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biśnik cave is a multi-layer site, which con-
tains one of the oldest paleolithic settlement levels 
in poland. the oldest flint inventories can be found 
in layers 19b/19c and 19a, initially dated to ois 9, 
approximately 350-300 thousand years ago (cyrek 
et al. 2010). the dating is not definite (see chapter 3, 
current work). there are only few sites of similar age 
or older in poland: rusko, trzebnica and Wrocław-

hallera 1, the bottom layer, all situated in lower 
silesia (burdukiewicz 1993; burdukiewicz et al. 
1994; Wiśniewski 2006) and racibórz-studzienna 2 
in upper silesia (Wiśniewski 2006). the oldest as-
semblage from biśnik cave, marked as a7, has been 
dated to the middle paleolithic, but its cultural iden-
tity is not certain due to a small number of artifacts 
(cyrek et al. 2009, see chapter 2, current work).
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The age of The oldesT PaleoliThic assemblages 
from biśnik cave (southern poland) 

in the light of geological data

biśnik cave is a multi-layer site, which contains one of the oldest paleolithic settlement levels in poland. the char-
acter of the oldest inventory from the cave is depicted by the domination of the levallois technique for obtaining flakes 
and blades. the tools included: forms with one side preparation technique connected with different types of side scrapers 
and small side scrapers, denticulate and notch forms. bifacial artifacts are absent. because of a small number of the inven-
tory, we can only conclude that it is a typological collection of artifacts characteristic of the mousterian tradition, broadly 
speaking. the oldest assemblages were found in layers 19a, 19b, 19c and 19d. sedimentological analysis show that the 
whole of layers 19b-19c-19d should be treated as a deluvial sediment resulting from the series of several mudslides. the 
same interpretation could be concluded on the basis of geochemical data acquired for bone remains. flint objects found in 
layer 19a are the oldest artifacts in the position in situ. the date obtained for the layer 19a (230 ± 51 ka) lets us determine 
the approximate age of the sediment and artifacts, which is oxygen isotope stage ois 7. all of the older artifacts found in 
layers 19d and 19b-19c are located on the secondary deposit. the tl date obtained for the sediment of one of the deluvial 
layers (569 ± 182 ka), as well as the date obtained for the burned flint tool (568 ± 131 ka) point to the early middle pleis-
tocene age of at least some of the redeposited sediments and artifacts.

key Words: cave sediment, mudflow, middle palaeolithic, lower palaeolithic, levallois technique, redeposition

1. introduction
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the layers in biśnik cave are numbered down-
wards, with number 1 as the youngest layer and 
number 19 as the oldest one (compare fig. 1). there 
are some exceptions though, e.g. there is no layer 
17, which is the result of change in field (tempo-
rary) numbering during research; there is layer 
13a, situated between layers 13 and 14, and also 
layers s1 and s2, not indicated in fig. 1, locally 
present and discovered after the numbering was 

established. underneath layer 19 the numbering 
becomes more difficult to establish. initially, the 
next lower layer in the sequence was red clay of 
terra rosa type, marked as number 20 (cyrek 2002; 
mirosław-grabowska 2002). during further explo-
ration it turned out that there are additional sedi-
ments in the form of lenses, which were marked as 
19a, 19b and 19c (cyrek et al. 2009, 2010). next 
a lense of terra rosa clay was described, found with-

fig. 1. a. cross-section of the sediments from the biśnik cave with the numbering of the layers and location 
of archaeological artefact assemblages (after cyrek et al. 2009, 2010, krajcarz et al. 2010). black arrows 

indicate location of the oldest inventories which are the subject of the present paper. b. geographical 
location of the biśnik cave. c. the oldest part of stratigraphy in the cave’s main chamber
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in the layer 19a, and marked as 19d (krajcarz et al. 
2010). as a result the layer 19a was divided into 
the upper part (situated above layer 19d) and low-
er one. both geochemical research, presented by 
krajcarz et al. (2010) and sedimentological data 
discussed in the current work, clearly indicate that 
the two parts of layer 19a are of different origin, 
which makes applying the same number for both 
parts highly incorrect. the lower part of layer 19a 
is more closely related to layers 19b and 19c, and 

therefore it is presented jointly with layer 19b in 
fig. 1. the upper sediment is of different character, 
more similar to layer 19 and it can be treated as 
a separate layer. in fig. 1 only this part was depict-
ed as 19a and such is the meaning of that number 
in the further part of the text. 

the aim of the current study is to present new 
data on the sedimentation environment and the age 
of layers containing the oldest artifacts in biśnik 
cave, i.e. layers: 19a, 19b, 19c and 19d. 

2. flint artifacts from layers 19a-19b-19c-19d

flint inventory unearthed in the oldest (19a, 
19b, 19c, 19d) layers of bisnik cave is of com-
plex and ambiguous character. bone remains and 
flint artifacts found in the layers were located in 
the southern part of the main chamber, in two, not 
very clearly outlined concentrations, on both sides 
of a rock, whose whole area was 18 square meters. 
relevant elements of planigraphy were provided by 
irregular clusters of small pieces of charcoal from 
a birch tree (botanical analysis done by r. stacho-
wicz-rybka – sample p-07/05) and coal dust, cover-
ing the area of a few dozen centimeters each. they 
can be interpreted as remnants of washed hearths. 
such a view is supported by the observation of two 
artifacts found in the layers which underwent in-
tense overheating. all artifacts are characterized by 
a similar state of preservation. they are all lightly 
polished and covered with milky patina, the intensi-
ty of which differs from one specimen to the other. 
in some cases the patina is ginger in colour. the 
way flint artifacts have been preserved suggests 
their analogous post-deposition conditions, con-
nected with moist sediment. 

on the basis of the micro-stratigraphic analy-
sis, which allowed a precise three-dimensional lo-
cation (with 1 cm accuracy) of each artifact, several 
levels of their occurrence have been distinguished 
in relation to the explored sediments (compare 
chapters 3, 5 and 6, see fig. 2 and fig. 3). thus the 
inventory from layers 19a-19b-19c-19d, consist-
ing of 57 specimens, was divided into three groups 
of artifacts. 

the first one comprises 17 artifacts, coming 
from the complex of layers 19b-19c-19d. basing 
on the planigraphic analysis of charcoal and bones, 
it seems that the primary location for some of the 
artifacts may have been the bottom part of layer 

19b in the main chamber. it was here, at the lev-
el 5 cm thick, that a cluster of a few dozen bones, 
several flint artifacts and 3 compact concentrations 
of charcoal were found (fig. 2). however, approxi-
mately10-15 centimeters above at the top of layer 
19b, analogous findings are clearly more scattered 
and do not form any concentration. 

the second group includes 6 artifacts, whose ori-
gin as regards the deposit is impossible to determine.

the third group contains artifacts found in lay-
er 19a. basing on the sediment analysis it is the old-
est sediment preserved in situ in the main chamber 
(compare chapters 3-6). as a consequence, it can be 
assumed that about 10 artifacts (8 retouched forms 
and several chips) have been deposited within 
layer 19a, which was their primary deposit. this 
can be supported by the thickness of their occur-
rence, which was 17 cm, and to a lesser extent their 
planigraphic layout, comprising a concentration 
12 square meters big (fig. 3). an exception is one 
artifact (W-02562) which got into layer 19a sec-
ondarily, most probably from layer 18 above. this 
is indicated by a clearly different state of its pres-
ervation (lack of patina, polishing of artifact out-
ward edges and edges on the surface of the artifact, 
between negatives (scars) of the flakes removed in 
previous preparation process. 

the description of artifacts from layer 19a: 
1. straight single side-scraper made from 

blade-like levallois flake with usage retouch (?) of 
opposite edge (chert). inventory number W-04010 
(fig. 4: 1). 

2. notch-denticulate tool made from thick 
levallois flake with arrangement of radial negati-
ves (scars) patterning surface morphology of the 
artifact. heavy white patina. undetermined flint. 
W-04020 (fig. 4: 3). 

http://rcin.org.pl



58
maciej t. krajcarz, krzysztof cyrek

3. thick thermal flake fragment chopped of the 
prepared pre-flaking surface with parallel, bidirec-
tional negatives (scars). burned specimen, dated to 
230 ± 51 ka (tl). W-04029 (fig. 4: 2).

4. thin levallois flake with radial negatives 
(scars) and alternating microretouch around the ed-
ges of the specimen. heavy  white patina. undeter-
mined flint. W-04115 (fig. 4: 9). 

5. micro flake with notch-retouch. gray chert. 
W-05255 (fig. 4: 7). 

6. convex single side-scraper of la Quina  
type, made from thick blade with two notches.  

heavy ginger patina. undetermined flint. W-06392 
(fig. 4: 8). 

7. denticulate tool made from thin levallois fla-
ke with bidirectional negatives (scars) and removed 
bulbus. beige jurassic flint. W- 07977 (fig. 4: 5).

8. levallois flake with unidirectional negatives 
(scars) and para-burin negative (scar - spin off) on 
the tip, with the remnants of organic adhesive (cy-
rek & cyrek 2009). jurassic kraków flint. W-02562 
(fig. 4: 4).

9. Raclette made from levallois flake with bi-
directional negatives (scars) (fig. 4: 6). 

fig. 2. horizontal distribution of the finds from layer 19a. legend: 1 – flint artifacts; 2 – borders of research 
trench; 3 – explored area; 4 – unexplored area; 5 – rock; 6 – cluster of charcoal dust; 7 – cluster of charcoal
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10. chips obtained as a result of sediment flo-
tation. 

several artifacts from group 1, i.e. from delu-
vial layers 19b-19c (see chapters 4 and 5), bear 
a big technological and typological resemblance 
to artifacts from group 3, from layer 19a. their 
state of preservation is also similar. it seems that 
they might have previously formed one assembla-
ge, later scattered by secondary processes of relo-
cation of the artifacts from the primary deposit, i.e. 
layer 19a into underlying layers 19b-19c. this 

is the more likely that the bottom part of layer 
19a borders with layers 19b and 19c in the cross-
 section. 

the artifacts in question are as follows: 
1. “proto-levallois” core with parallel working 

surface preparation and around, non-continuous 
striking edge preparation and unidirectional pat-
terns of blade and flake negatives (scars). jurassic 
flint from nearby deposit in udorz (?). heavy milky 
patina. W-04480 (fig. 5). 

2. multi-platform globular core. jurassic flint. 
ginger patina. W-08835 (fig. 6: 7).

fig. 3. horizontal distribution of the finds from layers 19b and 19c. legend: 1 – flint artifacts; 2 – borders of research 
trench; 3 – explored area; 4 – unexplored area; 5 – rock; 6 – cluster of charcoal dust; 7 – cluster of charcoal
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fig. 4. flint artifacts from the layer 19a (inventory a 7). 1 – oval side-scraper; 2 – levalloisian flake 
fragment; 3 – denticulate tool with a notch; 4 – levalloisian flake with a spin off on the tip; 5 – denticulate 

tool made from thin levalloisian flake; 6, 9 – tools of the raclettes type made from thin levalloisian 
flakes; 7 – micro-flake with a notch; 8 – convex side-scraper of La Quina type. drawn by m. sudoł
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3. bitruncated blade fragment with denticulate 
retouch of the edge. heavy milky patina. undeter-
mined flint. W-04692 (fig. 6: 1).

4. knife-like tool or non-typical burin with na-
tural back, denticulate edge and a trace of para-bu-
rin negative (scar) on its tip. beige jurassic flint. 
W-04385 (fig. 6: 3). 

5. convergent side-scraper made from thick 
levallois flake of debordand type. beige jurassic 
flint. light milky patina. W-04459 (fig. 6: 2). 

6. levallois blade fragment with striking plat-
form and removed bulbus. undetermined flint.  
heavy milky patina. W-07672 (fig. 6: 5). 

fig. 5. proto-levalloisian core from the layer 19b-19c, classified as inventory a 7. drawn by m. sudoł
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fig. 6. flint artifacts from layers 19b-19c, classified as inventory a 7: 1 – fragment of a bladelet broken 
in two places; 2 – convex side-scraper made from thick levalloisian flake; 3 – knife-like tool; 

4, 6 – levalloisian flakes with negatives (scars) on dorsal side pointed to the centre; 5 – levalloisian blade fragment 
with a trace of removed bulbar scar; 7 – core for flakes without traces of preparation. drawn by m. sudoł
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7. levallois flake with radial negatives (scars) 
and pseudo retouch. jurassic flint. burned speci-
men. W-07541 (fig. 6: 4). 

8. levallois flake with multidirectional negati-
ves (scars). jurassic flint. W-08498 (fig. 6: 6).

9. chips obtained as a result of sediment flo-
tation.

in this way an inventory of about 20 artifacts 
(17 + several chips) has been reconstructed and 
marked as a7. its primary deposit was layer 19a.

local jurassic flint, gray-beige in colour, was 
certainly the material for the production of 8 arti-
facts and probably 4-6 others, covered with milky 
patina. local flint was used to produce 3 artifacts. 
2 objects have not been identified as regards the raw 
material, due to the excessive overheating. 3 small 
nodules of jurassic chert, found at the discussed le-
vel and probably coming from the valley, situated 
just below the cave, give an idea of the type of raw 
material that was available for the cave dwellers 
of those times. the finding of a large lithic core  
(W-04480, fig. 5) indicates that bigger concretions 
of gray jurassic flint were also in use. the material 
was probably obtained from the nearby outcrops of 
weathered limestone (a few kilometers away). 

the core is characterized by the atypical form 
and type of preparation and exploitation. it is prepa-
red and exploited with the use of technique similar 
to the levallois one i.e. preparing of the working 
surface. the preparation was made by a series of 
blows directed from the edge to the center of the 
artifact. afterwards, blades and blade-like flakes 
were produced with single platform and parallel 
blows – indicated by negatives (scars). the atypi-
cal character of the technique used is proved by the 
irregular and incomplete preparation around the ar-
tifact, levallois in character, but made with a ham-
merstone and in an inconsistent way, which caused 
its irregular shape, not similar to classic levallois 
standards. the core bears resemblance to a variant 
of the levallois technique in the form of the vic-
toria-West method, but it is at the same time sligh-
tly similar to proto-prismatic forms exploited with 
the use of the levallois recourt technique (chabay 
& sitlivy 1993, pp. 21, 33). the nearest territorial 
analogies to the used method of flint processing 
come from the levallois assemblages of piekary, 
in the southern part of the kraków-częstochowa 
upland, southern poland (pyiie, layer 4 and py i) 
(sachse-kozłowska & kozłowski 2004, table vii: 
1, lX). also at the bottom level of the lower-sile-

sian site Wrocław-hallera 1, south-western poland, 
there were cases of the levallois technique being 
used for the reduction of cores (Wiśniewski 2006, 
fig. iii.11). another analogy comes from the late 
acheulean inventory from markleeberg, eastern 
germany, where a large number of levallois cores 
are characterized by center core direction of pre-
flaking preparation and parallel, single- or double-
platform blade and flake core exploitation (bau-
mann & mania 1983, abb. 38, 41, 44, 46, 47, 50, 
51). a similar core was part of the acheulean-mo-
usterian complex at velykyi glybochok in podolia 
region, western ukraine (sytnyk 2000, fig. 46: 1, 
3). also in kůlna cave in moravia, eastern czech 
republic, similar morphological core forms were 
found in the early paleolithic inventory from layer 
14 (valoch 1988, abb. 52:7).

most flakes and blades (6 pieces) display a clear 
levallois character, which is indicated by prepared 
striking platforms and surface negatives (scars) ar-
rangement. only 2 flakes are void of these features. 
out of 8 retouched forms, 6 were made of levallois 
flakes or blades. the atypical core with levallois 
traits, which was discussed above, implies leval-
lois preparation process directed into the center of 
the artifact and one direction of exploitation with 
hammerstone. this is proved by a pattern of nega-
tives (scars) on the upper side of flakes and blades, 
removed bulbs of percussion, bulbar scars (eraillu-
res) and the diversity of flakes thickness. this tech-
nical uniformity of the described inventory may be 
an indication of its cohesion. 

among the 10 retouched forms there were: 
3 side-scrapers (among them one of la Quina ty-
pe), 2 or 3 small side-scrapers/raclettes, 2 denticu-
late-notch tools and one atypical knife-burin. the 
assemblage is supplemented with a bladelet broken 
at both sides; its edge was retouched in denticulate 
form, but its shape and size is similar to the negati-
ves (scars) visible on the above described levallois 
core – its negatives (scars) are similar. it could have 
been an example of composed tools that were re-
cognized in the lower paleolithic and later in the 
middle paleolithic, in microlithic techno-complex 
especially. 

summing up the character of the oldest inven-
tory in biśnik cave, we have to underline the do-
mination of the levallois technique for obtaining 
flakes and blades. the tools included: forms with 
one side preparation technique connected with dif-
ferent types of side-scrapers and small side-scra-
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pers, denticulate and notch forms. bifacial artifacts 
are absent. because of a small number of the above 
mentioned inventory, we can only conclude that it 
is a typological collection of artifacts characteristic 
of the mousterian tradition, broadly speaking. at 
the same time the inventory cannot be regarded as 
the levallois-mousterian culture, due to a high per-
centage of retouched forms. 

as regards chronology of the analyzed as-
semblage, important information is provided by 
tl dating, obtained for flakes (W-04020), which 
equals 230 ± 51 ka and which amounts to ois 8-7. 
in this context, the age of the above mentioned as-
semblages can be presented here, i.e. markleeberg: 
ois 8-7; velykyi glybochok, layers iii/iiib/iiia: 
ois 7-6; kůlna cave, layer 14: ois 6-5e; pieka-
ry: ois 5 a-d; and Wrocław-hallera 1: ois 7. they 
point to a long period of about 180,000 years of the 
development of the mousterian tradition with the 

use of the levallois technique in the middle paleo-
lithic, in this part of europe. 

according to sytnyk et al. (2010, p. 45), the 
quoted assemblages from velykyi glybochok 
provide evidence for the local origin of mouste-
rian with the use of the levallois technique in 
the vicinity of dniester river basin. it seems that 
the discussed inventory from biśnik cave may 
be considered as a proof of a local origin of the 
levallois-mousterian culture on the territory of  
southern poland. taking into consideration the  
age of layer 19a and the discovered inventory a7 
(ois 7 or ois 8), it can be supposed that there is 
a local origin of the mousterian culture with the 
use of the levallois method. the findings link 
with the early middle paleolithic phase of the  
mousterian culture, developing in some parts of 
central europe, as marked off by Wiśniewski 
(2006, pp.112-113, fig. iii.46-47).

3. problematic stratigraphy

dating of the layers which include the oldest 
artifacts from biśnik cave turned out to be a diffi-
cult task, even in spite of broad, multi-disciplinary 
researches. the most definite is the relation betwe-
en the age of the layers and the eemian interglacial 
(ois 5e), which is linked with layer 13 (cyrek et 
al. 2010), and possibly layer 12 (mirosław-gra-
bowska 2002). data on paleo-vegetation obtained 
by krajcarz et al. (2010) and paleo-climate (kraj-
carz 2009) suggest that the eemian interglacial is 
rather represented by layers 13a and 14. all these 
layers (12-13-13a-14) linked with the eemian inter-
glacial are situated much higher in the cross-section 
in comparison with the layers discussed in the cur-
rent work. it clearly indicates the pre-eemian age 
of layers 19a, 19b, 19c, and 19d. their more pre-
cise dating is difficult to be established. first of all, 
a small number of dating samples of the so called 
absolute age has been obtained so far. for the over-
lying layer 19, the u/th dating has been carried 
out (table 1), and the dating was obtained through 
two different geochemical models. the results of 
the dating are highly ambiguous. both models in-
dicate quite different age (table 1). the date for eu 
model (112 ± 56 ka) can be rejected as highly unli-
kely for pre-eemian sediment. the real age of the 
sediment dated by u/th method ranges from eu to 
lu results (hercman & gorka 2002, tab. 2). older 

layers have been dated by tl method. one date was 
obtained for layer 19a (according to the numbe-
ring adopted for the current work) and the result is 
possible to be accepted in the light of u/th dating 
of the younger layer 19. two dates have been ob-
tained for layer 19b (section which in previous pu-
blications was regarded as the lower part of layer 
19a), thanks to dating both quartz grains from the 
sediment and the burned flint artifact. both dates re-
vealed similar age (table 1). however the error ran-
ge of both dates, which equals 360 thousand years, 
is huge. this makes their usefulness rather limited, 
but the date from a flint artifact seems more reliable 
than the one obtained from the sediment. however, 
the dating definitely points to the older age of layer 
19b than the upper layers 19 and 19a.

in previous studies the stratigraphic position 
of the oldest layers in biśnik cave were differen-
tly interpreted (table 2). most commonly layer 
19 was linked with stage ois 8 and the odranian 
stadial of the saalian glaciation. the older layers 
(19a-19c) in turn were associated with ois 9. the 
views presented by krajcarz (2009) and krajcarz 
et al. (2010) suggested a younger age of the layers, 
associated rather with ois 6, but also with the od-
ranian stadial. to some extent the confusion may 
result from the changes which have taken place in 
the polish stratigraphy of the pleistocene in recent 

http://rcin.org.pl



65
the age of the oldest paleolithic assemblages from biśnik cave (southern poland)

years. first of all, the position of the odranian 
stadial, linked with the maximum range of the 
ice sheet during saalian glaciation is questiona-
ble. the older concepts dated the stadial to ois 8, 

i.e. before the lubavian interglacial (= lublinian, 
schöningen, ois 7). at present, some researchers 
are inclined to link that stadial rather with ois 6 
(table 3).

table 1. tl and u/th dating of the oldest layers from biśnik cave

layer method date range (ka) references
19 u/th (bone, eu) 112±56 hercman & gorka (2002, tab. 2), cyrek et al. 

(2010, tab. 3)
19 u/th (bone, lu) 346±25 hercman & gorka (2002, tab. 2), cyrek et al. 

(2010, tab. 3)
19a tl (burned flint) 230±51 new data (lab no: lub. 4470)

19b* tl (sediment) 569±182 cyrek et al. (2009, tab. 1, 2010, tab. 3)
19b* tl (burned flint) 568±131 cyrek et al. (2009, tab. 1, 2010, tab. 3)

eu – early uranium accumulation model; lu – linear uranium accumulation model
* in original publication called 19a, however it was the lower part of the layer, attached here to the layer 19b  
(see explanation in chapter 1)

layer Mirosław-
Grabowska 

(2002)

Cyrek et al. (2009) Cyrek et al. 
(2010)

Krajcarz (2009), 
Krajcarz et al. 

(2010)
19 ois 8 ois 8 ? ois 8 ois 6 or 7 ?

19a-19d – ois 9-11 ? ois 9 ? ois 6 or 8 ?

table 2. current views on chronostratigraphy of the oldest layers in biśnik cave

oxygen 
isotope 
stage

Lindner (1992) Lindner et al. 
(2004), Ber et al. 

(2007)

Mojski (2005) Lindner (2005)

ois 6 mława st.
Wkra st.
Warta st.

Wartanian st.
Odranian st.

warta st. Warta st.
Kamienna st.

ois 7 lubavian int. lubavian int. prewarta intst. lublinian int.
ois 8 Radomka st.

krzna st.
krznanian st. maximal st. krzna st.

ois 9 zbójnian int. zbójnian int. premaximal intst. zbójnian int.
ois 10 liwiec st. liwiecian st. premaximal st. liwiec st.

table 3. various suggestions of stratigraphic division of the saalian  
glaciation in poland. the odranian stadial (a different term is applied by  

various authors) in bold. int. – interglacial, st. – stadial, intst. – interstadial
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4.1. Sedimentology

sedimentological observations carried out in 
the cave revealed that layer 19a is the oldest typical 
cave loam. thus it is characterized by the following 
features: it is humus sediment of weathering origin, 
undergoing sedimentation processes in very low-
energy environment. it is situated in a horizontal 
position and is characterized by constant thickness 
horizontally. it contains limestone rubble and dis-
persed calcite and does not reveal traces of inner 
lamination. it contains numerous post-sedimentary 
structures. layers situated below (19d, 19b and 
19c) are of different character. the most important 
feature which makes them different from the up-
per layers is the erosion character of the bottom 
surfaces of each layer (fig. 7). in some places the 
sediment reveals traces of clear sinusoid lamina-
tion of trough cross-stratification character. the 
layers which were marked as 19b and 19c during 
excavations are, as a matter of fact, a larger number 
of sediment lenses, whose whole array should be 
jointly treated as one archaeological layer 19b-19c.  

the sediment from the layers are almost completely 
void of limestone rubble, or post-sedimentary struc-
tures connected with the falling of rubble clasts. 
such a phenomenon may have an accidental char-
acter, but it is more likely that it is connected with 
a fast sedimentation rate, which prevented the ac-
cumulation of stone rubble, slowly falling from the 
ceiling of the cave. a characteristic feature is also 
the lack of dispersed calcite in the discussed layers. 
their ph (established by pedological methods in 
kci) is lower than 6.0. this implies contribution of 
water to the accumulation of sediment and rinsing 
off calcite. bottom boundaries of layers are char-
acterized by considerable undulation, but generally 
a ne inclination can be observed, with 4-5° angle 
of dip.

all the features discussed above let us unam-
biguously determine the sedimentary environment 
during sedimentation processes. the accumulation 
occurred quickly and was accompanied by presence 
of pour water. the occurrence of erosion indenta-
tions in terra rosa clay, which is compact sediment, 
and therefore quite difficult to explore, implies that 

4. geological data

fig. 7. demonstration of sediment structures from the oldest layers in the biśnik cave. 
the presented cross-section is situated in the strips of land iX, X, Xi and meters 9/10 of the 

archaeological projection of research trenches. depth in the cm below the benchmark
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clay from the bottom of the cave was plastic at that 
time, and consequently saturated with water (com-
pare with analogous situations described by dylik 
et al. 1954, pp. 56-57, or lastly hunt et al. 2009).  
moreover, the development of layer 19d, resem-
bling terra rosa clay in terms of granulometry and 
colour, also indicates that clay from the bottom of 
the cave partly underwent erosion and were rede-
posited as a layer 19d. a similar situation was ob-
served at the cave at kozi grzbiet (głazek et al. 

1977, pp. 18-19) and the tunel Wielki cave (madey-
ska 1988, p. 122), both from southern poland. the 
lack of inner lamination in some lenses indicates 
that the sediment was at least partly relocated as 
a result of cohesive flow, i.e. in the conditions of 
big coherence and plasticity of the relocated sedi-
ment. it seems that the whole of layers 19d-19b-19c 
can be treated as the sediment resulting from the 
series of several mudslides, with a different degree 
of compactness, which was connected with a differ-

fig. 8. maximum extents of sediments of layers 19b-19c, 19d and 19a in the biśnik cave with general mudflow 
directions, reconstructed on the basis of archaeological field documentation, with the scatered diagrams of 
artefacts from the shown layers. the nW and W parts of side chamber have not been explored yet, so it is 

possible to find undisturbed sediments, especially of layer 19a in that place during the future works
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ent level of water saturation to sediments and was 
probably the effect of changes in the intensity of 
delivering water to the cave. the inclination and 
dispersion of layers makes it possible to indicate 
the general direction of the flow from sW to ne 
(fig. 8). nevertheless the directions of the flow of 
particular tongues or some part of those considera-
bly wavered (compare changeability of directions 
of sedimentation structures in fig. 7). alimentary 
sediments occurred to sW of the current position 
of the layer, i.e. within the side chamber. the 
composition of the layers allows to reconstruct the 
approximate primary sediment structure, which 
became the alimentary material. these sediments 
were mostly silty loams, humic, containing bone 
remains and archaeological artifacts, i.e. typical 
cave loams. in the explored parts of the cave these 
alimentary sediments were not preserved and be-
came completely eroded. their material was en-
tirely re-deposited by mudslides and deposited in 
the form of layers 19b-19c. terra rosa clays were 
also partly joined to the sediment of mudslides 
and redeposited as layer 19d. 

4.2. Geochemistry

the so called fossil provenance analyses are 
carried out on paleontological sites, especially mul-
ti-layer ones, when the primary location of fossils is 
questionable (trueman et al. 2006). the method is 
based on the phenomenon of the chemical composi-
tion of fossils (e.g. bones) under the influence of the 
surrounding sediment, shortly after deposition (de-
nys et al. 1996, patrick et al. 2004, trueman et al. 
2004, 2006). in the case of multi-layer sites, conta-
ining lithologically diverse layers, we deal with the 
phenomenon of geochemical diversification of bo-
nes between particular layers (plummer et al. 1994, 

sillen & morris 1996). the phenomenon is used 
for the purpose of determining the origin of bones, 
whose primary location is undetermined (e.g. co-
ming from old research, when the documentation is 
missing). they also allow to determine any possible 
natural redeposition (post-sedimentary relocation 
of bones between layers). the current work focuses 
on the latter option and aims to verify whether lay-
ers 19a-19c are of deluvial character and determine 
the primary origin of bones found in the layers. 

the research was carried out on bones from 
layers 19, 19a, 19d, 19b and 19c (details in table 4). 
from some layers, with worn  sparse bones, only 
2 samples were analyzed. for comparison, addi-
tional analyses of four samples from layer 18 have 
been included. the analysis of chemical composi-
tion was conducted with the icp-ms method. the 
presence of the following elements was determi-
ned: k, mg, ca, sr, ba, v, cr, mn, fe, co, ni, cu, 
zn, cd, pb, as. because of analytical difficulties, 
nonmetals were not analyzed. elements from detri-
tic minerals, which occur in the greatest concentra-
tions in the sediment (e.g. si, al, ti, zr) were also 
ignored in order to avoid the contamination of the 
bone material with sediment. elements occurring in 
very small quantities (close to detection limits or 
below) did not undergo the analysis either. the re-
sults underwent statistical clustering analysis, in the 
computer program statistiXl. the analysis through 
calculating the distance, with the use of bray-cur-
tis method, leads to generating the dendrogram, i.e. 
a kind of graph joining the most similar samples in 
the clusters. the dendrogram obtained for the sam-
ples from biśnik cave is presented in fig. 9.

the dendrogram presents several clearly vis-
ible clusters, marked on fig. 9 as i, ii, iii, iv and v. 
each cluster corresponds with the population of 
bones with a similar chemical composition, which 
indicates their common diagenesis in one layer. 

layer number
of samples

sample symbols

18 4 18.1, 18.2, 18.3, 18.4
19 10 19.1, 19.2, 19.3, 19.4, 19.5, 19.6, 19.7, 19.8, 19.9, 19.10
19a 2 19a.1, 19a.2 
19d 7 19d.1, 19d.2, 19d.3, 19d.4, 19d.5, 19d.6, 19d.7
19b 7 19b.1, 19b.2, 19b.3, 19b.4, 19b.5, 19b.6, 19b.7
19c 2 19c.1, 19c.2

table 4. bone samples chosen for fossil provenance analysis
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cluster i clearly corresponds with layer 18, whereas 
three other clusters (iii, iv and v), joining mainly 
samples from layer 19, can be linked with layer 
19. the presence of three clusters connected with 
one layer, instead of one indicates that the layer may 
not be lithologically homogeneous. a few bones 
corresponding to the presented clusters have been 

found in other layers (samples 19d.5, 19d.6, 19d.8 
and 19c.2), which may result from the redeposition 
of the bones or errors in obtaining the samples. 

cluster ii, the largest of the ones presented, is 
similar to clusters linked with layer 19. it contains 
samples from all deluvial layers, i.e. 19b, 19c and 
19d. this clearly indicates that the majority of bones, 

fig. 9. dendrogram of the samples from the layers according to the similarity of chemical composition
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which are now found in different deluvial layers 
(i.e. 19b, 19c, 19d) in biśnik cave had a common 
diagenesis in one layer. as a result of mudslides, 
bones from one layer were relocated and deposited 
in different flow tongues. the vicinity of the cluster 
to those corresponding with layer 19 indicates that 
the destroyed layer was geochemically similar to 
the preserved younger layer 19. 

two bones from layer 19a (samples 19a.1 and 
19a.2) correspond to clusters ii, iii, iv and v, but 
they are distinct. this shows that despite lithologi-
cal similarity to layers 19, 19b and 19c, the layer 
19a is geochemically different. this is also support-
ed by research of krajcarz et al. (2010), referring 

to the composition of organic matter in the layers 
of biśnik cave. layer 19a may be therefore dis-
tinguished from deluvial layers, which is also sup-
ported by its sediment features. 

several samples in the dedrogram do not match 
any of the discussed clusters, and they do not form 
a cluster on their own (samples 19b.2, 19b.3, 19b.5, 
19b.6). they represent bones geochemically different, 
which underwent diagenesis in various layers, that 
were lithologically distinct from the layers discussed 
hitherto. these bones were all found in deluvial layer 
19b. most probably they come from several different 
unpreserved layers, which underwent complete de-
struction as a result of being eroded by mudslides. 

5. the age of the oldest archaeological assemblages

in the light of recent geological and geochemi-
cal research, it has to be stated that not all of the 
oldest archaeological artifacts from biśnik cave 
can be regarded as homogeneous assemblage. flint 
objects found in layer 19a (assemblage a7) are the 
oldest artifacts in the position in situ. all of the old-
er artifacts found in layers 19d and 19b-19c, which 
have been also included in assemblage a7, are lo-
cated on the secondary deposit. the redeposition of 
the artifacts was connected with mudflows and the 
re-location of the older sediments, along with the 
animal bones and archaeological artifacts (fig. 10). 
the occurrence of mudslide sediments in a cave is 
not a separate example and was noted from many 
sites from poland and elsewhere (for example: 
bosák et al. 1982, p. 220, dylik et al. 1954, pp. 56-
57, głazek et al. 1977, pp. 48-49, 52, hunt et al. 
2010, p. 1604, madeyska-niklewska 1969, p. 350, 
mallol et al. 2010, pickering et al. 2007, pp. 606-
607). the redeposited sediment and artifacts pri-
marily occurred in the side chamber and the dis-
tance of the re-location can be estimated between 
a few and over a dozen meters.

the inventory of artifacts from deluvial layers 
is not homogeneous. the artifacts may be of dif-
ferent age and be connected with various stages 
of the inhabitation of the cave. the tl date ob-
tained for the sediment of one of the deluvial layers 
(569 ± 182 ka), as well as the date obtained for the 
burned flint tool (568 ± 131 ka) point to the early 
middle pleistocene age of at least some of the re-
deposited sediment and artifacts. thus they contain 
one of the oldest traces of human presence on the 

territory of today’s poland, at the age comparable to 
that of the findings from rusko or trzebnica (bur-
dukiewicz 1993, 2003).

palaentological data only partly support the age 
of the redeposited sediment. in the re-located sedi-
ments of the deluvial layers there is a marked pres-
ence of a rodent Arvicola amphibious with a lack of 
Mimomys sp., which implies that the sediment was 
formed not earlier than 500,000 years ago (cyrek et 
al. 2010). on the other hand, there is a marked pres-
ence of large mammal taxa, characteristic of the turn 
of the early and late part of the middle pleistocene, 
like Panthera spelaea fossilis (marciszak & stefa-
niak 2010) and Ursus deningeri (a. marciszak and 
k. stefaniak, pers. comm.). 

an interesting issue is the reason for mudflows 
in the cave. the development of those processes 
required entering large amounts of water into the 
cave in a short time span. such a phenomenon can 
be explained in three ways (compare with dylik et 
al. 1954, pp. 56-58, hunt et al. 2010, p. 1607, kos 
2003, madeyska-niklewska 1969, p. 350, picker-
ing et al. 2007, pp. 604, 614-615): 1) the raising of 
the water level in the valley below the cave and the 
in-flow of river water into the cave; 2) particularly 
intensive rainfall, resulting in the in-flow of rain-
fall water into the cave; 3) melting of a permafrost, 
leading to the saturation of the surface layer of the 
sediment at the entrance zone of the cave. the first 
scenario may be ruled out, as no river sediments  
have been found so far in the lower part of the 
sediment profile. scenarios 2 and 3 are practical-
ly impossible to be distinguished in the preserved 
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sediment. moreover, it seems that they could have 
taken place simultaneously, because rainfall is one 
of the main reasons for ice melting. the analogous 
interpretation was given by dylik et al. (1954) for 
the cave in dziadowa skała.

the date obtained for the oldest layer (19a) 
situated in situ above the deluvial sediments (230 
± 51 ka) lets us determine the approximate age of 

mudflows on the basis of ante quem dating. the 
date indicates the oxygen isotope stage ois 7, i.e. 
warm climatic period. the beginning of that stage 
might be associated with the intensive melting of 
a long-lasting permafrost. this means that the arti-
facts found in the deluvial layers come from stage 
ois 8 or older stages. such a stratigraphic dating is 
confirmed by the tl dating of artifact. 

fig. 10. schematic reconstruction of artifacts redeposition and mixture in the layers 19b-19c. a – situation before 
the descent of mudflows where in the primal cave, loams with bones and archeological artifacts occur on terra rosa 

clay; b – situation after the descent of mudflows where in the side chamber loams have not been preserved

6. conclusions

the authors reckon that the presented data al-
low to draw interesting conclusions, both in geo-
logical and archaeological sense. the geological 
conclusions refer to the facies of cave filling in 
biśnik cave and at the same time present a picture 

of overall rules of  geological processes in cave 
sites. the most essential geological conclusions are 
as follows:

– layer 19a is the first sediment in the main 
chamber (after the incident of mudflows) which 
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was deposited in situ as cave loam. lower layers 
(19b, 19c, 19d) were formed as deluvial sediment, 
as a result of mudflows in the cave;

– source material for deluvial sediments of 
mudflows was provided by the older cave sediments 
in the side chamber, destroyed as a result of mud-
flows. most of the redeposited material comes from 
one destroyed layer, which in geochemical terms 
resembled the younger layer 19 or 19a. moreover, 
part of the material came from several other unpre-
served layers, lithologically diversified. tl dating, 
obtained for deluvial layers indicate early middle 
pleistocene age for at least some of the destroyed 
sediments. there is a possibility that some of the 
sediments were preserved in the unexplored cave 
zone of the side chamber. 

archaeological conclusions refer to the age and 
the deposition method of the oldest archaeological 
artifacts in bisnik cave. they are as follows:

– assemblage preserved in layer 19a is located 
in situ, likewise younger assemblages. assemblage 
a7 from layer 19a should be dated to ois 7. on the 
basis of the technological analysis (compare chap-
ter 2) several artifacts from deluvial layers (19b-
19c) should also be included in the same assem-
blage. most probably they underwent relocation as 

a result of natural post-sedimentary processes from 
the primary deposit, i.e. layer 19a;

– the older inventory (found in layers 19b, 19c, 
19d) is not homogeneous in terms of age and is not 
located in situ. it was mixed and relocated to the 
distance of several meters, as a result of mudflows, 
and enriched with later admixtures from layer 19a. 
thus it does not constitute an assemblage made by 
paleolithic people, but only an inventory found by 
archaeologists, and formed with artifacts coming 
from various assemblages. geological and paleon-
tological data cannot help date the assemblages as 
the processes of the relocation of mudflows led to 
the mixing of artifacts of various age, as well as 
animal bones and sediments. the only possibility to 
date the assemblages is a direct dating of separate 
artifacts. one of them has been dated in this way 
(table 1) and implies very old (even lower paleo-
lithic ?) age of one of the destroyed assemblages. 
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