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Abstract

The radiocarbon method has been applied several times over the past three decades to determine the age of famous mammoth and
woolly rhinoceroses remnants excavated in the Starunia area, at the beginning of the 20" century. Altogether, seven laboratories from
five countries representing three different measurement techniques took part in those trials, these repeated efforts remained largely
unsuccessful. The radiocarbon ages obtained to date for five different specimens of mammoth and woolly rhinoceroses range from
ca. 14 to 47 kyr BP. This range is characteristic for the whole set of dated samples as well as for the same sample dated with different
techniques. As a result, no conclusion can be drawn so far from radiocarbon dates with respect to mutual chronology of the excavated
specimens. The peculiar nature of the dated samples (bones and soft tissue soaked with oil and brine) is the most probable reason for
serious difficulties encountered in the process of obtaining reliable radiocarbon ages. Complete removal of '*C-free hydrocarbons
from the dated samples turned out to be very difficult. Also, long-term in situ interaction between liquid hydrocarbons and organic
material leading to significant aging effect in terms of radiocarbon ages cannot be ruled out at this stage. Comparison of radiocarbon
dates obtained recently in Krakéw and Poznan suggests two probable ranges for the true age of the Starunia specimens: the range
around 42 kyr BP suggested mainly by the AMS dates, and around 26 kyr BP. Both ranges appear equally probable. Comprehensive,
systematic studies of suitable cleaning procedures for the Starunia specimens would be needed to resolve the ambiguity of currently
available ages.
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1. Introduction

Palaeontological finds in the Starunia area where earth
wax (ozokerite) had been exploited between 1868 and 1960
(Bojko, Sozanski, 2004; Alexandrowicz, 2005, this volu-
me; Koltun et al., 2005, this volume) become famous
world-wide at the beginning of 20™ century. Carcasses or
their fragments of large Pleistocene mammals excavated
there were preserved in exceptionally good state (Stach,
1930). In two campaigns in 1907 and 1929, remnants of one
woolly mammoth (Mammuthus primigenius) and four
woolly rhinoceroses (Coelodonta antiguitatis) were found,

among which one rhinoceros was in a completely-pre-
served state (Alexandrowicz, 2005, this volume; Kubiak,
Drygant, 2005, this volume). The exceptionally low degree
of degradation of organic tissues resulted from peculiar
chemical properties of the surrounding environment. Oil,
ozokerite and salty water impregnated organic material
(Tokarski, 1930; Kotarba, 2005, this volume), making it re-
sistant to decomposition by weak acids present in the soil as
well as bacteria and fungi.

Attempts to date the mammoth and rhinoceroses rem-
nants using radiocarbon technique go back to the 1970s
(Kubiak, 1971; Kubiak, 2003). New "*C datings of this exce-

Maciej J. Kotarba (ed.), 2005 — Polish and Ukrainian geological studies (2004-2005) at Starunia — the area of discoveries of woolly rhinoceroses.
Polish Geological Institute and Society of Research on Environmental Changes “Geosphere”, Warszawa-Krakow, 195-204.
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Fig. 1. Sketch-map of
the mine workings at
the Starunia site. Original
drawing by E. Panow
(after Alexandrowicz, 2004),
with indicated places of
extinct mammals findings

ptional material were undertaken in 2003, in the framework
of an interdisciplinary project aimed at comprehensive
characterization of the Starunia site and the surrounding re-
gion by providing new geophysical, geochemical and hy-
drological data related to surface appearances of oil, gas
and salty water. These fluids were crucial to preservation of
excavated fragments of Pleistocene mammals on this site.

The Starunia site is located in the region where brines
have been exploited since the 14™ century and oil was pro-
duced for local purposes. Ozokerite deposits discovered in
the 19" century became the dominant raw material exploited
on an industrial scale in this region (Alexandrowicz, 2004).

In shaft No. IV of the ozokerite mine in Starunia, at
a depth of 12.5 m, fragments of a mammoth (Mammuthus
primigenius) were found in 1907 (Fig. 1). Subsequent
works in shaft No. IV (later re-named “Mammoth Shaft™)
led to the discovery of parts of the “first” woolly rhinoceros
(Coelodonta antiquitatis), consisting of large fragments of
skeleton and soft tissue. They were discovered at a depth of
17.6m, i.e. ca. 5 m below the position of the mammoth rem-
nants. Eventually, both findings were transported to the
Dzieduszycki’s Museum (today Natural History Museum)
in Lviv where relevant preparatory and conservation treat-
ment was undertaken (Alexandowicz, 2004).

In 1928, the Polish Academy of Arts and Sciences ob-
tained funds for interdisciplinary investigations of the Sta-
runia. A new shaft was constructed under supervision of
Dr. E. Panow. About 15 m from the old shaft No. IV, a new
one was dug to a depth of ca. 18 m and a gallery joining both
shafts was cut (Fig. 1). In October, 1929, in another gallery,
at the depth ca 12.5 m, an almost complete body of the “se-
cond” woolly rhinoceros in upside down position (lying on
its back) was found (Stach, 1930). The rhinoceros was dis-
covered at a distance of 3.3 m from the “Mammoth Shaft”
(Fig. 1). In December of 1929, the rhinoceros was trans-
ported to the Museum of Physiography of the Polish Acad-
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emy of Arts and Sciences in Krakow. Detailed description
of this finding and associated research works were given by
Nowak and Panow (1930), Tokarski (1930), Szafer (1930)
and Stach (1930).

The later works revealed remnants of next, “third” rhi-
noceros specimen consisting only of bones, however in
a good state of preservation. These were placed ca. 1.5 m
above the former, “second” rhinoceros, very close to it in
a horizontal direction. Afier a careful examination of the
skeleton, some bones were found belonging to a younger
specimen that was described as “fourth” woolly rhinoceros
(Kubiak in: Alexandrowicz, 2002, Kubiak, 2003).

Pleistocene mammals excavated in Starunia are
actually stored in museums of two towns: Lviv and Krakow
(cf. Table 1). However, detailed studies on rhinoceroses
from Starunia were continued (Kubiak, Dziurdzik, 1973;
Bigaj et al.,1976; Kubiak, 1994).

2. Radiocarbon datings of mammoth
and rhinoceros remnants

The first attempts to determine the age of the remnants
of mammoth and wooly rhinoceroses excavated in the
Starunia site using the radiocarbon technique were under-
taken in the early 1970s. Soft tissue (skin) belonging to the
“second” rhinoceros was dated to ca. 23 kyr BP and 36.2
kyr BP by two different laboratories (SI, Hv — cf. Tables 1
and 2). In subsequent years, samples of mammoth as well
as the “first” and “third” rhinoceroses (both soft tissues and
bones) were dated by two other laboratories which were
using two different conventional techniques: gas propor-
tional counting (GC) and benzene synthesis followed by
liquid scintillation counting (LSC). New AMS radiocarbon
dating technique was employed in 2002. Samples of all four
rhinoceros specimens were dated by the Oxford Radiocar-
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bon Accelerator Unit. The attempt failed except for the
“first” rhinoceros for which the age of 42.1 kyr BP (BP:
before present) was obtained. In the framework of the pres-
ent study, a renewed attempt was made to date all available
material using both conventional (radiometric) and the
AMS techniques.

Table 1 summarizes the currently available information
about each specimen which was subjected to radiocarbon
dating. This table also contains names of radiocarbon labo-
ratories which were engaged in '*C analyses. As can be
seen from Table 1, seven laboratories participating in these
trials were using three different measurement techniques.
Two laboratories (Radiocarbon Laboratory, Silesian Uni-
versity of Technology, Poland (Pazdur ef al., 2003), and
Nieddersiichsiches Landesamt fiir Bodenforschung, Ger-
many), used gas proportional counters (GC), applying as a
filling gas CO; and C;H,, respectively. Benzene synthesis
followed by liquid scintillation spectrometry (LSC) was
used by three laboratories: Smithsonian Institution, Radia-
tion Biology Laboratory, '“C Laboratory, Maryland, USA;
Krakow Radiocarbon Laboratory, AGH-University of Sci-

ence and Technology, Poland (Florkowski et al., 1975;
preparatory procedure of bones after Longin, 1971 and
Arslanov, Svezhentsev, 1993) and Geological Institute of
the Russian Academy of Science, Russia (Sulerzhitsky,
1997). The accelerator mass spectrometry technique
(AMS) was applied by two laboratories: Poznaf Radiocar-
bon Laboratory, Foundation of the Adam Mickiewicz Uni-
versity, Poland (Goslar et al., 2004; preparatory procedure
of bones after Longin, 1971, Piotrowska, Goslar, 2002, and
Lanting ef al., 2001) and Oxford Radiocarbon Accelerator
Unit, Research Laboratory for Archaeology and History of
Art., England (Ramsey et al., 2004).

Table 2 summarizes all radiocarbon dates available to
date for mammoth and rhinoceroses remnants from the
Starunia excavation site. For remnants of Mammuthus
primigenius three different radiocarbon dates were obtained
by three laboratories: 22.6 kyr BP, 35.1 kyr BP and 45
kyr BP. The first two were obtained for soft tissue whereas
the last one is related to bone (collagen fraction).

The “first” woolly rhinoceros was dated by two labora-
tories which reported ages of 14.17 kyr BP and 42.15 kyr

Table 1
Material available for radiocarbon dating from the Starunia excavation area
- Type
0?.7:; r:)g;':; Place of storage of dated Dating laboratory Lat;onrgéory Remarks
material
Mammuthus primigenius| Museum of Natural soft tissue | Radiocarbon Laboratory, Silesian Gd parts of skeleton,
(woolly mammoth) Sciences, University of Technology, Poland skin, muscle,
Lviv, Ukraine soft tissue | Geological Institute, GIN shafl No. IV,
Russian Academy of Sciences, Russia depth: 12.5 m,
bone, part | Poznan Radiocarbon Laboratory, Poz found: autumn 1907
of vertebra| Foundation of the Adam Mickiewicz
University, Poland
Coelodonta antiquitatis | Museum of Natural soft tissue | Radiocarbon Laboratory, Silesian Gd anterior part of body,
(“first” woolly Sciences, University of Technology, Poland shaft No. 4,
rhinoceros) Lviv, Ukraine soft tissue | Oxford Radiocarbon Accelerator OxA depth: 17.5 m,
Unit, Research Laboratory found: November, 1907
for Archaeology and History
of Art., En&land
Coelodonta antiquitatis | Polish Academy soft tissue | Smithsonian Institution, Radiation Sl complete specimen,
(“second” woolly of Sciences, Biology Laboratory, C"*Laboratory, underground gallery,
rhinoceros) Krakow, Poland Maryland, USA depth: 12.5 m,
soft tissue | "*C- und *H-Laboratorium, Niedder-| Hy found: October 23, 1929
siichsiches Landesamt fiir Bodenfor-
schung, Hannover, Germany
soft tissue | Poznan Radiocarbon Laboratory, Poz
Foundation of the Adam Mickiewicz
University, Poland
soft tissue | Krakéw Radiocarbon Laboratory, KR
AGH-University of Science
and Technology, Poland
Coelodonta antiquitatis | Polish Academy bone, part | Poznan Radiocarbon Laboratory, Poz bones, major part
“third” woolly of Sciences, of arip Foundation of the Adam Mickiewicz of skeleton
rhinoceros) Krakoéw, Poland University, Poland underground gallery,
Krakow Radiocarbon Laboratory, KR depth: 11.0m,
AGH-University of Science found: 1929,
and Technology, Poland after October 23,
Coelodonta antiquitatis | Polish Academy bone, Poznan Radiocarbon Laboratory, Poz bones, small fragments
(“fourth™ woolly of Sciences, part of Foundation of the Adam Mickiewicz underground gallery,
rhinoceros) Krakdéw, Poland a shoulder- | University, Poland depth; 11,0 m,
-blade found: 1929,
after October 23,
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Table 2

Radiocarbon ages of remnants of a mammoth and woolly rhinoceroses, excavated in the Starunia area

Code
: Type Dating Laboratory Radiocarbon age
Dated specimen g o of the laboratory 2
of tissue dated Iyear of dating/ method sample code (yr BP)
Mammuthus primigenius soft tissue Gd/2001 GC Gd-17077 22,610 + 3,400
{woolly mammoth) -2,380
soft tissue GIN/1997 LSC(?) GIN-6633 35,100 £1,000
bone, part of vertebra Poz/2005 AMS Poz-11347 45,000 +£2,000
Coelodonta antiquitatis bone, part of skull Gd/2001 GC Gd-16065 14,140 +480
(“first” woolly rhinoceros) Gd/2001 Gd-17061 14,200 +490
weighted mean:
14,170 +£340
soft tissue OxA /2002 AMS OxA-11413" | 42,150 +750
Coelodonta antiquitatis soft tissue SI/1971 LSC(?) S1-642 23,000 +(ns)
(“second” woolly rhinoceros) soft tissue (skin) Hv/1974 GC Hv-5989 36,250 +815%)
collagen? 23,255 + (ns)
soft tissue Poz/2005 AMS Poz-11348 47,000 £3,000
soft tissue KR/2005 LSC KR-200 26,750 +450
Coelodonta antiquitatis bone (collagen) Gd/2001 GC Gd-15241 18,440 £310
(“third” woolly rhinoceros) part of a rip (collagen) Poz/2005 AMS Poz-11349 41,600 +1,400
(carbonate fraction) Poz-11441 26,590 190
part of a rip (collagen) KR/2005 LSC KR-201 39,700 42,500
Coelodonta antiquitatis part of a shoulder-blade P0z/2005 AMS Poz-11350 40,300 +1,200
(“*fourth” woolly rhinoceros) (collagen)

GC: gas counters; LSC: liquid scintillation counters; AMS: accelerator mass spectrometry;
ns:  not specified; !’ — dating of rhinoceroses “second”, “third” and “fourth” (three samples) failed;

2 dated soft tissue not treated chemically.

BP. Four laboratories dated remnants of the “second”
woolly rhinoceros and from five dates obtained, three are in
the range: 23.0-26.75 kyr BP. The remaining two reveal
older ages: 36.2 kyr BP and 47 kyr BP. In all cases except
one, the dated sample was soft tissue. According to the
comment made by laboratory manager on the data report-
ing sheet, the age of 23.2 kyr BP which was obtained for
collagen fraction could be too young as a result of contami-
nation by ethyl alcohol during sample preparation proce-
dure. However, the lack of appropriate documentation does
not allow to state beyond any doubt that collagen extracted
from bone sample was indeed dated in this case. The AMS
date (47 kyr BP) turned out to be the oldest one for this
specimen.

Three laboratories dated bones of the “third” and
“fourth” woolly rhinoceroses that were deposited in one
place. The ages obtained for collagen fraction range be-
tween 18.4 kyr BP and 41.6 kyr BP. The AMS laboratory
dated two fractions of the same sample: organic (collagen)
and inorganic (carbonate). The carbonate fraction gave the
age 0f 26.5 kys BP while collagen fraction turned out to be
much older (41.6 kyr BP).

3. Discussion
The whole set of '*C results obtained to date is very con-

fusing. The ranges of results obtained for a single specimen
are extremely wide, and there is no doubt that most of the

198

dates $iven in Table 2 are wrong. Appearance of not ade-
quate *C dates is a common problem in '*C dating (as re-
cently assessed by Buck er al., 2003). On average, it con-
cerns ca. 10% of dated samples and is caused by non-repre-
sentativeness of samples for the dated event, and to a lesser
extent, by gross errors made during sample preparation. If
groups of related dates are available, wrong results appear
as outliers, and they can be easily detected and rejected.
However, in the set of samples from Starunia, no order of
such a type can be found.

At the first glance one can note that '*C results obtained
at the AMS laboratories are older than those from the GC or
LSC labs. This regularity is broken only in the case of the
“third” rhinoceros, where one AMS date agrees well with
the date obtained by LSC lab, while the second one (for the
carbonate fraction) is distinctly younger. One can also note
that the AMS dates of different specimens roughly agree
with one another (except one date obtained on the carbo-
nate fraction), while the dates obtained by conventional
laboratories (GC and LSC) have a much greater scatter.

The radiocarbon dating method is based on determina-
tion of "*C concentration or specific activity of carbon in the
investigated material with the highest possible precision.
Decades of experience of ' *C laboratories all over the world
show with no doubt that application of different techniques
of '*C measurement does not cause systematic differences
of "*C results. Thus, the basic problem lies outside the mea-
surement technique of *C, i.e. in selecting adequate car-
bon-bearing compound(s) which are to be dated and to sepa-
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rate them from the “raw”
sample. During the first de-
cades of application of ''C
dating, bones remained one
of the most problematic ma-
terials, since most of the or-
ganic fraction of fossil bones
buried in sediments appear
susceptible to exchange of
carbon with the ambient mat-
ter. It is now widely accepted
that such exchange does not
affect collagen, and this is the
collagen fraction, which is
nowadays commonly used
for '*C dating of bones in
most laboratories. However,
collagen undergoes degrada-
tion and its content in bone is
decreasing with time until it
entirely disappears. On the
other hand, procedures for
collagen extraction (Longin,
1971; Piotrowska, Goslar,
2002) are not ideal, and if col-
lagen content in the sample is
very low, concentration of
other compounds (amino
acids, etc.) in the extract may
become significant and the
resulting "*C age of this frac-
tion may be seriously biased.
Anyway, the collagen con-
tent in the analysed samples
was quite high. Photo 1
shows the bone fragment and
the extracted collagen (ca. 5%
of the total mass of the sam-
ple) for “third” rhinoceros,
dated by the Krakoéw Radio-
carbon Laboratory.

The material available
from the Starunia excavation
site constitutes an example of
exceptional difficulties one
can face at the stage of sam-
ple preparation for '*C activi-
ty measurement, The mam-
moth and rhinoceroses rem-
nants were buried for thou-
sands of years in a peculiar
environment where oil and
earth wax were present. In
addition, concentrated bri-
nes commonly occurring in
the area could have pene-
trated into the dated material.
Photo 2 shows soft tissue of
the “second” rhinoceros, rep-

Photo 1. The rip fragment of the “third” woolly rhinoceros with well pronounced spongy

structure of inner part. Extracted collagen in dry form is shown on the right side.
Photo by T. Kue

Photo 2. The soft tissue (skin and muscles) of the “second” woolly rhinoceros before
preparation. Tissue looses its dark-brown colour after washing in organic solvents.
Photo by T. Kue

199



Tadeusz Kuc et al.

resented by skin and underlying muscles. It is dark-brown in
colour and the presence of hydrocarbons could be confirmed
even by their specific smell. Washing in organic solvents
caused a change of colour to light brown and made the
structure of tissue much more brittle. Oil and bitumens
extracted from vertebra of the rhinoceros found in 1929 to-
gether with oil from surface seepage in the vicinity of
Starunia were matter of detailed study (Kotarba, 2002)
which confirmed impregnation of the carcasses by hydro-
carbons from local sources.

Since oil is obviously free of radiocarbon, the specific
problem of vital importance for Starunia samples is to com-
plete removal of contamination by dead carbon of allochto-
nous origin. Incomplete removal of '*C-free hydrocarbons
from the dated material would then results in too high ages.
Due to this fact, the procedure of removal of hydrocarbons
is critical for reliable dating of the Starunia samples.

Unlike extraction of collagen, removal of hydrocarbons
is not a standard procedure of sample pre-treatment for '*C
dating. Unfortunately, the reports of previous dating at-
tempts of the Starunia specimens do not contain informa-
tion on methods applied to remove hydrocarbons from the
dated samples. Therefore, in further discussion we focus
mainly on dates obtained recently in Krakéw and Poznan,
where procedures for hydrocarbon removal were strictly
controlled.

In both laboratories removal of hydrocarbons was ac-
complished by washing the samples in benzene. Several
(4-5) steps of washing were applied. After each step, the
solution was removed and a new portion of solvent was
used. In Poznan, each step took ca. 20 hours (full time of
treatment ca. 5 days). In Krakéw, each step took 15-20
minutes only, so the full procedure lasted approximately
2 hours. The effect of solvent was evident (especially in the
first step), as it was gradually turned to yellow and light
brown. In subsequent steps, coloration of the solvent was
weaker and weaker. At the end, the remains of benzene
were washed out with acetone (several times), and the ace-
tone was thoroughly washed out with water.

In light of the procedures described above, the results
obtained in Krakow and Poznan are rather puzzling. One
date from Krakéw, of the bone of “third” rhinoceros
(39,700 2,500 BP), agrees well with the result obtained in
Poznan (41,600 £1,400 BP). Both dates were obtained on
the collagen fraction. However, the dates obtained by both
laboratories on skin and soft tissue of the “second” rhinoce-
ros differ significantly (26,750 £450 BP and 47,000 3,000
BP for Krakéw and Poznan, respectively). At first glance,
the difference between these two dates could be associated
with different durations of hydrocarbon removal proce-
dures. Indeed, the coloration of benzene during treatment of
soft tissue of the “second” rhinoceros was very strong; in
Poznan it became invisible only in the 4" step, and in
Krakéw in the 3" step. Thus it is possible that hydrocarbons
were removed to a lesser degree in the Krakéw laboratory
than in Poznari. On the other hand, benzene coloration with
bones of the “third” rhinoceros was very weak, suggesting
no distinct differences in degree of hydrocarbon removal
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which seems to explain good agreement of both 'C dates in
that case.

However, the hypothesis that the Poznan sample of the
“second” rhinoceros was cleaned more effectively than in
Krakéw does not hold with the assumption that hydrocar-
bon contamination was free of '*C. In fact, the dates from
Poznan, where the procedure of hydrocarbon removal was
especially rigid and long-lasting, are in general older (not
younger) than the results obtained in other laboratories.
This means that either the hydrocarbons washed-out in
Poznan were young (in terms of '%C age), or the 5-days-
-long washing introduced contamination with '*C-free ben-
zene. Both possibilities are difficult to accept. Though no
direct "*C measurements were made on oil and earth wax
present in the Starunia site, it seems very unlikely that its
carbon contains any traces of '*C. “Young” hydrocarbons
(i.e., containing significant amounts of "*C) could be easily
introduced after excavation, during conservation treatment.
However, '*C dated fragments of skin and soft tissue of the
“second” rhinoceros had never been conserved with car-
bon-bearing reagents (H. Kubiak, private information).
The second possibility, that the samples were contaminated
by benzene, is also very unlikely. Indeed, to alter '*C age
from ca. 26 kyr (as dated in Krakow) to more than 41 kyr (as
measured in Poznan), '*C-free (benzene) contamination
should contribute 85% of the total mass of carbon. In fact,
the reverse effect (alteration of '“C age from 41-26 kyr) is
much easier to imagine, as it requires only 3% contamina-
tion with modern carbon.

The Poznari '*C date of the carbonate fraction from
bone of the “third” rhinoceros (preparation of carbonate af-
ter Lanting er al., 2001) constitutes an additional puzzle.
This date (26,590 +190 BP) is much younger than the dates
obtained on the collagen fraction by the AMS and LSC
technique, but it perfectly agrees with the Krakow date for
skin and soft tissue of the “second” rhinoceros
(26,750 +450 BP). The '*C date of the carbonate fraction
should not be affected by hydrocarbons, although the pro-
cedure of hydrocarbons removal was applied also to this
sample. Consequently, this result could be regarded as
more reliable. It is thus tempting to accept ca. 26 kyr BP as
the true age of the Starunia specimens. However, it is diffi-
cult to imagine that the benzene washing applied in Krakow
to soft tissue of the “second” rhinoceros was successful,
whereas it failed in the case of bone of the “third” rhinoce-
ros, which contained much less hydrocarbons. It is also dif-
ficult to imagine that the “weaker” benzene washing ap-
plied in Krakéw was more effective that the stronger wash-
ing applied in Poznan. Therefore, the coincidence of the
above mentioned results should be regarded for the time be-
ing as accidental.

The "C dates of carbonate fraction of bones are conside-
red reliable if no secondary carbonate was precipitated
within bone structure. Therefore, carbonate fraction cannot
be dated if the bones were buried in contact with groundwa-
ter rich in carbonate ions. However, it is very unlikely that
such a process was taking place at the Starunia site due to
a perfect isolation of the dated specimens from active
groundwater circulation. However, after excavation,
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the bones have been stored in air for almost 100 years, in
conditions of uncontrolled humidity. In such conditions,
some exchange of carbon between bone carbonate and at-
mospheric CO; characterized by high '*C levels cannot be
excluded. This process, if occuring, would lead to younger
apparent ages of carbonate fraction.

It is also not clear how collagen behaves in such a uni-
que environment for periods of time extending to thousands
of years. For instance, it is not unreasonable to imagine
a possibility of interaction/exchange between liquid hydro-
carbons penetrating the buried bones and collagen, even-
tually leading to replacement of carbon in some functional
groups within the collagen structure. However, the exis-
tence of such an effect can only be proved or rejected by
further detailed studies. On the other hand, relatively low
ages obtained for some samples seem to preclude such
a possibility.

4. Conclusions

Renewed attempts have been made over the past three
decades to determine the radiocarbon age of famous mam-
moth and four woolly rhinoceroses remnants excavated in
the Starunia area at the beginning of the 20" century. Alto-
gether, seven laboratories from five countries took part in
those trials using three different measurement techniques.
In spite of a great effort, these efforts appeared to be largely
unsuccessful.

The radiocarbon ages obtained to date for five different
specimens described in detail in Table 1 range from ca.
1447 kyr BP. This range is characteristic of the whole set
of dated samples as well as for the same material dated by
different techniques (“second” rhinoceros). It is, therefore,
evident that no conclusion can be drawn so far from radio-
carbon dates with respect to mutual chronology of the exca-
vated specimens.

The peculiar nature of the dated samples (bones and soft
tissue soaked with oil and brine) is the most probable reason
for serious difficulties encountered in the process of obtain-
ing reliable radiocarbon ages. Complete removal of "*C-free
hydrocarbons from the dated samples turned out to be very
difficult and so far no procedure was applied to control the
degree of this removal. Also, long-term (millennia) in situ
interaction between liquid hydrocarbons and organic mate-
rial leading to significant aging effects in terms of radiocar-
bon ages cannot be ruled out at this stage.

Comparison of radiocarbon dates obtained recently in
Krakéw and Poznan (Table 2) suggests two probable ran-
ges for the true age of the Starunia specimens. The range
around 42,000 years is suggested by the AMS dates (three
dates on collagen fraction and one on soft tissue obtained in
Poznan, plus one date obtained in Oxford), in agreement
with the Krakéw date of collagen fraction obtained for the
“third” rhinoceros. On the other hand, the second date from
Krakow (soft tissue of ““second” rhinoceros), in close agree-
ment with the Poznan date of the carbonate fraction (bone
of “third” rhinoceros), suggest that the findings from Sta-
runia are ca. 26,000 years old. Whichever option is true,
mechanisms responsible for occurrence of contradictory

dates are far from being understood. Therefore, compre-
hensive systematic studies of the nature of contamination
occuring in the case of the Starunia specimens are needed.
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Datowania metodg '*C szczatkéw nosorozcéw wlochatych i mamuta ze Staruni
(region podkarpacki, Ukraina)

Streszczenie

Metoda radioweglowa byta kilkakrotnie stosowana w ciagu ostatnich trzydziestu lat do okre$lenia wicku szczatkéw mamuta
i czterech nosorozcéw wilochatych znalezionych na terenie Staruni. Ogélem siedem laboratoriéw reprezentujacych trzy rozne
techniki pomiarowe wziglo udzial w tych badaniach. Niestety, dotychczasowe wysitki nie zostaty uwienczone sukcesem. Wiek
radioweglowy uzyskany do chwili obecnej dla pigciu réznych osobnikéw wykopanych na terenie Staruni miesci si¢ w przedziale
miedzy 14 a47 tys. lat radiowgglowych. Ten rozrzut charakteryzuje zaréwno caly zbior uzyskanych dat, jak i daty uzyskane réznymi
metodami dla tego samego materiatu. Stad, jak na razie nie mozna wyciagna¢ zadnych wnioskéw co do wzajemnej chronologii
badanego materiatu. Specyficzne warunki w jakich przebywaty znalezione fragmenty oraz kompletny nosorozec wiochaty (ity
przesiaknigte ropa i solanka) sa najbardziej prawdopodobna przyczyna trudnosci w uzyskaniu dat radioweglowych wiarygodnie
okreslajacych wiek. Catkowite usunigcie ropy z badanych prébek okazato si¢ bardzo trudne. Réwniez, dlugotrwate oddziatywanie
ropy na sktadniki organiczne (migénie, skora, kolagen) in situ, z ewentualna wymiana grup funkcjonalnych zawierajacych wegiel,
moglto doprowadzi¢ do sztucznego zawyzenia wieku badanej frakcji organicznej. Poréwnanie datowan wykonanych ostatnio
w laboratoriach radiowgglowych w Krakowie i w Poznaniu sugeruje dwa prawdopodobne przedziaty wiekowe dla znalezisk
staruniskich: okolo 42 tys. lat, wynikajace gléwnie z datowan wykonanych technika AMS, oraz okolo 26 tys. lat radiowgglowych.
Oba przedziaty wiekowe s4 jednakowo prawdopodobne. Wiarygodnego rozstrzygnigcia obecnego dylematu niejednoznacznosci
datowan radioweglowych szczatkéw mamuta i nosorozcéw wlochatych znalezionych na terenie Staruni moga dostarczy¢ jedynie
systematyczne studia natury i stopnia kontaminacji tego materiatu.
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Jlatysanns meronom '*C ocrankis BonoxaTHx HocoporiB i MamonTa i3 Crapyni
(nepeaxapnarcokuii perion, Ykpaina)

Pe3iome

Paniosyrneuesuii Meton 6yB 3acTocOBaHHMI JeKibKa pa3iB NPOTATOM OCTAHHIX TPHALATH POKIB /1A BU3HAYEHHA BiKY OCTaHKIB
MAMOHTA i YOTHPBOX BOJIOXATHX HOCOPOriB, 3Halinennx B padioni CrapyHi. 3araiom B UMX JOCTIKEHHSX BIANH Y4acTh CiM
naboparopiii, ki npeacTaBnANM TPH pisHi MeToAHKH 3aMipis. Haxanb, Bei 3ycHiuis goci He yBiHYanucs ycrixom. BusnaueHHs
pafioByrieLesoro BiKy, ojiepkaHi Ha CbOTOAHIWIHIA JeHb JUIA MATH PI3HHX €K3eMIIApIB, BHKONMaHWX B pailoni Crapyhi,
3HAXO/ATHCA B flianazoHi Mixk 14 i47 tuc. pagiosyrneuesux pokis. Lleil nianazon xapaktepusye Ak Uinui pa oaep)KaHKX JaTyBaHb,
TaK i aTYBaHHA, O/lepXKaHi PIHUMH METOAMH /1 OJHOT'O i TOT'0 3K MaTepiaiy. 13 LMX JAHHX NMOKH WO HE MOXKHA 3pOGHTH IKOJHHX
BMCHOBKIB 1110710 B3a€MHOI XpOHOJIOTT A0CiKyBaHoro matepiany. Cneundivuni ymosu, B akux nepeGysany 3HaiifeHi GpparMesTH i
uinuii Bonoxaruit Hocopir (FHHH, MPOCAKHYTI HAPTOIO | PO3COOM) € HAINPABAONOAIGHIMIOK NPHYHHOIO TPYAHOLLIB B 0AEPIKAHHI
panioByrneneBHx 1aTyBaHb, Aki 6 BiporigHo nokasysanu Bik. LlinkoM ycyHyTH HadTy i3 Jochi/pKyBaHHX Npo6 BHABHIOCH dykKe
BaxKo. Takox J0BroTpHBaiuii BIMB HadTH HA opraHivHi CKNagHAKK (M'A3M, WKipa, KOJAreH) in sifu, 3 AMOBIPHOIO 3MIHOIO
(DyHKUiOHANLHUX IPYT, 10 BMIlLYIOTh BYTJIElb, Ml IPHBECTH 10 LUTYYHOTO 3aBHIIEHHA BiKY JA0C/IKYBaHOT opranigHol hpaxiii.
[TopiBHAHHA AaTyBaHb, BAKOHAHHX HeJlABHO B paaioByrieuesux naboparopiax B Kpakosi i 8 [Tosnani nokasye qsa npasgononi6Hux
3HAYEHHA BiKY JUIS CTAPYHCHKHX 3HaXinok: 6nuabko 42 THC. pokis, K NOKa3ylOTh B OCHOBHOMY AaTyBaHHA, BHKOHAHI TEXHIKOW
AMS, i 26 Tuc. paniosyrieuesHx pokis. O611Ba 3Ha4eHHA BiKy € 0JJHAKOBO rpasaonoibuuMu. Biporiasoro BupitueHHs icHy10401
JAMIEMH HEOMHO3HAYHOCTI PaliOBYI/IELEBHX aTyBaHb OCTAHKIB MAMOHTA i BOJIOXaTHX HOCOPOT'iB, 3HalileHHX B paiioni Ctapyni,
MOMHA JOCATHYTH JIHLLE IUIAXOM CHCTEMATHYHOTO BHBYEHHSA IIPHPOAM i CTYNEHS KOHTAMiHAWIT UbOro Matepiany.



