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The Raclawka Valley — an example of an educational geosite

related to the development of a Paleozoic carbonate platform
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Abstract: The location and most interesting geological features of
the Upper Devonian through Lower Carboniferous limestones in
the Ractawka Valley were presented. The limestones outcropped
almost continuously along the natural valley cutting. They com-
prise over 60 million years of continuous growth of the carbon-
ate platform, which developed on the ancient terrane — the Upper
Silesian Block. Geosites described herein may constitute a des-
tination for geological trips for undergraduate students of Envi-
ronmental Sciences, where they can actively discover the devel-
opment of an ancient carbonate platform and accompanied post
depositional structures.

Key words: Late Paleozoic, carbonate platform, Upper Silesian
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Abstrakt: W dolinie Ractawki znajdujq si¢ wazne geologicznie
naturalne odstonigcia wapieni (od poznego dewonu do wczesne-
go karbonu). Wapienie te obejmujq okres ponad 60 milionow lat
cigglej sedymentacji weglanowej, ktora wystgpowata na obszarze
paleozoicznego kratonu — bloku gornosigskiego. Opisane stano-
wiska mogq byc¢ celem wycieczek geologicznych studentow pierw-
szego stopnia studiow przyrodniczych, w czasie ktorych mogq oni
w aktywny sposob sledzi¢ rozwoj kopalnej platformy weglanowej
i struktur postdepozycyjnych.

Stowa kluczowe: pozny paleozoik, platforma weglanowa, blok
gornoslgski, geoturystyka

Introduction

Every year, many tourists and students of Geoscience take
tours to the northern vicinity of the Krzeszowice town, which
offers beautiful landscapes developed along the southern
edge of the Krakow—Czgstochowa Upland. From the geolog-
ical point of view, this area contains the southernmost part of
the Silesian-Cracow Monocline (SCM) of the West European
Platform (Fig. 1A), facing north to the tectonic depression
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— the Krzeszowice Graben (Fig. 1C) (Zelazniewicz et al.,
2011). The older basement of the SCM contains the Devo-
nian through Carboniferous folded sediments, included to
the Variscides (Bukowy, 1961). These Paleozoic sediments
consist of nearly 1200 m thick geological record of the Up-
per Paleozoic carbonate platform (Paszkowski, 1995), well
outcropped, especially along the Ractawka Valley, where the
exposures are nearly continuous. This sedimentation took
place in the epicontinental Moravo-Silesian Basin, along the
shelves bordering the Upper Silesian Block, which was a part
of a larger unit determined as the Brunovistulicum micro-
continent (Fig. 1B) (e.g. Dudek, 1980; Kalvoda et al., 2003;
Buta, Zaba, 2005, 2008). The tectonic history of the Bru-
novistulicum is dating back to the Precambrian. The Bru-
novistulicum consisted a piece of a continental plate derived
from the Gondwana continent (Fig. 2) (e.g. Dadlez et al.,
1994; Belka et al., 2002; Nawrocki et al., 2004). In the late
Paleozoic, the Brunovistulicum microcontinent was locat-
ed near the southern margin of the Baltica ancient continent
(e.g., Kalvoda et al., 2003), and finally amalgamated with
the Bohemian Massif, during the Variscan orogeny (e.g., Van
Breemen et al., 1982). During the Devonian through Carbon-
iferous times (Fig. 2), the Brunovistulicum microcontinent
occupied a nearly equatorial position (Kalvoda 2001, Kal-
voda et al., 2003).

This paper presents geosites located in the southernmost
part of the Krakow—Czgstochowa Upland, where carbonate
rocks were deposited in the shallow epicontinental sea, dur-
ing the Late Paleozoic in warm climate conditions. These
geosites might not only be interesting for tourists, but also
for students of the Faculties of Geology and Geotourism
better study the sedimentary geology of ancient environ-
ments.

Geographical location
of the exposures and geological setting

The Ractawka Valley (Fig. 1C ) is located in the south-
ernmost part of the Krakéw-Czestochowa Upland (KCU),
25 km west of the center of the Krakoéw, 5 km north of the
Rudawa village, and between adjacent valleys — the Elia-
szoéwka and Szklarka (Fig. 3). The Ractawka creek (Fig. 1C)
is the left tributary of the Rudawa River, flowing east along
the Krzeszowice Trench.
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Fig. 1. Location of the study area: A — position on the background of main geologic units of Poland; B — position on the tectonic map of
the southern part of Poland (without Permian-Mesozoic sediments; after Zelazniewicz et al. 2011; simplified); C — geographic location of
the Ractawka Valley and its surroundings (within the Debnik-Siewierz fold belt; after Bogacz 1980; background relief after http://mapy.
geoportal.gov.pl/imap) ¢ Lokalizacja obszaru badan: A — na tle gtéwnych jednostek geologicznych Polski; B — tektoniczna mapa potu-
dniowej Polski (bez ostony permo-mezozoicznej: za Zelazniewicz et al., 2011; uproszczona); C — dolina Ractawki wraz z otaczajgcymi

miejscowosciami (Bogacz, 1980; tlo ilustracji za http://mapy.geoportal.gov.pl/imap)

Fig. 2. Paleogeographic position of the studied region during the Early Carboniferous: A — global paleogeographic setting (adapted from
Ron Blakey, http://jan.ucc.nau.edu/~rcb7/340moll.jpg); B — paleogeographic scheme showing the location of tectonic units and terranes
discussed in the text (according to Kalvoda, 2002). Abbreviations: Br — Brunovistulian Terrane, I — Istanbul Zone, Lys — Lysogory Ter-
rane, M — Moesia Terrane, Mal — Matopolska Terrane, MOLD — Moldanubian Terrane, SEU — group of South European terranes * Po-
zycja paleogoegraficzna badanego obszaru we wczesnym karbonie: A — globalna mapa paleogeograficzna (Ron Blakey, http://jan.ucc.
nau.edu/~rcb7/340moll.jpg); B — paleogeograficzny schemat ilustrujacy lokalizacje jednostek tektonicznych i teranéw (Kalvoda, 2002).
Rozwinigcie skrotow: Br — terran Brunovistulicum, I — zona Istanbul, Lys — terran Lysogor, M — terran mezyjski, Mal — terran matopolski,

MOLD - terran moldanubski, SEU — grupa terranéw potudniowoeuropejskich
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Geologically, two tectonically different complexes of
rocks with discontinuity can be distinguished in the klippes
hanging along the valley. The older complex is represented
by tilted and folded Late Paleozoic limestones (Fig. 3). The
younger complex lies almost horizontally. These deposits
contain sandstones, gravestones and sandy limestones dating
as Callovian and Oxfordian in age.

The Upper Paleozoic limestones were folded during the
Variscan orogeny (Bukowy, 1961). Presently, they belong to
the Debnik—Siewierz fold belt (Zelazniewicz et al., 2011),
that creates the eastern part of the Upper Silesian Block (Buta
et al., 2008; Fig. 1B). This fold belt occurs between Tarnow-
skie Gory, Siewierz and Krzeszowice towns and contains the
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Carboniferous—Devonian folded sediments, built of synclines
and anticlines, which are cut by numerous faults (Fig. 3).
The sediments outcropped along the Ractawka Valley be-
long to the Upper Devonian (Fammenian) — Lower Carbonifer-
ous (Visean) succession that creates the Debnik Anticline (e.g.,
Klimek, Koszarski, 1955; Gromczakiewicz-L.omnicka, 1974).
They have been deposited as a carbonate platform in the Mora-
vian—Silesian Basin (Betka, 1987), of which the total thickness
exceeds 1200 m (Paszkowski, 1995). These sediments have
been deposited in various environments that included deep-wa-
ter intra shelf basin, open shelf platform and ramp, and shallow
water environments, with lagoons, as well as intertidal parts of
the basin floor and sabkha (Laptas, 1982; Paszkowski, 1995).
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Fig. 3. Location of studied exposures along the Ractawka Valley (red squares); position of the Lower Carboniferous sediments (after
Bogacz, 1980; background relief after http://mapy.geoportal.gov.pl/imap/). Abbreviation of exposures names: DR-1 — Widoma; DR-2 —
Skata Opalona; DR-3 — Komaréwka < Lokalizacja badanych odstonie¢ wzdtuz doliny Ractawki (czerwone punkty), wychodnie skat dol-
nego karbonu (Bogacz, 1980; tto ilustracji za http://mapy.geoportal.gov.pl/imap/). Nazwy i numeracja odstoni¢¢: DR-1 — Widoma; DR-2
— Skata Opalona; DR-3 — Komarowka

Description of exposures

Three well exposed outcrops of the Upper Paleozoic lime-
stones are visible in the left bank of the Ractawka creek, cut-
ting into the east slopes of the valley (Fig. 3, 4). These are
Widoma, Skata Opalona and Komaréwka exposures. The
exposures can be reached by walking from the Dubie bus
stop and across the bridge over the Ractawka creek. The first
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exposure — Widoma (Fig. 5) is located on the right side along
the road leading to Zary village, 80 m behind the bridge
(Fig. 3). To reach the second — Skata Opalona and third — Ko-
marowka exposures, one should go north about 100 m, than
turn left onto the dust path along the Ractawka Valley, which
leads directly to the outcrops (Fig. 3, Fig. 6).

The field studies of exposures were supplemented by mi-
croscopic study of thin sections of the rock samples.
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Fig. 4. General view on Ractawka Valley from the center of Dubie Village, photo M. Bak * Widok na doling Ractawki z drogi Dubie—
Szklary w centrum Dubia, fot. M. Bak

Fig. 5. Outcrop near the entry to the Ractawka Valley: A — Skalka przy Mostku; the location of Late Fammenian limestones, photo S. Szczu-
rek; B — zoom of the part of the Skatka przy Mostku exposure. Red line marks boundaries between successive beds; yellow lines marked
tectonic joints; red arrows indicate lamination inside the beds, photo M. Bagk ¢ Odstoni¢cie Widoma w poblizu doliny Ractawki: A — od-
stonigcie wapieni nalezacych do péznego famenu, fot. S. Szczurek; B — fragment odstoni¢cia w powigkszeniu, z zaznaczonymi struktura-
mi. Linie czerwone — granice warstw; linie zotte — cios; czerwone strzatki — laminacja, fot. M. Bak
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Fig. 6. The Ractawka creek at the Skata Opalona. Touristic path at the right side, photo M. Bak ¢ Skata Opalona w dolinie Ractawki.
Sciezka turystyczna po prawej, fot. M. Bak
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Widoma exposure

The exposure consists of a klippe situated on the West
slope of the Gora Widoma hill, overgrown with oak forests
(N: 50°9°26.39”; E: 19°41°27.63”). The 14 m long exposure
is situated along the klippe wall (Fig. 5A). These are mas-
sive, light grey to pale pink limestones, moderately to thickly
bedded, cut by vertical joints (Fig. 5B). Thin, perpendicular
laminations are visible in many places on weathered bed sur-
faces (Fig. 5B). In some places, limestones are cut by cracks,

filled by white and pink secondary calcite. In the microfacies
view, the limestone contains abundant peloids and numerous
bioclasts such as calcispheres, foraminifers, crushed trilo-
bites, stromatoporoids, as well as single ostracods, crynoids
and crushed spiriferids shells (Fig. 7). Limestones contain
also rare, but visible by necked eye fossils, which are mostly
brachiopods belonging to the spiriferids group. The micro-
components of the limestones have allowed us to classify
them as peloidal wackstones, packstones and locally grain-
stones.

Fig. 7. Examples of typical microfacies from DR-1 profile, where peloidal packstones and grainstones with bioclasts (includes foramini-
fers, trilobites, gastropods etc.) dominate, photo S. Szczurek. Black arrows show specimens of foraminifers. Red arrows present peloids.
Blue arrows point to the bioclasts (e.g. echinoderms). Blocky cement dominates in these thin sections. Syntaxial cement is common
around parts of echinoderms ¢ Przyktad typowych mikrofacji z profilu DR-1, gdzie przewazaja wapienie typu packstone/grainstone
z peloidami i licznymi bioklastami (np. otwornice, trylobity, §limaki), fot. S. Szczurek. Czarne strzalki wskazuja otwornice, czerwone
peloidy, a niebieskie pozostale typy bioklastow (szkartupnie). W ptytce cienkiej dominuje cement blokowy, cement syntaksjalny towa-
rzyszy szkartupniom

Skala Opalona exposure

This exposure is accessible after walking 1300 m north
along the Ractawka Valley, from parking place situated at
the road from Dubie to Zary villages (Fig. 3, Fig. 8). It is
located on the left orographic side of the Ractawka creek
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(N: 50°10°15.417; E: 19°40°57.32”). The limestones visible
in the outcrop are thick to moderately bedded (Fig. 9), with
singular beds up to 1 m thick (Fig. 9B).

In the cross-sections of the beds, the limestones are light
grey to pale pink, with macroscopically visible fine lami-
nation, left after fossilized stromatolites, which could be
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identified on some layers (Fig. 9A). Some beds contain also larger than 2 mm bound together by encrusting microbes,
thin layers with intraclasts. The peloidal packstones and are present in some layers. They may alternate with spar-
grainstones are the most common microfacies visible in thin  filled fenestral voids. Microfossils are rare in these deposits.
sections made from rock samples taken from this exposure Only some foraminifers, brachiopods and calcareous algae
(Fig. 10). Bindstones, which contains carbonate clasts grains are present.

Fig. 8. Moderately to thick bedded limestone visible in one of the klippe at the Skata Opalona, photo M. Bak * Srednio- i grubotawicowe
wapienie widoczne w odstonieciu Skata Opalona, fot. M. Bak

Fig. 9. Examples of limestones with two types of lamination in the Ractawka Valley, highlighted by weathering. A — example of light
grey to grey limestones, with clearly visible lamination, very thin layered (max. 2 c¢cm), near to Stradlina Gorge, photo S. Szczurek.
B — example of layered limestones with Outcrop Skata Opalona. Well visible layers from 3—4 cm up to 20 or more centimeters, photo
S. Szczurek ¢ Przyklady wapieni o roznej laminacji w dolinie Ractawki, podkreslone przez wietrzenie. A — wapienie jasnoszare do
szarych z bardzo dobrze widoczng laminacja (grubos¢ lamin max. 2 cm) w poblizu wawozu Stradlina, fot. S. Szczurek. B — przyktad
warstwowanych wapieni z odstonigcia nr 2 (Skata Opalona). Dobrze widoczne warstwy o miazszosci od 3—4 cm do powyzej 20 cm,
fot. S. Szczurek
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Fig. 10. Selected examples of diverse microfacies in DR-2 profile, photo S. Szczurek. A peloidal grainstone; B — transition from peloidal
grainstones to peloidal packstones with bioclasts and calcispheres; C — bioclastic wackstones with pseudomorphosis of dolomite (possible
dolomitisation during early diagenesis); D — bioclastic wackstones/packstones with serpulids; E — bioclastic grainstones with peloids cut-
ted by stylolithes, here with no microfacies change; F — example of ostracods in bioclastic packstones/grainstones. ¢« Wybrane przyktady
zroznicowanych mikrofacji z profilu DR-2, fot. S. Szczurek. A — wapienie grainstone z peloidami; B — przej$cie z wapieni typu grainstone
z peloidami do wapieni typu packstone z peloidami, bioklastami i kalcisferami; C — wackstone bioklastyczny z pseudomorfozami dolomitu
(mozliwa dolomityzacja w trakcie wezesnej diagenezy); D — wackstone/packstone bioklastyczny z serpulami; E — grainstone bioklastyczny
z peloidami i stylolitami, tutaj bez zmiany mikrofacji; F — packstone/grainstone z matzoraczkami
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Komarowka exposure

Going further north from the klippes belonging to the
Skata Opalona exposure, we pass to the Stradlina Gorge
(N: 50°10°31.28”; E: 19°40°25.217) (Fig. 3, Fig. 11), which
separates the Skata Opalona and Komardéwka hills. Because
of many small faults cutting the rocks herein, the next ex-
posure named the Komaréwka exposure consists of sever-
al, separate limestone complexes, 2—4 m meters thick, locat-
ed along the touristic path, on the left side of the Ractawka
creek. The first klippe belonging to this exposure is out-
cropped 200 m north of Stradlina George (Fig. 12). The ex-
posure consists of grey, massive limestone, without bedding.
The limestones are strongly karstified. On the touristic track
leading along the Ractawka Valley, this klippe is named as

“Skatka z Nyza”. The next small klippes visible along the
valley contain grey, strongly cemented limestones, moder-
ately to thin bedded, with singular beds up to 20 cm thick
(Fig. 13). In the microfacies view, these are fine-grained, pe-
loidal, skeletal wacke- and packstone.

Bioclasts are common. They contain numerous calci-
spheres, moderately diverse foraminifers, ostracods, and
crushed exoskeletons of small trilobites, which belong to the
proetids. This is the only trilobite order documented in the
Ractawka Valley (Bak et al., 2014). This trilobite group is the
only one that survived the Late Devonian biodiversity crisis.
The age of these deposits has been determined as the early
Tournaisian, based on the presence of foraminiferal assem-
blages, which belong to earlandid and chernyshinellid groups
(Bak et al., 2014).

Fig. 11. The mouth of the Stradlina Gorge to the Ractawka valley between Opalona and Komaréwka hills, photo M. Bak « Ujscie wawozu
Stradlina do doliny Ractawki pomiedzy wzgorzami Skata Opalona i Komarowka, fot. M. Bak
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Fig. 12. The Komaréwka Hill outcrop
(about 9 meters heigh), where peloidal
limestones bioclasts and accumulation
of foraminifers (in thin sections) are
present, characteristic of the Early Tour-
naisian age, photo S. Szczurek ¢ Od-
stonigcie nr 3 — Komaréwka (okoto 9 m
wysokosci), gdzie obserwowa¢ moz-
na wapienie z peloidami i bioklastami
(w plytkach cienkich). Obserwowane
nagromadzenie otwornic wskazuje na
wczesny turnej, fot. S. Szczurek

Fig. 13. First klippe from the series of exposures at the Komarowka Hill. A — Klippe (Skatka z Nyza) visible along the touristic path;
B — Close up of limestones build the klippe, photo M. Bak, S. Szczurek * Pierwsza skatka z serii odstonigé na wzgdérzu Komardwka.
A — Skatka z Nyza i widoczny obok szlak turystyczny; B — wapienie budujace skatke, fot. M. Bak, S. Szczurek
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Age and depositional environments

The thick complex of grey limestones outcropped along
the Ractawka Valley are rich in microfossils, which can be
used for age determination. The foraminiferal assemblag-
es indicate the late Fammenian through late Visean age of
these deposits, and can be correlated with the foraminiferal
assemblages described from the Southern Ural (e.g., Kulagi-
na, 2013), Belgium — Dinant and France — Avesnois (Conil,
Lys, 1964), as well as the Czech Republic — Bohemian Mas-
sif, Moravia (Kalvoda, 2002).

Microfacies studies of the limestones indicate that their
sedimentation took place in various environments, which in-
clude deep-water intra-shelf basins, open shelf platforms and
ramps, and shallow water environments with lagoons, inter-
tidal parts of the basin floor and sabkha (Laptas 1982; Pasz-
kowski, 1995).

Limestones outcropped in the Widoma exposure were
formed during the Late Fammenian through Early Tour-
naisian in the inner part of carbonate platform. The ener-
gy of depositional environment was relatively high, because
fossil shells visible in thin sections were disintegrated and
crushed. It is possible that some bioclasts may have been
redeposited from shallower to deeper parts of the carbonate
platform.

Limestones in the Skata Opalona and Komarowka expo-
sures consist of younger sequence deposited during the late
Devonian through early Carboniferous boundary, in an ex-
tremely shallow supra-tidal to sub-tidal environment, with
episodes of occasional emersion (Tomas, Zajac, 1996). The
presence of the crushed shells of brachiopods, fragments
of lobes of trilobites, some ostracods and numerous other

bioclasts indicate the high energy of the depositional envi-
ronment, characterized by frequent tides. Similar deposits
were described from shallow carbonate facies all over the
world. The suggested an explanation for these phenomena as
the presence of glaciation on the Gondwana continent during
that time.

Conclusion

The exposures of the Upper Devonian through Lower Car-
boniferous limestones in the Ractawka Valley are attractive
and useful for the purpose of promoting and teaching of ge-
ological science. They make it possible to demonstrate and
discuss many topics from various fields of geology e.g. sedi-
mentology, paleontology and tectonics. The authors present-
ed the studies on exposures which are based on microfacies
(not visible by naked eye), but lead to a conclusion about the
depositional environment on the carbonate platform devel-
oped in this region at the end of the Paleozoic. The strati-
graphic and microfacies study of the limestone succession
reveals the spatial and temporal change in their depositional
settings. This carbonate platform was dominated by high-en-
ergy grainstones, rich in benthonic faunas, documenting the
inner platform sequences. The observation proves that this
particular location invokes a wide discussion on the correla-
tion and global changes concerning the palacoenvironment
and tectonics.
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