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1. Introduction

In Notae 32 we reported the discovery of a bone tool with an oblique cutting edge 
(Fig. 1), found isolated in the Late Glacial Moervaart palaeolake during the excavation 
of a Medieval site at Klein-Sinaai (Crombé et al., 2012).  The heavily weathered and 
fragmented tool was determined as a chisel/adze presumably made on a tibia of a large 
bovidae.  Stratigraphically it was found in a strongly organic clayey layer at the transition 
between calcareous lake marl sediments and covering peat.  In absence of an absolute 
date the artifact was tentatively dated on stratigraphical basis between the Final Palaeo-
lithic and the start of the Neolithic.  In order to refine this date samples for radiocarbon 
dating of the bone artifact and the sediments were submitted, the results of which will be 
presented in this paper.

2. Radiocarbon evidence

2.1. Bone dates

Bone comprises two fractions: a protein fraction (collagen) 
and an inorganic component (calcium hydroxyapatite).  Both 
contain carbon and in theory both are datable.  The hydroxya-
patite, however, is an open lattice structure into which carbon-
ates from ground water can be deposited and contaminate 
the apatite.  The preservation state of bone collagen can be 
evaluated by the C:N ratio reflecting contamination and/or degradation.  C:N ratio be-
tween 2.9 and 3.6 should result in acceptable 14C dates (De Niro, 1985; Ambrose, 1990).  
However, collagen extracted from fresh bones have mostly a C:N ratio of 3.1-3.2.

The bone tool found in the Moervaart palaeolake was covered by peat.  Peat contains 
humic acids which can contaminate the bone collagen.  During collagen extraction a 
NaOH-wash was performed to remove most of the humic acids (but not all), which 
have a higher C:N than bone collagen.  Both the purified collagen (RICH-20192) and the 

Fig. 1 - Bone artifact from Klein-Sinaai
(scale: 1/4).

Lab Number Dating Material BP-date �15N �13C C/N 

RICH-20191 collagen AA (cross 
flow nanofiltration) 8671 ± 43 +5.2 ‰ -23.0 ‰ 3.2 

RICH-20192 Collagen 8571 ± 43 +5.3 ‰ -22.7 ‰ 3.4

RICH-20190 NaOH-extract 
collagen 5611 ± 36 +4.9 ‰ -26.8 ‰ 9.2 

RICH-20193 Apatite 7861 ± 40 
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NaOH-extract (RICH-20190) were subsequently dated (Tab. 1).  The former yielded a 
date which based on its C:N ratio (3.4) can be considered reliable.  But the dated collagen 
had a light-brownish colour while perfect collagen is normally white.  This brown colour 
can indicate humic acid presence.  Therefore, the collagen was hydrolyzed into amino ac-
ids and a cross flow nanofiltration was performed.  Cross flow nanofiltration is a recent, 
novel technique improving sample quality of protein-containing samples developed in the 
Royal Institute for Cultural Heritage (Boudin et al., 2013).  The obtained C:N ratio of the 
collagen AA (RICH-20191) is 3.2 showing better sample quality and hence a more reli-
able 14C date was obtained.  A fourth date (RICH-20193) was performed on the apatite 
but turned out to be unreliable due to secondary carbonate contamination (Tab. 1).

2.2. Sediment dates

Two samples from organic layers were sampled in order to provide dates ante quem and 
post quem for the deposition of the bone artifact (Tab. 2).  A first sample was retrieved 
from a strongly organic layer at the bottom of the lacustrine sediments underlying the 
bone tool.  This sample yielded a date in the first half of the Allerød, which is in ac-
cordance with earlier radiocarbon dates from the Moervaart palaeolake (Crombé et al., 
2013).  The sample of the covering peat yielded a date at the transition between the 
Atlantic and Subboreal and fits perfectly with the starting dates of peat growth in the 
nearby Lower Scheldt floodplain.

Tab. 2 - List of sediment 
dates.

Atmospheric data from Reimer et al (2009);OxCal v3.10 Bronk Ramsey (2005); cub r:5 sd:12 prob usp[chron]

14000CalBC 12000CalBC 10000CalBC 8000CalBC 6000CalBC 4000CalBC

Calibrated date

Peat base  5760±34BP

Bone tool  8671±43BP

Lake base  11874±53BP
Fig.  2 - Calibrated 
radiocarbon date of 
the bone tool in rela-
tion to the sediment 
dates.

3. Discussion

The nanofiltration date of the bone artifact, being the most reliable radiocarbon date, 
is not in conflict with the dates obtained on the underlying and above lying sediments.  
It situates the bone artifact in the first half of the 8th millennium cal BC, long after the 
Moervaart lake had dried out (end of Allerød) and ca. three millennia earlier than the 
start of the peat growth.  This indicates that the preservation of this so far unique find 
within the Moervaart area is most likely due to the highly calcareous composition of the 
sediment in which it was deposited rather than to waterlogged circumstances.  It also 
demonstrates the potential of the Moervaart palaeolake area for future discovery of 
organic remains dating to the Final Palaeolithic and Mesolithic.

Lab Number Dated Layer BP-date Dating Material 

RICH-20094 Peat base 5760 ± 34 Charcoal and wood fragments 

RICH-20089 Organic layer at base 
lacustrine sediments 11874 ± 53 

Ranunculus flammula seeds 7 x; 
Carex (trigonous) sp. 4 x fruits; 
Schoenoplectus lacustris 1 x1

1. Selection and determination of plant macroremains was done by H. Bos from ADC ArcheoProjecten 
(Amersfoort, the Netherlands). 
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The bone tool dates to a period in which the Moervaart area was intensively occupied 
by (Early) Mesolithic hunter-gatherers, who mainly settled their camp-sites along a me-
andering channel of the palaeo Durme/Kale (Crombé et al., 2013).  However, until now 
no such site is known in the direct vicinity of the spot where the bone tool was found, 
suggesting that we are dealing with an isolated artifact which was deliberately deposited 
or lost.
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Abstract

This short paper reports on the absolute dating of a bone tool found in the Late Glacial Moervaart 
lake, NW Belgium (Crombé et al., 2012).  A collagen sample, which was pretreated by means 
of a cross flow nanofiltration, yielded a radiocarbon date of 8671 ± 43 BP (RICH-20191).  This 
situates the bone artifact in the first half of the 8th millennium cal BC, when the Moervaart area 
was densely occupied by Early Mesolithic hunter-gatherers.

Keywords: Moervaart palaeolake, Klein-Sinaai, East Flanders (B), bone tool, Mesolithic, radiocar-
bon dating.

Samenvatting

In deze korte nota worden de resultaten van enkele koolstofdateringen verricht op een benen werk-
tuig en sedimenten uit de Moervaartdepressie te Klein-Sinaai (Crombé et al., 2012) gepresenteerd.  
Een directe datering op collageen, onderworpen aan een nanofiltratie, situeert het artefact in de 
eerste helft van het 8ste millennium v. Chr. (RICH-20191 : 8671 ± 43 BP).  Deze datering is niet in 
tegenspraak met de datering van de onderliggende lacustriene afzettingen (RICH-20089 : 11874 
± 53 BP) en afdekkende veenlaag (RICH-20094 : 5760 ± 34 BP).

Trefwoorden: Moervaart palaeodepressie, Klein-Sinaai, prov. Oost-Vlaanderen (B),  benen werk-
tuig, Mesolithicum, koolstofdatering.

Philippe CROMBÉ
Wim DE CLERCQ

Vakgroep Archeologie
Universiteit Gent

Sint-Pietersnieuwstraat, 35
BE - 9000  Gent

philippe.crombe@ugent.be
w.declercq@ugent.be

Mark VAN STRYDONCK
Mathieu BOUDIN

Koninklijk Instituut voor het Kunstpatrimonium
Jubelpark, 1

BE - 1000  Brussel
mark.vanstrydonck@kikirpa.be

mathieu.boudin@kikirpa.be



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


