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The use of  pottery among hunter-gatherer-fisher com-
munities in  the northern forest zone gradually spread 
westwards and northwards, probably following several 

routes, reaching the east Baltic about 7000 years ago (Mazurk-
evich et al., 2013; Piezonka, 2015). To understand how and why 
pottery was adopted, and differences between regions, it is es-
sential to fix these processes to an absolute time scale, ideally 
with sub-centennial precision.

Many key sites have been dated by conventional radiocarbon 
(14C) measurements with large uncertainties, however, on sam-
ples that are unsuited to precise dating (e.g. bulk sediment) and/
or whose close chronological association with pottery is uncer-
tain (e.g. charcoal, timber, bone). Conventional 14C dates on the 
total organic content of pottery solve the association problem, 
but are controversial, as the ultimate sources of the dated carbon 
are unknown (Zaitseva et  al., 2009). Again, such results may 
have large uncertainties, giving calibrated date ranges spanning 
400–500 years. Thus the reliability of the relatively few 14C re-
sults from charred food-crusts on pottery, especially more pre-
cise AMS 14C results, is critically important to the chronology 
of early pottery.

Even accurate 14C results on food-crusts do not guaran-
tee accurate calibrated dates, however. In  theory, all car-
bon in  such samples comes from food cooked in  the pot 
concerned, which should be close in date to when the pot 
was made, but the 14C content of fish and other aquatic spe-
cies is often less than that of terrestrial species, making the 
fish appear older (14C ‘reservoir effect’). Fish may have been 
eaten raw, or have been cooked without pottery, but it could 
have been a component of many food crusts, because fish-

ing was fundamental to subsistence throughout this region 
and period.

The reservoir-effect problem is not trivial; there are now sev-
eral cases of  food crusts dating 200–400 14C years older than 
plant material from the same sherd. Fischer and Heinemeier 
(2003) measured an offset of 290±64 years between food crust 
on  a  Neolithic sherd from the Åkonge kitchen midden, Den-
mark, and a charcoal in the sherd fabric. Meadows et al. (2015) 
found an offset of 271±69 years between food crust on an Upper 
Volga sherd at Zamostje 2, Moscow region, Russia, and a plant 
fibre used to repair the pot. Piličiauskas and Heron (2015) re-
ported offsets of 240±69 and 300±49 years between food crusts 
and plant fibres from repair holes in  two Narva-ware sherds 
at  Sventoij  4, Lithuania, and Oras (unpublished) has found 
an offset of 362±42 years between a food crust and a repair-hole 
plant fibre in a Narva-ware sherd from Kääpa, Estonia. In each 
case, the best explanation for these offsets, given what we know 
of the sites’ subsistence economies, is that a significant fraction 
of the carbon in the food crusts was derived from fish, or other 
aquatic species.

Prehistoric pottery appears to have been repaired quite fre-
quently, but it is rare to find both food crust and datable plant 
remains in  the same sherd; only four cases are known at  Za-
mostje 2, out of c. 20000 Upper Volga ware sherds. If plant fibres 
in repair-holes (and/or pine or birch resin used to seal broken 
edges) were routinely available for dating, such samples would 
be preferable to dating food crusts, but food crusts are found far 
more frequently (fig. 1). Thus it is essential to analyse food-crust 
samples to understand, at least semi-quantitatively, the sources 
of carbon in dating extracts. 
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Although differential loss of  compounds during charring 
(and perhaps during burial) is likely (Heron, Craig, 2015), both 
experimental evidence (Philippsen et  al., 2010; Yoshida et  al., 
2013) and regional patterns (Craig et  al., 2011; Philippsen, 
Meadows, 2014; Piezonka et al., in press) suggest that EA-IRMS 
results (%C, %N, d 13C and d 15N) are a reasonable guide to the 
original ingredients of  food crusts. In  most ecosystems, these 
values should vary between plant, terrestrial animal and fish 

foods, and we can often estimate applicable d 15N can be much 
higher in fish than in terrestrial foods, and depending on local 
hydrology, d 13C is often more negative. A low C:N, particularly 
in combination with d 13C and/or d 15N unexpected in terrestrial 
fauna, therefore suggests that carbon in  a  food crust may 
be  fish-derived. The Zamostje 2  food crust with an  apparent 
271±69 year reservoir effect had very low C:N (5.8) and slightly 
high d 15N (8.6‰). 

Piezonka et al. (in press) argue that most of the dated food 
crusts from several Neolithic sites in the forest zone have EA-
IRMS data consistent with fish being one of their main ingre-
dients (fig. 2). Upper Volga pottery from Sakhtysh IIa, Ivanovo 
region, Russia, is the exception to this pattern. The food crust 
with the highest 14C age is the only one with low C:N (7.2), high 
d  15N (10.7‰) and depleted d  13C  (-29.8‰), consistent with 
a high fish content. The other food-crusts could be mainly ter-
restrial in origin. Two have the high C:N and low d 15N expected 
in plant ingredients; one of these had a willow fibre embedded 
in the food crust, which gave a date consistent with that of the 
food crust itself (Hartz et al., 2012). 

Nevertheless, if  most food crusts contain some aquatic in-
gredients, it may be necessary to use faunal isotope data to es-
timate their fish content, and 14C ages of modern or known-age 
fish samples to gauge potential 14C age differences between fish 
and terrestrial ingredients. This approach is  particularly rel-
evant to interpreting the oldest 14C ages in previous studies, but 
to calculate realistic 14C-age corrections it would be necessary 
to not only account for the uncertainty in fish content, but also 
for the variability in 14C-depletion in local fish. We are investi-
gating the feasibility of this approach at Sakhtysh IIa, Veksa 3, 
and Zamostje 2.
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Fig. 1. Sparsely decorated Upper-Volga pottery from 
Sakhtysh IIa, with carbonised food crust. The hole 
is decorative, not a repair-hole, and the carbonised material 
inside it is probably food crust. RTI image (Svorad Stolc/
John Meadows).

Рис. 1. Орнаментированный фрагмент сосуда верхне-
волжской культуры (Сахтыш IIа) с остатками карбонизи-
рованного нагара. В орнаментальном округлом оттиске, 
возможно, также остатки нагара.
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Глиняная посуда постепенно распространялась среди 
сообществ охотников-собирателей на  севере лесной 
зоны, следуя нескольким путям на север и запад, до-

стигнув востока Балтики около 7000 лет т. н. Для того, что-
бы понять, как и почему керамика появилась, определить 
особенности керамических традиций в различных регио-
нах, необходимо определить абсолютную хронологию этих 
процессов, и в идеале вписать их в рамки вековой истории. 
Для многих ключевых памятников были получены конвен-
циональные датировки со  значительной погрешностью, 
сделанные по различным образцам и/или по материалам, 

чье хронологическое соответствие с керамикой находится 
под вопросом (например, уголь, дерево, кость). Также су-
ществует и проблема влияния на датировки резервуарного 
эффекта. Известны случаи, когда при датировании нагар 
оказывается на 200–400 14C лет древнее, чем растительный 
материал с  того же  черепка. Для определения значения 
необходимой корректировки нужно не  только учитывать 
влияние содержание рыбы в нагаре, но также и учитывать 
разницу в отклонениях для местной рыбы. Подобные ис-
следования были проведены для материалов памятников 
Сахтыш IIa, Векса 3 и Замостье  2.
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Fig. 2. EA-IRMS data (Piezonka et al. in press), dated food crusts on Neolithic pottery at sites in the forest zone of north-
eastern Europe.

Рис. 2. Данные EA-IRMS (Piezonka et al., in press), продатированный нагар с неолитической керамики из памятников 
лесной зоны северо-восточной Европы.
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