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Ab stract
Anal y sis of weath er ing pa ram e ters of bones from cave de pos its is pre sented as a use ful tool of palaeoenvironmental
re con struc tion. As an ex am ple, we stud ied pro files of sed i ments in two Palaeo lithic sites: Nietoperzowa Cave and
Deszczowa Cave. Our stud ies in cluded histological and EDS anal y ses of bone rem nants found in these pro files. This
method al lowed us to re con struct the changes of palaeotemperature and palaeohumidity, and fi nally the climatostrati-
graphy of sed i ments. The re sults pre sented here put a new light onto the stra tig ra phy of Deszczowa Cave’s fill ing. In
par tic u lar, be sides the Vistulian sed i ments (MIS 2–5d), we con firmed the pres ence of lay ers formed dur ing the Pen ul -
ti mate Gla ci ation (MIS 6) and Eemian Inter gla cial (MIS 5e).

Key  words: cave sedi ments, Pa laeo lithic, fos sil bones weath er ing, rub ble weath er ing, pa laeoen vi ron ment re con struc tion,
his to logi cal in dex

IN TRO DUC TION
An im por tant el e ment in the stud ies of Palaeo lithic cave

sites, is the re con struc tion of palaeoenvironment and palaeo-
cli ma tic changes at the time of sed i men ta tion of par tic u lar
strata and cul tural lay ers. Be sides the com po si tion of sub-
fos sil fauna rem nants, the study of weath er ing de gree of the
sed i ment com po nents, in clud ing lime stone rub ble, are the
tools for the re con struc tion of past en vi ron ment fluc tu a tions.
Such meth ods have been al ready used in the in ves ti ga tion of
Pol ish Palaeo lithic cave sites, how ever their re sults were not
al ways clear and com pa ra ble with each other (Madeyska
1981).

Look ing for the sup ple men tary in for ma tion about the
past en vi ron ment, we pro pose a new method, i.e. anal y sis of
weath er ing and early diagenesis of bones. The par tic u lar aim
of this pa per is to make an at tempt to cor re late the se quence
of sed i ments from Deszczowa Cave with the stratotype pro -
file of Nietoperzowa Cave, on the ba sis of the anal y sis of
bones.

THE SITES
Two caves were cho sen for the study, both sit u ated on

Kraków–Czêstochowa Up land, so called Pol ish Jura Chain,
in south ern Po land (Fig.1).

Nietoperzowa Cave (NC in the later text) is one of the
most im por tant cave sites in Po land with Mid dle and Up per

Palaeo lithic cul tural lay ers and Pleis to cene sed i ments treated 
as the stratotype pro file of Late Pen ul ti mate Gla ci ation (MIS
6), the Eemian (MIS 5e) and Vistulian (MIS 5d-2) (Ró¿ycki
1967, Madeyska, 1982, Mojski 1985, Lindner 1992, Wojtal
2007). Stra tig ra phy was based on geo log i cal, palaeontolo-
gical and ar chae o log i cal ev i dence (Chmielewski 1961, 1975, 
Kowalski 1961, Madeyska-Niklewska 1969, Madeyska
1981, Wysoczañski-Minkowicz 1969). It should be men -
tioned that ac cord ing to Wysoczañski-Minkowicz (1975) the 
sed i ments of pre-Vistulian age do not oc cur in the cave, how -
ever it was an iso lated opin ion. Ex cept of the bot tom sec tion
of sed i ments ac cu mu lated in flow ing wa ter, the whole se ries
orig i nated in dry cave and it con tains loams with lime stone
rub ble. Its lithological com po si tion and traces of dif fer en ti -
ated de gree of weath er ing in di cate on cli ma tic changes dur -
ing the sed i men ta tion. Bone rem nants be long to dif fer ent
spe cies of ver te brates, some of them are char ac ter is tic for
par tic u lar en vi ron ments. Ex plo ra tion of the site was ter mi -
nated in 1969 and that is why only one ra dio car bon date of
char coal is avail able. Bas ing on these data it was stated that:
the old est part of dry cave sed i ments – lay ers 16–14 con tain -
ing loess ma te rial – orig i nated dur ing the end of pen ul ti mate
gla ci ation; lay ers 13–12 with traces of strong chem i cal wea-
thering rep re sent the Eemian Inter gla cial (MIS 5e); lay ers
11–10 – Early Vistulian (MIS 5a–5d); loess layer 9 cor re -
sponds to MIS 4; lay ers 8–4 are dated to Interplenivistulian –
MIS 3; loess layer 3 to LGM – MIS 2; and lay ers 1–2 to the
Late Vistulian and the Ho lo cene.



Deszczowa Cave (DC in the later text) is an other in ter -
est ing ar chae o log i cal site with the se quence of sev eral Mid -
dle and Up per Palaeo lithic cul tural lay ers. Strati graphi cal
po si tion of its sed i ments is based on geo log i cal anal y sis
along with U/Th and ra dio car bon dates (Cyrek et al. 2000,
Lorenc 2006, Krajcarz 2010), and the sed i ments gen er ally
cor re spond to the youn ger part of the se quence from Nieto-
perzowa Cave (Fig. 1). How ever Nadachowski et al. (2009)
re cently pre sented new data of fau nal anal y sis, mainly of ro -
dent re mains, po si tion ing the low est lay ers (I–IV) be low
Early Vistulian or even be low Eemian Inter gla cial (i.e. be low 
MIS 5). The over ly ing lay ers (V–VII) in their scheme are re -
lated to Interplenivistulian (MIS 3), with an ero sional hi a tus
be tween the lay ers IV and V.

MA TE RIAL AND METH ODS

Ma te rial

The ma te ri als ex am ined in this pa per were sam ples of
bones and lime stone rub ble from Deszczowa Cave and Nie-
toperzowa Cave. The sam ples were col lected dur ing ar chae -
o log i cal field ex pe di tions – from DC in the years 1989–1997
and from NC in the years 1961–1969.

The sam ples of the fol low ing lay ers were avail able to the 
au thors. From Deszczowa Cave: lay ers III–X for bone anal y -
sis (only the bones from these lay ers were stored) and lay ers
III–VII for lime stone rub ble mor phol ogy (lay ers with abun -
dant lime stone clasts). From Nietoperzowa Cave: lay ers
3–16 for bone anal y sis, and for lime stone rub ble mor phol ogy 
– lay ers 3–12. Other lay ers were not ex am ined, be cause of
lack of the rub ble or bones.

The sed i ment sam ples of sim i lar weight (ca. 10 kg of
sed i ment for each layer) were taken from the same ver ti cal
pro file. The rub ble sam ples were re trieved from sed i ment

sam ples by care ful siev ing and re mov ing the frac tion finer
than 10 mm. The lithological anal y sis in clud ing mor phol ogy
of the lime stone rub ble was con ducted in the 1960s for sam -
ples from NC, and in the 1990s for DC.

Por tions of the re moved finer frac tion (< 10 mm), con -
tain ing bone re mains, were stored in the In sti tute of Geo log i -
cal Sci ences, Pol ish Acad emy of Sci ences, dried and packed
in mois ture-proof plas tic bags. Histological anal y sis of bone
re mains from both caves was made dozen years later, in the
years 2006–2008. Luck ily, the well pre pared stor age in dry,
cold and dark con di tions had pre served the ma te rial against
de cay ing or any con tam i na tion.

Bone frag ments were picked from the sed i ment sam ples, 
cleaned in dis tilled wa ter, dried and pro cessed to mi cro -
scopic sec tions. Only the frag ments meet ing the fol low ing
cri te ria were cho sen for ex am i na tion: long bones (in an a tom -
i cal sense); length of frag ment about 10 mm; weight about 1
g; pre served bone sur face as well as cor ti cal and spongy tis -
sues; cor ti cal tis sue about 3–4 mm thick. None of the ex am -
ined bones was de ter mined to a spe cies level due to a
frag men tary pres er va tion, how ever the for mer cri te ria pro -
vided that only long bones of big mam mals were cho sen (the
cho sen thick ness of cor ti cal tis sue of long bones in di cates
mam mals big ger than roe deer but smaller than bi son). 10
bone frag ments from each layer were taken to histological
and EDS anal y sis.

Mor phol ogy of lime stone rub ble

Anal y sis of lime stone rub ble mor phol ogy was con -
ducted ac cord ing to the well known method (Chavaillon-
Dutrievoz 1955, Laville 1964), adapted and de vel oped later
by Madeyska-Niklewska (1969, 1971). For the anal y sis, we
se lected only big rub ble sam ples, con tain ing sta tis ti cally rep -
re sen ta tive amount of lime stone clasts (300–500 clasts each). 
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Fig. 1. Lo cal iza tion of Deszczowa Cave and Nietoperzowa Cave in Po land, and litho-strati graphi cal pro files of the caves’ sed i ments. The
shown thick nesses of lay ers are the max i mal known. Num bers in cir cles are num bers of lay ers, given in orig i nal pub li ca tions
(Madeyska-Niklewska 1969, Cyrek et al. 2000). The lay ers: 1–16 from Nietoperzowa Cave and III–VII from Deszczowa Cave con tain a
lime stone rub ble. Stra tig ra phy of sed i ments from Nietoperzowa Cave is shown ac cord ing to Madeyska (1982), and from Deszczowa Cave –
ac cord ing to Cyrek et al. (2000); how ever please note an al ter na tive in ter pre ta tion of Nadachowski et al. (2009), de scribed in the text.



Each rub ble sam ple was sorted by macro- and mi cro scopic
fea tures into three kinds (see also Fig. 2): (1) smooth clasts,
(2) clasts with smooth edges and (3) sharp-edged clasts. Ad -
di tion ally each group was di vided into two parts i.e. clasts
with and with out small cor ro sive pits. The num ber of clasts in 
each group was counted and pro por tion be tween the num bers 
was pre sented on the di a gram.

Histological anal y sis of bones

Histological anal y sis was per formed with the method
de scribed by Hedges et al. (1995). Cho sen bone frag ments
were im preg nated with ep oxy, glued on a glass slide and
polished to achieve trans verse sec tions of cor ti cal tis sue. In
ad di tion, a small piece of each cho sen bone was kept for
chem i cal EDS anal y sis.

Each spec i men (thin sec tion) was clas si fied – ac cord ing
to mi cro scopic fea tures of cor ti cal tis sue vis i ble in transpa-
rent light – to one of six kinds, named the val ues of  histolog i -
cal in dex (H.I.). The val ues from 0 to 5 were rec og nized as
fol lows: (0) none histological struc ture apart Haversian ca -
nals iden ti fi able, (1) small ar eas of well pre served struc ture,
or some lamellar struc ture pre served, (2) lamellar struc ture
well pre served be tween de struc tive foci, (3) some ar eas with
well pre served all el e ments of struc ture, (4) only mi nor
amounts of de struc tive foci, and (5) very well pre served
struc ture, in dis tin guish able from fresh bone (Fig. 3). In ad di -
tion, the pres ence of ra dial cracks around Haversian ca nals
were no ticed, ac cord ing to Pfretzschner (2004), with di vi -
sion into three groups: (a) nu mer ous cracks, if they run across 
whole osteons and were vis i ble in al most all osteons, (b)
sparse, if they were vis i ble only in pe riph eral parts of some
osteons, and (c) none, if cracks were ab sent (Fig. 3). It must
be re mem bered that this anal y sis, like wise the rub ble mor -
phol ogy anal y sis, is al ways sub ject to per sonal view and ex -
pe ri ence. The pres er va tion of histological struc ture, firstly
de ter mined un der trans par ent light mi cro scope, was also
con firmed us ing elec tron mi cro scope, ac cord ing to Bell
(1990).

EDS anal y sis of car bon con tent

Frag ments of each bone sam ple were sub jected to
microprobe chem i cal anal y sis (EDS). The sam ples were
washed in 5% HCl for 10 min utes to re move car bon ates, and
next washed in dis tilled wa ter and dried. The anal y sis were
con ducted us ing JEOL JSM-6380LA elec tron mi cro scope
with EDS an a lyzer, in En gi neer Ge ol ogy Lab, Fac ulty of Ge -
ol ogy, War saw Uni ver sity. Con tents of car bon, cal cium and
phos pho rous were mea sured, with sev eral rep e ti tions for
each frag ment.

RE SULTS – A RE CORD OF WEATH ER ING

Lime stone rub ble mor phol ogy

Per cent ages of three mor pho log i cal classes of clasts in
each layer are pre sented in Fig. 4. Dif fer ent pro por tions of
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Fig. 2. Pho to graphs of cho sen lime stone clasts, ex em pli fy ing dif fer ent clast mor phol ogy. A – smooth clasts, with out cor ro sive pits or min -
eral cov ers. B – clasts with smooth edges, with out cor ro sive pits or min eral cov ers. C – sharp-edged clasts, with out cor ro sive pits or min eral
cov ers. D – clasts with cor ro sive pits. E – clasts with min eral cov ers. All sam ples come from Nietoperzowa Cave.

Fig. 3. A sche matic key to iden ti fi ca tion a value of histological
in dex (six up per schemes) and the pres ence of ra dial cracks (three
lower schemes), af ter Krajcarz (2010), mod i fied.
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Fig. 4. Col umns on the left side: Pa ram e ters of bone weath er ing for lay ers from Nietoperzowa Cave and Deszczowa Cave. Note nar row
range of H.I. val ues for each layer. Di a grams on the right side: Par tic i pa tion of mor pho log i cal classes of lime stone rub ble in lay ers from
Nietoperzowa Cave and Deszczowa Cave. In Deszczowa Cave the up per lay ers (VIII–XI) have a lim ited abun dance of the lime stone rub ble.


















