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Lincombian-Ranisian-Jerzmanowician (LRJ) industries are extremely scarce in Central Europe. Therefore, each
LRJ site is of great importance. One of them is Koziarnia Cave in Poland situated eastwards relative to other LRJ
sites. Our investigations of this cave provided new chronostratigraphic data for the LRJ industries. A detail
debitage analysis recognised the ventral thinning chips and enabled identification of the LRJ assemblage-
containing stratum. Besides the LRJ assemblage, strata with traces of Late Middle Palaeolithic and Early
Gravettian occupation were found at the site. The radiocarbon dates of Koziarnia samples show that the
archaeological settlement represents one of the oldest Gravettian stays north to the Carpathians. Moreover, these
dates demonstrate that humans and cave bears had alternately occupied the cave. Additionally, the radiocarbon
dates indicate relatively young chronology of the Jerzmanowician occupation in Koziarnia Cave (ca. 39-36 ky
calBP). The results suggest the long chronology of the LRJ technocomplex, exceeding the Campanian Ignimbrite
event.

industries (Flas, 2011; Higham et al., 2011; Hoffecker, 2009; Valoch,
2000; Svoboda, 2001; Zilhao, 2013).

1. Introduction

Middle/Upper Palaeolithic transitional industries in Central Europe
are the most ephemeral and most debated topics in Palaeolithic
discourse (Hublin and Bailey, 2006; Straus, 2009; White, 1982). After
over 100 years of research, we are still seeking for answers to crucial
questions regarding, e.g. the origins (Allsworth-Jones, 2004; Higham
et al., 2009; Neruda and Nerudova, 2013; Tostevin, 2013; Villa et al.,
2018), the chronology (Bobak et al., 2013; Joris et al., 2011), internal
divisions (Allsworth-Jones, 1986; Hublin, 2015; Svoboda, 2004), or
even the identification of human populations responsible for these
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Lincombian-Ranisian-Jerzmanowician (LRJ) is one of such transi-
tional industries determined by the presence of bifacially worked leaf-
points made on blades obtained from double platform cores.
Technological and experimental studies show that one deals with a
predetermined technique of obtaining leaf-shaped blades, which were
later minimally adjusted to reflect the exact willow leaf shape through
ventral thinning. Such technological features are present in transitional
assemblages in southern Poland (Nietoperzowa Cave), southern Ger-
many (Ranis), Belgium (Spy) and the southern part of Great Britain
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(Beedings, Kent’s Cavern), but are relatively less abundant to the south
of the Carpathians, where Szeletian industry prevails (Chmielewski,
1961; Flas, 2012; Hiille, 1939; Jacobi, 2007).

The term “Jerzmanowician” was used for the first time in 1961 by W.
Chmielewski after his studies in Nietoperzowa Cave located in Jerzma-
nowice village (Chmielewski, 1961). Chmielewski’s research focused on
two caves, Koziarnia and Nietoperzowa, where the first bifacial leaf-
points were found already in the 19th century. In the second half of the
19th century, the cave sediments of several sites were exploited by local
landlords to be sold as field fertiliser. In consequence, the sediments of
caves Nietoperzowa, Koziarnia and Gorenicka were heavily destroyed.
During the cave sediment exploitation, multiple prehistoric animal
bones and artefacts were found. The discoveries led Ferdinand Romer
(1883); (1884;), a geologist and palaeontologist from Schlesische Frie-
drich-Wilhelms-Universitat in Breslau, to study the cave sediment as
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well as palaeontological and archaeological assemblages in detail,
including bifacial leafpoints from Nietoperzowa and Koziarnia caves. To
check their stratigraphy, Chmielewski re-excavated both caves in the
1950s. In Nietoperzowa Cave, he found three archaeological horizons
(layers 4, 5a and 6), containing in total >87 bifacially worked leafpoints
and their fragments (Chmielewski, 1975). In Koziarnia Cave, Chmie-
lewski opened ten trenches covering the area of 120 m? in total, but none
of the identified 21 layers could be clearly described as containing the
Jerzmanowician assemblage. One of the layers, i.e. 13, which he claimed
did not contain any stone artefacts, was black due to the high amount of
charcoal (Chmielewski et al., 1967). Chmielewski called it a “cultural
layer”, and by comparing it to layers 4 and 6 in Nietoperzowa Cave, he
initially suggested that it was a Jerzmanowician horizon (Chmielewski,
1961). However, no radiometric dates were obtained at that time to test
the hypothesis.
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Fig. 1. Koziarnia Cave, its surroundings and state of preservation. (1) The localisation of Koziarnia Cave. (2) Postcard dated to 1927 illustrating the entrance to
Koziarnia Cave. (3) 1st half of the XXth century, view from the Koziarnia Cave on the “Szwajcaria” hotel, situated on the opposite slope of Koziarnia Gorge. At that
time a dance floor was built inside the cave. (4) Koziarnia Cave during excavations of prof. Chmielewski in 1958-1962 (photo from the archives of prof. T. Madeyska-
Niklewska). (5-6) Koziarnia Cave during excavations in 2017. (7) The current state of preservation of Koziarnia cave sediment. The sediments inside the cave are
partly destroyed by collapsed unfilled archaeological trenches and ditches made during the installation of the seismograph at the back of the cave. (8) State of
preservation of Koziarnia Cave sediment in 1910. The pit visible in the middle part may be a remnant of the F. Romer fieldworks in 1879.
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A single radiocarbon date (38,160 + 1250 BP Gro-2181) obtained for
wood charcoal from layer 6 in Nietoperzowa Cave was presented by
Chmielewski (1961), and since then it has been treated as the major
chronological framework of the whole technocomplex. It was later
proposed that all the assemblages containing bifacially-worked blade
leafpoints from the European Plains can be merged into one industry, i.e.
Lincombian-Ranisian-Jerzmanowician, a term widely used till today
(Desbrosse and Koztowski, 1988). Even though the Jerzmanowician
culture’s determination was based mostly on the Nietoperzowa Cave
assemblage, the Koziarnia and Mamutowa caves were also classified to
LRJ.

The chronology of Jerzmanowician was restudied several times
(Flas, 2011; Koztowski and Koztowski, 1996; Koztowski, 2002; Lorenc,
2013; Nadachowski et al., 2011). The analyses were, in most cases
conducted on the animal fossil collection. The most recent results of
multiple radiocarbon dating of cave bear remains from Nietoperzowa
Cave (Krajcarz et al., 2018) showed the old collection’s limitation. The
radiocarbon range of each stratum represents all chronological spectra
observed in the cave, which might indicate problems resulting from the
exploration, documentation or mixing of this collection. Only new
detailed fieldwork would help to resolve all the chronological issues
linked to LRJ industries.

In order to clarify the chronostratigraphic position of Jerzmano-
wician, a new fieldwork project was initiated in 2017. It aimed at the
verification of the stratigraphy of Koziarnia Cave and obtaining reliable
radiometric dates for a complete profile of the site, as well as recon-
structing the palaeoenvironmental conditions for individual strata (Kot
et al., 2019a). The paper presents the chronostratigraphic data with a
comparison to the results published before.
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1.1. Koziarnia cave

Koziarnia Cave is located in Saspéw Valley, in the southern part of
the Polish Jura (Fig. 1). The cave has a 5-metre-high entrance heading
SW with the main chamber covering an area of over 100 m? behind it
and a single 40-metre-long gallery narrowing toward the cave’s end.

The cave was constantly used until World War I. At the beginning of
the 20th century, when the sediment exploitation was halted, a dance
floor was built in the main chamber, and a resting place was located on
the terrace in the front of the entrance. In 1919, the cave was excavated
by S. Krukowski, who at the same time conducted fieldwork in the
nearby Ciemna Cave (Kot et al., 2019b; Koztowski, 2007). Krukowski
made a trench in the entrance zone of the cave, finding nothing but some
Holocene artefacts. In 1958-62, the cave was excavated again by W.
Chmielewski. He found most of the sediments in the main chamber
already destroyed due to the previous activities. Inside the cave, un-
disturbed layers were found as far as 20 m from the cave entrance. In his
final publication, Chmielewski described the cross-section as having 21
separate geological layers (Chmielewski et al., 1967). Several of them
contained flint artefacts. Originally, Chmielewski distinguished eight
cultural layers (4, 7, 10, 13, 16B, 17, 18, 20), out of which layers 4, 7, 10
and 13 contained only charcoal and no lithic artefacts.

Lithic artefacts were found only in the lower layers. Middle Palae-
olithic settlement was associated with layers 17, 18 and 20. The small
assemblage contained two bifacial backed knives, several flake discoid
cores and postdepositionally damaged debitage. Rare stone artefacts
also described as Middle Palaeolithic were found in layers 15 and 16.
One of the artefacts found in layer 15 (mistakenly published as coming
from layer 17) is a massive blade made on a double platform core with
multiple postdepositional retouches (Chmielewski et al., 1967). The
archaeologically sterile layer 13 was described as black due to a high

%> -cavewalls
‘"‘; - breccia and relic layers preserved on the cave walls
H - rock steps
" -isolines with height above sea levels
.--= -border of cave opening
[ | - sediment exploted by local landlords as field fertiliser in XIXth century
= - recontructed location of O.Grube excavation in 1879
] - trench of S. Krukowski, excavated 1919

- trenches of W. Chmielewski with original numeration
- trench excavated in 2017r.
- colapsed cross-sections and modern cave floor level

Fig. 2. Plan and cross-section of Koziarnia Cave with the localisation of all previous archaeological fieldworks.
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charcoal concentration. The charcoal concentration was especially high -
in the main corridor (20-35 m from the entrance). The upper part of the g
section was minimally present only in the trenches located farther from 2
the entrance. Chmielewski correlated them with the loess sequences B
found in the front of the cave and dated to MIS 2. Q g
Unfortunately, the trenches were not refilled after the excavations, E 8
and they have stayed open for 70 years. All the walls disintegrated " S £
slowly causing massive damage (Fig. 1: 7). g E XN léO:g %E’o 233 2%
el acks TEc 5% o4&
2. Methods and materials S o S SSsS o< S
The new fieldwork conducted in 2017 covered 2.85 m? (Fig. 2). A gﬁ’c E’
trench was opened 40 m from the cave entrance in the NW corner of % §
Chmielewski’s trench IX to correlate the stratigraphy and open a section Z,; o
in the place that could cover the highest possibly undisturbed profile. 3 i’;"
The collapsed walls of the old trenches containing mixed sediment were g E
visible during the fieldwork. One should still consider that even the = - o © o . E o o
stratified parts of the trench might be postdepositionally moved due to 5 RN s v S - B« B s S S
the slight trench wall movements. The geogenic sediment was excavated
from natural layers divided into an artificial 10 cm spit. The sediment =
from one square metre of natural layer and artificial spit was collected % O
separately. The collected geogenic sediment was wet sieved with 1 mm Slaataaaayyd Bamagd &g 2
sieves and the mixed sediment with 3 mm sieves. The sieved material glgs S¢o 22888 § & g 2228 3 N g g g &
was dried and screened in order to collect tiny microfaunal, anthraco- B R i R = S RN I TR
logical and archaeological material. All the in situ findings, including the S RR88S8R3233+H+H8888883338+
VOwNVMVOM\DOOWMv—*VMNHQOHOm
charcoal, were 3D measured. CINRILRIRIRIIIRILISTLNGIIN
Additionally, the old collection of artefacts found in Koziarnia by F.
Romer in 1879 was restudied. For chronostratigraphic studies, two un- g
published ivory tools were radiocarbon dated and analysed in terms of = . © S
traceology and zooarchaeology using mass spectrometry (ZooMS). El e 2 78a0nnn88Eibnnnnaddy
2.1. Chronology §
1>
2.1.1. Radiocarbon dating 8 ::o
Each charcoal fragment was taxonomically identified based on wood i: E .
anatomy atlases (Greguss, 1955; Schweingruber, 1990) and the modern :EO o e % S -
wood collections in the Department of Palaeobotany of the W. Szafer Sleacoevld 8o, AweErmenToD 23S
Institute of Botany of the Polish Academy of Sciences. Only the identi-
fied fragments were dated (Table 1). The selection of the most suitable slege g‘ § § g g E g g E E E g § E g E E 3 g E
charcoal fragments is based on woody flora typical of the environmental § L IIIJIIIIIIIIIQIY g aq
conditions for a specific period. If possible, remains of branches iden- R e e A A e e
tified by an observation of a ring curvature is chosen, in order to avoid
the old wood problem (Moskal-del Hoyo and Koztowski, 2009; Nowak E| £ % 3 & &5
et al., 2017). For MIS 3, it is more adequate to select taxa representing P g § a ; g S E S
coniferous wood more widespread in the Pleistocene cold conditions in 2 B g é g 8.8 g8
Central Europe (Beresford-Jones et al., 2010; Cichocki et al., 2014; ) g é g é § é é% § > é § é?og % é g%%
Svoboda et al., 2015; Alex et al., 2017; Wilczynski et al., 2020). When no " E § g ? % EJ.;S & g’ ? §; 3 % E"% ? % ? ? ? ? E)& %
charcoal fragments were available from a chosen stratum, animal fossils § %ﬁg $83883888s3 §§ 388 g EEEERE g8
were used for dating. All cave bear remains were assigned to Ursus | HESSSSEESSESESESESSSSER
ingressus according to preliminary analyses of ancient DNA as well as
previous studies, which indicated that only this species (not U. spelaeus) E E
was present on the territory of Poland in the Pleistocene (Baca et al., g ,%: E" ;g ;§_
2012, 2014, 2016; Mackiewicz et al., 2017). Due to the proximity to the 2las i B9 Z2-=-< ;‘3 I A
edge of the old trenches and possible contamination of the sediment, s g ‘E % N S < § g § E § § g é < g é é = % = g g é
only samclljles collected in the deepest part from the old trench’s edge 5 5| 85s5658£82838s2858£¢8838E¢
were used. =
Wood charcoal fragments, bones, teeth and ivory were dated with .g Sl<mw s
the AMS radiocarbon method. None of the dated bones nor teeth had cut 5 s % % - =
marks or traces of human activities. Fifteen bone and 15 charcoal g3 MR I ) o
samples were dated in the Poznan Radiocarbon Laboratory (Poland), £ E“ § § g' g‘ T N S8 .335838%
two bone tools were dated in the Oxford Radiocarbon Unit (UK) and two g 5|55 222308 a800R080mmanls
cave bear bones in the Gliwice Absolute Dating Methods Centre <
(Poland). In the case of bone, teeth and ivory artefacts, the dated fraction § o § % iy % § eL2oony @ gLezguy % 528
was collagen, and in the case of charcoal, it was cellulose. Collagen and ~ 58|39 822828838 28-288383-88%
cellulose extraction and purification in Poznan and Gliwice followed _':‘_: S8 E88 S5 5553585858558 5835838
widely accepted methodology (Goslar et al., 2004; Brock and Higham, gel” CORSSCRRARRASAROASASORA
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2010). Bones and teeth were rinsed with NaOH and subject to ultrafil-
tration (>30 kDa). For details of the chemical pre-treatment, target
preparation and AMS measurement of samples dated in Oxford Radio-
carbon Unit see Bronk Ramsey et al. (2004) and Brock and Higham
(2010). The radiocarbon ages were calibrated versus the INTCAL’13
radiocarbon atmospheric calibration curve (Reimer et al., 2013), using
the software OxCal ver. 4.3.2 (Bronk Ramsey, 2009, 2017; Bronk
Ramsey et al., 2013). All calibrated dates are presented in calibrated
years BP with 95.4% probability range.

2.1.2. Thermoluminescence dating

Additionally, the bottom-most layer of silty loams was thermolumi-
nescence (TL) dating in the Department of Geomorphology and Qua-
ternary Geology of the University of Gdansk. The deposit moisture was
measured in each sample. After drying, the dose rate (dr) was deter-
mined using the MAZAR gamma spectrometer. The concentrations of
226Ra, 228Th, 40K (Table 2) in each sample were obtained from twenty
measurements lasting 2000s each. Equivalent dose (ED) was established
on the 63-80 mm polymineral fraction, after 10% HCI and 30% H30,
washing and UV optical treatment. The samples were irradiated with 20
Gy, 30 Gy, 40 Gy, 50 Gy and 100 Gy, dozes from %°Co gamma source.
Before measurement, the samples were heated at 140 °C for 3 h. A
sample pre-treated in this way was used to determine the equivalent
dose (ED) (Table 2) by the TL multiple-aliquot regenerative technique
(Wintle and Prészyniska, 1983), according to Fedorowicz et al. (2013).
The registration of curves was performed on RA’94 (Mikrolab) ther-
moluminescence reader, coupled with EMI 9789 QA photomultiplier.
The TL age was calculated, according to Frechen (1992). A detailed
description of the preparation and the equipment used is contained in
Fedorowicz et al. (2013).

2.1.3. U-series dating

Due to reaching the limit of radiocarbon dates, the U/Th method was
additionally applied (Table 3). The chemical procedure was done in the
U-series Laboratory of the Institute of Geological Sciences, Polish
Academy of Sciences (Warsaw, Poland). The method included the
thermal decomposition of organic matter and adding the
233.2361y.229Tp spike to the samples, which were then dissolved in ni-
tric acid. Uranium and thorium were separated from the hydroxyapatite
matrix using the chromatographic method with TRU-resin (Hellstrom,
2003). The isotopic composition of U and Th was measured in the
Institute of Geology of the Czech Academy of Sciences, v. v. i. (Prague,
Czech Republic), with a double-focusing sector-field ICP mass analyser
(Element 2, Thermo Finngan MAT) at low mass resolution (m/Am >
300). The measurements were corrected to include background and
chemical blank in the calculations. The age errors were calculated
considering all uncertainties, except decay constant, using error prop-
agation rules. Two cave bear teeth were dated with U/Th method and
cross-checked with the use of radiocarbon method.

2.2. Archaeology

2.2.1. Techno-typological analyses
The archaeological assemblage was analysed with the use of a
morphometric and technological approach. A set consisting of 33

Table 2
Thermoluminescence dating of a sediment sample from Koziarnia Cave, layer M
@n.

Sample Lab. 22°Ra 22T 40g Dose

Equivalent TL

No. [Bq / [Bq/ [Bq/ rated, dose/ED age
kgl kgl kgl [Gy/ Gy) [ka]
ka]
layer M UG- 13.3 38.5 366 2.38 29.0 + 3.8 12.1
(21) 7096 +1.4 + 3.5 + 37 + +1.8
0.24
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Table 3
Uranium-series datings of Ursus ingressus teeth samples from Koziarnia Cave. The
reported errors are 2 standard deviations.

Sample  layer Lab. U cont. U- Th- Th- Age
no. [ppm] 234/ 230/U- 230/ [ka]
U-238 234 Th-
232
B 129 F 1124 0.0331 1.14
(16b) +0.0002 +£0.01
B 142 G 1125 0.0056 1.19
(16b) +0.0001  £0.01
B 152 G 1126 0.0275 1.22 0.200 86 +4 243
(16¢) +0.0001 +£0.06 +0.009 +1.3
B200* I1(17) 1127 0.0458 1.16 0.209 55+2 256
+ 0.0002 + 0.06 + 0.007 + 1.0
B 247 L(19) 1128 0.0407 1.27
+0.0002  +£0.08

" Sample dated also with 1*C method (Table 1).

features was determined for each of the pieces of debitage. The attri-
butes were divided into four general groups:

e general artefact morphology (the size, shape, state of preservation/
fragmentation, symmetry, cross-section, profile, the character of the
distal part),

e the condition of the dorsal face (the direction of the scars, cortex,
interscar ridges, erasing chips, retouch),

e the condition of the ventral face (the bulbs, bulbar scars),

o the condition of the butt (the size, shape, profile, preparation).

2.2.2. Traceology

Flint artefacts designated for traceological analysis were subjected to
a cleaning procedure involving warm water and acetone. The flint ma-
terial was analysed with a Nikon LV150 metallographic microscope and
a Keyence VH-Z100R digital microscope using 50x to 400x magnifica-
tion. The noted macroscopic and microscopic traces, i.e. chipping, linear
wear patterns and signs of usewear, linked to changes in the surfaces
caused by postdepositional and utility factors were observed. The traces
were interpreted based on a comparison with an experimental reference
database, kept together with the relevant documentation at the Institute
of Archaeology of the University of Warsaw, as well as with reference to
the appropriate literature.

The surfaces of the bone items selected for traceological analyses
were cleaned using acetone. The optical-stereoscopic Olympus SZX9 and
metallographic Nicon Eclipse LV 100 microscopes were used for the
observation of the traces, along with the Nicon Shuttlepix digital mi-
croscope with 6.3x to 100x magnification. Natural and technological
traces, as well as evidence of usewear were noted on the analysed
material.

2.2.3. ZooMS

The ZooMS (peptide mass fingerprinting) analysis followed protocols
detailed elsewhere (Buckley et al., 2009; Van doorn et al., 2011; Welker
et al., 2016). Bone tools (KZ-2661.4 and KZ-2661.5) were sampled
destructively (between 10 and 30 mg) and demineralised in 250 ul 0.5 M
HCl at 4 °C for 20 h. The samples were then centrifuged for 1 min at 10 k
rpm, and the supernatant was removed. The demineralised collagen was
then rinsed three times in 200 pl of 50 mM AmBic (ammonium bicar-
bonate), and 100 pl of 50 mM Ambic was added to each sample. Next,
the samples were incubated at 65 °C for 1 h. Afterwards, 50 ul of the
resulting supernatant was digested with trypsin (Promega) at 37 °C
overnight, acidified using 1 pl of 20% TFA, and cleaned with C18 Zip-
Tips (Thermo Scientific).

Digested peptides were spotted in triplicate on a MALDI Bruker plate
with the addition of an a-Cyano-4-hydroxycinnamic acid matrix.
MALDI-TOF-MS analysis was conducted at the Fraunhofer IZI in Leipzig
(Germany), using an autoflex speed LRF MALDI-TOF (Bruker) in
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reflector mode, positive polarity, matrix suppression of 590 Da and
collected in the mass-to-range 700-3500 m/z. Triplicates were merged
for each sample, and taxonomic identifications were made through
peptide marker mass identification compared to a database of peptide
marker series (A-G) for all medium-to-large sized mammalian species
(Buckley et al., 2009; Buckley and Wadsworth, 2014; Kirby et al., 2013).

3. Results
3.1. Stratigraphy

The new fieldwork confirmed the massive destruction of the top part
of the original sedimentary sequence. The topmost layer K in the recent
cross-section can be correlated with Chmielewski’s layer 12 (Fig. 3).
There is no possibility to correlate the overlying strata J, B and A, as long
as their remnants can be seen only close to the cave walls. All the
overlying layers have already been destroyed, mostly due to the 19th-
century cave sediment exploitation.

In general, the sedimentary sequence can be divided into four lith-
ostratigraphic series. The lowermost series is red residual clay of
weathering origin (P), which has been locally preserved, a remnant of
the older sedimentary series (S1). It fills the cracks and fissures in the
bedrock. The second series consists of silt and sand (layer M analogical
to layer 21 by Chmielewski et al., 1967), filling the bottom erosional rill,
most probably a vadose canyon. The third series is built of red-brown
and brownish loams (layers H’, I, H, I" and L) analogically to layers 17
and 19 by Chmielewski et al. (1967), containing highly corroded and
rounded limestone clasts (Fig. 3). The upper series consists of a set of
grey loams containing either corroded or sharp-edged limestone clasts.
It is divided into two parts by a lamina of red-brown clay, called layer C
(14). Layer K’, due to considerable amounts of charcoal, was very dark
black. It corresponds to layer 13 in Chmielewski’s trenches. Forty meters
from the entrance in our trench, this layer still contained large charcoal
fragments, but it was more yellowish-dark grey. The uppermost part of
the section, especially strata situated above layer K* (13), has been
disturbed. Layers younger than layer K were preserved only as remnants
attached to the wall.

Several erosional surfaces can be identified within the sequence. The
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most prominent are situated at the bottom of layers I (17), E (16a) and D
(15). They are marked as non-conformities. The most distinct is the
bottom of layer I (17), which form erosional channels cutting into at
least two lower layers H (17) and I’ (17).

3.2. Chronology

In total, 14 animal bones and 9 charcoal fragments from the new
excavations were dated (Table 1). Radiocarbon dating was conducted on
cave bear bones from the old Chmielewski excavations. Additionally, the
date was estimated for two ivory tools and the single brown bear bone
from Romer’s collection (Fig. 4).

The results show that at least some of the strata were contaminated
by recent material. Recent dates were obtained solely for the charcoal
fragments. This may indicate postdepositional processes connected with
the extended exposition of the old open trench walls to external
conditions.

Two bones were dated with the use of U-series (Table 3). In order to
check the results, one bone was dated with both the radiocarbon and U-
series method. The U-series date is distant from the radiocarbon one
(Table 1). This suggests that U-series dating is probably unreliable at this
site. The reason behind this might be the open uranium system, i.e., the
constant availability of uranium ions in the ambient sediments, which
resulted in the continuous uptake of U from the environment by bone. In
such cases, the U-series dates have only a terminus ante quem
significance.

Among the newly established dates for the bones, 10 exhibit the
atomic C:N ratio in extracted collagen within the accepted range of
2.9-3.6 (Ambrose, 1990; DeNiro, 1985) and indicate well-preserved
collagen. One sample (date P0z-99806) yielded too low amount of
collagen to measure the C:N ratio, whereas another (date GdA-3896)
exhibited too low C:N ratio. Therefore, we decided to discard these
dates (Table 1).

The lowermost layers L-M (19-21) yielded two radiocarbon dates.
One of them represents recent contamination; the other was established
based on material coming from the 1960s excavation; thus, we are not
certain about its provenience. Based on the upper layers’ dating, layers
L-M (19-21) should be regarded as older than ca. 47 ky calBP. The TL

390.480m n.p.m

limestone

"T/Y bedrock

Fig. 3. Northern and eastern cross-sections of trench IX/2017 excavated in 2017 and located in the trench IX corner by W. Chmielewski (drawn by K. Skiba).
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Fig. 4. Calibrated radiocarbon dates from Koziarnia Cave arranged by layers. In black — the dates established for charcoal fragments, in white — for bones or teeth.
The open date Poz-99814 and the recent date Poz-98899, which falls beyond the IntCall3 calibration curve, are not shown.

date for layer M (21) is incompatible with radiocarbon dating. This date
could be biased due to the close proximity of bedrock, which resulted in
a different radiation dose actually absorbed by the sediment than the
dose assumed in the laboratory from the measurement of radionuclides’
concentration within the sample.

The complex of layers H'/I/H/I" (17) (H’ and I, including also the
undated layers H and I') exhibits a radiocarbon age of around 47-36 ky
calBP. The overlying layer F (16b) shows a slightly younger age, of
around 40-35 ky calBP. Layer G was not dated. This chronology is based
only on one date (Poz-116687) with a large margin of error (1200 years
for 1o, almost 2500 years for 2 before calibration). The upper part of
the sequence yielded dates, which were not in chronological order with
the lower layers. Material from layer D (15) is as old as that from the
layer F (16b) and complexes of layers H’/I/H/I’ (17). This indicates the
erosion of material from the lower stratigraphic position and its re-
deposition into layer D. The huge channel-like structure visible in the
bottom of layer D supports this hypothesis. Layers K (12) and K’ (13)
provided dates of around 35-31 ky calBP. This remains in accordance
with the dating of layer F, especially if we consider the large margin of

error for a single date from these layers. This also indicates that the
erosion event followed by the redeposition of layer D should be dated to
around 37 ky calBP.

Two ivory tools found in the F. Romers collection (Fig. 5) were dated
to 25-26 ky calBP (Table 1), which are younger than the chronology of
the uppermost layers K (12) and K’ (13) excavated in 2017. These
radiocarbon dates indicate the presence of most likely later Gravettian
occupation in Koziarnia. It was most probably connected to one of the
layers already destroyed in the cave. Moreover, the spectra obtained
from both specimens in ZooMS analysis were taxonomically identified as
Elephantidae. The marker series are similar for some closely related
species. In this case, possible species can belong to the Elephas, Mam-
muthus or Palaeoloxodon genera. Considering the archaeological context,
these two bone tools were most likely manufactured from woolly
mammoth remains, which is supported by the radiocarbon dates.

3.3. Archaeological data

During new fieldwork, almost 1000 stone artefacts were collected
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Fig. 5. Ivory artefacts found by F. Romer in Koziarnia Cave. (a) Fragment of
broken ivory with a smothered ending. (b) Fragment of ivory point with in-
cisions. Photo M. Bogacki.

(S4, S6). Table 4 shows the composition of artefacts found in each
geological stratum. Not all artefacts could be undoubtedly attributed to
geological layers because of the opening of a new trench in the corner of
the old collapsed one and excavating not only stratified sediments but
also partly collapsed and moved layers (Table 4). Within the majority of
layers, the number of collected lithics did not exceed 20 pieces each.
Excluding mixed materials, only layers D, K/K’, H* and I" are relatively
richer.

Most of the artefacts are tiny chips and chunks; they constitute, on
average 69% of the assemblage. The average stone artefact size is 7.35
mm in length, 5.84 mm in width, and 2.65 mm thick. No cores or pre-
forms were found within the assemblage. The small size of the artefacts
can be explained by the trench’s location, which was situated 40 m from
the entrance to the cave. One can expect scarce human activities held so
far from the entrance.

Overall, 27% of all the flint artefacts had postdepositional retouches,
and 35% of them had undergone postdepositional breakage. The highest
impact of postdepositional processes was observed in layers I and I'. The
state of preservation and small dimensions of the artefacts cause it to be
difficult to identify potential traces resulting from the use of individual
flint specimens. The surfaces were deformed to a high extent and
covered with shiny or white patina. In addition, some parts of the edges
were destroyed, an effect of which were numerous postdepositional
chippings, which stand out due to the distinctive “freshness” of the flake
negatives as compared to the preservation state of the remaining parts of
the specimen surfaces. Apart from layers K/K’ (12/13), where charac-
teristic retouched pieces attributed to Gravettian were found (Fig. 6), the
other layers contained mostly uncharacteristic debitage, prevalently
chips.

The stone artefacts analysis indicates traces of Jerzmanowician
occupation in layer D (15) (S4). The most prominent are the ventral
thinning chips (Kot et al., 2021) and the debitage with bidirectional
scars (Fig. 7). A bidirectional knapping scheme is also confirmed by a big
blade detached from a bidirectional core found in the same layer by W.
Chmielewski (Fig. 7: 1IX/17-23/61).
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4. Discussion
4.1. Kogiarnia—Correlation of layers

The stratigraphy observed in the 2017 trench fits well the description
and documentation of trench IX by W. Chmielewski. The only difference
is the presence of at least four separate strata, which were treated as a
unified layer 17 by W. Chmielewski. Based on the new fieldwork, one
can differentiate at least four substrata within the layer 17, differing due
to the presence of weathered limestone clasts and the colouration (from
the top: layers H’, I, H, I’) (Fig. 8). Traces of the relatively most intensive
human occupation were found in the uppermost layer H and the
lowermost layer I'.

The second difference between Chmielewski’s cross-section and the
recent study is the relatively small amount of charcoal found in layer K’,
which can be correlated with layer 13 by Chmielewski. Nonetheless, this
layer contained the highest number of charcoal fragments in the entire
sequence. However, their concentrations did not change the colouration
of the stratum, as observed by Chmielewski in trenches IX and especially
IV & V. As long as these layers can be correlated with human occupation,
one can presume that the highest charcoal concentration could indicate
an occupation zone, which weakens as it nears the end of the cave
corridor.

Comparing all available cross-sections from the previous fieldwork
enables the reconstruction of the layers’ general correlation (Fig. 8). The
trenches located in the entrance zone revealed a thick Holocene
sequence of humic horizons and underlying loess layers, which can be
divided into two separate horizons. The loess sediments can be corre-
lated with units ‘A’ and ‘C’ and dated to the late MIS 3 and MIS 2 ac-
cording to the comparison with other caves in the same region and the
lithostratigraphic scheme by Krajcarz et al. (2016). However, we do not
have any direct dating data. All the older strata were probably washed
away from the entrance zone before the late MIS 3. The most prob-
lematic issue linked to the whole stratigraphy of the Koziarnia Cave is
the almost absolute destruction, removal and mixing of the sediments of
the main chamber, which was probably the central settlement zone with
the highest concentration of artefacts. The original stratigraphic rem-
nants can be found only attached to the regolith visible on the main
corridor’s wall. The current cave infilling contains only layers dated to
MIS 3, except for the lowermost strata M (21) and P, which might be
older.

Based on the artefacts found and the obtained dates, one can see at
least four different Palaeolithic settlement episodes in the cave. The
Middle Palaeolithic is connected to layers 17 (H’/I/H/I’) and 18 (L),
Jerzmanowician - to layers 15-16 (D-E-F-G), and the Early Gravettian —
to layers 13-12 (K-K’). The later probably Gravettian episode (25-26 ky
calBP) cannot be attributed to any particular stratum but was manifested
by two bone tools found in F. Romer’s collection.

The layers’ general correlation shows that the charcoal amount in the
Early Gravettian horizon diminishes towards the end of the cave and is
the most intense approximately 20-25 m from the entrance. In contrast,
the thickness of the Jerzmanowician layers 15-16 increases as they near
the end of the cave (a 75-cm-thick layer is 40 m from the entrance),
while they disappear at the cave entrance.

4.2. Chronology

Most of the established dates cover the period between 46 and 24 ky
calBP. However, several charcoal datings provided unexpectedly recent
ages (Table 1). Based on the taxonomical analysis of the charcoal as-
semblages, it can be assumed that a part of the floated samples was
indeed contaminated, which is confirmed by a few samples of charcoal
fragments containing to fir Abies alba, hornbeam Carpinus betulus and
beech Fagus sylvatica. These trees are considered late-coming species in
the vegetation history of Poland related to the late Holocene (Ralska-
Jasiewiczowa et al., 2004). Such samples came mostly from areas



Table 4

General composition of the Koziarnia Cave archaeological lithic assemblage.

Layer No of lithics ~ Average size flakes (%)  blades chips (and chunks pieces with tools/ flakes with postdepositional retouch  pieces broken pieces with postdepositional
artefacts (mm) (%) termic chips) (%) cortex genuine retouch on artefacts (%) postedpositionaly or retouch or breakage, edge
(%) (%) undeterminably abrasion
A 5 6.1x5.2x2.2 0 0 2 3 2 0 0 0 0
J 5 8x6.1x2.8 2 0 0 3 0 1 2 3
J/K/ 7 6.6x5.2x2.3 3 0 0 4 3 1 1 3 4
mixed
K+K 139 7.7%6.1x2.7 44(31.7%) 9(6.5%) 33(23.7%) 53(38.1%) 3g(27.3%) 11(84%) 13(9:4%) 40(28:8%) 73
12 +
13)
c@a4 8,5x6.4x2.8 2 0 3 2 1 0 2 2 4
C/D (14/ 12 9,2x5x2,6 4 0 0 8 4 0 2 4 4
D 215 ;) 125 7.4%5.9x2.6 35(28%) 9(1.6%) 4536%) 43(34.4%) 24(19:2%) 2(1.6%) 19(15.2%) 31(24.8%) 69
E (16a) 6 5.3x4.5x2.3 2 0 2 2 0 0 1 3 4
E/G 1 3,5x2,5x0,5 0 0 1 0 0 0 0 0 0
(16a/
16¢)
F (16b) 1 17x11x7 0 0 0 1 0 0 1 0 1
G (16¢) 14 6.4x5.2x2.5 2 1 0 11 2 0 1 3 5
G/H’ 1 4x2x1.5 0 0 0 1 0 0 0 0 0
(16¢c/
17)
H'/I/H/ 435 7.3x5.8x2.6 104239%)  3(0.68%) 132(30.3%) 19645-1%) 104(@3.9%) 5(1.1%) 60(13-8%) 133(30.6%) 108
a7
L(19 18 11x8.5x5 8 0 3 7 4 2 1 4 9
M (21) 8 7.7%6.1x2.7 1 0 4 3 3 1 0 0 2
Mixed 194 7.4x5.8x2.7 44 7 55 88 50 5 29 53 106
Total 978 7.3x5.8x2.6 251 22 280 425 235 28 130 278 392
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located near the previous excavations. After preliminary analysis, the
existence of postdepositional disturbances was confirmed, indicating
that these places should be excluded from chronological inference.
However, in a few other samples, only coniferous taxa were found (ju-
niper Juniperus communis and pine Pinus type sylvestris-mugo), suggesting
that they could have originated from the Pleistocene layers, but their
radiocarbon dating results showed also a modern contamination
(Table 1). This analysis evidenced that the very meticulous study of
strata in the context of all archaeological and biological findings is
needed to understand taphonomic processes in cave sites.

Another explanation for the observed discrepancy between the dates
achieved from bones and charcoal includes the altered 1*C content in the
charcoal fragments. From a recent study (Hercman et al., 2019), we
know that carbon in wood during the high temperature processing (such
as burning) is subjected to kinetic fractionation of isotopes. Namely,
charcoal from coniferous wood burned in low temperatures is enriched
in heavy carbon and oppositely, burned in higher temperature
(400-600 °C) is depleted in heavy carbon in relation to the original
wood. If dated charcoals were burnt in relatively low temperatures, e.g.
in the outer part of the fireplace, radiocarbon dates might be
rejuvenated.

It is worth noting that layer D’s radiocarbon dates are not in the
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Fig. 6. Gravettian artefacts found in Koziarnia Cave, layer K (12) and K’ (13) in trench IX/2017. Detailed traceological analysis results are presented in S5.

correct order with those from the lower strata (Fig. 4). This can be an
effect of the mentioned isotopic fractionation in burnt wood, or likely
the effect of redepositional episodes, possibly related to the erosional
structures visible in layers E and D. The directions of this transport are
difficult to reconstruct as the 2017 excavation area was relatively small
and delivered minimum data on the geometry of sedimentary structures.
Moreover, the topography of the cave floor was disturbed due to the
previous exploitation. However, the higher elevation of sediments in the
area closer to the entrance (especially visible in W. Chmielewski’s trench
at the 30th metre) may suggest that this area served as source material
for colluvial activities. We can hypothesise that at least some dates from
the upper layers represent a redeposited material. In this case, we need
to accept that the faunal, anthracological and archaeological assem-
blages from these layers could also have been affected by colluvial
mixing.

If we look at the distribution of the probability density of radio-
carbon dates regardless of the stratigraphy (Fig. 9), we can detect several
phases of dated material deposition. The deposition phases of the animal
remains took place ca. 46-41 ky calBP, ca. 37-35.5 ky calBP, and ca. 32-
28.5 ky calBP. The dates from charcoal fragments are restricted to ca.
39-31 ky calBP, while the dated ivory tools to ca. 26.5-24 ky calBP.
Assuming that charcoal fragments are the remnants of hearths, the
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probability density of radiocarbon dates for charcoal represents the
human settlement phase. During this phase, we can identify three
weakly separated subphases. The first one can be dated to ca. 39-36 ky
calBP (represented by two dates) whereas the second to ca. 35-33.5 ky
calBP (a single date), and the third to ca. 33-31 ky calBP (a single date).
Due to the samples’ stratigraphic position, we may assume that the first
phase is connected with Jerzmanowician occupation, while the second
and third with Early Gravettian. The last human settlement phase in 26-
24.5 ky calBP also represents traces probably of the Gravettian occu-
pation. Another phase, not shown in Fig. 9, is the modern one (around
300 y BP until modern times), based on the most recent dates achieved
for the charcoal.

It is worth noting the alternate occurrence of dates determined for
charcoal fragments and animal remains (Fig. 9). All the dated animals
were bears, mostly the cave bear, but one date was also established for
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Fig. 7. Artefacts from Koziarnia Cave
attributed to Jerzmanowician. Flake (A3/
17) and a tip of bifacially worked artefact
(FLO/A101/17) were found in trench IX/
2017 in layer D (15); Blade with ventral
thinning (A1/17) was found in mixed
sediment in trench IX/2017; Leafpoint was
found by F.Romer in the second half of
19th century (Romer, 1883); IX/17-23/
61- blade made on double platform core

A3NT found by W. Chmielewski in layer 17 of
trench IX, later called layer 15 in the final
publication (Chmielewski et al., 1967).
A1/17
S D
<
FLO/A101/17

1X/17-23/61
Chmielewski 1967, Fig. 22:6

the brown bear. Bears used the caves as hibernation dens, and their
presence in a cave could not be contemporaneous with human settle-
ment (Wojtal et al., 2015; Terlato et al., 2019). Our dataset indicates that
Koziarnia Cave indeed was alternately occupied by humans and bears.

In Fig. 9, we compared the distribution of the probability density of
radiocarbon dates with the pattern of the revised 5'%0 curve in the
Greenland ice core. The curve represents reliable climate proxy
reflecting northern hemispheric climatic changes in the Pleistocene
(Cooper et al., 2015; Rasmussen et al., 2014; Seierstad et al., 2014). If we
consider the dates obtained for charcoal fragments and bone tools,
which are direct indicators of human settlement in Koziarnia Cave, we
can notice interesting relationships. Three peaks of the charcoal date
distribution correspond to three warmer periods (Greenland in-
terstadials, GI-8, GI-6 and GI-5.2), whereas the minima of this distri-
bution coincide with colder periods (Greenland stadials, GS-8 and GS-6).
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Fig. 8. Correlation of dll the profiles obtained during subsequent archaeological fieldworks in Koziarnia Cave with a location of samples used for dating. S. Krukowski field
documentation (Kot et al., 2019; Koztowski, 2007) Koztowski, 2007, artefacts found by F. Romer (1883); W. Chmielewski profiles redrawn after Chmielewski et al. (1967)

and field documentation of trench VIII, trench IV, V & IX.

Although the date distribution for bone artefacts is shifted to Greenland
stadial GS-3, there is a clear gap between these two distributions, which
corresponds to the coldest stadial GS-5.1. This result suggests that
Koziarnia Cave could be inhabited by human groups in waves, especially
in warmer periods, whereas climate cooling could discourage people
from settling in this place. Interestingly the recent multiproxy palae-
oenvirinmental results obtained in Koziarnia Cave do not show traces of
warming during the GI 8 (Berto et al., 2021).

4.3. Other sites—Correlation of profiles

Jerzmanowician assemblages are known from Nietoperzowa,
Mamutowa, Puchacza Skata and Shelter above the Zegar Cave sites in
Poland (Chmielewski, 1961; Kowalski et al., 1965; Kowalski, 1967;
Koztowski, 1922; Krajcarz et al., 2012). The stratigraphic correlation of
Jerzmanowician-bearing strata from Koziarnia Cave and Nietoperzowa
Cave was studied by T. Madeyska-Niklewska and was first presented by
Chmielewski et al. (1967) and then by Madeyska-Niklewska (1969).
According to this interpretation, layer 15 (D) from Koziarnia, where we
found traces of Jerzmanowician occupation, correlates with layer 10b of
Nietoperzowa Cave. However, the Jerzmanowician settlement is well-
known from the younger layers 4-5-6 of Nietoperzowa Cave.

It is difficult to compare both caves’ sequences based on the lithol-
ogy, as they represent rather different facies (Fig. 10). Sediments from
Nietoperzowa Cave are mostly silty loams with limestone clasts,
deposited in the near-entrance area under the strong influence of aeolian
activity. In Koziarnia Cave, the recognised sediments are coarser, they
were deposited quite deep inside the cave, and they are mostly limestone
debris. However, the proportion of angular to subangular clasts, pre-
sented by Madeyska-Niklewska (1969), enables correlating the Jerz-
manowician layer 15 (D) from Koziarnia Cave with either the lowermost
or the uppermost Jerzmanowician-bearing strata from Nietoperzowa
Cave, namely layers 6 or 4.

In Mamutowa Cave, the Jerzmanowician assemblage was found in
layer VI (Kowalski 1967, 1969; Lorenc, 2006; Madeyska, 1992), which
was blackish due to a significant concentration of charcoal (Fig. 10).
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Unfortunately, a detailed stratigraphic comparison between Koziarnia
and Mamutowa caves is restricted due to the sediment’s different
character at both sites. Kowalski’s layer V overlying the Jerzmanowician
horizon was mostly loess sediment, which is not present inside the
gallery in Koziarnia.

Interesting conclusions can still be derived from a comparison of the
radiocarbon chronology of Koziarnia Cave with other sites of the Mid-
dle/Upper Palaeolithic transition and early Upper Palaeolithic from
southern Poland (Fig. 11). The Jerzmanowician assemblages’ chronol-
ogy is currently based on 38 radiocarbon dates (Krajcarz et al. 2018; S3).
The majority of the radiocarbon datings were obtained on either cave
bear (n = 29) or bird (n = 4) bones without human activity traces.
Taking into consideration the fact that cave bears and possibly also birds
of prey did not cohabit the caves with humans, in order to determine the
chronology of human occupation, we shall instead rely on radiocarbon
dates provided by charcoal, bones with cut marks, or animal species that
do not naturally live in caves, such as mammoths. If we take this into
account, one can limit the list of reliable dating for LRJ into four cases, i.
e.

33,100 + 1200 BP (wood charcoal, Koziarnia Cave, layer F, Poz-
110657, this study);

33,230 + 480 BP (wood charcoal, Koziarnia Cave, layer H’, Poz-
98901, this study);

32,500 + 400 BP (woolly mammoth, Nietoperzowa Cave, layer 5b,
Po0z-23628, Nadachowski et al., 2011);

38,160 + 1250 BP (wood charcoal, Nietoperzowa Cave, layer 6, Gro-
2181, Chmielewski, 1961).

As long as the oldest date was obtained from the lower Jerzmano-
wician layer in Nietoperzowa Cave, one can assume that the presented
set of dates demonstrates two separate settlement episodes. In such a
case, the Jerzmanowician settlement in Koziarnia Cave could be tenta-
tively correlated with the upper Jerzmanowician horizon in layer 4 in
Nietoperzowa Cave, and represent the younger phase of
Jerzmanowician.
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Moreover, one should consider the radiocarbon dates obtained
recently on two bone points of the Mlade¢ type from Mamutowa Cave
(38,5-36,5 ky calBP- S2), which overlap with those from Koziarnia Cave.
Although Mlade¢-type points are still believed to represent rather the
Aurignacian tradition, in Mamutowa Cave, no other Aurignacian arte-
facts were found either by Zawisza (1882a, 1882b) or Kowalski (1967,
1969). Kowalski, who studied stratigraphy in detail, determined a single
Jerzmanowician layer (VI) and Gravettian occupation traces in loess
layer 2. The radiocarbon-dated bone point comes from the old excava-
tions by Zawisza; thus, their original stratigraphic position is impossible
to establish, besides the information that they came from the inner part
of the section.

The recent project on the *C dating of the available Early Upper
Palaeolithic bone points shows that they represent a broad chronology
starting from 43 up to 34 ky calBP (Davies et al. 2015). At several sites
(Istalosko, Dzerava Skala), such bone points were found in the company
of leafpoints (Dobosi, 2002; Hillebrand, 1910; Kaminska et al., 2004,
2005, Marko, 2015, 2017). Moreover, traces of Aurignacian occupation
in Poland are very scarce and limited to several sites, e.g. Piekary II,
Oblazowa layer VIII and Géra Putawska (Sachse-Kozlowska, 1978;
Valde-Nowak et al., 2003; Valladas et al., 2003). The only available
radiocarbon date indicates that the earliest Aurignacian settlement
started around 36 ky calBP and is slightly younger than both bone points
from Mamutowa Cave and the Jerzmanowician occupation in Koziarnia
Cave. Nevertheless, one should stress the presence of Aurignacian
occupation dated to 37-33 ky calBP to the south of Carpathians e.g. in
Mladec Cave, Milovice I, Vedrovice Ia, or Stranska skala and Lisen open-
air site complexes (Demidenko et al. 2017).

L e o L e e
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The bone points from Mamutowa Cave are older than the oldest
available Aurignacian dating north of the Carpathians, but at the same
time, they overlap with the Jerzmanowician settlement in Koziarnia and
Nietoperzowa Caves. One can, therefore, assume that they could have
originally belonged to the Jerzmanowician assemblage in Mamutowa
Cave. Unfortunately, Mamutowa Cave’s chronology is mostly based on
radiocarbon dates made on cave bear and bird bones. The sets of dates
from underlying and overlying strata as well as from layer VI indicate
some postdepositional sediment mixing (S2).

The possibility of the long chronology of the LRJ technocomplex
exceeding the Campanian Ignimbrite (CI) eruption event is also
confirmed by results obtained in Lincombian sites, e.g. Beedings, indi-
cating its lasting up to even 30 ky BP (Pope et al., 2013; Jacobi, 2007).

4.4. Gravettian occupation

It is noteworthy that aside from the Middle Palaeolithic and Jerz-
manowician, also two Gravettian occupation phases can be identified in
Koziarnia Cave. The first one could be correlated with the second and
third human settlement phase recorded by the charcoal dated to 35-31
ky calBP (Fig. 11). This dating overlaps with the earliest traces of
Gravettian hunters’ penetration, confirmed recently in Henrykéw 15 in
the Sudetes piedmonts. The chronology of the settlement traces in
Koziarnia Cave indicates that the earliest Gravettian groups penetrated
the nearest vicinities of the Moravian Gate and went much further into
the Polish Highlands.

The second settlement phase, which is recorded only by two ivory
tools of uncertain stratigraphic positions, indicates probably Gravettian
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Koziarnia Nietoperzowa Mamutowa
Cave Cave Cave

mould

SRR a8

Fig. 10. Correlation of profiles from three Jerzmanowician sites: Nietoperzowa Cave (Krajcarz et al., 2018), Mamutowa Cave (Madeyska, 1992; Lorenc, 2006) and
Koziarnia Cave. Symbols used: G- Gravettian; LRJ - Lincombian-Ranisian-Jerzmanowician; MP - Middle Palaeolithic.
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Fig. 11. Correlation of the probability density dis-

M. Kot et al.
OxCal v4.3.2 Bronk Ramsey (2017); r:5
0.005 4
1| Koziarnia Cave, n=6
0~ AA_A—AL
0.014
E Gravettian (Krakoéw-Spadzista layer 6, Henrykow 15,
0.005- | Borsuka Cave, Mamutowa Cave, Jaksice II),
1 n=30
0-
0.005 4
2 1| Piekary Il and lla, n=2
(%2} B
5 o0
©
2 0.005
s 1| Obtazowa Cave, n=4
E 0
o
0.005 4
1| Mamutowa Cave, n=2
0-
0.005
1| Jerzmanowician (Nietoperzowa Cave), n=2
0- '
0.005 4
1| Szeletian (Lubotyn 11), n=6
0 - IR —

tribution of radiocarbon dates from Koziarnia Cave,
Middle-to-Upper Palaeolithic transition sites and
early Upper Palaeolithic sites from southern Poland
(S2). Only the dates representing human settlement
are regarded here (in the case of multi-strata cave
sites — only the charcoal and reworked bones/ivory;
in the case of single-stratum open-air sites — all the
dates from a cultural layer). Dates after (Arppe and
Karhu, 2010; Bobak et al., 2013; Chmielewski,
1961; Davies et al., 2015; Koztowski and Sobc-
zyk, 1987; Nadachowski et al., 2011; Pettitt,
2004; Valladas et al., 2008; Wilczynski, 2015;
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LI e L [ L L B L B

45,000 40,000 35,000 30,000

Calendar date (BP)

occupation in Koziarnia Cave simultaneous to a well-known mammoth
butchering site at Spadzista Street in Krakéw (Wojtal and Sobczyk,
2003, 2005; Wojtal et al., 2015). Interestingly, none of the Gravettian
occupation phases in Koziarnia Cave overlap the Gravettian settlement
from Mamutowa Cave, dated to 29-27.5 ky calBP.

5. Conclusions

The new research shows the developed stratigraphy in Koziarnia
Cave and a much more complex archaeological situation identified by
previous researchers. Although the new fieldwork was conducted far
from the cave entrance, detailed chronostratigraphic and archaeological
analyses made it possible to determine at least four occupation phases in
the cave.

The cave was occupied for the first time in the Late Middle Palae-
olithic (MIS 3), but the assemblage’s typo-technological character is still
to be discussed due to both Levallois like cores and bifacial pieces within
the MP assemblage (S4; Chmielewski et al., 1967). The obtained results
confirm that the site was indeed occupied during the Middle/Upper
Palaeolithic transition, as supposed after the discovery of the bifacial
leafpoint in 1879 (Romer, 1888). This occupation phase, identified as
Jerzmanowician, can be correlated with layers D-G and be dated to 39-
36 ky calBP. The obtained radiocarbon dates indicate that the Jerzma-
nowician tradition lasted longer than it was previously supposed. The
new dates indicate that Jerzmanowician tradition did not finish with the
Campanian Ignimbrite eruption.

Above the Jerzmanowician strata, a thin, sterile layer can be
observed, separating the overlying strata containing Gravettian arte-
facts. The earliest Gravettian occupation can be dated to 35-31 ky calBP,
and thus represents the earliest Gravettian occupation in the Polish Jura,
and one of the earliest to the North of Carpathians. The obtained
radiocarbon dates from the ivory tools found in the cave in the 19th
century indicate the latter Gravettian settlement phases.

One should also emphasise that the recent results confirm the
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previous assumptions, claiming that humans and animals did not
cohabit caves, even if their traces are found in the same lithostrati-
graphic layers. For this reason, only radiocarbon dates obtained either
from charcoal fragments and bones or teeth processed by human should
be used for determining human settlement at cave sites.
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