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Ab stract: Ra dio car bon dat ing ap plied on sev eral oc ca sions in the past to date ani mal bones and ani mal soft tis sue
origi nat ing from the area of the Sta runia pa lae on to logi cal site turned out to be very con tro ver sial. Al though
in ves ti ga tions of Pleis to cene flora in the Sta runia area go back to the be gin ning of the 20th cen tury, no pub lished
14C dates of such ma te rial are avail able to date. Six teen bore holes drilled in the area of the Pleis to cene mam mals
dis cov er ies, in the frame work of a mul ti dis ci plin ary re search proj ect (2006–2009), have been se lected for
ra dio car bon dat ing of plant mac ro fos sils. Moreo ver, five sam ples of plant rem nants ex tracted from two out crops in 
the area were 14C- dated. The na ture of the dated plant ma te rial, in some cases soaked with oil, posed spe cific
meth odo logi cal prob lems. Al though ap plied chemi cal treat ment of mac ro fos sil sam ples led to com plete re moval
of con tami nat ing hy dro car bons in the case of small pieces, some age ing ef fects in terms of ra dio car bon dat ing
can not be com pletely ruled out. Ra dio car bon ages of mac ro fos sil sam ples origi nat ing from the close neigh bour -
hood of the lo ca tion, where the “sec ond” woolly rhi noc eros was found at a depth of 12.5 m, sug gest that the
mini mum age of sedi ments in which the Pleis to cene mam mals were found is in the range of ca. 35–40 ka BP. A
broad con sis tency be tween paly no logi cal re con struc tion of Younger Dryas/Pre bo real bound ary and the cor re spon- 
d ing ra dio car bon ages of mac ro fos sils is ob served for lo ca tions, where the natu ral sedi men tary se quence for late
Gla cial and early Holo cene was not dis turbed by ex ten sive min ing ac tiv ity in the area.
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IN TRO DUC TION

Ra dio car bon dat ing of plant rem nants in Qua ter nary
sedi ments in the Ve lyky Lu kavets River val ley (Sta runia,
SW Ukraine) was a part of a mul ti dis ci plin ary re search
proj ect car ried out be tween 2006 and 2009 and fo cused on
thor ough geo logi cal, geo physi cal, and pa lae on to logi cal in -
ves ti ga tion of an aban doned earth wax (ozo ke rite) mine
(Ko tarba, 2009). Sta runia, lo cated about 130 kilo me tres
south east of Lviv, Ukraine (Fig. 1), is the place where rem -
nants of a mam moth and woolly rhi noc eros were dis cov ered 
in 1907. Fur ther more, one nearly com pletely pre served rhi -
noc eros car cass (called “sec ond woolly rhi noc eros”) and
rem nants of two other woolly rhi noc er oses were found in

1929. This dis cov ery in 1929 of a large Pleis to cene mam -
mal in the Sta runia ozo ke rite mine was a spec tacu lar sci en -
tific event on a world scale. A unique com bi na tion of oil
and brine within the Pleis to cene clayey mud, into which the
ani mal had sunk, re sulted in near per fect pres er va tion of this 
speci men (Ko tarba et al., 2009).

Fos sil flora from the Sta runia site (SW Ukraine) was
the sub ject of nu mer ous sci en tific in ves ti ga tions aimed at
iden ti fi ca tion and re con struc tion of eco logi cal con di tions in 
the area, mainly in con nec tion with find ings of Pleis to cene
mam mals (Bay ger et al., 1914; Hoyer, 1914; Szafer, 1930;
Sza fran, 1934; Gra noszewski, 2002; Paw³owski, 2003; Ko -
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Fig. 1. Sketch map of the Starunia palaeontological site and sur round ing area (Carpathian re gion, Ukraine) show ing lo ca tion of bore -
holes, from which ex tracted microfossils were ra dio car bon dated



tarba, 2005; Ku biak & Drygant, 2005). De vel op ment of in -
dus trial ac tiv ity in the East ern Car pa thi ans (salt works and
sa line brines) goes back to the Mid dle Ages. In the Sta runia
area, salt works op er ated be tween the 15th and 18th cen tu -
ries (Al ex androwicz, 2004). Rich de pos its of ozo ke rite dis -
cov ered in this area stimu lated fast growth of a min ing in -
dus try in the 19th cen tury and dur ing the first dec ades of the 
20th cen tury. Af ter wards, the ex ploi ta tion was aban doned
and in dus trial in fra struc ture dis ap peared.

Nu mer ous ra dio car bon dates of bones and an i mal soft
tis sue of Pleis to cene mam mals ob tained in the past turned to 
be con tro ver sial what makes the true age of the “sec ond”
rhi noc eros still un known. In ves ti ga tions un der taken, inclu-
ding ra dio car bon dat ing, aimed at de liv ery of new in for ma -
tion on the age of Pleis to cene de pos its, in which mam mals
car casses were found. Cor re la tion be tween 14C data and a
par al lel palynological study en abled build ing depth dis tri -
bu tions of most prob a ble ages of sed i ments in the area.
These stud ies around the Starunia palaeontological site are
part of com pre hen sive, in ter dis ci plin ary in ves ti ga tions
(Kotarba, 2009). The main goal of the un der taken works is
to de fine and re cog nise the area, where the high est prob a bil -
ity of find ing un dis cov ered rem nants of large Pleis to cene
mam mals ex ists, and to pro vide fu ture ex plor ers with nec es -
sary knowl edge.

GEO LOG I CAL SET TING

In ter dis ci pli nary stud ies per formed in Sta runia be tween 
2006 and 2009 (Ko tarba, 2009) were con fined to the area of
an aban doned mine of earth wax, ex tend ing over a sur face
of ca. 10.5 ha in the val ley of Ve lyky Lu kavets River. The
study area be longs to the fore land of the East ern Car pa thi -
ans, within Gor gany Fore- Carpathians, in the Boryslav-
 Pokuttya Unit (Car pa thian Fore deep Ba sin). The Pleis to -
cene and Holo cene de pos its in the Ve lyky Lu kavets River
val ley are rest ing on the Lower Mio cene Vo ro tyshcha salt-
 bearing beds, un der lain by the Up per Cre ta ceous–Lower
Mio cene flysch suc ces sion, in the up per part of which black
shales, silt stones, sand stones and horn stones of the Menil ite 
beds can be dis tin guished.

The Vo ro tyshcha beds (thick ness up to 2000 m) are
made up of salt- cemented sandy- clayey brec cia with in ter -
ca la tions of sand stones and shales, among which lay ers,
lenses or veins of marls, gyp sum, an hy drite, rock and pot ash 
salts, and ozo ke rite are ob served (Mi tura, 1944; Ko rin,
2005; Kol tun et al., 2005). A com pletely pre served car cass
of woolly rhi noc eros found in 1929 in fine- grained Pleis to -
cene sedi ments was im preg nated with brine and oil com ing
from the Vo ro tyshcha beds. Sur face ap pear ances of satu -
rated salt brine and oil, to gether with mud vol ca noes, are
ob served also nowa days in the area (Ko tarba et al., 2005).

MA TE RI ALS AND METH ODS

Three drill ing field cam paigns were per formed: in May
and Oc to ber 2007 and in May 2008. From 16 bore holes
drilled at dis tances no ex ceed ing 210 m from shaft No. IV

(called ”Mam moth”) and the lo ca tion of the rhi noc er oses
find ing, core sam ples for ra dio car bon dat ing of plant mac -
ro fos sils have been se lected (Fig. 1). Apart from the ma te -
rial from bore holes, 5 sam ples of plant rem nants ex tracted
from two out crops were 14C- dated. The in ves ti gated out -
crops are lo cated close to the Ve lyky Lu kavets River, while
the ana lysed core sam ples were ob tained from bore holes in
the area be tween the Ve lyky Lu kavets River and the Rinne
Stream, and north of it. The ma jor ity of them are lo cated at
less than 100 m dis tance from the place of pa lae on to logi cal
finds, and three of them (bore holes Nos 28, 42 and 34) at a
dis tance of ca. 25 m. Ex act po si tions of the sam pled bore -
holes and out crops are shown in Fig. 1. Sam ples for ra dio -
car bon dat ing were ex tracted from dif fer ent depth in ter vals
of the se lected bore holes, gen er ally be tween 1 and 10 m
depth (Stachowicz- Rybka et al., 2009a, b).

Plant mac ro fos sils were cho sen as a ba sic ma te rial for
14C age de ter mi na tion, mostly be cause they were rela tively
easy to sepa rate and usu ally oc curred in suf fi cient quan ti -
ties. In di vid ual mac ro fos sils af ter vis ual iden ti fi ca tion were
picked out by hand from the bulk core sam ple. Stan dard
sepa ra tion pro ce dure was as fol lows: sam ple of core ma te -
rial (ca. 20 cm3) was washed with dis tilled wa ter (ca.100
cm3) in a glass pan and iden ti fied plant frag ments, mostly
vege ta tive, were picked out by tweez ers. A mix ture of or -
ganic frag ments ob tained in that way dif fered from sam ple
to sam ple. Some of the sepa rated mac ro fos sils were typi cal
for rem nants of small green plants, e.g. grass, sedge, while
oth ers con sisted mainly of bro ken pieces of sprigs or small
branches, re sem bling ma te rial de pos ited by wa ter (see Fig.
2A). Also chips of wood origi nat ing from big ger frag ments, 
small pieces of bark or even tiny parts of scales and cu ti cle
could be iden ti fied (Fig. 2B). More de tails on bo tani cal
char ac ter is tics of the ex tracted plant ma te rial are pre sented
else where (Stachowicz- Rybka et al., 2009a).

Chemi cal treat ment of the sepa rated mac ro fos sils was
aimed at re moval of con tami nants, first of all of hy dro car -
bon ori gin. In ves ti ga tions car ried up to date and avail able
his tori cal data docu ment sur face ap pear ances of hy dro car -
bons in the area (Ko tarba, 2002; Ko tarba et al., 2005; Kuc et 
al., 2005). As hy dro car bons are of in fi nite ra dio car bon age,
their pos si ble in ter ac tions with or ganic ma te rial in the sedi -
ments pose se ri ous prob lems for ra dio car bon dat ing. The
adopted clean ing pro ce dure is sche mati cally pre sented in
Ta ble 1. Af ter ini tial rins ing with dis tilled wa ter, the sepa -
rated mac ro fos sils were oven- dried and left over night in
CH2Cl2. Then they were rinsed 3–4 times in C6H6 un til col -
our dis ap peared, fol lowed by rins ing in ace tone for ca. 5
min, washed in dis tilled wa ter and fi nally oven- dried at
120°C. In di vid ual masses of the mac ro fos sil sam ples de liv -
ered to the Ac cel era tor Mass Spec trome try (AMS) labo ra -
tory (Go slar et al., 2004) did not ex ceed 150 mg.

In the AMS labo ra tory, the sam ples were checked and
me chani cally cleaned un der bin ocu lar mi cro scope. It is
worth to men tion that the larg est piece of wood ana lysed
(sam ple 2/4.20), re vealed the pres ence of hy dro car bons in
its in ner part (Fig. 3) even af ter the clean ing steps de scribed
above, so for the fur ther treat ment, only much smaller
pieces of the plant rem nants were taken. The se lected sam -
ples were then treated with 4% HCl (room tem pera ture,
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12h), 0.5M NaOH (60°C, up to 2h), and again 4% HCl
(room tem per a ture, 2h). Com bus tion to CO2 was per formed 
in a closed quartz tube to gether with CuO, and Ag wool in
900°C. Ob tained CO2 sam ple was then re duced with H2

over Fe pow der as a cata lyst (ca. 2 mg) and the re sult ing
car bon/iron mix ture was pressed into a pel let in the tar get
holder (Czer nik & Go slar, 2001).

Ra dio car bon con cen tra tion in the sam ples was mea -
sured in the mass spec trom e ter “Com pact Car bon AMS”
(Goslar et al., 2004) by com par ing the si mul ta neously col -
lected 14C, 13C and 12C beams with those of Ox alic Acid
stan dard CO2 and coal back ground ma te rial. Con ven tional
14C ages were cal cu lated with d13C cor rec tion for iso to pic
frac tion ation (ac cord ing to Stuiver & Polach, 1997), based
on the 13C/12C ra tio mea sured by the AMS-sys tem si mul ta -
neously with the 14C/12C ra tio. For de ter mi na tion of the
mea sur ing un cer tainty (stan dard de vi a tion) both the count -
ing sta tis tics of the 14C mea sure ment and the vari abil ity of
the in ter me di ate re sults were ob served, and the larger of the
two val ues was adopted as the mea sure ment un cer tainty. To 
this we added the un cer tainty con nected with the sub trac -
tion of the back ground. The quoted 1-sigma un cer tainty (cf.
Ta ble 1) is thus our best es ti mate for the over all un cer tainty
of the mea sure ment, not based just on count ing sta tis tics
alone.

The re sults of 14C meas ure ments are pre sented in Ta ble
2 in the form of con ven tional ra dio car bon ages (Stuiver &
Polach, 1997).

RE SULTS AND DIS CUS SION

Ra dio car bon dat ing was ap plied on sev eral oc ca sions in 
the past to date an i mal bones and an i mal soft tis sue orig i nat -
ing from palaeontological finds in the Starunia area. The ob -
tained ra dio car bon ages turned out to be highly con tro ver -
sial (Kuc et al., 2005). Al though in ves ti ga tions of Pleis to -
cene flora in the Starunia area go back to the be gin ning of
the 20th cen tury (Szafer, 1930; Szafran, 1934; Kucowa,

292  T. KUC ET AL.

Fig. 2. Ex am ples of macrofossils (A) sam ple No. 2/4.20 con -
sist ing of dif fer ent plant rem nants and (B) sam ple No. 22/4.80
com posed mostly of thin frag ments of green plant tis sue rem nants. 
Photo by T. Kuc

Fig. 3. Cross-sec tion of large macrofossil from sam ple No.
2/4.20 with black in ner part still con tain ing hy dro car bons. Photo
by T. Goslar

Ta ble 1

Prep a ra tion pro ce dure of macrofossils for the AMS dat ing

No. Step Parameters

1
Hand separation of plant
remnants from bulk sample

Bulk material (ca. 20 cm3) digested
in 100 cm3 distilled water, picking
out visible fragments

2 Initial washing Distilled water, room temperature

3 Drying 100°C, several hours

4 CH2Cl2 treatment 100 ml, room temperature, overnight

5 Rinsing with C6H6
3-4 times, 5 min., room temperature, 
till colourless aliquot

6 Rinsing with acetone 100ml, 5 min., room temperature

7 Washing in distilled water 2 times, 100 ml

8 Oven drying 120°C, overnight

9
Visual checking, selection
best material

Binocular (magnifying lens)

10 AAA treatment
HCl (4%, 20°C, 12h), NaOH (0.5M, 
60°C, up to 2h), HCl (4%, 20°C, 2h)

11 Combustion to CO2 CuO + Ag wool, 900°C

12 Reduction to graphite H2 + Fe (catalyst)

13 Formation of pellet
Graphite/Fe mixture pressed into
target holder

Ab bre vi a tions: AMS – Ac cel er a tor Mass Spec trom e try; AAA – acid,
alkali, acid ap plied con sec u tively



1954; Granoszewski, 2002), no pub lished 14C dates of such
material are available to date.

The his tory of the area, with ex ten sive min ing ac tiv i ties
in the past and re sult ing pos si ble mod i fi ca tions of the sed i -
men tary se quence, make the cur rent at tempts to es tab lish
un dis turbed chronostratigraphy of the Qua ter nary cover in
the Starunia area rather dif fi cult. For in stance, sam ples re -
trieved from bore hole No. 43, which is lo cated very close to
the shaft of 1929, rep re sents typ i cal rem nants of min ing ac -
tiv i ties. The 14C age of macrofossils found at a depth of ca.
9 m in this bore hole is mod ern, strongly sug gest ing rel a -
tively re cent earth works of re-cul ti va tion af ter old min ing
ex ploi ta tion. Stra tig ra phy of Qua ter nary de pos its in the
Starunia area is pre sented in de tail else where (Soko³owski
et al., 2009; Soko³owski & Stachowicz-Rybka, 2009).
Here, only se lected bore holes are dis cussed from the per-
spective of radiocarbon ages obtained in the course of this
study.

Young ra dio car bon ages of some hun dred years for
macrofossils ex tracted from depths less than ca. 4 metres
from bore holes Nos 4’ (1.3 m), 15 (3.6 m), and 42 (3.9 m)
are the re sult ei ther of re work ing due to min ing ac tiv i ties or
of in com plete re moval of deep pen e trat ing roots of young
her ba ceous plants grow ing there. Con se quently, these dates
should be dis carded from fur ther in ter pre ta tion. Sim i larly,
the age of 125 years BP from the out crop VL-3 (depth:
1.20–1.25 m) is con sid ered too young, most prob a bly due to 
con tam i na tion with recent root remnants.

Macrofossil sam ple 7/5.70, orig i nat ing from bore hole
No. 7 and col lected ca. 50 cm be low a 5.2-m-thick layer of
mixed ma te rial typ i cal for mine dump, re veals the age of
210 years BP cor re spond ing to the cal i brated age of 1760–
1800 AD. Ap par ently, it rep re sents min ing ac tiv ity in the
past. The age of macrofossils equal 390 years BP (cal i brated 
age: 1440 – 1520 AD) at a depth of 10.8 m in sam ple No.
7/10.8 should be also con sid ered as a re sult of hu man ac tiv -
ity in the area, al though in this par tic u lar case there was no
clear ev i dence of anthropogenic in flu ences at the depth of
the dated sam ple (Soko³owski et al., 2009; Soko³owski &
Stachowicz-Rybka, 2009).

Bore holes Nos 28, 30, and 42 sur round the lo ca tion,
where the “sec ond” rhi noc eros was found at a depth of ca.
12.5 m (Alexandrowicz, 2004). The macrofossil ex tracted
from bore hole No. 30 at a depth of 6.8 m re vealed the old est
ra dio car bon age (ca. 48 ka BP), while in logs of two other
bore holes Nos 28 and 42 the max i mum ages found were on
the or der of 33 ka BP, and 23 ka BP, re spec tively (Ta ble 2).
The Mio cene strata oc cur in these bore holes be low the
dated ho ri zons (cf. Fig. 4). The spot where the “sec ond” rhi -
noc eros was found is lo cated be tween bore holes Nos 42 and 
30 (Fig. 1). Lin ear in ter po la tion be tween the high est ages
found in these two bore holes yields the age range of ca.
35–40 ka BP as ap prox i mate min i mum age of the sed i ments 
in the ex act lo ca tion, where the second rhinoceros was
found.

The group of bore holes Nos 1, 25, 24 and 22, lo cated to
the north of the 1929 re cov ery shaft, sit u ated very close to
each other, re veal con sis tent ra dio car bon ages of microfos-
sils (9.55 ka BP, 13.69 ka BP, 9.24 ka BP, ca. 40 ka BP) re -
trieved from the sed i ment ho ri zon (1.5, 2.0, 1.9, and 0.5, re -
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Ta ble 2

Ra dio car bon dates of plant macrofossils

No.
Sample
Code

Description
14C yr BP

(1 s)
RemarksBorehole/

outcrop
Depth (m)

1 1/1.80 1 1.80 9740 ± 50 ***

2 2/4.20 2 4.20 21100 ± 100 ***

3 4/3.50 4 3.50 12230 ± 70 *

4 4'/0.95 4' 0.95 3655 ± 35

5 4'/1.30 4' 1.30 625 ± 30

6 4'/2.35 4' 2.35 10190 ± 50

7 4'/4.65 4' 4.65 8460 ± 50 *

8 4N/2.20 4N 2.20 1505 ± 30

9 5/5.60 5 5.60 3915 ± 35

10 7/5.70 7 5.70 210 ± 30 *

11 7/10.8 7 10.8 390 ± 30 *

12 13/2.90 13 2.90 13010 ± 60 ***

13 15/3.60 15 3.60 240 ± 30

14 15/4.30 15 4.30 - 4.40 6160 ± 40

15 22/1.70 22 1.70 12240 ± 60

16 22/4.80 22 4.80 43100 ± 1100 ***

17 22/5.80 22 5.80 - 5.90 40000 ± 700

18 24/2.10 24 2.10 13690 ± 70 **

19 25/1.70 25 1.70 9550 ± 50 *

20 28/1.00 28 1.00 325 ± 30 *

21 28/2.50 28 2.50 26850 ± 200 *

22 28/4.00 28 4.00 34000 ± 500 *

23 28/6.0 28 6.0 33250 ± 300 *

24 30/2.50 30 2.50 5490 ± 40 ***

25 30/6.80 30 6.80 48200 ± 1800

26 32/4.70 32 4.70 2915 ± 30

27 42/3.90 42 3.90 230 ± 30

28 42/9.50 42 9.50 - 9.60 16260 ± 80

29 42/9.70 42 9.70 - 9.80 22900 ± 150

30 43/5.35 43 5.35 40 ± 30

31 43/8.90 43 8.90 - 8.95 modern

32 VL-1/1.00 VL-1 1.00 - 1.05 4505 ± 35

33 VL-1/2.20 VL-1 ~ 2.20 11110 ± 60

34 VL-1/2.30 VL-3 ~ 2.30 11430 ± 60

35 VL-3/0.05 VL-3 0.05 - 0.10 1275 ± 30

36 VL-3/1.20 VL-3 1.20 - 1.25 125 ± 30

BP: be fore pres ent (i.e., be fore 1950)
Con tent of hy dro car bons in CH2Cl2 washed out from macrofossils: (***) 
– very much;  (**) – me dium-level; (*) – very small; with out as ter isk –
not no tice able 



spec tively) above the Mio cene level. Bore hole No. 2, lo -
cated ca. 100 metres in the SW di rec tion at a dif fer ent mor -
pho log i cal po si tion, shows at a depth of ca. 0.1 m above the
Mio cene strata a ra dio car bon age equal 21.1 ka BP. It is
worth point ing out that macrofossils from bore holes Nos 1
and 2 re vealed sub stan tially higher con tent of hy dro car bons
than the remaining samples in this group.

Age dis tri bu tion of macrofossils ex tracted from bore -
holes Nos 4, and 4’ lo cated ca. 150 metres NE of the 1929
re cov ery shaft re veals two age in ver sions: at depths of ca.
1.3 and 4.65 m, re spec tively. The only plau si ble ex pla na tion 
of these in ver sions seems to be an ad mix ture of youn ger
ma te rial dur ing sam pling. A sim i lar sit u a tion of too young a
macrofossil age oc curs in bore hole No. 15, where the sam -

ple orig i nat ing from a depth of 3.6 m has an age of 240
years BP, while only ca. 75 cm deeper (sam ple 15/4.30) the
ra dio car bon age rapidly increases to 6,160 years BP.

Palynological pro files con structed for some bore holes
(Stachowicz-Rybka et al., 2009a) with a well-de fined
Younger Dryas ho ri zon al low us to place the YD/PB tran si -
tion on the time scale. The youn gest ages of sam ples be -
long ing to the YD ho ri zon are: 10,190 years BP (sam ple
4’/2.35), 12,240 years BP (sam ple 22/1.70) and 11,110
years BP (sam ple VL-1/2.20). The above men tioned sam -
ples were sit u ated just be low the paly no logi cal ly de fined
YD/PB tran si tion: 5, 40 and 60 cm, re spec tively. This dis tri -
bu tion dem on strates broad con sis tency of palynological re -
con struc tion with the ob tained ra dio car bon ages of macro-

294  T. KUC ET AL.

Fig. 4. Se lected lithological pro files of bore holes Nos 28, 30 and 42, and out crop VL-1 lo cated in the Starunia palaeontological site.
Re sults of ra dio car bon dat ing of plant rem nants are ex pressed as con ven tional age. BP – be fore pres ent (i.e., be fore 1950), YD – Youn ger
Dryas, PB – Preboreal



fos sils for lo ca tions, where the nat u ral sed i men tary sequen-
ce at the tran si tion from the Late Glacial to the Holocene
was preserved.

CON CLU SIONS

Thirty-six ra dio car bon dates of plant macrofossils re -
trieved from logs of 16 bore holes and two out crops in the
area of Starunia (SW Ukraine) al lowed a unique in sight into 
the age struc ture of Qua ter nary sed i ment cover di rectly at
the site of fa mous palaeontological find ings of Pleis to cene
mam mals at the be gin ning of the 20th cen tury. The ob tained
ra dio car bon ages gen er ally con firm the rich min ing his tory
of the re gion, which re sulted in heavy dis tur bances of the
nat u ral sed i men tary se quence in many places of the study
area.

The pe cu liar na ture of the dated plant ma te rial, in some
cases soaked with oil, posed spe cific meth od olog i cal prob -
lems for ra dio car bon dat ing. Al though chem i cal treat ment
of macrofossil sam ples aim ing at com plete re moval of con -
tam i nat ing hy dro car bons from the plant tis sue leads to sat is -
fac tory re sults in the case of small pieces of macrofossils,
some age ing ef fects in terms of ra dio car bon dating cannot
be completely ruled out.

Ra dio car bon ages of microfossil sam ples orig i nat ing
from the close neigh bour hood of the lo ca tion where the
“sec ond” woolly rhi noc eros was found at a depth of 12.5 m
sug gest that the min i mum age of sed i ments, in which the
mam mals were found, is in the range of ca. 35–40 ka BP.

Broad con sis tency be tween palynological re con struc -
tions of the Youn ger Dryas/Preboreal bound ary and the cor -
re spond ing ra dio car bon ages of macrofossils were found for 
lo ca tions, where the nat u ral sed i men tary se quence for the
Late Gla cial and early Ho lo cene was not disturbed.
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