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ABSTRACT:

Krajcarz, M.T. 2023. Pre-LGM loess deposits in caves of Polish Jura — occurrence and stratigraphic importance.
Acta Geologica Polonica, 73 (3), 433—452. Warszawa.

Loess is an important component of cave deposits. Loess and loess-like strata in caves and rock shelters may
serve as stratigraphic correlative units and paleoclimate indicators. For the Polish Jura (southern Poland), one
of the key regions of cave deposits studies in Europe, the published information concerning the stratigraphic
importance of loess is limited to the sequences from around the Last Glacial Maximum (LGM). In this paper,
a review of the archival data about loess deposits situated below the LGM strata in caves and rock shelters of
the Polish Jura is presented. The paper discusses the occurrence, lithology, stratigraphy, chronology and paleo-
ecology of the pre-LGM cave loess. The most important sites of the pre-LGM cave loess in the region include:
Bisnik Cave, Nietoperzowa Cave, Mamutowa Cave, and Ciemna Cave (only the outer zones). The loess strata in
these sites correlate with cold Marine Isotope Stages (MIS): mid-3, 4, Sb—d, 6, and possibly 10. They represent
all the main facies of cave loess: typical eolian loess, colluviated loess-like deposits, loess with bedrock debris,
and loams of complex grain-size composition but with the predominance of a loess component. Stratigraphic
correlations with loess-paleosol sequences are proposed.
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Poland.
I dedicate this paper to Professor Leszek Lindner,
who taught me the art of Quaternary stratigraphy.
INTRODUCTION strata therefore make good marker horizons, recording

Loess is among the most characteristic deposits
of the Pleistocene age. Currently, this type of sedi-
ment accumulates in limited zones of the world, but
not in Europe (Derbyshire et al. 1998; Lozek 2021).
Therefore, it has no direct actual representation in the
European continent and must be regarded there as a
fossil record of currently absent conditions, which are
commonly interpreted as being a cold and extremely
arid continental climate of a periglacial or desert
zone (Pye 1995; Wright 2001; Muhs and Bettis 2003;
Dlussky 2009; Jary 2009; Lanczont et al. 2023). Loess

periglacial periods. Loess profiles — containing also
intercalated deposits, such as paleosols and solifluc-
tion layers — have been used for nearly a century as key
logs for the Quaternary stratigraphy in Europe, Asia
and North America (e.g., Kukla 1987, 1975; Lindner
1991; Dodonov and Baiguzina 1995; Shackleton et
al. 1995; Maruszczak 1996; Frechen and Yamskikh
1999; Lindner et al. 2002; Jary 2007; Antoine et al.
2013; Lanczont and Madeyska 2015; Markovi¢ et al.
2015; Dzierzek and Lindner 2020; Lehmkuhl et al.
2021). An advantage of studying loess is that a wide
spectrum of dating methods can be applied for these
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sediments, including lithostratigraphy, pedostratigra-
phy, luminescence (TL, OSL, IRSL) dating, magneto-
stratigraphy, biostratigraphy (based e.g., on mollusks),
and in some cases tephrochronology, radiocarbon dat-
ing and archaeological dating (Beer and Sturm 1995;
Mabher et al. 2002; Lang et al. 2003; Roberts 2008,
2015; Dlussky 2009; Antoine et al. 2013; Lanczont and
Madeyska 2015; Lozek 2021).

However, besides this huge stratigraphic potential,
the direct correlation of loess profiles with other types
of sediments (e.g., lacustrine, bogs, fluvial, glacial)
is rather limited. This is partially due to the rarity of
interlayering between loess and sediments of other
environments, which is an effect of the elevated topo-
graphic situations where loess typically occurs — on
the tops and slopes of hills. And it is partially due to
the different climatic conditions that favored accumu-
lation of loess and of other types of sediments, which
often resulted in diachronic accumulation. There
are few sedimentary environments that coalesce the
depositions of loess and other types of sediments at
the same place, and one of them is the cave environ-
ment. Several facies of sediments are known from
the near-entrance parts of caves and rock shelters,
such as: fluvial deposits, speleothems, rockfall debris,
colluvial deposits, biogenic and anthropogenic accu-
mulations, and also loess-like sediments (Bosch and
White 2004; White 2007; Mallol and Goldberg 2017).
Many caves, being sediment traps, have collected
sediments continuously for long time intervals (e.g.,
Ford 1988; Goldberg and Macphail 2013), both during
the periods of periglacial conditions (i.e., when loess
could have accumulated) and during more humid and/
or warm times (when other types of sediments were
deposited). This has created a potential for gathering
and preserving interstratifications of loess with other
sediments, and has produced sequences that are of
great correlative importance.

In Poland, among several regions with karst phe-
nomena, the best studied in terms of the lithology
and stratigraphy of cave fills is the Polish Jura, also
known as the Krakow-Czgstochowa Upland. Variable
cave sediments are widely known from caves and
rock shelters in this region (Madeyska 1981, 1988;
Madeyska and Cyrek 2002). The presence of loess
and loess-like sediments was commonly noticed
(e.g., Krukowski 1939; Madeyska-Niklewska 1969;
Madeyska 1981, 1988; Kowalski 2006; Krajcarz et
al. 2012, 2014, 2020; Wilczynski et al. 2020; Kot et
al. 2022a). The best preserved and known are loess
deposits from around the Last Glacial Maximum
(LGM), mentioned from numerous sites. The stratig-
raphy of cave loess and loess-like deposits of LGM

chronology was comprehensively presented in the
review of Krajcarz ef al. (2016). However, cave loess
deposits of younger (i.e., post-LGM) and older (i.e.,
pre-LGM) chronologies remain underemphasized in
the literature. In this review I focus on the pre-LGM
loess in caves. The goal of this paper is to collect all
archival data about the occurrence of pre-LGM loess
and loess-like deposits in caves and rock shelters of
the Polish Jura, and to provide a critical evaluation
and remarks on the usefulness of such strata as cor-
relative horizons.

MATERIAL AND METHODS

This paper is intended as a review of archival and
literature data. The research method was search of the
literature and critical evaluation of published data.
The most important sources of information are those
publications that present the lithology and stratigra-
phy of cave deposits with long profiles and complex
stratification. These include monographic studies of
sediments of caves and rock shelters, mostly resulting
from archaeological excavations. The key references
are: Krukowski (1939); Madeyska-Niklewska (1969);
Madeyska (1981, 1988, 1992); Cyrek et al. (2000);
Kowalski (2006); Mirostaw-Grabowska (2002a);
Nadachowski et al. (2009); Krajcarz ef al. (2014); and
Valde-Nowak et al. (2014).

Terminology

In this paper I focus on the near-entrance facies
of cave sediments, which is defined here after Kukla
and Lozek (1958) as sediments which accumulated
under the direct impact of external environmental
conditions (such as climate, weather, atmospheric
processes, biological activity). Such sediments oc-
cur around cave openings, as well as several meters
towards the cave interior and usually also several
meters in front of the cave (where they represent the
original deposits laid down inside the cave, followed
by later exposure due to a partial collapse of the
cave walls and roof). Such situations are known as
denuded caves or unroofed caves (Sustersi¢ 2007).

The term ‘loess’ is used in this paper in a wide
sense, as an umbrella term for any sediments of pre-
dominantly silty grain-size composition, yellowish
macroscopic appearance, predominance of quartz
and feldspar in a mineral composition, typically with
the presence of carbonates, of variable compaction
and cementation state, and of polygenetic origin.
This approach follows the definitions of loess sensu



PRE-LGM LOESS IN CAVES OF POLISH JURA 435

lato (Pésci 1990; Smalley and Jary 2004; Jary 2007).
Several facies can be distinguished among loess
defined in this way, including typical eolian loess,
re-deposited loess-like accumulations underneath
slopes, alluvial loess etc. The term ‘cave loess’ is
used here after Krajcarz et al. (2016) for such widely
understood loess that occurs in the near-entrance
parts of caves and rock shelters. This is a similar term
to Hohlenloss used by other authors (e.g., Prosek and
Lozek 1957; Frank 1990). According to Krajcarz et
al. (2016), three main facies are known among LGM
cave loess deposits in the caves of the Polish Jura:

Type 1: Typical loess — composed of silty material,
yellowish, massive or with weakly marked sub-hori-
zontal lamination. This type may be interpreted as
being of eolian origin and fills the narrow definition
(sensu stricto) of loess (e.g., Pye 1995; Follmer 1996).

Type 2: Loess with rock debris — material of bi-
modal grain-size distribution, whose one component
is silt similar to typical loess, and another is gravel
and boulders composed of the local bedrock mate-
rial, which most usually is a massive Oxfordian lime-
stone. Sedimentary structures are usually not visible;
however, a common textural feature is a gradual up-
ward or downward decrease of the amount and size of
gravel/boulder clasts. This type fits to the sediment
group of /essoids defined by Pye (1987).

Type 3: Re-deposited loess — clearly laminated
silty material, sometimes with intercalations of an-
other material (such as sand and humus) and with
normal grading within laminas; sometimes these
sediments fill erosional channels. Such deposits may
be interpreted as a result of colluvial or proluvial
action, in particular, sheet-wash or concentrated lin-
ear erosion followed by accumulation in a temporary
stream, and fills the definition of loess-like deposits
provided by Lozek (2021).

Along with the above, one more type of cave de-
posit shares some similarities with loess and loess-
like deposits sensu lato:

Type 4: Silty loams — massive diamictons com-
posed of co-occurring fractions of silt, clay, sand,
gravel, and sometimes also boulders, usually with
the predominance of silt and gravel components,
with grain size composition typical of loams (ac-
cording to the terminology of the US Department of
Agriculture), or silts/clayey silts/silty coarse clays/
silty medium clays (according to EU standard EN-
ISO 14688). This type is very common in the near-en-
trance facies of cave fills and is sometimes referred
to as a ‘cave loam’ or ‘loessy loam’ (Madeyska 1981,
1982b). It resembles type 2 (loess with debris), but
differs by having a higher amount of clay, greater

cohesion, alteration of limestone clasts (rounding,
smoothing), and sometimes darker color and content
of humus. Sediments of such textural characteristic
may result from a combination of many sedimen-
tary agents (such as: eolian deposition; rock fall and
further physical disintegration of clasts; chemical
weathering; infiltration and illuviation; biogenic ac-
cumulation; see Madeyska 1981, Nejman et al. 2017).
Therefore, they should be thoroughly regarded as a
variant of a cave loess only if the silt component
clearly predominates and any distinct traces of other
sedimentary environments are lacking.

RESULTS
Occurrence of pre-LGM cave loess

In contrast to the LGM series of cave loess that is
common in caves and rock shelters of the Polish Jura
(Krajcarzet al. 2016), the occurrence of pre-LGM cave
loess was confirmed in only a few sites (Text-fig. 1).
The list of caves that undoubtedly host the pre-LGM
cave loess is limited to: Bisnik Cave, Nietoperzowa
Cave, Mamutowa Cave, Ciemna Cave, and Ogrdjec
near Ciemna Cave. Disputed, weakly preserved or

Text-fig. 1. Location of cave sites with pre-LGM loess deposits:
1 — the main sites (B$ — Bisnik Cave, Ci — Ciemna Cave, Ma —
Mamutowa Cave, Ni — Nietoperzowa Cave, Og — Ogrojec); 2 —
other sites (De — Deszczowa Cave, DS — Dziadowa Skata Cave, JS
— Jasna Strzegowska Cave, Km — Komarowa Cave, Kz — Koziarnia
Cave, Lo — Lokietka Cave, OW — Cave in Okiennik Wielki, TW —
Tunel Wielki Cave, ZD — Zamkowa Dolna Cave, ZP — Caves II and
111 in Ztoty Potok); 3 — Polish Jura (Krakow-Czgstochowa Upland);
4 — distribution of loess.
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weakly documented records possibly are also known
from: Deszczowa Cave, Dziadowa Skata Cave, Jasna
Strzegowska Cave, Komarowa Cave, Koziarnia Cave,
L okietka Cave, and Tunel Wielki Cave.

Bisnik Cave

Bisnik Cave is the most important site in terms of
the pre-LGM cave loess stratigraphy. Within its >6 m
long profile of sediments there are at least four strata
of loess deposits preserved in superposition below the
LGM series (Text-fig. 2, see also Krajcarz et al. 2016).
The lithology and stratigraphy of the Bisnik Cave sed-
iments was presented in several monographic papers
(Mirostaw-Grabowska 2002a, 2002b; Krajcarz et al.
2014) and here I summarize these descriptions.

Bisnik Cave
Main Side Side
Chamber Chamber Shelter

@

0 m—

The uppermost of the pre-LGM cave loess units
in Bisnik Cave is Layer 8. Unfortunately, this stra-
tum has been entirely excavated in the course of
archaeological work and is no longer available for
examination. J. Miroslaw-Grabowska described it
as single lenticles of yellow-brown sandy silts, with
a relatively high content of sand, which is typical
for the entire Weichselian (the Last Glaciation) part
of the Bisnik Cave sequence (Mirostaw-Grabowska
2002a; Krajcarz et al. 2014). Resistant (48%) and
medium resistant (48%) minerals (groups I and II
sensu Chlebowski et al. 2002) predominate within
the heavy mineral fraction. This points toward long
transport or re-worked source material (Chlebowski
and Lindner 1992; Chlebowski et al. 2002). The asso-
ciated fauna is typical of tundra or steppe-tundra en-

Overhang

Legend:
.j LGM / pre-LGM massive loess

LGM / pre-LGM silty or 'loessy' loam

LGM / pre-LGM laminated loess

LGM / pre-LGM loess altered by infiltration

limestone debris

massive sands

laminated sands

massive loams and clays
laminated loams and clays
organic matter-rich deposits

speleothems

bedrock

Text-fig. 2. Simplified litho-stratigraphic logs of the Bisnik Cave sedimentary sequence (after Krajcarz et al. 2014, modified). Loess strata
marked by colors.
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vironment. The U-Th dates for bones are unequivo-
cal: 7949 and 199422 ka (Hercman and Gorka 2002).
Its general stratigraphic position allows the correla-
tion of the layer with the Lower Pleniglacial of the
Weichselian, or MIS 4 (Krajcarz et al. 2014).

Separated from Layer 8 by a ~1 m-thick packet
of dark humiferous loams is another loess stratum,
named Layer 12. It is a yellow-brown sandy loam or
loamy sand, composed of alternate loess and sandy
laminas, and some laminas of humus. This structure
together with the general dip toward the cave interior
points towards re-deposition by running water. The
stratum is widespread across the cave, but in the ex-
ternal part (so called ‘The Overhang’) it is spatially
divided into several discontinuous irregular lenses
(Mirostaw-Grabowska 2002a), likely due to later
cryoturbation (Krajcarz et al. 2014). Medium resis-
tant (63%) and resistant (35%) minerals predominate,
indicating lengthy transport or re-worked source ma-
terial. The fauna is of mixed steppe-tundra — forest
ecological affiliation. The OSL and TL dating places
the deposition of Layer 12 about 110—90 ka BP, while
the U-Th dating of bones places it between ~50 and
~100 ka BP (Ggsiorowski et al. 2014; Hercman 2014).
Together with its general stratigraphic position and
location just above the paleomagnetic Blake Event
(see Krajcarz et al. 2014), the dating points toward
the early part of the Weichselian, i.e., MIS 5b—5d, the
most likely MIS 5d.

Loess sediments occur also in the form of small
and thin lenses in the lower part of Layer 15 and a
thin lens directly below it (then regarded as a sepa-
rate Layer 16; Krajcarz ef al. 2014). This is a weakly
laminated silt or silty loam. The concave shape of
the lenses’ bottoms points towards linear erosion and
re-deposition of loess material from another place. The
presence of several lenses in different altitudinal posi-
tions suggests multiple re-deposition events. The min-
eral composition has not been studied yet. Due to the
limited size of the lenses, only a few animal remains
were connected with these strata. There is one OSL
date for Layer 16, Lub-5469, that is 159.0+9.2 ka BP
(Krajcarz et al. 2014). This date is in accordance with
the U-Th dating of the directly overlying Layer 15, that
is between ~90 and ~150 ka BP (Hercman 2014).

The fourth and the lowest occurrence of loess de-
posits in Bi$nik Cave is within Layer 21. This stratum
is weakly known as it was excavated in a very limited
area of 3 m2. The primary structure of this layer is
hard to reconstruct due to secondary disturbances
in the form of (desiccation?) cracks and bending.
However, a complex composition of alternating thin
(I-2 cm) laminas of yellowish to gray (gleied) silt

and reddish clay is clear. This rhythmic lamination
may be interpreted as a record of multiple events of
alternate re-deposition of loess and terra rosa-like
clay. The silty component of Layer 21 was OSL-dated
to 370+20 ka BP, Lub-5470 (Krajcarz et al. 2014). No
animal remains are known from this stratum.

Nietoperzowa Cave
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Text-fig. 3. Simplified litho-stratigraphic logs of the Nietoperzowa
Cave sedimentary sequence (after Madeyska-Niklewska 1969,
modified). Symbols and colors are explained in the Text-fig. 2.
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Nietoperzowa Cave

The second key site is Nietoperzowa Cave. Three
strata of loess deposits were identified here in su-
perposition below an almost 4-m thick LGM series
(Text-fig. 3). A description of the lithology and a
proposal of the chronostratigraphy was provided by
Madeyska-Niklewska (1969).

The uppermost pre-LGM cave loess occurrence
here is Layer 7. It is a complex series. The lower
part, named Sublayer 7b, is a yellowish-brown silty
loam with sparse limestone clasts. Upward, within
Sublayer 7a, the amount of limestone clasts gets
higher, their size lower, and the color becomes darker
toward grayish-brown due to infiltration from the
overlying organic-rich deposits of Layers 4—6. A thin
lens of pure loess was found inside the stratum near
the cave entrance. The entire series has a continuous
and quite large thickness of ~1 m in the entire exca-
vated area. Radiocarbon dating of bones from Layer
7 gave unequivocal results; however, it suggests an
age between ~45 and ~40 ka, i.e., a middle part of
MIS 3 (Krajcarz et al. 2018).

Layer 9 consists of limestone debris with pale gray
silty-loamy matrix. In front of the cave the boulders
of the debris reach a diameter of 1 m. The thickness
is greatest in front of the cave (70 cm) and decreases
down to 20 cm toward the cave interior. Traces of
frost heave were noticed. The stratigraphic position
allows for correlation with the Lower Pleniglacial
(MIS 4), which is consistent with radiocarbon dating
of the overlying series, indicating the age of Layer 9
being >50 ka (Krajcarz et al. 2018).

Layer 14 forms a continuous stratum of loess
with a high amount of angular limestone clasts in
the lower part (Sublayer 14b), and nearly pure yel-
lowish loess of aggregative texture in the upper part
(Sublayer 14a). The general thickness decreases to-
ward the cave interior from ~1.3 m near the entrance
down to 20 cm inside, while the thickness of Sublayer
14a decreases both towards the cave interior and out-
ward. Flint artifacts found here have dulled edges,
indicating some abrasion, likely by eolian corrasion.
According to its stratigraphic position, Madeyska-
Niklewska (1969) correlated this stratum with the
late part of the penultimate glaciation (Odranian, or
MIS 6), and its uppermost parts possibly with the
beginning of the Eemian Interglacial (MIS Se).

Mamutowa Cave

Two series of loess-like strata are known from
Mamutowa Cave (Text-fig. 4). A description of the li-

Mamutowa Cave

Excavation  Excavation
trench | trenches
I, lland IV

Text-fig. 4. Simplified litho-stratigraphic logs of the Mamutowa
Cave sedimentary sequence (after Madeyska 1992, modified).
Symbols and colors are explained in the Text-fig. 2.

thology and stratigraphy was provided by Madeyska
(1992). The upper series was situated immediately
below the thick and complex LGM loess series. It
comprised silty loam of Layer 3 in the entrance zone
and Layer VI in the central part of the cave, rich in
faunal remains of mixed ecological characteristics
(Nadachowski 1976). Its pre-LGM age is suggested
by several radiocarbon dates within ~44-32 ka BP
(Wojtal 2007; Lorenc 2013).

The lower series was found only in the central
part. It was separated from the upper one and from the
LGM series by several reddish clayey loams. Its lower
part, called Layer II, was a yellowish-brown silty
loam, and the upper part, Layer 111, was a gray silty
loam with quite numerous animal bones. The series
was up to 1 m thick and at many places it lays directly
on the bedrock or within the bedrock cracks. Faunal
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remains in these strata represent a tundra ecosystem
(Bochenski 1974; Nadachowski 1976). The general
stratigraphic position suggests the middle MIS 3 or
MIS 4 chronology. Radiocarbon dating of bones from
the overlying sediments (Wojtal 2007) indicates that
the age of the series is close to or beyond the radiocar-
bon limit (which is ~55 ka BP, Reimer et al. 2013), and
thus, points toward MIS 4 chronology.

Ciemna Cave and Ogrdjec

Loess deposits were found in several separated
archaeological excavation zones in Ciemna Cave and
at the plateau in front of the cave. Near the current en-
trance of Ciemna Cave, a 2-m thick sequence of two
strata was found at a depth below 5.5 m (Text-fig. 5,
see also Krukowski 1939). Unfortunately, the sedi-
ments were excavated a long time ago (in 1918—1919)
and are no longer available due to backfilling and
degradation of the excavation pit. The lower part of
the sequence, called Layer C10, was a pale brown
unlaminated calcified loess with sparse angular lime-
stone clasts. The upper part, called Layer C9, was a
pale reddish-brown silty loam with abundant lime-
stone debris. The boundary between the strata was
gradual. These sediments contained several lithic ar-
tifacts and bones of tundra mammals. S. Krukowski
(1921) correlated these strata with the penultimate
glaciation. However, later revision based on archae-
ological material and lithostratigraphic correlations
rather inclines toward the MIS 4 chronology (Valde-
Nowak et al. 2014, 2016).

Ogrojec, a wide plateau between Ciemna Cave and
Oborzysko Wielkie Rock Shelter, is currently an open-
air site (Gradzinski et al. 2020); however, its localiza-
tion between two caves, the presence of typical cave
deposits (clayey loams with limestone debris and ani-
mal bones), and the morphology of the limestone walls
around the site suggest that in the past it was a part of
a cave that has been exposed due to massive rock fall.
A sequence of three loess strata was found here (Text-
fig. 5, see also Krukowski 1939; Kowalski 2006). The
description of the lithology and stratigraphy was pro-
vided by Madeyska (1981). As in the Ciemna Cave
entrance zone, the sediments are no longer accessible
after the excavations finished in 1968. The sequence,
being ~80 cm thick, starts from Layer 12, which is
a pale brown silty loam with slightly weathered fine
limestone clasts, sparse in its lower part. It passes up-
ward into a dark gray loess with slightly weathered
fine limestone clasts, called Layer 11. The gray col-
oration is connected with burnt bones (Wojtal 2007).
The sequence was topped with Layer 10, a pale loess

with slightly weathered limestone debris. The series
contained a rich archaeological lithic assemblage with
Levallois technique and the presence of Pradnik-type
bifaces, which is classified as the Micoquian cul-
tural unit of the Middle Paleolithic (Valde-Nowak
et al. 2014). Two radiocarbon dates (Poz-25261 and
Poz-27268) allow the middle part of this series to be
placed between ~47 and ~41 ka BP (Valde-Nowak et
al. 2014), i.e., the middle part of MIS 3.

Ciemna Cave

near the
entrance

Ogréjec

0m—

Text-fig. 5. Simplified litho-stratigraphic logs of the Ciemna

Cave and Ogrdjec sedimentary sequences (after Krukowski 1939;

Kowalski 2006; Valde-Nowak et al. 2016; modified). Symbols and
colors are explained in the Text-fig. 2.
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Other sites

In Tunel Wielki Cave, laminated sediments of
complex lithology were found in Layer E (sensu Kot
et al. 2022a), representing Layer 11 sensu Madeyska
(1988; see Text-fig. 6). This colluvial/proluvial series
contains variable material mixed together, including
aggregates of loess-like material of unknown age and
Middle Pleistocene clayey loams with fossil bones
(Kot et al. 2022a). Unfortunately, it lacks precise dat-
ing and its general stratigraphic position only allows
setting it between MIS 2 and MIS 12.

In Dziadowa Skata Rock Shelter, Layer 6 (Text-fig.
6) was characterized as a stratum of laminated loess
(Chmielewski 1958; Dylik et al. 1954). No dates are
available for this layer, but it was generally associated
with Interpleniglacial of the Weichselian, i.e., MIS
3, on the basis of general stratigraphic position and
Jasna Strze-

Deszczowa  Dziadowa

Cave

Skata Cave gowska Cave

Komarowa

the weathering state of limestone clasts (Madeyska
1981). However, considering that a series of radiocar-
bon dates obtained for the directly overlying strata
shows quite young results (between ~15 and ~12 ka
BP, Lorenc 2013), the LGM age seems considerable.

In Koziarnia Cave, two series possibly related to
pre-LGM loess-like deposits were noticed (Madeyska-
Niklewska 1969). These include: Layer 9 (pale yellow
loam with limestone debris) and Layers 16¢c—16b—
16a—15 (pale yellow loams with limestone debris in
the upper part, separated by a cultural level, see Text-
fig. 6). In the original publication, the ages of these
two series were assumed to be Weichselian mid-Inter-
pleniglacial (mid-MIS 3), Lower Pleniglacial (MIS 4)
and Early Weichselian’s second cold stage (MIS 5b).
However, a more recent revision based on radiocarbon
dating places all the strata mentioned within MIS 3
(Berto et al. 2021; Kot et al. 2021).

tokietka
Cave

Tunel Wielki
Cave

Koziarnia

Cave Cave

Text-fig. 6. Simplified litho-stratigraphic logs of other cave sites with pre-LGM loess (after: Chmielewski 1958; Madeyska-Niklewska 1969;
Madeyska 1988; Cyrek et al. 2000; Lipecki et al. 2000; Mirostaw-Grabowska and Cyrek 2009; Nadachowski ef al. 2009; modified). Symbols
and colors are explained in the Text-fig. 2. Striped yellow-orange color is for uncertain chronology position of loess (LGM or pre-LGM).
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In Komarowa Cave, intercalations of horizontally
and diagonally laminated silt, found within loamy
Layer D (Text-fig. 6), may be interpreted as washed-in
loess material. These sediments were dated to late
MIS 3 on the basis of radiocarbon dating (Lorenc
2013; Nadachowski et al. 2009).

From Deszczowa Cave, T. Madeyska (in Cyrek
et al. 2000) described intercalations of silts within
yellow sands of Layer II (Text-fig. 6) that may be
cautiously linked with colluviated or washed-in loess
material. The chronology of this stratum was found
to precede the Eemian Interglacial and most likely it
should be linked with MIS 6 (Krajcarz and Madeyska
2010). The sparsity of loess strata in the relatively
long sequence of Deszczowa Cave reflects a general
lack of loess in the Kroczyce Rocks microregion, as
well as the generally sandy facies of cave deposits
there (Cyrek ef al. 2000; Szymanek et al. 2016).

In Lokietka Cave, J. Mirostaw-Grabowska (in
Lipecki et al. 2000) described a stratum of light
brown loess with limestone debris of variable mor-
phology (called Layer 4, Text-fig. 6), situated below
the loess of Layer 2 that likely represents the LGM.
This stratum was generally dated by her to belong to
the early part of the Weichselian, but the absence of
any dating results makes this chronology uncertain.

From Jasna Strzegowska Cave, J. Mirostaw-
Grabowska (in Mirostaw-Grabowska and Cyrek
2009) reported a stratum of laminated silts and clays
(Layer C, Text-fig. 6) that formed intercalations, in-
trusions, and lenses of irregular bodies. These sedi-
ments may represent the alternate fluvial or proluvial
deposition of loess and clay eroded from two dif-
ferent sources. A pre-LGM age seems likely due to
the stratum’s stratigraphic position below the clayey
loam underlying the LGM loess, but the exact age is
unknown.

Limited information about the occurrence of silty
deposits in caves comes from early and mid-20 cen-
tury excavations in the northern part of the Polish
Jura. In Cave in Okiennik Wielki S. Krukowski found
a stratum of silt situated below the complex series
with a Middle Paleolithic assemblage (Krukowski
1921). This stratigraphic position allows the linking
of the layers with the general pre-LGM chronology.
From Ztoty Potok microregion, at least from Cave II
in Ztoty Potok and Cave III in Zloty Potok, he also
reported a thick and complex series of silts, whose
stratigraphic position is uncertain (Madeyska 2009).
In Zamkowa Dolna Cave, a thick packet of loess with
limestone debris and a Middle Paleolithic assemblage
was found, which likely may be of pre-LGM age
(Kopacz 1975).

DISCUSSION
Regional occurrence

The occurrence of pre-LGM cave loess in the
Polish Jura, according to current knowledge, is lim-
ited to several sites. This is not surprising, because
there are only a few known sites with sedimentary
profiles reaching down below the LGM deposits,
and far fewer with preserved pre-MIS 3 deposits.
Noteworthy is that most of the sites with preserved
Middle Pleistocene and/or lower part of the Upper
Pleistocene are also the sites of the pre-LGM cave
loess. Among the few exceptions are: Ciemna Cave
(the inner part of the chamber) and karst sites in
Draby, where long sequences lack loess strata. All
these sites were, however, only partially excavated,
so their stratigraphic complexity is not fully recog-
nized. This observation suggests that pre-LGM cave
loess should be regarded as a rather common sedi-
mentological phenomenon, not preserved, however,
at many sites due to later erosion or unusual local
conditions preventing any sedimentation.

Sedimentary processes

All the lithological types of cave loess that were
identified within the LGM series (Krajcarz et al.
2016; see also section Terminology in Material and
Methods) occur also in pre-LGM cave loess, how-
ever, rarely within a single series. Typical eolian
loess (type 1) is rare among the pre-LGM sequences.
The only examples are known from Sublayer 14a in
Nietoperzowa Cave, Layer C10 in Ciemna Cave, and
Layers 11-10 in Ogrojec near Ciemna Cave. More
common is type 2, which is a loess with debris of
the bedrock. Such deposits may form the entire loess
series, e.g., Layer 9 in Nietoperzowa Cave or Layer
IT in Mamutowa Cave, and then they have loamy
groundmass, which makes a sediment similar to type
4 (silty loams with debris). Type 2 may occur nearby
type 1, either below it (Sublayer 14b in Nietoperzowa
Cave), above (Layer C9 in Ciemna Cave), or sand-
wiching the eolian loess between two layers of loess
with debris (Layers 10 and 12 in Ogréjec and Layer 7
in Nietoperzowa Cave). Similarly to the LGM series,
the pre-LGM eolian deposition of loess, being a main
sedimentary process or accompanied by a rockfall,
was the most intense right near the cave opening.
This is recorded in the greatest thickness of types 1,
2 and 4 around the cave opening, decreasing or dis-
appearing toward the cave interior. Such situations
are clearly visible in Nietoperzowa Cave in Layers
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9 and 14, whose thicknesses are reduced ~5 times at
the 15-m distance toward the cave interior. An even
more extreme situation can be observed in Ciemna
Cave, where the 2-m thick series of Layers C10—C9
situated just in front of the cave has no analogue at
all inside the cave (Krajcarz and Madeyska 2013;
Valde-Nowak et al. 2014, 2016). In Koziarnia Cave,
where the sediments were studied quite far from the
entrance, the loess-like deposits are represented by
types 2 and 4, i.e., those with minimum input of eo-
lian accumulation.

A more complex issue is the formation of loess
deposits of type 3. These are common among the pre-
LGM cave loess. They were found in several strati-
graphic positions in Bi$nik Cave (Layers 21, 16, 12
and within Layer 15), in Tunel Wielki Cave (Layer
E), possibly in Deszczowa Cave (within Layer IT) and
Komarowa Cave (within Layer D). Lamination and
interbedding with sand or clay indicate good sorting
and separation of grain-size fractions, which may
point toward episodic and recurrent water actions,
e.g., sheet-wash. This may be the case of Layers 21
and 12 in Bi$nik Cave, Layer E in Tunel Wielki Cave,
and silty intercalations known from Deszczowa
Cave, Komarowa Cave and Jasna Strzegowska Cave.
Recognizing the exact sedimentary process needs,
however, more detailed studies, such as parameters
of grain size composition or micromorphological
characterization. Such studies were limited in the
pre-LGM cave loess, as well as in caves of the Polish
Jura in general. A few exceptions are micromorpho-
logical studies of Layer 12 in Bi$nik Cave (Krajcarz
and Krajcarz 2019) and Layer E in Tunel Wielki
Cave (Kot et al. 2022a), conducted by the author
of this paper. These analyses revealed the presence
of lamination, clay balls and isolated aggregates of
loamy material, and separation of sand and silt. All
these features are a record of water action. Another
situation regards concave-bottom lenses of weakly
laminated silt, connected with Layers 16 and 15 and
possibly also Layer 8 in Bi$nik Cave. In these cases,
the deposition of silt was preceded by linear erosion,
likely by a temporary stream. Loess material was
then transported along these channels and deposited
therein.

Chronology

The quality of chronological data regarding the
pre-LGM cve loess varies from site to site and from
stratum to stratum. In general, chronostratigraphy
may be based on two types of data. The first is the
stratigraphic position of a given stratum, which in

many cases allows only for a wide chronostrati-
graphic attribution. This method commonly exploits
climatostratigraphic data, derived e.g., from the
weathering state of limestone clasts or fossil bones
(Madeyska-Niklewska 1969, 1971; Madeyska 198]1,
1992; Mirostaw-Grabowska 2002a; Krajcarz et al.
2014; Valde-Nowak et al. 2014) and from the ecolog-
ical requirements of those animals whose remains
are preserved in the sediments (e.g., Madeyska 1981,
2009; Cyrek et al. 2000, 2010; Mirostaw-Grabowska
2002a; Nadachowski et al. 2009; Socha 2014), as
well as lithostratigraphy (e.g., Madeyska-Niklewska
1969; Madeyska 1981; Krajcarz et al. 2014). This
method is, however, vulnerable to oversimplification
of stratigraphic complexity due to the presence of
hiatuses and the similarity of units of variable age but
deposited in similar climatic conditions.

The second approach is chronology based on
absolute dating methods. These include mostly lu-
minescence techniques (OSL, IRSL and TL), radio-
carbon dating, and in few cases also U-Th dating.
Chronological data available for neighboring strata
may be, of course, helpful also in stratigraphic dat-
ing. Chronological data have variable importance.
Radiocarbon and U-Th dates usually come from fos-
sil bones or teeth, which — in the case of re-deposited
colluvial/fluvial sediments — may not be synchro-
nous with the final deposition of the loess stratum
(see also discussion in the section Paleoecology).
Luminescence dates on the other hand reflect the
moment of the last exposure of clastic material to
sunlight. Such a date can be regarded as close to the
final deposition age in the case of typical (eolian)
loess or the eolian fraction of complex sediments,
but in the case of re-deposited material the date may
represent a residual age, i.e., the age of the original
eolian deposition, which is presumably older than the
final deposition (King et al. 2013; Por¢ba et al. 2013).
The magnetostratigraphic method has been used only
occasionally (Krajcarz et al. 2014).

An additional method is archaeological dat-
ing, based on the presence of archaeological cul-
tures whose chronology has been widely accepted
(Madeyska 1981, 1982b; Cyrek and Madeyska 2002).
However, the usefulness of this method is limited
to sites with well-preserved archaeological assem-
blages, and usually is ambiguous for the Middle
Paleolithic (Cyrek and Madeyska 2002; Kowalski
2006; Cyrek et al. 2014; Valde-Nowak et al. 2014).
Another method is biostratigraphy, which is usually
limited to mammals and also is of restricted useful-
ness (Nadachowski 1982; Nadachowski et al. 2009;
Cyrek et al. 2000; Berto et al. 2021; Kot et al. 2022a;).
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On the basis of all available chronological data,
considering the remarks presented above, five pre-
LGM phases of loess accumulation in caves and rock
shelters of the Polish Jura can be distinguished. These
include (starting from the earliest):

Phase 1: Re-deposition of loess-like material re-
corded in Bisnik Cave, Layer 21. OSL date 370+20
ka BP (which correlates with MIS 10) may be re-
garded as being close to the original eolian deposition
somewhere outside of the cave, considering that the
sediments were found in quite a dark part of the cave,
shadowed from sunlight, and likely the cave was
even darker in the past (assuming collapse of some
near-entrance parts of the cave roof, see Mirostaw-
Grabowska 2002a; Cyrek et al. 2010, 2014; Krajcarz
et al. 2014). Final deposition inside the cave must
have happened before MIS 7 (Krajcarz et al. 2014).

Phase 2: Deposition of eolian loess together
with limestone debris from rock falls, followed by
the deposition of typical eolian loess, as recorded in
Nietoperzowa Cave, Layer 14. The loess material was
then transported to caves, as seen in Bisnik Cave,
Layers 16 and 15, and in Deszczowa Cave, intercala-
tions within Layer II. In Bisnik Cave, the OSL date
15949 ka BP is likely indicative for the initial eolian
deposition, which can be correlated with MIS 6, or
the Odranian glaciation (sensu Lindner and Marks,
2012; Marks et al., 2016). The general stratigraphic
position and chronological data for the neighbor-
ing strata (Gasiorowski et al. 2014; Hercman 2014;
Krajcarz et al. 2014) point toward final deposition
inside the cave soon after, during late MIS 6 and/or
early MIS Se.

Phase 3: Re-deposition of sandy loess-like ma-
terial recorded in Bi$nik Cave, Layer 12. A number
of OSL and TL dates are available, ranging between
~110 and ~90 ka BP, all sampled in a part of the cave
quite exposed to sunlight, so the dates may represent
both the original eolian deposition, or some exposure
during the re-deposition. Paleomagnetic data indi-
cate the record of the Blake Event in the directly un-
derlying strata (Krajcarz et al. 2014) that is connected
with the MIS 5e—MIS 5d transition, and which allows
the placing of the moment of the re-deposition of
loess-like material around MIS 5d.

Phase 4: The next stage, that may be correlated
with the Lower Pleniglacial or MIS 4, is recorded
in several sites: Bisnik Cave, Layer 8; Nietoperzowa
Cave, Layer 9; Ciemna Cave, Layers C10—C9; and
Mamutowa Cave, Layers II-II1. All these cases doc-
ument deposition of loess along with intense rock
fall, likely resulting from the frost-inducted physical
disintegration of the bedrock.

Phase 5: The last pre-LGM stage of loess
deposition appeared during the middle part of the
Weichselian Interpleniglacial, in mid-MIS 3. Such
deposits are recorded in Nietoperzowa Cave, Layer
7, supported by a number of radiocarbon dates for
bones from this stratum, as well as from the strata
below and above (Krajcarz et al. 2018). The sequence
there represents two periods of simultaneous accu-
mulation of loess and rock fall debris, separated by
an interval of purely eolian deposition (Madeyska-
Niklewska 1969). The loess deposition history during
MIS 3 in Koziarnia Cave and Ogrdjec near Ciemna
Cave was also complex, resulting in several strata of
limestone debris and loess-like loams, interlayered
with cultural levels (Valde-Nowak et al. 2014; Kot
et al. 2021). In Komarowa Cave, there are possible
traces of further re-deposition of loess material. In
Bisnik Cave, the respective section of the sequence
is reduced (Miroslaw-Grabowska 2002a; Krajcarz et
al. 2014).

At most sites, the mid-MIS 3 cave loess is topped
with brown or reddish loams and cultural layers
linked with Jerzmanowician or Gravettian archaeo-
logical materials (Cyrek and Madeyska 2002; Kot e?
al. 2021) and covered by the LGM loess series.

Paleoecology

Paleoecological information for the pre-LGM
cave loess in the Polish Jura is limited. There is al-
most no data on paleovegetation, while published in-
formation about fauna is restricted to some sites. The
literature data are also of variable quality regarding
the number of analyzed fossils, the taxonomic groups
covered by the studies, and the stratigraphic resolu-
tion of the reporting.

Reconstruction of paleoecology for loess, espe-
cially in caves, is challenging. The bases for such
interpretations are the fossil remains of organisms
preserved in the sediments. In contrast to loess de-
posits from open-air sites and to the LGM series in
caves, in the pre-LGM cave loess mollusks are rarely
noticed. The most common fossils there are those of
mammals and, in rare situations, birds (Madeyska
1981, 1982b; Nadachowski 1988, 1989; Wojtal 2007,
Nadachowski et al. 2009; Stefaniak and Marciszak
2009; Tomek et al. 2012; Socha 2014). Being rela-
tively large, mammalian bones or teeth could not
have been deposited by the same sedimentary process
that was responsible for the accumulation of the silty
material of loess, regardless as to whether it was pri-
mary eolian deposition or secondary re-deposition,
e.g., by sheet-wash. Thus, the deposition of bones and
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loess material in many cases was or might have been
diachronous, i.e., the bones were deposited earlier on
the cave floor to be later covered by silt. Therefore,
bone assemblages from cave loess must be regarded
with caution, as bones in such contexts may consti-
tute a residual material of older chronology, or even
palimpsests representing variable paleoecologies.

Nevertheless, the available data for the pre-LGM
cave loess clearly point towards a tundra or steppe-
tundra ecosystem. The most common fossils belong to
such animals as: reindeer (Rangifer tarandus), horse
(Equus sp.), arctic fox (Vulpes lagopus); among ro-
dents there are lemmings (Dicrostonyx torquatus,
Lemmus lemmus), narrow-headed vole (Lasiopodomys
anglicus), and voles of wider ecological tolerance
(Alexandromys oeconomus, Microtus agrestis, and
M. arvalis; Nadachowski 1976, 1988, 1989; Madeyska
1981, 1982b; Wojtal 2007; Nadachowski et al. 2009;
Stefaniak and Marciszak 2009; Socha 2014). Among
rare birds the black grouse (Lyrurus tetrix) and ptarmi-
gans (Lagopus sp.) were noticed (Tomek et al. 2012).
The presence of a forest fauna and the quite commonly
reported cave bear (Ursus spelaeus/ingressus), noticed
e.g., from Bisnik Cave, Layers 8 and 12, Nietoperzowa
Cave, Layers 7 and 14, or Mamutowa Cave, Layers II
and III, may result from the residual character of bone
accumulations. In Komarowa Cave, a large number of
cave bear and cave hyena (Crocuta crocuta) bones in
stratified Layer D (Nadachowski et al. 2009; Wojtal
2007) may reflect complex sedimentation processes
and a long time of deposition. A rare situation, but eco-
logically meaningful, is the occurrence of steppe-tun-
dra megafauna taxa: wooly mammoth (Mammuthus
primigenius), wooly rhinoceros (Coelodonta antiqui-
tatis) and muskox (Ovibos moschatus). Remains of
these mammals were found in: Nietoperzowa Cave,
Layers 9 and 14; Ciemna Cave, Layer 11; Lokietka
Cave, Layer 4; and Komarowa Cave, Layer D (Wojtal
2007).

Some the pre-LGM cave loess strata are poor in
animal remains. Such a situation was observed in:
Deszczowa Cave, Layer II; Lokietka Cave, Layer 4;
Dziadowa Skata Cave, Layer 6; Ciemna Cave, Layer
10 (Wojtal 2007). It is likely that these situations are
the best representations of the loess accumulation pe-
riods: the observed faunal scarcity may reflect climate
deterioration and periglacial conditions, while the tun-
dra fauna either has a residual character (its deposition
preceded the loess accumulation), or represents inter-
vals between loess deposition events. This hypothesis
seems likely in the light of reconstructed quantita-
tive environmental conditions (Socha 2014), that are
rather milder than expected for the periglacial zone. In

Bisnik Cave, the climatic parameters inferred from the
taxonomic composition of rodent assemblages are for
Layer 8: mean annual temperature +3.3°C, total annual
precipitation 972 mm; and for Layer 12: +1.4°C and
914 mm, respectively (Socha 2014). These calculations
may deviate toward the giving of too warm and too
humid results due to the artificial inclusion of residual
fauna coming from earlier periods.

Archaeology

In contrast to the LGM series, the pre-LGM
cave loess rarely contains archaeological material.
The richest assemblage was found in Ogrdjec near
Ciemna Cave, in Layer 11 dated to MIS 3. It was
a cultural level of Middle Paleolithic with Pradnik-
type bifaces (Krukowski 1939; Kowalski 2006), at-
tributed to the Micoquian tradition (Valde-Nowak
et al. 2014). Apart from lithics, the level contained a
large number of fragmented and burnt bones, and the
dust of charred bones that gave the layer a dark color
(Wojtal 2007). Another Micoquian level was identi-
fied in the base of Layer 12.

Another site with quite rich archaeological mate-
rial is Bi$nik Cave, Layer 12. This assemblage also
contained bifaces in the form of leaf-shaped blades
and microlithic hand-axes, along with the Levallois
technique, and was attributed to the early Micoquian
(Cyrek et al. 2010, 2014). The numerous charcoals and
charcoal dust found within this stratum were possibly
re-deposited from the underlying level of fireplaces
(Cyrek et al. 2014). Other pre-LGM cave loess strata
yielded only sparse archaeological material at best,
generally linked with the Middle Paleolithic (Cyrek
and Madeyska 2002; Wojtal 2007).

In Mamutowa Cave, a quite rich Jerzmanowician
assemblage was found in Layer VI (Nadachowski 1976;
Kowalski 2006). In another site of this archaeologi-
cal unit, Nietoperzowa Cave, several Jerzmanowician
cultural horizons were found, however, between the
pre-LGM and LGM loess series (Chmielewski 1961;
Madeyska-Niklewska 1969).

Correlation with loess-paleosol stratigraphy

The importance of searching for correlations be-
tween loess-paleosol and cave sequences was high-
lighted by Madeyska (1982b, 2002). Successful at-
tempts were undertaken several times (e.g., Cyrek
and Madeyska 2002; Lanczont and Madeyska 2015;
Krajcarz et al. 2016), including the direct correlation
between the sequence of Nietoperzowa Cave and that
of the Krakow-Zwierzyniec loess-paleosol sequence
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Text-fig. 7. Stratigraphic correlation between the Polish loess-paleosol stratigraphic scheme (Maruszczak 2001) and the sequences of the main

pre-LGM cave loess sites in Polish Jura (compiled from: Krukowski 1939; Madeyska-Niklewska 1969; Madeyska 1992; Kowalski 2006;

Krajcarz et al. 2014; Valde-Nowak et al. 2014). Orange color is for LGM and yellow for pre-LGM loess strata. Other symbols are explained
in the Text-fig. 2.

(Madeyska 1982b). However, these works were fo-
cused either on archaeological issues or the LGM se-
ries, so the pre-LGM cave loess sequences attracted
limited attention.

The schemes of loess-paleosol stratigraphy in
Poland proposed by H. Maruszczak and J. Jersak
(Jersak 1973; Jersak et al. 1992; Maruszczak 1996,
2001) are widely accepted (Lindner 1991; Jary 2007;
Lanczont and Madeyska 2015; Dzierzek and Lindner
2020). The correlation of the pre-LGM cave loess

strata with H. Maruszczak’s and J. Jersak’s schemes
of loess-paleosol stratigraphy in most of the main
sites presents no difficulties (Text-fig. 7). All main
lithostratigraphic units of loess from open-air sites
are present at cave sites of the Polish Jura. It indicates
that caves and rock shelters, or their direct vicinities,
provided a conducive environment for loess accumu-
lation. The following stages of loess-paleosol stratig-
raphy can be recognized among the pre-LGM cave
loess in the Polish Jura:
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Phase 1: H. Maruszczak’s Oldest Loess, possibly
stage LN1 or one of the upper stages, is recorded in
Bisnik Cave, Layer 21, confirmed by OSL dating.
This is the only known occurrence of such an old
loess in the caves of the Polish Jura.

Phase 2: H. Maruszczak’s Older Loess, stage
LSg. This pre-Eemian loess of MIS 6 age was found
up to the present date only at three sites: Bisnik Cave
(Layer 16 and several small lenses inside Layer 15),
Nietoperzowa Cave (Layer 14), and Deszczowa Cave
(silty intercalations within Layer II). The only certain
correlation, proved by OSL dating and a well-estab-
lished stratigraphic position, is for Bisnik Cave.

Phase 3: H. Maruszczak’s Lowermost Younger
Loess, stage LMn, or J. Jersak’s Younger Loess I, can
be correlated with the re-deposited loess of Layer 12
in Bi$nik Cave. This stratum was well dated to the
post-Eemian part of MIS 5, most likely MIS 5d.

Phase 4: H. Maruszczak’s Lower Younger Loess,
stage LMd, or J. Jersak’s Younger Loess Ila, dated
to the Lower Pleniglacial of the Weichselian, finds
its pre-LGM cave loess equivalents in Bisnik Cave
(Layer 8), Nietoperzowa Cave (Layer 9), Mamutowa
Cave (Layer 3 or its correlative, Layer VI), and
Ciemna Cave (Layers C10—C9). While in Bisnik Cave
this stage is weakly represented, in Nietoperzowa
Cave and Ciemna Cave the loess of this stage is de-
veloped in the form of a complex series of significant
thickness.

Phase 5: The last pre-LGM loess stage, i.c., H.
Maruszczak’s Middle Younger Loess, LMs, is the
most common stage of the pre-LGM cave loess in the
Polish Jura. Deposits of this stage are known from
Nietoperzowa Cave, Ogrojec near Ciemna Cave,
Mamutowa Cave, Komarowa Cave, and Koziarnia
Cave. Sediments of this stage represent all four sed-
imentological types of cave loess, which most likely
results from the best preservation state of this young-
est series.

The Upper Younger Loess sensu H. Maruszczak,
or Younger Loess IIb sensu J. Jersak, is the equiv-
alent of the LGM cave loess, widespread in caves
and rock shelters of the Polish Jura, and character-
ized elsewhere (Krajcarz et al. 2016). Paleosols from
open-air profiles are lacking in caves. Instead, in
caves and rock shelters between the cave loess units
there are complex series of variable polygenetic sed-
iments, most usually weakly stratified loams with
limestone debris. In contrast to the open-air sites,
in caves and rock shelters the inter-loess series are
thicker than loess packets. Based on this, we may
conclude that loess deposition played only a minor
role in the accumulation of cave fills.

The regional stratigraphy of loess-paleosol se-
quences in the Polish Jura is weakly recognized. In
general, three units of loess separated by soils are
known (Madeyska 1982a; Rézycki 1982; Bednarek
et al. 1985). These are: weakly preserved |Q,3 loess
of pre-Eemian (MIS 6) age, up to 3 m thick, known
from Siedliska; compacted and decalcified lQp14 loess
situated above the Eemian—Early Weichselian pedo-
complex (likely of MIS 4 age), up to 4 m thick, known
from Biala Blotna and Wilgoszcz; and the thickest
and most widely distributed lQp24 loess of LGM age,
separated from the above-mentioned by an intersta-
dial soil. This situation corresponds with J. Jersak’s
schemes, but is simpler than H. Maruszczak’s scheme
and also than cave loess stratigraphic complexity. The
main source of material for loess in the Polish Jura
were the sandy fluvioglacial deposits of the Middle
Pleistocene (Chlebowski and Lindner 1975).

Inter-regional correlations

Over-regional correlation of the pre-LGM cave
loess in the Polish Jura can be made with loess-pa-
leosol sequences from other regions. This follows the
correlations of the Polish loess-paleosol stratigraphic
schemes (Jersak 1973; Maruszczak 2001) with se-
quences known from neighboring countries (Frechen
et al. 1997; Frechen 1999; Thiel et al. 2011; Antoine
et al. 2013; Lanczont and Madeyska 2015; Markovié¢
et al. 2015; Lehmkuhl ez al. 2021). Such correlations
were presented among others by: Maruszczak (1996);
Lindner (1991); Lindner et al. (2002); Jary (2007);
Lanczont and Madeyska (2015).

Correlation of the pre-LGM cave loess in the
Polish Jura with cave deposits in other regions is dif-
ficult. This is mostly due to the limited elaboration
of cave deposit lithostratigraphy outside of the Polish
Jura. In Poland, the two other most important karst
regions, i.e., Tatra Mts. and Sudetes Mts., lack both
regional lithostratigraphy and well-recognized stra-
totypes of cave sediments. Beyond Poland, the neigh-
boring regions with broadly studied cave sediments
are Moravian Karst (Moravia, Czech Republic), Bohe-
mian Karst (Bohemia, Czech Republic), Franconian
Jura (Bavaria, Germany), and Swabian Jura (Baden-
Wiirttemberg, Germany). Unfortunately, the Swabian
caves rarely host sequences that reach down below
the MIS 3 chronology (Goldberg ef al. 2003; Miller
2015). Among Franconian caves, the long sequence
is known from Sesselfelsgrotte (Freund 1968; Richter
2001; Rots 2009). Its complex series of silty loams
and rock fall debris of Layers F-R may correlate with
MIS 3 and MIS 4 pre-LGM cave loess in Polish Jura.
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In Bohemian Karst the pre-LGM loess-like depos-
its are weakly preserved, possibly an effect of later
erosion (Kukla and Lozek 1958); however, the entire
fine fraction of non-loess cave deposits is interpreted
to derive among other from loess deposits (Nejman
et al. 2017). A unique exception is cave C-718 in the
Konéprusy complex, where several strata of loess in
superposition were identified within the lower Middle
Pleistocene part of the sequence (ProSek and Lozek
1957). Cryoturbated loess-like sediments situated be-
low the LGM series were also reported from several
caves in Slovakia, possibly of MIS 3 age, in particular
Dzerava Skala Cave, GroBen Cave in Jasov, Certova
pec Cave, and Prepostskd Cave (ProSek and Lozek
1957, Putiska et al. 2017). In the Moravian Karst,
the reference site with the best-known lithology and
stratigraphy is Kulna Cave (Valoch 1988). This se-
quence was also dated by several independent tech-
niques, including biostratigraphy, radiocarbon, ESR
and paleomagnetic approach (Valoch 1988; Rink et
al. 1996; Sroubek et al. 2001; Neruda and Nerudova
2014; Nerudova and Neruda 2014). The correlation
between the Bisnik Cave and Klilna Cave sequences
was already proposed before (Krajcarz et al. 2014).
The near-entrance zone of Kiilna Cave hosts an over
10 m-thick sequence that contains, among others,
loess deposits. Below the LGM series there are sev-
eral loess or loess-like strata in superposition: strati-
fied silty loam with debris of Layer 7a (MIS 3); loess
of Layers 7c—7d (MIS 4); silty loam with debris of
Layers lla—11b—1lc (colder oscillation during MIS
5e); and fluvial silt of Layer 13b (early Eemian, MIS
5e). These units can be easily correlated with the main
pre-LGM cave loess units in the Polish Jura.

CONCLUSIONS

In contrast to the LGM series of loess deposits
in caves and rock shelters of the Polish Jura, the pre-
LGM cases are outnumbered. The inner sedimento-
logical and stratigraphic complexity of the pre-LGM
cave loess series is usually poor. In most of the Middle
Pleistocene examples it is limited to thin intercalations
dispersed within other lithologies. The presence of a
few exceptions, such as the complex packets known
from Nietoperzowa Cave and Ogrojec, indicates that
this poor record is rather an effect of preservation
state and loess susceptibility for erosion, rather than
restricted depositional processes.

Poor preservation precludes any reliable recon-
struction of the regional variability of pre-LGM cave
loess in the Polish Jura. However, several observa-

tions make these sediments important from a litho-
stratigraphic point of view. These include: i) the pres-
ence of loess deposits in most of the long sequences,
below the LGM series; ii) repeating occurrence of
loess strata in the same chronostratigraphic positions
at several sites; iii) good correlation with loess hori-
zons of the loess-paleosol sequences; and, as a con-
sequence, iv) good correlation of the cave loess with
the main loess accumulation periods of the Middle
Pleistocene and early part of the Late Pleistocene,
and also with the arid and cold climatic phases (the
same is also valid for the LGM cave loess). All these
characteristics allow the regarding of the pre-LGM
cave loess units in the Polish Jura as key paleoclimate
indicators, as well as climatostratigraphic units and —
if supported with absolute chronology or a well-con-
strained stratigraphic position — as lithostratigraphic
markers. In the light of the accelerating number of
excavations in caves and rock shelters of the Polish
Jura in recent years (e.g., Sudot et al. 2013; Wojenka
et al. 2016, 2017; Kot et al., 2019, 2021, 2022a,b;
Wilczynski et al. 2020; Krajcarz et al. 2020; Berto
et al. 2021), the characterization of the stratigraphic
usefulness of loess deposits is of crucial importance.

In this review, only the macroscopic character-
istics of sediments were respected. The microscopic
features, as well as textural and geochemical data,
are available only for few examples of the pre-LGM
cave loess. Such data, however, together with ad-
vanced techniques such as sedimentary DNA, isoto-
pic paleoecology and micro-resolution dating, may
provide much more information about the deposition
and post-depositional history of loess in caves and
rock shelters. It is therefore necessary to implement
such studies.

Acknowledments

This study was conducted within the statutory tasks
“Jaskinie” and “Namuliska”, implemented in the Institute of
Geological Sciences of the Polish Academy of Sciences in years
2012-2023. Author is thankful to the reviewers, Andrzej Tyc
and Pavel Bosak, for their constructive comments that allowed
to improve this manuscript.

REFERENCES

Antoine, P., Rousseau, D.-D., Degeali, J.-P., Moine, O., Lagroix,
F., Kreutzer, S., Fuchs, M., Hatté, C., Gauthier, C., Svobo-
da, J. and Lisa, L. 2013. High-resolution record of the en-
vironmental response to climatic variations during the Last



448 MACIEJ T. KRAJCARZ

Interglacial-Glacial cycle in Central Europe: The loess-pa-
lacosol sequence of Dolni Véstonice (Czech Republic).
Quaternary Science Reviews, 67, 17-38.

Bednarek, J., Haisig, J., Wilanowski, S. and Zurek, W. 1985. Ob-
jasnienia do Szczegotowej Mapy Geologicznej Polski, arku-
sz Pradta (880), 1 : 50 000, 62 pp. + 5 plates. Wydawnictwa
Geologiczne; Warszawa.

Beer, J. and Sturm, M. 1995. Dating of lake and loess sedi-
ments. Radiocarbon, 37 (1), 81-86.

Berto, C., Krajcarz, M. T., Moskal-del Hoyo, M., Komar, M.,
Sinet-Mathiot, V., Zarzecka-Szubinska, K., Krajcarz, M.,
Szymanek, M., Wertz, K., Marciszak, A., Metrak, M.,
Suska-Malawska, M., Wilcke, A. and Kot, M. 2021. En-
vironment changes during Middle to Upper Palaeolithic
transition in southern Poland (Central Europe). A multi-
proxy approach for the MIS 3 sequence of Koziarnia Cave
(Krakow-Czestochowa Upland). Journal of Archaeologi-
cal Science: Reports, 35 (102723), 1-12.

Bochenski, Z. 1974. Ptaki mlodszego czwartorzgdu Polski,
212 pp. Panstwowe Wydawnictwo Naukowe; Warszawa-
Krakow.

Bosch, RF. and White, W.B. 2004. Lithofacies and transport
of clastic sediments in karstic aquifers. In: Sasowsky, 1.D.
and Mylroie, J. (Eds), Studies of Cave Sediments. Physi-
cal and Chemical Records of Paleoclimate, 1-22. Springer;
Boston, MA.

Chlebowski, R., Gozik, P. F. and Lindner, L. 2002. Graficzna
prezentacja sktadu mineratéw cigzkich lesséw na wy-
branych przyktadach z obszaru Polski i Ukrainy. Przeglad
Geologiczny, 50 (6), 526-531.

Chlebowski, R. and Lindner, L. 1975. Wptyw podtoza na sktad
mineratéw ciezkich gtownych wysp lessowych NW czesei
Wyzyny Matopolskiej. Acta Geologica Polonica, 25 (1),
163-178.

Chlebowski, R. and Lindner, L. 1992. Zrodta materiatu i warunki
akumulacji lessow mtodszych Wyzyny Matopolskiej. Biule-
tyn Geologiczny Uniwersytetu Warszawskiego, 32, 13-50.

Chmielewski, W. 1958. Stanowisko paleolityczne w Dziad-
owej Skale koto Skarzyc w pow. Zawiercianskim. Prace i
Materiaty Muzeum Archeologicznego i Etnograficznego w
Lodzi, Seria Archeologiczna, 3, 5-48.

Cyrek, K. and Madeyska, T. 2002. Cave fillings — A chroni-
cle of the past. An outline of the Younger Pleistocene cave
sediments study in Poland. Acta Geologica Polonica, 52
(1), 75-95.

Cyrek, K., Nadachowski, A., Madeyska, T., Bochenski, Z.,
Tomek, T., Wojtal, P., Migkina, B., Lipecki, G., Garapich,
A., Rzebik-Kowalska, B., Stworzewicz, E., Wolsan, M.,
Godawa, J., Kosciow, R., Fostowicz-Frelik, L. and Szyn-
dlar, Z. 2000. Excavation in the Deszczowa Cave (Kroczy-
ckie Rocks, Czgstochowa Upland, Central Poland). Folia
Quaternaria, 71, 5-84.

Cyrek, K., Socha, P., Stefaniak, K., Madeyska, T., Mirostaw-
Grabowska, J., Sudot, M. and Czyzewski, L. 2010. Palaco-
lithic of Bisnik Cave (Southern Poland) within the environ-

mental background. Quaternary International, 220 (1-2),
5-30.

Cyrek, K., Sudot, M., Czyzewski, L., Osipowicz, G., and Gre-
lowska, M. 2014. Middle Palaeolithic cultural levels from
Middle and Late Pleistocene sediments of Bisnik Cave, Po-
land. Quaternary International, 326-327, 20-63.

Derbyshire, E., Meng, X. and Kemp, R.A. 1998. Provenance,
transport and characteristics of modern aeolian dust in
western Gansu Province, China, and interpretation of the
Quaternary loess record. Journal of Arid Environments, 39
(3), 497-516.

Dlussky, K.G. 2009. Loess Deposits. In: Gornitz, V. (Ed.), Ency-
clopedia of Paleoclimatology and Ancient Environments.
Encyclopedia of Earth Sciences Series, 522-524. Springer;
Dordrecht.

Dodonov, A.E. and Baiguzina, L.L. 1995. Loess stratigraphy
of Central Asia: Palacoclimatic and palacoenvironmental
aspects. Quaternary Science Reviews, 14 (7-8), 707-720.

Dylik, J., Chmielewska, M. and Chmielewski, W. 1954. Bada-
nie osadow jaskiniowych w Dziadowej Skale. Biuletyn
Peryglacjalny, 1, 52—62.

Dzierzek, J. and Lindner, L. 2020. Stratigraphy and conditions
of accumulation of the Younger Loesses (Vistulian) in the
Holy Cross Mountains area, Poland. Studia Quaternaria,
37 (2), 109-120.

Follmer, L.R. 1996. Loess studies in central United States: Evo-
lution of concepts. Engineering Geology, 45 (1-4), 287-304.

Ford, D.C. 1988. Characteristics of dissolutional cave systems
in carbonate rocks. In: James, N.P. and Choquette, P.W.
(Eds), Paleokarst, 25-57. Springer Verlag; New York, Ber-
lin, Heidelberg, London, Paris, Tokyo.

Frank, C. 1990. Pleistozdne und holozine Molluskenfaunen
aus Stillfried an der March : Ein Beitrag zur Ausgrabungs-
geschichte von Stillfried und des Buhuberges nordlich von
Stillfried. Wissenschaftliche Mitteilungen Niederdsterre-
ichisches Landesmuseum, 7, 7-272.

Frechen, M. 1999. Upper Pleistocene loess stratigraphy in
Southern Germany. Quaternary Geochronology, 18, 243—
269.

Frechen, M., Horvath, E. and Gabris, G. 1997. Geochronology
of Middle and Upper Pleistocene Loess Sections in Hunga-
ry. Quaternary Research, 48 (3), 291-312.

Frechen, M. and Yamskikh, A.F. 1999. Upper Pleistocene loess
stratigraphy in the southern Yenisei Siberia area. Journal of
the Geological Society, 156 (3), 515-525.

Freund, G. 1968. Mikrolithen aus dem Mittelpaldolithikum
der Sesselfelsgrotte im unteren Altmiihltal, Ldkr. Kelheim.
Quartdr, 19, 133-154.

Gasiorowski, M., Hercman, H. and Socha, P. 2014. Isotopic
analysis (C, N) and species composition of rodent assem-
blage as a tool for reconstruction of climate and environ-
ment evolution during Late Quaternary: A case study from
Bisnik Cave (Czgstochowa Upland, Poland). Quaternary
International, 339-340, 139-147.

Goldberg, P. and Macphail, R.I. 2013. Practical and theoretical



PRE-LGM LOESS IN CAVES OF POLISH JURA 449

geoarchaeology, 455 pp. Blackwell Publishing Ltd.; Mal-
den, MA, Oxford, Carlton.

Goldberg, P., Schiegl, S., Meligne, K., Dayton, C. and Conard,
N.J. 2003. Micromorphology and Site Formation at Hohle
Fels Cave, Schwabian Jura, Germany. Eiszeitalter Und Ge-
genwart (Quaternary Science Journal), 53, 1-25.

Gradzinski, M., Wawryka-Drohobycki, M., Michalska-Kasper-
kiewicz, B., Bisek, K., Szelerewicz, M., Partyka, J., Amiro-
wicz, A., Baran, J., Baryla, J. and Gorny, A. 2020. Jaskinie
dorzecza Pradnika, 670 pp. Ojcowski Park Narodowy;
Ojcow.

Hercman, H. 2014. U-series dating of collagen — A step toward
direct U-series dating of fossil bone? Quaternary Interna-
tional, 339-340, 4-10.

Hercman, H. and Gorka, P. 2002. Analizy metoda uranowo-
torowa kosci kopalnych z Jaskini Bi$nik. In: Cyrek, K.
(Ed.), Jaskinia Bisnik. Rekonstrukcja zasiedlenia jaskini
na tle zmian $rodowiska przyrodniczego, 181-192. Wy-
dawnictwo Uniwersytetu Mikotaja Kopernika; Torun.

Jary, Z. 2007. Zapis zmian klimatu w goérnoplejstocenskich
sekwencjach lessowo-glebowych w Polsce i w zachodniej
czesci Ukrainy, 145 pp. Instytut Geografii i Rozwoju Re-
gionalnego Uniwersytetu Wroctawskiego; Wroctaw.

Jary, Z. 2009. Periglacial markers within the Late Pleistocene
loess-palaeosol sequences in Poland and Western Ukraine.
Quaternary International, 198 (1-2), 124-135.

Jersak, J. 1973. Litologia i stratygrafia lessu wyzyn potudnio-
wej Polski (Lithology and stratigraphy of the loess on the
Southern Polish Uplands). Acta Geographica Lodziensia,
32, 1-139.

Jersak, J., Sendobry, K. and Snieszko, Z. 1992. Postwarciafiska
ewolucja wyzyn lessowych w Polsce. Prace Naukowe Uni-
wersytetu Slgskiego w Katowicach, 1227, 1-198.

King, G.E., Robinson, R.A.J. and Finch, A.A. 2013. Apparent
OSL ages of modern deposits from Fabergstelsdalen, Nor-
way: Implications for sampling glacial sediments. Journal
of Quaternary Science, 28 (7), 673—682.

Kopacz, J. 1975. Stanowisko srodkowopaleolityczne w Olsz-
tynie, pow. Czestochowa. Swiatowit, 34, 71-80.

Kot, M., Berto, C., Krajcarz, M.T., Moskal-del Hoyo, M., Gry-
czewska, N., Szymanek, M., Marciszak, A., Stefaniak, K.,
Zarzecka-Szubinska, K., Lipecki, G., Wertz, K. and Madey-
ska, T. 2022a. Frontiers of the Lower Palaeolithic expansion
in Europe: Tunel Wielki Cave (Poland). Scientific Reports,
12 (1), 1-19.

Kot, M., Gryczewska, N., Berto, C., Wojenka, M., Szeliga, M.,
Jaskulska, E., Fetner, R., Krajcarz, M., Wertz, K., Zarzecka-
Szubinska, K., Krajcarz, M.T., Moskal-del Hoyo, M., Le-
loch, M. and Jakubczak, M. 2019. Thirteen cave sites: set-
tlement patterns in Saspow Valley, Polish Jura. Antiguity, 93
(371), €30:1-8.

Kot, M., Gryczewska, N., Szymanek, M., Moskal-del Hoyo,
M., Szeliga, M., Berto, C., Wojenka, M., Krajcarz, M., Kra-
jearz, M.T., Wertz, K., Fedorowicz, S., Jaskulska, E. and
Pilcicka-Ciura, H. 2022b. Bramka Rockshelter: An Early

Mesolithic cave site in Polish Jura. Quaternary Interna-
tional, 610, 44—64.

Kot, M., Krajcarz, M. T., Moskal del Hoyo, M., Gryczewska,
N., Wojenka, M., Pyzewicz, K., Sinet-Mathiot, V., Dia-
kowski, M., Fedorowicz, S., Gasiorowski, M., Marciszak,
A., Lipecki, G. and Mackiewicz, P. 2021. Chronostratigra-
phy of Jerzmanowician. New data from Koziarnia Cave,
Poland. Journal of Archaeological Science: Reports, 38
(103014), 1-18.

Kowalski, S. 2006. Uwagi o osadnictwie paleolitycznym w Jas-
kini Ciemnej i Mamutowej w $wietle badan z lat 1957-1974.
In: Partyka, J. and Lech, J. (Eds), Jura Ojcowska w pradzie-
jach 1 poczatkach panstwa polskiego, 335-354. Wydawnic-
two Ojcowskiego Parku Narodowego; Ojcow.

Krajcarz, M. and Krajcarz, M. T. 2019. Post-depositional bone
destruction in cave sediments: a micromorphological study
of the MIS 5a—d cave bear strata of Bisnik Cave, Poland.
Journal of Quaternary Science, 34 (2), 138-152.

Krajcarz, M.T., Bosak, P., Slechta, S., Pruner, P., Komar, M.,
Dresler, J. and Madeyska, T. 2014. Sediments of Bisnik
Cave (Poland): Lithology and stratigraphy of the Middle
Palaeolithic site. Quaternary International, 326-327, 6—19.

Krajcarz, M.T., Cyrek, K., Krajcarz, M., Mroczek, P., Su-
dot, M., Szymanek, M., Tomek, T. and Madeyska, T.
2016. Loess in a cave: Lithostratigraphic and correlative
value of loess and loess-like layers in caves from the
Krakow-Czgstochowa Upland (Poland). Quaternary In-
ternational, 399, 13-30.

Krajcarz, M.T., Krajcarz, M., Ginter, B., Goslar, T. and Wojtal,
P. 2018. Towards a chronology of the Jerzmanowician — a
new series of radiocarbon dates from Nietoperzowa Cave
(Poland). Archaeometry, 60 (2), 383—401.

Krajcarz, M.T. and Madeyska, T. 2010. Application of the
weathering parameters of bones to stratigraphical interpre-
tation of the sediments from two caves (Deszczowa Cave
and Nietoperzowa Cave, Krakow-Czgstochowa Upland,
Poland). Studia Quaternaria, 27, 43-54.

Krajcarz, M.T. and Madeyska, T. 2013. New profile of Ciemna
Cave sediments (Polish Jura) — problem of correlation with
former investigations. In: Filippi, M. and Bosak, P. (Eds),
Proceedings of the 16™ International Congress of Speleol-
ogy, July 21-28, Brno. Volume 1, 146-149. Czech Speleo-
logical Society; Praha.

Krajcarz, M.T., Sudot, M., Krajcarz, M. and Cyrek, K. 2012.
Stanowisko po6znoczwartorzedowych osadow jaskinio-
wych — Schronisko nad Jaskiniag Zegar w Skatach Zega-
rowych (Wyzyna Czgstochowska). Przeglad Geologiczny,
60 (10), 546-553.

Krajcarz, M.T., Szymanek, M., Krajcarz, M., Pereswiet-Soltan,
A., Alexandrowicz, W.P. and Sudot-Procyk, M. 2020. Shel-
ter in Smolen III — A unique example of stratified Holocene
clastic cave sediments in Central Europe, a lithostratigraphic
stratotype and a record of regional paleoecology. PLoS ONE,
15 (2), €0228546.

Krukowski, S. 1921. Badania jaskin pasma Krakowsko-Wielun-



450 MACIEJ T. KRAJCARZ

skiego w 1914 1. Archiwum Nauk Antropologicznych, 1 (1),
1-8.

Krukowski, S. 1939. Paleolit. In: Krukowski, S., Kostrzewski,
J. and Jakimowicz, R. (Eds), Prehistoria Ziem Polskich,
29-32. Polska Akademia Umieje¢tnosci; Krakow.

Kukla, G. 1987. Loess stratigraphy in central China. Quaterna-
ry Science Reviews, 6 (3—4), 191-219.

Kukla, G.J. 1975. Loess stratigraphy of Central Europe. In: But-
zer, K.W. and Isaac, G.L. (Eds), After the Australopithecines:
Stratigraphy, Ecology and Culture Change in the Middle
Pleistocene, 99-188. De Gruyter Mouton; Berlin, New York.

Kukla, J. and Lozek, V. 1958. K problematice vyzkumu jesky-
nnich vyplni / To the problems of investigation of the cave
sediments. Ceskoslovensk)} kras, 11, 19-83.

Lanczont, M. and Madeyska, T. (Eds) 2015. Paleolityczna eku-
mena strefy pery- i metakarpackiej, 972 pp. Wydawnictwo
Uniwersytetu Marii Curie-Sktodowskiej; Lublin.

Lanczont, M., Madeyska, T., Mroczek, P., Komar, M., Hotub, B.,
Standzikowski, K. and Fedorowicz, S. 2023. Reconstruction
of the environmental conditions during the earliest Palaco-
lithic occupations in the Podillia Upland (W Ukraine) and
the formation of archaeological layers. Catena, 221, 106753.

Lang, A., Hatté, C., Rousseau, D.D., Antoine, P., Fontugne, M.,
Zoller, L. and Hambach, U. 2003. High-resolution chronol-
ogies for loess: Comparing AMS 'C and optical dating
results. Quaternary Science Reviews, 22 (10-13), 953-959.

Lehmkuhl, F., Nett, J. J., Pétter, S., Schulte, P., Sprafke, T., Jary,
Z., Antoine, P., Wacha, L., Wolf, D. Zerboni, A., Hosek, J.,
Markovi¢, S. B., Obreht, 1., Siimegi, P., Veres, D., Zeeden,
C., Boemke, B., Schaubert, V., Viehweger, J. and Ham-
bach, U. 2021. Loess landscapes of Europe — Mapping,
geomorphology, and zonal differentiation. Earth-Science
Reviews, 215, 103496.

Lindner, L. 1991. Stratigraphy of main Pleistocene loess hori-
zons and paleosols in mid-eastern Europe. Acta Geologica
Polonica, 41 (1-2), 85-100.

Lindner, L., Bogucki, A., Gozyk, P., Marciniak, B., Marks, L.,
Lanczont, M. and Wojtanowicz, J. 2002. Gtéwne cykle kli-
matyczne w stratygrafii plejstocenu Polski i Ukrainy. Prze-
glad Geologiczny, 50 (9), 787-792.

Lindner, L. and Marks, L. 2012. O podziale klimatostratygraficz-
nym kompleksu $rodkowopolskiego w plejstocenie Polski.
Przeglad Geologiczny, 60 (1), 36-45.

Lipecki, G., Madeyska, T., Migkina, B., Mirostaw-Grabowska,
J., Sobczyk, K. and Wojtal, P. 2000. Stop C.2. Lokietkowa
Cave (Jaskinia Lokietka). In: Guidebook and Abstracts.
Climate changes. The Karst Record II, 30-31. Krakow.

Lorenc, M. 2013. Radiocarbon ages of bones from Vistulian
(Weichselian) cave deposits in Poland and their stratigra-
phy. Acta Geologica Polonica, 63 (3), 399-424.

Lozek, V. 2021. The problem of loess formation and the loess
molluscs. DEUQUA Special Publications, 3, 67-78.

Madeyska-Niklewska, T. 1969. Gornoplejstocenskie osady jas-
kin Wyzyny Krakowskiej. Acta Geologica Polonica, 19 (2),
341-390.

Madeyska-Niklewska, T. 1971. Methods used in researches
on the upper pleistocene sediments of the Cracov Upland
caves. Swiatowit, 32, 5-25.

Madeyska, T. 1981. Srodowisko cztowieka w srodkowym i gor-
nym paleolicie na ziemiach polskich w $wietle badan geo-
logicznych. Studia Geologica Polonica, 69, 1-125.

Madeyska, T. 1982a. Charakterystyka lessow migdzy Zawadka
a Siedliskami koto Szczekocin. Biuletyn Geologiczny Uni-
wersytetu Warszawskiego, 26, 75-88.

Madeyska, T. 1982b. The stratigraphy of Palaeolithic sites of the
Cracow Upland. Acta Geologica Polonica, 32, 227-242.
Madeyska, T. 1988. Osady jaskin i schronisk Doliny Saspows-
kiej. In: Chmielewski, W. (Ed.), Jaskinie Doliny Saspows-
kiej. Tto przyrodnicze osadnictwa pradziejowego, 77-173.
Prace Instytutu Archeologii UW, Wydawnictwo Uniwer-

sytetu Warszawskiego; Warszawa.

Madeyska, T. 1992. Stratigraphy of the sediments in the Mamu-
towa Cave at Wierzchowie near Cracow. Folia Quaternaria,
63, 35-42.

Madeyska, T. 2002. Evidence of climatic variations in loess
and cave Palaeolithic sites of southern Poland and western
Ukraine. Quaternary International, 91 (1), 65-73.

Madeyska, T. 2009. Clastic cave sediments in the Czg¢stochowa
Upland. In: Stefaniak, K., Tyc, A. and Socha, P. (Eds),
Karst of the Czgstochowa Upland and of the Eastern Sude-
tes — palacoenvironments and protection, 67-84. Studies of
the Faculty of Earth Sciences, University of Silesia No. 56,
Faculty of Earth Sciences, University of Silesia-Zoological
Institute, University of Wroctaw; Sosnowiec-Wroctaw.

Madeyska, T. and Cyrek, K. 2002. Cave fillings — A chroni-
cle of the past. An outline of the Younger Pleistocene cave
sediments study in Poland. Acta Geologica Polonica, 52
(1), 75-95.

Maher, B.A., Alekseev, A. and Alekseeva, T. 2002. Variation of
soil magnetism across the Russian steppe: Its significance
for use of soil magnetism as a palacorainfall proxy. Quater-
nary Science Reviews, 21 (14-15), 1571-1576.

Mallol, C. and Goldberg, P. 2017. Cave and Rock Shelter Sedi-
ments. In: Nicosia, C. and Stoops, G. (Eds), Archaeological
Soil and Sediment Micromorphology, 359-381. John Wi-
ley &Sons, Ltd.; Hoboken, NJ.

Markovi¢, S.B., Stevens, T., Kukla, G.J., Hambach, U., Fitz-
simmons, K.E., Gibbard, P., Buggle, B., Zech, M., Guo, Z.,
Hao, Q., Wu, H., O’Hara Dhand, K., Smalley, 1.J., Ujvairi,
G., Stimegi, P, Timar-Gabor, A., Veres, D., Sirocko, F.,
Vasiljevi¢, D.A., Jary, Z., Svensson, A., Jovi¢, V., Lehm-
kuhl, F., Kovacs, J. and Svircev, Z. 2015. Danube loess
stratigraphy — Towards a pan-European loess stratigraphic
model. Earth-Science Reviews, 148, 228-258.

Marks, L., Dzierzek, J., Janiszewski, R., Kaczorowski J., Lind-
ner, L., Majecka, A., Makos, M., Szymanek, M., Totoczko
Pasek, A. and Woronko, B. 2016. Quaternary stratigraphy
and palacogeography of Poland. Acta Geologica Polonica,
66 (3), 403-427.

Maruszczak, H. 1996. Korelacja stratygraficzna lessow polskich,



PRE-LGM LOESS IN CAVES OF POLISH JURA 451

ukrainskich i niemieckich. Biuletyn Panstwowego Instytutu
Geologicznego, 373, 107-115.

Maruszczak, H. 2001. Schemat stratygrafii lessow i gleb
srodlessowych w Polsce (Stratigraphic scheme of loesses
and paleosols in Poland). In: Maruszczak, H. (Ed.), Pod-
stawowe profile lessow w Polsce II (Main section of loess-
es in Poland II), 17-29. Wydawnictwo Uniwersytetu Marii
Curie-Sktodowskiej; Lublin.

Miller, C.E. 2015. A Tale of Two Swabian Caves: Geoarchae-
ological Investigations at Hohle Fels an Geissenkloesterle,
184 pp. Kerns Verlag; Tiibingen.

Mirostaw-Grabowska, J. 2002a. Geological value of Bisnik
Cave sediments. Acta Geologica Polonica, 52 (1), 97-110.

Mirostaw-Grabowska, J. 2002b. Lithology and stratigraphy of
sediments from Bisnik Cave. In: Cyrek, K. (Ed.), Jaskin-
ia Bisnik. Rekonstrukcja zasiedlenia jaskini na tle zmian
$rodowiska przyrodniczego, 143—179. Wydawnictwo Wy-
dawnictwo Uniwersytetu Mikotaja Kopernika; Torun.

Mirostaw-Grabowska, J. and Cyrek, K. (2009). Archaeology
and stratigraphy of the Jasna Strzegowska Cave. In: Stefa-
niak, K., Tyc, A. and Socha, P. (Eds), Karst of the Czgsto-
chowa Upland and of the Eastern Sudetes — palaecoenvi-
ronments and protection, 273-282. Studies of the Faculty
of Earth Sciences, University of Silesia No. 56, Faculty of
Earth Sciences, University of Silesia-Zoological Institute,
University of Wroctaw; Sosnowiec-Wroclaw .

Muhs, D.R. and Bettis, E.A. 2003. Quaternary loess-paleosol
sequences as examples of climate-driven sedimentary ex-
tremes. Special Paper of the Geological Society of America,
370, 53-74.

Nadachowski, A. 1976. Fossil fauna of the deposits of Mamu-
towa Cave in Wierzchowie near Krakoéw (Poland). Folia
Quaternaria, 48, 17-36.

Nadachowski, A. 1982. Late Quaternary rodents of Poland with
special reference to morphotype dentition analysis of voles,
108 pp. Panstwowe Wydawnictwo Naukowe; Warszawa-
Krakow.

Nadachowski, A. 1988. Fauna kopalna plazéw (Amphibia),
gadow (Reptilia) i ssakow (Mammalia) w osadach jaskin i
schronisk Doliny Saspowskiej. In: Chmielewski, W. (Ed.),
Jaskinie Doliny Saspowskiej. Tlo przyrodnicze osadnic-
twa pradziejowego, 19-38. Wydawnictwo Uniwersytetu
Warszawskiego; Warszawa.

Nadachowski, A. 1989. Origin and history of the present rodent
fauna in Poland based on fossil evidence. Acta Theriolo-
gica, 34 (2), 37-53.

Nadachowski, A., Zarski, M., Urbanowski, M., Wojtal, P., Mie-
kina, B., Lipecki, G., Ochman, K., Krawczyk, M., Jaku-
bowski, G. and Tomek, T. 2009. Late Pleistocene Environ-
ment of the Czgstochowa Upland (Poland) Reconstructed
on the Basis of Faunistic Evidence from Archaeological
Cave Sites, 112 pp. Institute of Systematics and Evolution
of Animals, Polish Academy of Sciences; Krakow.

Nejman, L., Wood, R., Wright, D., Lisa, L., Nerudova, Z.,
Neruda, P., Pfichystal, A. and Svoboda, J. 2017. Hominid

visitation of the Moravian Karst during the Middle—Up-
per Paleolithic transition: New results from Pod Hradem
Cave (Czech Republic). Journal of Human Evolution, 108,
131-146.

Neruda, P. and Nerudova, Z. 2014. New radiocarbon data from
Micoquian layers of the Kilna Cave (Czech Republic).
Quaternary International, 326-327, 157-167.

Nerudova, Z. and Neruda, P. 2014. Chronology of the Upper
Palaeolithic sequence in the Kiilna Cave (okr. Blansko/CZ).
Archdologisches Korrespondenzblatt, 44 (3), 307-324.

Pésci, M. 1990. Loess is not just the accumulation of dust. Qua-
ternary International, 7/8 (X), 1-21.

Porgba, G.J., Snieszko, Z. and Moska, P. 2013. Influence of
pedon history and washing nature on luminescence dating
of Holocene colluvium on the example of research on the
Polish loess areas. Quaternary International, 296, 61-67.

Prosek, F. and Lozek, V. 1957. Stratigraphische Ubersicht des
tschechoslowakischen Quartirs. E&G Quaternary Science
Journal, 8 (1), 37-90.

Putiska, R., Sabol, M., Kusnirak, D. and Dostal, I. 2017. Geo-
physical Research at the Prepostska Cave and Certova Pec
Cave Neanderthal Sites (Western Slovakia). Archaeologi-
cal Prospection, 24 (2), 119-131.

Pye, K. 1987. Aeolian dust and dust deposits, 334 pp. Academic
Press; London.

Pye, K. 1995. The nature, origin and accumulation of loess.
Quaternary Science Reviews, 14 (7-8), 653—-667.

Reimer, P.J., Edouard Bard, B., Alex Bayliss, B., Warren Beck,
B.J., Paul Blackwell, B.G. and Christopher Bronk Ramsey,
B. 2013. IntCall3 and Marine13 Radiocarbon Age Calibra-
tion Curves 0-50,000 Years cal BP. Radiocarbon, 55 (4),
1869-1887.

Richter, J. 2001. For lack of a wise old man? Late Neanderthal
land use patterns in the Altmiihl River Valley, Southern Ger-
many. In: Conard, N.J. (Ed.), Middle Stone Age and Middle
Palaeolithic Settlement Patterns, 205-220. Universitdt zu
Koln, Institut fiir Ur- und Frithgeschichte; Tiibingen.

Rink, W.J., Schwarcz, H.P., Valoch, K., Seitl, L. and Stringer,
C.B. 1996. ESR dating of micoquian industry and Nean-
derthal remains at Ktilna Cave, Czech Republic. Journal of
Archaeological Science, 23 (6), 889-901.

Roberts, H.M. 2008. The development and application of lumi-
nescence dating to loess deposits: A perspective on the past,
present and future. Boreas, 37 (4), 483-507.

Roberts, H.M. 2015. Luminescence Dating, Loess. In: Rink,
W.J. and Thompson, J.W. (Eds), Encyclopedia of Scientific
Dating Methods, 425-430. Springer; Dordrecht.

Rots, V. 2009. The functional analysis of the Mousterian and
Micoquian assemblages of Sesselfelsgrotte, Germany: as-
pects of tool use and hafting in the European Late Middle
Palaeolithic. Quartdr, 56, 37-66.

Rozycki, S.Z. 1982. Czwartorzed okolic Lelowa. Biuletyn Geo-
logiczny Uniwersytetu Warszawskiego, 26, 49—61.

Shackleton, N.J., An, Z., Dodonov, A.E., Gavin, J., Kukla, G.,
Ranov, V.A. and Zhou, L.P. 1995. Accumulation rate of



452 MACIEJ T. KRAJCARZ

loess in Tadjikistan and China: Relationship with global ice
volume cycles. Quaternary Proceedings, 4 (4), 1-6.

Smalley, 1. and Jary, Z. 2004. A random walk towards a defini-
tion of loess. New Zealand Soil News, 52, 142—146.

Socha, P. 2014. Rodent palacofaunas from Bisnik Cave (Kra-
kow-Czgstochowa Upland, Poland): Palacoecological, pa-
lacoclimatic and biostratigraphic reconstruction. Quater-
nary International, 326-327, 64-81.

Sroubek P., Diehl J.F., Kadlec J. and Valoch K. 2001. A Late
Pleistocene palacoclimate record based on mineral mag-
netic properties of the entrance facies sediments of Kulna
Cave, Czech Republic. Geophysical Journal International,
147 (2), 247-262.

Stefaniak, K. and Marciszak, A. 2009. Large mammals (Car-
nivora, Ungulata) from Pleistocene sediments of the Bisnik
Cave. In: Stefaniak, K., Tyc, A. and Socha, P. (Eds), Karst
of the Czgstochowa Upland and of the Eastern Sudetes —
palacoenvironments and protection, 225-254. Studies of
the Faculty of Earth Sciences, University of Silesia No. 56,
Faculty of Earth Sciences, University of Silesia-Zoological
Institute, University of Wroctaw; Sosnowiec-Wroctaw.

Sudol, M., Adamczak, K., Krajcarz, M.T. and Krajcarz, M. 2013.
Slad osadnictwa z wezesnej epoki brazu w Schronisku w
Udorzu 1T (Udérz, gm. Zarmowiec, woj. $laskie). Acta Uni-
versitatis Nicolai Copernici, Archeologia, 33, 53—68.

Szymanek, M., Krajcarz, M.T., Krajcarz, M.T. and Alexandro-
wicz, W.P. 2016. Holocene palacoecological changes re-
corded in mollusc-bearing cave sediments, the Cave above
the Stupska gate (Southern Poland). Geologica Acta, 14 (3),
283-298.

Sustersi¢, F. 2007. Cave sediments and denuded caverns in the
Laski Ravnik, classical karst of Slovenia. In: Sasowsky, I.
D. and Mylroie, J. (Eds), Studies of Cave Sediments, 123—
134. Springer; Dordrecht.

Thiel, C., Buylaert, J.-P., Murray, A.S., Terhorst, B., Tsuka-
moto, S., Frechen, M. and Sprafke, T. 2011. Investigating
the chronostratigraphy of prominent palacosols in Lower
Austria using post-IR IRSL dating. E&G Quaternary Sci-
ence Journal, 60 (1), 137-152.

Tomek, T., Bochenski, Z.M., Socha, P. and Stefaniak, K. 2012.
Continuous 300,000-year fossil record: Changes in the or-

Manuscript submitted: 23" February 2023
Revised version accepted: 5" May 2023

nithofauna of Bi$nik Cave, Poland. Palaeontologia Elec-
tronica, 15 (1), 2A.

Valde-Nowak, P., Alex, B., Ginter, B., Krajcarz, M.T., Madeyska,
T., Migkina, B., Sobczyk, K., Stefanski, D., Wojtal, P., Za-
jac, M. and Zarzecka-Szubinska, K. 2014. Middle Paleolith-
ic sequences of the Ciemna Cave (Pradnik valley, Poland):
The problem of synchronization. Quaternary International,
326-327, 125-145.

Valde-Nowak, P., Alex, B., Ginter, B., Krajcarz, M.T., Madeys-
ka, T., Migkina, B., Sobczyk, K., Stefanski, D., Wojtal, P.,
Zajac, M. and Zarzecka-Szubinska, K. 2016. Late Middle
Palaeolithic occupations in Ciemna Cave, southern Poland.
Journal of Field Archaeology, 41 (2), 193-210.

Valoch, K. 1988. Die Erforschung der Kiilna-Hohle 1961—
1976, 318 pp. Moravské museum-Anthropos Institut; Brno.

White, W.B. 2007. Cave sediments and paleoclimate. Journal
of Cave and Karst Studies, 69 (1), 76-93.

Wilezynski, J., Krajcarz, M.T., Moskal-del Hoyo, M., Alex-
androwicz, W.P., Miekina, B., Pereswiet-Soltan, A., Wertz,
K., Lipecki, G., Marciszak, A., Lougas, L., Gradzinski,
M., Szczepanek, A., Zastawny, A. and Wojenka, M. 2020.
Late Glacial and Holocene paleoecology and paleoenviron-
mental changes in the northern Carpathians foreland: The
Zarska Cave (southern Poland) case study. The Holocene,
30 (6), 905-922.

Wojenka, M., Krajcarz, M.T., Szczepanek, A. and Wilczynski,
J. 2017. Sprawozdanie z badan wykopaliskowych przepro-
wadzonych w Jaskini Tunel Wielki w Wawozie Koziarnia
w 2016 roku. Prgdnik. Prace i Materialy Muzeum Im. Prof.
Wtadystawa Szafera, 27, 147-168.

Wojenka, M., Wilczynski, J. and Zastawny, A. 2016. Archaeo-
logical excavations in Zarska Cave in Zary, Krakow district,
2012-2015: an interim report. Recherches Archéologiques
NS, 8, 185-204.

Wojtal, P. 2007. Zooarcheological studies of the Late Pleistocene
sites in Poland, 189 pp. Institute of Systematics and Evolu-
tion of Animals Polish Academy of Sciences; Krakow.

Wright, J.S. 2001. “Desert loess” versus “glacial loess”: Quartz
silt formation, source areas and sediment pathways in the
formation of loess deposits. Geomorphology, 36 (3—4),
231-256.



