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Foreword
Roots of European educational tourism may be found in Middle
Ages , when, where spending time as a journeyman, moving from one
town to another to gain experience of different workshops, was an
important part of the training of an aspirant master
Laterr on, the idea of educational tourism, as the Grand Tour,
developed in XVIIth century with Richard Lassels book “The Voyage of
Italy”. This traditional travel of Europe until XIX century was the
privilege of wealthy upper class European young men. Nowadays,
educational tourism represents a growing part of tourism industry with
millions international students studying all over the world in schools,
colleges and universities far away from their homeland.
Formal education out of doors is still little covered in tourism
books, yet it is one, which by its variety and early encounter by students
must underlie so much of their subsequent interest in travel. In the case
of geology, natural landscapes are kind of a class room, traveling and
observing natural phenomena is just like listening the lecture.
The idea of this book is to present the opportunities of field
studies of geological phenomena in Sudety Mts. This region composed
of geological units assembled mainly during Variscan orogeny, enables
to study igneous, sedimentary and metamorphic rocks ranging from
Late Precambrian gneisses to Tertiary basalts and lignites.
A material for this book was partly presented during field
seminar “Geoeducational potential of the Sudety Mts.” and due to kind
hospitality of the Museum of the town of Wałbrzych concluding
discussion was performed in Alberti Palace. Special thanks should be
expressed to Authorities of the Wałbrzych Powiat for their financial
support of field session. Publication cost was covered by grant No.
2883/W/ING/08
Andrzej Solecki
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The Góry Sowie Massif:
a window through the deep crustal root of the Variscan orogen
Kryza R.

b

Inst. Geol. Sci. U.Wr.Cybulskiego 30,50-205, Wrocław, Poland, ryszard.kryza@ing.uni.wroc.pl

Abstract
The Góry Sowie Massif is a triangular fault-bounded geological unit in the Central
Sudetes, interpreted as an uplifted fragment of deep-crustal basement or unrooted
“raft” thrust upon non-metamorphic or weekly-metamorphic surrounding units. It is
composed mainly of gneisses and migmatites which contain inliers of HP-HT
granulites associated with mantle-derived ultramafic/mafic rocks. The peak granulite
facies metamorphic event (16-20 kbar, c. 1000oC) is dated at c. 395-400 Ma. The
subsequent decompressive event and anatectic migmatization (c. 6 kbar and 600750oC) happened at around 380-370 Ma ago and was followed by uplift and
exhumation.
The Góry Sowie Massif offers an opportunity to explore deep crustal levels of
the root of the Variscan orogen. We find there high-grade metamorphic rocks
representing extreme P-T conditions, then tectonically juxtaposed at shallower crustal
levels with amphibolite facies gneisses and migmatites. Afterwards, the complex
experienced fairly rapid uplift, exhumation and cooling and, finally, provided detrital
material for sedimentation in neighbouring basins. Evidence of these orogenic
processes can be traced in the proposed geotouristic sites.
1. Introduction
The Góry Sowie Massif is a strange, triagle-shaped tectonic unit in the central
Sudetes (Fig. 1), exposing high-grade metamorphic rocks, and contrasting with mostly
sedimentary or low-grade metamorphic units in its neighbourhood. It has been
interpreted either as an uplifted fragment of a deeper basement or relatively flat “raft”
separated from its source (e.g. from the Moldanubian Zone in the interior of the
Bohemian Massif) and thrust over non- and weakly-metamorpic units (Kryza et al.
2004, and refs. therein).The Góry Sowie Massif is a unique geological unit which
offers an insight into the deep root of the Variscan orogen. We can see there inclusions
of very-high-grade metamorphic rocks interpreted to have been derived from deepcrustal levels – granulites associated with ultramafic/mafic bodies of mantlederivation, all enveloped in high-grade migmatitic gneisses that experienced partial
melting at high tempereture conditions at the early stages of the Variscan orogeny
(Kryza et al. 2004).
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Fig. 1. Geological sketch showing the location of the Góry Sowie Massif in the
central Sudetes (modified from Kryza & Fanning 2007).

2. Lithology
The predominating lithology in the Góry Sowie Massif are gneisses and
migmatites (Grocholski 1967, Kryza 1981, Żelaźniewicz 1990). They are composed of
quartz, plagioclase and biotite, with local admixture of garnet, K-feldspar, muscovite,
sillimanite and cordierite. Widespread but minor relict kyanite indicates an early
relatively high P/T path of these rocks. The gneisses and migmatites display a wide
structural variation, with a range of typical migmatitic structures (layered migmatites,
homophaneous nebulites, etc.). Some of them show evidence of partial melting –
anatexis or its advanced stage – diatexis, producing in situ granitoids.
The gneisses and migmatites contain intercalations of other rock types, such
as amphibolites, serpentinites, granite and pegmatite veins (Fig. 2). However, the most
intriguing appear the inliers of rocks representing apparently much higher P-T
metamorphic conditions – felsic granulites (Fig. 3) and associated ultramafic and
mafic rocks (Zelaźniewicz 1985, Kryza et al. 1996, O’Brien et al. 1997, Brückner et
al. 1991, Gunia 1997). The granulites occur in three outcrops in the northern part of
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the Góry Sowie Massif: Zagórze-Klinek, Zagórze-Fregata, and Bystrzyca Górna. The
felsic varieties are fine-grained pinkish-gray rocks composed of unhydrous minerals:
quartz, perthitic feldspars, garnet, rutile and kyanite, with variable amount of
secondary biotite and muscovite.

Fig. 2. A – Lithology of the Góry Sowie Massif: 1 – gneisses and layered
migmatites, 2 – amphibolites and serpentinites, 3 – two-feldspar augen gneisses, 4
– sillimatite paragneisses, 5 – granulites, 6 – ultramafic and mafic rocks, 7 –
homophaneous migmatites (nebulites, diatexites), 8 – intrusive anatectic granites,
9 – pegmatites; B – Relationship between gneisses and migmatites (1), diatexites
(2), intrusive anatectic granites (3) and pegmatites (4).
Clinopyroxene-bearing varieties display distinct corona textures in which garnet is
partly replaced by plagioclase and orthopyroxene. The coronas reflect decopressive reequilibration and partial recrystallization at moderate pressure. That post peakpressure event is also recorded in zonal structure of garnet: Ca-rich cores (high P)
mantled by Ca-poorer rims (moderate P).
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Fig. 3. A – Microphotograph of granulite with isotropic (black) garnets (crossed
polaroids); B – Granulite – radial craks around zircon inclusion in garnet (plane
polarized light); C – loafs of layered migmatites in nebulite from Potoczek; D –
Photomicrograph of nebulite from Potoczek (crossed polaroids).

3. Metamorphic conditions and geochronology: P-T-t paths
The Góry Sowie Massif granulites provide a wide range of mineral equilibria
that may be used as geothermobarometres to estimate the P-T conditions of
metamorphism. Based on several mineral reactions (ternary feldspar and Bt-Grt
thermometers, garnet-plagioclase GASP barometer, etc.), the peak P-T conditions of
the granulite facies were estimated at c. 16-20 kbar and around 950-1000oC. The
subsequent decompressive event in the granulites occurred at much lower pressures (46 kbar) and temperatures of c. 650-700oC, and likely coincided with the anatectic
melting in the surrounding gneisses (Kryza et al. 1996).
The gneisses themselves apparently experienced also relatively high P-T
conditions at c. 12 kbar and around 800oC, but the late high-T event and anatectic
melting occurred when they become tectonically juxtaposed with granulitic inliers
(Fig. 5). At the waning stage of that metamorphic event , anatectic granite dykes and
pegmatite bodies were emplaced.
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Fig. 4. A – Cathodomuminescence images and SHRIMP U-Pb ages for selected
zircon grains from the granulite of Zagórze Śląskie; B – Cathodomuminescence
images and SHRIMP U-Pb ages for selected zircon grains from the diatexite of
Potoczek (from Kryza & Fanning 2007).
The timing of particular events along the metamorphic paths can be
constrained based on geochronological data, including SHRIMP zircon dating (Fig. 4),
Rb-Sr and Ar-Ar isotopic results (Bröcker et al. 1998, van Breemen et al. 1988, Kryza
& Fanning 2007 and references therein). The inherited zircons in the granulites
indicate that their protoliths were c. 580 Ma old, and the peak HP-HT metamorphism
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Fig. 5. P-T-t paths of the Góry Sowie Massif granulites and gneisses and
migmatites (modified from Kryza & Fanning 2007).
of the granulite facies occurred at around 395-400 Ma ago. Subsequently, the rocks
were tectonically uplifted to shallower mid-crustal levels and juxtaposed with the
surrounding gneisses and migmatites. The protoliths of the latter two were sourced
from c. 500 Ma materials (granitoids or their reworked sedimentary products). The
final stage of the amphibolite facies metamorphism and anatectic partial melting of the
Góry Sowie Massif rocks occurred between c. 380 and 365 Ma, as indicated by Rb-Sr
and Ar-Ar dating (Fig. 5).
Fig. 6. A - Exposure of granulites at Zagórze Śląskie; B - Zagórze Śląskie, fresh
felsic granulite; C - Zagórze Śląskie, partly retrograded, banded biotite-rich
granulite; D - Photomicrograph of felsic granulite from Zagórze Śląskie - notice
dark garnet porphyroblasts and tabular texture; E – X-ray map of Ca
distribution in felsic granulite from Zagórze Śląskie - notice Ca-rich cores and
Ca-poor rims in garnets; F - Photomicrograph of clinopyroxene-bearing
granulite from Bystrzyca Górna; orthopyroxene + plagioclase corona texture
around garnet porphyroblast; G - Photomicrograph of clinopyroxene-bearing
granulite from Bystrzyca Górna (phot. R. Kryza)
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4. Geotouristic sites
Four geotourisctic sites (Fig.1) have been proposed to illustrate the most
interesting geological and petrological problems of the Góry Sowie Massif. Most
attention is paid to the HP-HT granulites and associated mantle derived ultramafic and
mafic rocks, representing extremely high metamorphic conditions, typical of the lower
crust level. In other exposures we can study the surrounding MP-HT gneisses and
migmatites, with extraordinary examples of evidence of partial melting (anatexis, in
situ granites). Based on mineral geothermometry and isotopic geochronology, the
likely P-T-t path is discussed, that constrains the metamorphic and structural evolution
of this exhumed and deeply eroded fragment of the root of the Variscan orogen.
Site 1 – Bystrzyca Górna, railway cut
HP-HT granulites composed of quartz, perthitic feldspars, garnet, kyanite, rutile;
strong retrogression producing secondary biotite and muscovite. Clinopyroxenebearing granulites in the neighbourhood, with reaction corona textures around garnet
composed of orthopyroxene and An-rich plagioclase. Inliers of ultramafic and mafic
rocks of mantle derivation (spinel and garnet-bearing metaperidotites). Garnet-bearing
“piribolites”. Lower-crustal rock assemblage.
Site 2 – Zagórze Śląskie, „Fregata”
Felsic HP-HT granulites. Mineral thermobarometry (ternary feldspar, Bt-Grt
thermometry, garnet-plagioclase GASP barometry): peak metamorphic conditions –
16-20 kbar, 900-1000oC; decompressive retrogression – 4-6 kbar, 600-750oC.
SHRIMP zircon ages: 400-395 Ma HP-HT event, 385-370 Ma amphibolite facies and
anatexis.
Site 3 – Walim, undergroud weapon factory
Sillimanite gneisses and migmatites. Anatectic granitic dykes dated at c. 380 Ma (UPb zircon age). High-temperature shearing, late brittle faulting. Underground weapon
factory from the World War II.
Site 4 – Potoczek
Textural sequence in gneisses and migmatites. Homophaneous migmatites (nebulites)
= diatexites (products of intense anatectic melting); in situ granites with relics of
gneisses and layered migmatites. SHRIM zircon geochronology: source zircon
material of c. 500 Ma, anatectic melting event of c. 380-370 Ma.
Fig. 7.A – Walim – old underground weapon-factory site from World War II; left
of the building – exposure with anatectic granite dyke; B & C – Foliation-parallel
anatectic granite dyke in sillimanite-bearing gneisses; D – Brittle normal fault to
the right of the addit entrance at Walim; E – H – Homophaneous migmatites
(nebulites) of anatectic origin (diatexites, in situ granites) at Potoczek; relics and
shadows of earlier gneisses and layered migmatites are visible (phot. R. Kryza)
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The Variscan Kaczawa Complex:
witness of Palaeozoic basins and Variscan orogeny
Kryza R.
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Abstract
The geological unit of the Kaczawa Mountains in the West Sudetes, comprises the
Variscan basement and epi-Variscan platform cover. The basement units are composed
of various fragments of Cambrian through Lower Carboniferous Kaczawa succession
and polygenetic mélange bodies. The wide stratigraphic range of the Kaczawa
Complex, together with a relatively good exposure, offer a unique opportunity to study
the pre-orogenic early- to mid Palaeozoic sedimentation and volcanic activities, as
well as orogenic processes during the Variscan orogeny in Central Europe.
A number of geotouristic sites are proposed to be visited to demonstrate
typical Kaczawa succession lithologies: bimodal within-plate metavolcanics and
metasedimentary rocks (e.g. Cambrian Wojcieszów limestones) of the lower part of
the Kaczawa Complex, MOR-type pillow lavas in its upper part (probably Silurian),
and sedimentary/tectonic mélanges on top. Well preserved primary features in the
epimetamorphic rocks enable studying physical-volcanological and sedimentological
problems, whereas the well recognized metamorphic evolution documents the
subsequent orogenic processes, including HP/T blueschist-facies metamorphism. The
proposed geological itinerary across the Kaczawa Unit is an excellent geotouristic
route in that part of the Central-European Variscides.
1. Introduction
The Kaczawa Unit in the West Sudetes is composed of the Variscan basement
and epi-Variscan cover (Teisseyre 1963, Baranowski et al. 1990). The basement
comprises the epimetamorphic Kaczawa Complex exposed in a number of faultbounded tectonic units (Fig. 1), each composed of various fragments of the so called
Kaczawa succession – metavolcanic and metasedimentary rocks, Cambrian through
Lower Carboniferous in age, locally associated with polygenetic mélange bodies of
assumed Late Devonian – Early Carboniferous age (Kryza & Muszyński 2003, and
refs. therein). The epi-Variscan cover is separated from the basement by a regional
unconformity and is formed of Upper Carboniferous, Permian, Triassic, Upper
Cretaceous and Cenozoic sedimentary (and minor volcanic) rocks, that fill mainly the
North Sudetic Basin and the Świerzawa Graben (Fig. 1).
The epimetamorphic Kaczawa Complex bears record of (1) the Palaeozoic,
pre-orogenic basinal evolution of that part of Gondwana and neighbouring basins, and
(2) the Variscan orogeny expressed in metamorphism and deformation at deeper parts,
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as well as tectonic and sedimentary processes at shallower levels of the Earth crust.
The relatively weak metamorphism and fairly good exposure in the Kaczawa
Mountains offer a unique opportunity to explore both the primary sedimentary and
volcanic evolution of the Palaeozoic sequences, as well as deformation and low-grade
metamorphic overprint due to subsequent orogenic processes.

Fig. 1. Geological sketch of the Kaczawa geological unit (modified from Kryza &
Muszyński 2003) and the location of geotouristic sites.

2. The Kaczawa Complex: lithostratigraphy and pre-orogenic evolution
The lower part of the Kaczawa succession, exposed mainly in the Świerzawa
and Bolków units (Figs. 1 & 2) is formed of metavolcanic-metasedimentary rocks of
Cambrian-Ordovician age (Haydukiewicz 1987), including variegated mafic and felsic
metavolcanic and metavolcaniclastic rocks, associated crystalline limestones
(Wojcieszów limestones; Lorenc 1983) and clastic metasedimentary rocks
(predominantly metamudstones). The metavolcanic rocks are represented by basaltic
pillow lavas (Fig. 3), metarhyodacites and metatrachytes, the latter two recently dated
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using SHRIMP U-Pb zircon method at. c. 500 and 485 Ma, respectively (Fig. 4; Kryza
et al. 2007).This lower part of the Kaczawa siccession is interpreted to represent an
initial-rift environment within early Palaeozoic continental crust (Furnes et al. 1994;
Kryza & Zalasiewicz 2008; Fig. 5).

Fig. 2. Lithostratigraphic scheme of the Kaczawa Complex (from Kryza &
Zalasiewicz 2008).
The upper part of the Kaczawa succession, exposed in the RzeszówekJakuszowa and Dobromierz units (Figs. 1 & 2) comprises large monothonous
metabasalt bodies (pillow lava) associated with minor black slates and cherts (lydites)
with Silurian graptolites. The pillow lavas display features similar to recent midocean-ridge basalts (MORB), and that part of the susscession is interpreted to have
been emplaced in a mature basin, within oceanic crust (Fig. 5).
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Fig. 3. Sketch of a single pillow of basaltic pillow lava, typical of submarine
volcanism, with idealized primary features indicating “way-up”.

Fig. 4. Zircon grains from metatrachyte dated at c. 485 Ma (Kryza et al. 2007).
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Fig. 5. Pre-orogenic evolution of the Kaczawa Complex (Kryza & Zalasiewicz
2008).
3. The Variscan orogeny
The onset of the Variscan orogeny is recorded, e.g., in the form of
polygenetic mélanges in which sedimentary and tectonic processes overlapped
(Collins et al. 2000, Kostylew 2006). These rocks are exposed in several units of the
Kaczawa Mountains, with the largest bodies found in the Rzeszówek-Jakuszowa and
Chełmiec units in the northern part of the erea (Fig. 1).
Deeper-buried parts of the Kaczawa Complex have gone through more
intense deformation and metamorphism of the blueschist facies followed by the
greenschist facies. This metamorphic pattern is evident, e.g., from the observed
zonation of amphiboles in mafic metavolcanic rocks: primary magmatic, brown Ti-
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rich kaersutite is rimmed, successively, by a sequence of metamorphic amphiboles –
blue glaucophane (high P/T conditions), followed by pale green actinolite (medium
P/T gradient; Kryza et al. 1990).
The Variscan deformation involved at least two major events: (a) WNWdirected thrusting, and (b) subsequent ESE-directed normal faulting (Cymerman 2002,
Kryza & Muszyński 2004, and refs. therein).
4. Geotouristic sites
Six geotouristic sites (Fig. 1) proposed here demonstrate typical Kaczawa
succession lithologies to illustrate the pre-Variscan geological evolution of the area,
from initial-rift setting to mature rift in oceanic environment. Special attention is paid
to show primary volcanic and sedimentary features, in spite of deformation and
metamorphism. Also, the orogenic processes are addressed, such as diversified and
evolving in time metamorphic conditions and Variscan deformation.
Site 1 – Wojcieszów, “Biały Kamień”
The so called „porphyroids” = strongly sheared metarhyodacites of the lower part of
the Kaczawa succession, dated at c. 500 Ma. Likely volcaniclastic origin (ignimbrite?),
a felsic member of the “bimodal volcanic suite” representing initial continental-rift
setting during Cambrian/Ordovician times.
Site 2 – Wojcieszów, “Gruszka”
The Wojcieszów crystalline limestones = lower/mid Cambrian carbonates associated
with mafic volcanic and volcaniclastic rocks. Deeper- and shallower-water limestone
facies. Damaged caves and carst features.
Site 3 – Okole Hill
A group of crags exposing within-plate type pillow lavas of the lower part of the
Kaczawa succession. Primary volcanic features: pillow shape, vesicle distribution,
chilled margins, radial joints. “Way-up” indicators and structural reconstruction based
on bedding/cleavage relationship.
Fig. 6.
A – Pillow lava (to the right) and pillow breccia (to the left of the centre) at the
top of Okole Hill; B – Deformed (flattened) pillow lava, Okole Hill; C – Cracked
ellipsoidal pillow lava, Okole Hill; D – Radial joints and vesicles in pillow lava,
Świerzawa Unit; E – “W”-shaped pillows, Okole Hill; F – Photomicrograph of
metabasalt magmatic clinopyrocexe (in centre) replaced by blue and green
amphiboles (above the centre) an), epidote and chlorite; G – Embayed quartz
phenocryst of volcanic origin in a volcanogenic sandstone, Świerzawa Unit (phot.
R. Kryza)
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Site 4 – Wojcieszów Dolny
Diabase sill within a metamudstone sequence, lower part of the Kaczawa succession.
Sedimentary and tectonic structures in the metamudstones. Bedding-paralell bottom
contact of the sill. Magmatic-flow differentiation. Igneous (clinopyroxene, kaersutite)
and metamorphic (glaucophane, actinolite) mineralogy in diabse: blueschist facies
overprinted by greenschist facies.
Site 5 – Myślibórz Gorge
Pillow lavas of the upper part of the Kaczawa succession, associated (in the
neighbourhood) with Lower Silurioan graptolitic slates. Primary volcanic features:
pillow shape, chilled margins, radial joints, “drain-outs”, broken pillow, pillow
breccia, hyaloclastites; deeper- and shallower emplacement environment; carbonate
background sedimentation. “Way-up” indicators and structural and stratigraphic
interpretation. MOR-type basalt geochemical and isotopic characteristics – mature
ocean-ridge environment; possible correlation with the Ślęża ophiolite.

Site 6 – Rzeszówek, „Kamiennik”
The Rzeszówek mélange = uppermost part of the Kaczawa Complex. Fine-scale
mélange with dark muddy matrix and lensoid olistoliths (greywacke, lydite);
sedimentary and tectonic structures. Large-scale melange with large bodies (rafts) of
conodont-bearing Upper Devonian gray slates/fine sandstones, and graptolite-bearing
Silurian black slates and cherts (lydites). Trench-type sedimentary environment
followed by accretion (Variscan orogeny).

Fig. 7.
A–D – Sequence of relict magmatic minerals (yellowish clinopyroxene in lower
right corner of B, and reddish-brown Ti-rich amphibole - kaersutite) partly
replaced by blue glaucophane (blueschist facies) and, in turn, by pale-green
actinolite (greenschist facies), Wojcieszów Dolny; (photomicrographs in plane
polarized light); E – Exposure of MORB-type pillow lava in Myślibórz Gorge; F –
A close-up of pillow lava with “drain-out” structure (milky quartz fill in the top
pillow) indicating the right “way-up” position; Myślibórz Gorge; G–I –
Sedimentary structures and deformation in mélange, Stanisławów drill-cores,
Chełmiec Unit (phot. R. Kryza)
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Abstract
A new geotouristic route has been proposed by the authors in the vicinity of
the northern border of the Bardo Mts. Outcrops are located in the Nowa Wieś village
and in an old cog-railway cut near Srebrna Góra. In three geotouristic sites we can
observe the middle part of the autochthonous succession – the Nowa Wieś Formation
and the Srebrna Góra Formation. Lithostratigraphical and biostratigraphical
characteristic of these deposits has been described.
1. Introduction
The Bardo Unit has a very interesting rock record and complicated geological
history. This unit is situated at the Bardo Mts. Geologically it is located in the Central
Sudetes and borders with metamorphic rocks of the Sowie Mts. Block, Permian rocks
of Intra-Sudetic Basin, Paleozoic metamorphic rocks of Kłodzko Metamorphic Unit
and Variscan granitoids of Kłodzko-Złoty Stok Massif (Fig. 1). Its north-eastern
border is the Sudetic Marginal Fault. The Bardo Unit consists mainly of Lower
Carboniferous sedimentary rocks and some deposits from at least Upper Ordovician to
lowest Upper Carboniferous (Haydukiewicz 1990). These rocks are unmetamorphosed
to slightly metamorphosed (Wajsprych 1995). The Lower Carboniferous sediments of
the Bardo Unit is mainly composed of biostratigraphically undocumented flysch
sequences.
According to Wajsprych (1986, 1995) two main successions can be
distinguished in the Bardo Unit: an autochthonous and an allochthonous. The
autochthonous (parautochthonous) Upper Devonian – Lower Carboniferous platformto-foreland succession is composed of carbonates and several facially differentiated
series. The allochthonous succession is completely exotic and occurs as large
olistoliths of Ordovician, Silurian and Devonian age in the uppermost part of the
autochthonous sequence. They are embedded in the flysch and wild flysch deposits.
According to Wajsprych (1995) the sediments of the allochthonous succession were
thrust over the platform deposits in the late stages of platform’s development, probably
after the crenistria Chron. This idea of lithostratigraphic structure of the Bardo Unit
significantly differs from the alternative older proposition of “autochthonous”
permanent development of the geosynclinal basin since the Late Ordovician up to
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latest Early Carboniferous time, which was consequently propagated by Oberc (19571972). The Palaeozoic succession of the Bardo Unit was folded at the turn of
Early/Late Carboniferous into E-W trending folds and intruded by the Variscan
Kłodzko-Złoty Stok Granitoid Pluton. Late Carboniferous refolding produced NE-SW
to N-S trending folds, superposed onto the older E-W structures (Oberc 1972; Mazur
et al. 2006).

Fig. 1. The generalized geological map of the Bardo Unit (after Oberc 1957 and
Haydukiewicz 2002, modified). 1 - Lower Permian sedimentary and volcanic
rocks; 2 - Variscan granitoids of Kłodzko-Złoty Stok Massif; 3 - Upper
Carboniferous sedimentary rocks; 4 - Lower Carboniferous clastic rocks; 5 Lower Carboniferous carbonate rocks; 6 - Upper Devonian limestones; 7 olistoliths of Devonian rocks; 8 - olistoliths of Upper Ordovician and Silurian
rocks; 9 - Palaeozoic metamorphic rocks of the Kłodzko Metamorphic Unit; 10 Upper Proterozoic-Lower Palaeozoic high-grade metamorphic rocks of the Sowie
Mts. Block; 11 - faults and thrusts; 12 - localities of outcrops (geotouristic sites).

30

2. Lithostratigraphy of the northern part of the Bardo Unit
The lithostratigraphical section of the autochthonous (parautochthonous)
succession of the Bardo Unit is composed of some informal units called by Wajsprych
(1995) formations, series or sequences (Fig. 2). The oldest sediments of the
autochthonous (parautochthonous) succession of this unit, the Wapnica Formation, are
represented by marine carbonates (gabbro and limestones breccia, basal limestone,
main limestone and Clymenia and Gattendorfia limestones) from probably upper part
of Frasnian (Gürich 1902; Bederke 1929), Famennian (Schindewolf 1937; Lewowicki
1959; Chorowska 1979; Haydukiewicz 1990; Chorowska et al. 1992; Streel et al.
2004) to Lower Tournaisian (Gattendorfia stage; Weyer, 1965; Dzik 1997). They are
about 60 meters thick and occur only in some separated outcrops situated along the
western boundary of the Bardo Unit.
The next lithostratigraphical unit is the Gołogłowy Formation – fragmentary
preserved as black shales of several centimeters thick, perhaps more than one meter.
They are dark gray or black siliceous and clayey shales containing the Early
Tournaisian conodonts (Haydukiewicz 1990). The shales are overlain by the Nowa
Wieś Formation and Srebrna Góra Formation, which are the main topic of this article.
The Nowa Wieś Formation, earlier named by Żakowa (1963) as the Ostróg
Beds, occur only in the northern part of the Bardo Unit. It is composed of coarsegrained turbidite siliciclastic to boulder-bearing mass-flow deposits, containing both
crystalline (mostly gneiss) and carbonate (mostly bioclastic limestone) clasts
(Wajsprych 1995). The sequence starts with a 100 m thick sedimentary breccia
consisting exclusively of the Sowie Mts. Block material (Pacholska 1978) and overlain
by a “gneissic” conglomerate that includes a small amount of limestone fragments
(Fig. 3). Its best outcrops are in an old cog-railway cut in the vicinity of Srebrna Góra
(stop 2; Fig. 5B). The conglomerate also contains bioclasts, mainly of echinoderms,
brachiopods and rugose corals (Żołyński 2000). According to Haydukiewicz (1986) it
could not be deposited earlier than in the Early Viséan. The thickness of the
conglomerate varies, reaching at maximum 240 meters (Haydukiewicz 1990).
These “gneissic” sandstones and conglomerates are covered by the calcareous
deposits (Fig. 3), which formely were known as the Lower Carboniferous or
“Kohlenkalk” limestone (Oberc 1957). In the northern part of the Bardo Unit the
Lower Carboniferous Limestone is represented by two varietes. One is represented by
a gray, thin-bedded detrital limestone, with individual beds of 3-5 m thick. Its main
lithic constituents are gneiss fragments disappearing upwards, limestone and quartz
clasts, which range in size from several milimeters to centimeters (Haydukiewicz
1990). Bioclasts are also common and they are the same with those in the “gneissic”
conglomerate. The other variety of the Lower Carboniferous Limestone is represented
by a gray, thin-bedded nodular limestone with marly intercalations. Both the varietes
of the Lower Carboniferous Limestone are several meters to several tens of meters
thick (Haydukiewicz 1990). The best outcrops of the deposits are in the Nowa Wieś
village (stop 1; Fig. 5A).
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Fig. 2. The generalized lithostratigraphical division of the Lower
Carboniferous of the Bardo Unit (after Muszer & Haydukiewicz 2006).
The Nowa Wieś Formation is over than 300 m thick and is Early
Carboniferous age - from Late Tournaisian to Early Viséan, which is evidenced by
conodonts and foraminifers (Głuszek, Tomaś 1993; Chorowska, Radlicz 1994). The
stratigraphic equivalent of this unit is the Wojbórz Formation from the middle part of
the Bardo Unit (Fig. 2; Wajsprych 1995).
According to Wajsprych (1995) the lithostratigraphic situation of deposits
overlying the Nowa Wieś – Wojbórz formations is still unclear. In the vicinity of
Nowa Wieś village the Nowa Wieś Formation is overlain by flysch of the Srebrna
Góra Formation (stop 1), but some results of geological mapping (Wajsprych 1992)
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suggest, however, presence of a new sequence (the Winna Góra Sequence), which is
probably situated between the Nowa Wieś and Srebrna Góra formations (Fig. 2).

Fig. 3. Generalized stratigraphical profile of the autochthonous sequence from
the northern part of the Bardo Unit (after Haydukiewicz 1990, modyfied).
The Srebrna Góra Formation occurs only in the north-eastern part of the
Bardo Unit (stop 3; Fig. 5 C). It is defined as a flysch and wildflysch sequence
(Wajsprych 1986). The flysch clastics are composed of thin-bedded fine- to coarsegrained lithic wackes and thin layered fine-grained sand-silt-claystone sets. Some
pebble-mud-stone layers are noted in the lower part of the section (Wajsprych 1995).
The wildflysch is composed of olistostrome and sedimentary melange type deposits
containing different size allochthonous bodies (Fig. 3). Both the flysch deposits (up to
80% of grain framework volume) and the allochthonous material of wildflysch are
composed of lithologies of the Zdanów-Bardo-Młynów subcomplex (Wajsprych
1995). The thickness of the Srebrna Góra Formation reaches 450 meters (Wajsprych
1995). The estimated Middle or even Upper Viséan relative age of the Srebrna Góra
Formation was determined based on the underlying paleontologically documented the
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Nowa Wieś Formation (Chorowska, Radlicz 1994) and the last finding of the strobilus
(Flemingites or Lepidostrobus) in clayey-mudstone bed of the Srebrna Góra (stop 3;
Muszer & Haydukiewicz 2006). The absence of in situ spores makes a precise
taxonomical determination of the cone impossible.
The Srebrna Góra wildflych is overlain by the Orzech Sequence, which is the
next flysch sequence, but composed mostly of volcanodetrital material (Wajsprych
1992, 1995). The uppermost lithostratigraphic unit in the northern part of the Bardo
Unit is the Włóczek Sequence (see Wajsprych 1995), which is probably the uppermost
Viséan.
3. The geotouristic route Nowa Wieś – Srebrna Góra
The geotouristic route proposed by the authors is located in the vicinity of the
northern border of the Bardo Unit. Outcrops are located in the Nowa Wieś village and
in an old cog-railway cut near Srebrna Góra (Fig. 4). They are south of the road from
Srebrna Góra to Woliborz in the Area of Protected Landscape of the Sowie Mts. and
Bardo Mts. In these geotouristic sites we can observe and study the middle part of the
autochthonous succession – the Nowa Wieś Formation and the Srebrna Góra
Formation, but not in the stratigraphical order. Due to their scientific value, including
the abundance of fossils (brachiopods, rugose corals, foraminifers, conodonts,
echinoderms and more rare floras), they belongs to exposures most commonly visited
by geologists. In this route many conference trips and field training grounds for
students are organized.

Fig. 4. Localization of outcrops of the proposed geotouristic route. 1 – roads and
paths; 2 – an old cog-railway cut; 3 – the proposed geotouristic route; 4 –
outcrops – geotouristic sites; 5 - passes; 6 - hills; 7 - viaducts.
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The access to the cut is easy from three touristic trails (red, green and blue)
and thematic nature trail (Dębicka et al. 2002). The walk along the cut, at the foot of
huge outcrops and on 30-meters-high viaducts is an exceptional experience. Also, in
the vicinity of Srebrna Góra there are some touristic attractions (fortress and forts; Fig.
4).
Stop 1: The geotouristic site - The Carboniferous Limestone of the Nowa
Wieś Formation
Location: the old quarry in the northern slope of the Zajęcznik (581 m) Hill
and the northern part of the Nowa Wieś village. The outcrop is located near the red
touristic trail from Słupiec to Srebrna Góra. There is a monumental chapel near the
entrance to the quarry.
The quarry is the best outcrop of the upper part of the Nowa Wieś Formation
and the lowest part of the Srebrna Góra Formation. We can observe the contact
between these two lithostratigraphical units (Fig. 5 A). The walls of the quarry reach
about 8 meters. The Nowa Wieś Formation is represented by (from the bottom to top):
gneissic-limestone conglomerate, limestone conglomerate and biocalcarenite. In these
deposits two microfacies were distiguished: polymictic calciferous sandstone and
polymictic calcarenite and calcirudite (Głuszek, Tomaś 1993). They contain numerous
bioclasts of crinoids, rugose corals, brachiopods, pelecypods, gastropods, bryozoas
and algae. There are also ostracods, foraminifers, spikules of poriferas and rare
conodonts. The calcareous deposits occur in this quarry have not any facial equivalent
in Sudetes. They represent a shelf sediment, which was resedimented by gravitational
flows. According to Wajsprych (1980) the uppermost part of the Nowa Wieś
Formation is represented by a mudstone sequence, which includes thin layers and
lenses of biocalcarenite, bioclastic breccia, tuffite and calciferous sandstones, as well
as small limestone and marl nodules. The flysch sediments of the Srebrna Góra
Formation occur above the mustone sequence.
Stop 2: The geotouristic site - the gneissic conglomerates of the Nowa
Wieś Formation
Location: an old cog-raiway cut below the wooden bridge, near Srebrna Pass.
The deposits exposed in the walls of an cog-railway cut represent the lower
part of the Nowa Wieś Formation (Fig. 5 B). There are gneissic conglomerates with a
few nodules of fine-detritic and conglomerate limestones with discontinuous layers of
greyish-beige micritic limestone (Chorowska, Radlicz 1994). Lithoclasts are varying
in lithology (gneiss, quartz, limestones, pegmatites) and measurements (from 1 cm to 1
m). In the stratigraphical section they are covered by calcareous deposits.
There are different opinions about the sedimentary environment of the
“gneissic” detritus (see Haydukiewicz 1990). Oberc (1957) interpreted them as
shallow marine deposits wheras Wajsprych (1986) treated them as slope deposits of a
moderately deep basin. Both the authors agreed, however, that the coarse clastic
material had to be derived as debris flows from the Sowie Mts. Block.
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Fig. 5. A. Outcrop of the upper part of the Nowa Wieś Formation (NWFm) and
the lower part of the Srebrna Góra Formation (SGFm) in the Nowa Wieś village stop 1. B. Outcrop of the “gneissic” conglomerates (the lower part the Nowa Wieś
Formation) in an old cog-railway cut – stop 2. C. Outcrop of the flysch sequence
of the Srebrna Góra Formation in an old cog-railway cut - stop 3.
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Stop 3: The geotouristic site - the flysch sequence of the Srebrna Góra
Formation
Location: an old cog-railway cut about 800 m to east from the Srebrna Pass,
south-west from the Ostróg Fort, about 200 m beyond the first monumental viaduct.
In an old cog-railway cut there is a spectacular exposure of the flysch
sediments, which were known from 19-th century (Beyrich 1844). This outcrop as a
geotouristic site was described by Słomka et al. (2006). The high of the walls reaches
over than 30 meters. The sediments are arranged in a flat, broad fold (Fig. 5 C).
Lithology includes Lower Carboniferous sandstones, mudstones and claystones with
rare conglomerates, all forming typical flysch succession of the lower part of the
Srebrna Góra Formation. The complete Bouma sequence is characteristic for
sandstone beds of the lower part of the sequence (Koźma 1987; Wajsprych 1995). The
exposures show graded bedding, parallel and convolute laminations, small scale
ripple-cross lamination, and numerous tool track at the bedding planes. These
turbidites were deposited from density currents in a marine basin.
The flysch sequences were biostratigraphically undocumented until the last
finding of the strobilus (Flemingites or Lepidostrobus) in clayey-mudstone bed of the
Srebrna Góra (Muszer & Haydukiewicz 2006).
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Abstract
A lot of geological phenomena can be observed in Sowia Dolina (Owl Valley), located
in the Karkonosze Mountains. A large amount of them are tectonic structures with
high geo-educative value. This area is located within the Lusatian-Izera massif. In this
valley there is a boundary between the Karkonosze granite intrusion and its southern
metamorphic envelope. That is why granites and mica-schists, which belong to their
country rocks, can be found there. The major part of the most interesting structures is
situated within metamorphic cover. The structures located here were formed both
before the intrusion of the Karkonosze granite, during the intrusion of granites as well
as after the intrusion had finished. The first ones include mostly: metamorphic
foliation, concordant quartz veins, folds with axes plunging towards ESE (trend
WNW-ESE), boudinage (parallel to the axes of folds) developed in quartz sills and
also other minor structures, which assymetry indicate displacements of an overthrust
character (top towards northwest) or a normal one (towards ESE). The synintrusion
structures are most of all: pegmatite, aplite and quartz veins cutting both granites and
their cover rocks. Open folds and kink folds, fracture cleavage, as well as conjugate
and complementary groups of shear fractures belong to the postintrusion structures.
Without doubt tourists will be interested in the variety and beauty of these tectonic
structures.
1. Introduction
Sowia Dolina (Owl Valley) is one of the most beautiful and amazing mountain
valleys in the Karkonosze Mountains and even in the whole Sudetes range (Fig. 1, A.).
Precious stones and metals were mined in the valley for hundreds of years. Such
activity in Sowia Dolina was already described in the book entitled Wrocławska
Księga Walońska (Wrocław Walloon Book) in the 15th century (Łapot, 1978). In the
second half of the 19th century gold, copper and lead mines worked there, which
traces can still be found as partly buried and collapsed adits and slag heaps occurring
mainly on the slopes of Czarna Kopa in the western part of Sowia Dolina (Łapot,
1978).
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Fig. 1. A – Sowia Dolina from black tourist route, view towards north; B –
Geological sketch of the Karkonosze-Izera massif (after Aleksandrowski &
Mazur, 2002); the discussed area is outlined; C – Location of geosites on
topographic basement – numbers from 1 to 5 (after Mapa topograficzna..., 1991,
modified); D – Location of geosites on geological sketch of Sowia Dolina –
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numbers from 1 to 5 (after Szałamacha, 1960, 1965, modified and simplified); E –
Location of Krucze Skały (no. 1) geosite; F – Adits in pegmatites cutting Krucze
Skały, sapphires were found in these rocks.
The northern part of Sowia Dolina is built of Karkonosze massif granite, while the
southern part is located within the range of the metamorphic cover of the pluton
belonging to the Izera-Kowary unit represented mostly by mica-schists (Fig. 1, B.).
The whole discussed area is located within the Lusatian-Izera massif (Żelaźniewicz &
Aleksandrowski, 2008). Geological structure of Sowia Dolina was formed during three
main stages of the tectonometamorphic evolution (Mazur, 1995, 2005;
Aleksandrowski & Mazur, 2002; Mazur & Aleksandrowski, 2003, 2006; Mazur et al.,
2007), when the following geological events occurred:
1
– regional metamorphism and thrust of the main tectonic units towards
northwest;
2 a – extensional collapse towards ESE, when the previously formed nappe
piles structure "spread out";
2 b – the Karkonosze granite intrusion occurred at the end of the stage, which
led to formation of local transformation of the contact character;
3
– the East Karkonosze flexure was formed.
Structures formed before intrusion of the Karkonosze granite (preintrusion),
during the intrusion of granite (synintrusion) and also the ones formed after the
intrusion (postintrusion; cf. Żaba, 1979, 1984) have been preserved in the rocks of the
southern cover of the Karkonosze pluton. Tectonic preintrusion structures were formed
during the first and at the beginning of the second stage (2a) of the evolution of the
discussed region. They include: metamorphic foliation (mostly parallel to stratification
of the sediments), quartz veins concordant towards foliation (sills), folds with axes
plunging towards ESE (trend WNW-ESE), boudinage parallel to the axes of folds,
which developed in concordant quartz veins, also other minor structures, which
asymmetry shows displacements of an overthrust character (top towards northwest) or
a normal one (towards ESE). Synintrusion structures were formed at the end of the
second stage (2b) with close relation to the intrusion of the Karkonosze granite. They
include discordant pegmatite veins (dykes), aplite veins and quartz ones, as well as
lineation resulting from close to parallel position of the longest axes of feldspar megacrystals in the Karkonosze granite. The postintrusion structures formed in the third
stage include: open folds and kink folds (kinks) with axes plunging towards SSW
(trend NNE-SSW), fracture cleavage and also conjugate and complementary shear
fractures.
Five representative, tectonically the most interesting, geosites have been selected
in the Sowia Dolina. One of them is located in the granite of the Karkonosze pluton,
the other four ones are located in the rocks covering the intrusion (Figs. 1, C and 1,
D.).
2. Geosites
2. 1. Geosite 1: Krucze Skały (Raven Rocks)
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Location: The geosite is located in Karpacz on the right bank of the Płomnica
River, between the Osiedle Skalne and Wilcza Poręba (opposite the Schooling Centre:
Ośrodek Doskonalenia Kadr S.W. „Krucze Skały”; Fig. 1, E.).
Lithology: It contains only granite of the Karkonosze massif with numerous
pegmatite veins, which thickness frequently exceeds 1 m.
Description: In the geosite dominate fractures of NNW-SSE direction, dipping
under average angles towards ENE (80/30-40). According to Cloos's classification
(fide Mierzejewski, 1985a, 2007) they belong to D type fractures, oblique to feldspar
orientation in the Karkonosze granite. Genetically, they belong to regional fractures
(according to Mierzejewski, 1985a). Also almost horizontal fractures can be seen,
which may be interpreted as relaxing, unloading fractures. They were formed as a
result of erosional removal of 8 km of the roof rocks of the intrusion cover and 3.5 km
of granite (Mierzejewski, 1985b).
Two short adits excavated in pegmatites, cutting Krucze Skały (Fig. 1, F.), are the
most attractive features of the geosite. They are the remnants of mining excavations
dug in the period from the 13th to 19th centuries, connected mainly with sapphire and
leukosaphire mining. Both of the minerals are gem varieties of corundum (aluminium
oxide, Al2O3) of different colours. More precious sapphires, which are up to 5 cm
long, are blue, while leukosapphires are whitish (Łapot, 1978; Heflik, 1989; Żaba,
2003).
2. 2. Geosite 2: Szeroki Most (Wide Bridge)
Location: The geosite is located on the right bank of the Płomnica River,
approximately 50 m south from the tourist black and green routes (Fig. 2, A.).
Lithology: Mylonitized mica-schists occur in the geosite. They belong to the
southern metamorphic cover of the Karkonosze granite intrusion (Izera-Kowary unit).
Fig. 2. A – Location of Szeroki Most (no. 2) and Za Wiatą (no. 3) geosites; B –
Gently plunging towards ESE inclined fold (trend WNW-ESE), with visible
parasitic folds, whose assymetry show overthrust sense of flexural-slip; arrows –
direction and turn of relative displacements; C – Boudinage (b) with axis plunging
towards ESE (trend WNW-ESE), developed in quartz sills; D – Quartz fish (f),
which asymmetry proves the overthrust character of displacements, which occur
along the foliation surfaces; arrows – direction and turn of relative displacements
(towards northwest); E – Characteristically folded quartz veins, indicate
displacements of normal character proceeded along foliation surfaces: arrows –
direction and turn of relative displacements; red - older of normal sense (towards
ESE), black – younger; F – Penetrative fracture cleavage (c; f - foliation) in micaschists, Szeroki Most geosite; G – Quartz fishes (f) which asymmetry suggest
overthrust sense of displacements; arrows – direction and turn of relative
displacements (towards northwest).
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Description: Metamorphic foliation of mica-schists, reflecting surfaces of
bedding in primary clay and siltstone shales, belong to the oldest structures in that
geosite and also in the other ones. The foliation in Sowia Dolina dips at middle angles
towards east and southeast.
Distinct folds plunging towards ESE (WNW-ESE fold-axis trend) can be
observed in the geosite Szeroki Most. They were formed at the beginning of the second
stage (stage 2a) of the evolution of the area being related to the extensional collapse,
which occurred there in that time. The structures are represented by flexural-slip folds.
Parasitic folds frequently occur within their limbs (Fig. 2, B.). Boudinage structures,
coaxial to the folds axes and developed along quartz veins of sills character, are also
visible in this geosite (Fig. 2, C.). The forms are often not fully developed (Fig. 2, C.),
forming so called "pinch and swell structures" (Achramowicz & Cymerman, 1992).
Both the folds and the boudinage can be treated as preintrusion structures. They
formed synchronically in the same conditions of tectonic stresses.
The rocks occurring in the geosite are mylonitized at various degrees. The process
was caused by two-stage activity of the close, vast, ductile shear zone. Overthrust
displacements occurred at the first stage and normal ones during the second one. There
are also numerous small structures, which asymmetry shows the direction and sense of
relative displacements. They were formed during the first and the second stage of the
tectonic evolution of that area. They may be reckoned preintrusion structures. They are
represented mainly by foliation fishes (Fig. 2, D.), intrafolial folds with axes plunging
towards SSW and characteristically folded quartz veins (Fig. 2, E.).
The quartz veins in the geosite are both concordant and discordant. The first ones
belong to preintrusion structures as they were deformed during the first and at the
beginning of the second evolution stage. While the discordant quartz veins belong to
synintrusion structures (they occur only in the cover rocks) or postintrusion ones
(occurring both in the granite and the cover rocks, having similar orientation). There
are also discordant aplite veins (dykes) of synintrusion or postintrusion character. The
aplites usually dip steeply down towards north or northwest. There is an aplite dyke
cutting and displacing the preintrusion, concordant quartz vein in the geosite. Apart
from those, syn- and postintrusion quartz dykes also can be observed there.

Fig. 3. A – Za Wiatą geosite with very prominent fracture cleavage (c; f foliation); B – Two conjugate groups of complementary shear fractures in Za
Wiatą geosite; red arrows – direction and turn of relative displacements; black,
single arrows – direction and turn of main stresses axes; black, double arrows –
widening (A) and shortening (B) direction; C – Location of Ze Sztolnią (no. 4)
geosite; D – Folded quartz veins (sills) showing two stages of displacements,
which took place along foliation surfaces; grey arrows – older displacements of
overthrust sense (towards northwest); red arrows – younger displacements of
normal sense (towards southeast); E – Kink fold in Ze Sztolnią geosite; arrows –
direction and turn of relative displacements; F – Gently plunging towards ESE
mesofold (trend WNW-ESE), Skalny Stół geosite; G – Zigzag folds, with gently
ESE plunging axes (trend WNW-ESE), Skalny Stół geosite; H – Fine crenulation
folds (cf) with wrinkling (c) visible on foliation surface, Skalny Stół geosite.
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There is also a distinct penetrative fracture cleavage in the mica-schists of Szeroki
Most geosite, running NNE-SSW with steep dip towards WNW (290/60; Fig. 2, F.).
According to Cloos, this direction is characteristic for Q type fractures, transverse to
the orientation of feldspars in the Karkonosze massif (fide Mierzejewski 1985a, 2005).
Density of the cleavage varies from several to several dozens centimetres. It is almost
perpendicular to the foliation surface and transverse to the axes of folds formed during
the extensional collapse (stage 2a). The cleavage was finally formed in the third
evolution stage, so it belongs to postintrusion structures.
2. 3. Geosite 3: Za Wiatą (Behind Shelter)
Location: The geosite Za Wiatą is located approximately 80 m towards west
behind a temporary shelter on the crossing of the green and the black tourist routes
(Fig. 2, A.).
Lithology: The geosite shows mica-schists belonging to the southern part of the
metamorphic cover of granite intrusion of the Karkonosze (Izera-Kowary unit).
Description: Various small preintrusion structures, formed in the first stage of the
area evolution, can be observed in this geosite. Among them, there is a quartz fish,
which asymmetry proves the overthrust character of displacements, which occurred
along the foliation surface of schists (top towards northwest; Fig. 2, G.).
Like in the previous geosite, there is also a distinct penetrative, fracture cleavage
in the mica-schists orientated NNE-SSW, dipping towards WNW (290/60; Fig. 3, A.).
There are also two conjugate groups of complementary shear fractures in the
schists (Fig. 3, B.). They formed under normal (gravitational) conditions, as a result of
subvertical stress. They belong to the postintrusion structures formed in the third
evolution stage.
2. 4. Geosite 4: Ze Sztolnią (With Adit)
Location: The geosite is opposite Góra Buława (Buława Mt.) (877 m a.s.l.),
across the Płomnica river (Fig. 3, C.).
Lithology: Like in the previous one, mica-schists occur in the geosite.
Description: There are numerous fold structures of different size and age in the
geosite. They are represented by small crenulation folds, folded quartz veins (Fig. 3,
D.), open folds and kink folds (Fig. 3, E.). As the first ones, characteristically folded,
concordand quartz veins (Fig. 3, D.) were formed. They were deformed in two stages.
First deformation occurred during the overthrust of blocks towards northwest, while
the second one was connected with "spreading out" of the previously formed nappe
piles structure (stage 1), under conditions of the extensional collapse (stage 2a). The
second deformation resulted in normal displacements towards ESE. Within the
geosite, there are also other small asymmetric structures suggesting direction and
sense of relative displacements. All of them belong to preintrusion structures as they
formed before the Karkonosze granite intrusion, during the first or at the beginning of
the second evolution stage.
Previously mentioned kink folds appear only as monoclines (Fig. 3, E.). They are
Z-shaped forms with axes plunging towards SSW and NNE, trending SSW-NNE. The
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axial surfaces of the structures usually dip very steeply towards ESE or WNW. The
folds belong to postintrusion structures. They formed during formation of the East
Karkonosze flexure.
2. 5. Geosite 5: Skalny Stół (Rocky Table)
Location: The geosite is located at the summit of Skalny Stół Mt. (1281 m a.s.l.).
Lithology: The geosite – like the previous one – is built of mica-schists.
Description: Folds of different size, but similar orientation occur within the micaschists formation. The largest ones are mesofolds which amplitudes vary from several
to several dozens centimetres (Fig. 3, F.). They show distinct asymmetry (vergence
towards SSW). Identical structures were found in that area by Mazur (1995, 2005).
The structures are flexural-slip folds in character. Within the limbs, fine crenulation
folds can be found. Minor folds, which amplitudes are up to several centimetres, are
usually of zigzag type geometry – chevron folds (Fig. 3, G.). The smallest ones are the
above mentioned crenulation folds, which amplitudes are only several millimetres
(Fig. 3, H.). They form characteristic wrinkling on the surface of the foliation. All of
the mentioned folds plunge towards ESE and trend WNW-ESE. They were formed as
preintrusion structures during the extensional collapse.
3. Summary
Sowia Dolina is a place often visited by tourists, not only from Poland. It is one of
the main attractions of the nearby Karpacz. The town is a widely known tourist centre
with well-developed tourist base. People visiting the valley are usually mostly
interested in post-exploitation excavations located in pegmatite in Krucze Skały,
where most of all sapphires were mined. However, geological phenomena, especially
tectonic ones are also interesting there. Properly described, exposed and promoted,
geological and petrographic sites undoubtedly might become a touristic point of
interest, which will also significantly widen the visitors geological knowledge.
The Karkonosze granite and the rocks belonging to its metamorphic cover, mainly
represented by mica-schists (locally mylonitized) occur in Sowia Dolina. The above
mentioned rocks are cut by numerous pegmatite, aplite and quartz veins. There are
pre- syn- and postintrusion forms in the area. Metamorphic foliation, concordant
quartz veins, folds with axes gently plunging towards ESE, boudinage (parallel to the
axes of the folds) developed in concordant quartz veins and also other small structures,
which asymmetry proves overthrust displacements (top towards northwest) or normal
ones (towards ESE) belong to the first forms. Synintrusion structures include:
pegmatite, aplite and quartz veins cutting the granite and the rock of the cover. The
postintrusion structures include mainly open and kink folds, fracture cleavage and
conjugate and complementary groups of shear fractures.
Sowia Dolina, due to its geological values and the nearby, well developed
accommodation base may become an ideal destination of school or touristic excursions
and student field trips, where healthy recreation and relax can be connected with
observation of fascinating forms created by nature.
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How rocks weather.
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Abstract
Weathering is a key geological process which links solid rock geology and the
evolution of landforms. The Karkonosze granite massif hosts a number of sites which
allow for close examination of various weathering processes and products. As many
are impressive visually, their potential for geo-education and geotourism is enhanced.
In this paper five easily accessible localities are described, which provide insights into
the following weathering patterns and phenomena: disintegration of granite into grus,
selectivity of weathering and survival of corestones, development of stress release
joints, cold-climate mechanical breakdown and origin of block fields, origin of tors
and small-scale surface weathering features.
1. Introduction
Weathering is a key near-surface process which creates a link between solid
rock geology and geomorphology. Rocks weather in many different ways, depending
both on their own mineralogical and textural characteristics as well as external factors
such as climatic parameters, the biological world, and water availability at a given
location. Weathering alters the rock which disintegrates and decomposes, leading
thereby to the range of weathering products which may be observed in the field and
laboratory. These include new mineral phases such as clay minerals, specific types of
near-surface materials named after dominant neo-formed minerals, e.g. kaolins, which
may be >30 m thick, striking textural features such as deep pockets of disintegrated
rock amidst solid counterparts or, conversely, solid corestones set within friable
material, extensive boulder and block fields resulting from mechanical breakdown of
rock along fractures, and finally, a wide variety of small-scale rock surface features, of
which pits, honeycomb structures and tafoni are but a few examples. Not only are
these landforms and materials important scientifically, but many drive simple curiosity
among lay-people. The astonishingly regular shapes of certain weathering features or
the localized nature of massive blocky accumulations fuelled speculations about the
role of supernatural forces in their origin.
For Earth Science, the ubiquitous weathering is important for many reasons.
Investigating patterns and rates of rock weathering we decipher mechanisms of and
controls on conversion of solid rock into loose surface material available for transport
by gravity, water, ice, or wind. In specific circumstances, weathering mantles may
play a role a stratigraphic markers. We are able to formulate relationships between the
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Fig. 1. Key localities for weathering studies in the Karkonosze granite massif. A –
grus weathering in Krzaczyna, B – grus with corestones in Miłków, C – fracture
opening on the Witosza dome, D – periglacial talus at Łabski Szczyt, E – a cluster
of weathering pits on the Pielgrzymy tor, F – Pielgrzymy tor group: the middle
tor in the front (all photos by the author).
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grade of weathering and the stability of slopes. Hence weathering studies are an
important component of geomorphological hazard and risk assessment. Certain
weathering products are of economic importance as raw materials and indeed, have
long been exploited as sources of ore or aggregates. Weathering is known to adversely
affect building and ornamental stones, particularly in a polluted urban atmosphere.
Therefore, the choice of remedies must be guided by the understanding of process and
its controlling factors. Last but not least, it contributes to the origin of a range of very
spectacular surface features, which is an advantage for geo-education, which often
begins with exploration of visually striking components of geo-heritage.
The literature about weathering is vast and includes countless specialized
papers, but also major international monographs outlining weathering processes and
products in detail (e.g. Bland and Rolls 1999, Taylor and Eggleton 2000), and lavishly
illustrated atlases (e.g. Retallack 1996, Burke and Viles 2006). The latter are
particularly important for geotourism as they help to identify and correctly name
features observed in the field. In this chapter, the focus is on a few key localities in the
Karkonosze granite massif in the West Sudetes which give excellent insights into
weathering patterns in granite (Fig. 1, 2), one of the most common rocks in the
Sudetes and elsewhere. Much of the observed geomorphology of this area is a direct
product of the various mechanisms of weathering.
2. Geology and landforms
The Karkonosze granite is a large intrusion which took place in the later part
of the Carboniferous and is dated by the Rb/Sr method at 330-310 Ma (Mierzejewski
2007). Magmatic activity occurred in several phases, which is reflected in the
mineralogical and textural differentiation observed within the granite (Borkowska
1966, Lis 1970, Mierzejewski 2007). Three principal variants are medium to coarse
granite, which often contains large tabular crystals of potassium feldspar as long as 10
cm, fine-grained granite, and very fine aplitic granite, depleted in dark minerals and
characterized by intergrowths of quartz and potassium feldspars. In addition, granite is
cut by numerous veins of variable composition, among which aplites are the most
frequent.
For weathering, fracture patterns are particularly important. These have been
extensively described by Cloos (1925), whereas Berg (1927) emphasized that the
shape of granite tors is closely related to the orientation and spacing of fractures. In
many places the pattern of fractures is very regular and consists of three major sets
perpendicular to each other, two vertical and one close to horizontal. Spacing of
discontinuities belonging to each set varies hugely from one outcrop to another, from
less than 15 cm to more than 3 m. In other places the geometry of fracture sets is not
so regular and individual sets dip at different angles. In a few places orthogonal
patterns are poorly developed and replaced by large-scale dome structures, within
which individual fractures are parallel to the topographic slope and dip away from the
central part of a dome (Migoń 1993).
The geomorphology of the Karkonosze granite massif is very variable (Migoń
2007). One of the implications of this variability is that the correlation between
geology and relief is rather poor in this part of the West Sudetes. The southern and
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south-western part of the intrusion, located partly in the adjacent Czech Republic,
supports the elevated plateaux of the Karkonosze and Izerskie Mountains, with rather
subdued watershed surfaces, truncated by steep marginal escarpments. Erosional
dissection may be considerable near the margins of a plateau, but the central part is not
affected. This type of topography is interpreted as young up-faulted blocks, bounded
by mountain fronts of tectonic origin. The altitude of the summit surface of the
Karkonosze, in excess of 1400 m a.s.l., allowed for an extensive development of
cryogenic weathering in the Pleistocene. In turn, the north-western part coincides with
the Jelenia Góra Basin, a large intramontane depression of complex origin and
topography, with numerous inselbergs, tors and boulder fields within its floor (Migoń
1997b). The elevation difference between the floor of the basin and the summit surface
of the Karkonsze exceeds 1000 m and is one of the most spectacular in the Sudetes.
3. Key sites
For the purpose of this paper, five easily accessible localities from different
parts of the Karkonosze massif have been selected (for location, see Fig. 2): 1 –
Krzaczyna, 2 – Miłków, 3 – Witosza, 4 – Łabski Szczyt, 5 – Pielgrzymy. Three are
located within the Jelenia Góra Basin and are either at or within an easy walk from
nearby parking places. The other two require more strenuous, but rewarding hikes to
the summit surface of the Karkonosze Mountains using well marked and signposted
trails. Collectively they document the following weathering phenomena: disintegration
of granite into grus (1, 2), selectivity of weathering and survival of corestones (2),

Fig. 2. Location map of the key sites described in the text, shown on shaded relief
map background. The site no. 4 is just off the map, c. 0,5 km to the south (map by
courtesy of Agnieszka Placek).
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development of stress release joints (3), cold-climate mechanical breakdown and
origin of block fields (4), origin of tors (2, 5) and small-scale surface weathering
features (3, 5).
It is important to note that they are all but examples chosen from a wide range
of possible localities within the Karkonosze granite. Similar phenomena may be
observed in other places, many being as impressive as the ones selected here.
3.1. Krzaczyna. A disused gravel pit above the settlement (Fig. 1A, 2) offers an
excellent insight into the phenomenon of disintegration of granite into grus. Grus is
defined as the result of granular disaggregation and characterized by the specific grain
size distribution, where the sand (0.1-2 mm) and gravel (>2.0 mm) fraction
predominates and may constitute up to 100 per cent of the total. The percentage of
finer particles (silt + clay) liberated by weathering is negligible.
The outcrop in Krzaczyna shows the very deep penetration of weathering.
The total thickness of the grus mantle is close to 15 m and interestingly, there are no
evident differences between the grade of weathering at different depths. The exception
is provided by a thick aplite vein which cuts across the upper level of the former
quarry pit. Aplite, due to its tight fabric, does not disintegrate into grus but remains
relatively fresh, although is heavily fractured along joints spaced 10-30 cm apart. The
contrast between friable grus and solid aplite is a very good illustration of lithological
control on the progress of weathering.
The type of weathering exemplified by the Krzaczyna outcrop is typical for
the Karkonosze, although its depth varies from place to place. The greatest depths are
recorded in footslope settings, where water availability is high and the local slope too
low for vigorous denudation and removal of weathering products to take place. Higher
upslope the thickness of grus diminishes and solid rock occurs at depth of 1-2 m. Grus
weathering is a phenomenon best developed in coarse granite. Fine-grained variants
weather in this way to a limited degree.
Field observations on weathering patterns in the Karkonosze granite are
reported in Polish by Migoń and Czerwiński (1994), and in English by Migoń (1997a).
3.2. Miłków. A large outcrop of weathered granite located on the Jelenia Góra –
Karpacz roadside (Fig. 1B, 2) complements the outcrop in Krzaczyna, allowing for
further observations on deep weathering into grus. Although here the depth of
weathering is smaller than in Krzaczyna, the phenomenon of selectivity is much better
developed. In the northernmost part of the outcrop there occur numerous corestones
set amidst grus, 1-2 m across and affected by disintegration in variable degree. Further
south, they form a cluster which projects from the pit face and forms a tor-like feature
5 m high. This is long used in geo-education and teaching as an example to show how
granite tors, very common in the Karkonosze, originate through deep weathering and
subsequent removal of weathering products (Jahn 1962). Even more to the south one
can observe rather uniformly disintegrated granite to a depth of 6 m which then grades
into the unweathered central compartment of the hill.
Weathered granite from Miłków has been subjected to mineralogical analysis
(Migoń, August 2001) which, along with results from other sites, helped to
characterize the nature of mineralogical change during weathering. First, it is generally
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limited as seen in the survival of the original rock fabric despite disaggregation and the
percentage of clay and silt which only occasionally exceeds 10 per cent. Among the
newly formed minerals there typically occur smectite, vermicullite, and mixed-layer
minerals, in similar proportions, derived from alteration of plagioclase and biotite.
However, it is usually plagioclase that yields first, whereas unweathered biotite can be
still observed in the specimens. At a few sites minor and trace amounts of kaolinite
have been discovered, but the presence of this mineral seems to be associated with the
pre-existing zones of structural weakness, where the intensity of weathering may have
been particularly efficient. Release of iron from primary minerals produces the ironstaining of joint traces visible throughout the outcrop.
Interestingly, within the Basin no sites are known with a different type of
saprolite, a clay-rich one, which typifies many granite massifs in the foreland of the
Sudetes. These circumstances point to geologically young ages of disintegrated
granite, probably not older than Pliocene, and attest to ongoing weathering.
A few years ago the site was subject to landscaping and is now part of the
roadside restaurant and picnic site. Removal of vegetation was most welcome and
exposed otherwise poorly visible features. It has a potential to be one of the most
significant geotouristic sites in the Sudetes, with easy access and a wealth of
phenomena to explain.
3.3. Witosza. Mt Witosza (484 m) is a residual hill in the centre of the Jelenia Góra
Basin (Fig. 2), which rises above the adjacent valley floor by 80 m. In the
geomorphological literature it has been described as a rock dome, which emphasizes
its convex shape and specific fracture pattern (Migoń 1993, 1997b). The hillslope
morphology of Mt Witosza contains many facets indicative of weathering processes
affecting steep granite slopes. It is tripartite, with widespread talus and boulder
deposits in the lower slope, extensive convex rock surfaces in the mid-slope, whereas
the summit part is heavily weathered and sculpted into ruiniform relief, with an array
of pinnacles, clefts, slabs, and residual boulders.
Two aspects of weathering can be discussed while visiting Mt Witosza. One
is pressure-release weathering which results in the development of curvilinear,
surface-parallel discontinuities (sheeting joints) and in the opening of vertical fractures
(Fig. 1C). Spacing of sheeting joints is 1-3 m and smooth sheeting surfaces are the
actual hillslopes. Opening of primary vertical fractures results in the development of
narrow clefts, roofed or not, up to 20 m long and less than 1 m wide. Roofed clefts are
sometimes referred to as fissure caves and Mt Witosza hosts a few sizeable caves of
this type. Steep slopes dictate that a proportion of granite compartments detached from
bedrock along pressure-release joints does not stay in place but moves downslope by
sliding or falling, contributing to the talus mantling the lower slope. Some slabs moved
in this way are of impressive dimensions, up to 15 m long and 5 m thick. Their
irregular accumulation created another type of granite caverns – talus caves. Nonkarstic caves in the Karkonosze massif, including Mt Witosza, have been recently
described by Migoń and Szmytkie (2007).
The rock slopes of Mt Witosza also host a diversity of microforms produced
by weathering, with possible contribution of surface runoff. They include weathering

58

pits and pans as long as 160 cm, parallel grooves (flutes) on steep rock surfaces, basal
tafoni, and upstanding remains of quartz and aplite veins.
Mt Witosza is easily accessible through a network of trails and paths going to
its summit. A few years ago an educational trail was set up in the area and includes
two explanation panels focused on geomorphology. One tells about the origin of
granite caves, another one about the evolutionary history of granite domes in the
Jelenia Góra Basin.
3.4. Łabski Szczyt. Łabski Szczyt (Fig. 2D) is one of the highest peaks in the granite
part of the Karkonosze Mountains, surpassed only by Wielki Szyszak (1509 m) and
Smogornia (1489 m). Its altitude is 1471 m a.s.l., but the height relative to the
extensive summit surface which occurs immediately to the south is only 20 m.
However, its north face is much steeper and grades into the long, generally planar
surface of the northern slope of the main ridge of the Karkonosze. Łabski Szczyt is
built of fine-grained granite, whereas coarser variants occur in the surrounding area.
Textural differences are the likely reason for the presence of the hill, which can
therefore be considered as a monadnock (i.e. a hill built of a rock harder than
elsewhere).
During the Pleistocene, the granite of Łabski Szczyt was subject to efficient
mechanical weathering under cold, periglacial conditions (Leśniewicz 1996, Traczyk
2007). The testimony of this process, which probably continues up to the present-day,
are extensive block fields on both the south- and north-facing slopes. However, the
characteristics of blocky accumulations vary between these slopes because of the very
different gradient in each case. On the southern side, one can see the fractured rock
face, 5-10 m high, below which there occurs an apron of huge boulders stacked one
upon another. Individual blocks are up to 3 m long. The main part of the talus appears
inactive, as suggested by extensive lichen cover (Fig. 1D), as is the rock wall above it.
However, locally fresh rock surfaces can be observed suggesting ongoing breakdown.
The granite rock wall is the part of the hill subject to most intense disintegration, the
pattern of which is very different from the one discussed at Krzaczyna and Miłków. A
fine texture and tight fabric disfavour breakdown into individual crystals or their
aggregates, but it is the closely spaced joints that focus weathering. The resultant
breakdown pattern is termed ‘block disintegration’, with the size of individual blocks
reflecting the size of joint-bound compartments.
The steeper northern slope allows one to examine an additional effect of
gradient on the appearance of the blocky cover. Slow gravity-driven movement in the
presence of cementation ice has resulted in the formation of varied microrelief, with
overlapping lobes and tongues separated by shallow troughs. Closed hollows locally
occur within the lobes. The length of boulder lobes in the Karkonosze may reach 150
m, but those in the Łabski Szczyt area are usually less than 100 m long. Their steep
faces are 2-8 m high (Traczyk 2007).
The exact mechanism of breakdown remains disputable, but it is likely that
frost weathering played a major part. Frequent freezing of water within numerous
joints, formation of icing on the surface, and migration of water towards ice lenses,
have all exerted pressure on the rock, leading to its disintegration. Thin ice films along
gently dipping joint surfaces facilitated sliding of individual granite blocks.
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The locality of Łabski Szczyt is within the Karkonosze National Park and
special access regulations apply. The block field on the southern side is well visible
from the main summit trail, whereas the northern block slope is traversed by another
trail leading down to the mountain lodge “Pod Łabskim Szczytem”. Terrain
penetration beyond the marked trails is not allowed without a special permit.
3.5. Pielgrzymy. Pielgrzymy (Fig. 1F) is one of the highest and arguably the best
known tor group in the Karkonosze, rising from a mid-slope bench located at an
altitude of 1200 m a.s.l. The group consists of three main tors up to 25 m high,
extended roughly north-south and parallel to each other, surrounded by a dozen or so
lower residuals a few meters high. Corridors between the major tors are c. 50 m wide.
The site of Pielgrzymy is an excellent extension of the Miłków site as it
shows the end-effect of tor formation, whereas in Miłków an early stage is observed.
Most granite tors are the result of a two-phase development which involved a phase of
selective deep weathering followed by stripping of weathered material by slope
processes (Jahn 1962). Reasons for survival of solid rock compartments within
weathering mantles may be varied, but are likely related to either inhomogeneities in
mineralogical composition or different spacing of discontinuities. At Pielgrzymy,
stripping has been largely complete as the corridors between the tors have bedrock
floors.
After exposure, tors have been subjected to subaerial weathering. Although it
is difficult to pinpoint the exact mechanism(s) of the weathering involved, the results
are clearly seen. Individual columns and spires become narrower upwards, gradually
losing regular cubic shapes present near the ground surface. They also become more
rounded and pitted. An interesting phenomenon present within the tors of Pielgrzymy
is the occurrence of very closely spaced horizontal fractures, a mere 10-20 cm apart
(Fig. 3). It is described as pseudobedding and attributed to surface-parallel unloading
and imposed rock parting. The unloading hypothesis helps to explain other examples
of pseudobedding from the Karkonosze, as this is always parallel to the slope and
follows its gradient.
The Pielgrzymy tors are also one of the best sites in the Karkonosze to
examine microforms on rock surfaces, mainly weathering pits (Fig. 2E). A few tens of
pits of variable dimensions, from 20-30 cm to >1 m across, dot planar rock surfaces,
some holding water, some remaining dry for most of the summer season. The origin of
weathering pits is still not entirely clear. Usually the role of water filling the hollow
and decaying organic matter are highlighted as factors promoting chemical and
biochemical weathering of rock. Mechanical weathering in our conditions cannot be
ignored and freezing and thawing in particular should contribute to pit enlargement.
An initial hollow may be the result of selective weathering exploiting subtle
mineralogical differences within granite or the consequence of flaking. Flakes
detached from rock surfaces are not uncommonly convex downward, so they leave a
shallow depression which may start retaining water. Weathering pits are very common
in the Karkonosze granite, with the largest one approaching 200 cm in diameter.
Pielgrzymy are easily accessible by a marked trail from the mountain resort of
Karpacz. Its most elaborate description was provided by Gürich (1914).
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Fig. 3. Pseudobedding structures in the middle tor of Pielgrzymy (photo P.
Migoń).
4. Concluding remarks
Three parallel circumstances contribute to the excellent record of weathering
processes in the Karkonosze granite massif. One is the long-term history of
environmental change experienced by the area in the last few million years. In
different environmental conditions granites and their exposed surfaces were subject to
variable weathering processes which have left diverse effects. Another one is the great
altitudinal differentiation within the massif which allows weathering processes to vary
with height. Finally, it is granite itself which occurs in a few distinct varieties and
breaks, depending on its texture and mineralogy, into either sandy grus, or large
blocks, with a range of intermediate products.
The potential of the Karkonosze granite for weathering studies has long been
realized by scientists. The diversity and scenic appeal of many weathering products, if
adequately explained, is likely to generate considerable interest from educational and
geotourist circles. In the context of attempts to establish a geopark in the area (Knapik
et al. 2007), weathering sites provide a link between granite geology, geomorphology,
and human use of resources, which are repeating themes in any geopark.
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Abstract
Geosites described from the Świebodzice and the Intra-Sudetic Basins illustrate the
development of syn- to post-orogenic Variscan basins. Selected outcrops cover a broad
range of continental sedimentary environments including Late Devonian coral reef,
alluvial fans, continental sediments with coal seams, paleoslumps and caliche
accompanied by volcanic activity. Picturesque rock forms of Triassic alluvial
Buntsandstein and Late Cretaceous marine sandstones complete the list of valuable
sightseeings of the area.
1. Geological history of the area
The Świebodzice Basin (Fig.1) filled with the Late Devonian-Early Carboniferous
sediments is an early syn-orogenicintramontane depression which developed during
the Variscan orogeny. Its late-synorogenic character is stressed by Żelaźniewicz
(2006). According to Porębski (1997) it is a transtensional fault-bounded basin, which
originated in response to dextral shearing along the Intrasudetic Fault. According to
Mazur and Aleksandrowski (2008) it was initiated as a piggy back basin. Rapid
basement subsidence resulted in 4000 m thick pile of sediments of turbidites and
marine fan-delta system where alluvial fans invaded not only littoral, but also the
deeper parts of the marine basin. Fossiliferous mudstones with lenses of littoral
brachiopod-coral limestones have been covered by slumps which transported boulders
of gneisses from the emerging southern massif corresponding to the present-day Sowie
Mts. Block (for details its history see Kryza these volume). Subaqueous sediment
gravity flows of Early Carboniferous gravels have been documented here by Nemec et
al. (1980) and Porębski (1981,1984).
Late Devonian limestone can be observed in an abandoned quarry in the nature
protected area “Jeziorko Daisy” (Daisy Lake) named after the Daisy, Princess of Pless,
born Mary-Theresa Olivia Cornwallis-West, who married Prince Hochberg, a German
aristocrat with Polish roots, who at the end of First World War became the German
candidate for Polish King.
Early Carboniferous conglomerates with gneiss boulders (Fig.1A) can be
observed along the Pełcznica Gorge in the vicinity of the Książ Castle (Hochberg
family property sequestrated by the Nazi Germans for one of the Hitler’s
Headquarters). The age of these sediments is supported by the single remains of
Lepidodendron sp found by Zimmermann (1936).
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Fig.1. Localization of described geosites on the geological map (After Sawicki
1966 simplified): D3–C1 - Late Devonian–Early Carboniferous of the Świebodzice
Basin, C1 Early Carboniferous of the Intra-Sudetic Basin, C2 - Late
Carboniferous of the Intra-Sudetic Basin: Cw – Wałbrzych Formation, Cb Biały
Kamień Formation, Cż Żacler Formation, CG-Glinik Formation, CL-Ludwikowice
Formation, C2–P1- Late Carboniferous–Early Permian not subdivided; P2 – Early
Permian (Rotliegend) of the Intra-Sudetic Basin: R1-Krajanów Formation, R2Słupiec Formation, R3 -Radkow Formation; P2 - Late Permian (Turyngian); T1Early Triassic (Buntsandstein); K2-Late Creataceous; Igneous rocks: G- Kudowa
Granite; V1- Carboniferous volcanites; V2 - Permocarboniferous volcanites; V3Early Permian rhyolites; V4- Early Permian trachyandesites
A - Geosite 2, Gneiss boulder in Early Carboniferous conglomerate; B – geosite
4, Dadoxylon trunk; C - Geosite 5, conglomerate xenolith in lava flow; D - Geosite
7, Rotliegend sandstone; E- Geosite 6 , Carboiferous rhyolite;
Early Carboniferous sedimentation continued primary in narrow (3-4 km) valley
developed west of the Świebodzice Basin (Teisseyre, 1975). In late middle Visean
(Turnau et al., 2002) due to top-to-the ESE directed gravitational collapse (Mazur &
Aleksandrowski, 2008). This new basin later on expanded towards SE in greater
depression, commonly referred to as the Intra-Sudetic Basin which became the
depocenter of not only Carboniferous but Permian, Triassic and Late Cretaceous
sediments as well (Wojewoda & Mastalerz, 1989; Dziedzic &Teisseyre, 1990; Nemec
et al., 1982). Its early developments was connected with basement rifting and
volcanism reaching its maximum in the Late Carboniferous times (Grocholski, 1965;
Dziedzic 1966, Teisseyre, 1966, 1971; Nemec, 1979; Bossowski & Ihnatowicz 1994).
The most prominent volcanic massif of the area Chełmiec Laccolite forms the 888 m
a.s.l hill dominating in the local landscape. Remnants of diatremes, maars and lava
flows can be observed within Late Carboniferous sediments (Nemec, 1979,1981;
Awdankiewicz, 1998). Good example of lava flow folds with xenolith of the
Carboniferous conglomerate (Fig. 1C) can be observed in the abandoned quarry of the
Barbarka hill (Awdankiewicz, 1999). Picturesque road cuts enable to study
carboniferous rhyolites in detail (Fig. 1E). Intramontane depression filled by alluvial
deposits, temporary invaded by the Early Carboniferous sea from the SE with
Goniatites fauna preserved in sediments (Żakowa, 1958,1963) became in the Late
Carboniferous depocenter of the Carboniferous peat formation (Mastalerz 1996).
Numerous coal seams after burial reached high maturity due to volcanic overheating
resulting in coking coal deposits. Locally at the contacts with subvolcanic magmas
breccias and natural cokes originated. Well preserved Carboniferous plants remains
can be seen not only in local museum (see Wajsprych et al. this volume) but in
outcrops in the center of Wałbrzych (Fig.1B). Coal seams can be locally observed in
small illegal diggings.
At the end of the Late Carboniferous Intra-Sudetic Basin became part of the
Polish Rotliegend Basin composed of many intramontane depressions forming
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nowadays basement of the vast area form British Isles to Polish Lowlands. More arid
climate and tectonomagmatic activity resulted in high energy ephemeral alluvial
sedimentation with ephemeral lakes (Mastalerz & Nehyba, 1997). Intensive bimodal
(trachyandesitic and rhyolitic) volcanic yielded numerous subvolcanic intrusions,
necks, lava flows and volcanoclastic deposits (Awdankiewicz, 1999). Recent slumps
develop on steep slopes where rhyolitic lava flows overlie weathered tuff layers.

Tab. 1. Stratigraphic position of presented geosites

Steep slopes of Permian alluvial fans were vulnerable to synsedimentary slumping
especially during frequent earthquakes. Alluvial fan fanglomerates with slumps and
seisomotectonic structures can be observed at the Golińsk village (Fig.1D). Arid
chemical precipitates caliches and carnelian horizons have been described by
Śliwiński (1980) from the environs of Radków (Fig.3B,C), while more continuous
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carbonaceous horizons occur in the environs of Chełmsko and Kochanów (Fig.3D).
Previously regarded (Berg, 1904) to be remnants of the Late Permian Zechstein Sea
transgression and evaporation have been interpreted by Śliwiński (1981) as travertine
precipitating from hydrothermal waters of the final phases of Permian volcanic
activity. Permian part of the profile is locally covered by arkoses of the Buntsandstein
deposited by braided rivers.
Later on, no sediment record is present in the Intra-Sudetic Basin, until the Late
Cretaceous marine transgression invaded the area. Rejuvenated subsidence of the basin
was controlled by NW-SE trending basemen faults. Sediments deposited on
Cretaceous shelf with giant scale cross bedding (Fig.3E) were supplied mainly by
rivers from the Eastern Sudetic Island forming NE margin of the basin. Shallowing of
the sea resulted in sediment record of various shelf environments controlled not only
by local tectonic (seismic) activity but by global sea level oscillations as well
(Wojewoda et al., 1997).
Proposed educational geosites:
Geosite 1, Jeziorko Daisy (Daisy Lake) Devonian Reef
Abandoned Devonian (Tab.1) limestone quarry 180 m long, filled with water
what makes access to the outcrop difficult and risky. Devonian fauna has been studied
here since 1867 and broad list of described fossils according to Gunia (1968) covers:
Sponges: Receptaculites neptuni,
Coelenterata: Anthozoa Cladopora vermicularis, Alveolites suborbicularis, Alveolites
parvus, Aulopora serpens, Disphyllum cf. pashiense, Peneckiella minor, Sudetic
lateseptata, Tabulophyllum priscum,
Brachiopods; Lingulipora subparallela, Aulacella interlineata, Schizophoria
striatula, Schizophoria bistriata, Isorthis sp., Gypidulla brevirostris, Douvillina
interstrialis, Plicochonetes nanus, Productella subaculeata, Productella herminae,
Productella forojuliensis, Leiorynchus laevis, Uniculus subcordiformis, Hypothyridina
cuboides, Pugnax acuminatus, Pugnax aptyctus, Spinatrypa bidaeformis, Cyrtospirifer
verneuili, Cyrtospirifer conoideus, Cyrtospirifer almadenensis, Cyrtiopsis davidsoni,
Cyrtiopsis murchisoniana, Eoreticularia curvata, Pyramidalia simplex, Dicamara
plebeja,
Molluscs:
Paleoneilo brevicula, Cucullaea depresja, Cucculaea unilateralis,
Parallelodon michelini, Pteria aemiliana, Pteria boenigki (Dames described here in
1868 holotype), Pteria lepidata, Pteria nurmi, Loxopteria dispar, Pterochaenia hians,
Chaenocardiola koeneni?, Mecynodon carinatus, Buchiola retrostriata, Buchiola
acuticosta, Paracyclas proavia, Dechenia cf. follmanni, Naticopsis cf. gothani,
Bellerophon latofaciatus, Rhaphistoma cf. junius, Porcellia promordialis,
Pleurotomaria strialis, Orthoceras magnum, Orthoceras planiseptatum, Orthoceras
cf. lineare, Bactrites cf. ausavensis, Manticoceras intumescens.
Now it is nature protected area so collecting of fossils is restricted.
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Geosite 2, Przełom Pełcznicy (Pełcznica Gorge)
Picturesque gorge of Pełcznica river can be studied along blue-yellow tourist trail.
Good exposures of gneissic conglomerates with boulder of 1 m dimensions can be
studied along iron bridges on the slopes of the valley (Fig.1A) . They have been
deposited in Early Carboniferous (Tab.1) alluvial fans penetrating directly into marine
basin.
Geosite 3, Wałbrzych Miasto Railway Station - Fold
Easily accessible outcrop of folded Early Carboniferous (Tab.1) strata located at
the northern end of the railway station Wałbrzych Miasto. Unconformity between
Lower and Upper Carboniferous strata has been regarded as a proof of Sudetic phase
activity. However, fold observed in this locality seems to be rather fault related local
phenomenon.
Geosite 4, Wałbrzych Center, Dadoxylon in situ remains
Steep, undercut rocky slope of the hill (Fig. 1B) located in the centre of
Wałbrzych (ul. Wyzwolenia 48). Ten meters high vertical sandstone wall with alluvial
sequence of the Biały Kamień Formation (Tab.1) is easily accessible from the local car
park. Well preserved fossilized Dadoxylon trunk can be observed at the base of
conglomerate layer. More than 10 m long trunk of Dadoxylon excavated during
mining works is nowadays exposed at the yard of College (PWSZ im. Angelusa
Silesiusa ul. Zamkowa 15). Rich collection of Carboniferous flora can be seen in local
Museum (see Wajsprych et al., this volume).
Geosite 5 Kamieniołom Barbarka (Babarka Quarry), xenolite in lava
Abandoned quarry on the slopes of the Barbarka Hill located 700 m SSW of the
main railway station Wałbrzych (WałbrzychGł.) at the blue tourist trail. Trail
approaches the hill starting from the railway station. On both sides of the trail Żacler
Formation (Tab.1) conglomerates ccrop out, 200 m before the quarry at the entrance to
the forest weathered material of coal seam can be observed. In the quarry fluidal
textures, flow folding and xenoliths of sandstones up to 1m in size (Fig. 1C) are visible
in rhyolitic lava (Awdankiewicz, 1999). Volcanic body observed here is a 35 m thick
rhyolite sheet interpreted as lava flow by Grocholski (1965) or a sill (Nemec, 1979). It
is a part of Rybnica-Grzmiąca rhyolites forming 7 km NNE trending belt east of
Wałbrzych.
Geosite 6, Rybnica Leśna, Carboniferous rhyolite
Picturesque rhyolite rock on the northern side of the road in Rybnica Leśna (Fig.
1E) is a part of the same Rybnica Grzmiąca rhyolite belt. Further to the east on both
sides of the road rocks of this volcanic belt can be observed. They are product of up to
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Late Carboniferous (Tab.1) 10 maars (Nemec, 1979, 1981; Awdankiewicz, 1999).
Phreatomagmatic eruptions resulted here in abundance of volcaniclstic rocks intruded
later on by rhyolitic and trachyandesitic magmas.
Geosite 7, Golińsk Rotliegend, internal structure of a slump
Rotliegend outcrop in Golińsk is a small abandoned quarry on the steep western
escarpment cut by Ścinawka River. Red conglomerates and sandstones termed as
Mieroszów Fanglomerate (Tab.1, Radków Formation see Dziedzic, 1957) has been
interpreted as a deposit of periodic desert rivers (Fig.1D). More detailed
sedimentological studies performed by (Aleksandrowski et al., 1986) resulted in
describing there not only alluvial and paleosoil sediments but also 2.5 m thick wedge
of slump origin with well preserved deformation structures indicating movement
towards NW. It is unique, well preserved colluvium cross sections and deserves legal
protection (see Wojewoda, 2008,).
Diffusion cell model has been proposed by Wojewoda and Wojewoda (1988) to
describe process of liquefaction and mud release in form of small scale mud
volcanoes, as a response for dynamic stresses resulting from slumping or earthquakes.
Geosite 8, Wzgórze Guzowata (Knobbly Hill) , slumps and caliche
Polish name of the hill reflects the knobbly, nodular character of its irregulary
cemented Rotliegend outcrops (Tab.1, Radków Formation). Red, brown
conglomerates of the lower part of the profile (Fig.3A) are overlain by more sandy
sediments in the upper part (Aleksandrowski et al., 1986). Calcareous cement is
abundant all over the profile and forms horizons of limestone in its upper part (Fig,
3B). In the uppermost par of the profile carnelian cherts occur. Matrix supported
conglomerates of mud flow or debris flow origin were locally washed out by streams
to form clast supported residuum. Sandstone intercalations of conglomerates are
probably of alluvial character, while sandstones in the uppermost part of the profile
are supposed to be the eolian ones. Directional structures (deformed clast) in the
conglomerate sheets indicate NE direction of slumping (Śliwiński & Wojewoda 1984).
Calcareous cement concentrates in nodules, lenses and regular horizons of
limestone. In most cases these concentrations occur in the upper parts of clastic bodies.
They has been described as a groundwater calcrete (caliche) indicating climate of
alternating dry and humid periods while carnelian cherts indicate silica precipitation in
extremely dry arid conditions (Śliwiński, 1980).
Small scale karst phenomena are observed in calcareous clastic rocks (Fig.3C).
Geosite 9, Kochanów, Permian travertines & caliches
Permian dolomitic sediments in the northern part of the Intra-Sudetic Basin
(Fig.3D) reach their maximum thickness of 25 m. They are composed of lenses of
party silicified massive dolomites of few hundreds meter diameter with admixture of
clastic material. They are enveloped by dolomitic clastic sediments. Age and origin of
these sediments is still under discussion. According to some authors (Berg, 1904;
Lorenc & Mroczkowski,1978) they represent Late Permian (Tab.1) marine Zechstein.
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Fig. 3. A - Geosite 8, Early Permian slump sequence; B - Geosite 8, Caliche
(Calcrete) horizons in Early Permian sandstones; C- Geosite 8, Karst hole in
Early Permian limestone lens; D – Geosite 9, Late Permian (Turyngian)
travertine, with synsedimentary reworking and paleokarst structures; E - Geosite
12, Giant scale crossbedding in Late Cretaceous (Turonian) marine sandstones
other authors (Müller, 1930; Dziedzic, 1961; Tasler et al., 1979, Śliwiński, 1984)
interpret them as continental, Early or Late Permian sediments. Śliwiński (1981,1984)
interpreted massive dolomitic lenses as travertine bodies formed on the slopes of the
alluvial valley among numerous alluvial fans. Clastic dolomitic sediments are the
result of weathering and erosion of travertines, partly reworked by Permian
calcretization process. Small scale karts phenomena include not only synsedimentary
(Permian) karts sinkholes with terra rosa but much younger probably Neogene caves
partly filed with soft sediments.

Geosite 10, Czartowskie Skały (Devil’s Rocks), Triassic braided river
Group of rocks up to 20 m high, located on the northern side of the road from
Kochanów to Różana. Early Triassic (Tab.1,Buntsandstein) continental sandstones
deposited in braided river environment can be studied here. Channel and flood plain
sediments are well exposed in vertical rock walls easily accessible from below.

Geosite 11, Diabelska Maczuga (Devils Club), marine Cretaceous
Isolated rock 7.5 m high of 9 m perimeter located on the northern side of the road
in Gorzeszów. Turonian (Tab.1)marine sandstones can be observed here. Picturesque
form of the rock (see front cover of this volume) made it a popular destination. It was
used as a landscape motive already in XVII century by the leading painter of Silesia
M. Willmann. In 1913 memorial plate of Leipzig’s Battle of the Nations has been
placed here. 1.5 km south from this place along the red tourist trail the Nature Reserve
“Glazy Kransoludów” (Dwarfs Boulders) with rocks up to 30 m high can be visited.
According to Wojewoda (see Awdankiewicz et al., 1998) Upper Turonian
sandstones of Devils Club with well visible large scale cross bedding have been
deposited in dunes of the tidal channel and due to strong cementation of well sorted
channel material became more erosion resistant.

Geosite 12, Białe Ściany (White Walls), Giant scale-crossbedding
Rock walls within National Park of The Góry Stołowe Mts. Giant scale crossbedded sets up to18 m thick of Upper Turonian (Tab.1) shelf facies (Fig.3E) are well
preserved here. Interpreted as tidal ridges by Jerzykiewicz (1968) are supposed to be
an example of sediments of tectonically controlled escarpments (Wojewoda, 1987).
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Abstract
The North Sudetic Synclinorium (NSS) developed in the northern foreland of the
Sudety Mts. in location of a Late Carboniferous sedimentary basin. This basin referred
to as the North Sudetic Basin was initiated as one of sub-basins of the Polish
Rotliegend Basin. Post-Variscan molasses of the Rotliegend followed by Zechstein
marine deposits, Buntsandstein sandstones and Muschelkalk calcareous sediments
have been finally covered by Upper Cretaceous transgressive marine sandstones and
marls. Sedimentation was accompanied by basement stretching along WNW-ESE
trending normal faults and Early Permian bimodal volcanism. Basin inversion took
place at the end of the Cretaceous resulting in horst and graben structure with drape
folds on top of high angle reverse faults typical of the intraplate tectonics of Central
Europe. Numerous abandoned quarries and picturesque natural outcrops enable insight
into the 300 my years of tectonically controlled sedimentation.
1. Geological history of the area
In the Late Carboniferous (Stephanian), after the Variscan collision and accretion
of Sudetic terranes, the NNE-SSW stretching of the basement resulted in subsidence
along the WNW-ESE trending basement faults and depression located in the
southernmost part of the present NSS in the environs of the nowadays Świerzawa town
was formed (Baranowski et al. 1990). Along its margins folded and metamorphosed
Variscan structure of the Kaczawa Mts. has been exposed. This sedimentary basin
commonly referred to as the North Sudetic Basin is one of the sub-basins of the Polish
Rotliegend Basin (Karnkowski 1999).
The Lowermost Stephanian - Lower Permian (Milewicz, Górecka, 1965) part of
the NSB profile corresponds facially to the Rotliegend and is quite similar to
sediments of the Intra-Sudetic Basin (Dziedzic 1959; Mastalerz Raczyński 1993,
Mastalerz et al. 1993). It is represented by red fluvial conglomerates, sandstones and
mudstones forming fining-upward sequences. In the lower part of the Rotliegend there
are two horizons of black, calcareous Anthracosia shale, locally intercalated with a
few centimeters thick coal layers. Sand and gravel derived from weathering hills has
been deposited along the paleovalley margins in the piedmont alluvial fans, finer,
organic rich sediments in the lakes developed due to the rapid, differentiated
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Fig.1 Geosites of the North Sudetic Synclinorium : 1 - Świerzawa
Kamieńczyk, 2 - Organy Wielisławskie, 3 - Leszczyna Zechstein, 4 - Niwnice
Anhydrite Mine, 5 - Chrośnica Valley, 6 - Lwówek Rocks, 7 - Lwówek Quarry, 8 Raciborowice Quarry, 9 - G.Skowron Quarry 10 - Jerzmanice Zdrój Quarry, 11 Skorzynice Quarry, 12 - Gaszów Quarry, 13 - Rakowice Mł. Quarry, 14 - Wleński
Gródek Quarry, 15 - Osiecznica Profile, JF- Jerzmanice Fault, NŚF- Northern
Świerzawa Fault, WOF - Warta Osiecznica Fault, background photo Ostrzyca
Mt - Neogene basalt neck
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subsidence and local barriers resulting from slumping of paleovalley slopes.
Synsedimentary volcanism supplied significant amount of tuffaceous material.
Bimodal cycles of trachyandesitic and rhyolitic character area (Kozłowski,
Parachoniak, 1967) produced tremendous amount of material preserved in subvolcanic
bodies and lava flows. Volcanic activity according to Kiersnowski et al. (1995) was
associated with Saalian movements responsible for local uplift of the basement rocks,
what finally resulted in post-volcanic succession of fluvial conglomerates and
sandstones with granite pebbles and caliche horizons (Mroczkowski, Skowronek
1980)
Late Permian transgression of the Zechstein Sea probably invaded a major part of
the basin, where black cupriferous shales, marls, limestones, dolomites, anhydrites and
locally sandstones were deposited. Lower Triassic continental sandstones reach their
maximum thickness in the central part of the NSS in the Lwówek area. Marine
sediments of the Middle Triassic (Muschelkalk) are nowadays preserved only north of
the Jerzmanice Fault (JF Fig.1) and their nowadays observed extent probably does not
differ significantly from the primary one. However, the differentiated erosion of
deformed pre-Cretaceous basement and removal of the southern part of Muschelkalk
sediments cannot be excluded (Beyer K., 1932). Cretaceous marine transgression
started in Cenomanian covering not only the older sediments, but also invading locally
metamorphic basement. Significant reduction of marine extent took place in
Santonian, when due to tectonic activity, regolith of the adjacent land area has been
redeposited in form of kaolinite rich sands to fluvial and lacustrine environments.
Accumulation of plant remains resulted in lignite seams of uneconomic thickness.
Tectonic activity at the end of Cretaceous resulted in inversion of the basin
structure. Due to NNE compression shortening of the basement took place and horst
and grabens with thrust fault related synclines developed. This kind of stress field and
resulting deformations prevailed in the Alpine foreland all over Central and Western
Europe (Ziegler 1987, Ziegler et al. 1995). Resulting structure called the North Sudetic
Synclinorium (NSS) consist of several half-grabens visible in Fig.1. Depocenters of
the Cenozoic sedimentation migrated to the western and northwestern periphery of the
NSS, where fluviolacustrine sediments with lignite seams accumulated. Volcanic
activity accompanied Tertiary sedimentation. Three main phases: 28-26 Ma, 25-21
Ma, 17-15 Ma have been radiometrically recognized in the Lower Silesian area (K.
Birkenmajer et al., 1977). North Sudetic Tertiary basalts form the eastern part of the
Mid European Volcanic Province extending in front of the Alpine orogen. Well
preserved remains of volcanic necks are characteristic landscape feature of the area
(Fig.1).
2. Stratigraphic and geotectonic position of the geotouristic sites
Geosites described below cover the stratigraphic range from Rotliegend fluvial
sediments and volcanites to Miocene lignite and paleosoils. Selection criteria included
not only scientific value of the site but also accessibility and localization within area
presented in the Fig.1.
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Geosite 1, Świerzawa Kamieńczyk
In the environs of Świerzawa lower pre-volcanic part of the Rotliegend sequence
corresponding to Dolsk Formation of Polish Rotliegend Basin (Tab.1), can be
observed. Fluviolacustrine sediments of total thickness reaching 450 m can be studied
in numerous outcrops. Especially picturesque is the Kamieńczyk creek valley below
dam, with interesting erosional form at the southern banks of the Kamieńczyk creek.
Table. 1. Stratigraphic position of presented geosites

On the northern slope of the Kamieńczyk valley 250 m below dam, 10 m high
outcrop of alluvial sandstones, mudstones and gravels can be observed. Subhorizontal
creeping movement of unconsolidated alluvial fan sediments resulting from basin
margin uplift along the Northern Świerzawa Fault (NŚF Fig.1) produced local small
strike slip faults with type of slickensides without “patina” characteristic for soft
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sediments (Laville, Petit 1984). The example of conjugate sets of such faults can be
observed in lower part of the well exposed rock wall. (Fig.2 A). Horizontal
displacement of sand lenses resulted in apparent vertical shifting marked by “? “in
Fig.2 A.
Tectonic phenomena observed here fit well to the idea of Saalian uplifts of
fragments of pre-Permian basement of the Polish Rotliegend Basin (Kiersnowski et al.
1995).
Geosite 2, Organy Wielisławskie
Site is located on the southern slope of the Wielisławka Hill in the village of
Sędziszowa. Abandoned quarry is now a nature protected area. Good example of
Rotliegend rhyolitic subvolcanic body characteristic for Wyrzeka Formation of Polish
Rotliegend Basin can be observed here. According to Kozłowski and Parachoniak,
(1967) this occurrence of Rotliegend volcanites is connected with the NŚF which
indicates the Permian (Saalian) activity of this fault (compare geosite 1). Picturesque
columnar joints resembling organs which gave name to this place are presented on the
back cover of this volume.
At the northern contact of volcanites with metamorphic schist gold mineralization
has been mined. Remains of old adit can be seen at the tourist trail 500m down the
Kaczawa river valley. Further on (1500m) on the western slopes of the valley on both
sides of railway track remains of agate prospecting works in trachyandesites can be
seen.
Geosite 3, Leszczyna Zechstein
The Zechstein sequence of NSS is represented by limestone, cupriferous marl,
dolomites, anhydrites and locally in marginal parts of the basin sandstones. It may be
correlated with Werra-Leine (Peryt, 1978) or Werra-Stassfurt (Milewicz, 1985)
cyclothems. Red claystones and sandstones prevail in the uppermost part of the
Zechstein sequence.
Numerous abandoned quarries of Zechstein marine sediments in the environs of
the Leszczyna village have been the place of copper and lime production since Middle
Ages. Black shale and dolomite with small grains of copper sulfides and malachite
can be observed here. Copper smelting slag still can be found around remains of
smelters. Educational geological trail has been prepared there and elements of tourist
infrastructure constructed on the basis of lime kilns. “Dymarki Kaczawskie”, a cultural
event with bloomery smelting of ore is performed here each June.
Geosite 4, Niwnice Anhydrite Mine
In the village of Niwinice open pit and underground slope mine of Zechstein
anhydrite exploitation exists. Outcrops of anhydrites and secondary gypsum can be
observed in abandoned open pits or in underground chambers, however permission
from the mine operator must be obtained.
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Fig.2. A - geosite 1, synsedimentary fault in Rotliegend sandstone;
B and C -geosite 7, deformation bands in Buntsandstein sandstone.
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Geosite 5, Chrośnica Valley
Buntsandstein strata of NSS comprise variegated sandstones, mudstones and
claystones. (Mroczkowski1972) deposited, mainly in the braided rivers and their flood
plain. Their maximum thickness reaches 700m. Locally, eolian reworking of sediment
can be observed. Outcrops of the Chrośnica valley include natural rock walls along the
northern slope of the Chrośnica creek. At the road on the southern side of the river
small abandoned quarry with few meters high sequence of mudstones can be studied.
Fossilized raindrops remains have been observed here.
Geosite 6, Lwówek Rocks
Sandstone rocks north of the road to Jelenia Góra in the outskirts of Lwówek.
Locality is called “Szwajcaria Lwówecka” by exaggerated analogy to the Swiss
mountainous landscape. In the lower part of the profile sequence of cross bedded
Buntsandstein sandstones can be observed. At the tourist trail traversing the slope well
exposed contact with Cenomanian conglomerate can be seen.
Geosite7, Lwówek Quarry
Small abandoned quarry at the northern side of the road to Gryfów. Similar
sequence like in the case of geosite 6 can be observed here. Place is hardly accessible,
almost surrounded by private properties. Triassic part of the profile is cut by numerous
conjugate sets of shear zones (deformation bands) of little or no displacements
(Fig.2.B, C). Shearing phenomena in porous sandstones were studied by Aydin,
Johnson; (1983); and Aydin et al. (2006) who described stress hardening resulting
from increase of grain contacts due to cataclasis and recrystalisation. This kind of
phenomenon is often connected with rapid decrease in porosity and permeability what
is crucial for oil and water exploitation from sheared sandstones (Ogilvie, Glover
2001a, b). Shear zones observed in this quarry reach maximum thickness of 10 cm and
are accompanied by silification. In spite of their thickness no displacement is observed
what contradicts opinions; of Engelder (1974), Draper (1976), Roberston (1983) and
Wilder et al., 1984 on relation between fault displacement and shear zone thickness. In
this case, Solecki (1988) proposed model of oscillatory movements along initial shear
zones being stiffer than remain part of sandstone body. Repeating episodes of stress
(e.g. in the case of seismic wave propagation) resulted in adding new laminae of shear
zone instead of movement along already formed but stiffer shear zone. Orientation of
conjugate shear zones indicates NE-SW δ1 orientation consistent with general
structural plan of NSS (Solecki 1988, 1995).
Geosite 8, Raciborowice Quarry
Abandoned quarries located around the village of Raciborowice have been
exploited until the end of XX-th century by local cement plant. Uppermost
Buntsandstein (Roet) and Muschelkalk marls and limestones with abundant fauna can
be studied here. During post-Cretaceous inversion numerous inverse faults and folds
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Fig.3. A - geosite 8, folded Muschelkalk; B - geosite 9, overturned
Cenomanian sandstone, C - geosite 10, joint surface of Turonian sandstone; D geosite 11, fault in Coniacian sandstone, E - geosite 12, deformation band in
Coniacian sandstone, F-geosite 14, sandstone xenoliths in basalt
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of various geometries developed here (Fig.3A). Their orientation generally confirms
dominant role of NE-SW compression (Cymerman, 1998).
Geosite 9. G.Skowron Quarry
Abandoned quarry located at the top of the Skowron Hill forming the SW margin
of the Wleń Graben southernmost part of the NSS. Overthurst of metamorphic rocks
of the Variscan basement on the Cenomanian conglomerates resulted here in
overturning of Cenomanian strata (Fig.3B). Due to overturning vertical joints of the
conglomerate layer became subhorizontal. Differential displacement of conglomerate
along faulted planes of joints resulted in tectonic mirrors development with well
exposed slickensides (magnified insert of Fig.3 B). Range of displacement can be
assessed here by observing the shifting of conglomerate/marl sedimentary boundary.
Pecten fossil is preserved in one of marl fragments.
Geosite 10, Jerzmanice Zdrój Quarry
Abandoned quarry located at eastern slope of the Kaczawa river valley close to
railway station Jerzmanice Zdrój. Coarse grained Turonian, almost horizontal,
sandstone layer forms here 80 m long and more than 20 m high rock wall along NE
trending single master joint of NSS (Fig.3C). Other joints of this set can be observed at
perpendicular NW-SE trending joint face. Opening of joints, their influence upon
slope morphology and secondary infill with weathered material can be observed here.
Geosite11, Skorzynice Quarry
Small abandoned quarry located 500 m north from the village of Skorzynice in the
escarpment of the WNW-ENE trending cuesta of the Coniacian sandstone gently
dipping towards NE. Stress relaxation along WNW trending joints resulted in down
slope normal fault development with well exposed brittle failure features and Riedel
shear zones of cataclasis (Fig.3D).

Geosite 12, Gaszów Quarry
Small abandoned quarry of Coniacian sandstones located 600 m east of the
Gaszów village. 4 m thick fine grained horizontal sandstone layer is cut by 5 m long
and 25 cm wide shear zone dipping towards NE. Within the zone, en echelon
arrangement of shear surface fragments with secondary Riedel shears (R’&R’’) can be
observed (Fig.3E).
Geosite 13, Rakowice Mł. Quarry
Quarry of the Coniacian sandstone. Coniacian sandstones of this area due to its
fine grained massive texture are widely exploited and used in numerous buildings in
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Poland and Germany. In the quarry well exposed contact with overlying Santonian
lacustrine series including lignite seam can be observed.
Geosite 14, Wleński Gródek Quarry
Small abandoned basalt quarry being the nature protected area. Numerous
xenoliths of Cretaceous sandstones can be observed within basaltic lava. (Fig.3F).
Thermal metamorphism of sandstone resulted in small scale cooling fractures
analogous to columnar joints in basalts.
Geosite 15, Osiecznica Profile
Osiecznica profile is located on the western slope of the Kwissa River in the
village of Osiecznica. The best access to the profile is along the path coming upstream
from the bridge along the western bank of the river. It is the place where the Warta
Osiecznica Fault (WOF Fig.1), the main northern fault of the NSS may be studied. In
this locality it is composed of two parallel faults drawn in Fig.4. Position of Miocene
deposits in the observed profile (Fig.4) indicates post Miocene reactivation of this
fault.

Fig. 4. Osiecznic profile: 1 - Buntsandstein sandstones and mudstones; 2 Muschelkalk carbonates; 3 - Upper Cretaceous sandstones; 4 - Miocene sandstones
and mudstones with lignite seam; 5 - paleosoil horizon.
Buntsandstein sandstones can be observed in the road cut almost all the way from
the bridge to the dam on the river located about 600m SW of the bridge. The dam is
located exactly along the strike line of the northern fault plane of Fig.4. Further to the
south outcrops of Cretaceous sandstones forming picturesque rocks of jug shape can
be observed. Numerous shear zones are visible in the sandstone. Further on, to the
south the path crosses the next fault line (southern fault in Fig.4) and Miocene
sediments crop out in the slope of the valley. Silicified paleosoil, with root molds
(holes remains of Miocene plants) can be observed here (Fig 5A). Paleosoil horizon is
underlain by lignite seam 2 m thick. Silicified Miocene sands and gravels have been
exploited as quartzites on the eastern side of the river. Their silification has been
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interpreted as a result of Tertiary volcanism (Oberc, Dyjor 1971), however
acidification of ground waters by lignite seam and seismic pumping of deep, thermal
waters during faults development seems to be quite good alternative.
In the village of Osiecznice house in which Abraham Gottlob Werner was born in
1749 is commemorated by sandstone plate (Fig. 5B).

Fig. 5: A - Paleosoils with root molds, B - A. G. Werner’s house
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Abstract
Academic and regional geological museum as well as all local but permanent
exhibitions of geological objects (rocks, fossils, minerals, ores, photos, graphics, old
publications, etc.) form an essential part of geoheritage together with natural and
anthropogenic (quarries, road-incisions, open-peat-mines, etc.) outcrops of rocks and
the landscapes with its geomorphological features. We propose in this paper, the
museums and local geological exhibitions as geosites on the map of geological
heritage of the Lower Silesia region. Providing that in the previous frameworks the
idea of geosite was used only with regards to the immovable elements of geoheritage
(IGh), while geological museums represent movable geoheritage (MGh), we propose
here to call these two types of geoheritage IGh-geosites and MGh-geosites
respectively.
`
1. Introduction
Geological museums, just as all other ones, were established based on one,
universal ‘constitution’ calling them to gather, store, scientifically elaborate and
popularize collections. Within this scope the institution of a Museum is constant in
time, although the methods of realization of particular museum functions are being
systematically modernized especially regarding storage and popularization. This
statement proceeds directly from the comparison between the newest version of the
Museum definition, adopted by the 22nd General ICOM (International Council of
Museums) Assembly, Vienna Austria, 24 August, 2007 (ICOM Statutes, 2007) and
one of the first definitions from 1951 (ICOM Statutes, 1951). According to these
definitions Museum is described as (relatively): “a non-profit, permanent institution in
the service of society and its development, open to the public, which acquires,
conserves, researches, communicates and exhibits the tangible and intangible heritage
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Fig.1
A. The Prof. Zwierzycki Boulevard on the Odra river-side where the GM WrU.is
situated
B. A part of exposition concerned with history of the GM Wr.U.
C. Starfish, Stellaster sp., Upper Cretaceous, Góry Stołowe, Sudetes
D. A part of the Sudetes regional geology exposition during the lecture
E. General view on the main MG hall
F. tectonic folds in the Andelska Hora fyllite, Upper Devonian
G. the Lubin-Głogów Zechstein Cu-ore deposit: black shale mudstone with
laminas of sulfides
H. Schizodus schlotcheimi Zechstein mollusk form Northern Sudetic Basin (coll.
F. Roemer, 1868)
I. Lepidodendron veltheimi, Carboniferous, Lower Silesia
J. Oxyclymenia undulata, ammonite, Upper Devonian, Dzikowiec, Sudetes
K. Ichthyosauras quadriscis, Lower Jurassic, Holzmaden, Germany
L. Pinites aequimontanus, cone, Steiermark, Neogene, coll. Klette and Kockritz
M. Populus latior, leaf (contrasted with green modern leaf), Neogene, Oeningen,
Switzerland, coll. Assmann 1872
N. probably Lower Carboniferous mélange from Góry Kaczawskie (drill-core
form the Stanisławów borehole); coll. A. Haydukiewicz, 1986.
of humanity and its environment for the purposes of education, study and
enjoyment” or “permanent establishment, administered in the general interest for the
purpose of preserving, studying, enhancing by various means and, in particular, of
exhibiting to the public for its delectation and instruction groups of objects and
specimens of cultural value: artistic, historical, scientific, and technological
collections, botanical and zoological gardens and aquariums…”. The emergence of
the idea of heritage of humanity in the newer definition of the Museum seems to be
indicating some new quality in what can be understood as its social mission. An idea
of sustainable development seems to have a turning significance for that. The
sustainable development (SD), according to its basic definition is a “development that
meets the needs of the present without the compromising the ability of future
generations to meet their own needs (Brundtland Commision Report, 1987, fide
Dasgupta, 2007). One of the main tasks put by the SD-idea in front of the human is
such the protection of the natural and civilization heritage which could allow the future
generations to develop. Therefore, a significant role of the geological museum in
sustainable development of the region (Wajsprych et al., 2008). It seems, however,
that the role the Museum can play in the conservation of the heritage of humanity, in
fact, underlies deeply the very essence of the Museum. Geological museums in a
natural way participate in the conservation of geological heritage (geoheritage), simply
by gathering and storing collections. Collections of fossils, rocks, minerals and ores,
which are presented in these museums, are the part of geoheritage independently from
their scientific, sometimes outstanding value. If to use Jakubowski’s (2004) definition
of geoheritage as composed of two categories of the inanimate nature monuments
(immovable and movable geological heritage), one may conclude geological
collections of different formal status (from formal museums to local permanent
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exhibitions of geological objects) can play a significant role in a protection of the
mobile geoheritage. Moreover, each of the collections can be of special value as they
are often unique, recording bits of now not accessible or even not existing reality (e.g.
exploited parts of the profile, abandoned mines, etc.). Hence geological collections
hold scientific, cultural, historical and educational values. They become the essential
part of geo-heritage together with natural and anthropogenic (quarries, road-incisions,
open-peat-mines, etc.) outcrops of rocks. Here comes the concept, proposed in this
paper, of museums as geosites on the map of geological heritage of the Lower Silesia
region. Providing that in the previous frameworks the idea of geosite was used only
with regards to the immovable elements of geoheritage (IGh), while geological
museums represent movable geoheritage (MGh), we propose here to call these two
types of geoheritage IGh-geosites and MGh-geosites respectively.
2. MGh - Geosite 1. Geological Museum of the University of Wrocław
The Geological Museum of the Institute of Geological Sciences at the
University of Wrocław, has been continuing the tradition of geological collections
since the first half of the 19th century. It is presently located in the set of rooms on the
ground floor of the Institute of Geological Sciences.
There are about 20 000 items of rocks and fossils in the Museum’s collections
divided into some sections: i - representing regional geology, ii - stratigraphicpaleozoological, iii -stratigraphic-paleobotanical, and iv - didactic. The most
prestigious authors of pre-war collections are among others: Assmann, Bocksch, J.
Czarnocki, E. Bederke, F. Frech, H. R. Goeppert, G. Gürich, F. Roemer, Schreiber, M.
Schwarzbach, H. Trautschold, W. Volz. After 1945 the collections were deposited by:
Z. Baranowski, M. Dumicz, J. Don, J. Gorczyca-Skała, T. Gunia, A. Haydukiewicz, J.
Haydukiewicz, T. Jerzykiewicz, A. Majerowicz, M. Mierzejewski, J. Niśkiewicz, J.
Oberc, T. Oberc-Dziedzic, S. Porębski, H. Teisseyre, A. K. Teisseyre, Z. Urbanek, B.
Wajsprych, I. Wojciechowska, A. Żelaźniewicz, and the Department of Paleobotany
ING UWr .
Regional collections include petrographical, sedimentological and structural
specimens deriving mainly from the Lower Silesia region, SW Poland. They were
collected in 1945-2008 as a documentation of work performed by Polish geologists in
this region and are completed with pieces of rocks, which are both scientific and
expositional museum collection. The whole regional collection was completed so as to
present the structure of all geological units of the Sudetes Mountains, SW Poland and
their northern foreland (Fore-Sudetic Block) in the possibly comprehensive way.
Unlike the Polish-regional collection, the foreign-rock-collection has not a character of
systematic collection. Its character is typically petrographical and it contains samples
of interesting rocks, often unique in the scale of the whole planet, as for example
ferriferous quartzites from Isua formation in Greenland.
The stratigraphic – paleozoological collections are formed of diverse and
numerous sets of fossils including the representatives of all animal types, from
unicellular ones to mammals, and dating from the whole Phanerozoic. The collection
is dominated by invertebrates. The groups of index fossils and those important for
general and regional stratigraphy are the most important ones. The specimens that
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feature particularly are the ones, which are the evidence for the age of geological
formations of Sudetes Mts. and the Fore-Sudetic Block, especially conodonts.
The stratigraphic-paleobotanical collections contain remains of terrestrial
plants dating from the late Silurian until the Pleistocene and belonging to all
taxonomic ranks. They are preserved in very different conditions. Fossils collected in
Carboniferous formations of the Carboniferous and the Neogene as well as in Neogene
claystone and mudstone deposits are the most numerous. In the Geological Museum
there are thousands of items of woody fossils of Permo-Carboniferous fern and
Cenozoic gymnosperms and angiosperms, conserved as prints of shoots and leaves as
well as petrified wood. Places of origin of these fossils range from Greenland to South
Australia. Collections dating from the Mesozoic are much smaller, although they
include some interesting sets, for example from Triassic strata in the surrounding of
Kluczbork locality (Upper Silesia region) or the Upper Cretaceous in the Sudetes Mts..
Amber, belonging probably to the famous collection of H.R. Goeppert has been
included to the paleobotanical collection.
3. MGh – Geosite 2.
Wrocław

Mineralogical Museum of the University of

Mineralogical Museum was established as a part of the University of
Wroclaw in 1812, when a decision was made to create the Mineralogical Office in the
Department of Geognosis. Collections were catalogued several times and their system
of arrangement was changed. Pre-war catalogue lists did not endure. Detailed
information about the oldest collections of our Museum can be found in the
monography by F. Römer from 1868. According to his standpoint the Mineralogical
Museum in Breslau/Wroclaw made in that time its mark among other European
museums due to the modernity of its exhibitions and significant esthetic and
educational values. Many specimens of outstanding cognitive and didactic value were
collected, some of them characterized by the rarity of occurrence or special way of
formation, for example big as a fist fire opal from Zimapan in Mexico, the crystals of
blue corundum from China weighting 0,35kg, especially beautiful specimen of
cyanotrichit and crystals of scheelite form the Sniezka Mountain. The set of proustite
crystals originating probably from Johanngeorgenstadt in Saxony was the flourish of
the Museum. Especially huge crystal of chabazite (5cm) is worthy of note among
Silesian minerals, so as perfectly shaped crystals of vivianite located in the bone from
a miner’s remains from the 15th century, found in the Szarlej Mine near Bytom (Upper
Silesian Coal Measure). There were also a half kilo heavy specimen of amber from ?
Namysłów and the collection of Lower Silesian gold included into the Museum’s
peculiarities and attractions, the same as weighting 100-kilos amethyst geode.
Unfortunately, most of these pieces did not endure until present due to the
consequences of the World War II.
Despite the losses contemporary Mineralogical Museum possesses the biggest
collection in Poland, consisting of preserved pre-war collections and staff collected or
donated after 1945. It contains 27 thousands of pieces, including about 7,5 thousands
of minerals gathered in Poland, 19 thousands from all over the world, 160 meteorites,
over 400 gemstones. Holotypes and kotypes are the very special specimens in the
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Museum. There are five holotypes in the Museum, meaning the minerals described for
the first time in the history: sarkopsyd from Michalkowa in the Sowie Mts. described
by M. Websky in 1868, luneburgite from Lüneburg in Germany described by
C.Nöllner in 1870, aërenit from the Pyrenees described by A. von Lasssaulx`a in 1876,
strengit from the mine in Eleonore in Dünsberg, Germany, described by A. Nies in
1877, jaskólskit from the deposit Vena in Bergslagen in Sweden described by M.A.
Zakrzewski in 1984 , and sixteen specimens of co-types: ardennite, davreuxit,
sarkopsid and stilpnomelane. The collection of meteorites – until quite recently the
biggest one in Poland contains many unique pieces of meteorites from falls and finds
important in the history of meteorites science, as for example Ensisheim, Orgueil,
Pallas Iron, Piława Górna (the Sudetes Mts.), Sulechow (western Poland).
Most of the pieces from the collection of the Mineralogical Museum are of
outstanding importance for the history of geology and world mining, because they do
document lodges/deposits that were already exploited or have not been exploited for
many years, as well as already not existing mining objects (see Sachanbiński &
Wierzbicki, 1987; Bogdański, 1999, 2002). The main field of regional specialization
of the Museum involves collecting minerals from Poland, and especially from Lower
Silesia (the Sudetes Mts.) region, which appeared to be very rich in mineral resources
and for ages was the place of their exploitation and processing. It is enough to mention
deposits of gold (Złotoryja, Kopacz, Legnickie Pole, Lwówek Śląski, Złoty Stok),
copper (Miedzianka, Ciechanowice, Leszczyna, Nowy Kościół), silver (Boguszów,
Radzimowice), arsenic (Złoty Stok, Czarnów), iron (Wieściszowice, Kowary, Kletno,
Janowa Góra / Stronie Śl.), solder (Gierczyn, Krobica), lead and nickel (Szklary),
barite (Boguszów, Stanisławów near Jawor, Jedlina). The collection of minerals from
the pegmatites from Strzegom is especially interesting – one of the most
comprehensive in the world – since it serves as the evidence for comparative studies in
mineralogical sciences.
4. MGh Geosite 3. Geological Department of the Museum in Wałbrzych
The Geological Department is one of departments of the Museum in
Walbrzych – the cultural institution owned by the local self-government. This year
there was 100th anniversary of its establishment. On the beginning of its performance
in the confines of the German Regional Museum (Heimatmuseum), objects and
souvenirs coming from the Waldenburg/Wałbrzych region were collected, including
minerals, rocks and fossils. A number of specimens derive from the Upper
Carboniferous sedimentary succession, which was intensively exploited with regards
to the coal in Walbrzych and its surrounding.
Museum geological collections of minerals, rocks and fossils coming from
Lower Silesia region, mainly from the Sudetes Mts., contain currently 7167 pieces.
Most of them (4385 pieces) belong to the paleobotanical collection. It contains the
Upper Devonian, Lower and Upper Carboniferous and Lower Permian remains of
equisetum, lycopodiophyta, ferns, seed ferns and cordaites from, preserved in
sedimentary rocks. This material was collected in the superficial exposures and on the
mine waste dumps and is taxonomically diverse – almost 180 species have been found
(see E. Sagan,. 1980).
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During gathering paleobotanical specimens, E. Sagan, ex-director of the
Museum, collected small (about 30 pieces not listed yet) but scientifically very
precious collection of fossil terrestrial and freshwater invertebrate fauna from the Late
Carboniferous (see Jaworska, 2006, 2007). This fauna was a subject of paleontological
studies by scientists from Jagiellonian University,Kraków/Poland, Natural Museum of
Institute of Systematics and Evolution of Animals PAS and from Cleveland Museum
of Natural History USA ((Zdebska et al., 2005; Krzemiński & Hannibal, 2005).
Moreover in the paleozoological collection there are 235 specimens of fauna from
different geological periods, beginning from the Silurian. These are mainly fossils of
marine invertebrates, among which the fauna from the Daisy Lake near Mokrzeszow,
dating from the Upper Devonian is especially interesting, so as the collection of the
remains of freshwater fish from Palaeonisciformes group, dating from the Lower
Permian and consisting of over a dozen of specimens.
The petrographic collection contains 1196 rock pieces, gathered from Lower
Silesia. These are mainly pieces collected by F. Zimmermann along the geological
profile ranging from the Snieżka Mountain on the west to Srebrna Góra on the east,
and also pieces coming from the West Sudetes Mts. region and donated by the
Scientific Museum in Cieplice.
The collection of minerals from Lower Silesia consists of 1351 pieces. Most
of it comes from the Scientific Museum in Cieplice, the rest was purchased.
The permanent exhibition of the Department of Geology is located on the
ground floor of the antique, classicical Alberti Palace – the building of the Museum in
Walbrzych. It takes three rooms of 170 m2. There are almost 800 geological specimens
presented in 38 standing show-cases.
5. Concluding remarks
The idea, presented here, of incorporating geological museums of a certain
region into the general network of geoheritage is a preliminary concept. Its full
implementation requires few elements to be worked up. First of all, the network of
museums must cover up all objects of movable geoheritage. Except official museums,
all local geological “museums” should be considered. They usually are just exhibitions
of partly private collections of minerals, rocks and fossils. There are at least several
exhibitions of this kind on Lower Silesia – permanently open for the audience. Many
of them represent especially high value since they concern their closest surrounding.
On the other hand, classical museum collections, just as the ones described here, seem
to require some modifications, mainly in regard of exposition. It is crucial for visitors
to get the clear information on which part of the collection or specimen is especially
valuable i) as a scientific evidence for a hypotheses or a theories, or as a holotype, ii)
as an object connected with the name of one of the outstanding geologists or
paleontologists and thus holding historical and cultural value, iii) as an object coming
from a famous place connected with the history of geology or paleontology, iv) as an
object unique due to perfect shapes, well preserved fossils’ elements, ideally formed
minerals or crystals and attractive mineral associations, etc., so due to features
determining its scientific value. Meeting all of these requirements and probably
ensuring many other features of whole collections and particular specimens would
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Fig.2. A - Alberti Palace – seat of the Wałbrzych Museum
B - hall I - exposition: “Minerals of the Lower Silesia” and model map of the
the Wałbrzych area
C - hall III - exposition „Rocks and fossils of the Lower Silesia” - natural
fossil casts of Carboniferous ferns and cordaites
D - natural fossil cast of Lycopodiophyta stem, Lepidodendron sp., Lower
Carboniferous, environs of Kamienna Góra,
E - fern Pecopteris plumosa, Westphalian, Żacler Formation, Wałbrzych,
Sobięcin,
F - fossil Arthropod Palaeosoma cf. P. robustum (Class Diplopoda), Lower
Namurian, Wałbrzych Formation, Biały Kamień
G - Coal-rhyolite breccia, Upper Carboniferous, Mine „Wałbrzych”,
H - Lycopodiophyta Ulodendron sp. with stem scars, Lower Carboniferous,
environs of Kamienna Góra,
I - Lycopodiophyta, Eleutherophyllum mirabile, Lower Namurian, Wałbrzych
Formation, Wałbrzych.
allow both to upgrade the value of a given collection and a museum, and to develop
the integrated and rich in information system describing the composition and structure
of the geoheritage of a given region.
References
Bogdański J., 1999: Historische Typ-Minerale in der Sammlung des Mineralogischen
Museum der Universität von Wrocław (Breslau). Aufschluss 50, Heidelberg.
-, 2002: Wzorce minerałów w kolekcji Muzeum Mineralogicznego
Uniwersytetu Wrocławskiego. Acta Universitas Wratislaviensis No 2370,
Prace Geologiczno-Mineralogiczne, T. 72, Wrocław.
Gorczyca-Skała J., 1991: Muzeum Geologiczne Instytutu Nauk Geologicznych
Uniwersytetu Wrocławskiego. Acta Univ. Wratisl. No 1276, Prace Geol.Miner., t. XIX, Wrocław.
Gorczyca-Skała J., Solecka J., 1993: Muzeum Geologiczne im. Henryka Teisseyre
Instytutu Nauk Geologicznych Uniwersytetu Wrocławskiego, Zbiory
paleontologiczne – faunistyczne z obszaru Polski. Acta Univ. Wratisl.
No1527, Prace Geol.-Miner., t. XXXVIII, Wrocław.
Gorczyca-Skała J., Stein H., 1998: Ferdinand Roemer in Breslau Hochschullerhrer und
Museumgründer. W: Gesammelte Welten. Verlag Gebrüder Gerstenberg.
Grodzicki A., Pacholska A., Setlik A., 2003. Muzeum Geologiczne im Henryka
Teisseyre’a (In: Grodzicki A., [Ed.], Historia Nauk Geologicznych na
Uniwersytecie Wrocławskim: 1811-2003. Wrocław.
Hannibal J., Krzemiński W., 2005, A palaeosomatid millipede (Archipolypoda:
Palaeosomatida) from the Carboniferous (Namurian A) of Sliesia, Poland,
Polskie Pismo Entomologiczne, vol.74, Bydgoszcz.
Jakubowski K.J., 2004. Geological Heritage and Museums. Proc.of the Conf.
“Geological heritageconcept, conservation and protection policy in Central
Europe. Polish Geological Institute Spec. Papers, 13: 21-28; Warszawa.

99

Jaworska I., 2006: Eufrozyn Sagan – twórca muzealnej kolekcji makroflory
karbońskiej (in) Wałbrzyskie Zeszyty Muzealne, Muzeum w Wałbrzychu,
Wałbrzych.
Jaworska I., 2007: Kopalny wij Palaeosoma cf. P. robustum – historia pewnego
odkrycia (in) Wałbrzyskie Zeszyty Muzealne, t.2, Muzeum w Wałbrzychu,
Wałbrzych.
Roemer F., 1868: Das Mineralogische Museum der Königlichen Universität Breslau.
Ein Führer für Besucher desselben. Breslau.
Sachanbiński M., Wierzbicki Z., 1987: Z dziejów zbiorów mineralogicznych
Uniwersytetu Wrocławskiego., Acta Universitas Wratislaviensis No 788,
Prace Geologiczno-Mineralogiczne, T. 10, Wrocław.
Sagan E., 1985: O zbiorach geologicznych w Wałbrzychu (in) Problemy geologicznogórnicze obszaru Sudetów, Materiały z Seminarium w Filii Politechniki
Wrocławskiej w Wałbrzychu 16 maja 1984 r., Wydawnictwo Politechniki
Wrocławskiej, Wrocław.
Wajsprych B., Kielar J., Ardelli A., Jaworska I., Madej S., Setlik A., Stryjewski A.,
2008. A role of regional geological museum in Th Earth science
popularization and public educationa for sustainable development.
Proc.,5thIntern.ProGEO Symp. on Conserv.Geol.Heritage,Rab Is., Croatia;
p. 88.
Zdebska D., Pacyna G., Jaworska I., 2005: Nowe znaleziska dolnonamurskiej fauny
(Invertebrata) z Dolnośląskiego Zagłębia Węglowego – informacja wstępna,
[w:] Materiały. XXVIII Sympozjum Geologia Formacji Węglonośnych Polski,
Wyd. AGH, Kraków.

100

The Bardo Mts. Rock Complex (BMRC)
as a core of a concept of the Central Sudetes Geopark (SW Poland)
Wajsprych B.

Geol. Museum, Inst. Geol. Sci., U.Wr., Cybulskiego 30, 50-205, Wrocław, Poland,
boleslaw.wajsprych@ing.uni.wroc.pl

Abstract
Results of the author’s geological studies put in a wide panorama of the
scientific, cultural and historical/social output of the region, indicate the Central
Sudetes region as a perfect candidate to the label of the UNESCO/European Geopark.
According to the present author the (Earth) Science is what decides about the special
worth of the Central Sudetes region, but all other, sine qua non conditions of the EG
seem to be fulfilled in a high degree too. Presented paper is a first notification of such
a possibility.
1. Introduction
An idea of geopark has appeared in the last two decades as a consequence of
the movement on geological heritage (geoheritage) protection. Subsequently it has
been adopted and vigorously developed in many countries around the world. To
protect and demonstrate the geological objects of special scientific value are pillars of
the primary definition of Geopark (see Recommendations on “Conservation of the
geological heritage and areas of special geological interest” adopted by the
Committee of Ministers of the Council of Europe on 5th May, 2004, at the 883rd
Meeting of the Ministers’ Deputies). In the meantime, however, as it is noticed by
Baburek et al., (2003), the term “geopark” has undergone some kind of inflation. It has
led, in the opinion of the present author, to situation when many objects being defined
as geopark differ from each other not only in their size and function but also in the
scientific range of their geological content. It has finally resulted in commonly
observed now situations, where – as it is still noticed by Baburek’s et al., (2003) –
geoparks, from one side do exist as vast areas with a large-scale geological objects of
high scientific complexity and high geodiversity and from the second one, cases when
just some rock pieces arranged in a public garden bear a name geopark too. These
questions have been undertaken by introducing hierarchic order into the formal
structure of the Geopark system. A top level of this system form the UNESCO
Geoparks, and, equivalent to them European Geoparks also formed under UNESCO
auspices. Another geoparks can be separated as national or regional geoparks.
The UNESCO and European Geoparks (EG for further using) represent more
or less vast areas of special geological values, where the rules of landscape protection,
geotourism and education are formally regulated. The basic tenet of the geopark
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Fig. 1. Tectonic sketch of the Bohemian Massif (accordingo to Mazur et al., 2006,
modified) with limits of the proposed Central Sudetes Geopark
program is to provide for the training and development of scientific research in the
different branches of the Earth sciences as well as educational opportunities for
visitors. The educational scope should include not only the scientific explanation of
geological objects but also education on broader environmental issues and the socialeconomic significance of geopark for sustainable development of the region. In
cosequence (see Eder & Patzak, 2004): “A Geopark is a territory with well defined
limits that has a large enough surface are for it to serve local economic development.
Geopark comprises a number of geological-paleontological heritage sites of special
scientific importance, rarity or beauty; i. - it may not be solely of geologicalpaleontological significance but also of archeological, ecological, historical and
cultural value; ii. – it has to provide for education on the environment, training and
development of scientific research in the various disciplines of the Earth Sciences,
enhancement of the natural environment and sustainable development”.
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With the respect to sustainable development the area of geopark should offer
some potentials for economic development, e.g. because of the presence of diversified
and unique geological content. Such the geological heritage objects, properly
managed, can generate employment and economic activities, especially in regions in
need of new sources of income (Nowlan et al., 2004). Another, as it is observed by
Nowlan et al., (2004) from a far perspective of the North American National Parks,
important aspect of the EG is “that their administration involves a broad cross-section
of the community. Public authorities, local organizations, private interests, and
research and educational bodies, all have a say in the design and running of the park.
The intent is to stimulate discussions and encourage partnership between the different
groups involved, thus developing a sense of community and empowering the local
population (Nowlan et al., 2004, p.174). The later, still underestimated in the present
author’s opinion, aspects of the EG activities are of special importance showing the
multidirectional interactions between the Geopark and surrounding society leading to
positive transformations of the society. The features created at the zone of junction
Geopark - Society, enter in the range of a new domain of studies defined by
Lubchenco (1998) as a “new social contract of science”.
There is no EG in Poland till now. One object, the “Muskau Arch” (Łuk
Mużakowa) ( Badura et al., 2003), situated in the boundary zone between Germany
and Poland, has a status of National Geopark of Germany and recently has entered
into the last stages of formal procedure to become the European Geopark (J. Koźma,
personal com., 2008). Alexandrowicz (2006), has classified 175 geosites in Poland
proposed to be included into the European Geosite Network. Only 15 of them are
situated in the Sudetes and the Fore-Sudetic Block areas. None of these Sudetic
Geosites has been proposed as bearing some potentials of the European Geopark.
Results of the author’s geological studies put in a wide panorama of the
scientific, cultural and historical/social output of the region, indicate the Central
Sudetes region as a perfect candidate to the label of the UNESCO/European Geopark.
According to the present author the (Earth) Science is what decides about the special
worth of the Central Sudetes region, but all other, sine qua non conditions of the EG
seem to be fulfilled in a high degree too. Presented paper is a first notification of such
a possibility.
2. Geopark related geological features of the Central Sudetes region
The Central Sudetes unit, have been defined by H. Teisseyre (1953) as a part
of the Sudetes block which forms the NNE frame of the Bohemian Massif (Fig. 1). It
consists of several smaller geological units. The central part of the Central Sudetes is
formed of characteristic triangle, fault bounded unit of the Góry Sowie Massif which
is composed of gneisses and migmatites with inliers of HP-HT granulites and mantlederived ultramafic/mafic rocks (R. Kryza, 1981; A. Żelaźniewicz, 1987). The northern
frame of this triangle form the uppermost Devonian – lowest Carboniferous,
unmetamorphosed but strongly deformed, sedimentary, conglomerate-dominated
complex of the Świebodzice Depression (H. Teisseyre, 1953; T. Gunia, ; S.Porębski,
1981) from the west and ophiolite-bearing rock complex of the Ślęża Mt. (A.
Majerowicz, 1981, 2006 ) from the east.
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Fig. 2. Tectonostratigraphic structure of the BMRC (according to B. Wajsprych,
1986, modified)
From the east the Góry Sowie Massif borders to the another, probably upper
Proterozoic - Lower Paleozoic, mica-schist - gneiss complex which belongs to the
Eastern Sudetes. The southern frame is formed of the Bardo Mts. complex. From
south-west Góry Sowie Massif limits with the Intra-Sudetic Depression filed up with
the Upper Carboniferous – Lower Permian (Rotligende) to Tertiary continental
sedimentary complexes, containing Upper Carboniferous coal-bearing succession.
Each of the units of the Central Sudetes can be used as intricate but still better
readable record of tectono-stratigraphic and/or tectono-sedimentary evolution of this
part of the Variscan orogen. As it is proposed by R. Kryza (2008, this volume) the
Góry Sowie Massif offers an oprtunity to explore deep crustal levels of the root of the
variscan orogen, developed in some stages from the high-grade metamorphism to
rapid uplift, exhumation and cooling. The author (Kryza, 2008, this volume) proposes
some geotouristic sites where it is possible to trace these orogenic processes. The
Świebodzice Depression is formed of upper Devonian (Famennian) – lower
Carboniferous (Tournaisian), shallow-to-deeper water marine to continental, alluvial
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in adjacent part of the Intra-Sudetic Depression (A. K. Teisseyre, 1975), conglomerate
dominated successions.They are interpreted as connected with latest Devonian stage of
exhumation of orogenic basement defined as Caledonian (E. Bederke, 1924) or rather
Acadian (Wajsprych, 2007). The Ślęża Mt. serpentinite-gabbro-amphibolite complex
interpreted as ophiolite association forms large and almost complete, though strongly
dismembered, fragment of the oceanic-type crust within the European Variscides
(Majerowicz A., 1981, Majerowicz 2006). The geotouristic value of this geological
unit is high, both from the scientific and formal points of view (existing Ślęża Mt.
Landscape Park and geological-tourist guidebook by A. Majerowicz, 2006). The
Intra-Sudetic Depression has been installed probably in the latest Devonian as a
basin which has developed in continental conditions up to the Rotligende times, with a
short marine incursion in the Late Visean time. The Upper Carboniferous coal(exploited almost up to end of XX century)-bearing successions, formed in small well
recognized basins, and the uppermost Carboniferous-to-Rotligende basic-to-acid
volcanism and red-beds sediments, apply for their use as geo-tourist scientific
attractions too. Geological characteristics of the Bardo Mts. rock complex (BMRC)
is done in a broader range, as it is of special significance for constructed in this paper
idea of the Central Sudetes Geopark.
Problem of limits of the proposed Geopark depends upon the question of
limits of the Central Sudetes Unit., which needs further studies. Some preliminary data
(Kusiak et al., 2004) suggest that the Żelezne Hory unit, situated in Czech part of the
Sudetes (see Fig. 1) belongs to the Central Sudetes Unit.
3. The BMRC as a code of orogenic structure of the Central Sudetes
The BMRC is composed of strongly deformed but not metamorphosed
sedimentary, mostly shallow to deeper-water marine sequences of carbonates, shales
and clastics of Late Ordovician to Early Carboniferous in age, interpreted by Oberc
(1957) as result of generally continuous development of one basin system. Discovery
of a large-scale olistostrome-bearing sedimentary mélange-type sequence in northern
part of the Bardo Mts. (B. Wajsprych, 1978) has led to the idea of allochtonous
position of the Upper Ordovician – Devonian shale, cherts and flysch dominated
sequences of the BMRC ( B. Wajsprych, 1986). According to this concept, the BMRC
composed of the Ordovician – Lower Carboniferous sedimentary rocks is, in fact, the
Upper Devonian – Lower Carboniferous complex. All the rocks representing the
Upper Ordovician – Middle Visean (Zdanów-Bardo-Dębowina, ZBD) subcomplex are
completely allochtonous (ZBD Allochton) and situated within the Upper Visean flysch
– olistostrome - sedimentary mélange (Srebrna Góra-Jarota, SGJ) succession
(B.Wajsprych, 1986), (Fig. 2). In consequence, two litho-tectono-stratigraphic stages
can be subdivided within the BMRC (see Fig. 2): i – the uppermost Devonian – Upper
Visean (Crenistria level), carbonate to clastic (Culm-type sensu Dathe, 1904)
Wapnica – Paprotnia (WP) succession and ii – the uppermost, post-Crenistria Visean
olistostrome and mélange-bearing flysch (see Fig.3 B for some photos of typical
rocks) of the SGJ succession which contains the ZBD Allochton. The basement of the
BMRC is composed of various metamorphic complexes, including the Góry Sowie
gneiss and Kłodzko Metamorhic Unit. The crystalline basement is interpreted as a
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Fig. 3. A - Dynamic stratigraphy of the BMRC) according to B. Wajsprych, 1986
modified);
B - some typical lithologies of the BMRC:
1 – carbonates of the lowest part of the Wapnica Fm.;
2 – “gneiss”-conglomerate, of the Nowa Wieś Fm.;
3. - coarse grained, Devonian czert clasts containing turbidite clatstic of the
Srebrna Gór Fm.;
4. – olistostrome-type breccia of the Srebrba Góra Fm. (the Zdanów borehole);
5.-.fine graine, turbidite clastic of the ZBD complex (the Boguszyn borehole);
6. – a part of the Srebrna Góra flysch section near Srebrna Góra locality.

Fig. 4.
A -Tectonic sketch of the Central Sudetes Unit:
a – post- Variscan volcano-sedimentary successions;
b – flysch-olistostrome-sedimentary mélange deposits of the Srebrna Góra Fm.;
c – ZBD Allochton;
d – Wapnica Fm.;
e – greenschists of the Kłodzko Metamorpphic Unit; gneisses of the Sowie Góry
Block;
f – Sowie Góry Block gneisses
g – Złoty Stok (Upper Carboniferous) granodiorite;
h – diabases and gabbro of the Nowa Ruda Massif;
i – basite-ultrabasite complex of the Fore Sudetic Block.
B - Tectono-stratigraphic relationschip of the BMRC to the Sowie Góry gneiss
Block;
C - Synthetic tectono-stratigraphic structure of the Central Sudetes Unit with
relation of the BMRC to the orogenic basement (the Góry Sowie gneiss, the Nowa
Ruda ophiolie, the greenschist complex of the Kłodzko Metamorphic Unit, and
the rock complex of the Paleo-Fore-Sudetic Block.

Fig. 5
A - Geological map of north part pf the Góry Bardzkie unit (according to J.
Oberc, 1957);
B - Relationship of the BMRC to the basite-ultrabasite complex of the ForeSudetic-Block;
C - Relationship of the BMRC to the coal bearing Upper Carboniferous to
Rotligende complex of the Central Sudetic Depression.
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orogenic crust generated during the Acadian (B. Wajsprych, 2007) or Caledonian (E.
Bederke, 1924) orogenic movements.
Both the WP and SGJ successions of the BMRC represent two completely
different paleotectonic and paleogeographic domains. The Culm-type, conglomerate
and flysch-like deposit dominated, WP succession has been interpreted to be generally
related to exhumation of the orogenic crust (Fig. 2). The flysch – olistostrome –
sedimentary mélange SGJ succession can be seen as a record of processes of tectonic
invasion, probably from the north, of something like a pile of nappes (Fig. 2) which
has came from a completely exotic domain situated somewhere there in the North.
Tectonic/geodynamic interpretation of the allochtonous, ZBD successions indicates
this domain as an active continental margin with the Upper Ordovician – Devonian
accretionary prism and probably fore-arc and back-arc-type volcano-sedimentary
complexes (B. Wajsprych, 1986), (Fig. 3A & 4C).
A question of tectono-stratigraphic relationships between the BMRC and the
surrounding geological units is next important issue both from a point of view of
tectonic model and the understanding of geological processes as well. Figures 4 and 5
present these relations between the BMRC and: (1) - the Sowie Góry Block (Fig.
4A,B), (2) the Kłodzko Metamorphic Unit (Fig.4A,C), (3) - the ophiolite complex of
the ?Slęża Unit (Fig. 5A,B), and (4) the Upper Carboniferous, coal-bearing succession
of the Intra-Sudetic Depression.
4. Concluding remarks
As it is shown above, almost each of the geological units of the Central
Sudetes has enough rich and well recognized litho-tectono-stratigraphic content to be a
subject of the scientific geo-tourist exploration. The BMRC, additionally, combines all
the units into a coherent in space and time, model of orogenic organism, which, itself,
seems to be the next essential scientific point of the Geopark project. Results of
preliminary studies on now realized project on the Regional Geopark Wałbrzych (J.
Koźma & B. Wajsprych, 2008-2009) allow for optimistic view the question of a
number and quality of the geosites necessary for a construction of postulated here-up
the Central Sudetes Geopark at the UNESCO/European Geopark level. The probable
attachment of the Żelezne Hory unit, which is situated in the Czech part of the
Sudetes, to the Central Sudetes Unit suggests to extent the range of the Geopark to the
Żelezne Hory region what makes it as the Polish Czech Geopark of the Central
Sudetes.
The Central European Cadomian – Acadian - Variscan orogenic zone, a part
of which is the Central Sudetes Unit, is the area where, in the second half of the XIX
and first half of the XX centuries, the fundamentals of theory of orogen have been
created. And still do exist many of outcrops, where this theory, its hypotheses, models
etc., have been originated. It is leading the author to an idea of the Central European
Variscan Orogen (CEVO) Geopark. The formal and real requirements however,
exclude of course a possibility to create one, such a large geopark. A possibility to
break this barrier seems to be creation of something like an “archipelago” (network,
agglomerate…) of individual and independent geoparks, submerged however in matrix
of the orogen theory. The Central Sudetes Geopark would form one “island” of such

110

the “archipelago”, devoted e.g. the problems of crustal-scale exhumation and grvity
dominated large-scale orogenic allochtonism as late stages of orogenesis. It is worth to
note here that very similar proposition has been recently applied by J.H. Kruhl (2006).
Summing up, a concept of the Central Sudetes Polish-Czech Geopark,
formulated in this paper, seems to be enough argumented to enter realization. So more,
that other aspects of the Geopark extended definition, like attractive mountainous
landscapes, biodiversity, rich and unique cultural/historical heritage, and large
social/economic problems of this postindustrial, heavily economically impacted region
of the Sudetes/Lower Silesia, are fulfilled in the highest degree too.
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Abstract
The paper presents the characteristic of six selected sudetic springs as geotouristic
objects that should attract tourists interested in natural aspects of discussed area. The
majority of papers related to geotouristic problems consider mainly details of
geological building concentrated on lithology or tectonic phenomena. Hardly ever
groundwater is main subject of geotouristic interests. The short description of six
selected springs delivers useful information about main features and parameters of
spring including some historical aspects and way of their protection.
Introduction
Springs constitute one of essential elements of nature inanimate, which are
the objects of interest of local population and tourists. They belong to very important
group of geotouristic objects, which from one side - because of their natural virtues they attract tourists, and secondly - can be included in system of natural education as
an important point of didactic paths. The significance of springs rises among other
inanimate geotouristic objects with regard to their utilitarian meaning. From ages
spring waters have been used for drinking purposes, very often with regard to their
specific chemical composition and physical or/and farmaco-dynamic properties as a
medicinal water as well. Health resorts and spas have been found in place of their
occurrence. In the Middle Ages some of them had a feature of "holy spring” because
of their specific therapeutic properties. Water environment is a place of living of some
fauna’s endemic species in case of selected springs.
The Sudetes, as every mountainous massif, where numerous layers and waterbearing zones are exposed as a result of strong erosive dissection, belong to areas very
rich in springs. Beside very numerous springs of fresh waters, particularly in areas of
crystalline rocks, occur well-known springs of mineral and thermal waters, recognized
as medicinal waters. The amount of fresh water springs is estimated at thousands, but
their discharge (it means a volume of water outflowing in time unit) is mainly low and
seldom exceeds the value of 10 L/s. Typical discharge of spring in the Sudetes ranges
from 0.1 to 1.0 L/s. To more efficient belong karst springs, draining massifs of
crystalline limestones achieving discharges of tens liters per second. Their discharges
are low in comparison to large karst spring of other Polish regions as: Tatra Mts.
(among others: the Olczyskie Spring, Lodowe, Chochołowskie), Kraków Częstochowa Upland (Zygmunt's spring) or the Roztocze region.
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Six most spectacular groundwater outflows have been chosen from the large
group of sudetic springs, which should be protected with regard to their rank and the
natural values as well as the scientific and utilitarian aspect. Ciężkowski (2001) has
already suggested a protection of some of them.
Hydrogeological classification of springs
According to common in hydrogeology definition, springs are natural and
concentrated outflows of groundwaters on surface of terrain (Pazdro, Kozerski, 1990).
They are important hydrogeological objects in geological investigations that deliver
the essential information about conditions of groundwater occurrence.
Springs, as points of natural aquifer’s drainage (layer or the water-bearing
zone) give the beginning of rivers. There are two main types of spring: descending
(gravity) spring related to the gravity force and ascending (artesian) spring, in which
outflow of water on surface is caused by hydrostatic pressure.
Except of typical concentrated springs, there are distinguished other types of
outflow as bog springs, leakages and seepages.
The large variety of conditions, in which springs occur, influences an amount
of different criteria of their division. The geological, geomorphological and
hydrogeological criteria, including hydraulic properties of rocks and physico-chemical
properties of water, are most often applied in spring’s classification.
In Polish hydrogeological classification a few dozen of different types of
springs are distinguished. Taking into account mentioned above basic criteria of
classification, to the most often used in hydrogeological divisions belong such springs
as:
- fault, karst, layer, fissure, overflow (geological criteria),
- slope, terrace, valley (geomorphological criteria),
- fresh and mineral, cold and thermal springs (physico-chemical properties).
Regarding an origin of outflow water there are meteoric and juvenile springs
as well (Pazdro, Kozerski, 1990).
Hydrogeological characteristic of selected sudetic springs
The karst outflows (the Miłek, the Zamek and the Romanowkie Spring)
constitutes the largest group among chosen springs, related to Lower Paleozoic
crystalline limestones and dolomites of Kaczawskie Mts. and Kłodzko Region. Also in
case of the Bystrzyca Dusznicka spring located in Orlickie Mts. the considerable part
of their recharge is component connected with karst system.
The spring in Kowary town belong to rare in the Sudetes fissure groundwater
outflows, flowing directly from fractures without any weathering residuals covering
the place of water outflow.
The last characterized spring (Bethlehem) drains conglomerates of Permian
age which constitute a part of sedimentary complex in marginal zone of Krzeszów
Unit. The Kaczawskie Mts. belong to few areas in the Western Sudetes, in which karst
phenomena are strongly developed in lenses of Cambrian crystalline limestones, wellknown as ‘Wojcieszów limestones’. These rocks are intensely drained by karst
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springs, which in great number occur in the vicinity of Wojcieszów town. Here, in
valley of the Kaczawa river occur three fissured-karst springs (Bocheńska et al., 2002),
from which two (Miłek and Zamek) were characterized.
The Śnieżnik Massif and Krowiarki Ridge are the second region of the
Sudetes with good developed karst phenomena. Romanowskie spring, located in
Krowiarki Ridge, belongs to more efficient sudetic karst outflows.
Karst phenomena in the Sudetes are developed mainly in crystalline
carbonate rocks within metamorphic Proterozoic-Palaeozoic complexes. The karstified
rocks represent structures with specific hydrogeological conditions, with relatively
high water-bearing capacity. This is related to the hydrogeological parameters of the
reservoir rocks that control the groundwater flow and storage.
The Sudetic karst is of isolated type, with small areas of carbonate outcrops,
rarely attaining c. 1 km2. It was formed mainly during Tertiary times, under warm and
wet subtropical climate conditions (Pulina, 1999).
A characteristic feature of the Sudetic karst is that the karst forms are
developed in relatively small lenses of marbles which are enclosed in a „monolith” of
other crystalline metamorphic rocks, totally resistant to leaching and practically having
no porosity. However, they contain a fissure system which is important for
groundwater circulation. The circulation of the karst water in the area of crystalline
limestones near Wojcieszów is shown in the figure 1.
In the karst areas, the water-bearing capacity is controlled by the cavernity of
rocks susceptible for leaching (usually of limited extent) and the fissuring of the
surrounding massive, crystalline rocks. The porosity of the carbonate rocks has
practically no influence on their water-bearing capacity (Marszałek, Wąsik, in press).
The massive crystalline limestones of the Kaczawskie Mts. and Krowiarki massif have
low values of porosity (0.74 to 1.06%) and specific yield (0.13-0.35%; Tab. 1). The
average value of the vertical hydraulic conductivity for the limestones is low as well
(1.23x10-8 – 1.26x10-8 m/s). Taking into account the permeability of the rock matrix,
limestones can be classified as semipermeable or impermeable according to Pazdro
classification (Pazdro, Kozerski, 1990). This supports that in natural conditions, the
solid, massive volumes of these rocks can be considered as impermeable and their
collector parameters of the rock mass are poor. The measured values of the hydraulic
conductivity for the rock mass are by four digits lower than the fissure hydraulic
conductivity. Consequently, the most important in the groundwater flow are fissures
and joints in the rocks.
The ‘Miłek’ spring (No 1, Fig. 2) is located in Wojcieszów town at the foot
of the Miłek Hill on the right bank of the Kaczawa River. The outflow of water on the
altitude of 361 m a.s.l. is related to crystalline limestone of Lower Cambrian age. The
spring waters are bottled and distributed as „Wojcieszowianka” table water. Discharge
of spring changes in range of 1.5-3.2 L/s and temperature is almost stable (12.813.4oC). According to chemical analyses spring water has low alkaline pH (7.1-7.6),
mineralization ranging from 209 to 409 mg/L and represents HCO3-Ca-(Mg) chemical
type of water (tab.2). The measurements of tritium determined during the period of
1987-96 allowed to estimate the mean residence time of flow water in the system on
82 years (Ciężkowski, Zuber, 2003).
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Fig.1. Schematic groundwater flow system in Wojcieszów region (after
Bocheńska et al. 2002)
1- crystalline limestones, 2 – metamorphic rocks, 3 – alluvial sediments, 4 –
karstic forms, 5 – karst springs, 6 – precipitations, 7 – groundwater flow
direction
(photo: the Kaczawa River valley between Połom and Miłek Hills)
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Tab.1. Average hydraulic parameters of crystalline limestones
(after Bocheńska et al., 2002)
Average hydraulic
parameters of crystalline
Krowiarki Unit
Kaczawa Complex
limestones
Effective porosity of matrix
1.06
0.74
[%]
Specific yield
0.35
0.13
[%]
Permeability of matrix
1.23x10-8
1.26x10-8
[m/s]
Fractured permeability
9.1x10-5
1.57x10-6
[m/s]
The ‘Zamek’ spring (No 2, Fig. 2) is also located at the foot of the Miłek
Hill on the altitude of 359.0 m a.s.l. It is situated approximately 800 m northwards
from ‘Miłek’ spring in the area of park, established in XVIII century and surrounding
the Renaissance palace built in Wojcieszów in 1596 year (Staffa, 2000). It belongs to
most efficient karst springs in Kaczawskie Mts. draining the crystalline limestones.
The discharge of spring changes in the range of 4.1-9.4 L/s. The chemical composition
of water is very similar to water of Miłek spring. Total dissolved solids ranges from
229 to 245 mg/L and pH of water from 7.1 to 7.5. The temperature of water changes in
small range of 10.2-12.5 oC (tab. 2).
The ‘Romanowskie‘ spring is located in eastern part of the Sudetes in
Romanów village close to Żelazno on altitude of 338.0 m a.s.l. (No. 3, Fig. 2). Apart
from the main spring, in which the highest discharge of 25 l/s was found during the
measurements, there are a few other smaller karst water outflows that all together form
a spring zone. This zone comprises five springs and it is the largest drainage zone of
the karst waters in the Krowiarki Ridge. The zone is located at the mouth of the
Piotrówka valley. The main spring in this zone has the highest altitude and it has an
ascending outflow from the spring niche of c. 2 m in diameter. There are also two
smaller outflows, with discharges of 0.5-3.0 l/s, situated a few tens of meters below
the main spring, as well as two large springs attaining yields of around 10 l/s. One of
them is located in the bed of the Piotrówka stream. The total discharge of the whole
drainage zone reaches nearly 50 l/s and mainly varies in the range of 32-47 L/s.
Typical for this spring is stability of temperature (9.1-10.2oC) and of chemical
composition. Te karst water has mineralization ranged from 330 to 444 mg/L and
neutral to low alkaline pH of groundwater (6.95-7.53). The major ions determined the
main chemical type of water HCO3-Ca-(Mg). This is the only spring that is protected
in the Sudetes and the whole area of Lower Silesia (Alexandrowicz et al., 1992;
Ciężkowski, 2001). In spring waters live endemic species including one species of
snail called ‘źródlarka’ (Bythinella), that has here the only standing in Poland, and as
well as endemic species of aquatic animals from group of Rotifera (Ciężkowski, 2001;
Gawlikowska, 2000).
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The spring of the Bystrzyca Dusznicka River (No 4, Fig. 2) is situated on
NE slopes of Orlickie Mts. southwards from Zieleniec village. The drainage area
constitutes of five quite large groundwater outflows lying along the line of road
Zieleniec-Lasówka on the distance of 150 m (Kryza, 1975). Water-bearing rocks are
built of Proterozoic mica schists together with intercalations of graphite-quartz schists
and lenses of crystalline limestones. The spring zone is situated on the altitude of
approximately 840 m a.s.l. and is recharged on the slope of Mount Šerlach (1025 m
a.s.l.) built of mica schists and located in the Czech-Polish border area. Very high total
discharge of the whole spring zone, fluctuated from 18 to 36 L/s (Kryza, 1975),
reaches in spring season even 60 L/s (Marszałek, unpublished). High discharge of
outflows compared with other spring in hard rocks of the Sudetes and their location
close to recharge area indicate additional recharge from different water-bearing
systems, probably from karstic lenses of crystalline limestones. The temperature of
water is similar to mean air temperature in the vicinity of Zieleniec and changes in
small range from 5.0 to 6.3 oC (Tab. 2).
The spring in Kowary (No 5, Fig.2), well-known in regional hydrogeology
as spring No 26 (Fistek, 1970), belongs to a few fissure spring in Karkonosze granite.
The groundwater outflow is at the foot of Kowarska Czubatka Hill in the Rudawy
Janowickie Mts. (Western Sudetes) on the altitude of 580 m a.s.l. The outflow is
located in the crossing place of two types of Carboniferrous granite (aplite vein with
porphyritic granite) on the wall of abandoned quarry, by the road Kowary-Kamienna
Góra. The spring discharge is not too high and changes in a small range of 0.10-0.60
L/s, mainly 0.15-0.25 L/s. Not too high is also the amplitude of water temperature
(6.0-7.4oC; Tab. 2), that can suggests deeper than near-surface circulation of
groundwaters. The mineralisation of waters changes in range of 70-140 mg/L. The pH
reaction (6.0-6.4) indicates slightly acid character of water. Chemical type of water is
SO4-HCO3-Ca. From specific components spring waters contain radon 222Rn in the
amount of 277-656 Bq/L (Ciężkowski, Przylibski, 2003). Stable isotopes of oxygen (δ
18
O from -9.22 to -10.3 ‰) and hydrogen (δ D from -67.6 to -69 ‰) determined in
groundwater have allowed to evaluate the altitude of recharge area on 610-720 m a.s.l.
Based on tritium content in water the average residence time of flow in water-bearing
system was estimated on about 15 years.
The ‘Bethlehem’ spring (No. 6, Fig. 2) constitutes the intake of few smaller
concentrated springs, outflowing on the altitude of 488 m a.s.l. from the pond with
diameter about 36 m (Kowalski, Szafranek, 1987). Bethlehem is a former hermitage
built in second half of XVII century close to Cistercians' abbey near Krzeszów. Next
to the hermit's hut were built in 1684 the Betlehem chapel and rest pavilion for monks,
which is a wooden building situated on octagon plan in the middle of pond with
outflows at the bottom (Garbaczewski, 1985).
This spring drains fissured conglomerates of Rotliegend age, making up
together with sandstones as well as volcanic breccias and porphyritic tuffs marginal
zone of Cretaceous Krzeszów trough. Outflow of water has ascending character. The
discharge is quite high and ranges from 17 to 22 L/s (Kowalski, Szafranek, 1987). The
hydraulic conductivity estimated on the base of discharge recession coefficient is 17
m/d. Small discharge fluctuations, ascending character of outflow and almost constant
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FFig. 2. A - Location of springs on the background of main geological units of the
Sudetes; Springs: 1 - Miłek; 2 - Zamek; 3 - Romanowskie; 4 - spring’s group of
Bystrzyca Dusznicka River; 5 - Kowary; 6 - Betlehem
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temperature of groundwater about 9oC (Tab. 2) indicate deeper circulation. Water
represents HCO3-Ca-Mg hydrochemical type and its mineralization reaches 200 mg/L.
The work of water intake has started before a year of 1945 through uncover of
weathered part of sedimentary rocks with thickness of about 3 m and the arrangement
in the conglomerates some draining pipes bringing the water to the main well
(Kowalski, Szafranek, 1987).
Geotouristic significance of springs
It is possible to evaluate a geotouristic significance of described springs using
results of their valorization. According to categories of objects and protection areas,
evaluation of abiotic elements of nature, including springs, is based on their scientific
value, sightseeing accessibility and didactic value (Alexandrowicz et al., 1992). The
scientific and content-related value depends on such elements which are determined by
distinction, exceptionality and attractiveness of springs. All described springs belong
to distinguishing natural objects of these parts of the Sudetes, in which they occur.
Every spring has own interesting way of groundwater outflow, high discharge – not
typical for the Sudetes as in case of spring in Zieleniec (spring of Bystrzyca Dusznicka
River). The origin of spring water is very important in valorization as well. There is
not too many karst outflows in the Sudetes, therefore all this type of spring are unique.
Very seldom is possible to observe typical fissure spring, particularly in easily
accessible places. The spring in Kowary is located very close to main road (KowaryKamienna Góra) in former quarry, where the car parking was built, so it is easy to
reach.
The distinction of selected springs is also resulted in physical and chemical
properties of water that allow living endemic species of faunas.
The stagnant temperature of water, even over 10oC, as well as good its quality
allow for growing of water plants during the whole year.
The sightseeing accessibility is very important factor of valorization. In case
of all six described springs the evaluation of this element is high, because all of them
are situated close to roads.
Didactic value is resulted in both scientific (content–related) value of objects
and their accessibility as well. Additionally, aesthetical value of surroundings is taken
into account. From natural point of view (geologically, geomorphologically) all six
springs are located in interesting and picturesque places: in karst areas and river’s
valley and on slopes of hills. There is quite good published information about
hydrogeology of springs. Their exceptionality was a reason why so many specialists
(hydrogeologists, zoologists, botanists, geomorphologists) have observed and studied
them.
Very important is utilitarian aspect of spring. Spring waters are used for
drinking purposes because of their high discharge in comparison to other regions and
good quality of groundwater. In case of Bethlehem spring the Cistercians began
already the water exploitations hundreds years ago. The way of water intake in case of
spring is easier and cheaper than in well. Water of some described springs is used in
local, municipal intakes (the Bethlehem spring, spring of Bystrzyca Dusznicka River),
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some - as Romanowskie and Zamek springs – are used by local people and other (the
"Miłek” spring) are bottled.
Taking into account geotouristic and scientific aspects, all mentioned springs
should be protected. Only one spring is at present protected (Romanowskie spring as
inanimate nature monument) in the whole area of the Sudetes is not too many.
Conclusion
Six described springs are located in different part of the Sudetes and on the
different altitude, ranging from 338 m a.s.l. in case of Romanowskie spring up to 840
m a.s.l. in the spring of Bystrzyca Dusznicka River. Their discharges changes in the
wide range, from 0.1 L/s as in spring No 26 near Kowary to even 50 L/s in karst
outflows of Romanowskie spring. The mineralization of groundwater is different
depending on the kind of reservoir rocks. It is very low (70 mg/L) for ultra-fresh
groundwater in fissured granites (Kowary spring) reaching 444 mg/L in case of karst
water of Romanów. The pH of all springs waters is varying from slightly acid to
slightly alkaline (6.0-7.5).
Every of described outflow is the valuable geotouristic object and thus should
be in spectrum of both, tourists and local authorities, interests. Their position in
picturesque terrain and also their hydrogeological features (the way of groundwater
outflow, physical and chemical properties) or didactic value distinguish them among
other sudetic springs. The only one protected object, among described outflows, is
Romanowskie spring that was regarded as the inanimate nature monuments in 1982. It
would be legitimate to protect all described springs with regard to their uniqueness
and to put near every spring informative boards with short description in order to
make visitors the value of objects.
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