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Ab stract
This chap ter re ports on 29 ra dio car bon dates from Mid dle and Up per Paleolithic lay ers at Klissoura 1 Cave. All but

two of the dates were ob tained from ma te rial iden ti fied as wood char coal. Both stan dard ABA and more strin gent ABOX
pre-treat ment pro to cols were used for char coal sam ples. The ra dio car bon dates from the Aurig na cian of lay ers IIIe–g and
IV show gen eral strati graphic con sis tency, and fit with pub lished ages from other Aurig na cian as sem blages in the Bal -
kans. Age es ti mates for layer V, as so ci ated with the early Up per Paleolithic Uluzzian as sem blage, are am big u ous. Sev eral
sam ples de rived from this layer pro vide an oma lously re cent ages. One ra dio car bon de ter mi na tion, along the pres ence of
(as yet uncharacterized) vol ca nic tephras in layer IV sug gest that it could date to 40 kyrs BP or ear lier. Dates on ABOX
pretreated sam ples from Mous terian lay ers in di cate that lay ers XVIII and XX date to 60–62 kyrs BP, al though these
should be con sid ered min i mum ages.

Key words: Aurig na cian, Uluzzian, AMS dat ing, ABOX pre treat ment, anthracology, Mid dle-Up per Paleolithic tran si -
tion.

IN TRO DUC TION

This chap ter re ports the re sults of an ex ten -
sive pro gram of ra dio car bon dat ing on the Mid dle 
and early Up per Paleolithic at Klissoura 1 Cave.
Klissoura Cave con tains the lon gest and most
com plete se quence of Mid dle and early Up per
Paleolithic ar chae o log i cal ho ri zons in Greece,
and one of the lon gest se quences in south ern Eu -
rope. Ra dio met ric dat ing re sults from the site are
of con sid er able in ter est with re spect to tran si tion
from Mid dle to Up per Paleolithic in south ern Eu -
rope, as well as for un der stand ing the chro nol ogy
of the Aurig na cian in the re gion.

Ta ble 1 shows re sults for 29 ra dio car bon
sam ples col lected from the Up per and Mid dle
Paleolithic lay ers at Klissoura 1 Cave. All but two 
of the re ported dates were ob tained on char coal,

or ma te rial iden ti fied in the field as char coal. In
some cases the char coal sam ples could ac tu ally be 
as signed to a ge nus or fam ily of tree (Ntinou, this
is sue). The ex cep tions are two sam ples of land
snail shell from layer 6a.

A large se ries of dates on soil car bon ates, re -
ported in an ear lier pub li ca tion (Koumouzelis et
al., 2001a: tab. 1), is not pre sented here. The car -
bon ate dates are con sis tently more re cent than the
dates ob tained from snail shell or char coal from
the same lev els. The na ture and or i gin of the car -
bon ates dated is not en tirely clear. The ma jor ity of 
the cal car e ous ma te rial in Klissoura con sists of
ash and some quan ti ties of lime stone clastic ma te -
rial from the walls of the cave (Karkanas, this is -
sue), so the car bon ates pre sum ably de rive from
calcitic ash. Micromorphological stud ies have
shown that re-crys tal li za tion of ash is gen er ally



min i mal at Klissoura but does vary lo cally. Sta ble
iso tope anal y ses of the dated car bon ate sam ples
does sug gest that there was some re-crys tal li za -
tion of the sam ples dated. Val ues for d13C vary
from –26.4 to –14.66 (‰PDB), and d18O values
range from –15.99 to –4.54 (‰PDB) (Koumo-
uzelis et al., 2001b). Two pub lished iso to pic anal -
y ses of mod ern ash sam ples gave –22.37 and
–24.54 d13C (‰PDB) and –16.44 and – 17.33
d18O (‰PDB) re spec tively (Karkanas et al.,
2007; Shahack-Gross et al., 2008). Such low val -

ues are ex pected dur ing the pro cess of ash for ma -
tion and are com pa ra ble to those for more ex ten -
sively stud ied lime mor tar, which ab sorbs CO2

from the at mo sphere in a sim i lar way. Geogenic
cal cite, com ing di rectly from lime stone or chem i -
cally pre cip i tated, would shift the orig i nal ash val -
ues higher. The re ported val ues from Klissoura do 
show such a trend, im ply ing that some re-crys tal -
li za tion has oc curred, and/or that there has been
mix ing with some clastic cal cite. How ever, be -
cause the amount of re-crys tal li za tion or mix ing
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Ta ble 1
Ra dio car bon dates on char coal and shell from Klissoura 1 Cave

ma te rial lab sam ple no. method
pre-

treat ment
Layer

raw
14C age

1s
CalPal
14C age

sigma

C Gd 11546 con ven tional ABA 6a 22370 270 26974 611

S Gd 7994 con ven tional 6a 23800 400 28732 511

S Gd 7996 con ven tional 6a 27200 500 31901 435

C* RTT 4793 AMS ABA 6a up per 28600 350 33058 506

C* RTT 4792 AMS ABA 6a up per 29150 340 33577 400

C Gd 15349 con ven tional ABA III' 23000 540 27566 690

C AA 73821 AMS ABOX III' 31460 210 35381 416

C Gd 15351 con ven tional ABA III" 24820 520 28583 675

C* RTT 4788+ AMS ABA IIIe' 22270 160 26884 579

C* RTT 4786 AMS ABA IIIg 30925 420 35052 444

C Gd 7893 con ven tional ABA IIIg 31400 1000 35979 1250

C AA 73817 AMS ABOX IIIe-g 31630 250 35548 472

C Gd 7892 con ven tional ABA IIIe-g 34700 1600 39141 1869

C Gd 9688+ con ven tional ABA IV 22500 1000 26889 1253

C GdA 228 con ven tional ABA IV 31150 480 35232 506

C Gd 10562 con ven tional ABA IV 32400 600 36920 980

C* AA 75629 AMS ABOX IV/V 32690 110 37225 644

C* AA 75628 AMS ABOX IV/V 33150 120 37655 613

C* RTT 4790 AMS ABA V up per 29660 360 33914 373

C* RTT 4791 AMS ABA V up per 30774 410 34957 438

C Gd 10714 con ven tional ABA V >30800 >34930

C Gd 10715 con ven tional ABA V >31100 >35098

C Gif 99168 AMS ABA V 40100 740 43841 764

C* AA 73819 AMS ABOX VI 40920 580 44433 841

C* AA 73818 AMS ABOX VI 41480 810 44990 934

C* AA 73820 AMS ABOX VII 48990 1770 53637 3135

C* AA 75630 AMS ABOX XVIII 56140 1450 NA

C* AA 75631 AMS ABOX XVIII 62290 3930 NA

C* AA 75632 AMS ABOX XXc 60250 2700 NA

Key: Ma te rial: C= car bon, S= land snail; sam ples marked with * were iden ti fied as wood char coal. Sam ple no.: sam ples marked
with + showed very low car bon con tent, un re li able re sults. Pre-treat ment: ABA = stan dard acid/base/acid; ABOX = step-heated
wet ox i da tion. Lab o ra tory ab bre vi a tions: AA = Ar i zona/NSF (USA); Gd = Gliwice (Po land); Gif = Gif sur Yvette (France); RTT
=  Weizmann In sti tute of Sci ence (Is rael)



can not be eval u ated, the ages of the car bon ate
sam ples can be only con sid ered rough min i mum
age es ti mates.

Ta ble 1 also con tains ”cal i brated” ra dio car -
bon ages gen er ated us ing the CalPal on line pro -
gram, and cal i brated ac cord ing to the CalPal2007
HULU curve (May, 2009), which is based in large 
part on re sults of Fair banks et al. (2005). These
cal i brated ages use the cor rect half-life of 14C of
5730 years (ra dio car bon ages are cal cu lated us ing 
the Libby half-life of 5568 years), and ac count for 
changes in the 14C ac tiv ity of the at mo sphere
through time. In the ab sence of a uni ver sally ac -
cepted cal i bra tion curve for the pe riod be fore
26,000 BP, and in the face of con tin u ing un cer -
tain ties about se vere fluc tu a tions in at mo spheric
14C in the pe riod be tween 30,000 and 40,000
years ago (Beck et al., 2001; Conard and Bolus,
2003; Fair banks et al., 2005; Giaccio et al., 2006;
but com pare Higham et al., 2009), the cal i brated
re sults should be treated with cau tion. They are
use ful as es ti mates of the true age of sam ples, but
close com par i sons with other age es ti mates, es pe -
cially those pro duced us ing other cal i bra tion
curves, may be mis lead ing. Thus, dis cus sions be -
low re fer to un cor rected ra dio car bon ages un less
oth er wise noted.

Ra dio car bon ages from Klissoura 1 Cave in -
cludes dates ob tained from four dif fer ent lab o ra -
to ries, us ing both con ven tional and AMS count -
ing meth ods, and two dif fer ent tech niques of pre-
treat ment: ABA (acid/base/acid) treat ment, and
the more strin gent ABOX tech nique. The ABOX
method in volves wet ox i da tion and step-heat ing
of sam ples. The ABOX method, de vel oped by
Bird and col leagues (Bird et al., 1999) elim i nates
a sub stan tially larger per cent age of re cent con -
tam i nants from the sam ple than con ven tional
ABA treat ment and prom ises more ac cu rate and
older age es ti mates from very old sam ples with
low re sid ual 14C. In ad di tion, the ABOX sam ples
were pro cessed on an ul tra-clean vac uum line
ded i cated to very old 14C sam ples with low re sid -
ual ac tiv ity, which re duces po ten tial prob lems as -
so ci ated with cross-con tam i na tion be tween sam -
ples (Pigati et al., 2007).

Age es ti mates from lay ers IIIe–g, and IV,
which rep re sent the middle and early Aurig na cian 
are rel a tively con sis tent. They show a gen er ally
monotonic trend of in creas ing age, from 31–34
14C kyrs BP in layer IIIe–g to 32–33 14C kyrs BP
in layer IV (Figs 1 and 2). The en tire Aurig na cian
se quence ap pears to have been cre ated be tween
roughly 31,000 and 33,000 14C kyrs BP, cor re -
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Fig. 1. Ra dio car bon ages from Klissoura 1 Cave. Hor i zon tal bars = 1 sigma. Light gray hol low sym bols de note
prob lem atic sam ples or min i mum age es ti mates



spond ing with an in ter val of roughly 35,000–
37,500 cal i brated yrs BP.

As is typ i cal of any large group of ra dio car -
bon ages from the early Up per Paleolithic, there
are some anom a lies in the dates for the Aurig na -
cian at Klissoura 1. One spec i men from layer
IIIe–g (Gd7892), dated us ing con ven tional count -
ing meth ods, yielded an un ex pect edly early age
es ti mate (34,700 ± 1600). We note that this date
has a very large un cer tainty (ó=1600), and over -
laps with ranges for other es ti mates from lay ers
IIIe–g and IV at the 2s con fi dence level.

Four ra dio car bon dates ob tained from lay ers
III”, III’, IIIe–g, and IV are an oma lously young.
One of these sam ples (GD9688) was iden ti fied as
hav ing crit i cally low car bon weights in the lab
and an other one was con tam i nated by fungi (RTT
4788); the age es ti mates are there fore sus pect.
How ever, there is no ev i dence that the other anom -
a lous dates from lay ers III’ and III” (Gd 15349, Gd 
15351) were based on problematic sam ples. We
spec u late that these un ex pect edly re cent ages rep -
re sent small frag ments of char coal in cor po rated
from more re cent de pos its. The Up per Paleolithic
lay ers at Klissoura 1 Cave are dom i nated by

anthropogenic for ma tion pro cesses (Karkanas,
this is sue). Nu mer ous shal low hearths and some
pits were ex ca vated by the in hab it ants of the cave, 
and some lo cal ized bioturbation is ap par ent (Kar-
kanas, this is sue). Pro cesses such as these could
have dis placed some char coal frag ments. Layer
6a is a case in point. The ma te rial from this layer,
orig i nally iden ti fied as Aurig na cian, was de ter -
mined to be in sec ond ary po si tion. The pres ence
of ra dio car bon sam ples with ages rang ing from
22,370 ± 270 to 29,150 ± 340 in layer 6a un doubt -
edly re flects a mix ing of ma te ri als from dif fer ent
de pos its by anthropogenic pro cesses.

Layer V con tains the early Up per Paleolithic
as sem blages with splint ered pieces, backed cres -
cents and other geo met ric forms, orig i nally iden ti -
fied as Uluzzian. The age of this as sem blage is of
con sid er able in ter est with re spect to un der stand -
ing the tim ing of the Mid dle-Up per Paleolithic
tran si tion in Greece and south ern Eu rope. This is
the only stratigraphically sealed EUP assembla-
ges with geometrics known out side of It aly, and
one of very few as sem blages sit u ated out side the
south ern ex treme the Ital ian pen in sula. Un der -
stand ing its chro no log i cal re la tion ship to sim i lar
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Fig. 2. Cal i brated ra dio car bon ages from Klissoura 1 Cave. Hor i zon tal bars = 1 sigma. Light gray hol low sym -
bols de note prob lem atic sam ples or min i mum age es ti mates. (Note that the CalPal pro gram does not pro vide cal i -
brated ages be yond 50,000 ra dio car bon years. There fore the sam ples from lay ers XVII and XXc are plot ted in the
same po si tion as in Fig. 1)



as sem blages in It aly there fore is im por tant to re -
con struct ing the his tory and dis tri bu tion of so-
called “tran si tional” as sem blages in south ern Eu -
rope, and ul ti mately in as sess ing be hav ioral evo -
lu tion at the in ter face be tween later Mid dle and
early Up per Paleolithic.

Un for tu nately, the ra dio car bon re sults pro -
vide am big u ous es ti mates for the age of layer V.
Four of the five 14C ages from this layer (in clud -
ing two min i mum age de ter mi na tions) are an oma -
lously young, in the range of 30–32 kyrs BP.
These age es ti mates ac tu ally rep re sent a re ver sal
in the oth er wise well-be haved Up per Paleolithic
se quence, as they are youn ger than ages ob tained
from the over ly ing layer IV and are more in line
with es ti mates from layer IIIe–g. The fifth date
from layer V is much older (14C kyrs). How ever,
this sam ple was not ob tained dur ing the ex ca va -
tion, but was col lected while plac ing TL do sim e -
ters in the site. It is de rived from an area where
layer V pinches out, so that lay ers IV and VI are
in di rect con tact a short dis tance away. Thus, the
pre cise strati graphic or i gin of this sam ple re mains 
some what un cer tain. The age of this sam ple is
also sim i lar to two ABOX dates from layer VI, at
the con tact be tween the Mid dle and Up per
Paleolithic se quences.

It is dif fi cult to neatly rec on cile the avail able
ra dio met ric in for ma tion on the age of layer V.
Stratigraphic ob ser va tions by Karkanas (this is -
sue) show that the Aurig na cian layer IV clearly
trun cates the un der ly ing lay ers at the back of the
shel tered area, in clud ing lay ers V, VI and VII.
There is a marked ero sional con tact be tween layer 
IV and layer VII. Al though layer IV trun cates
layer V as well, the pro cesses of sed i men ta tion
and site for ma tion in layer V are more sim i lar to
the over ly ing Aurig na cian se quence than to the
Mid dle Paleolithic lay ers. Karkanas con cludes
that the hi a tus be tween lay ers V and IV is “rel a -
tively mi nor” com pared with the in ter val rep re -
sented by the ero sional con tact at the top of the
Mid dle Paleolithic se quence. Layer VI mean -
while is in ter preted as rep re sent ing a mix ture of
ma te ri als from lay ers VII and V, prob a bly a Mid -
dle Paleolithic de posit re worked dur ing a sub se -
quent early Up per Paleolithic oc cu pa tion.

Layer V it self is com par a tively thin, and cer -
tainly does not rep re sent an ac cu mu la tion of
~10,000 years (the ap prox i mate span be tween the

ear li est and lat est ages). The two fi nite de ter mi na -
tions of around of ~30–31 14C kyrs BP, and the
two in fi nite (> 3114C kyrs BP) ages pro vide noth -
ing more than min i mum age es ti mates for layer V. 
Two al ter nate sce nar ios can be sug gested. One is
that the old est set of age es ti mates—in clud ing the
sam ple yield ing the date of 40,100±740 14C yrs
BP re ported to be from layer V and the two dates
of 40,920±580 and 41, 480±810 14C yrs BP from
layer VI, per tain to the ear li est Up per Paleolithic
oc cu pa tion of Klissoura 1 Cave. If so, then there
is a chro no log i cal gap of 6–7000 years be tween
layer V and both the Mid dle Paleolithic of layer
VII and the Aurig na cian of layer IV. The sec ond
in ter pre ta tion is that the three dates in ex cess of
40 14C kyrs BP from lay ers V and VI ac tu ally rep -
re sent frag ments of char coal re worked from the
most re cent Mid dle Paleolithic de pos its at the top
of layer VII. In this sce nario, the age of the ar -
chae o log i cal as sem blages within layer V is con -
strained to be tween ap prox i mately 33 14C kyrs BP 
(layer IV) and 40 14C kyrs BP.

Tephrachronology may be the best tool for
resolv ing ques tions about the age of layer V at
Klissoura. There is a con cen tra tion of mi cro-
tephra frag ments be tween lay ers IV and V (Dus-
tin White, per sonal com mu ni ca tion, March 2010). 
Chem i cal anal y ses of the glass shards are on go ing 
as of this writ ing. How ever, if these prove to rep -
re sent the wide spread Campanian Ignimbrite or
Y5 tephra (Thunell et al., 1979; Giaccio et al.,
2006; Pyle et al., 2006), then the layer V de pos its
are clearly older than 39.3 kyrs BP. This would in
turn sug gest that the early dates from lay ers V and 
VI prob a bly do re late to first Up per Paleolithic
oc cu pa tions of the cave, and that there is a sig nif i -
cant time gap be tween lay ers V and IV.

Four ra dio car bon ages were also ob tained
from clear Mid dle Paleolithic con texts at Klisso-
ura 1. These range from 48,990±1,770 in layer
VII, to 62,290±3,930. All four of these ages were
ob tained us ing the ABOX pre treat ment tech -
nique. These re sults are en cour ag ing in that they
show the po ten tial of the tech nique to pro duce re -
li able ra dio car bon age es ti mates for Mid dle and
early Up per Paleolithic sam ples older than 50
kyrs BP. They are also among the first re li ably fi -
nite ra dio car bon dates ob tained from Mid dle
Paleolithic layers in Greece.
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EVAL U A TION OF ABOX RE SULTS

The ap pli ca tion of ABOX pre-treat ment to
the Mid dle and Up per Paleolithic wood char coal
sam ples from Klissoura 1 cave is rel a tively novel. 
The ABOX tech nique had not been widely ap -
plied to Paleolithic sites in Eur asia un til very re -
cently (e.g., Peresani et al., 2008; Higham et al.,
2009; Kuhn et al., 2009). Re sults from Klissoura
are en cour ag ing in many re spects, even if ABOX
ra dio car bon dat ing has not suc ceeded in re solv ing 
all of the prob lems as so ci ated with the chro nol -
ogy of the Mid dle-Up per Paleolithic tran si tion
and the ear li est Upper Paleolithic in Eurasia.

One of the po ten tial ben e fits of the ABOX
tech nique is its po ten tial for pro vid ing more ac cu -
rate age es ti mates by re mov ing more re cent car -
bon con tam i na tion from sam ples than other tech -
niques. This tech ni cal in no va tion prom ises to
push the lim its of ra dio car bon dat ing sig nif i cantly 
be yond the 50 kyrs BP bound ary. To eval u ate the
de gree of im prove ment us ing the ABOX techni-
que, one sam ple from layer III’ was split into two
aliquots: one was sub ject to ABOX pre treat ment
and the other to stan dard ABA treat ment. This
was the only sam ple large enough to be treated in
this man ner. The ABOX-treated frac tion (AA
73821) pro vided an age es ti mate 31,460±210 14C
yrs BP, whereas the frac tion that un der went stan -
dard ABA pre-treat ment yielded an age of
30,274±182 14C yrs BP.

A re cent pa per (Higham et al., 2009) de tails
an ex per i ment with a larger num ber of dates from
Mid dle and Early Up per Paleolithic lay ers at the
site of Grotta Fumane in north ern It aly. The
authors re port a con sis tent “im prove ment” in
ABOX-treated frac tions of split ra dio car bon sam -
ple. Their Aurig na cian sam ples, which are slightly
older than the one ob tained from Klissoura, show
sim i lar dis crep an cies in ages (1000–3000 years)
for the split sam ples. The great est dis crep an cies,
5000–7000 years, oc cur in the Mid dle Paleolithic
lay ers. This is a clear dem on stra tion of the so-
called “black hole” in ra dio car bon dat ing, where
as lit tle as 1% con tam i na tion with re cent car bon
can shift age es ti mates for even in fi nite-aged sam -
ples to be tween 35 and 40 kyrs BP (Pigati et al.,
2007). The fact that fi nite dates as early as 62 kyrs 
BP were ob tained from the Mid dle Paleolithic
lay ers at Klissoura is a tes ta ment to the ef fi cacy of 

the ABOX method in re duc ing con tam i na tion to
<< 1.0%.

Al though the re sults from split sam ples from
Klissoura and Fumane show the im prove ment in
age es ti mates from ABOX pre-treat ment, it is im -
por tant to note that the age es ti mates for the other
ABOX sam ples from Klissoura are not consisten-
tly older than dates on as so ci ated sam ples from
lay ers III’ and IIIe–g pre-treated us ing the con -
ven tional method (Ta ble 1). This re sult is not un -
ex pected. As the re sults from Mid dle Paleolithic
lay ers at Klissoura and Fumane show, the ef fect
of more strin gent sam ple pre treat ment is most
pronounced in the old est sam ples. In other words,
the de gree of “im prove ment” in the com par a -
tively re cent (< 35 kyrs BP) ABOX-treated sam -
ples may not ex ceed the dis persal of ages or the
two-sigma ranges for dates from a particular stra-
tigraphic unit.

Fi nally, we note that fewer than half of the 23
sam ples se lected for ABOX pro cess ing, and none
of the sam ples from layer V, ac tu ally sur vived the
pre-treat ment pro cess. In ter est ingly, how ever, all
of the sam ples sub ject to ABOX pre treat ment had
pre vi ously been iden ti fied as wood char coal
based on mi cro scopic fea tures such as cell struc -
ture – in most cases it was even pos si ble to as sign
a char coal sam ple to a par tic u lar ge nus (Ntinou,
this is sue). Sam ple de struc tion by pre treat ment
may there fore be ev i dence of in situ diagenetic al -
ter ation of graph ite (Co hen-Ofri et al., 2006) in
which the crys tal line struc ture is altered while the
macro-structure is preserved.

COM PAR I SONS TO OTHER SITES

Ta ble 2 pres ents a se ries of ra dio car bon ages
from se lected early Up per Paleolithic sites in
southern and south-cen tral Eu rope. No other dated
Up per Paleolithic ma te ri als from Greece is com pa -
ra ble to the Klissoura 1. The so-called Ini tial Up per 
Paleolithic at Lakonis Cave (Papanagopoulou et
al., 2002–2004) dif fers sig nif i cantly from both the
Aurig na cian and the Uluzzian at Klissoura 1 in
terms of its tech no log i cal and ty po logi cal fea tures.
The same is true of the more re cent Up per Paleo-
lithic from Theopetra Cave. Sites in It aly and Bul -
garia pro vide a better com par a tive ba sis, both in
terms of the techno-ty po logi cal char ac ter is tics of
the as sem blages and their chro nol ogy.
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Ta ble 2
Se lected ra dio car bon dates from early Up per Paleolithic lay ers in south ern Eu rope

Site In dus try
raw CalPal

Layer 14C Age sigma 14C Age sigma

Grotta del Ca val lo 1

Uluzzian

EIII-2 34900 1900 39193 2084

EIII-3 32300 2700 37202 2851

EIII-4 36510 2300 40582 2246

EIII-5 29063 1500 33498 1286 *

Castelcivita 2

rsa 32400 650 36897 1019

rpi 33300 430 37880 909

pie 33200 780 38114 1517

Fumane Cave 3

A4II 33150 600 37736 1032

A4II 33300 400 37851 857

A4II 33700 350 36921 1287

Grotta Paglicci 4

proto-
Aurig na cian

24Ai 29300 600 33587 555

24Bi 34000 900 38940 1508

Riparo Mochi 5

G 33400 750 38496 1645

G 34680 760 39769 1000

G 34870 800 39831 1020

G 35700 850 40431 1126

G base 37400 1 42070 293

Riparo Bombrini 1

A1 32580 400 37106 790

A1 33090 400 37560 778

A2 34200 500 39586 939

Grotta Paina 6
9 37900 800 42500 663

9 38600 650 43038 688

Fumane Cave 3
A2 32343 404 36870 859 *

A2 33672 857 38693 1623 *

Krems Hundsteig 7 34600 580 39787 901

Grotte Mandrin 8 35000 1600 39403 1827 *

Bacho Kiro 9

Aurig na cian

6a 29150 950 33417 819

Base 7 32200 780 36701 1161

Base 6b 32700 300 37219 710

6b/8 33300 820 38351 1656

Temnata 9

TD-V-3g >31500 >35400

TD-V-3h >32200 >32265

TD-I-4 31900 1600 36706 1881

TD-V 4 33000 900 37795 1456

Lakonis Cave 10 Ini tial UP
1a 38240 1160 42806 921

1a 44500 2330 48352 2759

Theopetra Cave 11
Up per

Paleolithic

II11 25625 500 30596 617

II11 25820 270 30858 395

Sources: 1 – Riel Salvatore, 2007; 2 – Gambassini, 1997; 3 – Peresani et al., 2008; 4 – Gambassini et al., 1995; 5 – Hedges et al.,
1994; 6 – Broglio, 1994; 7 – Koz³owski, 2000; 8 – Slimak, 2008; 9 – Koz³owski, 2006; 10 – Panagopoulou et al., 2002–2004;
12 – Karkanas, 2001. (*) In di cates weighted av er age of sev eral de ter mi na tions.



Gen er ally speak ing, the time span rep re -
sented by the dates from the Aurig na cian lay ers at 
Klissoura (27–33 KA) is con sis tent with the ages
of Aurig na cian lev els at Bacho Kiro and Temnata
Caves in Bul garia. The sam ple of dates from
Klissoura layer IV in par tic u lar fits well with re -
sults from the two Bul gar ian sites. The Klissoura
Aurig na cian se quence as a whole ap pears to post-
date the proto-Aurig na cian from It aly, south ern
France, and Aus tria (Ta ble 2). The proto-Aurig -
na cian is gen er ally con sid ered the ear li est form of
Aurig na cian in south ern Eu rope (e.g., Teyssan-
dier, 2006). It is char ac ter ized by sys tem atic pro -
duc tion of nu mer ous large, straight bladelets,
which are of ten fur ther mod i fied with fine, mar -
ginal re touch. Re touched bladelets are scarce in
the Klissoura Aurig na cian, which is in stead dom i -
nated by carenated el e ments, re touched flakes and 
blade tools. These techno-ty po logi cal char ac ter is -
tics are more in dic a tive of lo cal vari ants of clas sic 
or late Aurig na cian. Thus, it is not sur pris ing that
these levels post-date proto-Aurignacian layers
elsewhere in southern Europe.

The age of layer V is of course more dif fi cult
to as sess. Dates for Uluzzian as sem blages in It aly
in Ta ble 2 pro vide an in ter est ing per spec tive on
the pos si ble age of layer V at Klissoura. Pub lished 
ra dio met ric ages for the Ital ian Uluzzian sites
vary be tween roughly 29 and 36.5 14C kyrs BP. If
the dates of 40–41.5 kyrs BP from lay ers V and
VI ac tu ally be long to the first Up per Paleolithic
oc cu pa tion at Klissoura, and if the microtephras
be tween lay ers IV and V prove to be long the
Campanian Ignimbrite/Y5 erup tion, then this as -
sem blage would pre date the ear li est Uluzzian
from Grotta del Ca val lo in south ern It aly and
from layer A4 at Grotta Fumane, the Uluzzian site 
clos est to Klissoura, by sev eral thou sand years.
How ever, this dis crep ancy may also be more ap -
par ent than real. The pub lished ra dio car bon dates
from the south ern Ital ian Uluzzian sites were ob -
tained us ing con ven tional pre treat ment of char -
coal, or from dat ing of car bon ized bone (Riel-
Salvatore, 2007:94). Al though the dat ing of ap a -
tite from burned bone is con sid ered an ac cept able
pro ce dure, it is sub ject to ef fects of con tam i na tion 
with re cent at mo spheric car bon as so ci ated with
sec ond ary cal cites (Surovell, 2000). In other
words, al most all of the dates in Ta ble 2 should be 
con sid ered min i mum age es ti mates, li a ble to be -

ing pushed back in time as new meth od ol o gies are 
ap plied.

On the other hand, we can not at pres ent ex -
clude the pos si bil ity that the char coal sam ples
from lay ers V and VI dat ing to > 40 14C kyrs BP
ac tu ally be long to the ter mi nal Mid dle Paleolithic
at Klissoura, and that the microtephras at the top
of layer V re fer to a later erup tion. In this case, we 
can be cer tain only that layer V pre dates layer IV,
which yielded ra dio car bon ages be tween 32,400±
600 and 33,150±120 14C yrs BP. This hy poth e sis
could place the age of layer V within the range of
the re cently re ported re sults from layer A4 at
Grotta Fumane, where three sam ples pro vided
con sis tent age es ti mates be tween 33,150±350 and 
33,700 ±600 14C yrs BP. At least some of the ages
re cently ob tained for the Uluzzian at Grotta del
Ca val lo (Ta ble 2; Riel-Salvatore, 2007) in south -
ern-most It aly are sub stan tially older. This in ter -
pre ta tion could sup port a hy poth e sis of an early
de vel op ment of the Uluzzian in the south of the
Ital ian pen in sula, fol lowed by an ex pan sion into
north ern It aly and even tu ally Greece (e.g., Pere-
sani, 2008). How ever, eval u a tion of this or any
other sce nario must await ap pli ca tion of more
strin gent and ac cu rate dat ing, in clud ing meth od -
ol o gies such as ABOX pre treat ment of char coal
and ul tra-fil tra tion of bone, as well as tephrachro-
nological anal y ses, to as many sites as pos si ble.
Oth er wise, we run the risk of comparing dates
with fundamentally dissimilar levels of reliability
and precision.

SUM MARY

Ra dio car bon re sults from the Klissoura Cave
1 se quence have greatly ex panded the num ber of
dates avail able for the early Up per Paleolithic in
Greece With the ex cep tion of a few an oma lously
young de ter mi na tions, the age es ti mates for the
Aurig na cian lay ers (IIIe–g and IV) are very con -
sis tent with dates from other clas sic or late Aurig -
na cian sites in the Bal kans. In con trast, it has been 
re mark ably dif fi cult to ar rive at a se cure es ti mate
for the age of layer V. The unique Uluzzian as -
sem blage in layer V may date to more than 40 14C
kyrs BP, seem ingly much ear lier than any com pa -
ra ble as sem blage. This would have im por tant im -
pli ca tions for the or i gins and pos si ble dis persal of
early Up per Paleolithic as sem blages with backed
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geometrics. More se cure age estimates may come
from ongoing analyses of mi crotephras from Klis- 
soura.
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