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Abstract: Fine-grained conglomerates have been found in five caves in the southern part of Polish Jura: Wierz-
chowska Gorna, Nad Zrodiem V, Bez Nazwy, Jama Ani, Schronisko ze Zwirem. The conglomerates are matrix-
supported and are composed of dark grains, quartz grains, clasts of Upper Jurassic limestones, ferruginous clay
matrix and carbonate cement. The dark grains, characteristic of the conglomerates, formed in Oxisols in tropical or
subtropical climate. The soils formed in Palacogene, probably in Eocene time. They were eroded in Oligocene or
Miocene time and their physically resistant components were redeposited into caves, forming the conglomerates.
Pliocene erosion removed the conglomerates nearly completely, so that only small fragments of them are
preserved until now.

Abstrakt: W pigciu jaskiniach potudniowej czgsci Jury Polskiej (Jaskinia Wierzchowska Gorna, Jaskinia nad
Zrodlem V, Jaskinia bez Nazwy, Jama, Ani, Schronisko ze Zwirem) stwierdzono wystepowanie zwirowcow. Zwi-
rowce o rozproszonym szkiclecie ziarnowym sktadaja si¢ z: ciemnych ziarn, ziarn kwarcu, fragmentéw wapieni
gornej jury i ilasto-zelazistego matriks. Zwirowce spojone sa weglanowym cementem. Charakterystyczne dla
zwirowcOw ciemne ziarna sa pochodzenia pedogenicznego i powstaly w glebach typu Oxisol w warunkach
klimatu tropikalnego lub subtropikalnego. Gleby te rozwijaty si¢ w paleogenie, zapewne w eocenie. W oligocenie
lub miocenie byly one rozmywane, a ich mechanicznie odporne komponenty byty redeponowane w jaskiniach
tworzac zwirowce. Wigksza czgs¢ tych zwirowcow ulegla nastepnie erozji w pliocenie tak, ze do dzisiaj zacho-

waly si¢ jedynie ich niewielkie fragmenty.
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INTRODUCTION

Age of the caves in the southern part of Polish Jura is
determined by most authors at Late Miocene—Quaternary
(R. Gradzinski, 1962; Madeyska, 1977). The last, Late Qua-
ternary, stage of the cave evolution is well documented by
analysis of faunal remains, archaeological material and li-
thology of cave sediments (Madeyska-Niklewska, 1969;
Madeyska, 1981, 1988). A detailed restoration of the earlier
phases of cave filling and origin is precluded by the lack pa-
lacontologically dated sediments older than Early Pleisto-
cene.

Fine-grained conglomerates, recently found in five
caves in the southern part of Polish Jura (M. Gradzinski et
al., 1994, 1995; M. Gradzinski, 1998), seem to shed a new
light on the origin and early evolution of the caves in this
area. The origin of the clastic material in the conglomerates,
the conglomerates’ stratigraphic position, age and signifi-
cance are the topic of this paper.

MATERIAL AND METHODS

The studied conglomerates have been found in five
caves in the southern part of Polish Jura: Wierzchowska
Gorna, Nad Zrodlem V, Bez Nazwy, Jama Ani and Schroni-
sko ze Zwirem (Fig. 1, Table 1). The specimens from the
caves Nad Zrédlem V and Bez Nazwy were from Andrzej
Gorny’s collection and the specimen from Wierz- chowska
Gorna — from Lubomir Zawierucha’s. The specimens have
been collected in caves during exploration by digging. The
conglomerates in these three caves are no more exposed.

Specimens were studied by observation of polished sec-
tions; polished thin sections made from selected portions
were studied under binocular biological microscope, petro-
graphical microscope and scanning electron microscope
(SEM) JEOL 5410 equipped with energy dispersive spec-
trometer (EDS) Voyager 3100. Sediment colour was deter-
mined using GSA Color Chart (Goddard et al., 1970).



114

Table 1

Location and basic morphometric characteristics of the
studied caves

Name of Location Altitude ‘ Length | Source
cave ‘

N . Szelerewicz
WIGIZ?hOW EHTES S ca400m | 960 m | & Gorny,
ska Gorna Valley

1986
Nad Bedkowska | Szelerewicz
, ’)’) L
Zrédiem V Valley 405m - 22m | g
\ o Zarski Gomy &
Bez Nazwy Ravine 410 m 60 m Kurel, 1996
Jama Ani Jamki Ravine, 418 m 158 m | Xamadanisls
et al., 1995
Schronisko | Januszkowa Gémy &.
o g , . 417 m 4m Szelerewicz,
ze Zwirem Gora hill 1990
Al P
THE OCCURRENCE

OF CONGLOMERATES

All caves with conglomerate sediments occur in so
called rocky facies of Upper Jurassic limestones (cf. Dzu-
tynski, 1952). The caves are now inactive and are fragments
of greater ancient systems of underground water circulation,
now largely filled with sediments. Wierzchowska Gorna,
Nad Zrédtem V, Jaskinia Bez Nazwy, and Jama Ani lie on

4]

qKrzeszowice
A\

Fig. 1. Location of studied caves: 1. Wierzchowska Gorna, 2.
Nad Zrédtem V, 3. Bez Nazwy, 4. Jama Ani, 5. Schronisko ze
Zwirem
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Fig. 2. Cave map and cross-sections through meandering gal-
lery in the central part of Jama Ani; arrow points to location of
conglomerate patch on a ledge in the galler

valley slopes within the Ojcow Upland; the Schronisko ze
Zwirem is within an isolated hill of Upper Jurassic lime-
stone, surrounded by Pleistocene sands.

POSITION OF CONGLOMERATES
IN SEQUENCES OF CAVE SEDIMENTS

The Wierzchowska Goérna cave lies in the Kluczwoda
Valley northwest of Krakow (Fig. 1; Szelerewicz & Gorny,
1986). Conglomerates were found in this cave in a dig be-
hind Sala Balowa chamber, at altitude of ca 400 m. They oc-
cur in the lower part of sediments that completely fill a gal-
lery ca 1.8 m high (personal information by Lubomir Za-
wierucha). They are directly underlain by red, cemented
clays with well rounded gravel of Jurassic limestone (see
also Fig. 4) and overlain by brown clays described by Feli-
siak (1997) and including remains of Glis sackdilligensis
(Heller 1930) dating the clays at Biharian. The brown clays
include also clasts of dark-red clays for which Felisiak
(1997) suggests an older, even Pliocene age.

Nad Zrodlem V lies on the slope of Bedkowska Valley
northwest of Krakow (Fig. 1; Szelerewicz, 1996). The con-
glomerates occur in this cave ca 8 m from the entrance un-
der a thick cover of flowstone and stalagmites. The speleo-
thems are radiocarbon dated as older than 40,000 (Pazdur ef
al., 1994). The conglomerates lie directly on the limestone
floor of the cave (personal information by Andrzej Gorny).

Jaskinia Bez Nazwy lies in Zarski Ravine — the right-
side lateral branch of Ractawka Valley (Fig. 1; Gémy &
Kurek, 1996). It entrance was excavated by teams led by
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Fig.3. Jama Ani, ledge in upper part of meandering gallery;
conglemarate lies on it behind the person

Andrzej Gorny in the eighties. A lens of cemented gravel
was found during digging in the bottom of a small pothole
situated a few metres behind the cave entrance (personal in-
formation by Andrzej Gorny).

Jama Ani lies in Jamki Ravine — a side gorge of Sas-
powska Valley (Fig. 1; M. Gradzinski et al., 1994, 1995). Its
entrance lies at altitude of 418 m. The cave is 158 m long
and 30.5 m deep. The main gallery of this cave is a meander
up to 6 m high. The meander has ovate cross-section in its
upper part, with a narrower canyon entrenched into the floor
so that the overall cross-section is of “keyhole” type (cf.

Fig. 4.

Fine-grained conglomerate underlain by red cemented
clays, Wierzchowska Gorna

Ford & Williams, 1989). The conglomerate was found on a
ledge in the meander at the depth of 16.5 m below the en-
trance level, i.e. at altitude of ca 402 m (Fig. 2). They form a
lens of 12 cm maximum thickness. The ledge is situated ca.
0.7 m below the ceiling of the meander and it is a fragment
of the ancient floor of the ovate gallery (Fig. 3). The sedi-
ments probably covered the floor of the gallery or even
filled it completely. The preserved patch of conglomerate is
a remnant left by erosion that removed the conglomerate
from the gallery floor and created the downcut canyon.

Schronisko ze Zwirem lies on the southern slope of the
Januszkowa Géra hill northwest of Olkusz (Fig. 1; Gorny &
Szelerowicz, 1990). It is probably a fragment of a larger de-
stroyed karst cave. The described conglomerates form a
continuous layer, up to about 20 cm, on top of cave sedi-
ments, only fragmentarily covered with a thin layer of hu-
mus.

LITHOLOGY OF CONGLOMERATES

The studied conglomerates are matrix-supported (Figs
4, 5). The clasts are usually chaotically arranged. In two
cases — in Wierzchowska Gorna and Jama Ani — the con-
glomerates display coarse-tail normal grading.

The described conglomerates are composed of: (i) dark
grains of variable roundness, (ii) quartz grains, (iii) angular
fragments of Jurassic limestones and (iv) ferruginous clay
matrix. The conglomerate has carbonate cement. Propor-
tions of the components vary between the studied localities.
Quartz grains dominate in conglomerates from Nad
Zrodlem V and Schronisko ze Zwirem, while the dark
grains dominate in conglomerate from Wierzchowska
Gorna (Figs. 4, 5). The least numerous were angular frag-
ments of Jurassic limestones.

Among the gravel components, the dark grains are the
most differentiated category. Some of them are very well

Fig. 5.

Rounded dark grains, some of them broken; Wierz-
chowska Gorna; transmitted light
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Fig. 6.  Dark grain with concentrically laminated structure (con-
cretion); SEM image in back-scattered electrons; Jama Ani

Fig. 7. Fragment of broken, concentrically laminated dark grain
(concretion), image from binocular microscope, Wierzchowska
Gorna

Agglomerate composed of concentrically laminated
dark grains covered with laminated crust (fragment of ferricrete),
SEM image in back-scattered electrons; Jama Ani

Fig. 8.
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rounded, spheroidal and discoidal with smooth outer sur-
faces. The size of the well rounded grains varies between
0,5 and 10 mm. A part of these grains are brownish black (5
YR 2/1), other are from dark yellowish orange (10 YR 6/6)
to moderate reddish brown (10R 4/6). The subangular dark
grains are mostly from moderate reddish brown (10R 4/6) to
dark reddish brown (10R 3/4), though much lighter grains
also occur — moderate orange pink (10R 7/4) and darker —
olive black (5'Y 2/1). The shape of the subangular grains is
discoidal and their size attains 15 mm.

The quartz grains in the conglomerates are all well
rounded; some of them are coated with black crusts up to
0.2 mm thick. The quartz grains are up to 15 mm in diame-
ter. The angular grains of Jurassic limestones do not exceed
20 mm in size. The matrix of the conglomerates is light
brown (5 YR 5/6) in Wierzchowska Gorna, Nad Zrodiem V
and Schronisko ze Zwirem. The matrix of conglomerates
from Jaskinia Bez Nazwy and Jama Ani is slightly darker
(moderate brown — 5 YR 4/4).

DARK GRAINS

MICROSCOPIC CHARACTERISTICS
OF THE DARK GRAINS

A vast majority of the well rounded dark grains have
distinct concentric laminae typical of coated grains (Fig. 6;
cf. Peryt, 1983), hence their regular shape is better ex-
plained by their mode of growth than by abrasion. Some of
the coated grains are broken, but traces of recoating are
scarce (Fig. 7). A vast majority of these grains lack nuclei.
Sporadically dark grains are aggregates of several grains ce-
mented together and coated with a common laminated crust
(Fig. 8).

Most of the well rounded grains are opaque, while some
are dark red in transmitted light. It is a rule that grains that
are macroscopically brownish-black are opaque. EDS
analyses have shown that the opaque grains are mostly built
of manganese oxides, while the grains macroscopically red
are built of iron oxides (Table 2).

A separate group are well rounded grains lacking con-

Table 2

Main elements (weight percent) of dark grains
of concentrically laminated strugture

Floment e | e
Al 8.87 A 9.83
Si 10.12 10.82
Mn 24.12 470
Fe 10.40 39.48 ’
Mn/Fe 2.85 017
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Fig. 9.

Gorna

Dark grain of homogenous structure (fragment of ferri-
crete ?); SEM image in back-scattered electrons; Wierzchowska

Fig. 10. Angular dark grains (core-stones), alteration is more in-
tense in the outer parts of grains; transmitted light, Jama Ani

centric lamination. They have homogenous internal struc-
ture or have parallel lamination, discordant with their out-
line (Fig. 9). These grains consist of iron oxides. The
rounded forms of the grains that lack concentric lamination
seem related to abrasion.

The laminated dark grains include embedded clastic
components. Observation under petrographic microscope
and EDS analyses revealed the presence of quartz and a
TiO2 mineral — probably rutile or anatase. The detrital ad-
mixture is small in most of the dark grains. Only a few
grains contain significant amounts of detrital elements. In
those grains, the detrital components are concentrated
mainly in the central parts of the grains, where lamination is
obscure or absent. In the outer parts, the lamination be-
comes more regular with the decrease in the content of the
detrital elements. In one case (Schronisko ze Zwirem) a thin
crust of iron oxides covers a broken fragment of a vertebrate
bone.

The internal structure of the angular dark grains differs
from that described above. Their shapes are irregular and
the grains are built of iron and manganese oxides, calcium
carbonate and locally silica (Fig. 10). These grains lack de-
trital quartz grains. Oxides, mainly iron oxides, predominate
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Fig. 11.  Sponge spicule in central part of an angular dark grain —
(core-stone); transmitted light; Jama Ani

Fig. 12. Silicified fragment of echinoderm calcite in central part
of angular grain (core-stone); transmitted light, Jama Ani

in the outer parts of grains and their content gradually de-
creases towards the grain centres. The outer parts reveal
also the presence of rhizoids and fractures, partly filled with
calcite cement and partly with silica. Impregnation by silica
occurs also in form of irregular concentrations in outer frag-
ments of some grains. The internal parts of these grains in-
clude various bioclasts such as sponge spicules, echinoderm
fragments and foraminifers (Figs 11-13). This structure in-
dicates that the described clasts are fragments of altered car-
bonate rocks.

The alteration consisting in impregnation, mostly by
iron oxides, progressed from outside towards the centres of
grains.

THE ORIGIN OF THE DARK GRAINS

The sedimentary features of the conglomerates indicate
that they are clastic sediments laid down by running water.
The dark grains could be thus formed either in caves or out-
side them and brought in caves as allochthonous grains.

The origin of the described dark grains within caves
seems unlikely. Modern analogues of the angular dark
grains have not been found in caves and the rhizoids visible
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Fig. 13. Foraminiferal test in central part of angular grain (core-
stone), transmitted light, Jama Ani

within these grains are more likely to form outside the
caves. Coated grains built of manganese oxides were found
to be forming in caves, but this is an exceptional situation,
described hitherto from Lyon Cave in Philippines only (Hill
& Forti, 1997).

Similarly, lakes may be excluded as the sites of origin
of the dark grains. Though coated grains built of iron and
manganese oxides are known to be forming in lacustrine en-
vironment, but those grains always have nuclei (Harris
&Troup, 1970; Lemoalle & Dupont, 1972), in contrast to
the grains in the conglomerates described here. Such fea-
tures as agglomeration of grains, growth of laminated crusts
composed of iron oxides and impregnation of older rocks
with iron and manganese oxides, resulting in formation of
grains similar to the described here angular dark grains,
have not been observed in lakes.

Nevertheless, equivalents of all the types of dark grains
described from the conglomerates are known from various
types of soils. The grains equivalent to the described here
laminated dark grains form in soils and are described as
concretions (Brewer, 1964; Retallack, 1990). Adjacent con-
cretions in the top part of soil may be cemented together and
form a crust resistant to erosion. Such crusts are named de-
pendent of their mineral composition. Those built of iron
oxides are called ferricrete. Among the components of the
studied conglomerates, the dark grains built of iron oxides
and having parallel lamination or homogenous structure, ag-
glomerates of laminated concretions, and possibly also a
part of single laminated concretions are fragments of ferri-
crete crusts. On the other hand, the angular dark grains
which are fragments of carbonate rocks altered by propagat-
ing inwards impregnation with iron and manganese oxides,
display characteristics of the so called core-stones. Core-
stones are fragments of partly altered parent rocks and occur
in basal parts of soil profiles (Ollier, 1969).

Taking into account the presented facts, one can con-
clude that the described dark grains in the studied conglom-
erates had been formed in soils and were later transported
into caves. Consequently, all grains described above as the
dark grains will be farther referred to as.

M. GRADZINSKI

CONDITIONS OF DARK GRAINS FORMATION

Constituents similar to those described above may form
in various types of soils (Ollier, 1969; Retallack, 1990;
Zhang & Karathanasis, 1997). The determination of the
types of soils in which the described grains formed may
contribute to the restoration of climatic conditions of the
grains origin.

The ferruginous concretions form the upper layer in
Oxisols and in related lateritic mantles (McFarlane, 1976;
Nahon ef al., 1980; Tardy & Nahon, 1985; Retallack, 1990
Taylor et al., 1992). Concretions built of manganese oxides
occur also in Oxisols, but are reported much less frequently
(Glasby et al., 1979; Pracejus & Bolton, 1992). The concre-
tions form by reprecipitation of iron or manganese oxides.
The parent material are natural soil aggregates, known as
peds, covered with a mineral ferruginous or manganiferous
crust, called cutan (cf. Brewer, 1964). During further evolu-
tion peds are transformed into laminated concretions (Na-
hon et al, 1980; Clarke & Chenoweth, 1995). Such concre-
tions form a ferricrete crust in upper part of a mature later-
itic mantle. It is noteworthy, that in the Oxisol profiles and
in concretions formed in these soils, detrital components oc-
cur only as refractory minerals, and this is one of diagnostic
characteristics of this type of soils (Mack et al., 1993).

Manganiferous and ferruginous concretions are also
known from other types of soils, mainly of Spodosols but
also from Alfisols (see Ollier, 1969; Retallack, 1990; Zhang
& Karathanasis, 1997). In the case of Spodosols they are re-
lated with the so-called spodic horizon, where oxides,
mostly iron oxides, precipitate (Retallack, 1990). The ox-
ides in the spodic horizon occur usually as cement binding
various grains, and only subordinately as concretions (cf.
Ollier, 1969; Retallack, 1990, 1993).

Ferruginous core-stones are typical of advanced chemi-
cal weathering (Ollier, 1969). They occur at the contact of
soil with parent rocks, which is known as petroferric con-
tact. Characteristic of it is enrichment of the parent rock in
iron oxides and it may contain more than 30% Fe>Q3. Petro-
ferric contacts are typical of tropical and subtropical climate
(Retallack, 1990).

The above discussion indicates that the dark grains in
the conglomerates are most likely derived from Oxisols.
This is suggested by: (i) the presence of ferruginous core-
stones in the conglomerates, (ii) the presence of quartz
grains and TiO2 as the only clastic admixture in the studied
concretions combined with the lack of chemically labile
components, (iii) the occurrence of ferricrete crust frag-
ments, (iv) the lack of clasts eroded from spodic horizon,
which should be expected were the discussed pedogenic
components derived from Spodosols.

The above conclusion constrains the conditions of ori-
gin of the dark grains. Oxisols and genetically related later-
itic mantles form by advanced weathering in tropical or sub-
tropical climate. They are forming nowadays e. g. in equato-
rial Africa and in equatorial America (McFarlane, 1976;
Nahon ef al., 1980; Brady & Weil, 1999). Climatic condi-
tions necessary for their development include high humidity
and high mean annual temperature, predominating for pro-
longed period. Retallack (1990) estimates the time neces-
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sary for the formation of mature Oxisol profiles at ca. one
million years. Recently Taylor et al., (1992) and Chivas &
Bird (1995) have demonstrated that weathering resulting in
formation of lateritic mantles may also occur in cold climate
but at a much slower rate.

Concretions and core-stones are, apart from ferricrete
crusts, the mechanically most resistant components of Oxi-
sols and lateritic crusts. In the course of soil erosion they are
not destroyed, but are transported and redeposited as grains
(McFarlane, 1976; Clarke & Chenoweth, 1995; Bestland et
al., 1996). This phenomenon is common and occurs on dif-
ferent scales. In some cases it results in deposition of the
so-called detrital laterites (McFarlane, 1976; Bestland e al.,
1996).

Summing up, the facts presented above suggest that the
dark grains present in the conglomerates had formed in soils
in tropical and subtropical climate as a result of advanced
chemical weathering. They were then eroded, transported
and deposited in caves.

AGE OF THE DARK GRAINS

The dark grains are a component of conglomerates that
occur as internal sediment in caves in Jurassic limestones.
The conglomerates are covered with sediments dated palae-
ontologically at Biharian (Wierzchowska Gorna cave) or
older than 40,000 BP (Nad Zrodlem V). Moreover, it is
characteristic that no fragments of rocks of Scandinavian
origin have been found in the conglomerates. Such rock
fragments are common Pleistocene sediments in this area,
described by Walczak (1956). This suggests that the con-
glomerates, and consequently the grains of which they are
built, are older than Pleistocene. Taking into account this
age constraint, the proposed conditions of origin of the dark
grains and the known geological history of the Krakow area
(cf. R. Gradzinski, 1972; Rutkowski, 1989) one can con-
clude that the grains under discussion could form in Palaco-
gene—Early Miocene or Late Miocene—Pliocene times.

A dramatic change in global climate occurred in Terti-
ary. At the Eocene-Oligocene break there was an important
cooling of climate. The change is marked in isotope curves
based on foraminifers and molluscs from marine sediments
(e.g. Buchardt, 1978; Miller, et al., 1987). Though the
curves register a couple of later warmer periods, e.g. in the
middle Miocene, the optimum climatic conditions, such as
those prevailing in pre-Oligocene time, especially in Eo-
cene, have not been restored since. This change was also
manifest in continental climate as is shown by the studies of
the fossil floras (Wolfe, 1980). The warm and humid cli-
mate in Palaeogene time is also evidenced by the formation
at that time of thick bauxite mantles. Bauxites of this age are
known, among others, from Hungary, Istria and Dalmatia
(e.g. D’Argenio & Midszenty, 1995).

In addition, the palacoclimatic reconstructions for the
area of Poland point to a tropical climate in Palacogene (see
reviews by Tyczynska, 1957; Klimaszewski, 1958a,
1958b). This climate was favourable for advanced chemical
weathering, as is shown by Paleogene deposits found in Po-
land. Kaoline mantles are known from the Sudetes
(Kosciowka, ef al., 1978; Dyjor, 1978). So called moulding
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sands were laid down in other areas of Poland (see R. Gra-
dzinski, 1977; Bosak et al., 1979; Glazek & Szynkiewicz,
1980). These deposits, occurring in the central and northern
part of Polish Jura, are the result of advanced chemical
weathering of Cretaceous rocks as is shown by the assem-
blage of refractory heavy minerals found in them (Bosak ez
al., 1979). These sediments were later redeposited into vast
karst depressions (R. Gradzinski, 1977). In the moulding
sands from Okraglik (central part of Polish Jura), Krysow-
ska-Iwaszkiewicz (1974) found dark brown spherolitic ag-
gregates of clay minerals, whose origin may be similar to
that of the concretions described here. Krysowska-Iwasz-
kiewicz (1974) assigns also a Palacogene age to kaolinitic
weathering mantles that fill fossil depressions and karst
conduits in the central and northern parts of Polish Jura.
Conditions favourable for the development of tropical karst
prevailed thus in the southern part of Polish Jura, where the
studied caves are situated, and the so called Palacogene pla-
nation surface was formed then (Klimaszewski, 1958a,
1958b; Pokorny, 1963). It may be thus accepted that condi-
tions especially favourable for the origin of the described
dark grains prevailed in Palacogene, especially Eocene
times.

This conclusion is corroborated by the relatively com-
mon occurrence of similar ferruginous concretions in
Palacogene palacokarst sediments in Europe. Such concre-
tions have been described from France, Belgium, Germany
and Switzerland (Schwarzbach, 1975; Groschopf, 1980;
Bardossy et al., 1989). Their concentration had been so high
in some areas that they had economical importance (Bar-
dossy et al., 1989).

Concretion similar to those described here have been
found at many localities in southern Poland, especially in
the southern part of Polish Jura. Concretions described as
“ruda bobowa” (pellet ore) were first found in Polish Jura
by Samsonowicz (1934) in sediments filling a fossil karst
cave at Weze near Dzialoszyn. The concretions were
“limonitic-argillaceous, of very small size (poppy seed-
size)” (Samsonowicz, 1934, p. 156). Rozycki (1960) de-
scribed “lumps of ochreous limonite” from Bleszno near
Czestochowa. The lumps, together with quartz conglomer-
ate redeposited from Cenomanian sediments and fragments
of Jurassic limestones, built conglomerates that partly filled
a cave exposed by a quarry. The occurrence of similar con-
cretions has been reported by Gilewska (1963) from a filling
of a fossil karst form on Silesian Upland. Pokorny (1963, p.
172) notes “tiny ferric-manganese concretions, also sili-
ceous concretions with a ferric coating” in reddish-brown
clays directly overlying the Jurassic limestones near Jerz-
manowice (southern part of Polish Jura). Kowalski (1971)
found similar concretions in sediments in Jaskinia Ciemna
cave (Pradnik Valley, southern part of Polish Jura). Glazek
et al. (1976, 1977) described similar concretions from sedi-
ments filling fossil caves on the Draby hill in the northern
part of Polish Jura, Madeyska (1977, 1988) from sediments
of Schronisko Bramka (Saspowska Valley), and Bednarek
& Liszkowski (1982) from fossil weathering mantles at
Dzibice. Joachim Szulc (personal information, 1998) found
ferruginous concretions in fills of karst dolinas near Opole.

The age of the concretions-bearing sediments has been
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variously estimated by various authors at Palacogene, Mio-
cene, Pliocene and Pleistocene. The main reason for the age
estimate was in most cases the lithology of sediments. The
only exception is the locality Weze (known as Weze-1)
which has rich palacontological evidence. The age of verte-
brate bones in successive layers with concretions has been
determined at Biharian, Lower Villafranchian and Ruscin-
ian, respectively (Glazek er al, 1975 and references
therein). The small sizes of concretions found at Weze-1
differ them from those described here and may suggest that
the weathering mantles in which they formed could be im-
mature. It should also be noted that the age of the bones is
not conclusive for the age of the concretions as the latter
could be redeposited from older sediments. For the reasons
presented above the age accepted for the earlier known sedi-
ments with ferruginous or manganiferous concretions, de-
scribed from the area of southern Poland can not be applied
to the conglomerates described in this paper. Consequently,
for the present author this age is not the base for the determi-
nation of the age of the dark grains described here. Moreo-
ver, the often imprecise descriptions of the dark concre-
tions, found in the literature, preclude their precise compari-
son to the dark grains described here.

All the presented facts seem to corroborate Palacogene,
most likely Eocene, age of the dark grains in the described
conglomerates. A younger age of these grains can not be,
however, excluded. Nevertheless their formation in Mio-
cene time seems impossible because of the tectonic activity
in the area and related intense denudation after the regres-
sion of the Miocene sea, and also because of relatively dry
climate in early Miocene time (cf. Hsii ez al., 1977; Hsii &
Giovanolli, 1979) not favourable for intense chemical
weathering. More favourable conditions prevailed instead
in Pliocene time, but even than climate was less warm and
drier, at least temporarily, than in Palacogene and Eocene.

THE AGE AND ORIGIN
OF CONGLOMERATES

The described conglomerates were laid down by subter-
ranean streams. As the conglomerates at all the described
localities are similar, they are probably deposits of the same
stage of cave filling. All the studied conglomerate occur-
rences are remnants left after removal of once more abun-
dant sediments that filled the caves. Taking into account the
postulated age of the dark grains and the geological history
of the Polish Jura area, two hypotheses may be proposed: (i)
that the conglomerates formed in Oligocene-Miocene time
and were removed in Pliocene or Early Pleistocene (before
glaciation) and (ii) deposition of conglomerates in Pliocene
and their removal also in Pliocene or Early Pleistocene (be-
fore glaciation). The differences in published opinions on
the Tertiary evolution of the southern part of Polish Jura, es-
pecially on the age of faults, age and evolution of relief, the
extent of the Miocene transgression and the degree of Plio-
cene—Quaternary erosion, preclude a precise verification of
these hypotheses. The second hypothesis conforms the hith-
erto accepted opinions on the age of caves in the southern
part of Polish Jura (R. Gradzinski, 1962) and on the age of

the oldest sediments filling those caves (Madeyska, 1977)
so it will be not discussed here in detail. The present author
is inclined to accept the first hypothesis and this is discussed
below.

A planation surface, truncating sediments, from Palaeo-
zoic in the west through Cretaceous in the east, developed in
the southern part of Polish Jura in Palacocene or Eocene
times (Dzutynski, 1953; Klimaszewski, 1958a, 1958b; Pok-
orny, 1963; Gilewska, 1972). Oxisols with the dark grains,
found in conglomerates described here, were most likely
formed on this surface. The admixture of quartz grains in
the conglomerates might come from Cretaceous sediments
eroded at the same time. It may be supposed that the dissec-
tion of the planation surface began in Oligocene. Glazek and
Szynkiewicz (1980, 1987) link this process with the initial
phase of the Meta-Carpathian Rise uplift. It was probably at
that time when valleys began to form in this area. This is
suggested by the fossil valleys near Rudawa (Alex-
androwicz, 1969), a fossil valley near Chrzanow (Panek &
Szuwarzynski, 1976), palacovalleys preserved at the base of
Miocene sediments of the Carpathian Foreland (Oszczypko
& Tomas, 1976) and fossil valleys found near Zabierzow
(Felisiak, 1992). The existence of a marked relief before the
Badenian transgression is indirectly indicated by the results
of studies on the Miocene littoral sediments (Radwanski,
1968).

Coeval with the evolution of relief was probably the
formation of an underground water circulation system,
which probably partly used an earlier karst system. Frag-
ments of such old, now completely filled, channels near
Krakéw have been described by R. Gradzinski (1962). Gla-
zek and Szynkiewicz (1980) postulate Miocene age of some
now accessible caves in Polish Jura. The Oligocene chan-
nels of underground circulation were being filled with vari-
ous clastic sediments. It was at that, Oligocene, time when
conditions were favourable for deposition of conglomerates
including material from removal of Oxisols.

The upper time limit of the cave filling is difficult to as-
certain. These processes could cease at the beginning of the
Badenian age with the onset of Miocene transgression (cf.
Ney et al., 1974). They could, however, continue through
Badenian and Sarmatian times if the area under discussion
was not inundated by the sea. This is still a point of debate.
Some authors accept the northern boundary of the Miocene
sea at the line of the Krakow Bedzin Fault, i.e. roughly at
northern margin of the Krzeszowice Graben (Bogacz, 1967;
Ney et al., 1974), while others suggest a farther extent of the
Miocene transgression (Dzutynski ef al., 1966; Glazek &
Szynkiewicz, 1987). The northernmost locality with marine
Miocene sediments is at Wielka Wies, at altitude of 360 m
(Friedberg, 1933). If the area where the studied caves occur
was not covered by the Badenian transgression, the devel-
opment of caves and their filling could last longer, until dry-
ing of climate in the early Pannonian (cf. Hsii & Giovanolli,
1979).

Conditions favourable for cave rejuvenation, that is ero-
sion and removal of earlier deposited sediments and inclu-
sion of older caves into the active system of karst water cir-
culation (Bosak er al., 1989), were established in Dacian
time. The cave rejuvenation was related to intense erosion
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caused by lowering of regional base of erosion (Glazek &
Szynkiewicz, 1987). For the southern part of Polish Jura the
regional base of erosion was the Black Sea since the begin-
ning of Pleistocene (cf. Lewandowski, 1993). The lowering
of the base of erosion may be related to the Messinian crisis,
lasting from the Pannonian through Dacian stage, when the
level of the Black Sea dropped by ca. 1,600 m (Hsii & Gio-
vanolli, 1979). The effect of the Messinian crisis was addi-
tionally augmented by the uplift of the Meta-Carpathian
Rise (Gtazek & Szynkiewicz, 1987). It should also be noted
that the termination of the Messinian crisis was connected
with humidification of climate, which additionally favoured
processes of erosion and cave rejuvenation. It was then
when the described conglomerates have been removed,
leaving only scarce remnants. The older caves, cleared of
sediments, were incorporated into a new system of under-
ground circulation, related to the new network of valleys in
the southern part of Polish Jura (cf. R. Gradzinski, 1962;
Dzutynski et al., 1966; Glazek, 1989). The caves were then
filled with sands and clay-rich debris in Pleistocene time (cf.
Madeyska-Niklewska, 1969; Madeyska, 1981).

It can not be excluded, however, that non-fossiliferous
sediments that occur at the base of the clastic sediments in
caves in the southern part of Polish Jura (cf. Madeyska-
Niklewska, 1969; Kowalski, 1971; Madeyska, 1977, 1988;
Mirostaw-Grabowska, 1997) are coeval with the conglom-
erates described here. This seems especially likely for the
sediments that include dark mineral concretions, described
from the Schronisko Ciasne and Ciemna caves (Kowalski,
1971; Madeyska, 1977, 1988). As for now, the opinions ex-
pressed above can not be fully verified. This would require
additional studies, based on a richer material. Such studies
seem to be important because the acceptance of an Oligo-
cene-Miocene age of the studied conglomerates requires a
revision of the views on the age of caves in the southern part
of Polish Jura and indirectly confirms the existence of a dif-
ferentiated relief in the studied area before the onset of the
Miocene transgression.
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Streszczenie

WIEK I ZNACZENIE ZWIROWCOW
W JASKINIACH OKOLIC KRAKOWA
(JURA POLSKA)

Michal Gradzinski

Brak w jaskiniach potudniowej czgsci Jury Polskiej datowa-
nych paleontologicznie osadow starszych od wczesnego plejstoce-
nu uniemozliwia dokonanie precyzyjnej rekonstrukeji weze$niej-
szych etapéw rozwoju tych jaskin. W ostatnich latach w pieciu
jaskiniach tego rejonu stwierdzono wystgpowanie Zzwirowcow,
ktore zdaja si¢ rzuca¢ nowe $wiatlo na kwestie powstania i
wczesnych etapow rozwoju jaskin tego obszaru. Pochodzenie ma-
teriatu budujacego zwirowce, ich pozycja stratygraficzna, wiek i
znaczenice jest przedmiotem niniejszej pracy.

Badane zwirowce zostaly stwierdzone w pigciu jaskiniach
potudniowej czesci Jury Polskiej: Jaskini Wierzchowskiej Gornej,
Jaskini nad Zrodlem V, Jaskini bez Nazwy, Jamie Ani i Schroni-
sku ze Zwirem (Fig. 1, 2, 3; Tabela 1). Plytki cienkic ze zwirow-
cow byty analizowane w mikroskopie petrogaficznymi i w skanin-
gowym mikroskopie elektronowym z przystawka EDS.

Wszystkie jaskinie, w ktorych wystepuja zwirowce sa rozwi-
nigte w wapieniach gornej jury. Obecnie jaskinie te sa niektywne i
stanowia fragmenty wigkszych, czgsciowo zapelnionych osadami
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systemow odwodnienia krasowego. Zwirowce stwierdzono w spa-
gowej czgsel profili osadow wypelniajacych jaskinie lub bezpo-
érednio na skalnym dnie tych jaskin. Zwirowce sa pozostatoscia po
wigkszej ilosci osadow wypehiajacych jaskinie 1 wyprzatnictych
przez erozjg.

Badane zwirowce maja rozproszony szkielet ziarnowy (Fig.
4, 5). Ulozenie komponentéw frakcji zwirowej zazwyczaj jest
chaotyczne. W dwodch przypadkach — Jaskinia Wierzchowska
Gorna, Jama Ani — dyskutowane zwirowce cechujg si¢ uziarnie-
niem frakcjonalnym normalnym typu coarse-tail grading. Dysku-
towane zwirowce zlozone sa z: (i) ciemnych ziarn o réznym
stopniu obtoczenia, (ii) ziarn kwarcu, (iii) ostrokrawedzistych
fragmentow wapieni jurajskich i (iv) matrix ilasto-zelazistego.
Zwirowce sa spojone weglanowym cementem.

Sposrod  komponentéw  budujacych zwirowce najbardziej
zroznicowane sg ciemne ziarna. Czg$¢ z nich cechuje sie bardzo
dobrym obtoczeniem, ksztattami okragtymi do dyskoidalnych i
gladka zewnetrzng powierzchnia. Wielkos$¢é dobrze obtoczonych
ciemnych ziarn waha si¢ od 0.5 mm do 10 mm. Natomiast ciemne
ziarna zle obtoczone majg ksztalt dyskoidalny, a ich wielkos¢
sigga 15 mm.

W obrazie mikrokopowym zdecydowana wigkszos¢ dobrze
obtoczonych ciemnych ziarn wykazuje wyrazna koncentryczng
laminacja typowa dla ziarn obleczonych (Fig. 6). Cz¢s$¢ z nich jest
pokruszona (Fig. 7). Zdecydowana wigkszo$¢ tych ziarn jest poz-
bawiona jader. Sporadycznie ciemne ziarna tworzg aglomeraty
ztozone z kilku scementowanych ziarn i czesto pokryte sg lamino-
wana krusta (Fig. 8). Sposrod dobrze obtoczonych ciemnych ziarn
cze$¢ jest nieprzezroczysta w Swietle przechodzacym, natomiast
cze¢$¢ ma ciemnoczerwone barwy w Swietle przechodzacym.
Analiza EDS wykazala, Ze ziarna nieprzezroczyste zbudowane sa
gtownie z tlenkdw manganu, natomiast ziarna o makroskopowej
barwie czerwonej zbudowane sa z tlenkdéw zelaza (Tabela 2).
Znikoma ilo§¢ ciemnych ziarn ma homogeniczng budowe wew-
netrzng lub posiada laminacje plaska, nie nawiazujaca do powierz-
chni ziarn (Fig. 9).

Odmienna budowa wewnetrzng w stosunku do opisanych
powyzej ziarn charakteryzuja si¢ nieobtoczone ciemne ziarna. Sg
one zbudowane z tlenkow Zelaza 1 manganu, weglanu wapnia oraz

lokalnie z krzemionki (Fig. 10). Tlenki, gtéwnie zelaza, dominuja
w zewnetrznej czesci ziarn, a ich ilos¢ maleje stopniowo w strone
srodka ziarn. W zewnetrznej czg$ci czytelne sa rowniez rizoidy i
spekania, wypelnione czg¢$ciowo cementem kalcytowym, a czes$-
ciowo krzemionka. W wewnetrznej czgsécei tych ziarn zachowane
sa roznorodne bioklasty jak: igly gabek, fragmenty szkartupni i ot-
wornice (Fig. 11, 12, 13). Taka budowa wskazuje, ze opisane
klasty sg fragmentami zmienionych skat weglanowych. Zmiany
polegajace na przesyceniu glownie tlenkami zelaza, postgpowaty
od zewnetrznej czesci w kierunku Srodka ziarn.

Odpowiedniki wszystkich ciemnych ziarn wystepujacych w
zwirowcach znane sa z réznego typu gleb. Sa to konkrecje, sko-
rupy ferricrete i klasty typu core-stone. Wszystkie powyzsze kom-
ponenty powstajg w glebach typu oxiso/ 1 zwiazanych z nimi po-
krywach laterytowych (McFarlane, 1976; Nahon et al., 1980;
Tardy & Nahon, 1985; Retallack, 1990; Taylor er al., 1992).
Dowodzi to, ze wystepujace w zwirowcach ciemne ziarna pow-
staly w warunkach sprzyjajacych rozwojowi gleb oxisol, czyli w
klimacie tropikalnym lub subtropikalnym. Biorac pod uwage pro-
ponowane warunki powstania ziarn pedogenicznych, histori¢ geo-
logiczng obszaru krakowskiego (cf. R. Gradzinski, 1972; Rut-
kowski, 1989) a takze zmiany klimatyczne zachodzace w trze-
ciorzedzie (cf. Buchardt, 1978; Hsii & Giovanolli, 1979; Miller er
al., 1987) mozna stwierdzi¢, ze dyskutowane ziarna najprawdopo-
dobniej powstaly w czasie paleogen—wczesny miocen, a zwlaszcza
w czasie eocenu. Paleogenski wiek ziarn budujacych zwirowce i
pozycja stratygraficzna zwirowcOw pozwala na postawienie
dwach hipotez: (i) zwirowce byly zdeponowane w czasie oligo-
cenu—miocenu 1 w znacznej czg$ci usunicte w pliocenie lub we
wezesnym plejstocenie (przed zlodowaceniami) i (i) zwirowce
byty zdeponowane w pliocenie i w znacznej czgsci usunigte row-
niez w pliocenie lub we wezesnym plejstocenie (przed zlodowace-
niami). Autor przychyla si¢ do pierwszej hipotezy, ktora stoi w
sprzecznosci z dotychczas przyjetymi koncepcjami dotyczacymi
wieku jaskin potudniowej czesci Jury Polskiej (R. Gradzinski,
1962) jak 1 wiceku najstarszych osadow te jaskinie wypelniajacych
(Madeyska, 1977). W obecnej chwili nie mozna jednak ostatecznie
zweryfikowac postawionych powyzej hipotez.



