
Three-dimensional  (3-D)  computer  reconstruction  of 
fossils, or virtual palaeontology, is a powerful approach 
for elucidating the history of life. Fossils are visualized 
with  the  aid  of  cutting-edge  imaging  and  computer 
technologies (Sutton et al. 2012), yielding novel insights 
into their anatomy, function, and evolution. Owing to its 
capability  to  rapidly  and  non-destructively  image 
centimetre-scale  samples  at  high  resolutions,  X-ray 
microtomography (µCT) has proven to be a particularly 
effective tool for virtual palaeontology (Abel et al. 2012; 
Rahman et al. 2012). The technique has been used to study 

a range of different groups, including arthropods (e.g. 
Garwood et al., 2011), echinoderms (e.g. Zamora et al., 
2012), and molluscs (e.g. Vinther et al., 2012). In addition, 
µCT was used to visualize the 3-D relationship between 
trace and body fossils in specimens from the Kaili Biota of 
Guizhou, China (Lin et al., 2010). 

To further explore the association between trace and 
body fossils  in three dimensions,  three well-preserved 
molluscs from the Mesozoic of Madagascar (a gastropod, 
an ammonite, and a nautiloid) were studied with the aid of 
µCT. Fossils were scanned on a Nikon (formerly Metris 

X-Tek) XT H 225 cabinet scanner at the 
Natural History Museum, London, using a 
current/voltage of 210 kV/190 μA and 
3142  projections  for  the  gastropod,  a 
current/voltage of 210 kV/175 μA and 
3142 projections for the ammonite, and a 
current/voltage of 215 kV/200 μA and 
6284 projections for the nautiloid. Two 
out  of  the  three  specimens  yielded 
promising results, with two different types 
of trace fossils (burrows) recognizable in 
the  µCT  scans  and  the  digital 
reconstructions (Figs 1, 2). 
The first type of trace fossil is associated 
with the gastropod (Fig.  1).  The body 
fossil is infilled with brownish sediment 
and numerous shell fragments (preserved 
as voids), which are concentrated in the 
outer  chamber.  Small  tubular  burrows 
(probably  borings)  occur  in  the  outer 
shell, but do not penetrate far into the 
infilling  sediment;  these  structures  are 
preserved  in  the  same material  as  the 
infilling sediment or as a denser material, 
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Fig. 1. µCT slices and 3-D computer reconstruction of an undetermined gastropod 
(NIGP158310) from the Mesozoic of Madagascar. 



ACTA GEOLOGICA SINICA (English Edition)       Vol. 87   Supp.      June 2013 

865 

which appears as bright pixels in the µCT scan. The 
taphonomic  history  of  this  specimen  is  unclear;  the 
absence of trace fossils in the infilling sediment could 
indicate that the burrows were formed prior to the shell 
being  filled  with  sediment,  or  that  the  burrowing 
organisms preferentially bored through the outer shell, or 
that  any burrows formed in  the inner  shell  were  not 
preserved. 

The  second  type  of  trace  fossil  occurs  within  the 
ammonite  fragment  (Fig.  2).  The  body  fossil  is 
represented  by  bright  (?aragonite)  and  mottled  dark 
(infilling sediment) pixels in the µCT scan. The distinctive 
ammonitic suture pattern is clearly visible on the fossil 
exterior – although this is not apparent in the computer 
reconstruction, which does not include information about 
the  surface  appearance  of  the  fossil  –  indicating  the 
generally excellent preservation of the specimen. Small 
tubular burrows occur extensively within the fossil, but 
never cross between septa, sometimes following chamber 
walls for a considerable distance; burrows are represented 
by fairly bright  pixels  (dense material)  and septa are 
represented by light-grey pixels. This demonstrates that 
the burrows were formed after the shell had been infilled 
with sediment, and suggests that the chamber walls of the 
ammonite  acted  as  barriers  to  the  movement  of  the 
burrowing organisms. 

Our  computer  reconstructions 
(Figs.  1,  2)  provide  3-D 
information  on  the  interior  of 
Mesozoic Madagascan molluscs for 
the first time. Of particular note, 
they allow us to identify trace fossil 
burrows  closely  associated  with 
body fossils in a gastropod and an 
ammonite. Although these burrows 
are similar in size and shape, they 
might  have  had  quite  different 
histories. In the gastropod, we were 
able  to  determine  how the  shell 
fragments  were  compacted inside 
the shell, but the exact taphonomic 
history of this fossil is otherwise 
unclear. In contrast, the history of 
the  ammonite  can be more fully 
deciphered – burrows were formed 
in  the  fossil  following  sediment 
infill. This work, together with the 
study  of  Lin  et  al.  (2010), 
demonstrate the great potential of 
virtual  palaeontology  for 
investigating  trace  fossil–body 

fossil associations in different invertebrate groups. Studied 
fossils  (NIGP158310-158312)  are  deposited  at  the 
Nanjing Institute of Geology and Palaeontology. 
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ichnology, taphonomy, molluscs 

 
Acknowledgements  

 
This  work was  supported  by Chinese  Academy of 

Sciences  (KZCX2-YW-BR-23)  and  National  Science 
Foundation of China (41240015) to JPL and the Natural 
Environment Research Council (NE/H015817/1) to IAR. 
We thank Russell Garwood for assistance with µCT scans. 

 
References 
Abel,  R.L.,  Laurini,  C.R.,  and  Richter,  M.,  2012.  A 

palaeobiologist’s  guide  to  ‘virtual’  micro-CT  preparation. 
Palaeontologia Electronica, 15: 6T. 

Garwood, R.J., Dunlop, J.A., Giribet, G., and Sutton, M.D., 
2011.  Anatomically  modern  Carboniferous  harvestmen 
demonstrate early cladogenesis and stasis in Opiliones. Nature 
Communications, 2: 444. 

Lin Jih-Pai, Zhao Yuanlong, Rahman, I.A., Xiao Shuhai and 
Wang  Yue,  2010.  Bioturbation  in  Burgess  Shale-type 
Lagerstätten  –  Case  study  of  trace  fossil-body  fossil 
association  from  the  Kaili  Biota  (Cambrian  Series  3), 
Guizhou,  China.  Palaeogeography,  Palaeoclimatology, 
Palaeoecology, 292(1-2): 245-256. 

 

Fig. 2. µCT slices and 3-D computer reconstruction of an undetermined ammonite fragment 
(NIGP158311) from the Mesozoic of Madagascar. 



ACTA GEOLOGICA SINICA (English Edition)       Vol. 87   Supp.      June 2013 

866 

Rahman, I.A., Adcock, K., and Garwood, R.J., 2012. Virtual 
fossils:  a  new  resource  for  science  communication  in 
paleontology. Evolution: Education and Outreach, 5: 635-641 

Sutton, M.D., Garwood, R.J., Siveter, D.J., and Siveter, D.J., 
2012.  SPIERS  and  VAXML;  a  software  toolkit  for 
tomographic visualisation and a format for virtual specimen 
interchange. Palaeontologia Electronica, 15: 5T. 

Vinther, J., Jell, P., Kampouris, G., Carney, R., Racicot, R.A., 
and Briggs, D.E.G., 2012. The origin of multiplacophorans – 
convergent evolution in aculiferan molluscs. Palaeontology, 
55: 1007-1019. 

Zamora,  S.,  Rahman,  I.A.,  and  Smith,  A.B.,  2012.  Plated 
Cambrian bilaterians reveal the earliest stages of echinoderm 
evolution. PLOS ONE, 7: e38296. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


