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Abstract
Although the first numerical dating of Middle and Upper Palaeolithic sites in Poland was applied at the begin-
ning of the second half of the 20th century, it has only been in the last two decades that a data increase has 
been recorded, making it possible to discuss both the development of human behaviour and cultural phenom-
ena in time perspective. This paper aims to show the chronological diversity of sites dating from the beginning 
of the Weichselian glaciation (MIS 5a – MIS 5d, GI-19 – GI-23, Greenland Interstadials) to the middle part of 
MIS 3 (GI-8 – GI-10). We considered sites dated mainly by thermoluminescence dating (OSL) and radiocarbon 
dating. We relied on a series of recent datings. We attempted to analyse the stratigraphic integrity, the ar-
chaeological finds and the numerical dating results. Through OSL dating, we could establish the chronology 
of Micoquian sites, previously regarded as middle Pleistocene, to the last glaciation. The dating compilation 
also shows that the Late Middle Palaeolithic and Early Upper Palaeolithic (EUP) sites are unlikely to overlap, or 
if they do, it is only over a small period. Unfortunately, this period is poorly interpreted because it spans the 
limit of the radiocarbon dating reliability and goes beyond the bounds of the calibration curve. Confronting 
the datings of the Lincombian-Ranisian-Jerzmanowician (LRJ) complex and the oldest finds associated with 
Aurigniacian sites in Poland lead to the conclusion that these sites may have co-occurred for some time.
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Introduction

From the onset of the last glaciation up to 
the middle of the interpleniglacial (MIS 3, 
ca. 40 ka cal BP), Poland was colonised by 
various groups of archaic humans, including 
Neanderthals and multiple waves of Ana-
tomically Modern Humans (AMH). Such a sit-
uation is implied by genetic analyses of evi-
dence from Poland and other parts of Central 
Europe (Hublin et al., 2020; Picin et al., 2020; 
Hajdinjak et al., 2021; Mylopotamitaki et al. 
2024). This period is marked by various colder 
and warmer sub-stages, unfavourable for the 
development and survival of human popula-
tions (Roebroeks et al., 2011; Maier & Zim-
mermann, 2017). In stylistic terms, the differ-
entiation of material cultures seems to have 
intensified, particularly at times of greater 
dispersal of those communities (Wiśniewski, 
2016; Kozłowski, 2014; Jöris et al., 2022; Picin 
et al., 2023). In the second half of this period, 
there may have been a clash between the 
different traditions, inspiring independently 
evolving trends or entering into mysterious, 
now obscure interactions. This differentia-
tion was related not only to the demographic 
condition of the individual groups of the last 
Neanderthals or AMH or their cultural pat-
terns, but also likely to be connected with the 
use of different environmental resources and 
their exploitation in various conditions (Banks 
et al., 2008; Gilpin et al., 2016; Timmermann 
et al., 2022). A deeper understanding of all 
these variables in the life of contemporary 
people requires large quantities of data, 
including chronological data.

In the decade under review, there was 
a significant inflow of numerical datings from 
Poland, most made with traditional methods 
such as Accelerator Mass Spectrometry 14C 
dating (AMS) or optimal luminescence (OSL). 
Other, less common techniques, such as OSL-
postIRIR or AMS with pretreatment samples 
of organic carbon or bone samples, were 
also used. The discussion about the structure 
of the chronological data, initiated by Dean 
(1978), has also become more important in 
recent years. It still seems crucial to separate 

the behavioural or cultural events whose age 
we as archaeologists wish to know (target 
events) from the events that allow us to date 
these and other phenomena (dated events) 
(Dincauze, 2000).

We believe that the growth of numeri-
cal data and a better understanding of its 
potential and limitations brings us closer 
to resolving some essential questions that 
have hitherto been beyond the capabilities 
of Palaeolithic archaeology. Indeed, there 
are many benefits to establishing datings 
independent of the archaeologists’ opinions. 
Firstly, they are beneficial in studies on the 
continuity of specific patterns and analyses of 
particular change directions over time. Those 
fields are, in turn, linked with palaeodemo-
graphic issues. Secondly, independent dat-
ings are useful in geoarchaeological analyses 
focused on reconstructing site formation (or 
parts thereof). Here, datings are practical 
indicators of stratigraphy modifications, i.e., 
the state of preservation of the remains.

This paper aims to show the chronological 
variations of the cave and open-air sites dated 
to a period from the onset of the Weichselian, 
GI-19 – GI-23 (Greenland Interstadials, MIS 5a 
– MIS 5d) up to the GI-8 – GI-10 (middle part 
of MIS 3, in light of the new numerical dat-
ings; Fig. 1). We would like to draw attention 
to the implication of using a more accurate 
chronological assessment of the remains and 
some of the problems arising from attempts 
to average or treat en masse dates with a sig-
nificant degree of discrepancy. We also point 
to the difficulties in associating datings made 
by various OSL and 14C methods with cultural 
units traditionally defined by stylistic-techno-
logical features of lithic assemblages. One of 
the main inspirations behind this endeavour is 
that ten years have passed since the publica-
tion of one of the first Polish papers present-
ing a broader overview of numerical datings 
for this period of human settlement in Poland 
(Bobak et al., 2013). We examine new datings 
of sites typical of the Middle Palaeolithic, of 
industries identified with the Early Upper Pal-
aeolithic, up to the oldest signs of the Aurig-
nacian. Additionally, we re-examined the issue 
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of differences in dating generated by using 
different sample preparation methods or 
the inclusion of other techniques. Generally, 
the new dating results collected here mainly 
attempt to clarify the chronological position 
or confirm previous findings, but in some cas-
es, the data require a complete modification 
of the existing system.

Methods

In our work, we relied on the datings made 
using thermoluminescence and AMS 
(Fig. 2, 3). For obvious reasons, the OSL 
method has played and continues to play 
a critical role in dating relics relating to the 
middle phase of MIS 3, while the radiocarbon 
method for younger remains (Jöris & Street, 
2008). Individual sites have obtained dating 
by both methods.

Comprehensive luminescence studies 
resulted in a few dozen independent out-
comes from two luminescence laboratories. 

The research was conducted using two dis-
tinct techniques: the standard OSL method 
(Murray & Wintle, 2000) employing quartz 
grains and a method utilising feldspar grains 
and the pIRIR225 protocol (Thomsen et al., 
2008; Buylaert et al., 2009).

The feldspar scaling studies (4 samples) 
were carried out in the OSL laboratory at 
the Max Planck Institute for Evolutionary 
Anthropology in Leipzig, Germany, while 
the remaining luminescence measurements 
were conducted in the Gliwice Luminescence 
Dating Laboratory (Moska et al., 2021). Both 
laboratories utilised the same measurement 
equipment to determine key luminescent 
parameters, such as the annual and equiva-
lent doses. High-resolution gamma spectrom-
etry with an HPGe detector manufactured by 
Canberra was employed for dose rate deter-
mination, assessing the samples’ U, Th, and 
K content. An a-value of 0.11±0.02 was used 
for feldspar measurements (Kreutzer et al., 
2014), and the internal potassium content 

Figure 1. Location of the Middle Palaeolithic and Early Upper Palaeolithic sites discussed in the text
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was estimated to be 12±0.5%. Dose rate 
conversion factors following Guérin et al. 
(2011) were applied, and the cosmic dose rate 
was calculated based on longitude/altitude, 
height above sea level, and thickness of the 
covering sediment layer (Prescott & Hutton, 
1994). For all other samples, dose rates were 
computed using an online dose rate calcula-
tor (Tudyka et al., 2023), which incorporates 
the latest conversion factors.

Risø TL/OSL DA-20 luminescence read-
ers equipped with a 90Sr/90Y beta source 
were used to determine equivalent doses for 
the analysed study material. Standard blue 
stimulation diodes were employed for OSL 
measurements, while only IR diodes were 
used for the pIRIR225 protocol. The final 
equivalent dose (De) values for all samples 
were calculated using the Central or Mini-
mum Age Model (CAM, MAM; Galbraith et 
al., 1999) through the R package ‘Lumines-
cence’ (Kreutzer et al., 2020). The resulting 
age distributions are illustrated in Figure 4, 
showing relative probability density functions 

(Berger, 2010). The overdispersion parameter 
was calculated for all samples and was a fun-
damental criterion determining the suitability 
of a specific statistical model. It is crucial as 
only some samples exhibited unimodal equiv-
alent dose distributions, allowing the use of 
the CAM model; therefore, only such samples 
can be considered to belong to well-bleached 
quartz (Moska et al., 2019). All necessary 
information about the luminescence dating is 
presented in Table 1.

Due to the range of this method (ca. 50 ka BP) 
and the availability of samples, 14C dating 
was possible only for some of the analysed 
sites. These were caves Stajnia, Nietoperzo-
wa, Koziarnia, Ciemna, and Obłazowa and 
an open-air site of Lubotyń, site 11. The dated 
samples were bones, charcoal and wood. 
Depending on the sample type and laborato-
ry, different – yet published and standardised 
– material extraction methods for measuring 
isotope 14C were used. In all examined cases, 
the presence of 14C was measured with AMS 
(Bobak et al., 2016; Alex et al., 2017; Krajcarz 

Figure 2. Dzierżysław 1. A fragment of the southern section with OSL sampling (photogrammetric 
model). Based on dating, layer 4 is thought to represent an older intrusion than the lower layer 5
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et al., 2018; Picin et al., 2020; Kot et al., 2021; 
Talamo et al., 2021). The samples were ana-
lysed in the laboratories in Poznań (Poz), Man-
nheim (MAMS), Oxford (OxA), Gliwice (GdA), 
and the Israeli Rehevot (RTD).

The procedure of preparing samples for 
dating depends on the main macromolecu-
lar component; for samples with organic car-
bon, the first step is the ABA (acid-base-acid) 
procedure, occasionally termed AAA (acid-
alkali-acid), the sample bathed in a cycle of 
hot HCl – NaOH – HCl solutions to remove 
impurities. Here, we must mention the 
ABOx-Sc – an acid-based-oxidation-stepped 
combustion method invented by Bird et al. 
(1999) and still developed at the Oxford lab-
oratory, which allows for a more thorough 
sample clean-up, which is essential for sam-
ples older than 25,000 years, where even 
a small proportion of younger contaminants 
can result in a noticeable “re-ageing” (Brock 
et al., 2010). Samples prepared using this 
procedure produce statistically older results 

than those prepared using the ABA method 
(cf. Blockley et al., 2008; Wood et al., 2012; 
Haesaerts et al., 2013).

For bone samples, the next stage is colla-
gen extraction. The main challenge is obtain-
ing a sufficiently large quantity of collagen 
and verifying its purity, typically by measur-
ing parameters such as the ratio of collagen 
quantity to sample size, carbon and nitrogen 
content, and the mutual ratios of those two 
elements. The traditional extraction variant, 
described by Longin (1971), is still used, even 
though most laboratories have markedly 
improved upon it using techniques such as 
either HPLC (Van Klinken et al., 1994) or vari-
ous variants involving ultrafiltration (Brown 
et al., 1988) of molecules with mass exceeding 
30 kD from fractions with lower particle mass 
(Bronk Ramsey et al., 2004; Brock et al., 2010; 
Talamo & Richards, 2011). Such techniques 
produce larger quantities of higher-purity 
collagen, which is essential for samples from 
Pleistocene sites. Further sample preparation 

Figure 3. Lubotyń 11. A fragment of the eastern section with OSL and radiocarbon dates. Green line 
marks the living floor of the palaeolithic settlement
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Figure 4. OSL age ranges, presented with NGRIP d18O data as a reference. Blue – OSL quartz, green – 
pIRIR. An asterisk indicates the place where the artefacts occurred
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steps aim to convert their carbon content into  
gaseous CO2, which is then reduced to solid 
carbon in graphite. The material thus obtained 
is ready to measure its individual carbon  
isotope content in the accelerator. 

The here analysed measurement results 
(“non-calibrated dates”) (Tab. 2, Fig. 5) were 

calibrated versus the calibration curve IntCal 
20 (Reimer et al., 2020) using OxCal software 
4.4 (Bronk Ramsey, 2009). Unless otherwise 
stated, all dates in this study are calendar 
years before 1950, given in thousands of 
years (ka calBP). Calibration results are pre-
sented with a confidence of 2 sigma (95.4%).

Table 1. OSL dates from selected sites. An asterisk in the layer column indicates the place where the 
artefacts occurred

Site Lab code Sample ID Layer Dose rate 
[Gy ka−1]

Equivalent 
dose [Gy] Model OSL age  

[ka] Method

Hallera AV., 
Wrocław

Wrocław9_2006 GdTL-860 D* 2.36±0.15 112.7±5.2 CAM 47.7±3.7 OSL quartz

Wrocław11_2006 GdTL-861 D* 2.02±0.10 65.0±2.0 CAM 32.3±1.9 OSL quartz

H16_4 GdTL-2650 C* 1.80±0.10 94.8±5.7 CAM 52.6±4.3 OSL quartz

H16_2 GdTL-2648 C* 1.01±0.07 57.6±2.3 CAM 56.7±4.5 OSL quartz

Wrocław8_2006 GdTL-859 C* 1.08±0.07 65.6±6.0 MAM 61.0±6.8 OSL quartz

Wrocław4_2006 GdTL-855 C* 1.19±0.07 72.2±6.8 MAM 60.6±6.7 OSL quartz

Wrocław12_2006 GdTL-862 B* 1.34±0.08 79.2±7.6 MAM 59.0±6.7 OSL quartz

Wrocław7_2006 GdTL-858 B* 1.10±0.07 86.8±3.4 CAM 79.3±5.9 OSL quartz

Wrocław6_2006 GdTL-857 B* 1.38±0.08 69.5±3.5 CAM 50.4±3.9 OSL quartz

Wrocław5_2006 GdTL-856 B* 1.52±0.10 69.8±3.0 CAM 46.0±3.6 OSL quartz

Wrocław3_2006 GdTL-854 B* 1.23±0.70 79.1±4.7 CAM 64.3±5.3 OSL quartz

H16_3 GdTL-2649 A 0.77±0.05 193.0±21.0 MAM 250.3±31.7 OSL quartz

Pietraszyn49a L-Eva 1535 B7 1.97±0.15 127.0±8.0 CAM 64.0±6.0 pIRIR225

L-Eva 1534 B7c 2.28±0.16 131.0±11.0 CAM 58.0±5.0 pIRIR225

L-Eva 1533 B9a* 2.44±0.16 147.0±11.0 CAM 60.0±6.0 pIRIR225

L-Eva 1536 D 2.04±0.15 212.0±24.0 MAM 145.0±14.0 pIRIR225

Pietraszyn49_1 GdTL-3183 B0 1.16±0.07 95.4±3.5 CAM 82.4±5.9 OSL quartz

Pietraszyn49_2 GdTL-3184 B3 1.63±0.09 100.4±2.5 CAM 61.5±3.8 OSL quartz

Pietraszyn49_3 GdTL-3185 B9* 2.27±0.11 107.2±2.5 CAM 47.3±2.6 OSL quartz

Pietraszyn49_4 GdTL-3186 C 1.24±0.08 93.2±2.5 CAM 75.3±5.4 OSL quartz

Pietraszyn49_5 GdTL-3187 D 0.94±0.06 174.6±13.0 MAM 186.7±18.2 OSL quartz

Dzierżysław1 Dzierżysław1 GdTL-3435 2 3.28±0.16 60.6±1.2 CAM 18.4±1.0 OSL quartz

Dzierżysław2 GdTL-3436 4* 2.70±0.13 158.8±5.9 CAM 58.7±3.5 OSL quartz

Dzierżysław3 GdTL-3437 5* 3.28±0.15 68.7±1.6 CAM 20.9±1.1 OSL quartz

Dzierżysław4 GdTL-3438 6* 2.91±0.14 159.0±4.2 CAM 54.6±2.9 OSL quartz

Dzierżysław5 GdTL-3439 7 2.56±0.12 166.3±5.4 CAM 64.2±3.7 OSL quartz

Stajnia Cave Jask_ST_01 GdTL-1126 B* 2.39±0.10 24.2±2.0 MAM 10.1±0.9 OSL quartz

Jask_ST_02 GdTL-1127 D1* 2.76±0.10 143.2±15.5 MAM 51.8±5.8 OSL quartz

Lubotyń 11 Lu_1 (PR-280) GdTL-2325 B* 2.40±0.08 46.8±1.7 CAM 19.6±1.0 OSL quartz

Lu_2 (PR-281) GdTL-2326 C1* 2.48±0.09 45.8±1.3 CAM 18.5±1.0 OSL quartz

Lu_3 (PR-282) GdTL-2327 G 1.56±0.06 82.6±7.2 MAM 53.1±4.9 OSL quartz

Lu_4 (PR-283) GdTL-2328 G 1.42±0.05 111.9±4.6 CAM 78.3±4.6 OSL quartz

Lu_5 (PR-284) GdTL-2329 F 1.33±0.05 176.9±8.1 CAM 133.7±7.9 OSL quartz
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Table 2. 14C dates from selected sites. An asterisk in the layer column indicates the place where the artefacts occurred

Site Stratigraphic 
position Lab no.

14C 
measurement

Std. 
dev.

Calendar age  
(at 95,4%)

Material Sample 
treatment

from to

Stajnia Cave Level B Poz-28891 13,500 50 16,470 16,080 Bone no ultrafiltration
Level C18 ETH-110248.1.1 >50,000 Bone ultrafiltration
Level C18 Poz-61719 20,930 140 25,680 24,910 Bone no ultrafiltration
Level C18 GdA-3894 21,900 90 26,370 25,930 Bone no ultrafiltration
Level C18 MAMS-19870 40,400 420 5600 3480 Bone ultrafiltration
Level C19 MAMS-19849 33,450 350 39,290 37,180 Bone ultrafiltration
Level C19 MAMS-19851 36,080 460 41,970 40,370 Bone ultrafiltration
Level C19 MAMS-19864 37,750 310 42,440 41,900 Bone ultrafiltration
Level D1* ETH-99043.1.1 36,563 229 41,930 41,160 Bone (pendant) ultrafiltration
Level D1* MAMS-35153 36,600 300 42,010 41,110 Bone (pendant) ultrafiltration
Level D1* ETH-99042.1.1 37,903 267 42,460 42,000 Bone (awl) ultrafiltration
Level D1* MAMS-35152 37,360 330 42,330 41,540 Bone (awl) ultrafiltration
Level D1* MAMS-19879 44,590 690 48,470 45,630 Bone ultrafiltration
Level D1* OxA-24944 44,600 2100 54,890 44,420 Bone no ultrafiltration
Level D1* MAMS-19857 45,020 1380 51,960 45,020 Bone ultrafiltration
Level D1* MAMS-19853 45,300 1410 52,370 45,100 Bone ultrafiltration
Level D1* MAMS-19850 >49,000 Bone ultrafiltration
Level D1* ETH-110246.1.1 >50,000 Bone ultrafiltration
Level D1* Poz-28892 >50,000 Bone no ultrafiltration
Level D1* MAMS-19852 >49,000 Bone ultrafiltration
Level D1* MAMS-19863 >49,000 Bone ultrafiltration
Level D2* ETH-110247.1.1 >49,000 Bone ultrafiltration
Level D2* MAMS-19878 >49,000 Bone ultrafiltration
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Site Stratigraphic 
position Lab no.

14C 
measurement

Std. 
dev.

Calendar age  
(at 95,4%)

Material Sample 
treatment

from to

Level D2* MAMS-19858 >49,000 Bone ultrafiltration
Level D3 MAMS-19871 >49,000 Bone ultrafiltration
Level D3 MAMS-19869 >49,000 Bone ultrafiltration
Level E* MAMS-19856 >49,000 Bone ultrafiltration

Ciemna Cave Level III* RTD-7386 55,300 5000 … 50,450 Bone ultrafiltration
Level III* RTD-7494 >56,000 Bone ultrafiltration
Level III (sector 
CK)

Poz-23663 42,000 1000 46,752 43,101 Bone no ultrafiltration

Level IV* RTD-7387 46,300 1400 54,830 46,060 Charcoal no info
Level IV* RTD-7353 42,600 400 45,860 44,580 Bone ultrafiltration
Level IV* OS-84006 38,600 290 42,751 42,251 Bone no ultrafiltration
Level V* RTD-7388 >50,600 Bone ultrafiltration
Level V* OS-84009 35,300 290 41,045 39,810 Bone no ultrafiltration
Level VIII* RTD-7375-aA 42,633 1000 47,750 43,860 Charcoal no info
Layer 11 (sector 
CO)

Poz-25261 37,800 700 42,834 41,344 Bone no ultrafiltration

Layer 11 (sector 
CO)

Poz-27268 41,500 1000 46,126 42,870 Bone (burnt) no ultrafiltration

Obłazowa 
Cave

Layer XI* Poz-1135 36,400 700 42,280 40,260 Bone (bird) no ultrafiltration
Layer XV* RTD-7396 44,700 1100 50,040 45,060 Bone ultrafiltration
Layer XVII* RTD-7492 52,600 3300 … 50,130 Bone ultrafiltration
Layer XVII* RTD-7400 43,900 1000 48,570 44,690 Bone ultrafiltration
Layer XVIIIb* RTD-7355 39,400 300 43,140 42,490 Charcoal no info
Layer XVIIIb* RTD-7397 42,600 900 47,350 43,970 Bone ultrafiltration
Layer XIX* RTD-7493 47,600 1600 … 47,870 Bone ultrafiltration
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Site Stratigraphic 
position Lab no.

14C 
measurement

Std. 
dev.

Calendar age  
(at 95,4%)

Material Sample 
treatment

from to

Layer XIX* RTD-7399 >50500 Bone (with cut-
marks)

ultrafiltration

Lubotyń 11 Layer C2* Poz-25209 44,000 3000 … 43,410 Charcoal (fire-
place)

ABA

Layer C2* Poz-36903 43,000 1000 47,900 44,230 Charcoal (fire-
place)

ABA

Layer C2* Poz-25208 35,100 800 41,900 38,580 Charcoal (fire-
place)

ABA

Layer C2* Poz-36905 44,000 1100 49,070 44,600 Charcoal ABA
Layer C2* Poz-36904 39,500 700 44,200 42,340 Charcoal ABA
Layer C2* Poz-25207 38,100 1800 46,550 39,730 Charcoal ABA
Layer C2* OxA-33315 >44,700 Charcoal ABA
Layer C2* OxA-33316 >47,500 Charcoal (fire-

place)
ABA

Layer C2* OxA-33073 >54,100 Charcoal (fire-
place)

ABOX

Nietoperzowa 
Cave

Layer 1 Poz-56637 36,370 450 42,040 40,690 Tooth ultrafiltration

Layer 1 Poz-67106 42,000 1500 48,540 42,710 Tooth ultrafiltration
Layer 3 Poz-62582 26,800 300 31,470 30,310 Bone no ultrafiltration
Layer 3 Poz-56633 35,600 500 41,630 39,720 Tooth ultrafiltration
Layer 5* Poz-67079 12,480 160 15,220 14,090 Tooth ultrafiltration
Layer 5b Poz-63860 26,190 250 30,980 30,040 Bone no ultrafiltration
Layer 5* Poz-62267 28,350 290 33,420 31,690 Tooth ultrafiltration
Layer 5* Poz-56744 28,840 190 33,940 32,270 Bone ultrafiltration
Layer 5* Poz-62581 29,800 300 35,030 33,660 Bone no ultrafiltration
Layer 5* Poz-62270 35,400 700 41,800 39,340 Tooth ultrafiltration
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Site Stratigraphic 
position Lab no.

14C 
measurement

Std. 
dev.

Calendar age  
(at 95,4%)

Material Sample 
treatment

from to

Layer 5* Poz-62269 37,100 900 42,770 40,550 Tooth ultrafiltration
Layer 5* Poz-56634 39,400 700 44,160 42,300 Tooth ultrafiltration
Layer 5* Poz-67109 40,500 1100 45,520 42,430 Tooth ultrafiltration
Layer 6* Poz-56635 23,970 240 28,700 27,730 Bone ultrafiltration
Layer 6* Poz-67244 24,540 190 29,190 28,320 Bone ultrafiltration
Layer 6* Poz-63861 29,970 350 35,240 33,840 Bone no ultrafiltration
Layer 6* Poz-62275 32,300 500 38,440 35,560 Tooth ultrafiltration
Layer 6* Poz-62276 33,100 500 39,250 36,510 Tooth ultrafiltration
Layer 6* Poz-56640 33,950 350 39,790 37,670 Tooth ultrafiltration
Layer 6* Poz-62274 36,000 700 42,090 39,850 Tooth ultrafiltration
Layer 6* Poz-67113 37,900 800 43,060 41,230 Tooth ultrafiltration
Layer 6* Poz-62271 38,300 900 43,890 41,400 Tooth ultrafiltration
Layer 6* Poz-67112 38,200 900 43,870 41,310 Tooth ultrafiltration
Layer 6* Poz-67111 39,300 1000 44,540 42,080 Tooth ultrafiltration
Layer 6* Poz-62273 40,300 1100 45,380 42,370 Tooth ultrafiltration
Layer 7 Poz-56631 23,900 200 28,600 27,720 Tooth ultrafiltration
Layer 7 Poz-67245 25,890 220 30,820 29,820 Tooth ultrafiltration
Layer 7 Poz-63862 31,500 500 36,940 34,790 Bone no ultrafiltration
Layer 7 Poz-56639 32,550 600 39,130 35,900 Bone ultrafiltration
Layer 7 Poz-67170 32,700 550 39,090 36,150 Tooth ultrafiltration
Layer 7 Poz-67107 33,650 500 39,750 37,070 Tooth ultrafiltration
Layer 7 Poz-67115 34,200 600 40,690 37,520 Tooth ultrafiltration
Layer 7 Poz-62278 37,000 800 42,570 40,650 Tooth ultrafiltration
Layer 7 Poz-62277 38,500 900 44,080 41,620 Tooth ultrafiltration
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Site Stratigraphic 
position Lab no.

14C 
measurement

Std. 
dev.

Calendar age  
(at 95,4%)

Material Sample 
treatment

from to

Layer 7 Poz-67110 38,500 900 44,080 41,620 Tooth ultrafiltration
Layer 7 Poz-62279 38,500 900 44,080 41,620 Tooth ultrafiltration
Layer 8 Poz-56638 39,700 700 44,290 42,410 Tooth ultrafiltration
Layer 8 Poz-56630 42,000 1000 46,760 43,100 Tooth ultrafiltration
Layer 8 Poz-67108 >45,000 Tooth ultrafiltration
Layer 8/9 Poz-67105 28,540 280 33,680 31,890 Tooth ultrafiltration
Layer 8/9 Poz-67103 30,800 500 36,190 34,380 Tooth ultrafiltration
Layer 8/9 Poz-56632 41,000 1000 45,710 42,700 Tooth ultrafiltration

Koziarnia Cave Unknown OxA-39509 22,020 150 26,820 25,920 Bone tool ultrafiltration
Unknown OxA-39539 20,870 210 25,710 24,590 Bone tool ultrafiltration
Unknown Poz-82394 39,200 1100 44,720 41,920 Bone ultrafiltration
Layer 3-5* Poz-119319 25,440 210 30,070 29,220 Bone ultrafiltration
Layer 9-11* Poz-119320 27,340 260 31,800 31,060 Bone ultrafiltration
Layer 10?* GdA-3898 32,440 240 37,370 36,240 Tooth ultrafiltration
Layer 12 Poz-98895 28,090 360 33,240 31,280 Charcoal no info
Layer 13* Poz-98898 30,330 500 35,920 33,960 Charcoal no info
Layer 15 Poz-99773 37,650 900 43,120 40,930 Tooth ultrafiltration
Layer 15 Poz-99816 39,000 1000 44,450 41,930 Tooth ultrafiltration
Layer 16b* Poz-110657 33,100 1200 40,850 35,460 Charcoal no info
Layer 16b* Poz-98896 29,430 720 35,360 31,970 Charcoal no info
Layer 17* Poz-98901 33,230 480 39,340 36,700 Charcoal no info
Layer 17* Poz-99815 40,100 1100 45,230 42,300 Tooth ultrafiltration
Layer 17* Poz-116687 40,600 1200 45,890 42,410 Tooth ultrafiltration
Layer 19-20* GdA-3897 24,190 120 28,710 27,950 Bone ultrafiltration
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Results – sites and their dating

Most examined sites belong to the Middle 
Palaeolithic, customarily viewed as a period 
of Neanderthal domination (Hublin, 2009). 
Isolated sites represent the Szeletian or the 
Lincombian-Ranisian-Jerzmanowician com-
plex (LRJ), or assemblages of the older phase 
of Aurignacian.

Wrocław, Hallera Av., site no. 1

The first examined site – Wrocław, Halle-
ra Av., is located within the ice-marginal val-
ley of the Oder River. It was intensively inves-
tigated in the 1990s and first two decades 
of the 21st century, revealing remains of at 
least two occupation levels associated with 
Middle Palaeolithic industries (Wiśniewski et 
al., 2013). Besides lithic artefacts, it yielded 
many animal bone remains, particularly from 
its lower level (layer B). The bones belonged 
to such fauna as the Woolly mammoth (Mam-
muthus primigenius), Woolly rhinoceros (Coe-
lodonta antiquitatis) and Merck’s rhinoceros 
(Stephanorinus kirchbergensis), Steppe bison 
(Bison priscus), European moose (Alces alces), 
horse (Equus ferus), and reindeer (Rangifer 
tarandus). Steppe bison bones prevailed in the 
lower level (MNI-8) (Wiśniewski et al., 2023). 
The lower horizon was deposited in alluvial 
sediments of varying fractions (B), while the 
upper horizon was covered by fine sandy sedi-
ments interpreted as remnant lake thermo-
karst depressions (C, C1, D, D1). In the lower 
level, clustered remains survived only in the 
eastern part; otherwise, they were dispersed 
due to fluvial processes. The upper level con-
tained remains of production concentrations 
related to tool making and core reduction. 
The profile of the sediments, besides a series 
of pilot datings in 2003, was dated by OSL 
in 2006 and 2016 at the GADAM laboratory 
in Gliwice (Skrzypek et al., 2011; Wiśniewski 
et al., 2023). The two series show high similar-
ity. Going by average datings, the older layer 
could be assigned to MIS 5a, and the younger 
to early MIS 3. It should be noted that the 
spread of datings from the lower level (w. B) 

is significant, covering several adjacent 
chronological units, specifically MIS 4 and 
MIS 5a – MIS 5b – MIS 5c. The oldest date 
was 79.3±5.9 ka (GdTL-858), while the young-
est – 46.0±3.6 ka (GdTL-856). In turn, the old-
est dating for the younger level (D, D1-C, C1) 
is 61.0±6.8 ka (GdTL-855), and the youngest 
is 32.3±1.9 ka (GdTL-861). Table 1 shows that 
at least two dates define the stratigraphically 
older series as overlapping with the younger 
series, which is caused by the unstable depo-
sition environment subjected to periglacial 
processes after accumulation. These pro-
cesses led to the local upward lifting of parts 
of the packages and mixing them with later 
accumulated formations. Regarding style 
and technology, the lower level corresponds 
to flake industries with bifacial technology 
and Levallois elements, while the upper is 
identified with the so-called Central European  
Micoquian (CEM).

Pietraszyn 49a

The recent research at the Pietraszyn 49a 
site in the eastern part of the Głubczyce Pla-
teau was of invaluable significance. The site 
is situated on the southern slope of the Troja 
River valley, an Oder tributary. It was discov-
ered by amateurs in the 1990s. At that time, 
the site’s stratigraphic model was presented 
based on the trenches near the spot where 
the artefacts from the arable field surface 
were collected. Site chronology was partly 
based on the results of the sediments’ TL dat-
ing (Foltyn et al., 2000). Between 2012 and 
2022, with short breaks, the site was system-
atically excavated, revealing concentrations 
of lithic relics representing the CEM complex. 
During these investigations, samples for dat-
ing using two luminescence methods were 
taken (Wiśniewski et al., 2019). The primary 
method was pIRIR225, which was applied to 
the analysis of feldspar. The tests were com-
plemented with traditional OSL. Four layer 
complexes were identified during excavations. 
The lowest complex contained sand-gravel 
layers of fluvioglacial origin (D). Higher up 
was sediment complex C – a conglomerate  
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of fluvial sediments with slope processes 
involved. It was overlain by another complex 
of colluvial sediments affected by fluvial 
processes (B), the lowest part of which (B9) 
contained lithic artefacts (over 20,000) and 
isolated bone remains (woolly mammoth 
and horse). The sequence terminates in the 
contemporary ploughed soil (A). Based on 
pIRIR-225 dating, it can be concluded that the 
bedrock sediments (D) belong to MIS 6. A sim-
ilar age was obtained using the OSL quartz 
method. Age determination of complex C per-
formed with pIRIR-225 suggests its deposition 
during MIS 4, whereas layer B9 with artefacts 
was dated to the onset of MIS 3 or the second 
part of MIS 4 (60±6 ka). The upper layers of 
this complex generated similar dating results 
(Tab. 1). These results completely overturned 
the previous dating of the artefact-yielding 
layer at site 49a in Pietraszyn (Kozłowski, 
2016). Slightly later, layer B9 in the northern 
profile of the site was dated to a much later 
period (47.3±2.6 ka) using the OSL quartz 
method (Tab. 1).

Dzierżysław 1

Dzierżysław, site 1, is located in the south-
ern part of the Głubczycki Plateau. The site 
was uncovered on the south slope of Czar-
na Góra, “Schwarzer Berg” (approximately 
285.3 m a.s.l.), in the southern part of the 
Głubczyce Plateau. The site was discovered 
in 1926 (Lindner, 1941). Extensive excava-
tions were undertaken in the second half of 
the 20th century (1957-1959, 1962, 1989, 
1992) (Kozłowski, 1964, 1965; Foltyn et al., 
2000; Foltyn, 2003; Fajer et al., 2005). The 
works covered a strip of land located on the 
edge of the gravel pit and south of the gravel 
pit. The latter phase involved the location of 
a landfill in this area. The construction of two 
dump tanks covered the entire northern part 
and a large section of the southern part of 
the site. Excavations were undertaken before 
the construction of these tanks. These works 
produced a model of a multicultural site with 
three cultural horizons (older Micoquian, 
Bohunician, and Szeletian cultures).

Figure 5. Radiocarbon ages, calibrated against IntCal20 curve, ranges at 2 sigma confidence, presented 
with NGRIP d18O data as a reference. Green: bone samples pretreated with ultrafiltration, blue: bone 
samples pretreated without ultrafiltration or charcoal samples pretreated with ABA protocol, grey: 
pretreatment method unknown. An asterisk indicates the place where the artefacts occurred
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Recently, an opportunity arose for a more 
detailed examination of the situation in site’s 
the southern part. In 2018 and 2019, trench 
surveys adjoining the trenches explored in 
the 1990s from the south were established 
(Wiśniewski et al., 2022a). The lowest layer 
recorded in the main trench was a varied-
fraction horizon of illuvial level (8; Fig. 2). The 
next layer (7) was formed through the deg-
radation of the soil level during the Lower 
Pleniglacial of the last glacial (MIS 4). OSL 
dating produced a result of 64.2±3.7 ka. The 
higher-located cambic level (6) of brown sub-
arctic soil, identified with interpleniglacial soil, 
was dated to the onset of MIS 3 (54.6±2.9 ka). 
Even higher was a layer of gleyed loesses (5), 
whose age (20.9±1.1 ka) and lithostratigraph-
ic features correlate with loesses deposited 
in MIS 2. It is separated from layer 6 by over 
30 ka with no sedimental record in this part 
of the site. The next layer (4) is the remains 
of a cambic origin of similar age as layer 6 
(58.7±3.5 ka), hence the supposition that this 
is a deposit on a secondary position. Above 
(layers 2 and 3), we found loesses deposited 
at the final stages of the Upper Pleniglacial 
(MIS 2: 18.5±1.1 ka). Such aeolian sediments 
are typical of the Głubczyce Plateau (Jersak, 
1991; Jary, 1996). During the last excavation 
season in 2019, a few isolated finds were 
discovered in layer 1 (contemporary plough-
ing horizon) at the transition zone between 
two layers – orange sediments (4) and gley 
layer (5). One artefact was recorded in lay-
er 6. Thus, we have remains of at least two 
episodes, one related to groups of artefacts 
from layers 4 and 5, the other with layer 6. It 
also may be assumed that finds from layers 
4 and 5 and the ones from layer 6 were rede-
posited by colluvial processes.

To relate these observations to previous 
studies, we tried to correlate the depth of 
the artefact deposition with sedimentary fea-
tures, which were thoroughly described by the 
Fajer et al. (2005). The correlation between 
the artefacts’ location and the stratigraphic 
model of trench I/92 and 1/2019 shows 
that most finds rested in the loess floor (2-3) 
and layers 4 and 5. The completed research 

allowed the construction of new chronologi-
cal and taxonomic models for the southern 
part of Dzierżysław 1. Present results indicate 
the lack of sediments related to early Middle 
Palaeolithic (Early Micoquian) and transitional 
industries. Instead, we are dealing with sedi-
ments from early sub-stages of MIS 3 and 
from MIS 2. The analysis considering features 
of loess sediments showed these to be signifi-
cantly transformed by periglacial processes. 
Remains found inside these sediments could 
be associated with the Micoquian culture 
and the Upper Palaeolithic group (Wiśniewski 
et al., 2022a). However, it is impossible to 
speak of assemblages here, as these artefact 
groups have probably been abandoned for 
a long time.

Stajnia Cave

More sites are located in the Kraków-Czę-
stochowa Upland. One of these is the Stajnia 
Cave, the subject of many publications owing 
to the discovery of Neanderthal remains 
there (Urbanowski et al., 2010; Picin et al., 
2020; Nowaczewska et al., 2021). The results 
of sediment and bone datings (including arte-
facts) were also widely disseminated (Żarski 
et al., 2017; Picin et al., 2020; Talamo et al., 
2021). The cave formed during the Neogene 
and Pleistocene is small – 23 m × 2-4 m. The 
rocks of the entire massive date to the Upper 
Oxfordian (Żarski et al., 2017). The 2006-
2010 excavations identified 15 layers of cave 
clay. The unique geochemical conditions pre-
served many organic remains, allowing for 
their analysis through many methods. Sedi-
ments and bone remains were dated by three 
methods – 14C, U-Th and OSL (three samples 
were taken originally, and results for two were 
published). The 14C datings are of primary 
importance, the first at Poznań (2 dates) and 
Oxford (1 date). The samples were taken from 
the remains of three mammals from layer D1 
and show broad variation of results (Tables 
3 and 4 in Żarski et al., 2017). The datings 
ranged from 46.4 to 14.5 ka calBP, with 
one date exceeding 49 ka. One OSL dating 
(GdTL-1127) from layer D1 may be perceived  
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as correlated as it was 45.9 ka. Lower preci-
sion was achieved for two U-Th samples taken 
from mammoth teeth discovered in layer D2 
(ca. 53 ka). The authors suspect layer E1 may 
have been deposited in the early MIS 3, yet its 
structural elements, i.e. rubble, were formed 
during the cold MIS 4 (Żarski et al., 2017). 
The lower deposited layers, E2, F and G, were 
assigned to chronological climate units of the 
Early Weichselian without numerical datings.

A series of 14C datings made in Leipzig by 
the Max Planck Institute’s team (Picin et al., 
2020; Talamo et al., 2021) is now crucial. 
More AMS 20 datings of additional sam-
ples were made at the Mannheim labora-
tory (MAMS) (Tab. 2). Datings, supervised by 
S. Talamo, included bone remains from layers 
C18, C19, D1, D2, D3 and E1. Results from 
layers underlying D1, i.e., D2, D3 and E1 gave 
ages >49 ka or >50 ka BP, supporting previous 
U-Th datings (Talamo et al., 2021; Tab. 1). The 
dates for D1 were quite diverse, some (4 sam-
ples) generating ages of >49 ka and >50 ka, 
suggesting that these objects came from 
older layers. The further five dates from layer 
D1 fall into the 41.1 to 52.4 ka calBP range. 
Please note that the upper boundary was set 
by the dating of a mammoth tusk ornament-
ed pendant (Talamo et al., 2021). Another two 
“young dates” in this set (between ca. 42.5 
and 41.5 ka) came from a sample taken from 
a bone awl. The remaining dates oscillate 
in the range between ca. 54.8 and 45.5 ka. 
It demonstrates that the ornamented pen-
dant and the awl are younger intrusions into 
deposits several thousand years older. Lay-
ers E, as well as D1 and D2, produced lithic 
artefacts whose features allow for classifying 
them as CEM. Additionally, layer D1 con-
tained items representative of the Upper Pal-
aeolithic industry. Thus, we have every reason 
to believe that the discussed part of the cave 
sediments contains both younger and older 
elements in the respective series. The young-
er layer – C19 – is dated between 42.4 and 
37.2 ka. The layers following it (C18 and B)  
are beyond the scope of our publication.

Another aspect in the discussion about 
the sediment chronology in the Stajnia Cave 

are the biological remains of a Neander-
thal human. One of the teeth discovered 
in layer D2 (S5000) was dated with 14C to 
22,480±70 due to sample contamination. 
A molecular analysis was therefore per-
formed. Based on calculations, it was con-
cluded that the mtDNA genome could be 
expended at approximately 116 ka according 
to the branch length of the mtDNA tree, but 
the confidence range is quite extensive (95% 
HPDI: 83,101-152,515 years ago). Thus, theo-
retically, the tooth could date back to the for-
mation period of layer E2 (MIS 5a) or, which 
cannot be ruled out, to periods yet unattested 
by sediments or other biological remains dur-
ing the Stajnia Cave investigations. Here, we 
consider the Eemian (MIS 5e) or late stages of 
the Warthe/Oder stadial (MIS 6).

Ciemna Cave

The site is located in the valley of the Prądnik 
River, a left-bank tributary of the Vistula. The 
cave is substantially elevated above the valley 
bottom (62 m). It is one of Poland’s most size-
able cave sites with archaeological evidence, 
and its exploration history goes back to the 
second half of the mid-19th century (Krukow-
ski, 1939; Kowalski, 1967; Valde-Nowak et al., 
2014, 2016; Alex et al., 2017). It consists of 
several parts. The latest excavation episode 
started in 2007 and covered the so-called 
Main Chamber. During this campaign, the 
organic objects were dated using the radio-
carbon method. Six series were distinguished 
in the Main Chamber. Series 1 is related to 
the Riss/Salian Glaciation (MIS 6), series 2 
(layers 9-16) to MIS 5e – MIS 5a, layers 6-8 to 
MIS 4, and layers 2.3-5 to MIS 3. The artefacts 
from the first series (layer 17) were referred to 
as early Middle Palaeolithic (cultural level IX). 
In contrast, the second series was combined 
with artefacts identified with two Mousterian 
levels (layer 15, cultural level VIII and layer 
12, cultural level VII) and the so-called Tau-
bachian level (layer 9, cultural level VI). The 
next series is represented by two Micoquian 
layers (layer 8, cultural level V and layer 6, cul-
tural level IV). The upper series is represented 
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by the Micoquian (layer 2.3, cultural level III) 
(Valde-Nowak et al., 2014, 2016).

Numerical dating has provided exciting 
data for discussing the site’s post-depositional 
changes. Radiocarbon datings form two series 
(Tab. 2). The first, with five samples, was ana-
lysed at the Poznań laboratory and National 
Ocean Sciences Accelerator Mass Spectrom-
etry Facility, Woods Hole Oceanographic 
Institution, US. Samples from bones and teeth 
were taken from layer 11 as defined by Kowal-
ski (1963-1968) and from layers 8, 7 and 3 in 
the Main Chamber excavated in 2007-2012 
(Valde-Nowak et al., 2014). In four cases, these 
were the remains of a bear. The fifth sample 
was too burnt to be identifiable. Dating results 
ranged from 48.0 to 39.8 ka calBP. Research-
ers noted that datings from layers 3, 7 and 
8 do not follow the stratigraphic sequence, as 
the date from layer 3 is older than those from 
the underlying layers 7 and 8. The conclu-
sion was that only the date from layer 3 (Poz-
23663: 42,000±1000) was correct and in line 
with parallels from layer 11 (from sector CO) 
explored by Kowalski. The cause of the dating 
inversion was explained by post-sedimentation 
changes or the lack of ultrafiltration. 

A new series of datings began with a sam-
ple taken of charcoal from Pinus silvestris 
(RTD7375-A) from sector CK (Main Chamber) 
and analysing it at the DREAMS radiocar-
bon laboratory, Weizmann Institute – Max 
Planck Center for Integrative Archaeology, 
Israel (Valde Nowak et al., 2016). Here, the 
acid-base-acid (ABA) measuring procedure 
was used. The sample came from the mid-
dle layer with Micoquian material (layer 8). 
After calibration, its value was inside the 
upper range of the previous datings – 47.8-
43.8 calBP. As this was an isolated sample, 
its origin and connection with human activity 
remain unclear. The authors correlated layer 
2.3 from the Main Chamber with layer CO5 
of Krukowski’s trench, which had produced 
the largest number of relics assigned to the 
Micoquian. As a result, “the main Micoquian 
layer” was associated with the middle sub-
stage of MIS 3, suggesting that it could cor-
respond to the Gl12 warming.

The dating programme at the D-REAMS 
laboratory was expanded to include four 
bone samples – Ursus sp. and undetermined 
mammals and wood – Betula (Alex et al., 
2017). These came from, respectively, layer 3 
(2 samples), 6 (2 samples) and 8 (1 sample). 
The objective was to obtain datings for lay-
ers with Micoquian relics. Two bear bone 
samples, one from layer 6 and the other from 
layer 8, had dates falling outside the cali-
bration curve (55.3±5, 46.3±1.4 ka BP). Two 
samples – from layers 3 and 8 (a bear and 
a mammal) had minimal datings of >56.0 BP 
and >50.6 ka BP. The wood sample turned out 
to be contemporary. 

Summarising, the charcoal sample is 
younger than the series of bone datings. 
Unfortunately, three bone samples, as seen 
by Alex et al. (2017), contained slightly lower 
quantities of collagen. However, consider-
ing the collagen quality, %C values and the 
consistency of results, these samples may 
still be judged as reliable. Thus, all bones 
dated in the last series may be assumed to 
be >50.0 ka BP.

Obłazowa Cave

The Obłazowa Cave (site Nowa Biała 2, 
Nowy Targ District) is located near Nowa 
Biała in the Western Carpathians (Pieniny). 
The cave lies in the southwestern section of 
the limestone Obłazowa Skała hill, which, 
together with the Kramnica hill, constitutes 
the western segment of the Pieniny Spiskie 
Range. It was formed through the erosion of 
fractured limestone by the Białka River. The 
cavern, running along rock layers, consists of 
a relatively large chamber and a short entry 
passage. The original entrance was below 
the present one (Valde-Nowak et al., 2003; 
Valde-Nowak, 2009).

The investigations in Obłazowa began in 
1985. From the very beginning, the results 
were so interesting that the excavations 
continued – with breaks – up to the second 
decade of the 21st century (Valde-Nowak 
& Nadachowski, 2014; Valde-Nowak et al., 
2016), uncovering a total of 21 lithological 
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and ten cultural layers, including one from 
the Upper Palaeolithic (Pavlovian – layer VIII) 
and Middle to Upper Transition – MUPT (Sze-
letian – layer XI). The remaining layers are 
associated with Middle Palaeolithic tradi-
tions: Mousterian (layer XIII), Charentian (lay-
er XV), Taubachian (layer XVI, XVII, XIX and 
XX) and the Micoquian (layer XVIIIb) (Alex et 
al., 2017). The assemblages from all Middle 
Palaeolithic layers were almost exclusively 
from local radiolarite.

The first 14C datings were made on sam-
ples taken in 1986-1995. These dates corre-
spond to the Upper Palaeolithic horizon. One 
date corresponds to a stratum containing 
a Szeletian inventory. The sample was a bird 
bone from which a date of 36,400±700BP 
(Poz-1135) was obtained. Further datings 
were made on samples excavated in 2012-
2013 from layers XV, XVII, XVIIIb and XX. 
Three were taken from Pinus silvestris char-
coal (date RDT-7355, layer XVIIIb) and frag-
ments of mammal long bones. One of the 
dates, from layer XIX (RDT-7399), came from 
a bone with cut marks (Valde-Nowak et al., 
2003; Alex et al., 2017).

All dated samples came from known 
contexts and were collected during recent 
excavations. Samples underwent routine pre-
screening procedures at the D-REAMS labo-
ratory (Alex et al., 2017).

One sample from layer XV falls between 
50 and 45 ka BP. Two samples from layer 
XVII gave ages older than 44.6 ka calBP (with 
one open date, older than 50 ka). From layer 
XVIIIb, two samples were dated between 
47.3 and 42.5 ka calBP. One of the lowest 
two samples, from layer XIX, gave an open 
result older than 47.9 ka BP, while the sec-
ond is too an open measurement older than 
50,500 radiocarbon years.

Lubotyń 11

Lubotyń 11 is located in the southern part 
of the Głubczyce Plateau. The site occupies 
the top of a hill composed of fluvioglacial 
sediments and was discovered in the 1930s. 
Excavations were carried out, with breaks, 

between 2006 and 2015 (Połtowicz-Bobak et 
al., 2013; Bobak et al., 2016). The sediment 
thickness is small. In the bedrock are the 
aforementioned fluvioglacial sediments of 
the Oder glaciation (layer E) and the backfill, 
forming a pseudomorphosis after the wedge 
(layer F). Above this is layer C1, composed of 
silty and gravelly sediments, and layer C2, 
composed of sandy-gravelly sediment con-
taining a burnt material, probably residues 
from fuzzy fire sites. Layers C1 and C2 con-
stitute the main deposit of archaeological 
material. Above the basin situated over the 
pseudomorphosis of the wedge, layer G was 
isolated, composed of sediment flowing from 
the neighbouring areas during the backfilling 
of the wedge. The site is covered by layers C 
(eroded loess with an admixture of sandy and 
gravelly material) and B (loess). Above layer B 
is modern humus. The redeposition of the rel-
ics (layers C1 and C2) was not significant, as 
indicated by the well-preserved remains of 
campfires. The preservation of the remains 
was possible because a considerable part of 
them were located above a pseudomorphosis 
left by an ice or frost wedge several metres 
in diameter, which formed a slight depression 
during the operation of the camp (Połtowicz-
Bobak et al., 2013; Bobak et al., 2016).

The discovered evidence comes from an 
indeterminate number of episodes of the 
site’s use by the Palaeolithic humans. A spa-
tially indistinguishable occupation of Szele-
tian and Aurigniacian is evidenced at the site.

Dating by OSL was used for layers F, G, 
C and B. A series of 14C datings (AMS) was 
made for charcoal from layer C2 and one 
of the fireplaces. All 14C datings come from 
charcoal from layer C2 – a source of lithic 
artefacts – of which three: 44.0±3.0 ka (Poz-
25209), 43.0±1.0 (Poz-36903), 35.10±0.8 ka 
(Poz-25208) come from fireplace samples, and 
three more from the layer itself: 44.0±1.1 ka 
(Poz-36905), 39.5±0.7 ka (Poz-36904), 
38.1±1.8 ka (Poz-25207) (Bobak et al., 2016). 
A further three, as yet unpublished, dates 
from the C2 layer: >44.7 ka (OxA-33315) and 
from the focus: >47.5 ka (OxA-33316) and 
>54.1 ka (OxA-33073) gave an open result, 
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defining only a terminus ante quem. The old-
est of these dates was obtained from a sam-
ple prepared using the ABOX technique, and 
the result was clearly older than the others. 
After calibration, all dates fall into a wide 
range between >50 ka and 38.5 ka calBP.

Nietoperzowa Cave

The Nietoperzowa Cave is an example of a site 
where the discovered material was subject to 
new datings, even though the site’s investiga-
tions had ended over 60 years ago. The site 
is located in the Częstochowa Upland, in the 
upper part of the Będkowska valley. Although 
the exploration began already in 1854, sys-
tematic studies – except for L. Kozłowski’s 
excavations in the early 20th century – were 
only carried out by W. Chmielewski’s team in 
1956-1963. The stratigraphy was character-
ised by T. Madeyska-Niklewska, who identi-
fied over a dozen layers from various periods 
and dated them to between the end of the 
Middle Pleistocene and MIS 3 (Madeyska-
Niklewska, 1969; Madeyska, 1982; Krajcarz 
& Madeyska, 2010). Artefacts representing 
the LRJ tradition were discovered in three 
layers (Chmielewski, 1961). The most sub-
stantial number was found in the lower layer 
(6), consisting of fine-smoothed rubble and 
clay with a significant admixture of charcoal. 
Remains of fireplaces accompanied the arte-
facts. Bear bones were discovered, which 
gave rise to the theory that the Palaeolithic 
group at Nietoperzowa hunted this species. 
A slightly lower number of finds came from 
layer 5a, composed of clay. This layer yielded 
a single fireplace. Artefacts assigned to 5a 
were discovered either on top of layer 6 or 
1-2 cm above it. Layer 4, consisting of clay, 
was located on a level of mixed clay and rock 
rubble. It was clearly separated from layers 6 
and 5a. The artefacts lay in a layer covered 
by the youngest loess.

The most recent dating was undertaken 
by the team of M. Krajcarz, who selected 
bear bones for the study (Krajcarz et al., 
2018). Fifty-one samples were taken from 
the bone remains. Most of the samples 

underwent ultrafiltration at the Poznań 
Radiocarbon Laboratory. In contrast, some 
whose collagen was collected at the Biogeo-
logical Laboratory of Tübingen University did 
not undergo this procedure (Tab. 2). A few 
samples contained insufficient collagen or 
an incorrect C/N ratio result.

The datings of LRJ layers are 40.3 BP to 
24.54 BP for layer 6 and from 40.5 ka BP to 
26.19 ka BP for layer 5. The calibration for 
layer 6 produced 46.1-28.1 ka calBP (layer 6), 
and that for layer 5 – 46.3-29.8 ka calBP. The 
authors note the overlap in datings between 
layers 5, 6 and 7. Each of those layers was 
represented by two sub-groups of dates, cov-
ering periods preceding ca. 35 ka calBP and 
ca. 28-34 ka calBP (Krajcarz et al., 2018). 

An attempt was made at Bayesian mod-
elling. There were some problems with it, as 
some dates did not follow the trends, and 
there even was an overlap of dates from lay-
ers 5 and 6. Two models were prepared after 
an arbitrary decision to discard part of the 
datings (e.g. from layer 6). However, the result 
was unacceptable overall agreement indexes 
(Aoverall < 60%). Ultimately, it was possible to 
present models for the lower part, i.e. layers 
6, 7, 8 and 8/9, and the upper part, i.e. lay-
ers 3, 5 and 6 (Krajcarz et al., 2018). The age 
of the lower boundary of layer 6, according 
to the first statistical model LOWER PART1, 
was placed in the 44.305-42.604 ka calBP 
range, while according to the second model 
LOWER PART2 – at 40.2-37.7 ka calBP. In 
turn, the upper boundary of layer 6, accord-
ing to the model UPPER PART1, fell between 
43.1 and 41.0 ka calBP, whereas according to 
the second model UPPER PART2 – between 
38.1 and 33.9 ka calBP. The lower boundary 
of layer 5 is the same as the upper limit of 
layer 6, while the upper boundary of layer 5 
would be set by the dates of layer 3 (31.3-
30.5 ka calBP). According to the UPPER PART 
model, the boundary datings would be 31.1-
30.2 ka calBP. The problem is that the older 
dates are older than 38 ka calBP. It should 
be mentioned that it is impossible to set an 
upper boundary using layer 4; hence, layer 3 
had to be used instead. 
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Koziarnia Cave

Recently (2017), excavations have taken place 
in the Koziarnia Cave. It is located in the 
Ojców Plateau, in the Sąspów Valley area. 
The beginnings of its exploration, as that of 
the Nietoperzowa Cave, go back to the 2nd 
half of the 19th century. In 1919, S. Krukowski 
explored it without much success. From 1958 
to 1962, it was subject to large-scale (1410 m2) 
exploration by a team under W. Chmielewski. 
Trenches covered the main chamber and 
the passage. The most important finds were 
recorded in the central section of the pas-
sage, beginning about a dozen metres from 
the entrance. During these excavations, W. 
Chmielewski and T. Madeyska-Niklewska dis-
tinguished 21 geological and eight cultural lay-
ers with lithic artefacts and charcoal (4, 7, 10, 
13, 16B, 17, 18, 20) (Chmielewski et al., 1967).

The subsequent excavations covered 
a small area of 2.85 m2, some 40 m from 
the entrance, reaching the SE corner of 
Chmielewski’s trench. Over a dozen layers 
were distinguished (A-P), and four lithostrati-
graphic series were defined. An attempt 
was made to correlate them with layer posi-
tions as described by T. Madeyska-Niklewska 
(Chmielewski et al., 1967). The correlation 
according to plate 8 and descriptions (Kot et 
al., 2021; 6) of the 2017 trench and trench 
IX/1961-62 is as follows: M – 21, H’, I, H, I’ 
and L – 17 and 19, C – 16, K’ – 13, K – 14, J – 
12, E – 16a, F – 16b, D – 15. W. Chmielewski 
distinguished the following Palaeolithic units 
in the individual layers: flake assemblage 
dated to the pre-Eemian (l. 20), Micoquian 
(mikocko-prądnicka) culture from early stages 
of Weichselian (l. 18), flake assemblage from 
Middle Palaeolithic (l. 17), indeterminate Mid-
dle Palaeolithic industry (layers 16b and 10), 
occupation visible through fireplace relics (l. 
10). According to Chmielewski, the Jerzmano-
wician point discovered by Römer in the 19th 
century, had been originally deposited in layer 
7 (Chmielewski et al., 1967, p. 51). At the bor-
der between trench IX and the dig into layer 
7, a blade fragment was found. According 
to Chmielewski, these finds were associated 

with the Jerzmanowician, at that time known 
from, e.g. the Nietoperzowa Cave. Kot et al. 
(2021) combined these finds with layers 15-16. 

Fourteen bones and nine charcoal sam-
ples were subject to 14C dating (Kot et al., 
2021). Earlier, W. Chmielewski did a 14C 
dating of a bear bone, possibly from layer 
7 (corresponding to layers 14-15 accord-
ing to Kot et al.), and obtained a result of 
39.34±0.43 ka BP. The U-series method was 
used on two bones. OSL method dating was 
also applied. Below, we only quote selected 
results that are pertinent to this paper.

Radiocarbon datings of the lowest layers 
(19-21) failed due to sample contamination. 
The use of OSL also produced an extremely 
young age. Based on the dating of the upper 
layers, an age older than 47 ka calBP was 
assumed. Layers H’/I/H/I’ (equivalent to 17), 
H’ and I, including undated layers H and I’, 
showed ages between 47-36 ka calBP, while 
F (16b) appeared younger to the authors 
(40-35 ka calBP). Materials from layer D (15) 
yielded dates similar to layers 16b and 17, 
indicating redeposition from the lower lay-
ers. Layers K and K’ (13) are dated to around 
35-31 ka calBP. Some bone artefacts from the 
19th-century collections were also dated and 
obtained ages around 26-25 ka calBP. 

Finally, the evidence from layers 17 and 
18 (H’/IH/I’, L) was correlated to the Middle 
Palaeolithic, as was done by W. Chmielewski. 
The finds from layer 15 (D) were related to the 
Jerzmanovician (125 specimens). Elsewhere 
in this paper (Discussion), the authors also 
included layers 16 -E, F and G in this unit (Kot 
et al., 2021; 8). Overall, this evidence mainly 
consists of chips and flakes. Layers 13-12 
(K-K’) were related to the early Gravettian. 
Layers correlated with the Middle Palaeolithic 
occurrence, as well as with the period where 
the LRJ industry should theoretically be locat-
ed and the younger level (the so-called Early 
Gravettian), were analysed to determine the 
environmental and climatic conditions in 
each time range. It was found that the Middle 
Palaeolithic fell into a more favourable period 
than the time of EUP development (Berto et 
al., 2021). Layers 17-18 were correlated with 
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a warm oscillation corresponding to DO 12-9 
based on the radiocarbon date of the Ursus 
ingressus bone. Layers 16c and 15, on the 
other hand, were correlated to the cooling of 
DO 8 and H4. Conversely, layers 31-12 were 
correlated with DO 7 based on a rodent and 
tree species analysis.

Discussion

In this section, we wish to address several 
issues generated by the presentation of new 
datings (Fig. 4-5, Tab. 1-2). In the quoted data, 
one may find figures leading to a radical re-
examination of the accepted views on the 
development of the Middle Palaeolithic indus-
tries. One of these views is the theory that 
the Micoquian industries were deeply rooted 
in the past, reaching the Middle Pleistocene. 
This theory is partly based upon the impre-
cise datings from two sites: Dzierżysław 1 
and Pietraszyn 49 (Foltyn & Kozłowski, 2003; 
Kozlowski, 2003; Kozłowski, 2016). In both 
cases, the artefact-yielding layers are cur-
rently dated to the last glacial (MIS 4 – MIS 3).  
Furthermore, in the case of Dzierżysław 1, 
there exist substantiated suspicions that 
we are looking at a palimpsest and not the 
remains of a single episode. The revised 
datings lead to a conclusion that the above 
mentioned evidence should not be consid-
ered when discussing the cultural taxon dis-
tinguished two decades ago. As a reminder 
– the authors suggested distinguishing it by 
a distinct name – the East Micoquian. Nev-
ertheless, we hasten to add that we do not 
negate the need to distinguish Middle Pleis-
tocene complexes with asymmetric bifacial 
tools, as such are known from other sites 
in Poland (Cyrek et al., 2014) and Eastern 
Europe (Stepanchuk, 2006).

The new dates resumed the discussion on 
the previous concepts for classifying and dat-
ing the Micoquian industries (German: Keilm-
essergruppe) in Central Europe (Richter, 
2002; Jöris, 2006). The view initially prevail-
ing in Poland was that the classic Micoquian 
assemblage from the Ciemna Cave, such as 
artefacts from layers 6 (Kowalski) and CO5 

(Krukowski), should be dated to a period 
before MIS 4 (Kozłowski & Kozłowski, 1996). 
Using 14C on samples that did not undergo 
pretreatment procedures in the first decades 
of this millennium led to the belief that these 
industries may have developed much longer, 
up to 41-47 ka calBP (Valde-Nowak et al., 
2014). The later introduced sample prepara-
tion procedures revised such views, and the 
main Micoquian layer at the Ciemna Cave 
– used here as an example – must be moved 
again to at least >50 ka BP. These dates are 
roughly consistent with the upper layer from 
Hallera Av. in Wrocław. The youngest dates 
for Micoquian elements come from the Sta-
jnia Cave (layer D1) and Obłazowa Cave 
(layer XVIIIb). However, based on the recent-
ly reported dating from the Stajnia Cave by 
Talamo et al. (2021), it might be suggested 
that there are much more chronologically 
diverse elements in the D1 layer than we had 
previously assumed (see comments below). 
Theoretically, the organic remains older 
than ca. 45 ka calBP in the Stajnia Cave may 
not directly relate to lithic artefacts. Also, 
the dating of a single sample from layer 
XVIIIb in the Obłazowa Cave, identified as 
Micoquian, could be relatively young – ca. 
43 ka calBP. However, samples from the 
stratigraphically younger layer XVII indicate 
a much older age – ca. 53 ka, laying above 
the calibration curve. In conclusion, one may 
surmise that no reliably dated remains of 
Central European Micoquian younger than 
GI-12 exist. It should be noted that dates 
indicating an age younger than GI-12 have 
been obtained in some regions of central 
Europe. Such sites are represented by, e.g. 
Pouch, Saxony Anhalt (Weiss, 2015) and 
Sesselfelsgrotte, G-Komplex (Richter, 2002), 
Kůlna Cave, layer 7a and 6a, and Šipka Cave 
(Neruda & Nerudová, 2013, 2014). In the lat-
ter two cases, radiocarbon dating is strongly 
inconsistent with OSL dating (Nejman et al., 
2011; Richter, 2002).

The appearance of newly dated sites asso-
ciated with the EUP must also be mentioned. 
The first is the open site of Lubotyń 11. One 
should note that the OSL sediment datings are 
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inconsistent with the stratigraphic sequence. 
A series of 14C datings made for the cultural 
layer had a high error level. After calibration, 
it stretched over an enormous period of about 
ten thousand years. These dates seem to 
cover several stages of occupation by a Szele-
tian group or groups, and the youngest phase 
probably should be associated with the pres-
ence of humans using Aurignacian artefacts. 
The finds from those two taxonomic units are 
separated neither vertically nor horizontally. 
Additionally, the youngest date comes from 
the same fireplace, which produced older dat-
ings associated with the Szeletian. Thus, the 
existing dates do not allow for establishing 
the lower chronological limit for Lubotyń 11, 
besides suggesting that it does not extend 
beyond GI-10 and H4.

The next issue concerns the time frame 
of the LRJ complex. Here, the data from the 
Nietoperzowa Cave, which produced the 
largest collection of points, are of fundamen-
tal importance (Chmielewski, 1961; Krajcarz 
et al., 2018; Wiśniewski et al., 2022b). The 
just completed modelling shows the lower 
boundary for layer 6 in one of the Bayesian 
models to oscillate around 44 ka calBP, while 
the upper boundary is around 41 ka calBP. It 
corresponds with the GI-11 and GI-10. Using 
a date from layer 3 to set the upper bound-
ary at ca. 31 ka calBP seems questionable. In 
our opinion, such a date is improbable. The 
authors of the last analysis (Krajcarz et al., 
2018) also draw attention to the integrity of 
groups of artefacts assigned to individual 
layers, i.e., 6, 5 and 4. Separating artefacts 
between the very thin layer 6 and the over-
laying layer 5 is particularly problematic. 
Given all the above, it would be extremely 
challenging to set the upper boundary using 
dates obtained from the Nietoperzowa 
Cave evidence (Kozłowski, 2017). Notably, 
datings have recently been published for 
a stylistically and technologically matching 
collection from Ilsenhöhle in Ranis (layers 
8-9). The dates (47.5-45.8 ka calBP and 46.8-
43.3 ka calBP, respectively) push the lower 
limit of the emergence of this industry in cen-
tral Europe (Mylopotamitaki et al., 2024).

Another set of question marks is raised by 
the latest reflections on the LRJ chronology 
in the Koziarnia Cave (Kot et al., 2021). Here 
again, we see the inconsistency between the 
dates and the layer sequence, with some 
dates from layer 15 being older than those 
from the underlying layer 16b. Another ques-
tion is whether layers 15 and 16b belong to 
the LRJ at all. One should recall that mid-
20th-century scholars could not establish the 
origin of the Jerzmanowician point discovered 
in the 19th century (Chmielewski et al., 1967). 
Chmielewski intuitively associated the speci-
men with the self-distinguished layer 7. How-
ever, the team conducting the last campaign 
in the Koziarnia Cave assigned layers 15 and 
16 to the LRJ using an inventory without diag-
nostic elements. Therefore, it becomes prob-
lematic to link a point discovered in the 19th 
century to any of the layers (15-16b).

Among the dating results introduced in 
the last decade is a series of records relating 
to sites or strata identified with the Aurigna-
cian complex. As these have recently been 
discussed in detail in separate papers (Davies 
et al., 2015; Stefański, 2018; Talamo et al., 
2021; Picin et al., 2023), we will not com-
ment on them further. Again, we would like 
to point out that these valuable materials are 
often found in an older cultural context, as 
in the Stajnia Cave and Lubotyń, site 11. The 
newly obtained data from the Stajnia Cave 
demonstrate that the presence of groups 
with Aurignacian inventories can be dated as 
early as GI-10. A slightly older range is pre-
sented for layer II of the Księcia Józefa site 
(45-42 ka calBP) based on a wood sample 
(Sitlivy et al., 2009). Considering the broader 
geographical context, i.e. the Bukk Mountains 
region in northern Hungary, from which dates 
of Aurignacian layers older than 40,000 were 
obtained, it cannot be excluded that materi-
als from the Polish site may be equally old 
(Davies & Hedges, 2008-2009; Chu, 2018).

The new dates have also rearranged our 
views on the theories concerning the forma-
tion of the individual sites. These findings sup-
port the possibility of various disturbances, 
which are not apparent in contexts without 
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numerical datings. It concerns the sediment 
environment of caves and some open-air 
sites. One example may be the intrusion of 
objects from younger to older layers and the 
other way around, e.g. in the already men-
tioned Stajnia Cave. One may note that layer 
D1, associated with the most important finds 
at that site, such as the biological remains of 
Neanderthal humans in the context of Mid-
dle Palaeolithic artefacts (Picin et al., 2020), 
yielded objects whose dates position them as 
some 3-4 ka younger than the other dated 
remains. Objects introduced into layer D1 
are correlated with the oldest stage of the 
Aurignacian in Poland (Talamo et al., 2021). 
It is possible that the mixing of the evidence 
to some extent also affected the lower layer, 
hence the presence of, e.g. a Neanderthal 
tooth molecularly dated to at least MIS 5a 
in much later sediments (D2). Dislocation, as 
shown by the datings presented in this paper, 
may have affected objects and fragments of 
layers possibly moved into younger or, con-
versely, older contexts – see the inconsisten-
cies in the datings from Dzierżysław, site 1, or  
Hallera Av. in Wrocław.

For many years, we have faced discrepan-
cies in dates obtained by different methods 
(Richter et al., 2009; Moska et al., 2019). 
However, we are increasingly dealing with dis-
crepancies in datings obtained with various 
techniques within the same method. An exam-
ple is the radiocarbon dating obtained from 
a sample prepared with the ABOX procedure 
from site 11 in Lubotyń. Its age, determined 
to be above 54.1 ka BP, is beyond the calibra-
tion curve range; however, based on an uncali-
brated measurement, it can be argued that 
it determines an age above 50,000 calendar 
years BP. Such an age is difficult to interpret 
unequivocally. It may indicate an older phase 
of human occupation associated with the 
Middle Palaeolithic. It may also demonstrate 
the importance of the ABOX procedure in pre-
paring samples close to the limit of the 14C 
method and, therefore, perhaps the need for 
a new dating of this site. At present, a bind-
ing interpretation does not seem to be pos-
sible. Another example concerns OSL dating 

incorporating quartz and feldspar analysis. In 
this case, the layer (B9) containing the remains 
of the Micoquian clusters has been given dif-
ferent dates. The chronological assessment 
based on quartz is about 13.0 ka younger 
than the results of feldspar measurements. 
In order to resolve which method brings us 
closer to determining the age of the ‘target 
event’ sensu Dean (1978), a more significant 
number of dates by both methods would have 
to be obtained.

Conclusion

This paper presents a new model of the cul-
tural unit range based on a series of sites 
numerically dated between MIS 5d and the 
middle phase of MIS 3 in the area north of 
the Carpathians. The current conclusions are 
founded on dates obtained mainly through the 
OSL and AMS methods. Based on the dating 
of the geological strata and their contents, it 
has been established that the critical sites for 
the concept of the Middle Pleistocene origin of 
the Micoquian complex contain much younger 
remains, now dated to the MIS 4 – MIS 3 peri-
od. The final chronological framework of the 
Middle Palaeolithic industries is unclear, but 
it is unlikely that they developed in Poland’s 
present area during GI-12 – GI-10. Instead, 
the most reliable data indicate they occurred 
before the H5 cooling. The industries identi-
fied with the EUP are chronologically diverse. 
The Lubotyń site, with the remains of a group/
groups of the Szeletian culture, can be dated 
over a reasonably wide time range (49-39 ka 
and maybe older). Consequently, it can be 
concluded that the chronology of the Late 
Middle Palaeolithic sites does not overlap with 
the dating of the EUP sites, or if it does, it is 
only in a short episode. 

Regarding the LRJ, the upper limit has 
now been modelled at ca. 44 ka, which links 
this unit to GI-12 – GI-10. The upper limit 
is, unfortunately, difficult to establish. Data 
from the Nietoperzowa Cave would indicate 
its possible survival to the post-H4 period. 
Very relevant information is provided by the 
recent dating of Aurigniacian remains, which 
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suggests the presence of a new cultural trend 
in the Vistula Valley as early as GI-10. Hope-
fully, new data from the Mamutowa Cave, 
where the excavations started a few years 
ago (oral inf. A. Picin), will soon fill these dat-
ing gaps of the EUP sites.

The increased number of dated samples 
and more accurate documentation of their 
positions opens a new chapter in the archae-
ology of the Middle Palaeolithic and EUP in 
Poland, directed towards a better understand-
ing of the site formation processes. The exam-
ples cited here demonstrate that both caves 
and open sites were subjected to complex 
transformations of the stratigraphic layout 
and spatial position of the remains of human 
activities. These disturbances do not cur-
rently allow age assessment by simple date 
averaging or subjective selection of dates 
corresponding to preconceived assumptions.  

An entropy reduction in this respect should 
be brought about by integrating the chrono-
logical sampling with in-depth geological 
studies based, for example, on microstrati-
graphic analysis.
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