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a b s t r a c t

The goal of this paper is to present the new records on chronology and settlement dynamics in the area
situated north of the Carpathians and Sudeten between MIS-3 and GI-1. The focus is on records repre-
senting Middle Palaeolithic and so-called transitional industries (Early Upper Palaeolithic), as well late
Upper Palaeolithic. Studies are based on longer series of numerical data obtained during recent field
work and an examination of old museum collections. These attempts differ from the previous approaches
in which the main attention was put on the comparison of stratigraphical and archaeological data, rarely
relating to the chronometric records. In the beginning of MIS-3, no settlement hiatus took place in this
area. It appears that the classic late Middle Palaeolithic industries had no direct influence on the
appearance of the transitional industries and that in the same period different industries could co-exist.
There are no convincing arguments indicating a connection between the youngest transitional units and
the Upper Palaeolithic industries. Studies on settlement dynamics during the last glaciation maximum
(ca. 19,000e17,000 BP) have led to the acceptance of the previous concept emphasizing its unstable
character. The sites with more numerous artefacts connected with the Magdalenian tradition and the
Epigravettian come from the end of that period. The beginning of Magdalenian settlement on Polish
territory took place at the turn of GS-2c and GS-2b, ca. 18,500e17,500 BP. More numerous Magdale-
nian camps started to appear in GS-2a, ca. 16,500e14,500 BP. The late dates of Magdalenian camps (GI-
1c-1a) may be caused by the contamination of the samples, but it cannot be also excluded that the
Magdalenian style of life survived in some southern regions of Poland until the Allerød.

� 2012 Elsevier Ltd and INQUA. All rights reserved.

1. Introduction

It is believed that Central Europe, in particular its part situated
north of the Carpathians and the Sudeten within the Polish terri-
tory, was periodically inhabited by human groups in the cold
periods of the Upper Pleistocene, and that this colonisation had an
unstable character. The climatic and environmental conditions as
well as less abundant and more dispersed sources of food, together
with the differences in the geological structure and terrain
topography, resulted in a very complicated pattern of settlement
patches. The reconstruction of this complex process of colonisation
based on the small series of chronometric data was in contrast to
the records from the regions bordering Poland to the south, east
and west (Jochim et al., 1999; Blockley et al., 2000; Richter, 2002;
Fort et al., 2004; Svoboda, 2005; Monigal, 2006). The significant

increase of chronological data in recent years encouraged
completion of the earlier approaches and proposal of entirely new
solutions.

The new data extend the period of existence of the Middle
Palaeolithic industries in Poland to the beginning of MIS 3. The
previous synthetic works emphasised a settlement break from the
beginning of the MIS 4 to the middle phase of MIS 3 in this area
(Koz1owski, 2000). The lack of settlement hiatus indicates that the
colonisation of this area by the groups of archaic humans pro-
ceeded gradually in harmony with the potential cultural, climate,
and environmental conditions, as in neighbouring areas (Germany,
Moravia, and Ukraine). As a result of new field work, the appear-
ance of the so-called transitional industries can bemoved to at least
ca. 47,000 cal BP, to GS-13eGI-12 (MIS-3). Moreover, these data
raise doubt whether the simple evolution of Middle Palaeolithic
complexes such as the Micoquian into the Szeletian complexes
could have taken place. In the light of new dataset, the direct
contacts of the transitional industries with the Aurignacian
complex remain an open question.
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The constantly increasing number of data for late glacial (MIS-2,
MIS-1) changed knowledge of the frequency and settlement
dynamics of this period. New radiocarbon dates confirm the pres-
ence of the human groups in the territory of Southern Poland in the
second pleniglacial as well as in the following interstadial. Finally,
the rich dataset referring to the Magdalenian complex places the
colonisation process between the end of GS-2c and the end of GI-1
(the end of MIS-2 and MIS-1). These records shed new light on the
previously designed models of the Magdalenian expansion to
Central Europe.

The present paper is based on the new numerical dates obtained
by TL, OSL and radiocarbon methods for sites located in the
southern part of Poland. Thus, it does not discuss records from
lowland areas which were domains of the Hamburgian, Feder-
messer, Ahrensburgian or �Swiderian cultures. This scope of data
recently has been discussed in separate paper (Burdukiewicz,
2011). The sites with the series of dates come from the last cold
period, the Weichselian. The traces described in this paper repre-
sent the Middle Palaeolithic, “transitional” industries that are
classified by some scholars as belonging to the Early Upper Palae-
olithic (EUP) and the late Upper Palaeolithic including the
Magdalenian complex.

2. Regional setting

The archaeological sites presented in this paper are located in
the southern part of Poland. The area lies within the Baltic Sea
drainage basin and includes the watersheds of the Oder River in the
west and the Vistula River in the east. In the regional division of
Europe, that area covers the northern part of the Bohemian Massif,
the southern part of Central European Lowland, the Uplands, and
the Western Carpathians. The zone covers mainly uplands and
mountains. The northernmost site, Wilczyce 10, lies at 51�50 N. The
altitude of the territory ranges from approx.100m a.s.l. in the north
to almost 2500 m a.s.l. in the south. In a meridianal pattern, the
highs are approx. 100 m above sea level in the west and approx.
200 m a.s.l. in the east. The site with the lowest elevation lies at
125 m a.s.l., and the highest at 550 m a.s.l.

The area borders the Central European Lowland to the north and
the highest parts of the Carpathians and the Sudeten to the south. It
consists of alluvial and denudation plains formed on the old plat-
form (eastern part of Poland), alluvial and denudation plains and
plates as well as the mountains on the post-Hercynian platform
(western Poland) (Mojski, 1993). The Krakow-Czestochowa Upland,
situated in the centre of the area, is the karst region within which
most cave sites are located. The western part and some eastern
regions are underlain with deposits of glacial origin. The last glacial
transgression in the southern territories took place during MIS 6
(Ehlers et al., 2004; Lindner, 2005; Litt et al., 2007). A considerable
part of that region is covered by loess (Jary, 2009), and many open-
air sites lie within aeolian and slope deposits (e.g. Bluszcz et al.,
1994; Wi�sniewski, 2006; Sitlivy et al., 2008, 2009; Bobak and
Po1towicz-Bobak, in press).

3. Methods

The recent progress regarding the geochronology of the
Quaternary period and in the calibration of radiocarbon dates
allows placement of archaeological phenomena into the timescale
of the Weichselian much more precisely than one or two decades
before. Ice core data include a detailed continuous stratigraphic
record to ca. 1000 y precision for the period from 50,000 cal BP
(Svensson et al., 2008) and to several dozen years for the final
glaciation period (Rasmussen et al., 2006). The records obtained
from the Greenland core NGRIP allowed creation of the GICC05

timescale that covers the period extending to 60,000 cal BP
(Rasmussen et al., 2006; Svensson et al., 2006, 2008). At the same
time, the integration of marine data and terrestrial climatic proxy
(e.g. Hoek et al., 2008) enabled the inclusion of the archaeological
numerical records into this scheme.

Moreover, it is possible to calibrate radiocarbon dates to
50,000 cal BP using curve IntCal09 (Reimer et al., 2009). This is
necessary because of the changeable 14C isotope content value in
the atmosphere and its non-linear changeability (see Reimer et al.,
2009; Scott, 2009). However, the uncertainty of uncalibrated 14C
dates has a normal distribution and their calibration often results in
irregular multi-peaked distributions of calendar age uncertainties
(e.g. Blaauw, 2010). This usually results in wider and less regular
distribution of uncertainties of the obtained results.

The purity of samples affects the precision of radiocarbon
dating. Younger contamination equalling approx. 1% of a sample
from 40,000 BP may make the determined date younger by 7000
years (Bronk Ramsey, 2008). In these cases, new methods of
preparation, such as the ABOX for charcoal (Bird et al., 2006) or the
ultrafiltration method for collagen obtained from bones (Higham
et al., 2008) are of great importance. Samples prepared in this
way allow greater accuracy of dating and broaden the chronological
range of the method to reach ca. 50,000e55,000 years (Bronk
Ramsey et al., 2007; Higham et al., 2008).

In this paper, radiocarbon dates were calibrated with the
IntCal09 curve. Values are presented to significance level 95.4%
(2s). For TL and OSL dates, 68.2% significance (1s) is considered to
be sufficient, as their uncertainty distribution has a shape of a bell
curve. The chronological data are correlated with the chronology of
the last glaciation based on the GICC05 scale (Rasmussen et al.,
2006; Svensson et al., 2008). However, ages are not expressed in
“years before the year 2000” (b2k, see Rasmussen et al., 2006) in
order to compare the results with other records. Therefore, all dates
are expressed in calendar years before the year 1950 (BP).

4. Results

The oldest dataset refers to the sites from the Middle Palae-
olithic and so-called transitional industries. One of these sites,
Hallera Ave. inWroc1aw, is located in the Silesian Lowland bordered
to the north by the Silesian Rampart (Fig. 1). The site is situated
within an edge of the Oder River valley, in terrace sediments dated
to the older and middle phase of the Weichselian. During the
excavations covering 800 m2, two horizons with stone artefacts
(Fig. 2aed) and faunal remains were recognised in the middle
sector (Wi�sniewski et al., 2013). The finds of the lower horizon
(2060 artefacts) were slightly displaced due to fluvial processes
(complexes A/B). Within the upper horizon (827 artefacts) found in
low energy sediments (complexes C and D), some flint artefact
clusters are preserved. Both horizons contained numerous flint
refittings. According to the initial interpretation, the lower horizon
represented the end of the Middle Pleistocene. However, no taxa of
Middle Pleistocene fauna have been found, and the OSL dating
carried out in 2006 shows the affinity of both horizons to the last
glaciation (Skrzypek et al., 2011; Wi�sniewski et al., 2013). Although
the sediments from complex of A/B can be synchronised with the
beginning of MIS-4, the remains found in the base of that series
must have developed earlier: MIS-5aeMIS-5d (Table 1, Fig. 3). At
present, this range cannot be determined more accurately. The
younger horizon was buried with deposits of MIS 3. Therefore, it
can be concluded that they are connected with the beginning of the
stage (Table 1, Fig. 3). Taxonomically, the lower horizon could be
assigned to the Mousterian, whereas the upper may be located in
the widely understood Micoquian. From faunal remains, it seems
that steppe and tundra conditions prevailed, with relatively
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favourable climatic conditions suggested by the results of isotope
studies (d18O of phosphates) on palaeotemperatures (Skrzypek
et al., 2011). Both levels may be linked with hunter activities,
possibly focused on hunting Bovidae.

The Middle Palaeolithic site of Stajnia Cave, situated in the
northern part of the Czestochowa Upland (Fig.1) (Urbanowski et al.,
2010), provided approx. 15,000 stone items (as per 2011) repre-
senting the Middle Palaeolithic, and thousands of bone remains.

Fig. 1. Location of key Palaeolithic sites. a e cave sites, b e open-air sites, c e extent of Last Glacial Maximum (Leszno phase, after Marks, 2011). 1 e Bi�snik Cave, 2 e Dzier _zys1aw 35,
3 e Komarowa Cave, 4 e Krucza Ska1a Cave, 5 e Luboty�n 11, 6 e Maszycka Cave, 7 e Nietoperzowa Cave, 8 e Stajnia Cave, 9 e Targowisko 10, 10 e W Zalasie Cave, 11 e Wierzawice
31, 12 e Wilczyce 10, 13 e Wroc1aw-Hallera 1, 14 e Wschodnia Cave.

Table 1
TL and radiocarbon dates of Middle Palaeolithic and “transitional” (Early Upper Palaeolithic) sites.

Site Method Lab no. 14C determination (BP) Calendar age (BP) Material dated Source

Bi�snik Cave UeTh e e 79,000e39,000 Bones Cyrek et al., 2010
Bi�snik Cave TL e e 69,000e47,000 Sediment Cyrek et al., 2010
Bi�snik Cave TL e e 64,000e44,000 Sediment Cyrek et al., 2010
Luboty�n 11 14C-AMS Poz-25208 35,100 � 800 41,774e38,649 Charcoal Bobak and Po1towicz-Bobak,

in press
Luboty�n 11 14C-AMS Poz-25209 44,000 � 3000 >50,000e44,351 Charcoal Bobak and Po1towicz-Bobak,

in press
Luboty�n 11 14C-AMS Poz-25207 38,100 � 1800 46,755e39,656 Charcoal Bobak and Po1towicz-Bobak,

in press
Luboty�n 11 14C-AMS Poz-36903 43,000 � 1000 48,944e44,768 Charcoal This paper
Luboty�n 11 14C-AMS Poz-36904 39,500 � 700 44,749e42,615 Charcoal This paper
Luboty�n 11 14C-AMS Poz-36905 44,000 � 1100 49,700e45,540 Charcoal This paper
Nietoperzowa Cave 14C-AMS Poz-23628 32,500 � 400 38,467e36,421 Mammoth bone Nadachowski et al., 2011
Stajnia Cave 14C-AMS Poz-28892 >49,000 Beyond IntCal09 range Bone Urbanowski et al., 2010
Stajnia Cave UeTh e w52,900 _Zarski et al., 2012
Wroc1aw Hallera 1 OSL GdTL-859 e 60,900e54,100 Sediment Skrzypek et al., 2011
Wroc1aw Hallera 1 OSL GdTL-862 e 83,700e77,100 Sediment Skrzypek et al., 2011
Wroc1aw Hallera 1 OSL GdTL-858 e 71,400e66,400 Sediment Skrzypek et al., 2011
Wroc1aw Hallera 1 OSL GdTL-860 e 55,800e52,000 Sediment Skrzypek et al., 2011
Wroc1aw Hallera 1 OSL GdTL-861 e 40,900e21,100 Sediment Skrzypek et al., 2011
Wroc1aw Hallera 1 OSL GdTL-854 e 62,900e58,500 Sediment Skrzypek et al., 2011
Wroc1aw Hallera 1 OSL GdTL-856 e 53,900e49,900 Sediment Skrzypek et al., 2011
Wroc1aw Hallera 1 OSL GdTL-857 e 61,400e56,800 Sediment Skrzypek et al., 2011
Wroc1aw Hallera 1 OSL GdTL-855 e 57,700e49,900 Sediment Skrzypek et al., 2011
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The finds lie in cave clay D1eC8 horizons. Layer D1, documented in
primary and secondary positions (D1a; D1b) contained a lens of
different sediment (C8). In these deposits, teeth of Homo nean-
derthalensis, unique in Poland, were found. Initially, the dating of
the level to the beginning of the last glaciation was suggested,
based on the results of the pilot radiocarbon dating of cave bear
bones (uncalibrated age older than 49,000 BP; Table 1)
(Urbanowski et al., 2010). Preliminary results of AMS dating of

a bone from layer D1 indicate an analogous period (Urbanowski
2012, personal communication). The age of the lower layer D2,
52,900 (W1400-1417), was determined by UeTh ( _Zarski et al.,
2012). The results show that the layer was formed in MIS 3.
Steppe and tundra were the vegetation types during occupation.
The numerous stone finds and bone remains indicate that this place
could have been a base camp several times. In M. Urbanowski’s
opinion, these artefacts belong to the Central European Micoquian

Fig. 2. A selection of flint tools from the site 1 at Hallera Avenue, Wroc1aw (upper horizonwith Micoquian industry), SW Poland: a, d e bifacial knives; b e side-scraper; c e unifacial
knife-like tool. Photo by A. Wi�sniewski.

D. Bobak et al. / Quaternary International 296 (2013) 23e3626
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assemblages (e.g. Richter, 1997; Jöris, 2006). Studies of bone
remains revealed cut marks on the reindeer and other species
bones.

The chronological data regarding the sites of the so-called
transitional industries or early phase of the Upper Palaeolithic
(EUP) come from the middle phase of MIS 3. One of the key sites is
Luboty�n 11, situated in the southern part of the G1ubczyce Upland
(Fig. 1) (Bobak and Po1towicz-Bobak, in press). The site is located on
a hill only 1.5 km south of Dzier _zys1aw 1, a well-known site with
leaf points. Luboty�n 11 site provided almost 10,000 stone artefacts
(Fig. 4aec) lying in the residues of the Komorniki (Bryansk or
Lohne) soil. The post-depositional processes slightly affected the
position of stone artefacts. No bone remains were preserved.
However, unique remnants of hearths were recorded (Fig. 5a, b). In
the hearths, charcoal was found, including remains of pine. The
dates of charcoal samples indicate a time range from older than
50,000 BP to 38,649 BP (Table 1, Fig. 3). On the basis of palynological
study, 12 taxa were identified that formed a forest tundra assem-
blage. Numerous stone artefacts suggest that this place was
frequently visited. This inventory represents the Szeletian complex
(Bobak and Po1towicz-Bobak, in press).

Recently, large-scale projects concerning the extinction of Upper
Pleistocene fauna species provided new data from the classical sites
of the so-called transitional complexes as well as the late Palae-
olithic (Lorenc, 2006; Nadachowski et al., 2009, 2011; Wi�sniewski
et al., 2009). New data from the bone remains of the well-known
Palaeolithic Nietoperzowa Cave (Jerzmanowice) site (Fig. 1) were
obtained. This site is famous mainly for layers 6, 5a and 4, repre-
sentative of the LincombianeRanisianeJerzmanowician complex
(LeReJ) (Chmielewski, 1961; Jacobi, 2007; Flas, 2011). Until
recently, only two dates for the oldest layer 6 were available
(44,940e41,105 BP, GrN-2181, Chmielewski, 1961, p. 68; 44,770e
40,405 BP; Koz1owski, 2002, p. 57) and a single date for layer 5a

and 4 (with range 38,392e32,892 BP, Gd-10023, Koz1owski and
Koz1owski, 1996, p. 106). However, the current attempts are not
completely satisfactory. For example, mammoth remains (Mam-
muthus primigenius) from layer 5b are younger by ca. 3000 years
(Table 1) than the age of layer 6 (Nadachowski et al., 2011, Table 1).
The other new radiocarbon dates of bone remains from layers 4, 5,
and 6 indicate significant dispersion (A. Nadachowski 2012,
personal communication). The new paleontological examination of
the layers indicates steppe and tundra conditions (Wojtal, 2007,
Table VII.1). Traces of using fire and cut marks on bones come from
layers 6 and 4 (Wojtal, 2007, p. 115).

New dates have been obtained from Bi�snik Cave situated in the
Czestochowa Upland (Fig. 1). The TL age evaluation based on burnt
flints gained from G complex, which is compared to the LeReJ
complexes, indicates ranges of 64,000e44,000 and 69,000e
47,000 a (Cyrek et al., 2010). UeTh dating on bones was also
carried out but the accuracy is low: 79,000e32,000 a (min-Eu,
max-LU) (Cyrek et al., 2010) (Table 1, Fig. 3).

The other significant records come from sites dated to GS-2 and
GI-1, sites of the so-called Epigravettian (Kasovien/Grubgrabien),
Magdalenian and Arched Backed Point complex. A few years ago,
a puzzling site in Targowisko (Fig. 1) was uncovered. The site lies on
the border of the Sandomierz Basin and the Carpathian Foreland
(Wilczy�nski, 2009). Over 4000 stone artefacts were found over
approx. 400 m2 in a laminated loess layer. They were dispersed
around five hearths, where some fragments of reindeer and horse
teeth were also found. The well-preserved remnants allowed
reconstruction of the cultural clusters and provided relatively rich
refittings. Hematite and ochre lumps were also found. More than
250 artefacts were made of obsidian imported from Slovakia.
Charcoal samples from the hearths dated the occupation to ca.
18,510e16,665 BP (Table 2, Fig. 6), and flint artefacts are linked with
the Epigravettian.

Table 2
Radiocarbon dates of Late Glacial sites.

Site Method Lab no. 14C determination (BP) Calendar age (BP) Material dated Source

Dzier _zys1aw 35 14C GdA-193 13,370 � 80 16,857e15,665 Bone Ginter et al., 2005
Dzier _zys1aw 35 14C GdA-70 13,220 � 70 16,687e15,420 Bone Ginter et al., 2005
Dzier _zys1aw 35 14C-AMS Poz-10136 14,150 � 70 17,550e16,923 Mammoth Ginter et al., 2005
Dzier _zys1aw 35 14C GdA-69 13,500 � 80 16,919e16,299 Bone Ginter et al., 2005
Dzier _zys1aw 35 14C-AMS Poz-7318 12,150 � 70 14,201e13,795 Ginter et al., 2005
Dzier _zys1aw 35 14C Ki-8851 12,300 � 400 16,094e13,379 Ginter et al., 2005
Dzier _zys1aw 35 14C-AMS Poz-10135 13,180 � 60 16,604e15,320 Mammoth Ginter et al., 2005
Komarowa Cave 14C-AMS Poz-6621 12,260 � 60 14,838e13,899 Bear bone Wojtal, 2007
Krucza Ska1a 14C Lod-407 11,450 � 200 13,763e12,903 Bone Cyrek, 1994; Nadachowski et al., 2009
Krucza Ska1a 14C-AMS Poz-27261 12,480 � 60 15,044e14,178 Bone Nadachowski et al., 2009
Krucza Ska1a 14C-AMS Poz-27245 12,970 � 60 16,247e15,094 Willow ptarmigan bone Nadachowski et al., 2009
Krucza Ska1a 14C-AMS Poz-1139 11,980 � 70 14,021e13,665 Bone Cyrek, 1994; Nadachowski et al., 2009
Krucza Ska1a 14C-AMS Poz-1141 11,210 � 80 13,296e12,870 Bone Cyrek, 1994; Nadachowski et al., 2009
Krucza Ska1a 14C-AMS Poz-1138 12,520 � 70 15,096e14,206 Bone Cyrek, 1994; Nadachowski et al., 2009
Maszycka Cave 14C-AMS KIA-39228 15,155 � 60 18,622e18,035 Human mandible Koz1owski et al., 2012
Maszycka Cave 14C-AMS KIA-39227 15,015 � 50 18,541e18,013 Human skull Koz1owski et al., 2012
Maszycka Cave 14C-AMS KIA-39226 15,025 � 50 18,544e18,017 Antler, point Koz1owski et al., 2012
Maszycka Cave 14C-AMS KIA-39225 14,855 � 60 18,518e17,780 Antler, navette Koz1owski et al., 2012
Targowisko 14C-AMS Poz-14693 13,720 � 70 17,040e16,665 Charcoal Wilczy�nski, 2009
Targowisko 14C-AMS Poz-14692 14,790 � 80 18,504e17,657 Charcoal Wilczy�nski, 2009
Targowisko 14C-AMS Poz-14695 14,720 � 70 18,461e17,610 Charcoal Wilczy�nski, 2009
Targowisko 14C-AMS Poz-14694 14,520 � 70 17,942e17,255 Charcoal Wilczy�nski, 2009
Targowisko 14C-AMS Poz-14691 14,820 � 70 18,510e17,697 Charcoal Wilczy�nski, 2009
W Zalasie Cave 14C-AMS OxA-6625 12,820 � 80 15,931e14,888 Mountain hare bone Koz1owski and Pettitt, 2001
W Zalasie Cave 14C-AMS OxA-6591 12,530 � 110 15,137e14,166 Red fox bone Koz1owski and Pettitt, 2001
Wierzawice 31 14C-AMS Poz-36901 11,560 � 40 13,539e13,275 Charcoal Bobak et al., 2010
Wilczyce 10 14C-AMS Poz-14892 12,770 � 120 16,065e14,560 Charcoal Fiedorczuk et al., 2007
Wilczyce 10 14C-AMS OxA-16729 12,870 � 60 15,935e14,970 Infant bone Irish et al., 2008
Wilczyce 10 14C-AMS OxA-16728 13,180 � 60 16,604e15,320 Perforated arctic fox tooth Irish et al., 2008
Wilczyce 10 14C-AMS Poz-3914 12,960 � 60 16,221e15,081 Charcoal Fiedorczuk et al., 2007
Wilczyce 10 14C-AMS Poz-14891 13,020 � 60 16,350e15,155 Charcoal Fiedorczuk et al., 2007
Wschodnia Cave 14C-AMS Poz-25328 12,170 � 70 14,466e13,788 Perforated bear rib Wi�sniewski et al., 2009
Zawalona Cave 14C GrN-8519 11,500 � 400 14,565e12,585 Charcoal Koz1owski, 1996

D. Bobak et al. / Quaternary International 296 (2013) 23e36 27
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Fig. 3. TL, UeTh and radiocarbon dates for Middle Palaeolithic and “transitional” (Early Upper Palaeolithic) sites shown against the record of climate change on the GICC05 timescale.
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Maszycka Cave (Fig. 1), excavated for the first time in the 2nd
half of the 19th century by G. Ossowski, and later, in the 1960s by
S.K. Koz1owski, undoubtedly is one of the most significant sites
from that period. The site provided a unique inventory and human
remains (Koz1owski and Sachse-Koz1owska, 1995). The assemblage
consists of 292 flint artefacts and 98 bone objects, mainly sagaies of
different types, as well as many others, such as bâton percée,
baguette demi-ronde, and awls. In this context, a small series of
eight navettes, unusual and very rare tools, deserves special

attention. On the basis of characteristic features, mainly the pres-
ence of navettes and decorative motifs, the inventory can be
synchronised with the Magdalénien à navettes e the facies known,
in addition to Poland, from the territory of France and placed in the
Middle Magdalenian (Allain et al., 1985). The affinity with the
Middle Magdalenian is also confirmed by radiocarbon dates
(Table 2, Fig. 6), ranging between 18,622 and 17,780 BP (Koz1owski
et al., 2012). These dates were obtained from the human remains
and bone tools, consequently confirming their contemporaneity.

Fig. 4. A selection of flint tools from the site 11 at Luboty�n, SW Poland: aec e leaf points. Photo by D. Bobak.

D. Bobak et al. / Quaternary International 296 (2013) 23e36 29
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Site Dzier _zys1aw 35 is known from the remains of Magdalenian
camps. The excavation, carried out between 1997 and 2005, covered
226 m2 (Ginter et al., 2002, 2005; Ginter and Po1towicz, 2010). The
site lies in the G1ubczyce Upland, at the foot of the Eastern Sudeten,
in the Moravka River valley (Fig. 1). The finds were buried mainly in
the humic layer of soil (1a) and in the top of the sandy loess layer (2).
The assemblage consists of over 43,000 flint artefacts, many
hematite pieces, including an original figurine as well as pendants,
stone items, a few bone artefacts, and single mammoth, horse and
reindeer bone remains (Wojtal, 2007; Ginter and Po1towicz, 2010).
The finds come from approx. 20 concentrations, probably consti-
tuting the traces of several settlement episodes. The excavations
yielded also remains of hearths, hollows andpits connectedpossibly
with tent structure. The site at Dzier _zys1aw is interpreted as a base
camp. The dates on bone materials belong mainly to the period ca.
16,700e15,400 BP (Table 2, Fig. 6).

Other data come from theMagdalenian siteWilczyce 10 situated
in the Sandomierz Basin, in the Opatówka River valley (Fig. 1).
Ongoing excavations were initiated in 1998 (Fiedorczuk et al., 2007;
Irish et al., 2008). The remnants were moved by slope processes
within a periglacial zone, and deposited secondarily to the ice
wedge fill. The rich finds include over 50,000 flint and quartzite
artefacts, implements made of bone, antler and ivory, over 30
female figurines, mostly made of flint, and rich remnants of ochre.
Numerous sandstone plates might have covered the surface as
a kind of pavement. Among a large number of finds, a perinatal

human skeleton was found, preserved to w60%. Nearby, 80 drilled
arctic fox teeth were found, originally constituting a necklace. The
site of Wilczyce is interpreted as a seasonal hunting camp, visited
frequently and occupied mainly in late autumn and/or in winter
(Bratlund, 2002). The previous radiocarbon dates suggesting the
Allerød origin of the site (Fiedorczuk and Schild, 2002) are
considered to be incorrect as the samples were taken too close to
the surface (R. Schild, personal communication). At present, the
chronology of the site is determined by the series of 14C dates
(16,604e14,560 BP) on charcoal samples, skeleton bones and
a drilled arctic fox tooth (Table 2, Fig. 6).

The open-air siteWierzawice 31 is situated in the foreland of the
Sandomierz Basin, in the San River Valley (Fig. 1; Bobak et al., 2010).
The rescue excavation, carried out in 2009e2010, covered 26 m2

and revealed 8 or 9 small concentrations (Fig. 5d) in which over
2600 flint artefacts were found. The remains of the hearth sheathed
stones (Fig. 5c) as well as stains and lumps of ochre were also
uncovered. The remains were deposited in the illuvium of loessive
soil formed on laminated sand and silt. The excavated area covered
a part of the Wierzawice site which is interpreted as a short term
camp. The 14C dates suggest that the site was occupied in the
younger phase of GI-1 (Allerød) (Table 2, Fig. 6). Lately, the datewas
confirmed by TL dating (J. Kusiak, M. qanczont, personal commu-
nication) and additional radiocarbon records.

The data are supplemented by the records from cave sites which,
unlike open-air sites, provided much more modest settlement

Fig. 5. Selected site features: a, b e cross-section of the hearth at the Luboty�n 11 site; c e plan view of the hearth with stone cluster at the Wierzawice 31 site; d e flint cluster close
to the hearth at the Wierzawice 31 site.
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Fig. 6. Radiocarbon dates for Late Glacial sites shown against the record of climate change on the GICC05 timescale.
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remains. Most of the sites are located within the Krakow-
Czestochowa Upland, northwest of Krakow, and only one lies in
theWesternSudeten. The largest settlement sequencewasobserved
in theKrucza Ska1a Cavenear Kostkowice (Fig.1) (Cyrek,1994,1999).
In the oldest layer of cave claywith sand and limestone debris (layer
I/1), only charcoal and remains of bones with traces of processing
were found. In the upper layer, consisting of grey and yellow sandy
sediments, single flint and bone artefacts, a pendant, and many
bones of birds and reindeer were uncovered. Above this, in the
contemporary layer 6 (cave entrance) and IV (shelter), over 50 flint
items were found together with remains of hearths and possibly an
artificial limestone plate pavement. These occupational remains
correspond to the Magdalenian complex. The chronology was
established on the base of bone samples. These dates cover the
period between 16,247 and 12,870 BP and they appear to constitute
a clear sequence except for the two lower layers (Table 2, Fig. 6). The
last two come from the younger part of GI-1 (Allerød).

Over thirty years ago, the excavation of 20 m2 in Zalas Cave
(Fig. 1) provided evidence of late Upper Palaeolithic settlement
(Boche�nski et al., 1985; Koz1owski and Pettitt, 2001). The artefacts
were recovered from sandy layers 7e9 and clayey sand (layer 11). In
layers 7e9, a concentration of 554 flint artefacts on the small
surface (3 m � 4 m) was recorded that could be connected with
a blade workshop. Remains of another workshop, constituting 107
artefacts, were found in layer 11. In layers 7e11, species of fauna
typical of steppe and an open landscapewith clusters of bushes and
thicket were identified. In the upper layer 4 with another hearth,
single items, probably linked with the tradition of the Arched
Backed Point complex (Federmesser), were found. They were
assigned to the earlier part of GI-1 (Allerød). The dates on bones
from the Magdalenian layers are ca. 16,000 BP (Table 2, Fig. 6).

Two other cave sites provided single traces. In Komarowa Cave,
several artefacts were found on a terrace in front of the cave (Fig. 1)
(Wojtal, 2007; Nadachowski et al., 2009). They were discovered in
the complex of layer B, composed of sandwith layers of clay and silt
sediment (loam). Among the few artefacts, a double perforator and
a backed blade were present. Remains of vertebrates from tundra
and steppe were identified; the only birds are represented by
species inhabiting the area covered by forest and thicket. The
chronology of these traces was determined on the base of the date
obtained from a brown bear rib and indicating ca. 14,800e
13,900 BP (Table 2, Fig. 6).

Other dates come from the Wojcieszów area (Western Sudeten;
Fig. 1), where a few cave sites were discovered and partly examined
in the 1930s. On the pile where the damagedWschodnia Cave used
to be, a brown bear rib with a hole and traces of processing was
found (Zotz, 1939) The radiocarbon date of the bone (14,466e
13,788 BP, Table 2, Fig. 6) is from the GI-1eeGI-1d period
(Wi�sniewski et al., 2009).

5. Discussion

The presented data provoke discussion on a few key issues
regarding the last glacial Palaeolithic in Poland. These issues focus
on the chronological range of the respective cultural complexes.
Thus, they also provide a chance to discuss recent concepts of the
origin and relationship between specific taxonomical units, as well
as demographic processes.

The first issue concerns the “continuity” of the Middle Palae-
olithic industries in MIS-3 stage and their relationship to the so-
called transitional complexes of the Szeletian and the LeReJ
types as well as chronological frontier of this period. As far as the
problem of the so-called continuity or, strictly speaking, frequency
of settlement within the areas situated north of the Carpathians
and the Sudetes is concerned, the Polish territory was not an

exception in this respect, as was previously suggested. The dates of
the upper horizon at the Hallera Ave. site inWroc1aw, as well as the
evidence from the Stajnia Cave, clearly indicate (Fig. 3) that after
MIS-4 no settlement hiatus took place in the southern part of
Poland that lasted to the appearance of the so-called transitional
complexes (cf. Koz1owski, 2000). The new records correspond with
other regions of Central Europe (Valoch, 1988; Rink et al., 1996;
Richter, 2002; Neruda, 2006). The presence of the late Mousterian
industries with blades is known from the Krakow area. The dates
from the youngest layer 7a in Piekary IIa suggest an age between
40,000 and 35,000 BP (Sitlivy et al., 2008). In turn, the youngest
layer with Middle Palaeolithic artefacts from the site at Księcia
Józefa Str. (series IV) is dated to ca. 45,000 BP (Sitlivy et al., 2009).
Nevertheless, the upper extent of chronological records corre-
sponding to a relatively late period should be emphasised. To sum
up, the situation is very similar to the south-western part of
Germany andMoravia, as well as in Crimea (Richter, 2002; Monigal,
2006; Neruda and Nerudová, 2011).

The next question is the chronological range and the origin of
the Polish transitional industries. The new data specify the period
of appearance of the Szeletian type and encourage discussion
regarding the low and upper time limits of the LeReJ type.

Presently, the lower time limit may be placed at ca. 48,000e
45,000 BP. Previously, it was based on imprecise TL examination
of mineral sediments at Dzier _zys1aw 1 site, 36,500 � 5500
a (GdTl-349) (Bluszcz et al., 1994). The new chronological records
from Luboty�n correspond to the so-called lower Szeletian of
Moravia (Neruda and Nerudová, 2009). They are slightly younger
than the dates from Bi�snik Cave where the transitional complex
was also documented (Cyrek et al., 2010). However, it seems that at
Bi�snik Cave, the dating carried out by J. Kusiak was not very precise.
The standard deviation for samples of burnt flints equals 10,000
and 11,000 years. Thus, they cannot be treated as the basis for
further discussions.

The upper time range of the so-called transitional complexes
(ca. 37,500 BP, Fig. 3) is based on dates carried out for animal bones
from the LeReJ assemblages of the Nietoperzowa Cave
(Nadachowski et al., 2011). It appears that the age of that sample, as
well as the other published samples from layers 4e5, are not
accurate and may result from the contamination that caused the
deviations of dates by up to 7000 years (Bronk Ramsey, 2008). An
example of similar discrepancies is Spy Cave, where the dates on
animal bones differ from the dates on the remains of Neanderthals,
a maker of the local transitional industry (Semal et al., 2009). The
dates of the so-called transitional industries should be at least 3000
years older than those from the Nietoperzowa Cave.

The records and their interpretation lead to consideration of the
relationship between the Middle Palaeolithic industries and the so-
called transitional complexes. For a long time, it has been believed
that the Szeletian evolved from the Micoquian (Valoch, 1966;
Koz1owski, 1988, p. 351; Svoboda and Simán, 1989, and others). It is
also accepted that the Szeletian, similarly to the Micoquian, was
created by the Neanderthals. It is supposed that process took place
between 50 and 40 ka (Koz1owski, 1996, p. 208). Considering the
typo-technological features of the Szeletian, especially the lack of
the Levallois technology and the presence of bifacial tools, this idea
seems very likely. However, taking into account that both
complexes could have overlapped in time, the hypothesis about the
transition from Micoquian to Szeletian does not appear as well-
grounded. The most recent dates from the Stajnia Cave (M.
Urbanowski, personal communication) do not exclude the co-
existence of these industries. Examples of chronological overlap
between the Micoquian and Szeletian in Moravia are well-known
(�Sipka Cave, layer III e Moravský Krumlov IV, layer 0; Neruda and
Nerudová, 2011, also further reading). The Polish Szeletian
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chronologically corresponds also to the Mousterian sites with
blades (Sitlivy et al., 2008, 2009). It seems that the new records
challenge the concept of a simple evolution. Thus, the present
authors are inclined to accept the multi-cultural model similar to
the Crimean option (Monigal, 2006), and fully agree with the idea
(Flas, 2011) that the late Middle Palaeolithic industries and the so-
called transitional industries could have developed independently.
The Buhunician is not considered here, because no typical examples
of this industry have been found in Poland (see Allsworth-Jones,
2004, p. 290; Wi�sniewski, 2006, p. 100, vs. Bluszcz et al., 1994).

The next question concerns the possible relationship between
the so-called transitional complexes and the Upper Palaeolithic
groups. Rejecting the uncertain dates from the Nietoperzowa Cave
layers, there is no sound evidence for chronological overlap
between the transitional and Aurignacian industries in Poland
(Flas, 2011). The earliest Aurignacian sites in Moravia are dated to
40,000e35,000 BP (Svoboda et al., 2002; Svoboda, 2005). Thus, the
hypothesis regarding the different contacts between two pop-
ulations (e.g. the direct interaction model or the acculturation of
the Middle Palaeolithic inhabitants by the Upper Palaeolithic
populations) within the territory of Poland may be difficult to
accept (see Allsworth-Jones, 2004; Mellars, 2005, 2006).

The next set of new records refers to the period fromGS-2 to the
beginning of GS-1 (LGM e Allerød). In the southern regions of
Poland, the industries from the middle phase of the Upper Palae-
olithic became to disappear, and the colonisation and local evolu-
tion of the groups identified with the Magdalenian complex took
place. It has been known for a long time that as a consequence of
the dramatic deterioration of climatic conditions during GS-2,
Central Europe was almost completely depopulated (Koz1owski,
1999; Terberger and Street, 2002; Verpoorte, 2004). However,
throughout the region single sites are recognized, and their radio-
carbon dates may suggest episodic visits of human groups linked
with the Epigravettian or Kasovian/Grubgrabien (Koz1owski, 1999;
Street and Terberger, 1999; Terberger and Street, 2002; Terberger,
2003; Svoboda and Novák, 2004; Svoboda, 2007). Additionally, in
the area north of the Carpathians some sites dated to 15,000e
20,000 BP were discovered.

However, the problem of precise dates for Epigravettian sites in
Poland is more complex. Layer VIII from Deszczowa Cave is an
example of such uncertainty about the time range. Its previous
radiocarbon dates indicated that the settlement came from the
period ca. 20,000e19,000 BP (Cyrek, 1999; Koz1owski, 1999; Cyrek
et al., 2000). The latest dates belong to the period from 33,500 to
22,500 BP (Nadachowski et al., 2009). Althoughmany of bones from
this layer bear traces of modification by human activity, none of
them were dated (Wojtal, 2007, pp. 30e47; Nadachowski et al.,
2009). From among 26 dates on bird bones from the Krakow-
Czestochowa Upland caves, most differ from the age established
on the basis of the sedimentary sequence (Lorenc, 2006). The cause
is due to contamination, and relocations of the materials between
the layers: redeposition of the youngermaterials to older layers and
vice versa. Therefore, the age of single artefacts from other caves, in
particular unprocessed animal bones from _Zytnia Ska1a, Zawalona
Cave (Alexandrowicz et al., 1992), should be interpreted very
carefully. The reasons of the Epigravettian penetration are difficult
to determine. It cannot be excluded that some migrations were
connected with searching for new sources of food. At the sites in
Hungary situated in the Danube River Valley, Baltic and Jurassic raw
materials are found, as well as Slovakian obsidian (Féblot-
Augustins, 1997). Rather than systematic exchange, this indicates
provisions of groups during migration, also suggested by the lack of
stable settlement structures. The other patterns were observed in
case of the colonisation of these areas by the Gravettian hunters
and, in the later period, by the Magdalenians (Koz1owski, 1994, p.

130). Similar flint materials considering their technological and
stylistic character are known from a few other sites, mainly from
the Krakow-Czestochowa Upland, but they have imprecise dates
(see Wilczy�nski, 2007, p. 95; 2009, pp. 115e117). The complex from
Targowisko 10may refer to that tradition, although its dates place it
in the end of GS-2c (Wilczy�nski, 2009) (Fig. 6). These dates are very
similar to the oldest Magdalenian ones from Poland (Maszycka
Cave). They also correspond with the youngest dates for the Epi-
gravettian at Moravian sites: Brno-Víde�nská (18,514e17,690 BP,
GrA-20002; 17,905e17,192 BP, GrN-9350) and Velké Pavlovice
(18,458e16,975 BP, GrN-16139). However, the stone artefacts found
at these sites are not characteristic. They were classified mainly on
the basis of early dates and absence of backed blades (Brno) but
their links with the Magdalenian cannot be completely excluded
(Valoch, 2010, p. 20). According to Neruda and Nerudová (2011),
two concentrations were found at this site: the first, corresponding
to the one known from K. Valoch’s excavations, is hypothetically
linked with the Magdalenian, and the second with the
Epigravettian.

The increasing number of archaeological sites in the upland belt
of Southern Poland is commonly linked with the Magdalenian
colonisation of Central Europe, although their age, rate and the role
of local factors are still under discussion (Housley et al., 1997;
Jochim et al., 1999; Blockley et al., 2000; Fort et al., 2004; Valoch,
2010). The oldest evidence of the Magdalenian settlement comes
from the Maszycka Cave (18,622e17,780 BP), the oldest in the
eastern part of Central Europe. The early Magdalenian presence in
the western part of Central Europe (19,000e18,000 BP) is well
confirmed by the oldest dates from Kesslerloch, Munzingen and
Hohle Fels IIa (Housley et al., 1997; Pasda, 1998; Napierala and
Uerpmann, 2012). Bearing in mind the finds from Targowisko,
linked technologically with the different tradition, between GS-2c
and GS-2b, the Magdalenian group (or groups) could have occu-
pied territories controlled temporarily by other groups. This initial
Magdalenian settlement is from the period before ca. 18,000 cal. BP,
whereas the actual colonisation in southern Poland began ca.
1000e1500 years later (Fig. 6).

The other dates from southern Poland show the beginning of the
more intense Magdalenian occupation from ca. 16,500e16,000 BP.
The beginning of the Magdalenian colonisation in the neighbour-
ing areas of Moravia, Bohemia and Thuringia has a similar age
(Höck, 2000; Verpoorte and �Sída, 2009; Küssner, 2010, Fig. 7;
Valoch, 2010). The older date from Dzier _zys1aw (>17,000 BP,
Table 2, Fig. 6) on a mammoth bone, may be connected with the
phenomena of fossil collecting (Wi�sniewski et al., 2009) because
mammoth was rare in this area at that time (Nadachowski et al.,
2011). Such practices were recorded at other Magdalenian sites in
Central Europe, e.g. from Oelknitz or Gönnersdorf (Bosinski, 1989;
Stuart et al., 2002). The archaeological data from the Magdalenian
camps Wilczyce 10 and Dzier _zys1aw 35 are inconsistent with the
concept of two settlement phases: pioneer and residential (see
Housley et al., 1997). From the very beginning, the colonizers rep-
resented the advanced settlement model with recognition of stone
and pigment resources, with large camps containing expanded
living structures and with objects of art. The evidence indicates the
presence of a more logistical system rather than refugial sensu
Binford (1980). Different archaeological data suggest that such
a developed system existed also in Moravia and Thuringia. Even if
the initial phase existed, it must have been very short-lived,
although its determination on the base of radiocarbon dates
seems doubtful, in particular considering dates exact to 2s
(Blockley et al., 2000).

The almost simultaneous colonisation of different regions in
Central Europe: the Rhineland, Thuringia, Bohemia, Moravia and
Southern Poland, provokes discussion on the validity of the way-of-
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advance model of the Magdalenian migration (Housley et al., 1997).
Jochim et al. (1999, p. 132) noticed that in case of the Magdalenians,
it is difficult to specify the demographic reasons of migration that
created the base for the way-of-advance model. The migrations not
only could be brought about by demographic and environmental
reasons, but also social ones (Jochim et al., 1999, p. 132). Mobility
was a method of resolving group problems known by huntere
gatherer people; it may also result from a fight for the position in
the group (Woodburn, 1982; Kelly, 1995). The expansion of the
Magdalenian societies is much better explained by the stream
model of migration (Anthony, 1990; Jochim et al., 1999), in which
migrating groups move to the territory characterised by specific
and expected geographic conditions, disregarding the areas lying
between them. Such a model corresponds to the picture of the
Magdalenian settlement that focused in the specific regions of
Europe (Weniger, 1989).

Most dates for the Magdalenian settlement from the southern
part of Poland belong to the period 16,500e14,500 BP (Fig. 6). These
records suggest the permanent presence of the Magdalenian
hunters in Little Poland, Upper Silesia and most probably in the
mountainous regions: in the Sudetes and the Carpathians (Valde-
Nowak et al., 2003; Lorenc, 2006). The youngest dates connected
with the Magdalenian refer to the younger part of the last
Greenland interglacial, GI-1c-a (Allerød). Similar dates come from
some Magdalenian sites from different regions of Central Europe
(Bobak et al., 2010). Usually, they are deemed to be incorrect, that is
too young, perhaps caused by contamination of the samples
(Verpoorte, 2004). This factor may be responsible for incoherent
dates of the grave from Bonn-Oberkassel, in particular dog remains,
ca. 14,500e13,300 BP (Street et al., 2006). These records are not
consistent with the model of the Late Palaeolithic settlement in the
Rhineland in which the end of the Magdalenian settlement and the
beginning of the backed blade complex (Federmesser) is dated
around 14,000 BP. Late radiocarbon dates have been obtained from
a sequence of layers at the Krucza Ska1a, although the Magdalenian
remains are very enigmatic. Sound arguments in the discussion
concerning the end of the Magdalenian are provided by the new
chronological records of Wierzawice site.

6. Conclusions

In recent years, the different methods of numerical dating have
become significantly more commonly used. This has resulted in
longer series of dates coming from a single site. Therefore, there is
a possibility to compare reliably the results of dating carried out
with the use of different techniques. This significant advantage in
testing the chronology of hunter and gatherer activity enabled
presentation of this new interpretation concerning dynamics and
time range of the settlement in Poland in the Upper Pleistocene,
especially in the beginning of MIS-3 and at the end of MIS-2 and
during MIS-1 (GS-2beGI-1).

The area, similarly to other regions of Central Europe, was
occupied synchronously by groups of the late Neanderthals that
produced the Micoquian and Mousterian industries. Additionally,
the new data challenge the former concept of the transitional
industries, by indicating the importance of chronological overlap of
Middle Palaeolithic and transitional industries. This phenomenon
supports the model of co-existence of two complexes at the same
period. Additionally, the recent data allow rejection of the
hypothesis of the development of transitional complexes in the
Polish territory with the direct participation of the Upper Palae-
olithic impulses. The idea of acculturation is ungrounded due to the
time gap between the transitional industries and the first Auri-
gnacian colonists.

The situation during the last glacial (MIS-2 and MIS-1) was also
complex. For a considerable part of the last glacial maximum (ca.
19,000e17,000 BP), the southern regions of Poland were settled
occasionally. The dynamics and character of the settlement are
difficult to determine precisely, due to the problems with
specifying the age of cave deposits from which the traces come
from. The dataset coming from the same layers of caves show
large discrepancies, sometimes as much as 12,000 years. From
the period of GS-2c/2b, the sites of the Magdalenian tradition
(Maszycka Cave) and the so-called Epigravettian/Kosovien (Targo-
wisko 10) are known. The beginning of a proper Magdalenian
colonisation of the Polish territory took place between GS-2b and
GS-2a, ca. 16,500e16,000 BP. The camps from that early period
show the distinct remnants of residential structures and
organisation of site space, many art items and use of pigments,
similar to the oldest sites from Thuringia (Kniegrotte). Therefore,
they have no “pioneer” features sensu Housley et al. (1997). They
rather suggest that from the beginning of the colonisation, a stable
network of territorial exploitation was created that was similar to
a logistic system. Most radiocarbon data from the Magdalenian
camps indicate that the development of that settlement took place
in GS-2a and GI-1e, mainly in Little Poland and Upper Silesia. The
different single records coming from the end of the interstadial (GI-
1cea) may be the result of contamination of samples, but it is not
excluded that the Magdalenian style of life survived in some
regions in southern Poland until the Allerød.
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