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1. Programme and schedule of the geomorphological field trip ČAG ‘19
8:00

Departure from Parkhotel Skalní město
8:00 – 8:10

8:10 – 8:25

transfer from Parkhotel to the Šrámek’s viewpoint

Ex. stop 1A: Šrámek’s viewpoint (guided by Jan Mertlík and Petr Tábořík)
-

panorama of the Český ráj landscape – general landscape context
prominent landscape features – Cretaceous sandstones (Suché skály ridge,
Příhrazy rock castle, Střeleč quarry), neovulcanites (Trosky, Vyskeř, Mužský
etc.), Permian (Kozákov hill) or Crystalline rocks (Ještěd hill, Krkonoše Mts)

8:25 – 8:35
8:35 – 9:00
9:00 – 10:30

transfer from Šrámek’s viewpoint to Střeleč quarry
paperwork, regrouping

Ex. stop 1B: Střeleč Quarry (Jiří Bruthans)
-

”uncovered” Cretaceous sandstones (Teplice formation)

-

locked sands, physical modelling of landscape forming processes (sandstone
landscapes), origin of the rock arches, etc.

10:30 – 10:40

transfer from Střeleč quarry to the Trosky castle parking

10:40 – 11:40 Ex. stop 2: Trosky – a landmark of the Český ráj (Jan Mertlík and Filip Hartvich)
-

neovulcanites of the Český ráj, volcanic diatreme, lava cave, dating of
vulcanites, castle ruins

-

crevice-type caves in sandstones and landslides in claystones of the Teplice
formation

-

monitoring of the unstable rock blocks

11:40 – 12:10

transfer from Trosky to the Suché skály parking

12:10 – 13:10 Ex. stop 3: Suché skály Rock Ridge (Miroslav Coubal)
-

A tectonics of the Lusatian fault zone (fault kinematics, slickensides)

-

Suché skály ridge – a tectonic phenomenon at Lusatian (Lužický) fault: a
rugged block of tilted up layers

13:10 – 13:45

transfer from Suché skály ridge to parking at Dneboh

13:45 – 14:45 Ex. stop 4: Dneboh 1926 Landslide (Filip Hartvich and Jan Blahůt)
-

Cretaceous sandstones (Příhrazy plateau) and a stability of the marginal
parts, rock towers, toppling, rock falling
historic 1926 Dneboh landslide - environment, event and research history,
“drunken” forest

14:45 – 15:00
15:00

transfer from Dneboh to Pivovar Klášter

Ex. stop 5: Klášter Brewery
-

late lunch in the Skála restaurant

-

Klášter Brewery Tour for beer enthusiasts

Excursion site 1A: Šrámek’s Viewpoint

The Šrámek’s viewpoint offers a unique panorama view on the Český ráj landscape and
introduce the general landscape context with prominent landscape features such as Cretaceous
sandstones (Suché skály ridge, Příhrazy rock castle, Střeleč quarry etc.), neovulcanites (Trosky,
Vyskeř, Mužský etc.), Permian (Kozákov hill) or Crystalline rocks (Ještěd hill, Krkonoše Mts).

Excursion site 1B: Střeleč Quarry
The Střeleč Quarry represents a unique
site where we can look under the surface. In
fact, it is a large outcrop allowing to study sand
and sandstone phenomena. It is located in the
heart of Český ráj, one of the most spectacular
part of the Bohemian Cretaceous Basin. This
giant active quarry is still active producing
namely glass sands. Eighty metres thick section
shows topmost stripping of Quaternary loesses
and underlining fluvial gravel and sand.
Cretaceous section consists of overlying
yellowish foundry sands and main body of
whitish quartz glass sands and sandstones.
Their sequence can be subdivided into several cycles separated by
reddish horizons made of clayey and silty sandstones. The
sequence of glass sands stratigraphically belongs to the Teplice
Formation. Sandstones contain locally rich and interesting
macrofauna.
However, in terms of geomorphology, pseudokarst
features (caves, tafoni, honeycombs, arches etc.) are the most
interesting and they can be observed together with a system of
sedimentary structures and the local tectonics. This locality
belongs to the Geopark and Protected Landscape Area Český ráj
(“Bohemian Paradise”). During the visit of the Střeleč quarry,
associate professor of Charles University Dr. Jiří Bruthans will
explain peculiarities of local sands and sandstones.

Excursion site 2: Trosky – a Landmark of the Český ráj
Trosky
A block of Cretaceous sandstones was
penetrated by basanite body 16.5 Ma
ago. During the terminal phase of the
Tertiary volcanism the volcanic body was
probably significantly rigid what would
explain an unusually steep inclination of
the volcanic cone.
Until 1942 another smaller basanite plug
had existed (and the rock was then
extracted in the small mine).
“Troska” is an old-time term used for
scoria (or slag). A volcanic scoria thus
gave the castle the name. In the volcanic
rock we can also find lava tunnel as well
as the xenoliths of Cretaceous sediments.
The Trosky volcanic plug is thus erosional remnant of a scoria cone with coherent feeder
(basanite) exposed by selective erosion. Pyroclastic deposits (non-welded scoria and spindleshaped bombs) can be followed around the coherent rock.
Due to the existence of volcanic rocks plastic sediments of the Březno Formation have not been
eroded and we can find slope deformation and disrupted walls on the buildings in the close vicinity
of the peak.
Eastwards of the castle there are the Sklepy cave. It is the crevice-type cave base on a tension
crack originated in the quartz sandstones of the Teplice Formation. The cave is approximately
200m long.
The castle from the 14th century was built of basanite rock with some parts of the quartz
sandstones.

Excursion site 3: Suché skály Rock Ridge
Suché skály Rock Ridge: Architecture of the Lusatian Fault and brittle deformations
accompanying one of the largest thrusts in the Alpine foreland
Geological setting
The Lusatian Fault in the northern Bohemian Massif is one of the most prominent products
of the latest Cretaceous to Paleogene thrusting in the Alpine foreland in Europe. Its fault plane
dips to the N to NE, typically separating crystalline units in the N from Upper Paleozoic and
Cretaceous units in the south. The Lusatian Fault is a major deep-reaching structure of the
Variscan Elbe Fault System, which was activated as a thrust fault in the latest Creta-ceous to
Paleogene times, accommodating the uplift of the Sudetic Block and contributing to significant
crustal shortening in the Alpine foreland. The relative position of the two wall blocks separated by
the fault is compatible with reverse faulting showing a vertical displacement in excess of 1000 m.
The real displacement is possibly much higher as suggested by the summary of apatite fissiontrack data from the granitic rocks of the Krkonoše Mts.
Anatomy of the Lusatian Fault
Anatomy of the fault was studied in outcrops and in a series of test trenches, and the
course of fault trace in complex topography was used to determine the dip of the fault. The
Lusatian Fault Belt can be further subdivided into the fault core, zone of wall-rock brecciation, and
the damage zone which also includes large-scale dismembered blocks and flanking structures.
Other components of the fault belt originated in spatial association with the Lusatian Fault, during
its formation (e.g., the drag zone and bedding-plane slips in the footwall-block sediments) or later,
during its multi-stage evolution.
Kinematic history of the Lusatian Fault
The group of latest Cretaceous to Paleogene compressional paleostress patterns α was
identified to have governed the main thrusting process. Three paleostress patterns were specified,
of which NE–SW-orientated subhorizontal compression α1 was responsible for the origin of the
fault belt. The fault belt was further modified by paleostress patterns α2 (N–S compression) and
α3 (NNW–SSE compression). Following palaeostress regimes were observed on Suché Skály ridge:
αβ3, Early Oligocene W- to WNWdirected extension in the regime of
strike-slip
faulting,
probably
connected
with
influx
of
hydrothermal fluids; β, multi-stage
N- to NE-directed extension in
normal fault regime, specific to the
Bohemian Massif; (7) γ, Mid to Late
Miocene NE-directed compression in
reverse fault regime, associated with
thrusting; (8) δ, Pliocene (to
Pleistocene?) NW- to NNW-directed
compression in strike-slip regime,
associated with transverse faulting in
the fault belt, possibly evolving into
the present crustal stress state.

Site Suché skály Cliffs near Turnov
This site illustrates the architecture of the SE part of the LF Belt. The core of the main fault
in its full thickness was exposed by trenches excavated northern from the site. The main fault has
a character of a layer comprising many individual zones of different composition. Argillized parts
of the walls are pervaded by younger veins, lenses and concretions of hydrothermal carbonates,
and show signs of intense ferruginization. The dips of the fault core (61° to the NE) are the
steepest of all documented along the whole LF main fault. The prominent crest of the Suché skály
Cliffs is formed by footwall-block Cenomanian sandstones subjected to intense silicification. These
provide an excellent opportunity to study the drag zone and the damage zone of the main fault.
Both of them display effects of intense faulting and continuum deformation ex-tending to many
hundreds of metres from the main fault. The damage zone is represented by arrays of
deformation bands of a variable density, slickensides of several generations, disjunctive cleavage,
and locally by brecciation of rocks. The drag zone displays rotation of strata within the flanking
structure with an abrupt steepening of dip angles towards the main fault, reaching an overturned
position of 70° to the NE. The outer limit of the drag zone is defined by one of the branches of the
Frýdštejn Fault.

Excursion site 4: the Dneboh 1926 landslide

Sites Dneboh and Drábské Světničky: 1. Collapsed rock tower Pinta (February 2009), 2. 1926 landslide, 3.
Drábské Světničky rock castle, 4. Hydrogeological boreholes, 5. Monitored rock tower. 6. Crevice with the
TM-71 and dilatometers, 7. (Pseudo) sinkholes and underground erosion at the rim of the Příhrazská plateau

Geological and geomorphological settings
The Mužský Hill (463 m asl.) is formed by the Turonian to Coniacian Jizera Group of the
Bohemian Cretaceous Basin. The lower parts of this group are dominated by marls of the Teplice
Formation (Tíma et al. 1966), which outcrop at the base of the northern and northwestern slopes
flanking Mužský Hill. Its upper parts comprise layers of sandstones, slightly tilted towards the SE,
whose base in the study area lies between 290 and 315 m asl. Volcanic intrusions were emplaced
into the Bohemian Cretaceous Basin during the Miocene. These comparatively hard, resistant
intrusions impede erosion around the edge of Příhrazy Plateau. The intrusions were tectonically
predisposed and their orientations, most commonly WSW-ENE. Kopecký (1989) assumed that
NNW slope of the Mužský Hill is bordered by Quaternary reactivated fault striking WSW-ENE.
The landslides originated in marls overlain by quartzitic thick-bedded sandstones up to 108
m thick. Rybař et al. (2006) assumed depths of multiple slipping planes of a rotational – planar
form between 25 and 40 m. Contrary to that, Záruba et al. (1966) assumed a depth of up to 60 m
for a slipping plane of a rotational form at the slide of 1926 Dneboh.
The upper part of the slope built by sandstones was disturbed by intensive gravitational
loosening classified by Nemčok et al. (1972) as rigids blocks creep on plastic bedrock or as lateral
spread by Varnes (1978). These large and complex block-type slope deformations resulted from an
intensive destruction of the plateau edge under climatic-morphogenetic conditions of Pleistocene
and early periods of Holocene. Scarp zones of landslide areas are rimmed with steep rock walls in

sandstones, which disintegrate gradually due to gravitation and disintegration goes on to the
interior. Such a loosening reaches an area up to 400 m from the edge of the high platform into the
interior of the Mužský Hill and adjusts to tectonic fissures striking WSW-ENE and NNE–SSW.
However, under present conditions these forms of block-type deformations have been considered
almost constantly inactive or fossils (Stemberk, Rybář 2005).
The 1926 landslide event
The landslides have been monitored here since 1926, when an extensive landslide from SW
slope of the Mužský Hill originated destroying a substantial part of the village of Dneboh (Dědina
1926; Záruba 1927; Záruba et al. 1966).
The extensive landslide, which in 1926 destroyed a substantial part of Dneboh, including
the road to the village of Olšina, and its scarp reached up to the foot of the marginal towers of
Drábské světničky. The length of the landslide was approximately 400 m, width up to 500 m, the
average slope of the affected area was 10 ° to 12 °. The first signs of landslide were reported to
have been observed on the houses about 14 days before the major disaster. Sudden acceleration
of movements occurred on June 27 at 11 o'clock and calmed down after five hours.
The situation of the affected area from 1926 was not preserved. 36 years later, the altered
territory has already been mapped in 1:25 000 scale by human activity (Fencl and Zeman 1963). In
1963, the likely landslide was surveyed at 1.5,000.
The landslide was caused by excessive rainfall, with 339 mm in May and June. It was an
absolute maximum of two months of rainfall for a period of 70 years of observation in the rain
gauge stations Turnov and Karlovice. In accordance with Dědina (1926), it can be assumed that
similar landslide movements have also occurred in the past in the entire section between Dneboh
and Příhrazy.
Interesting data are reported by Záruba et al. (1966). When mapping they found a large
sandstone block in the central part of the sloping slope (about 110 m above the road), which
clearly originates from a rock castle. It features hollow grooves for cantilever beams. The collapse
of this peripheral block had to occur after the construction of the fortified settlement, i.e. after
1430 or later. This finding proves that the slope below Drábské světničky was affected by landslide
movements even before 1926, which apparently resulted in a breach of the stability of the
peripheral towers of the Hrad plateau. Zaruba et al. (1966) came to the conclusion that the current
marginal sandstone Drábské světničky are quiet for long periods. They rely on the fact that the
hollowed out holes for the 15th-century beams are still in a horizontal position against each other,
which they see as evidence that the shrubs have not moved significantly from the 15th century
onwards. However, this does not exclude the possibility of slow creep movements of blocks, with a
predominantly horizontal motion component. Of course, it is not possible to prove from what part
of the Drábské světničky the collapsed block comes and when this event occurred.
Research and monitoring
In 1962 the inventory of landslides in a larger part of Mužský Hill was provided at a scale of
1: 25 000 (Fencl, Zeman 1963). During 90´th the whole area was mapped at a scale 1: 10 000 and
engineering geological maps of stability conditions and derived slope failure susceptibility maps
were prepared at a scale of 1: 10 000 (Rybář et al. 2004). Conclusions were included into a
synoptic map evaluating stability conditions in the NW part of the Mužský Hill.
At the beginning of summer 1989, an intensive failure process in a small rock tower
disrupted by 0.5 – 0.7 m subvertical open fissure striking NNE-SSW (monitoring site A) and new
fresh sinks in superficial sediments along the plateau edge were observed. Due to these
observations a systematic monitoring of block movements in the sandstone massif rim has started.
Monitoring has confirmed a steady creep process at the plateau rim corresponding to

subhorizontal translation movement between blocks (lateral spread) with an average rate of about
2 mm/yr (Stemberk & Zvelebil 1999; Stemberk 2003). Stemberk and Zvelebil (1999) concluded,
that reactivation of inactive or fossils block type slope deformation activity could reflect significant
changes in the agricultural practises used on the northwestern part of the plateau resulted to
increased water infiltration.

The results of dilatometric monitoring on the disrupted sandstone block. 1 - collapse of a part of
the block (21.08.2012). Grey background indicates periods of movement acceleration. B - water
level depth under surface observed in the Ol-2 borehole. C - chart of the additive curve of difference
between real and average monthly precipitation totals observed at Boseň-Mužský (CHMI
meteorological station)
To confirm this hypothesis a moiré 3-D extensometer was installed across a 20-30 cm open
subvertical fissure striking WSW-ENE with collapsing soil cover in May 2000. Extensometer was
placed about 3 m under surface. Seasonal temperature range is relatively narrow during the year,
mostly between 2 – 15°C there. Later the first borehole Pr-1 was drilled in 2001. Subsequently,
Rybář et al. (2006) with respect to new results of block movement monitoring differentiated four
stability failure zones in NW part of the Mužský Hill.

Schematic geological profile 3 showing the situation and mechanics of the landslides and DSGSD
(modified after Rybář et al., 2006); B - Schematic geological profile 1 showing the situation and
mechanics of the landslides and DSGSD (modified after Stemberk and Rybář, 2005); C - Map of
geodynamic phenomena affecting the NW part of Mužský Hill Plateau (following Rybář et al.,
2006).

Excursion site 4: the Klášter Brewery
(the text and the graphic were kindly borrowed from the brewery web pages)

The history and present times
Foundation of the great Cistercian monastery
The Klášter brewery was named after the Cistercian monastery,
which was founded in the second half of the 12th century, most
probably in 1177. The great monastery was one of the most
important religious centres in Central Europe. However, only the
gate with its beautiful portal, which is in the courtyard of the
present brewery, has been preserved.
Treasure hidden under the brewery
The Cistercian monastery, where Master Jan Hus worked, was
captured by the Hussites on 30 April 1420 by a trick and
irreversibly damaged and plundered, including its abundant
library, allegedly one of the most significant in the Czech kingdom.
The monastery has never been renovated since. According to a
legend, only an abbot and four monks survived the Hussite attack
by managing to flee through a secret passage to the nearby castle
of Bezděz. They were said to have taken a part of the priceless
treasure, the rest of which they left behind and hid in one of the wells. As the Hussites conquered the
castle, they searched for it thoroughly but in vain. They found nothing. No one who has searched for the
treasure since has found anything. So, the treasure still awaits discovery in the depths under the brewery.
The beginnings of brewing at Klášter
Beer was first brewed at Klášter by Jiří Labouňský
fromLabouň, who had a Renaissance chateau built here. His
brewery was founded in 1570. However, it was erected at a
different place than the present brewery; it was located at
the foot of the hill.
In 1612 a nobleman, Václav Budovec from Budov, the owner
of nearby Mnichovo Hradiště, bought the manor. He became
one of the 27 Czech noblemen beheaded on the Old Town
Square in Prague in 1621, after the Battle of the White Mountain. His property then passed into the hands
of Albrecht von Wallenstein. The Wallenstein dynasty remained the owner of the manor and the brewery
until 1945.
One of the most modern breweries of its times
In 1864 the Wallenstein dynasty built one of the most modern breweries of
its times. At the end of the 19th century, the Klášter brewery belonged
among the seven biggest breweries in the Czech lands. The buildings, built
about 150 years ago, are still used for
beer brewing.
Brewery cellar dug into the rock 18 m under the brewery
Since medieval times cellars almost twenty metres deep have been dug
into the rock under the brewery. These cellars later started to be used
for beer production. Beer has been fermented and lagered until the
present. In a part of the cellars there is the famous Restaurace Skála
(Skala Restaurant), where Klášter beer is tapped.

