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            Abstract
Pottery is one of the most commonly recovered artefacts from archaeological sites. Despite more than a century of relative dating based on typology and seriation1, accurate dating of pottery using the radiocarbon dating method has proven extremely challenging owing to the limited survival of organic temper and unreliability of visible residues2,3,4. Here we report a method to directly date archaeological pottery based on accelerator mass spectrometry analysis of 14C in absorbed food residues using palmitic (C16:0) and stearic (C18:0) fatty acids purified by preparative gas chromatography5,6,7,8. We present accurate compound-specific radiocarbon determinations of lipids extracted from pottery vessels, which were rigorously evaluated by comparison with dendrochronological dates9,10 and inclusion in site and regional chronologies that contained previously determined radiocarbon dates on other materials11,12,13,14,15. Notably, the compound-specific dates from each of the C16:0 and C18:0 fatty acids in pottery vessels provide an internal quality control of the results6 and are entirely compatible with dates for other commonly dated materials. Accurate radiocarbon dating of pottery vessels can reveal: (1) the period of use of pottery; (2) the antiquity of organic residues, including when specific foodstuffs were exploited; (3) the chronology of sites in the absence of traditionally datable materials; and (4) direct verification of pottery typochronologies. Here we used the method to date the exploitation of dairy and carcass products in Neolithic vessels from Britain, Anatolia, central and western Europe, and Saharan Africa.
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                    Fig. 1: Site location map, partial gas chromatograms and stable isotope determination of compound-specific radiocarbon-dated lipid residues preserved in Neolithic pottery vessels.


Fig. 2: Sweet Track timbers, a pottery vessel and calibrated radiocarbon dates.


Fig. 3: Drawings, correspondence analysis and radiocarbon dates of Neolithic vessels from Alsace (France) modelled using Bayesian statistics.
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                Data availability


All data generated during this study are included in the Article, Extended Data Figs. 1–9, Extended Data Table 1 and Supplementary Information.



Code availability


The codes used in OxCal for statistical modelling are provided in the Supplementary Information.
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Extended data figures and tables

Extended Data Fig. 1 Schematic showing the stratigraphic information of the Neolithic occupation of the TP area at Çatalhöyük (Turkey).
This information was included in the chronological model defined in Extended Data Fig. 2. Contexts containing potsherds dated in this study are highlighted in green.


Extended Data Fig. 2 Probability distributions of dates from Neolithic deposits in the TP area at Çatalhöyük, Turkey.
Data include the results on absorbed fatty acids in pottery sherds listed in Extended Data Table 1. Each distribution represents the relative probability that an event occurs at a particular time. For each date, two distributions are plotted: one in outline, which is the result of a simple radiocarbon calibration, and a solid one, based on the chronological model used. The distributions in green correspond to the potsherds, distributions in black show the pre-existing chronology. Distributions other than those relating to particular samples correspond to aspects of the model. For example, the distribution ‘end East Mound occupation’ is the estimated date at which the Neolithic occupation of the East Mound ended at Çatalhöyük. Measurements followed by a question mark and shown in outline have been excluded from the model for reasons described in table 1 of a previous study11 and are simple calibrated dates34. The large square brackets down the left side, along with the OxCal keywords, define the overall model exactly.


Extended Data Fig. 3 Probability distributions of radiocarbon dates from absorbed fatty acids in LBK ceramics.
Data on absorbed fatty acids are listed in Extended Data Table 1. Black, dairy; blue, ruminant adipose; red, non-ruminant adipose. Data are shown as described for Extended Data Fig. 2.


Extended Data Fig. 4 Sensitivity analyses of radiocarbon dates on LBK ceramics.
Key parameters for the start of the use of LBK ceramics (blue distribution)—derived from the models defined in Extended Data Fig. 3, figure 8 of a previous study12, and figures 18, 19 (model 1), 20, 21 (model 2) and 22, 23 (model 3) of a previous publication13—were compared with the start of LBK lipids presented in Extended Data Fig. 3 (red distributions), and subsequently deliberately biased by 1σ, 2σ, 3σ, 4σ and 8σ to younger (orange distributions) and older (pink distributions) values. Some distributions may have been truncated.


Extended Data Fig. 5 The Tadrart Acacus Mountains in southwest Libya.
a, b, The Wadi Takarkori area (dashed rectangle). c, Schematic plan of the excavated areas. All sampled sherds come from the main sector.


Extended Data Fig. 6 Site stratigraphy, photographs of potsherds and radiocarbon dates of Middle Pastoral pottery vessels from Takarkori (Libya) modelled using Bayesian statistics.
a, Stratigraphic context of sampled potsherds from Takarkori east–west profile of the southern wall of the Takarkori north–south (Extended Data Fig. 5). (a) aeolian sand; (b) sand rich in organic matter; (c) lenses of undecomposed plant remains; (d) ash; (e) charcoal; (f) slurry deposit; (g) eroded sand from the wall; (h) bedrock. b, Photographs of the five potsherds analysed showing typical Middle Pastoral decorative patterns. c, Example of temporally and spatially wide deposit of organic sands (detail of layer 25, Takarkori main sector). d, Statistical model of the Middle Pastoral period showing the comparison of pot lipid dates (in green) with previous radiocarbon measurements. Data are shown as described for Extended Data Fig. 2.


Extended Data Fig. 7 Sensitivity analyses of radiocarbon dates on vessels from Takarkori rock shelter, Libya.
Probability distributions for the beginning and end Middle Pastoral period ceramics from Takarkori rock shelter, Libya (no pot lipid dates) compared with those of the model shown in the Extended Data Fig. 6d and models including fatty acid dates that were deliberately biased by 1σ, 2σ, 4σ, 8σ, 20σ and 40σ. Data are shown as described for Extended Data Fig. 4.


Extended Data Fig. 8 Probability distributions of dates associated with the use of early Neolithic Plain Bowl pottery in southern Britain.
Prior distributions have been taken from the models described in the text and in the Supplementary Information. Data are shown as described for Extended Data Fig. 2.


Extended Data Fig. 9 Sensitivity analyses of radiocarbon dates on vessels from Principal Place, London.
Probability distributions of the start and end of early Neolithic Plain Bowl pottery in southern Britain compared with those of the model shown in Extended Data Fig. 8 and models including fatty acid dates that were deliberately biased by 2σ, 4σ, 8σ and 16σ. Data are shown as described for Extended Data Fig. 4.


Extended Data Table 1 Summary of radiocarbon dates of lipids preserved in pottery vesselsFull size table
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Supplementary Information
This file contains the details on the methods employed (SI 1) as well as the discussion of the results for every case study presented in the paper (SI 2-7) and conclusions of the analyses (SI 8).


Reporting Summary

Supplementary Data
Sorted Table. This file contains the matrix of the correspondence analysis based on decorative motifs of main and secondary motifs during the Middle Neolithic in Alsace (SI 4).


Supplementary Data
Sweet Track OxCal Model (OXCAL file). This file is the OxCal code used for evaluation of the accurate dating of pottery vessels associated with the Sweet Track, Somerset levels, UK (SI 2).


Supplementary Data
TP OxCal Model (OXCAL file). This file is the OxCal code used for evaluation of the accurate dating of pottery vessels from the TP area at Çatalhöyük East, Turkey (SI 3).


Supplementary Data
Alsace Middle Neolithic OxCal Model (OXCAL file). This file is the OxCal code used for evaluation of the accurate dating of pottery vessels from the Alsatian Middle Neolithic, France (SI 4).


Supplementary Data
LBK lipids OxCal Model (OXCAL file). This file is the OxCal code used for evaluation of the accurate dating of pottery vessels from the LBK sites in Central Europe (SI 5).


Supplementary Data
Takarkori Middle Pastoral OxCal Model (OXCAL file). This file is the OxCal code used for evaluation of the accurate dating of pottery vessels from the Middle Pastoral period at Takarkori, Libya (SI 6).


Supplementary Data
Plain Bowl OxCal Model (OXCAL file). This file is the OxCal code used for evaluation of the accurate dating of pottery vessels from Principal Place, London, UK (SI 7).
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