhaps this is related to the
crossing through the measurement line by the
latitudinal Kamienna Goéra-Gorzanow horst (Badura
and Rauch, 2014). In the center of Bystrzyca Klodzka
two benchmarks demonstrate stability. Towards the
Dtugopole levelling line, another fault zone intersects,
which is associated with the Dlugopole tectonic step
(op. cit.). To the south of Dlugopole Zdroj, the
subsidence of all benchmarks is clearly indicated. For
the years 1953-1975, there are subsidences recorded
of -0.5 mm/year in the region Dtugopole and Roztoka
to approximately 0.3 mm/year near Boboszow. In the
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Fig. 4 Velocity of vertical displacements in the line Ktodzko-Ztoty Stok (class I levelling).

next study period, these trends significantly deepen,
and the maximum change in the benchmarks was
detected in the area of Roztoka (-42.1 mm) and
Boboszow (-29.3 mm). This lowering is related to the
deepest part of the Nysa Klodzka Graben-Pisary
Foredeep, continuing until Kraliky in the Czech side.
The relatively weaker subsidence in the area of
Migdzylesie is probably related to the occurrence of
the Migdzylesie horst under Upper Cretaceous rocks.
Class I levelling line Klodzko—Ztoty Stok
(Fig. 4) crosses latitudinally the Fore-Sudetic Block
with the Paczkéw Graben, Ztote and Bardo Mountains
with the Laskowka Depression. In the Ztoty Stok, this
line crosses the Sudetic Marginal Fault (SMF), which
separates Paczkéw Graben from Sudetes. In the
western part of the profile runs the Ktodzko Valley
section of the watershed Nysa Klodzka River in
Klodzko. For the entire line, there is a clear trend
of settling the benchmarks. The exception is the
previously commented movement of the bench-
mark in Ktlodzko. To the west in the area of
Ztoty Stok, a group of benchmarks is decreasing
from -0.05 mm/year in the period 1953-1975 to
- 0.2 mm/year in 1975-2002. The movement trend is
weaker than in the area of outcrop of Variscan
granitoids near Makolno, where the amplitude of the
changes ranges from -9.8 mm to -16.9 mm near

Podzamek. The explanation for the declining trend of
the Bardo and Ziote Mts. in light of previous
geological studies is impossible. Geomorphological
analysis of the Nysa Klodzka river terrace position
(Przybylski, 1998; Krzyszkowski et al., 2000), the
shape of a drainage basin of creeks crossing Sudetes,
and triangular facets in morphotectonic Sudetic
Marginal Fault suggest lifting movements (Badura et
al., 2007; Stépanéikova et al., 2010).

Next, Laski zone limited by tectonic faults,
where  subsidence  velocity slightly exceeds
- 0.5 mm/year in the initial phase of the analysed
periods. The recorded maximum subsidence of
benchmarks reaches -15.0 mm. A similar picture is
presented in a Podzamek area limited by dislocations,
where the calculated subsidence is -15.2 mm for the
period 1953-2002. Each set of zones is characterised
by subsidence velocity variation. The Podzamek
zone is separated by another dislocation from the
Jaszowka zone where subsidence was approximately
- 0.2 mm/year in the initial period. An analysis of
measurement results from the years 1975-2002 can
lead to a hypothesis about the stagnation of
movements.

In the line Boboszéw-Jaworek (class 1)
a subsidence has occurred (Fig. 5). The rate of
subsidence in the period since 1989 comes to
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- 1.2 mm/year in the Pisary area. The analysed section
is located within the deepest part of the Upper Nysa
Ktodzka Graben (Badura and Rauch, 2014).

Measurements of two lines of class II levelling -
Bystrzyca Klodzka-Jaworek and Jaworek-Stronie
Slaskie - were made during 1989-2008. The 19 year
period between measurements, however, allows for
the indication of uplifting in the Wilkanéw and
Miedzygorze area, of up to 0.3 mm/year, and
subsidence in excess of -1.5 mm/year in the nearby
Rozdroze pod Snieznikiem, where the amplitude of
the benchmark elevation changes reaches -34.9 mm
(Fig. 6). We consider this benchmark to be uncertain,
and we do not associate the observed movement with
natural geological processes.

Benchmarks from class II levelling line Zelazno-
Stronie Slaskie were uplifted for the period 1989-2008
(Fig. 7). In the Ofdrzychowice area these vertical
movements occur at an average rate of 0.4 to
0.5 mm/year. The greatest severity was observed
between  Oldrzychowice and  Trzebieszowice
(approximately 1.1 mm / year), where the uplifting
amplitude is the largest-almost to 21 mm. Next, in the
direction of Stronie Slaskie two benchmarks are
noteworthy in the area of Trzebieszowice and
Radochow. They have been increasing approximately
15-17 mm, which reflects the rate of deformation of
the rock mass in the range 0.8-0.9 mm/year.

After crossing the Radochow zone, near the Katy
Bystrzyckie, the gradual slowdown of lift movements
is noticeable, to approximately 0.2 mm/year (Stronie
Slaskie vicinity). Uplift movements in this part
of the Snieznik Massif had been previously
assumed. They are partly confirmed by the presence
of river gravel covered by basalts in Ladek Zdroj
(Birkenmajer et al., 2002). Currently, gravels are
located approximately 50 m above the level of the
Biata Ladecka River (Birkenmajer et al., 2002;
Badura et al., 2004). In the area of Chwalistaw and
Ztoty Stok on the levelling line Ztoty Stok-Stronie
Slaskie, changes are at the level of -0.1 to
-0.3 mm/year (Fig. 8). Towards Ortowiec, subsidence
trends deepen to about -1.2 mm/year, and the
amplitude of the changes reaches -22.0 mm. The
results are contrary to the results of geomorphological
and hydrographic observations (Krzyszkowski et al.,
2000; Badura et al., 2004, 2007; gtépanéikové et al.,
2008, 2010).

CONCLUSIONS

The analysis of vertical tectonic movements
were carried out in the area, which in the Cenozoic,
was one of the most tectonically modified in the NE
part of the Bohemian Massif. The estimated amplitude
of vertical crustal movement between Sudetes and the
Fore-Sudetic block may exceed 1000 m (Badura et al.,
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2007). In the Upper Nysa Ktodzka Graben, maximum
height differences between the sub-Cretaceous surface
and the present uppermost planation surfaces in the
summit area exceed 1200 meters (ValeCka, 1988;
Don, 1996; Badura and Rauch, 2014). On this basis,
we can assume that a similar order of movements
occurred after the Cretaceous inversion, which
included the Bohemian Massif. On the basis of
geological and geomorphological evidence, the
authors expected to obtain confirmation of the trend
(but not the size of displacements), where vertical
crustal movements have continued to the present day
(Zeuner, 1928; Schwarzbach, 1942; Oberc and Dyjor,
1969; Radwanski, 1975; Batik et al., 1996; Ivan,
1996; Don, 1996; Zatecké, 1996; Przybylski, 1998;
Sroka and Kowalska, 1998; Krzyszkowski et al.,
2000; Ranoszek, 2001; Badura et al., 2004, 2007;
Kontny, 2004; Stépan¢ikova et al., 2008; Badura and
Rauch, 2014). The results rather suggest that in the
eastern part of the Central Sudetes subsidence
prevails, which is consistent with the recent crustal
movement models developed by Kowalczyk et al.
(2010). This may indicate that after the glaciation of
the Oder (Saale, Drenthe), and after the small lifting
edge of the Sudetes by a few meters (Krzyszkowski et
al., 2000), the Central European area decreases. In
view of the divergent results between the geological
and geomorphological data and geodetic mea-
surements, there is a need to check areas of the
Bohemian Massif by the method used in the
investigations.
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