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ABSTRACT - /4C dating of bone collagen is believed to produce the most reliable absolute dates for
the Central European Early Neolithic, as the selection of bones in anatomical context minimises ta-
phonomic problems. In contrast, a comparison of three newly published local or regional chronolo-
gical models as well as a comparison of several series of dates from bone collagen, charcoal and
cereals highlights problems probably caused by diagenetic influences, especiaily on collagen. There-
Jfore, at least the checking of bone collagen 14C dates against charcoal or cereal dates from the same
contexts seems to be indispensable.
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Neskladnosti med arheoloskimi in 4C kronologijami:
tezave in mozne resitve

IZVLECEK - Za 14C datiranje kostnega kolagena velja, da omogoca najbolj zanesljive absolutne datu-
me za srednjeevropski zgodnji neolitik, saj izbor kosti iz anatomsko pravilnih kontekstov zmanjsa
leZave s tafonomijo. V clanku opozarjamo na lezave, ki lahko nastanejo predvsem pri vplivu diage-
neza na kolagen, kar prikazemo s primerjavo treh novo objavijenih lokalnih ali regionalnih krono-
loskih modelov kot tudi s primerjavo Stevilnih datumov, ki so bili pridobljeni iz kostnega kolagena,
oglja in Zit. Posledicno opozarjamo na nujnost preverjanja 14C datumov, ki so bili pridobljeni iz kost-

nega kolagena, z datumi, pridobljenimi iz oglja ali Zit iz istih konlekstov.

KIJUCNE BESEDE - /4C: tafonomija; diageneza; Srednja Evropa; zgodnji neolitik

Introduction

The starting point for some considerations concern-
ing the reliability of 14C dates are three new studies
concerning the absolute chronology of the Central
European early and middle Neolithic, all three of
which are based mainly or entirely on dates on bone
collagen. Two are from the north-western Carpathian
basin (7Tasic et al. 2015; Jukacs et al. 2016). The first
produced an absolute chronology for the stratigra-
phic sequence at Vinca-Belo Brdo; the second dated
the contact between Vinca A and earliest LBK (eLBK)
and between RaZiste and the later LBK at Szederkény
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from bone collagen dates only and imbedded the re-
sults in a wider context.

The Vinca chronology poses no obvious problems.
In contrast, the parallelisation of all four different
ceramic styles at Szederkény, although pairwise spa-
tially separated, contradicts the usual archaeological
chronologies, postulating the (not necessarily direct)
sequence Vin€a A-RazZiSte on the one hand, and the
eLBK-later LBK on the other. No explanation is given,
but three much later bone dates for RaZiSte from
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Ivandvor are cited, without the consequences being
debated. This problem will be discussed later. The
site was fixed within the chronology of the Central
European eLBK by using dates from varying materi-
als, partially from dubious contexts (such as Eilsle-
ben), some others dating from later contexts (early,
but not the earliest LBK (Vedrovice, Kleinhaders-
dorf)). The beginning of the eLBK and its expansion
is dated to about 5350 cal BC. The resulting relative
date - slightly earlier than Vinca A in Vin¢a-Belo Br-
do - is not completely contrary to archaeological ex-
pectations. The ‘formative phase’, dated to 5500-
5350 cal BC exclusively by charcoal, may be ignor-
ed at this point, even more so as its existence as a
separate chronological unit is questionable (Strien
2017). The last study comprised bone collagen dates
for the whole of the lower Alsatian Early and Mid-
dle Neolithic sequence (Denaire et al. 2017). The be-
ginning of LBK settlement in this region was prob-
ably around 5300 cal BC or the first half of 53td cen-

tury.

If we accept these three 14C-chronologies, we have
to face the problem that the start of the earliest LBK
in trans-Danubian Hungary dates only 50 years ear-
lier than the start of the early LBK and the settle-
ment of Alsace and the Rhine-Meuse region, and
only 150 years earlier than the end of the early LBK
(Flomborn) in the West (even taking the upper end
of the 95% probability range for the end of phase
IIC in Alsace). This is not so much a chronological as
a demographical problem. It means that, starting
from the relatively restricted area between Lake Ba-
laton and Vienna, the whole area between the Rhine
and western Ukraine was densely occupied within
only 50 years. Even this time span is probably an
overestimate, as on the one hand it starts with the
Biiia phase, which until now has not been attested
outside NW Hungary and SW Slovakia, while on the
other hand the earliest pits in Alsace in the corres-
pondence analysis are not 14C dated (Denaire et al.
2017.Fig. 5), so the beginning of the expansion of
the eLBK may date later than 5350 cal BC, and the
start of the Flomborn earlier than 5300 cal BC.

Demographic considerations

In south-western Germany (southern Hessen, Lower
Franconia, the Neckar Valley) 200 eLBK sites are
known, and 100 in Central Germany. In the Neckar
Valley 194 Flomborn sites are known, but as only
half of all known LBK sites are dated, we have to
double this number. Even calculating with an unrea-
listic population growth rate of 2% per year (too

high even when assuming the fast assimilation of the
autochthonous hunter-gatherer population), there
would have been 20 sites in the first year of eLBK
expansion in order to arrive at the number of 400
sites 150 years later - one third of the number of
known eLBK sites in the region - and this means 100
sites only in the above-mentioned areas of Germany.
Even with a mean of 5 contemporaneous houses per
site (too low in the case of sites like Vaihingen with
up to 45 contemporaneous houses) and the lowest
estimate of 6 inhabitants per house, this would mean
that 3000 persons left the Balaton-Vienna area in
the first year for south-western and central Germany,
and we have to add the thousands of immigrants be-
tween Bavaria and Volhynia, an obviously unrealis-
tic number. This calculation still ignores the additio-
nal population growth needed for the colonisation
of the regions west of the Rhine only two genera-
tions after the start of the expansion, e.g., with 36
known sites in Lower Alsace at about 5250 cal BC.
Even this simplified demographic estimate shows
quite clearly that the three chronologies do not fit
together. A start of eLBK expansion not later than
5500 cal BC would fit much better with the date of
5300 cal BC for the start of Flomborn W of the
Rhine, and the date of 5350 cal BC for the start of
eLBK expansion, with a start of Flomborn in Alsace
not earlier than 5150 cal BC. But which chronology
is wrong (perhaps all of them?), and even more im-
portantly, why? At first glance there is no evident rea-
son to doubt any of them.

Dendrochronology, 14C and relative chronology

Typological correlations with other absolute dates
show that the dates for the Alsation chronology are
entirely plausible. The pottery of the earliest Phase
[IB is quite similar to the pottery from the Flomborn
cemetery. The same holds for Vedrovice; so the start
of this cemetery can be dated to immediately after
the end of eLBK, where it too is placed by a new cor-
respondence analysis of eLBK ceramic inventories
(Strien 2017). The 14C dates from Vedrovice suggest
a start around 5300 cal BC (Pettitt, Hedges 2008),
perhaps slightly earlier. So the 14C age accords well
with the Alsatian model. Moreover, this date is back-
ed by dendrochronology. A well was constructed at
Leipzig-PlauBig, a site with no traces of eLBK, in
5259/58 den BC (Friederich [no year].3; Herbig et
al. 2013.268). Since the well has not been fixed in
any relative chronology, this date can serve only as
terminus ante quem for the start of the early LBK
in Western Saxony. This date confirms that the early
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LBK (Flomborn) settlement of Lower Alsace as well
as the Vedrovice cemetery started not later than in
the first half of the 53rd century cal BC.

The pit alignment at Herxheim can be dated with
95.4% probability somewhere in the time span 5208-
5053 cal BC (mean of 8 dates, calculated with Ox-
cal: 6161+10 BP, Haack 2015.61; this and all fur-
ther calibrations done with OxCal 4.3 online). This
fits quite well with the Alsatian chronology; the pits
produced ceramics of late Palatinate style - phase V
(Jeunesse et al. 2009) and respectively V/VI (Lindig
2002) - which is most probablly contemporaneous
with the Lower Alsatian phases IVa2 and IVb (Le-
Jranc 2007.Tab. 14), starting after 5185 cal BC and
ending before 5020 cal BC (95% probability, De-
naire et al. 2017). And Herxheim enables a further
(indirect) dendrochronological control for the 14C
age with the rich Sarka finds. Sarka itself is contem-
poraneous with the house generations (HG) XII and
XIII of the Rhine-Meuse chronology, shown by im-
ports at Elsloo (Strien 2010.502; in a new seriation
(Strien, work in progress) pit 655 can be dated to
HG XIII, and pit complex 653 to HG XII and XIII)
and Cologne-Mengenich (Schroter 1970.Abb. 6, 10,
dated to HG XII). The second well at Kiickhoven,
built about 5057 den BC, is dated by decorated ce-
ramics from the destruction horizon of the first well
(built in 5089 den BC) and from the construction
pit, which date both very close together between HG
XII and XIII. The well at Altscherbitz, built in 5099
den BC and probably filled in after a relatively short
time span - along with other ceramic of the region-
al late LBK style - contained two pots with a pasted
decoration known from Sarka contexts (Tegel et al.
2012). Together, the two wells show an age of about
5080-5030 den BC for Sarka. The 14C date for Herx-
heim and consequently for the Alsatian phase IVb
may be slightly too old, but the 95% range of both
at least overlaps with the date interpolated from
dendrochronology and typochronology, so we should
accept the Alsatian 14C chronology at least as a good
approximation for the both start and the end of the
dated part of the Lower Alsace LBK sequence, with
only phase V remaining undated.

The same cannot be said for the start of the Middle
Neolithic sequence; a date in the 48th century for
Hinkelstein is clearly too late, probably by about 200
years. Most chronologies based on typology publish-
ed in the last 30 years postulate at least an overlap
between Hinkelstein and late western LBK, often
even a similar end date for both (eg, Jeunesse,
Strien 2009; Spatz 1996, Lefranc 2007; Stehli
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1994). Sometimes a gradual succession LBK/Hinkel-
stein can be mapped (Strien 2013). This is confirm-
ed beyond doubt by the sequence of Sarka/early
Stroked Pottery Culture (SBK) in the East, demon-
strated at the household level at Dresden-Prohlis
(Link 2014); Sarka being contemporaneous with
late, but not the latest western LBK, and SBK II/III
with Hinkelstein, no time is left for a gap between
the LBK and Hinkelstein in the West. This may be
the case on a regional scale, but not generally, and
not to the extent of up to two centuries.

A closer look at some local series may shed light on
the question. Differences between dates from char-
coal, cereals and bone collagen can regularly be seen,
with dates on bone usually being the youngest group.
Even a simple comparison of unweighted means of
uncalibrated dates shows this effect quite clearly:

@ Rottenburg: cereals (2 dates) 6155 BP, bone (12
dates) 5965 BP (Bofinger 2005.112-120, Tab. 15)
- difference 190 years (cereals/bone);

@ Bruchenbriicken (only dates earlier than 5900 BP
in order to exclude late LBK intrusions; Stiuble
2005.Anhang D): cereals (4 dates) 6215 BP, char-
coal (3 dates) 6377 BP, bone (4 dates) 6144 BP -
difference 233 years (charcoal/bone) resp. 71 years
(cereals/bone). Only if all dates later than 6200 BP
were excluded, the differences would for the most
part disappear, but in this case, the whole bone
collagen series from Strogen has to be rejected;

e Strogen pit 5 (Lenneis, Liining 2001): cereals (1
date) 6506 BP, charcoal (2 dates) 6313 BP, bone
(4 dates; VERA-896 excluded as an outlier) 6152
BP - 161 years (charcoal/bone) resp. 354 years
(cereals/bone);

o Schwanfeld (Stduble 2005.Anhang D; only dates
earlier than 5900 BP in order to exclude late LBK
intrusions and only dates with a standard devia-
tion of <100 years): cereals (1 date) 6380 BP, char-
coal (3 dates) 6493 BP, bone (3 dates) 6321 BP-
172 years (charcoal/bone) resp. 59 years (cereals/
bone).

A systematic deviation of bone collagen dates to a
younger age is clearly visible; even if there were an
overlap between the 95.4% ranges of floral and fau-
nal dates (which is often but not always the case,
Fig. 1) for each single site, any kind of group calibra-
tion would produce a later age for the bone collagen
series.
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The Middle Neolithic series from Western Germany
show the same effect, resulting in a systematic diffe-
rence between the Lower Rhine area (only charcoal
dates) and SW Germany (mainly bone dates; Friede-
rich 2011.Tab. 89-90), resulting in a strange chro-
nology: the Middle Neolithic in SW Germany starts
with Hinkelstein and in Rhenania only slightly later
with late (!) Grogartach. The complete Grofigartach-
Planig-Friedberg-Rossen-Bischheim sequence, present
in both regions, should be delayed in SW Germany
by at least 150 years, but follow the same stylistic
development in both regions (Friederich 2011.397-
406, Fig. 347). Here the 14C-based chronology evi-
dently contradicts the archaeological facts and each
plausible reconstruction of cultural history, and it
does not become much better by the third, Alsatian
chronology for the same time span (Fig. 2).

A special case is the eLBK site at Rottenburg (Bofin-
ger 2005). The two dates on cereals and the two
earliest dates on bone - both identified as outliers
from the rest - are in a range one can argue as per-
haps correct (although more probably too young,
the lower limit of the 95.4% probability range being
5290 cal BC for the cereals, and 5305 cal BC for the
bones), the 10 remaining bone dates are five to six
centuries too young, 4846-4722 cal BC (95.4%
range) - almost exactly the assumed time span for
Hinkelstein in Alsace, which is thought to be too
late. The context is quite clear: the bones came from
the long pits of the houses, below the preserved low-
er part of the original soil horizon. On top was a
layer mixed from the disturbed upper part of the
soil and material that went down the hill slope,
dated to the late pre-Roman period, and a Roman
road (Kind 2005.255-262, Fig. 1-5: units 4 and 3).
In this layer, only three small sherds with eroded
surfaces of late LBK/Hinkelstein date were identified
(along with much more eLBK material and some Ro-
man pieces; data: own analysis), the other, Neolithic,
sherds, almost 18 000 of them, most from the layers

OxCal v4.3.2 Bronk Ramsey (2017); r:5 IntCal13 atmospheric curve (Reimer et al 2013

below, are all eLBK (or La Hoguette), as far as can be
recognised. So there can be no reasonable doubt
that the dated bones belong to the eLBK sherds.

The last example is the Hinkelstein and Grofgartach
cemetery at Trebur (Spatz 1999.213-217). Here we
see a difference even between conventional and AMS
dates on bone collagen. One outlier excluded nine
graves are dated with both methods. The mean dif-
ference between the uncalibrated dates is 134 years,
with the AMS dates in all nine cases being earlier.
Nevertheless, even the AMS dates are considered to
be too late (Spatz 1999.216-217).

Observations like these are far from new, and only
confirm earlier results (Denaire 2009). A difference
of 160-230 years (uncalibrated) cannot be explain-
ed only by the old-wood effect - even the trunk of a
300-year-old oak consists mainly of wood younger
than 200 years, not to speak of the branches. This is
shown, too, by the dates on cereals from the above-
mentioned eLBK sites, which are clearly older than
the dates on bone from the same sites. And finally,
the old wiggle matching calibration of charcoal dates
from Merzbach valley fits quite well with the Alsa-
tian chronology, with a start of Flomborn at around
5300 cal BC (Stehli 1989). These dates from the
1970s are not very reliable, but at least they do not
show any important old wood effect, compared to
the Alsatian dates on bone collagen. When bone
dates accord with dendrochronologically controlled
age, there seems to be no serious difference to char-
coal dates.

Too young, but sometimes too old: the case of
Raziste/Sopot IB-1I

A look at the Carpathian basin shows that there are
rare cases when bone collagen dates are too old.
Starting with Ivandvor, a Sopot IB-II/RaZiste-site with
the usual pattern (dates from Jakucs et al. 2016):

Strégen pit 5 charcoal

Strogen pit 5 cereals

Strégen pit 5 bpne

|||||||||||||||||||||||||||

|||||||||||||||||||||||||

Calibrated date (calBC)

Fig. 1. Comparison of calibrated ages of charcoal (two dates), cereals (one date), and bone collagen (four

dates) from Strogen pit 5.
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Sopot IB-II - usually taken as
transitional between LBK and
Lengyel (Oross et al. 2016. 151-
152) and synchronised with late

5350
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5450

5500

Planig-
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Compilation of results from Tasi ¢ et al. 2015, Jakucz et al.
2016, Oross et al. 2016, Denaire et al. 2017 and Bofinger 2005
(new calibration of 10 later dates)

chronolgy of Middle Neolithic
after Friederich 2011, Abb. 347

2012) - would span more than
600 years, ranging from the start
of eLBK expansion, about 5350~
5300 cal BC, at least until 4700 cal BC or even later,
far beyond the latest estimate for the end of late
LBK. On the one hand Sopot IB-II is connected typo-
chronologically to Vinca C1 (phase 6 at Vinca-Belo
Brdo; Oross et al. 2016.158-159) - dated somewhere
between 5040 and 4855 cal BC (7asic et al. 2016.
Tab. 8), almost exactly the minimum time span given
for Alsonyék - and on the other hand at Szederkény
by 14C to Vinca Al resp. A1-A3, although without
much contact between the two groups except for
some isolated RaZiSte sherds in Vinca context, but
not vice versa (Jakucs et al. 2016.30), which makes
later intrusions more probable than contact. In ad-
dition, RaZiSte is associated with later LBK, and Vin-
¢a A with eLBK. So there are archaeological argu-
ments that clearly contradict the very early dates
from Szederkény, and no other 14C dates support
them, as the authors admit (Jakucs et al. 2016. 35).
The dates on charcoal from Ivandvor seem to match
with archaeology, the two dates from feature SU 407
dating to 5021-4842 cal BC (95.4%) - the minimum
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Fig. 2. Chronological table 5500-4500 cal BC, based on 14C.

range for Alsonyék - and the single date from fea-
ture SU 194 to 4766-4499 cal B, slightly too late.
A date about or shortly after 5000 BC is most plau-
sible, comparing relative chronology (Sarka/early
SBK) with dendrochronology (Sarka dating around
5050 den BC, as shown above). So we have two sets
of dates (Alsonyé€k, Ivandvor charcoal) that fit with
a dendrochronological age derived from relative
chronology, as well as with a 14C series from a site
with the same relative age (Vinca-Belo Brdo), one
set much too old (Szederkény) and one too late
(Ivandvor bone collagen).

Why bone collagen?

In the three series with very large differences from
expected date - Rottenburg, the Aisne Valley and
Trebur (conventional dates) - the common element
is geology: all these sites are located on fluviatile se-
diments, with either thin or no loess coverage. We
can even add two more examples. At Ulm-Eggingen
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(sited on tertiary sands with a thin loess coverage),
the charcoal dates (Dombek 1989) are clearly too
young: house 12, archaeologically dated shortly after
the end of Flomborn, and so some generations earli-
er than the Kiickhoven wells, was dated in the range
4946-4743 cal BC (95.4% probability, one outlier ex-
cluded), and the waterlogged wood from the Mohel-
nice well, with a questionable dendrochronological
date around 5600 den BC, but in any case not later
than 5400 den BC (Schmidt, Gruhle 2003.56), dated
to 5364-5007 cal BC (99.7% range; 3 dates from
Neustupny, Vesely 1977). The possibility of hydro-
geological influences on the diagenesis of charred
and uncharred organic matter, especially bone colla-
gen, should be taken into consideration. The diffe-
rence between conventional and AMS dates from Tre-
bur strengthens this idea, as later contaminations
had probably been removed much better from ma-
terial for the AMS dates than from the bigger pieces
for conventional dates (Spatz 1999.217). 1t is further
reinforced by a fourth date from the Mohelnice well
(Schmidt, Gruhle 2003.56; KN-4339: 6580+75 BP,
not included in the data list by Jakucs et al. 2016),
which has an uncalibrated age 300 14C-years older

than the mean of the other dates. It is the only one
that fits with the dendrochronological age (87.7%
probability: 5641-5461 cal BC, 7.7%: 5451-5377 cal
BC), so we may assume that for this sample the re-
moval of contaminations was much more successful
than for the samples dated in the 1970s, and that
contamination by water may play an important role
even in an undisturbed context.

Szederkény is an interesting case. The dates for the
eastern and central part of the site with Vinca A and
eLBK ceramics are probably too young. The dates
for the western part with RaZiSte and later LBK finds,
on the other hand, are clearly too old as shown
above. So far, this is the only case in which the bone
dates are too old. Here we possibly see different dia-
genetic influences on bone collagen in parts of the
same site separated by a distance of little more than
100m. A closer look at geological and hydrological
properties of the different parts of the site might
teach us something about the nature of the diagene-
tic processes involved. Apart from hydrogeological
factors, no other reasons are clearly visible. But as
there seem to be regional as well as local differen-

ces, it is not very probable that

5100 IVal

5150 n

5200 B Ic
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Notenkopf

Vedrovice
5300

5350

5050 s IVb 8B \ early
Va2 8A

Hink. too late, and the later phases from

1B 282

2B1

LBK/MN of . .
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Rafifte | purope | Alsce | Germany problem. If it is really hydrology,
4900 ibili-
c2 SBK IVa GroRgartach | GroRgartach we may €ven assume the pOSSIblh
ty that the lowest levels of a tell -
4950 late | near to groundwater level - are af-
Hinkelstein ate
<000 a  |seetmu| kel fgcted, whereas the upper layers
Raziste : v yield correct dates. The start of

Vin¢a-Belo Brdo might be dated

== K{ickhoven 2

- Klckhoven 1

= Atscheritz | Vinca B or C onwards might not (at
least the date for C1 corresponds

to the expected date; Fig. 3).

We may conclude that dates on
bone collagen are often too young,
but not in every case; the best ex-
amples of series that accord with
other dates are the Alsatian LBK

== PlauRig

earliest
5450

Al

5500

A2-3 Rottenburg
5400 elBK

and Réssen to Epirdssen sequen-
ces. Compared with the Alsatian
chronology, the same holds for
the Vedrovice cemetery and the
pit alignment at Herxheim. Most
other bone collagen series from
the Central European Neolithic in
the second half of the 6th and the

Mohelnice

Fig. 3. Chronological table 5500-4900 BC, based on relative chrono-
logies, archaeological correlations and dendrochronologically dated

wells. In bold: date in accordance with 14C age.

5th millennia BC are too young,
in individual cases even up to 500
years.
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How to solve the problem

Of course, a large-scale study on causes and possi-
ble remedies is not only desirable, but even neces-
sary. As long as this study is lacking, we have to look
for ways to minimise the risks. The first step is that
dates on collagen must always be checked against
charcoal or cereal dates from the same context; fi-
nancial constraints concerning the number of dates
are not an excuse for methodological deficits. In the
case of differences of more than 50 BP-years be-
tween dates from faunal and floral carbon, the bone
dates at least should be questioned, if not rejected.
From a purely taphonomic point of view, dates from
bones in anatomical contact are the best choice, but
in the case of settlement pits, it may be preferable to
use botanic material for 14C dating, making tapho-
nomic problems improbable by taking three or more
samples from different depths of a column. The high-
er cost of dating more samples is the price for the
time saved collecting the samples compared to the
time-consuming identification of bones in anatomical
contexts and make misleading results caused by dia-
genetic processes less probable, without excluding
them, as shown by the examples of Ulm-Eggingen
and, probably, Rottenburg.

Archaeology first

Finally, this paper shows that even the most refined,
technically advanced methods used by the natural
sciences can provide only an additional source of in-
formation. Our subject being archaeology, we always
have to check the external data to see whether they
fit with our archaeological data, and if not, why not.
In the last few years there has been a tendency to-
wards an unfounded reliance on 14C dating alone,
culminating in the conclusion concerning the four
late and ten extremely late dates from Rottenburg:
“presumably there is a so-far unresolved problem
with the detection of later activity” (Jakucs et al.
2016.53), thus a priori excluding any problem with
the dates themselves. As Rottenburg is probably the
site with the best preservation of all known eLBK
sites, with an unbroken layer of eLBK sherds above
the 14C-dated pits (Kind 2005.Abb. 3-5), thorough-
ly excavated and documented by an experienced ex-
cavator, this shows an impressingly uncritical atti-
tude towards 14C and distrust in archaeology. Scien-
tific measurements and statistical analyses of them
are not necessarily more reliable or accurate than our
own methods, even if they are sometimes assumed
to achieve a level of obvious pseudo-accuracy, as in
the conclusions on Hinkelstein in Alsace: “the appear-
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ance of Hinkelstein ceramics in Alsace was swift:
laking 1-115 years (95% probability...)"; “Hinkel-
stein ceramics were probably used in this area for
one or two generations” (Denaire et al. 2017.43);
and “the re-establishment of ways of doing things
may have been quite rapid (1-40 years at 68%
probability)” (Denaire et al. 2017.71) - conclusions
derived from two graves and one pit included in a
seriation, only the two graves being dated by 14C.
How can we get any useful information about time
spans and rapid or slow developments from a data
base such as this; from a data base which was not
checked to ascertain whether the suspected prob-
lems with collagen dates (Denaire 2009) were real,
but enriched by two dates from a site almost 150km
away, in another region with a longer duration of
Hinkelstein occupation? Calculations like these may
be statistically satisfying, but nothing more. The re-
sults cannot be the reliable approach to prehistoric
reality that should be the aim of our research.

Of course, we may assume that the dates from Vinca
and the Hungarian sites (and consequently also those
from the early middle Neolithic in Alsace and SW
Germany) are correct, shifting the whole sequence
by 150-200 years; however, in this case, the LBK
and Rossen series from Alsace would be too old, and
even worse, the dendrochronological dates from the
wells would not fit with the 14C chronology. And
how should we explain a series like Rottenburg? A
model that assumes they are all correct (Fig. 2) is
completely incompatible with relative chronology
(Fig. 3). A serious problem at least with some of the
14C dates on bone collagen has to be admitted - or
a completely new chronological system has to be
constructed, with, for example, eLBK lasting for six
centuries (5350-4750 cal BC), ending at about the
same time as Hinkelstein, as we have no evident rea-
son to discard the dates from Rottenburg while ac-
cepting the RaZiSte dates from Szederkény.

In the light of these results, the ‘formative phase’ of
eLBK in Transdanubia must be reconsidered: the dif-
ference of about 150 years between its beginning
and the start of the rest of the eLBK might be ex-
plained by the different material used for 14C dating.
Looking from the West, a date about 5500 cal BC for
the beginning of eLBK expansion seems to be more
reliable, while the date of 5350 cal BC based on
bone collagen dates is about 150 years too young.
Interpreting the ‘formative phase’ as a regional va-
riant of the eLBK and not as its predecessor - as sup-
posed by typological maps and the results of a cor-
respondence analysis of some 600 features of eLBK
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and the intial Flomborn/Notenkopf phases (Strien
2017) - both starting at 5500 cal BC, would avoid
the demographic problems connected with the late
date for the expansion horizon. If this model were
accepted, the start date for Vinca-Belo at least Brdo
would also be too young.

What becomes evident in this context is the lack in
SE Central Europe of any modern typochronology
based not only on a clearly defined typology, but
also on appropriate statistical instruments. So far,
for the whole area between Bylany and Vinca-Belo
Brdo no modern chronology has been published that
covers at least a major part of the time span between

the start of the LBK and the transition to its succes-
sors. The establishment of fine-grained regional typo-
logical chronologies and their interregional correla-
tion using classical analyses of foreign forms and
importations as well as modern statistical methods
(e.g, Procustes analysis of seriations) and additional
information like the demographic considerations dis-
cussed above, correlated with precise absolute dates
from the wells, may and should be supported, but
can in no way be replaced by 14C dating. Radiocar-
bon dating is not the Holy Grail of prehistoric archa-
eology, especially as long as environmental influen-
ces on its results are neither fully recognised nor un-
derstood.
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