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Abstract: In the surroundings of Krakow, there are few places where
coarse carbonless rocks called the KwaczaZa Arkose crop out. One
of them is located near the Kwacza/a countryside next to Alwernia.
These deposits are unique in the scale of our country and Europe.
They include silicified fragments of tree-trunks Dadoxylon. The cur-
rent condition of gorges is presented in this paper. Many of them
are uncared for, despite their significant scientific and educational
value. An evaluation of the current outcrops” state was made. The
authors also proposed how to develop the KwaczaZa countryside.
Key words: arkose, Kwaczafa, araucaria

Tresé: W okolicach Krakowa niewiele jest miejsc, gdzie odstania-
ja sig na powierzchni gruboziarniste osady karboriskie zwane ar-
kozg kwaczalskg. Jedno z nich znajduje si¢ w poblizu wsi Kwacza-
fa obok Alwerni. Osady te s¢ ewenementem w skali naszego kraju
i Europy. Zawierajg zsylifikowane fragmenty pni Dadoxylon. Ak-
tualny stan wgwozdw zosta/ przedstawiony w niniejszym artykule.
Wiele z nich jest zaniedbanych mimo znacznej wartosci naukowej
i edukacyjnej. Ocena stanu zawiera spis aktualnych wychodni.
Autorzy przedstawili réwniez propozycje rozwoju wsi Kwacza/a.
Stowa Kluczowe: arkoza, Kwacza/a, araukaria

Introduction

The Kwaczata Arkose rocks, though quite well researched
and described in the literature (Siedlecki, 1952a, 1952b; Tur-
nau-Morawska, Lydka, 1954; Siedlecka, Krysowska, 1962;
Pawlikowski, Holcer, 1994), are poorly displayed in the area.
Unfairly, because they are interesting enough to make them
available to people especially those, interested in expanding
their geologic and geotouristic knowledge. These old Pale-
ozoic sediments developed as Carboniferous gravels and
sands containing silicified trunks of coniferous trees popu-
larly called araucaria.

The purpose of this publication is to present the current
state of knowledge about the Kwaczata Arkose and silicified
trunks showing how huge the problem of the lack of protec-
tion and the little tourist land development in the surrounding
of the Kwaczata village is.
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In the 60’s of last century, there already have been devel-
oped plans to preserve this area including the Grodek Gorge.
Not only deposits and the modern flora (mosses, ferns), but
also the morphology of the terrain (gorges) were the subject
of protection. Unfortunately, works got stuck — there is still no
agreement between the owners of sites including the gorges
(current information from the Alwernia’s Municipal Office)
(Alexandrowicz, Bogacz, 1971). An inventory carried out by
the authors show how the number of outcrops was significantly
reduced since the 60’s of XX century. Buildings were located
on many of them, others are overgrown. This causes blurring
of sedimentary structures, while deposits are becoming less ex-
posed. It’s a great loss, because the area has significant tourist
potential. Properly planned tourist routes, infrastructure and
promotion of the region would benefit the local economy,
and eventually start the entrepreneurship. This paper presents
propositions of the land development. Especially tourism ad-
dressed to a particular recipient — in this case geologic, which
becomes more popular not only in Poland but also in the world.

Location of outcrops
of the Kwaczala Arkose

Outcrops of the Kwaczata Arkose occur in the Alwernia
community in Chrzanéw County. According to the physical
and geographical division they are located on the Tenczyn
Ridge, which is a part of Krakéw — Czestochowa Upland
(Kondracki, 2000).

The largest and best preserved outcrops of the Kwaczata
Arkose are located near the Kwaczata village. Outcrops of
these sediments can be also found in the vicinity of Porgba,
Alwernia, Babice, Ptaza, Zagorze and Chetmek. They oc-
cur mainly within the area located along the north bank of
the Vistula River in the southern part of the Cracow region
(Fig. 1) (Siedlecki, 1952b).

Gorges of the Kwaczata region, in which outcrops of
arkose are preserved, cut the southern slope of the Tenczyn
Ridge. The authors effectuated stocktaking and a valuation
of existing outcrops in this area in the years 2010-2011.

The vast majority of gorges are covered by lush greenery,
some of them by buildings, or by younger sediments. Out-
crops of the Kwaczata Arkose are still well visible in: Grodek,
Grabowiec and the Kozi D6t gorges.

Kozi D6t Gorge, which is located north-east from Kwa-
czata next to Karczusze displays V — shaped geomorpho-
logical form.
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Fig. 1. Location of outcrops of the Kwaczata Arkose (Rutkowski, 1972) « Lokalizacja wychodni arkozy kwaczalskiej (Rutkowski, 1972)

Only one outcrop of the Kwaczata Arkose is locat- has dimensions of about 1 m high and 2 m wide (Fig. 2).
ed within this gorge. The rest of the slopes were covered These sediments are white and grey hiatal slack arkose
by younger sediments and vegetation. This small outcrop sandstone.
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Fig. 2. The outcrop of the Kwaczata Arkose in the Kozi D6t Gorge,
phot. A. Ziobro « Odstonigcie arkozy kwaczalskiej w wawozie Kozi
Dét, fot. A. Ziobro

Fig. 3. The outcrop of arkose in the eastern slope of the Grodek
Gorge, phot. A. Ziobro ¢ Odstoniccie arkozy kwaczalskiej we
wschodnim zboczu wawozu Grodek, fot. A. Ziobro

The largest, best known and, what is most important, the
best preserved gorge — Grodek is located west of the Kozi
Dot Gorge. It contains the most representative and still well
preserved outcrops of the Kwaczata Arkose (Fig. 3-4). The
gorge is about 0.5 km long, with a height of slopes up to
6 m. The inventory of the nine outcrops was made by pres-
ent the authors. The largest of them was about 8 meters high
and 7 meters wide and was located in the west wall of about
250 meters from the entrance to the gorge (Fig. 5).

There are also three other outcrops located in the gorge,
which is a branch of the Grddek at its entrance. Fine-grained
and medium-grained arkose can be observed in these outcrops.
Sandstones’ colors are from gray — yellow to brownish — red.
There are linear accumulations of different types of gravel
stones and numerous clayey pebbles within the sandstones.
Moreover, in one of the branches of Grddek gorge are also oth-
er interesting sediments — residual conglomerates are located.

Another important gorge, where the unique arkose sand-
stones deposits may be found is Grabowiec, which is the most
western in relation to the Kwaczata village. The authors lo-
calized 12 outcrops in Grabowiec and one outcrop in the
branching of the gorge. It is a small amount compared to
the size of the gorge and the number of its branches. Most
of the outcrops achieved significant sizes, which oscillate
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Fig. 4. One of the biggest outcrops of the Kwaczata Arkose in the
western slope of the Grédek gorge, phot. J. Stanisz ¢ Jedno z wigk-
szych odstonie¢ arkozy kwaczalskiej w zachodnim zboczu wawozu
Grodek, fot. J. Stanisz

Fig. 5. The biggest outcrop of the Kwaczata Arkose located in the
Grédek gorge, phot. J. Stanisz « Najwigksze odstoniecie arkozy
kwaczalskiej zlokalizowane w wawozie Grodek, fot. J. Stanisz

between up to 10 m in width and about 5-6 m in height,
but they are already covered in many places by greenery
(Fig. 6). The observed sediments are, as in Grédek gorge,
mostly yellow and red fine-grained and medium-grained
sandstones. Linear accumulations of gravel stones, which
in some places formed specific layers up to 30 cm thick-
ness are more frequent than in the case of Grodek gorge.



Arkose sandstone — a forgotten treasure of Kwaczata

Fig. 6. The outcrop in the Grabowiec gorge, phot. A. Ziobro ¢ Od-
stonigcie w wawozie Grabowiec, fot. A. Ziobro

The individual pieces of silicified wood were found in the
bottom of the gorge lying under a thin layer of younger sed-
iments probably left by water flowing during heavy rains.

In other gorges arkose sandstones’ outcrops are absent.
Figure 7 shows the location of inventoried outcrops.

Lithological characteristics
of the Kwaczala Arkose

Sandstones with domination (over 25%) of feldspar in
skeleton’s grains are labeled as arkose (arkose sandstones)
(Czerny et al., 2008). The Kwaczata Arkose is lithologically
differentiated sediment, mainly gritty, but in some places con-
tains interstratified rocks — conglomerates and clays.

Sandstones from the arkose series were tested, allowing
identification of a feldspathic material (Siedlecki, 1954; Tur-
nau-Morawska, Lydka, 1954; Szuwarzynski, 2012). They
contain mainly sharp-edges grains of quartz, whose content
can be up to 61%. Their size can reach from a few tenths of
mm to several mm. There are numerous fragments of potas-
sium feldspars: orthoclase and microcline with sizes similar
to quartz grains. Their content is generally higher than 25%,
which justifies the name of the sandstones as arkose ones
(Siedlecka, Krysowska, 1962; Rutkowski, 1972). Granitoids
and granites are their sources.

A frequent component of the Kwaczata Arkose is a kaolinite
(up to 18%), developed in the process of weathering of highly
eroded feldspar’s grains (Gradzinski, 1972). In addition, arkose
sandstones contain fragments of exotic rocks (gravel stones,
which are described below), which could comprise up to 35%
and micas (mainly muscovite) — up to 18%, and in clayey parts
mainly biotite (Rutkowski, 1972; Ptonczynski, f.opusinski,
1993). There are also heavy minerals in arkose sandstones.
Among them there are zircon, staurolite, tourmaline, rutile and
fewer kyanite, garnet and apatite (Siedlecka, Krysowska, 1962).

The type of the binder is a matrix (rocks background) and
is a mixture of calcium carbonate, sericite and iron com-
pounds, which occur in different proportions.

Fig. 7. Location of outcrops of arkose occurring in the surrounding of Kwaczata village (topographic map 1:10 000, sheet: Alwernia, Ba-
bice — modified), red dots — inventoried outcrops, purple dotted line — the area of research, black lines — the area and the plan of proposed in
the 1960s Grodek reservation (Szuwarzynski, 2012) « Lokalizacja wystepujacych w rejonie Kwaczaly odstonie¢ arkozy kwaczalskiej (mapa
topograficzna 1:10 000, arkusze: Alwernia, Babice — zmodyfikowana); czerwone kropki — zinwentaryzowane odstonigcia, fioletowa przery-
wana linia — obszar badan; czarne kreski — obszar oraz plan projektowanego w latach 60. XX wieku rezerwatu Grodek (Szuwarzynski, 2012)
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The participation of the binder in the volume of the rock
ranges from 13% to 25%. The material of these rocks is usu-
ally very poorly bonded and smoothed, and these sediments
are rather loose, easily eroded. However, the increase in the
content of iron and calcite typically translates into mildly
stronger cementation of the sediments and its lower porosi-
ty. Sediments have very different colors from white through
gray, pinkish, even to dark (Siedlecki, 1952b; Szuwarzynski,
2012) (Figure 8-10).

Gravel stones, which build conglomerates have different
origination and are well smoothed. The arrangement of gravel
stones’ layers, whose thickness reach from over a dozen to
tens of centimeters shows little lateral extent (Szuwarzynski,
2012). Among the gravel grains predominate quartz, but spec-
imens of lidytes, eroded granites, granitic gneiss, quartz por-
phyries, orthoclase-biotite gneiss, eye gneiss, sericite-albite
gneiss, quartzite with albite, quartz sandstones, conglomer-
ates, limestone can be also be found (Pawlikowski, Holcer,
1994) (Fig. 11). It was found that they do not originate from
the sediments surrounding the arkose. In all probability they
were transported from the Caledonian-Variscan massifs cov-
ered by Carpathian nappes (Siedlecki, 1952b).

Relatively rare and irregular clay liners are pale reddish
and purplish (Gradzinski, 1972), sometimes with a greenish
spots, which are the result of the processes of iron reduction.
The thickness of the clayey parts range from a few centim-
eters up to several meters, but they often quickly declined,
what precludes attempts of correlation. Sometimes they also
generate forms called clay pebbles, irregularly arranged in
the sandstones (Fig. 12). They are several centimeters, oc-
casionally more than 30 cm in size (Siedlecki, 1952b). They
have spherical or elliptical shapes, sometimes are a little bit
elongated and take the pear-shaped form. Pebbles may also
form thin layers.

Coarse parts of the Kwaczata Arkose do not have very
clear and regular bedding. In places where it can be seen,
banks have from 3 m to 5 m. Fractional and diagonal strati-
fication to an angle of twenty degrees north can be identified
(Pawlikowski, Holcer, 1994). This last feature made deter-
mination of the direction from which the material was trans-
ported it possible. This direction was south and south — west,
from the massif known in the literature as Pre-Carpathian
(Rutkowski, 1972; Gradzinski, 1972). The material origin
was already discussed above (see also Szuwarzynski, 2012).

Fig. 8. White arkose with a piece of silicified tree trunk, phot. A. Zio-
bro « Arkoza o barwie biatej z fragmentem skrzemieniatego pnia,
fot. A. Ziobro

Fig. 9. White — yellow poorly sorted arkose, phot. A. Ziobro « Arko-
za 0 barwie biato-zéttawej z bardzo wyraznymi réznicami w wiel-
kosci ziaren, fot. A. Ziobro

Fig. 10. Arkose as poorly sorted red sandstone, phot. A. Ziobro
Arkoza w postaci stabo wysortowanego piaskowca o barwie czer-
wonawej, fot. A. Ziobro

Fig. 11. Gravel stones descended from arkose, phot. A. Ziobro ¢
Otoczaki pochodzace z osadow arkozy kwaczalskiej, fot. A. Ziobro
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Arkose sandstones were formed in the terrigenous environ-
ment. Dry climate prevailing at that time was intertwined with
rainy seasons during which there were heavy rains. Poorly
sorted material was transported from the Pre-Carpathian Mas-
sif by periodic water of significant transport’s force. Change-
able sedimentation processes caused the differentiation of

Fig. 12. Clayey pebble localized in arkose sediments, phot. A. Zio-
bro ¢ Toczeniec ilasty zlokalizowany w osadzie arkozowym, fot.
A. Ziobro

Fig. 13. The layer of gravel stones stuck in arkose sediments, phot.
J. Stanisz ¢ Warstwa otoczakow tkwiacych w osadzie arkozowym,
fot. J. Stanisz

Fig. 14. Single layer of pebbles stuck in arkose sediments, phot.
J. Stanisz  Pojedyncza warstewka otoczakdw biegnaca w osadzie
arkozowym, fot. J. Stanisz

deposits. Then in dry periods, sediments deposited on the
foreland of Pre-Carpathians were subjected to mechanical
weathering, which were prevailing over the chemical one
(Szuwarzynski, 2012). This led to douche and deflation pro-
cesses, as a result of which a fine material has been removed
and the thicker one created a thin cover (Rutkowski, 1972).
It is often composed of gravel stones, which are dispersed in
sandy sediment or occur in thin layers, in which they lie side
by side and form linear accumulations of pebbles (Fig. 13)
(Gradzinski, 1972). Often only individually arranged frag-
ments of rocks suggest lamination of the sediment (Fig. 14)
(Siedlecki, 1952h). Clayey material within arkose sediments
is probably a result of the periodic absence or significant re-
duction of the water’s transport force and its stagnation in the
local surface’s pits (Rutkowski, 1972).

Characteristic and relatively rare sediments, which can be
found in the western branch of the Grédek gorge, are resid-
ual conglomerates. They are the result of strong weathering
processes. They consist mainly of quartz and arkose gravels,
but there are also fragments of other rocks and silicified wood
within it. The material is usually slightly dipped and sorted
out. The binder of the rock is calcite, which in many places
is coarsely crystalline and gives the rock a very characteristic
appearance (Stomka et al., 2006) (Figs. 15, 16).

Fig. 15. Residual conglomerate with characteristic calcite binder,
phot. A. Ziobro « Zlepieniec rezydualny z widocznym charaktery-
stycznym spoiwem kalcytowym, fot. A. Ziobro

Fig. 16. Residual conglomerate with pebbles of different types of
rocks, phot. A. Ziobro  Zlepieniec rezydualny z widocznymi oto-
czakami skat r6znego typu, fot. A. Ziobro
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Age of the Kwaczala Arkose

Arkose sandstones and accompanying clays and con-
glomerates are labeled as the Kwaczata Arkose. Their age
was determined as Stephanian (Late Carboniferous). Unique-
ness of these deposits is connected with unproductivity, what
means the lack of coal, from which this period in Poland is
known (Rutkowski, 1972). The age of sediments was estab-
lished by analogy to the arkose located in the Intra-Sudeten
Basin, which displays similar lithology and the presence of
silicified trunks of cordaites (early representatives of conifer-
ous plants). Two different views on the age of the Kwaczata
Arkose were formed over the years. The first one talks about
arkose’s formation earlier, at the end of the Westphalian — as
the last phases of the productive Carboniferous sedimentation.

Moreover, the arkoses often are not marked out as separate
Kwaczata Beds, but they are included to Libigz Beds. Ac-
cording to Siedlecki (1952a, 1952b) arkose sediments near
the Kwaczata village consistently lie discrepantly (lack of
Stephanian sediments) on the productive formations of West-
phalian (associated with coal-beds Libigz, Chetm and Laziska
Beds) (Tab. 1).

The second, slightly different view argues for continuity
of sedimentation of Westphalian (Libigz Beds) and Stepha-
nian deposits (the Kwaczata Arkose). Westphalian deposits
differ from the Stephanian ones by overtone of clayey lay-
ers (Stephanian are spotted) and the presence of coal seams
(in Westphalian). These conclusions were supported by the
research results of the Ptaza 203 core in the 60’s XX (Rut-
kowski, 1972; Szuwarzynski, 2012).

Tab. 1. Scheme of the stratigraphy of Stephanian and Permian sediments of the Cracow area (Siedlecki, 1952a, 1956) « Schemat stratygrafii
utwordw stefanu i permu obszaru krakowskiego (Siedlecki, 1952a, 1956)

Filipowice tuffs with layers
of Myslachowice conglomerates in its bottom part. Melaphyre
° (Rudno, Regulice, Poreba) and porphyry (Miekinia)
‘§ Tufy filipowickie w spqgowej czesci przetawicone ze zlepiericami
T8 myslachowickimi. Wylewy melafirow (Rudno, Regulice, Poreba itd.)
2 § oraz porfiréw (Miekinia) Saalska phase ) _
g > Strong development of M)(slachov.wce
S Myslachowice conglomerates, sandstones and red clay with conglomerates and volcanic eruptions
E gypsum and salt (Gtazéwka, Stawkow)
S o . o Faza saalska
. o Z.Iep ierice myslachowickie . . . Zaznaczona silnym rozwojem zlepiericéw
i odpowiadajqce im piaskowce oraz czerwone gliny z gipsem i z solq myslachowickich i erupcjami wulkanicznymi
(Gtazéwka, Stawkdw)
Myslachowice conglomerates and tuffs (Karniowice)
Karniowice Travertine
Karniowice Sandstones
< Zlepierice myslachowickie i tufy (okolice Karniowic)
'c § Martwica karniowicka
S 9 . PP —
T 5 Piaskowce karniowickie
(%]
Kwaczata Arkose with Araucarites and red clays
Arkoza kwaczalska z Araucarites
i odpowiadajqce jej czerwone ity
UNCONFORMITY Asturian phase
NIEZGODNOSC Diabase’s intrusions
(NiedZzwiedzia Gora, Zalas lll, W-kie Grogi)
E 3 Productive Carboniferous
Lg g (Libigz, Chetm, taziska and Orzesze Beds - Filipowice and o Faza qsturyjskq
g = Stawkowa) Intruzje diabazéw (.N/e.dz’WIed.zm Gora, Zalas Il
Karbon produktywny Wielkie Grogi)
(warstwy libigskie, chetmskie, faziskie, orzeskie — w okolicach Filipowic
i Stawkowa takze warstwy grupy brzeznej)
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The Arkose sediments thickness exceed often 100 m, but
never 150 m. They usually lie horizontally only in the central
part of the area of their occurrence (around Zagorze), show-
ing about 2°-5° inclination towards the north and north-
-east (Siedlecki, 1952b). The Westphalian sediments have
larger angles of inclination, and it is a cause of incompati-
bility. It is believed that it is the result of Asturian orogenic
phase which caused the tectonic deformations of older layers,
but not arkose sediments. The Paleozoic are covered main-
ly by Tertiary and Quaternary sediments, sometimes also by
Triassic sandstones and claystones (Siedlecki, 1952a, 1952b)
as well as mentioned by Siedlecki (1956) Karniowice Trav-
ertine and Karniowice Sandstones (Fig. 17), Myslachowice
Conglomerates and tuffs (mostly associated with Early Perm-
ian) occurring in the surroundings of Karniowice. Dzutynski
(1956) distinguished a sandy Lower Jurassic series, which
lies directly on the arkose sediments in a natural outcrop lo-
cated on the Dzierwinska Mount (surroundings of Kamien,
over the Vistula River, 10 km south-east of Kwaczata).

The typical element in arkose sediments are silicified tree
trunks, which are the only group of organic remains preserved.
The largest and the most significant appearances of them are
located in the Intrasudetic Basin (mainly area of Nowa Ruda),
the Roztocze and around Chrzandw (Szuwarzynski, 2012). All
these fossils are silicified tree trunks in sandstones and con-
glomerates, to the majority of which the terrigenous origin is
ascribed. There is no possibility to define clear boundaries of
araucaria occurrence in sediments. It is mainly caused by the
lack of arkose outcrops at most of the studied areas. They are
usually covered by younger sediments. Moreover, fragments of
silicified trunks also do not show any regularity of arrangements
in the arkose (Szuwarzynski, 2012). Tree trunks occurred in the

Kwaczata Arkose sediments, have very different sizes, up to
7.5 m length and up to 1.2 m thickness (Rutkowski, 1972).

There is a problem with nomenclature of those silicified tree
trunks in the Kwaczata Arkose because of the great number of
terms in use even though all of them relate to the same type of
wood. In the past, they have been attributed to the primal types
of coniferous plants — Araucarites (Rutkowski, 1972) and today
to the type of Dadoxylon (D. schrollianum Goeppert, D. rollei
Unger, D. saxonicum Goeppert) (Zastawniak, 2001). That term
was created to describe fragments of petrified wood discov-
ered in Upper Carboniferous sediments in Scotland in 1847.
It is typically used for Paleozoic silicified wood and refers to
a specific part of the plants. This part is the trunk, which is built
of a specific tissue — a timber of tubes separated from each
other with a small amount of parenchyma cells. Construction
like this is currently observed in large-leaved gymnospermum
plants (Reymandwna, 1962; Kotasowa, 1968; Pacyna, 2012).

At the same time, in many cases authors of the terms did
not adduce detailed criteria, which could allow to differ new
types of wood from that ones, which have already been char-
acterized. The latest studies show, that the wood found in the
Kwaczata Arkose do not resemble Dadoxylon. It is indicated
by their size and lack of stroma with the characteristic lenticu-
lar air vacuums. Dadoxylon is currently combined with wood
of cordaites (fossil gymnosperms plants). A slender trunk and
extended tree-tops were characteristic for Cordaitinae class.
Their leaves were inflexible, embedded spirally around the
trunk with a wide stroma (Kotasowa, 1968). Cordaites could
attain up to 50 meters in height. In turn the early conifers,
which are considered to be the blank material for the fossil-
ized tree trunks in the vicinity of Chrzandw, had relatively
small sizes (Pacyna, 2012).

Fig. 17. The profile of stratification arkose sediments against adjoining layers (Siedlecki, 1952b) ¢ Profil utozenia osadéw arkozowych

wzgledem warstw sasiednich (Siedlecki, 1952b)

54



Arkose sandstone — a forgotten treasure of Kwaczata

Fig. 18. Fragments of silicified tree trunks with different colors,
phot. A. Ziobro ¢ Fragmenty skrzemieniatych pni o wyraznie r6zno-
rodnych barwach, fot. A. Ziobro

Fragments of the tree trunks were silicified after sedimen-
tation and they lie slightly flattened (axis ratio of vertical to
horizontal is 0.8-0.9) in situ in the sediment (on site) in an
east-west direction (deviation of about 20-30°) (Pawlikowski,
Holcer, 1994). They were placed in the sediments with the ma-
terial washed by massive floods generated in times of rain. The
lack of branches, roots and crust suggests the tree trunks were
transported (in unaffected forms) from distant areas. The lack
of those fragments could be also a result of sharp-edge grains
transported in a suspension. They had to come from the areas,
which had a more humid climate, what allows the development
of those plants. Arkose sediments were deposited in the defi-
nitely warmer and drier climate (Szuwarzynski, 2012).

Trunks have different colors (Fig. 18) from black by pink-
ish to white, but usually they are brownish and dark brown
(Fig. 19). Fragments of the trunks and its surroundings can
be shared into several zones. A detailed description of them
was presented by Pawlikowski and Holcer (1994). In turn

Fig. 19. Fragment of brown silicified tree trunk, phot. J. Stanisz ¢
Fragment skrzemieniatego pnia o barwie brunatnej, fot. J. Stanisz
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other researchers have discussed the structural and textural
characteristics of silicified fragments of tree trunks (Turnau-
-Morawska, Lydka, 1954; Szuwarzynski, 2012).

A source for silicification of wood was silica’s plethora.
Today, around Babice (on the Lipowiec Hill) similar process-
es were observed near mouldered beech’s trunk. As in the
case of araucaria, around the tree trunk reddish (rich in oxides
of Fe) and creamy zones are observed (rich in clay minerals)
(Pawlikowski, Holcer, 1994).

Evaluation of the outcrops’
conservation state and land
development in gorges in Kwaczala

The area of occurrence of the Kwaczata Arkose around
Chrzanéw with silicified fragments of Dadoxylon’s trunks
has not been enclosed with a special protection. So far only
the documentation site in the Grodek Gorge was created (Al-
exandrowicz, Bogacz, 1971). More strict protection could save
the outcrops of these unique deposits from destruction. It does
not mean that attempts were not drawn out. Specific projects of
areservation in Grodek gorge in Kwaczata were made by Mar-
ian Kuc (1959) (Fig. 7). It could protect not only the sandstone’s
outcrops and silicified tree trunks, but also entered the mosses
(Gyroweisia tennis) and ferns (Polystichum aculeatum) found in
gorges as well as the gorges morphology (Szuwarzynski, 2012).

The gorges in Kwaczata village (especially Grodek, which
is rich in arkose’s outcrops), have a considerable scientific
and tourist value. This gorge appeared on the list of 100 geo-
tourist objects in Poland and in the Polish Geosites Central
Register (documentary post — card made by Joniec in 2005).
Currently gorges in Kwaczata are located within Tenczyn
Landscape’s Park (Szuwarzynski, 2012).

Some gorges in Kwaczata can be reached by paths leading
directly from the provincial road number 780, which runs
through the village. The lack of signs indicating the direction
to the gorges describing their geomorphology and geology is
the great impediment. The only source of information is an
imprecise map (Fig. 20) and plaque — pointer.

Fig. 20. Information board in the Kwaczata village, which shows
very general occurrence of the kwaczata arkose sediments, phot.
A. Ziobro < Tablica informacyjna we wsi Kwaczata ukazujaca
bardzo ogélne wystepowanie osadéw arkozy kwaczalskiej, fot.
A. Ziobro
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Fig. 21. Landslide in the Grddek gorge, phot. J. Stanisz « Zsuw zie-
mi w wawozie Grodek, fot. J. Stanisz

As it was described earlier, both the land development of
outcrops in gorges in Kwaczata, as well as the level of infor-
mation about these sediments and their uniqueness is very
wan. They are inaccurate and in some places do not even
exist. In this situation it would be a great idea to create infor-
mation boards about geomorphology and geology of this area.
The most important issue is to create clear and understand-
able geological information for people. Moreover, cleaning the
area up and setting the tables would make gorges significantly
more nice-looking. A great way to attract visitors would be
also building a viewing platform on one of the slopes of the
gorge, for example in Grédek. Unhappily there is a problem
with slipping down ground, which must be solved during land
development (Fig. 21). One of the possible solutions could be
a well-designed drainage near the walls, which are the most
vulnerable on geodynamic deformations.

To improve the tourist and information infrastructure some
promotional works should be organized. Keys are gorges

Grodek and Grabowiec. Outcrops of significant sizes are suit-
able for exposure. Besides signage, it is necessary to mark out
the track to the gorges, and within them, with the possibility
of continuation to the Simota Gorge. It could be a great geo-
tourist offer. As an addition to those activities, an interesting
idea would be also printing and publishing brochures, which
could complete information provided on the plaques.

Summary

Due to the presence in the area unique and rare outcrops
of arkose Kwaczata — carbon-free Carboniferous sediments
with silicified fragments of Dadoxylon’s trunks, Kwaczata
has a unique geologic and tourist potential. In the course of
the authors” works there were several significant outcrops
in gorges (Grodek and Grabowiec) localized west of the
Kwaczata village. A few of the arkose’s outcrops made them
unique. They still are covered by younger sediments and
overgrowing.

The condition of the outcrops is poor but there is still
a huge possibility to save these exceptional sediments from
destruction. To aim this, action to protect these positions and
to promote this geologic valuable element should be taken.
Certainly this would increase the tourist attractiveness of
Kwaczata. It can be achieved by tapping the proposals put
forward in this article.

Fragmented agriculture with small farms dominates in this
area, what is typical for the Matopolska Province, and the
industry is not well developed. The development of geotour-
ism is in fact a great opportunity for progress for this region,
providing possibility of earnings and workplaces for the local
community. In this case, an abiotic object could be a catalyst
for the growth of inhabitants’ entrepreneurship. It should be
remembered, that it would have to be regulated by law, be-
cause there is a great concern about the possibility of devas-
tation and complete destruction of these geological objects.

Streszczenie

Piaskowce arkozowe —
zapomniany skarb Kwaczaty

Jacek Stanisz, Anna Ziobro

Wprowadzenie

Osady arkozy kwaczalskiej wyksztatcone sg jako osady
paleozoiczne (zwiry i piaski stefanu) i zawieraja zsylifikowa-
ne pnie drzew iglastych potocznie zwane araukariami (Rut-
kowski, 1972). Cho¢ dos¢ dobrze zbadane i opisane w lite-
raturze (Siedlecki, 1952a, 1952b; Turnau-Morawska, Lydka,
1954; Siedlecka, Krysowska, 1962; Pawlikowski, Holcer,
1994), s one stabo wyeksponowane w terenie.

Lokalizacja odstonie¢ arkozy kwaczalskiej

Wystepowanie odstonie¢ utworéw arkozowych zwigza-
ne jest gtownie z obszarem potozonym wzdtuz p6tnocnego
brzegu Wisty: Porgha, Alwernia, Babice, Ptaza, Zagorze
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i Chetmek (Fig. 1) (Siedlecki, 1952b). Najwicksze i najlepiej
zachowane wychodnie znajduja si¢ w poblizu wsi Kwaczata
(Wyzyna Krakowsko-Czgstochowska, okolice Alwerni). Od-
stoniecia arkozy w tym rejonie dobrze zachowane sg jeszcze
w wawozach: Kozi Dot (Fig. 2), Grédek (Fig. 3-5) i Gra-
bowiec (Fig. 6). Pozostate wawozy: Miechdwka, Karczusze
oraz Dziewiesiotka porosniete sa obecnie roslinnoscia, zabu-
dowane lub przykryte mtodszymi osadami. Dowiodty tego
prace inwetaryzacyjne przeprowadzone w latach 2010-2011
w rejonie wsi Kwaczata (Fig. 7).

Charakterystyka litologiczna arkozy kwaczalskiej

Piaskowce arkozowe (arkoza kwaczalska) zawieraja
w swoim sktadzie przede wszystkim ostrokrawedziste ziarna
kwarcu (do 61%). Ponadto liczne sg okruchy skaleni potaso-
wych, ortoklazy i mikrokliny (Siedlecka, Krysowska, 1962;
Rutkowski, 1972).

Czestym sktadnikiem arkozy kwaczalskiej jest kaoli-
nit (do 18%) powstaty z przeobrazenia silnie zwietrzatych
ziarn skaleni (Gradzinski, 1972). W jej sktadzie znajduja sie
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tez okruchy skat obcych (otoczakdw), ktére stanowi¢ moga
nawet 35% oraz tyszczyki (gtéwnie muskowit) — do 18%.
W czesciach ilastych dominuje biotyt (Rutkowski, 1972;
Ptonczynski, Lopusinski, 1993). Obecne sg réwniez w arko-
zie mineraty ciezkie. W$rdd nich: cyrkon, staurolit, turmalin,
rutyl, a w mniejszych ilosciach: cyjanit, granat, apatyt (Sie-
dlecka, Krysowska, 1962).

Spoiwo o charakterze matrix (tta skalnego) stanowi w ar-
kozie mieszanina weglanu wapnia, serycytu i zwiazkow ze-
laza. Udziat spoiwa waha si¢ od 13% do 25% objetosci ska-
ly. Materiat jest zwykle bardzo stabo spojony i obtoczony.
Utwory sa raczej luzne, tatwo poddaja sie erozji. Majg zréz-
nicowane barwy — od biatawej przez szarg i rézowawa, nawet
do ciemnoczerwonej (Fig. 8-10) (Siedlecki, 1952b; Szuwa-
rzynski, 2012).

Otoczaki, ktore buduja wkiadki zlepiencoéw, maja rézne
pochodzenie i sa dobrze obtoczone. Przewazaja wsrdd nich
otoczaki kwarcu. Znalez¢ mozna takze okazy lidytow, zwie-
trzatych granitéw, granitognejsow, porfirow kwarcowych,
gnejsow ortoklazowo-biotytowych, gnejséw oczkowych,
gnejsow serycytowo-albitowych, kwarcytoéw z albitem, pia-
skowcéw kwarcytowych, zlepiencéw, a rzadziej otoczakéw
wapieni (Fig. 11) (Pawlikowski, Holcer, 1994). Rozmiesz-
czenie wktadek wykazuje niewielka rozciagtos¢ lateralna.
Osiagaja one migzszos¢ od kilkunastu do kilkudziesieciu
centymetrow (Szuwarzynski, 2012).

Rzadkie i nieregularne wktadki ilaste majg barwe czerwo-
nawg i fioletowawa (Gradzinski, 1972). Czasem pojawiaja
si¢ zielonkawe plamy, co jest wynikiem zachodzacych pro-
cesow redukcji zwiazkdw zelaza. Migzszosci partii ilastych
wahaja si¢ od Kilku centymetrow do nawet kilkudziesieciu
metrow. Czasami tworza one réwniez formy zwane toczen-
cami ilastymi, ktore osiagaja rozmiary do kilkunastu cen-
tymetrow srednicy (rzadko powyzej 30 cm) (Fig. 12) (Sie-
dlecki, 1952b).

Gruboziarniste partie arkozy kwaczalskiej nie wykazu-
ja zbyt wyraznego i regularnego utawicenia (Fig. 13—14).
W miejscach, gdzie daje sie¢ je dostrzec, tawice majg od 3 m
do 5 m. Wida¢ w nich warstwowanie krzyzowe, frakcjonalne
oraz przekatne o kacie nachylenia do dwudziestu kilku stop-
ni na potnoc (Pawlikowski, Holcer, 1994). Ta ostatnia cecha
pozwolita na okreslenie kierunku, z ktérego transportowany
byt materiat, jako potudniowy i potudniowo-zachodni (Rut-
kowski, 1972; Gradzinski, 1972).

Piaskowce arkozowe powstaty w §rodowisku ladowym.
Pory suche przeplatane byty porami deszczowymi, w czasie
ktorych wystepowaty ulewne deszcze. Stabo wysortowany
materiat byt wéwczas wynoszony z masywu Prakarpat przez
okresowe wody o0 znacznej sile transportu. W okresach su-
chych ztozony na ich przedpolu osad poddawany byt gtdwnie
dziataniu wietrzenia mechanicznego, ktére przewazato nad
chemicznym (Szuwarzynski, 2012). Prowadzito to do prze-
mywania i deflacji, wskutek czego materiat drobny zostat
usuniety, a grubszy utworzyt cienka pokrywe (Rutkowski,
1972). Osad ilasty w obrebie arkozy to prawdopodobnie wy-
nik okresowego braku lub znacznego zmniejszenia sity trans-
portowej wody (Rutkowski, 1972).

Specyficznym utworem, ktory spotka¢ mozna w zachod-
niej odnodze wawozu Grddek, sg zlepience rezydualne, be-

57

dace efektem zachodzacych silnych proceséw wietrzenia.
Zbudowane sa gtownie z otoczakéw kwarcu i arkozy, ale
zdarzajg si¢ takze fragmenty innych skat oraz skrzemienia-
tego drewna. Materiat jest zwykle stabo obtoczony i wysor-
towany. Spoiwo stanowi kalcyt, ktéry w wielu miejscach jest
grubokrystaliczny, przez co nadaje skale charakterystyczny
wyglad (Fig. 15-16) (Stomka i in., 2006).

Wiek arkozy kwaczalskiej

Wiek arkozy kwaczalskiej okreslono na stefan (gorny kar-
bon). Unikatowos¢ tych osadow wiaze si¢ z ich nieproduk-
tywnoscig, czyli brakiem poktadéw wegla. Wiek ustalono,
wykorzystujac analogi¢ do arkozy znajdujacej si¢ w niecce
$rodsudeckiej. Diagnoza ta oparta jest na podobnej litologii
utwordw oraz obecnosci w nich skrzemieniatych pni korda-
itow (wczesnych przedstawicieli roslin szpilkowych).

Utwory arkozowe osiagaja zwykle miazszos¢ powyzej
100 m, ale nigdy nie przekraczaja 150 m. Leza zazwyczaj
poziomo. Jedynie w centralnej czgsci obszaru wystegpowania
(okolice Zagorza) wykazuja niewielkie (rzedu 2-5°) nachyle-
nie ku p6tnocy i pétnocnemu wschodowi (Siedlecki, 1952b).
Ich nadktad stanowia oprécz utworéw trzeciorzedu i czwar-
torzedu takze triasowe piaskowece i itowce (Fig. 17, Tab. 1)
(Siedlecki, 1952a; Siedlecki, 1952b).

Skrzemieniale fragmenty pni drzew

Skrzemieniate pnie drzew stanowig wiasciwie jedyna gru-
pe szczatkdw organicznych, ktore zachowaty sie w osadach
arkozowych i sg jej typowym elementem (Fig. 18—19). Pnie
spotykane w osadach arkozy kwaczalskiej maja mocno zr6z-
nicowane rozmiary, maksymalnie osiagaja dtugos¢ do 7,5 m
oraz grubos¢ do 1,2 m (Rutkowski, 1972).

Skrzemieniate pnie drzew dawniej przypisywano do rodza-
ju pierwotnych roslin szpilkowych — Araucarites (Rutkowski,
1972), a wspotczesnie do rodzaju Dadoxylon (D. schrollianum
Goeppert, D. rollei Unger, D. saxonicum Goeppert) (Zastaw-
niak, 2001). Termin ten zostat utworzony w celu opisu ska-
mieniatych fragmentéw drewna odkrytego w osadach gor-
nokarbonskich w Szkocji w 1847 roku. Nazwa ta (cho¢ nie
jest jedynag obecnie uzywana) stosowana jest zwykle w przy-
padku paleozoicznego skrzemieniatego drewna i odnosi sie
do konkretnej czesci rosliny, ktora jest pien. Jest on zbudo-
wany z drewna o cewkach oddzielonych od siebie niewielka
iloscig komorek miekiszu (Reymanéwna, 1962; Kotasowa,
1968; Pacyna, 2012).

Termin Dadoxylon wiaze si¢ aktualnie z drewnem korda-
itow (kopalnych roslin nagozalgzkowych). Klasa Cordaiti-
nae charakteryzowata sie smuktym pniem oraz roztozysta
korong. Liscie byty sztywne, osadzone spiralnie wokét pnia
0 szerokim rdzeniu (Kotasowa, 1968). Kordaity osiagaty do
50 m wysokosci. Natomiast wczesne rosliny iglaste, za kto-
re uwaza si¢ materiat wyjsciowy skamieniatych pni z okolic
Chrzanowa, byly stosunkowo niewielkich rozmiaréw (Pacy-
na, 2012).

Fragmenty pni zostaty zsylifikowane juz po sedymenta-
cji osadéw i spoczywajg w nim in situ (na miejscu) lekko
sptaszczone (proporcja osi pionowej do poziomej wyno-
si 0,8-0,9) w kierunku wschdd-zachod (odchylenie okoto
20-30°) (Pawlikowski, Holcer, 1994).
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Obecnie jedyne fragmenty skrzemieniatych pni znajduja
sie w zwietrzelinie w dnach wawozéw, bedacej swoistym
wtornym ztozem. llo§¢ ich jednak systematycznie maleje
ze wzgledu na eksploatacje przez kolekcjoneréw. Wystepo-
wanie pni w samej arkozie jest rzadkie i maskowane przez
zbieraczy.

Ocena stanu zachowania odstonieé

i zagospodarowania wawozow kwaczalskich

Obszar wystepowania arkozy kwaczalskiej w okolicach
Chrzanowa wraz z zsylifikowanymi fragmentami pni Dadoxy-
lon nie zostat dotychczas objety szczegblng ochrong (poza
utworzeniem w wawozie Grodek stanowiska dokumentacyj-
nego). Powstawaty projekty stworzenia rezerwatu obejmuja-
cego wawdz Grodek w Kwaczale (np. Marian Kuc — 1959 r.).
Dotyczyty one nie tylko ochrony wychodni piaskowcow ar-
kozowych i skrzemieniatych pni, ale takze mchdéw, paproci
oraz samej morfologii terenu (Szuwarzynski, 2012).

Wawozy w Kwaczale maja znaczng wartos¢ naukows
i turystyczng. Szczego6lnie Grdadek, ktdry bogaty jest w od-
stoniecia arkozy (12 punktéw, najwicksze o szerokosci 7 m
i wysokosci 8 m). Wawo0z ten znalazt sie¢ na liscie 100 obiek-
tow geoturystycznych Polski i w Centralnym Rejestrze Geo-
stanowisk Polski (Szuwarzynski, 2012).

Do niektérych z kwaczalskich wawozéw dostaé si¢ moz-
na, podazajac drogami prowadzacymi bezposrednio od drogi
wojewddzkiej numer 780 biegnacej przez wies. Ogromnym
utrudnieniem jest jednak brak tablic wskazujacych kierunek

dojscia do poszczeg6lnych wawozow oraz opisujacych ich
geomorfologie i geologie. Jedyne zrodto informacji to niepre-
cyzyjna mapa (Fig. 20) oraz tablica — kierunkowskaz.

Zar6wno stan zagospodarowania wychodni arkozy w wa-
wozach w Kwaczale, jak i poziom informacji na temat tych
osadow i ich wyjatkowosci sg bardzo nikte, a miejscami wias-
ciwie nie istnieja. Wskazane bytoby utworzenie kilku tablic
informacyjnych o geomorfologii i geologii tego obszaru. Do-
brym pomystem jest réwniez platforma widokowa wzniesio-
na na jednym ze zboczy wawozu Grodek. Problemem, z kté-
rym nalezatoby sie jednak upora¢ podczas zagospodarowania,
sg zsuwy ziemi (Fig. 21). Ponadto warto bytoby zatroszczy¢
si¢ 0 sama promocje wspomnianego obszaru, zwazywszy na
ubogos¢ infrastruktury turystyczno-informacyjnej. Na szcze-
golng uwage zastuguja wawozy Grodek i Grabowiec. Znacz-
nych rozmiaréw wychodnie, ktére sie w nich znajduja sa
odpowiednie do szerszej ekspozycji. Konieczne jest rdwniez
wytyczenie $ciezki do samych wawoz6w oraz w ich obrebie,
z mozliwoscia przediuzenia jako szlaku do wawozu Simo-
ta. Cato$¢ mogtaby stanowic¢ $wietna oferte geoturystyczna.
Oprocz wspomnianych dziatan ciekawym pomystem bytoby
takze drukowanie i wydawanie wiasnych broszur informa-
cyjnych, ktére uzupetnityby informacje zamieszczone na ta-
blicach.

Chcielibysmy serdecznie podzigkowaé recenzentom, Panu
dr. hab. inz. Markowi Doktorowi oraz Pani dr inz. Ewie Welc
za poswigcony czas, wnikliwe oraz trafne uwagi, dzigki kto-
rym niniejszy artyku? jest czytelny i zrozumiaty.
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