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Middle Pleistocene karst deposits
with Ursus spelaeus at Draby near Dzialoszyn,
Central Poland

ABSTRACT: The. Middle. -Pleistocené karst bone-bearing locality Draby- 3 is cha-
racterized by the sequenge of delposmbs that £ill the karst form. The.sequence is divid-
ed into cave deposits (Mindet 1 Rigs 1), glacifluvial sands (Riss II), filling
5 collapse furrow over’ damaged eéve; wnd the periglacial  slope.deposits (Wiirin),
The layers eariched in hydrated iron and ananganese oxides are interpreted as- cor-
résponding to cool and wet kafaglacial phase of the Miridel I'and Mindel II. Calca~
recis loam corresponding to .the- Great -(Holstein) Interglacial optimum containsg
bones of cave bears, Ursus. spelaeus Hosenmdiiller & Heinroth, the remnants . of
which belonged to one adult female and two cubs, The age of the ‘bones was detér-
miined with the fluorine-chlorine-apatite method as 320,000—440,000 years B.P.,
whereas great collagen loss indicates warm mterglmmal climate, The. strabngramhc
correlation of the investigated sequence is also presented.

INTRODUCTION

Recent investigations of the fossil karst in the vicinity of Dzialoszyn.
in Central Poland have revealed, besides the famous locality Weze 1 (cf.
Samsonowicz 1934; Sulimiski 1964; Glazek, Sulimski & Wysoczanskx-Min—
kowicz 1976), pimerous hew localities containing bone material. On the
Draby Hill (E lohg. 18°48'34”, N Iat.-51°04'54") in the village Draby, ¢. 2
kni south-east from Wese 1, there were discovéred five bone-bearing
Karst forms (Szynkiewicz 1975; Glazek, Sulimski, Szynkiewiez & Wyso+
¢zanhski-Mirikowicz 1978; ¢f. also Fig. 1).

Localities Draby 1 and Draby 2 are filled with'brick-red-safidstones
covered by coarse-ctystallirie flowstones. The sandstores ¢ontain remnants
of Myotis sp., Hypolagus sp., Prospalax priscus (Nehring), and: Mimoitys
cf. stehlini Kormos, the assemblagé of :which probably-corresponds te ‘the
Csarnotian Stage (Glazek;:-Sulimski, Szynkiewicz & Wysoczanski-Minko-
wicz 1976; cf. Kretzoi 1962, Tobien 1970). The localities Draby 3, 4 and 5
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were recognized as parts of one cave system filled with the same sequence
of sediments (Glazek, Sulimski, Szynkiewicz & Wysoczanski-Minkowicz

. 1976). As the most complete section of sediments and the richest paleon-
tological material were found in the locality Draby 3, this will be describ-
ed here as the type.

Acknowledgements. The autors are indebted to Mrs Z. Fert, M. Sc. {Institute
of Geology, University of Warsaw) for chemical analysis of deposits; Docent K.
Szpila (Institute of Geochemistry, Mineralogy and Petrography, Universtiy of War-
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bowski (Institule of Geology, University of Warsaw) for information on the geology
of the area. The investigations were partly sponsored by the Institute of Geography
of the E6d% University, especially with regard to the work of one of the authors
{A. Szynkiewicz), We are indebled at last but not least to Pm:tessar, J. N. Jennings
(Australian National University, Canberra) for the correction of the English text:

GEOLOGICAL SETTING

The Draby Hill (222.5 m a.s.l) is built up of biochermal limestone
(Felsenkalk) and bedded limestones with flints of Middle Oxfordian age
(Bifurcatus Zone). These flat—lymg limestones are broken by numerous
smail faults. The hill stands c. 15 m higher than a denuded surface of out-
wash sands (c. 205—215 m. a.sl) deposited during the Warta (Warthe,
Riss II) Glaciation and occurs c. 2 km south of the morainic belt which
marks-the maximal extent of this glaciation (cf. Text-fig. 1; Rézycki 1961,
1972; Krzeminski 1974).

The area of Draby was probably covered twice by the Scandina-
vian icesheet, viz. during maximal stadials of the Cracovian II (Mindel II,
Elster II) and Middle Polish Glaciations (Riss I, Saale; cf. Rozycki 1961,
1972; Krzeminski 1974).

Preglacial morphology of the area is very diversified as the glaciat
deposits between the limestone hills reach a thickness of c. 30 m.

Limestone buttes form the top part at the Draby Hill, where also
exists a small cave, the Ewy Cave (cf. Fig, 1; and Szynkiewicz 1976). Ge-
nerally, at the top part of the hill the limestones crop out on the surface
and reveal karst sculpture of the rounded solution runnels (soil lapies)
type, whereas on the slopes the original surface of limestones is covered
by ¢. 2 m of rock rubble.

Al the bone-bearing karst localities occur on.the slopes below the
rubble cover (cf. Figs 1 and 2). These localities represent narrow karst de-
pressions developed along tectonic fractures, and they are completely fill-
ed: with sediments which are covered by limestone rubble, and Recent
soil. ' '
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Fig. 1. Geological situation of the fossil karst at Draby; inset shows its Position in
Poland (marked is the southern extent of the Warta Stadial)
1 Oxfordian Mmestones, 2 glacitluvial sands of the Warts 'Stadlal, 3 Holocene alluvia, 4 Upper
Flioceme (*Csarnotian) karst localities (Draby 1 and Draby 2), § Middle Pleistocene (Holstein,
Great Interglacial) karst localitles (Draby 3, 4 and -5), 6 the Ewy Cave, 7 ilmestone buttes, 3
faults, -9 erosional’ escarpments, 10 quarry escarpments, 11 road, 12 cart-roads, 13 buildings,
14 pouthern extent of the Warta icesheet

SEQUENCE OF DEPOSITS

The locality Draby 3 occurs in the south-eastern part of the quarry
at the height 215 m a.s.l. The sequence of sediments that fills and covers
the karst form comprises several successive layers, numbered in ascend-
ing order (Fig. 2 and P1. 1).

Thick bedded limestones with flints (ﬂa&a 1'in Fig. 2 and PL 1), that contain
the karst form are strongly corroded. The fop part of these limestones (survounding
the layer 9) is frost shatiered and corroded in separate blocks among which sands
(resembling the layer 9) penetrate all fissures (Fig. 2, P1. 1). . .

Layer 2 consists of flint rubble representing a washed residuum of surround-
ing limestones. Flint dehris are covered by black encrustations of hydrated oxides
of iron and manganese.

Layer 3 consists of brown-black ferruginous pelite with nodules (Bohnerze)
The chemical analysis reveals over 50°% of Fe;O3 and only 10% of CaCOj A remar-
kable bigh content of MnO; is c. 4% (cf. Fig. 3), while Mn/Fe ratio is ¢. 1:15. The
undissolved matter that contains only clay and flint particles, reaches 20%s.
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Layer 4 consists of laminated clays passing -upwards into silts and sands. The
layer may be divided into the lower, clayey-silty (4a) and the upper, sandy sublayer
(4b). Laminated clays and silts are greenish-<gray at the bottom, while at the top
they become yellowish-gray amnd contain corroded limestotie debris and white con-
cretions of pelitic carbonate (“lublinite”). Changes in chemical composition of clayey-

N 17//////
T X g//////”///
e N N i
¥ NS sy, L0
D.% ('\‘al‘«ﬂ'?’- Y AN =
‘.--_. .'-. . N P é oy )

S

SO
_A‘"“. . ,.: ' Sy

\

| %)

Fig. 2. Karst form at the logality Diaby 3, ,
‘1 numbers of layers (I—is) described in the ‘téxt (cf." also P11y, #"locdtion ‘of analysed samples
(A—K, tf. Text-fig. 3);:3 eroslonal boundarles of. layers, 4 BoneS'of Ursus spelaeus. "
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-silty deposits are illusirated by samples ‘B—D (Fig. 3). Remarkable are a high-
content of CaCO; in the middle of the sublayer 4a (sample €) and the presence of:
samd-grade particles in insolublé matter of their upper part (sample D). The upper:
sublayer (4b) is composed of yellow layered fine- and medium-grained sands that.
contain some feldspar grains. Lack of calcium carbonate is a characteristic feature
of thig ‘sublayer.
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Fig. 3. Chemical composition of sediments in the locality Draby 3
A—EK analysed samples (cf. Text-fig. 2), 3—9 numbers of layers (cf. Texi-fig. 2 and Pl 1), b
hiatuses between layers
Content of components (in weight per cent): a — CaC0Oy, b — FesOg, ¢ — MnO,;, d — another
soluble, ¢ — insoluble

Layer 5 consists of dark brown pelitic loams with black ferruginous concre-
tions (Bohnerze) and corroded limestone debris. The ldyer contains 35--60% of
Fey03, 1.5—3.5% of MnQ, and 5—35% of CaCO, (cf Fig. 3: samples F and @), In-
soluble -compounds of this layer consist of fine sand, flint detritus and some clay.
matter. The Mn/Fe ratio changes from 1:55 in the lower part (sample F) to0 1:11 in
the upper part of this layer.

Layer 6, composed of brownish-yellow pelitic carbonate loam, containg in its
topmost part numercus bones of Ursus spelaeus. Any other vertebrates are miss-
ing. This loam is partly cemented with calecite and it contains angular debris of:
flints and smoothed (corroded) limestone debris. Chemical analyses {cf. Fig. 3) re-.
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veal 50—55%0 of CaCO;, 10—13% of FeyO3 and traces of MnOy, while insoluble ocom-
pounds reach 15—30 and consist of quartz sand and some clay. The X-ray diffrac-
tion onalysis and DTA meveals dominant caldite, quartz, goethite, and some clay-
minerails (probably smectite group). : .

The bone material of Ursus spelaeus consisis of numerous fragments
of bear skulls and postcranial skeleton. The bones are broken post mortem
in the sediment; they reveal no traces of rounding as well as no traces of
-gnawing by carnivores or rodents. All the bones are fragile, brown-yellow
in colour, whereas the enamel is hard and dark coloured. The bones stro-
ngly react with HCI; the pores in their spongy parts are empty.

Layer 7 consists of yellowish-white carbonate pelite with corroded limestone
debris. Chemical analysis Teveals over 75% wof CaCOj, while clayey insoluble com-
pounds reach only 10% (cf. Fig. 3). :

TLayer 8 consists of limestone ®blocks and flint debris {(¢f. Fig. 2 and PL 1).
The limestone blocks are commonly coated with black crust {(up to 3 mm in thick-
ness) of hydrated iron and manganese ides. The maimix of this layer consists
of sandy loam. B ' : _

Layer 9 is composed of yellowish cross-bedded varigrained sand with gra-
vels. Thie sands contain numerous Scandinavian crystalline rock fragments, as well
as some feldspar grains and biotite. Tack of calcium carbonate is also a feature

of these sands {cf. Figs 2—3 and P1. 1).
Layer 10 consists of angular limestone rubble that contains Scandinavian
crystalline boulders, flint debris and sandy matrix cemented with white pelitic car-

bonate (lublinite). _ .
Tayer 11 (light-brown sandy loams), and layer 12 (light-coloured sands) are
encountered only in. soil lapies developed in limestone rubble below Recent humic

layer (13 in Fig. 2 and PL 1).

The sequence of deposits at the locality Draby 4 consists only of
equivalents of the layers 5, 6, 8—13, while in the locality Draby 5 the se-
quence comprises only the equivalents of layers 3, 4a, 5—13 (cf. Glazek,
Sulimski, Szynkiewicz & Wysoczalski-Minkowicz 1976). In the equiva-
lents of the bone-bearing layer 6 in the localities Draby 4 and 5 were
found some bone fragments that probably also belong to the cave bears.

INTERPRETATION OF THE SEQUENCE

In the described sequence some evident hiatuses occur which are
connected with erosion of older formations and with either widening or
destruction of the karst form (cf. Fig. 2). More pronounced erosional gaps
are present between layers 1—2, 4b—5, and 9—10. In other localities, some
of these gaps are more marked, being responsible for the absence of layer
7 at Draby 4, and layer 4b at Draby 5. : :

The erosional gaps discussed are attributable to climatic changes,
during the Quaternary. Sharp erosional boundaries between some layers
suggest that strong erosion of older deposits took place.
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The complete lack of calcium carbonate in layers 2, 4b and 9 proves
that these layers were deposited in wet and cool climate when soluble,
carbonate was completely washed out of the karstified massif. The layers
containing more calcium carbonate (e.g. layers 4a, 5, 6 and 7) mark more
arid and warmer periods when a considerable quantity of carbonate pre-
cipifated.

The Quaternary changes of the intensity of karst corrosion in the
region were discussed by Markowicz-Eohinowicz (1969) who showed that
the maximal intensity took place under wet and cool kataglacial condi-
tions and during wet interglacial phases, while the corrosion was less
intensive during arid interglacial phases, and it ceased almost completely
during cold pleniglacial phases,

Of the recognized components of the deposits, calcium: carbonate,
clay minerals, hydrated iron and manganese oxides may be treated enti-
rely or partly as derived from karstified limestones, whereas sands should
be regarded as derived from glacial deposits. In consequence, the sandy
layers may be interpreted as deposited during glaciation périods.

Dark layers (No. 3 and 5), composed mostly of iron oxides, and hav-
ing the Mn/Fe ratio 1:11—1:55, may be related to such present-day
precipitates as those found.in fresh water deposits of Nova Scotia, Canada
(Harriss & Troup 1970) and Dalecarlia (Ljunggren 1953), that is in wet
and cool climate with pine forest vegetation. Under such conditions, an
acid and oxidating milieu caused not only strong removal of carbonates
but also of iron and manganese compounds. The latter were removed from
soil and subsequently prempltated in the subso11 where warter .acidity was
sufficiently lowered.

Rubble layer (No. 10) may be interpreted as a periglac:tal slope de-
posit with its carbonate cement being probably precipitated as a result
of the freezing out from' solution (congélation of Ek & Pissart 1965).

PALEONTOLOGICAL DESCRIPTION

. Family Ursidae Gray, 1825
‘Genus URSUS Linnaeus, 1758
Ursus spelaeus Rosenmiiller & Heinroth, 1794
(PL.2, Figs 1—-10)

Material. — Forty samples (No. 1—40) represent different skull fragments and
teeth’ of ‘an adult and of two juvenile individuals; one sample of clay with a cast of
brain section (No. 41). All samples are held in the Institute of Geology, Univeraity of
Warsaw.

Measurements, — ‘The umnensions of the bear dentition are given and compared:
(Tablé 1) with the variability range of Ursus spelaeus remains. described from the Pleistocene
localities of Europe (Schiosser 1009; Kormog 1914; 'Soergel. 1926, 1940; Fhrenberg 1028; Rode
1938, 1965; Moittl 1935; XHeller 1699, .1956; . Zaspte 1948; Herak 1947;° Erdbrink 1963; Hiltter 1956
Malez 1958, 1959; Km'tén 1958).
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Table 1.

Companson of dentition of Ursus speleeus Rosenmiiller & Heinroth from Draby 5
with the vanablhty range of the species

veriability jprabd
Measured cl_maract.er range /in o/ | /a .Lm; 2
Upper Length 81.2-132.7 107.G
Medio-lateral diameter 13._0-32,5 18,0
cenine mterd-posterior diameter| 20.3-40.0 25,0
- Distance between internal walls
of ui-1 [ 55,0=68,0 66.0
Length of pt-u? B0.0=~106,0 87.5
Length of Py-Msg 75,0-106.5 81,0
¢ Lemgth 16.0-24.0 15.0
P* qatn _ 11,0-15.¢ | 13.5
Length 22,3=33,2 | 27.0-28.0
M'  mtertor width 15.0-23.7 | 15.0=19.5
Posterior width 1T 0=21,7 18.5-20,0
- Length ' 3409-61.2 | 40.0-44.0
N2 mterior width 170-2745 18.0=23.0
‘Posterior widih 14.0-22,0 15.0=18.0
p, Length 13.0=16.5 13.0
4 giam 6.7-10,7 | 7.0
Length 24,0-35.0 26.5-28,0
-M, mterior width G010 |. 9.0
Posterior width 11e5=16.5 12.0=13.0
Length 24.6~36,7 26,0-28,0
B, mterlor width 13.0=23.4 13,0=15.0
Posterior width 12:.T=20.9 15,0
‘Length - 19.0-35.0 -} 24.0-27.0
My  Anterior width 15,0-24.0 17.0-18.0
Posterior width 14.0-23,0 14.0~15.0

Pescription. — Specimen- No. .1 (PL.- 2, Fig. 8) is a well preserved palatal fragment
with P4—M? in situ, “alveod of I—3 (on both sides), right alveolar part of P$, left Ps alveolus
and medial alveolar walls of both canines. The left alveolus of P# with a diameter of 5 mm
is distant c. 1.5 from the anterior alveolus of P4 The right P4 ig incomplete, but metacone
and deuterocone are well developed. The posterior cusp is distinctly displaced backwards.
The paracone is broken but its basis shows that the cusp was large and somewhai larger
than the preceding. The tooth has the same structure as P¢ of Ursus spelaeus from the Kupiét
cave (cf. Malez 1959, Pl, 1, Fig. 1), The M!, considered as a diagnogtic tooth (Kurtén 1959, p. 89),
has distinet speleoid characters: anterior lobe is wider than the posterior one, the crown is
of brachyodont type with amgular outline, mesostyle well developed, paracome (11.0 mm)
higher than metacone (10.0 mm). The dimensions of thig tooth are smaller than average dimen~
sions of M! of mature individuals of U. spelaeus. The only untypical feature is lower parastyle.
The M2 is somewhat worn, but the complicated structure of the mastication surface is well
visible, The dimensions of this tooth in comparison with M2 in the typical representative of
U, -spelaeus are somewhat smaller but have the same crown siructure as M2 in the cave bear
from the Veternice and Kupléi caves (cf. Malez 1958, PL 3, Figs 18, 22; 1959, Pl 1 and Pl 6,
Fig." 3).

Spec‘lmen No. 3 — left maxillar fragment with Mi—2 in situ (PL 2, Fig. 9) is a pan't‘
of the same skull as the speclmen No. 1, but the teeth show stronger lateral wear of ‘the
mastication surface.

. Specimen No. 8 (PL 2, Pig. 7) is perfectly preserved left upper canime, exactly fitting
into the medlal alveclar walls of the specimen No, 1. This tooth, -except for its delicate’
structure and smaller dimensions, does not depart morphologically from the upper canine of
U, spelaeus.
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A small “right 11 with worn crown (No. 9); crown fragment of left P¢ with well
preserved - metacone .and . deuterocone (No. 15);- complete little-worn left M, (No, 17;- Pl 2,
Fig. 3); left M, with damnged roots and distinctly worn crown (No, 20; Pl 2, Fig, 4); wm'n
right M, with fused woots (No. 22; PL 2, Fig, 5); fragment of I; with strongly worn crown
(No. 23); apical part of the crown of the right upper canine 'of similar dimensions ag Specimen
No. 8 (No. 24); posterior palatal part (No. 2); right roofing part of the auditory bula {No. 31);
two parietal fragments (No. 8f); posierior part of right border of internal choanse (No. 33);
left squamosal process (No. 34); occlpital fragment with sagital and occipital crestg {No. 35);
fregment of right occipital condyle (No. 36); posterior basal part of right jugal arch (No. 37);
anterior section of left jugal arch (No. 38) and occipital bone fragment (No. 38) withous doubt
belong to the skull No. 1. To ‘the same individual belong some of skull fragments (Nos 25, 40,
41) and some of métacar;pa] bones {No. 26), as.well ag some phalangs (No. 28).

All these skull fragments and isolated teeth do not show distinet deviations
from the normal structure of typical U. spelaeus; their dimensions fall near the
lower limits of the variability range of adult individuals (cf. Table 1).

Tweo pisiform bones (No. 27), both left (Pl 2, Fig. 10) and right, as it -appears-
from their .dimensions; proportion of distal swelling and ulnar surface character,
may be assigned o a female (cf. Kurtén 1966).

Ceniral part.of the left mandible with M, in situ, posterior part of M 4 alveolus
and lingual alveolar wall of M, (No. 4; P}, 2, Fig. 1) after its dimensions and perfectly
preserved complicate sculpture of Mz crown, belongs to a juvenile, to which also
unworn left M, (No. 21; Pl 2, Fig, #) and well preserved left M, (No. 18) are ioc be:
assigned.

" Horizontal mandibular ramus without teeth of the left mandible (No. 5) does.
not differ in diznensions from- the specimen No. 4; it belongs to another juvenile,

Two lower canines, right (No, 7) and damaged left (No. 6); fragment of left Ip.
with damaged erown (No. 10); left M? (No. 12); two fragments of M? talon (No. 11)':
with a smooth mastication surface; fragment of right M, (No. 14); left milk tooth

4 (No. 16; Pl 2, Fig. 2); anterior section of right M, with characteristic trigonid’
structure (No. 13), left M, fragment without roots (No. 19); palatal fragments (Nos. 25-
and 29); as well as parts of phalangs (No. 28) and metacarpals (No. 26) belong to the
juveniles represented by the mandibles (Nos. 4 and 5), as it is evidenced by:their
dimensions and unworn crowns.

Discussion, — The dimensions and structure of 'beeth skull elemen'ts ma:ndi\bles._l
and especially of diagnostic teeth M and M, indicate that the presented bear
remaing should be assigned to Ursus spelaeus Rosenmiiller & Heinroth, 1794. The'
remains belongmg to a matu:re individual, as it appears from their delicate structure
and smaller dimensions (Table 8), considered as a manifestation of the sex-
dimorphism (Kurtén 1955, 1958), should be'attributed to a young, but adult female. .

The presence of P# alveoli in the specimen No. 1 (Pl 2, Fig. 8) and P; alveolus in the
specimen No. 5 is noteworthy, as additional premolars were noted in mandibles and maxillies
of the Pleistocene bears, both U. spelaeus and U. arcios (Schlosser 1809; Kormos 1814; Ehrenberg
1928, ‘in: Abel & Kyrle 1931; Mottl 1833, 1895; Rode 1983, 1835; Theniug 1956; Malez 1857, 1958,
1959; Kurtén 1957, 105) but interpretations of that feature has differed miarkedly, Some of.
the authors believed that the additional premolas are indicative of the extant species
U. arctos, while in U. spelaeus a distinet reduction of anterior premolars occurs (Rode 1933,
Kurtén 1958). But a clear majority of investigators {Schlosser 1809; Kormos 1914; Mottl 1833,
1935; Malez 1969) regarded the presence of additional premolars as an atavistic chasiacter, more-
frequently encotntered in the femaleg of U. spela.eu.s Probably, the reduction of the premolars
may have hecome fagte: in U, spelaeu.s than in U. arctos, The additional ;premul-ars in ‘almost
tull arrangement have. appeared in young individuals of both sexes of U, gpelaeus, but in the
ontogenetic development of the males these teeth come out earlier than in the females.
Frobably these teeth could remain =il the life of scme female individumls, in which only P2
and Pp; were submitted to the complete reduction.

The unequal wear of M!—2 (Nos. 1 and 3) proves defeotlve occlusion and sironger.
development of ihe left temporal muscle {¢f. Kurtén 1959, p. 77) in the female from Draby 3.
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In the material collected any bones of an adult- male are lacking; all the
bones hitherto found show 'the presence of a young adulf female and two, one-year-
-0ld, probably her own cuibs.

AGE OF THE BONE-BEARING LAYER

The occurrence of bones in one part of fhe bone-bearing layer,
a similar state of their preservation and a lack of the rounding traces on
bone fragment, and a similar chemical composition of _bones, give evidence
thiat the bone material is syngenetic with the bone-containing sediment.

Ag it appears from the palaeontological -analysis, the bone material
represents only an adult female of the cave bear, Ursus spelaeus Rosen-
miiller & Heinroth, associated with the two ¢ubs. According to Kurtén
(1957, 1959), the speciation of U. spelaeus occurred durmg the Mindel
(Elster) Glaciation, while the extinction of the species took ‘place” during
the Wiirm decline. If the factor leading. to. speciation was probably an
isolation and environmental pressure during the very severe Mindel Gla-
ciation (cf. Kurtén 1957) on western population of U. deningeri v. Rei-
chenau, the speciation had to happen during the maximal Mindel II
(Elster II, Cracovian II) Glaciation when' the icesheet reached the Car-
pathians. During the Kozi Grzbiet Interglacial (= Mindel IfMindel II),
only U. demingeri lived (cf. Glazek, Lindner & Wysoczanski-Minkowicz
1976). Consequently, the spelaeus Ontozone may.be defined as Mindel IT —
Late Wiirm. : ' P

The small size of the adult female as well as the -presence of P
alveoles'may also suggest that it was a primitive form that resembled iis
smaller ancestor, U. deningeri v. Reichenau. Moreover, the small size of
the adult individuals is a prominent feature of the interglacial cave bears
(cf. Kurtén 1959).

The age of the bones was determined by fluorine-chiorine-apatite
and collagen methods (cf. Wysoczaniski-Minkowicz 119._69,, R6zyck1 & Wyso-
czanski 1969) which have already been applied to Pleistocene and. Neogene
bone materials from different karst localities (cf. Rozycld & Wysoczanski
1969; Wysoczanski-Minkowicz 1969; - Glazek, -Sulimski: & Wysoczanski-
~Minkowicz 1976; Glazek, Lindner & Wysoczafiski-Minkowicz 1976). The
age values as well as the chemical results, obtained for samples from
Draby 3, are given in Table 2; the ‘age coefficient FCI/P tanges between
0.92 and 1.03, and it points to the period “between.-320,000—440,000 years
B.P. .

The collagene loss. coefficient (cJ. Wysoczanski-Minkowicz 1969) for
samples from Draby 3 ranges between 9.0—9.8 and points to warm inter-
glacial conditions. :

The different premises lead therefore to the conclusion that the
bone-bearing layer represents the hitherto unsatisfactorily documented
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. Table 2

Dating of bones of Ursus spelaeus with the fluorine- chdmne-apahte and collagene
methods; locality Draby 3

Kind of bome r_;-_asmmt
. oranium roof I_nmh bme
Charactexistics
Laboratory ¥o. of sample
P425P | F4262 F427P
F /weight %/ 0.92 | .1.0% 1.32
ClL Aveight %/ 0,015 0.015] . 0.011
P,0; fweight %/ 38.9 38.9 38,2
LI 42 2,37 | 2.65 | . 3.46
# Py0g :
20,2 0.39 |* 0.39 0.29
% Py0g
2EEC 45 0.92 | 1.03 0.97
/% 2,0./
Buming loss in weight % .
at 800°% for 1hr 3.3 | 10.0 94
Collagene loss coefficient 9.8 9,0 9.6

interglacial period between the Mindel and Riss Glaciations (Great, Hol-
stein, Hoxnian, or Likhvin Interglacial). The site Draby 3 is the first
locality in Poland where Ursus spelaeus was found in a sequence of this
interglacial; moreover, it seems to be the first locality in Poland where
vertebrate remnants of the Great Interglacial were found. The species
U. spelaeus of this interglacial is known from only a few localities in
western Europe — Happenloch, Steinheim, Swanscombe (cf. Kurtén 1959).
The site Draby is also the oldest occurrence of U. spelaeus in Poland, as
well as probably the easternmost site of this species in Europe during the
Holstein Interglacial.

DEVELOPMENT OF THE KARST FORM

The investigated sequence allows us to recognize the development of
karst and the sedimentary events during a period of Quaternary time.
' The origin of the flint rubble layer (No. 2) is contemporaneous with
the origin of a narrow karst fissure; it probably was deposited during the
decline of the Cracovian I (Mindel I) -Glaciation.. The ferruginous layer
(No. 3) presumably corresponds to the. subsequent cool (boreal) phase,
whereas the next layer (No. 4a) of calcareous clays may indicate the
optimal phase of the Kozi Grzbiet (Mindel I/Mindel II) Interglacial (cf.
Glazek, Lindner & Wysoczafiski-Minkowicz 1976). The subsequent sandy
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layer (No. 4b) was deposited during the glaciation, the most probably
Cracovian II (Mindel II, Elsterian II); in this layer however only an older
part of the glaciation is represented because erosion connected with the
kataglacial phase destroyed older sediments and caused important en-
largement of the karst fissure into the cave accessible to large animals.

The set of layers 5—7 was deposited in the cave and it represents
an interglacial sequence belonging to the Great (Holstein) Interglacial.
This set resembles cave loams commonly encountered in Quaternary fil-
lings of the caves in the Central Polish Uplands, and interpreted as the
deposits of warmer periods (cf. Madeyska-Niklewska 1969; Glazek, Lin-
dner & Wysoczanski-Minkowicz 1976). The ferruginous layer (No. 5) was
probably deposited in wet and cool climate after the older optimal phase
of the Great Interglacial; to this phase may also be attributed a slight
erosion between layers 5 and 6. The bone-bearing layer (No. 6) represents
the next optimal phase of this Inierglacial, while subsequent erosion may
be correlated with a wet and slightly cooler phase dividing the latest
two optima of the Great Interglacial. The calcareous layer (No. 7) repre-
sents probably a younger optimum of this Interglacial.

The layer 8 consisting of sandy. loam with limestone blocks covered
with ferruginous crusts is ‘bordered by sharp erosional contacts both at
the bottom as well as at the top. The origin of this layer may be related
to a.roof collapse of the cave. Prior to this collapse, erosion in the
anaglacial phase of the Middle Poland (Riss 1, Saaley Glaciation took place.’
During the pleniglacial phase, when the icesheet covered the area and
reached the Moravian Gate about 200 km southward of Draby, the cave’
was probably preserved in’ permafrost beneath the 300—400 m thick’
icesheet. During the succeeding kataglacial phase and the Lublin Inter-
glacial (cf. Srodon 1969) in the neighbouring area the vigorous erosion’
dominated (Krzeminski 1974). This erosion was probably responsible for
the corrosion of limestones and the cave collapse.

~ In the time of the following Glaciation (Warta, Riss II), the
advancing icesheet was stopped somewhat to the north and the whole’
area around Draby (cf. Fig. 1) was covered with outwash sands, except
for the more elevated limestone hills. These outwash sands (layer 9) fill-
ed all depressmns in lnmestones, including the collapse furrow over the
destroyed cave.

The Eemian Interglacial, being a period dominantly of erosion, is
recorded in the sequence as an erosional gap between older deposits and
rubble layer (No 10). This layer covers the slopes of limestone hills in the
vicinity, and creeps downslope on the denuded surface of outwash sands.
Such rubble layers of the Wiirm are common in Middle Poland and.
represent periglacial slope deposits (Rozycki 1961, 1972). The Holocene
karstification and soil forming processes are recorded in the soil lapies
(layers Nos. 11—13).
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J. GLAZEK & al.,, TABLE 3

Correlation of deposits filling the Draby 3 karst form with some climato-
stratigraphic schemes of the Quaternary deposits in Poland and

neighbouring countries

P g L A N Y1} DD R CZECHOQSLGVAKIA | SQVIET UNIGN
DrARY 3 Rozycki Cepek cerveny Xopec Zuléakav
Jnterpretation 1961, 1972 1967 Kukla 1969 Kochegura 1973
Holacene Holocene Holocene J”‘;‘;’_?[”i"fl Holocene
l -
Wirm Glaciation | Ballic glaciation | Meichsel- Kallzelt | jpoccae. po B3 | Valdai Glociation
w b { Grondmordnen, W1,W2) .
) . , . . Soil-82 | .., .. ,
Eemian Jnlerglacial | Eemian Jnlgrglaaal fem - Warmzeit Tnterglocial Soil - B¢ Miting Inferlacial
Recession Glacial Substage | = inp P loesses - (3 loke sils
Substages _|<S|.. | Bogo-Harew inenst | S [erosion 7] | Soil -C2 | Serd and gravess S
Si3 5 { Lousizer - Kattzeir | & i s oS
Harlg Gloc. Subst, E., Korla Glac. Subst s (6randmorine - $3) E Loess - (2 Moskva lills S
h-]
Lublin Blica Interstadial | S | Rijgen - Monmasit | ¢ So1l-C2 | ggintsovo Interglaciat
Interglaciol 3 & . Jﬂterylaaal Solls- (1
; [T & (Flaming-Fallzefl-52 | loess - D3 s
”’?f" .";’?’””d P M«‘ngn Jntmtad 3 Treene”(y?) -Aormzeif | o Soil -2 | Dneor W””"f( 4t R
actalion | & | Glgcial Substoge | ¥ | Soale -Kallzeif-$1_| loess - Dnepr, older lil
Interglacial | _ | Dlszewice warm Soil - D2 g”“f”’%"’gl
Ootimum B | S| Substage 3 332,000 - 323,000 V.B"_ \n-eos0m0-3t5.000 v 8P | .
- cool || 2nd post-optimal || paits oot | S| L0BSSloam-DB1 | Cool Substage |~
P Substage 2 coot Substage s Domndz- Wermzel E 362000 ~333.000 YBP [T~ 230,000 Vg’ o
6 o el BT | i warm | S| Jnterglacial Soil-Dt J”“E’!?/”"’”l S
S s & V| SEZ W R
- o S S 1 4 [
&8 Cool ~ | 15t post-oatinal con ™ | ; ; Loess- £3 | pop .S'ub.s'lage ~
5 [ E = Substage |, Subslage |, Fuhne- Kalizel § (L= E3 | pisamo00 VR s
A/ ntergiacial | S| gt ot S| wotstein- 2 Inlerglacial Inlerglacial | &
s 'A Optlmum I | Sulegin optim | tet- Wamzel = ~S,%s “ [2 ru_~4‘5’5.’ga’g Ers.n 3
Pecession i ion ? )
Substages §§ ; 2”'1?%%”% E [erasian 7] lae..'.'s - F3 Oka s.5. till 5
Praemgsl |55 S |Preemyst Gioe. Subst | | Elster - Koltzeit 3 Soil -r3 3
| Gloc SubstmanlSg| S| (™) § | {Orundimorine - £ ) | loess -2 Oka I younger il 3
. . . - © 2 R - ~
Kozi Grzblet |88 i ; . ) ; . Jnterglocial  soif | <@
| " nterglacial ﬁg Interstadiol § Vinglstedt- Wamzeit .'. Interglacial Sod - F1 (Liberst ) 3
Cracovianl |3 | g S elme - Koltzeit 3 - i | S
Slavintion g Slacial Svbstage 8| flelme - kallzell, | & Loess- 63 | Okal older til | &

The sediments are hachured as in Texi-fig. 2 but not to scale; h — hiatuses; brackets point to the
present author’s interpretation
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The stratlgraphac interpretation of the Draby 3° sequence and its
correlation with ‘Quaternary schemes in neighbouring ‘coutries (Table 3),
presents some modifications of the scheme elaborated by Rézycki (1961,
1972) for Middle Poland. The accepted scheme includes the Lublin Inter-
glacial of Srodon (1969), and the Koz Grzbiet Interglacial (cf: Glazek,
Lindner & Wysoczanski-Minkowicz 1976). Such modifications aré in acco-
rdance with Cepek’s (1967) scheme for the Quaternary of DDR, Kukla’s
(in: Demek & Rukla 1969) stratlgraphy of loesses in Czechoslovakla, and
stratigraphic division of the Quaternary in glaciated areas of the European
part of the USSR elaborated recently by :Zubakov & Kochegura (1973):

Main Research and Design

Institute of Geology Céntre for Opéncast Mining
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General view of the locality Draby 3 during excavation in the summer of 1974;
photo taken by A. Szynkiewicz
1—13 numbers of layers described in the text (cf. Text-fig. 2)
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£ -
Bones of the cave bear, Ursus spelaeus Rosenmiiller & Heinroth, from Draby 3
1 Central part of left mandible with M, (juvenile form): a lingual, b occlusal view
(No. 4); 2 Left DP,, lingual side (No. 16); 3 Left M,: a lateral view, b occlusal view
(No. 17); 4 Left M,, occlusal view (No. 20); 5 Right M, occlusal view (No. 22); 6 Left
M3, occlusal view (No. 21); 7 Left upper canine, lingual view (No. 8); 8 Palatal part
of the skull with right P*—M?* and alveoli of both left and right I’—* and C (alveolus
of left P® and medial walls of left P* are visible), ventral view (No. I1); 9 Fragment
of the left maxilla with M*—2, ventral view (No. 3); 10 Left pisiform bone, ulnar view
All figures X c 0.8; taken by B. Drozd, M, Sc.
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SRODEOWOPLEJSTOCERSKIE OSADY JASKINIOWIE ZE SZCZATKAMI
URSUS SPELAEUS ROSENMULLER & HEINROTH
W DRABACH KOLO DZIALOSZYNA

(Streszczenie)

Przedmictermn pracy jest opis Srodkowopleistocefiskiego stanowiska krasowego
Draby 3 kolo Dzialoszyna (fig. 1) zawierajgcego szczgtki kostne, W sekwenci osa-
déw wypeliajacych forme krasows (fig. 2 j pl. 1) wydzielono osady zboZone w jas-
kini (2-7 ma-fig. 2 i pl. 1) w okresie od schytku zodowacenia krakowskiego star-
szego (Mindel I) do amnaglacjalnej fazy zlodowacenia Srodkowopolskiego (Biss I),
warstwe blokéw wapiennych {8 na fig. 2 i pl. 1) powstaly w wyniku zawalenia sig
stropu jaskini podezas deglacjacji zlodowacenia $rodkowopolskiego (Riss I), ‘warstwe
-piagkéw fluwioglacjalnych (9 na fig. 2 i pl. 1) wypeiniajacg bruzde zawaliskowa mad
zniszczong jaskin_zla “z okresu zlodowacenia warciafiskiego (Riss II) oraz warstwe
perygdlacjalnego rumoszu zboczowego (10 na fig. 2 i pl. 1) z okresu zlodowacenia
baltyckiego (Wiirm); w tej ostatniej warstwie rozwinigte sq formy krasowe typu
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lapiazu .glebowego wieku holocehskiego (1113 na fig. 2 i-pl. 1), Przedstawiono zmia-
ny skladu chemicznego osadbéw (fig. 3) w zaleznoSei od warunkdw .klimatycznych.
‘Warstwy ziozone gléwnie z uwodnionyeh tlenkéw .zelaza. § manganu: {3 i 5 na fig. 2
i p.l. 1) zinterpretowano jako osady odpowiadajgce chlodnym i wilgotymn okresom
kataglacjainym starszego i mlodszego zlodowacenia krakowskiego..

Znalezione w warstwie 6 {optimum wielkiego interglacjabu):szezatki niediwie-
dzia jaskiniowego, Ursus spelaeus Rosenmiiller- & Heinroth, naleiaty do doroslej sa-
micy i dwoch malych niediwiadkéw (por, tgb..1 oraz pl.- 2)..Jest to najstarsze .
stanowisko niediwiedzia jaskiniowego na obszarze.Polski i jedno. z najstarszych w
Buropie, a prawdopodobnie -takie — najdalej ma wschéd wysunigte. wystgpowanie
tego gatunku z okresu wielkkiego interglacjatu (por. Kurtén 1957, 1959),

Przedstawiono stratygrafie zbadanych osadéw i skorelowano ja.ze schemata-
mi klimato-stratygraficznymi czwartorzedu dla obszaru. Polski i krajow ofciennych
{tab. 3). W &korelacii .tej uwzgledniono (por. Srodofi 1969) isinienie: interglacjatu, lu-
-belskiego (= -odincowskiego) oddzielajgcego. zlodowacenie $rodkowopolskie od war-
ciafiskiego oraz istnienje inferglacjalu Kodiego Grzbiety — Jasionkj (=: Kromer II)
oddzielajgcego starsze zlodowacenie .krakowskie . od. mlodszego -~ -Iaksymalnego
zlodowacenia krakowskiego {(por. Glazek, Lindner & Wysoczahski-Minkowicz 1978).
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