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Abstract

Analysis of weathering parameters of bones from cave deposits is presented as a useful tool of palaeoenvironmental
reconstruction. As an example, we studied profiles of sediments in two Palaeolithic sites: Nietoperzowa Cave and
Deszczowa Cave. Our studies included histological and EDS analyses of bone remnants found in these profiles. This
method allowed us to reconstruct the changes of palacotemperature and palaeohumidity, and finally the climatostrati-
graphy of sediments. The results presented here put a new light onto the stratigraphy of Deszczowa Cave’s filling. In
particular, besides the Vistulian sediments (MIS 2-5d), we confirmed the presence of layers formed during the Penul-

timate Glaciation (MIS 6) and Eemian Interglacial (MIS 5e).
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INTRODUCTION

An important element in the studies of Palaeolithic cave
sites, is the reconstruction of palaeoenvironment and palaeo-
climatic changes at the time of sedimentation of particular
strata and cultural layers. Besides the composition of sub-
fossil fauna remnants, the study of weathering degree of the
sediment components, including limestone rubble, are the
tools for the reconstruction of past environment fluctuations.
Such methods have been already used in the investigation of
Polish Palaeolithic cave sites, however their results were not
always clear and comparable with each other (Madeyska
1981).

Looking for the supplementary information about the
past environment, we propose a new method, i.e. analysis of
weathering and early diagenesis of bones. The particular aim
of this paper is to make an attempt to correlate the sequence
of sediments from Deszczowa Cave with the stratotype pro-
file of Nietoperzowa Cave, on the basis of the analysis of
bones.

THE SITES

Two caves were chosen for the study, both situated on
Krakdw-Czéstochowa Upland, so called Polish Jura Chain,
in southern Poland (Fig.1).

Nietoperzowa Cave (NC in the later text) is one of the
most important cave sites in Poland with Middle and Upper

Palaeolithic cultural layers and Pleistocene sediments treated
as the stratotype profile of Late Penultimate Glaciation (MIS
6), the Eemian (MIS 5e) and Vistulian (MIS 5d-2) (R6¢ycki
1967, Madeyska, 1982, Mojski 1985, Lindner 1992, Wojtal
2007). Stratigraphy was based on geological, palaeontolo-
gical and archaeological evidence (Chmielewski 1961, 1975,
Kowalski 1961, Madeyska-Niklewska 1969, Madeyska
1981, Wysoczafiski-Minkowicz 1969). It should be men-
tioned that according to Wysoczafiski-Minkowicz (1975) the
sediments of pre-Vistulian age do not occur in the cave, how-
ever it was an isolated opinion. Except of the bottom section
of sediments accumulated in flowing water, the whole series
originated in dry cave and it contains loams with limestone
rubble. Its lithological composition and traces of differenti-
ated degree of weathering indicate on climatic changes dur-
ing the sedimentation. Bone remnants belong to different
species of vertebrates, some of them are characteristic for
particular environments. Exploration of the site was termi-
nated in 1969 and that is why only one radiocarbon date of
charcoal is available. Basing on these data it was stated that:
the oldest part of dry cave sediments — layers 16-14 contain-
ing loess material — originated during the end of penultimate
glaciation; layers 13-12 with traces of strong chemical wea-
thering represent the Eemian Interglacial (MIS 5e); layers
11-10 - Early Vistulian (MIS 5a-5d); loess layer 9 corre-
sponds to MIS 4; layers 8—4 are dated to Interplenivistulian —
MIS 3; loess layer 3 to LGM — MIS 2; and layers 1-2 to the
Late Vistulian and the Holocene.
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Fig. 1.

Localization of Deszczowa Cave and Nietoperzowa Cave in Poland, and litho-stratigraphical profiles of the caves’ sediments. The

shown thicknesses of layers are the maximal known. Numbers in circles are numbers of layers, given in original publications
(Madeyska-Niklewska 1969, Cyrek et al. 2000). The layers: 1-16 from Nietoperzowa Cave and I11-V1I from Deszczowa Cave contain a
limestone rubble. Stratigraphy of sediments from Nietoperzowa Cave is shown according to Madeyska (1982), and from Deszczowa Cave —
according to Cyrek et al. (2000); however please note an alternative interpretation of Nadachowski et al. (2009), described in the text.

Deszczowa Cave (DC in the later text) is another inter-
esting archaeological site with the sequence of several Mid-
dle and Upper Palaeolithic cultural layers. Stratigraphical
position of its sediments is based on geological analysis
along with U/Th and radiocarbon dates (Cyrek et al. 2000,
Lorenc 2006, Krajcarz 2010), and the sediments generally
correspond to the younger part of the sequence from Nieto-
perzowa Cave (Fig. 1). However Nadachowski et al. (2009)
recently presented new data of faunal analysis, mainly of ro-
dent remains, positioning the lowest layers (I-1V) below
Early Vistulian or even below Eemian Interglacial (i.e. below
MIS 5). The overlying layers (V=VII) in their scheme are re-
lated to Interplenivistulian (MIS 3), with an erosional hiatus
between the layers IV and V.

MATERIAL AND METHODS

Material

The materials examined in this paper were samples of
bones and limestone rubble from Deszczowa Cave and Nie-
toperzowa Cave. The samples were collected during archae-
ological field expeditions — from DC in the years 1989-1997
and from NC in the years 1961-1969.

The samples of the following layers were available to the
authors. From Deszczowa Cave: layers I11-X for bone analy-
sis (only the bones from these layers were stored) and layers
I11-VI1 for limestone rubble morphology (layers with abun-
dant limestone clasts). From Nietoperzowa Cave: layers
3-16 for bone analysis, and for limestone rubble morphology
— layers 3-12. Other layers were not examined, because of
lack of the rubble or bones.

The sediment samples of similar weight (ca. 10 kg of
sediment for each layer) were taken from the same vertical
profile. The rubble samples were retrieved from sediment

samples by careful sieving and removing the fraction finer
than 10 mm. The lithological analysis including morphology
of the limestone rubble was conducted in the 1960s for sam-
ples from NC, and in the 1990s for DC.

Portions of the removed finer fraction (< 10 mm), con-
taining bone remains, were stored in the Institute of Geologi-
cal Sciences, Polish Academy of Sciences, dried and packed
in moisture-proof plastic bags. Histological analysis of bone
remains from both caves was made dozen years later, in the
years 2006-2008. Luckily, the well prepared storage in dry,
cold and dark conditions had preserved the material against
decaying or any contamination.

Bone fragments were picked from the sediment samples,
cleaned in distilled water, dried and processed to micro-
scopic sections. Only the fragments meeting the following
criteria were chosen for examination: long bones (in anatom-
ical sense); length of fragment about 10 mm; weight about 1
g; preserved bone surface as well as cortical and spongy tis-
sues; cortical tissue about 3—4 mm thick. None of the exam-
ined bones was determined to a species level due to a
fragmentary preservation, however the former criteria pro-
vided that only long bones of big mammals were chosen (the
chosen thickness of cortical tissue of long bones indicates
mammals bigger than roe deer but smaller than bison). 10
bone fragments from each layer were taken to histological
and EDS analysis.

Morphology of limestone rubble

Analysis of limestone rubble morphology was con-
ducted according to the well known method (Chavaillon-
Dutrievoz 1955, Laville 1964), adapted and developed later
by Madeyska-Niklewska (1969, 1971). For the analysis, we
selected only big rubble samples, containing statistically rep-
resentative amount of limestone clasts (300-500 clasts each).
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Fig. 2.

Photographs of chosen limestone clasts, exemplifying different clast morphology. A —smooth clasts, without corrosive pits or min-

eral covers. B — clasts with smooth edges, without corrosive pits or mineral covers. C — sharp-edged clasts, without corrosive pits or mineral
covers. D — clasts with corrosive pits. E — clasts with mineral covers. All samples come from Nietoperzowa Cave.

Each rubble sample was sorted by macro- and microscopic
features into three kinds (see also Fig. 2): (1) smooth clasts,
(2) clasts with smooth edges and (3) sharp-edged clasts. Ad-
ditionally each group was divided into two parts i.e. clasts
with and without small corrosive pits. The number of clasts in
each group was counted and proportion between the numbers
was presented on the diagram.

Histological analysis of bones

Histological analysis was performed with the method
described by Hedges et al. (1995). Chosen bone fragments
were impregnated with epoxy, glued on a glass slide and
polished to achieve transverse sections of cortical tissue. In
addition, a small piece of each chosen bone was kept for
chemical EDS analysis.

Each specimen (thin section) was classified — according
to microscopic features of cortical tissue visible in transpa-
rent light —to one of six kinds, named the values of histologi-
cal index (H.1.). The values from 0 to 5 were recognized as
follows: (0) none histological structure apart Haversian ca-
nals identifiable, (1) small areas of well preserved structure,
or some lamellar structure preserved, (2) lamellar structure
well preserved between destructive foci, (3) some areas with
well preserved all elements of structure, (4) only minor
amounts of destructive foci, and (5) very well preserved
structure, indistinguishable from fresh bone (Fig. 3). In addi-
tion, the presence of radial cracks around Haversian canals
were noticed, according to Pfretzschner (2004), with divi-
sion into three groups: (a) numerous cracks, if they run across
whole osteons and were visible in almost all osteons, (b)
sparse, if they were visible only in peripheral parts of some
osteons, and (c) none, if cracks were absent (Fig. 3). It must
be remembered that this analysis, likewise the rubble mor-
phology analysis, is always subject to personal view and ex-
perience. The preservation of histological structure, firstly
determined under transparent light microscope, was also
confirmed using electron microscope, according to Bell
(1990).

EDS analysis of carbon content

Fragments of each bone sample were subjected to
microprobe chemical analysis (EDS). The samples were
washed in 5% HCI for 10 minutes to remove carbonates, and
next washed in distilled water and dried. The analysis were
conducted using JEOL JSM-6380LA electron microscope
with EDS analyzer, in Engineer Geology Lab, Faculty of Ge-
ology, Warsaw University. Contents of carbon, calcium and
phosphorous were measured, with several repetitions for
each fragment.

RESULTS — A RECORD OF WEATHERING
Limestone rubble morphology

Percentages of three morphological classes of clasts in
each layer are presented in Fig. 4. Different proportions of
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Fig. 3. A schematic key to identification a value of histological
index (six upper schemes) and the presence of radial cracks (three
lower schemes), after Krajcarz (2010), modified.
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Fig. 4. Columns on the left side: Parameters of bone weathering for layers from Nietoperzowa Cave and Deszczowa Cave. Note narrow
range of H.I. values for each layer. Diagrams on the right side: Participation of morphological classes of limestone rubble in layers from
Nietoperzowa Cave and Deszczowa Cave. In Deszczowa Cave the upper layers (VI11-XI) have a limited abundance of the limestone rubble.



























