
The  Guadalupian-Lopingian  (Middle-Late  Permian) 
transition was a critical interval in geological history, 
during which dramatic climatic, oceanic, and biological 
changes occurred (Banner and Hanson, 1990; Chen et al., 
2009). Numerous hypotheses have been proposed as the 
cause of this particular geologic event, including changes 
in sea level, in temperature, and in paleoceanography, 
reduction in habitata, and any of the above combinations 
(Burdett et al., 1989; Hallam and Wignall, 1999; Clapham 
et al., 2009). The ultimate cause of this event, however, is 
still highly controversial. Although a catastrophic event of 
some type appears to have occurred at the Guadalupian-
Lopingian boundary, long-term changes in environmental 
conditions appear to have played a role as well(Freeman 
and  Hayes,  1992;  Jin  et  al.,  2006;  Wignall  et  al., 
2009a,2009b). There is strong evidence for environmental 
deterioration  throughout  the  Guadalupian-Lopingian 
boundary, which may have stressed marine ecosystems 
prior  to  the  main extinction event.  In  this  study,  we 
present the results of chemostratigraphic analyses of one 
Guadalupian-Lopingian boundary section with a complete 
biostratigraphy sequence from the South China plate. The 
present  high-resolution  analysis  of  this  section  using 

multiple chemostratigraphic proxies provides evidence of 
large, high-frequency changes in seawater chemistry, and 
the significance of these changes for understanding the 
origin of the catastrophic event will be considered in this 
contribution. 

Thirty-five samples collected from a ca. 21.2m thick 
sequence in the Rongcun section have been provided for 
the present trace element study. Samples were analyzed on 
a VG PQ2 Turbo inductively coupled plasma source mass 
spectrometer (ICP-MS) at the Institute of Geology and 
Geophysics,  Chinese Academy of Sciences. Analytical 
precision for elemental concentrations was generally better 
than 4%. Cerium (Ce/Ce*) and europium anomalies (Eu/
Eu*) were calculated from: Ce/Ce*=Cen/(Lan×Prn)1/2, 
Eu/Eu*=Eun/(Smn×Gdn)1/2,  using  shale-normalized 
abundances. Normalization value is the North American 
shale  composite  (NASC).  Shale-normalized  Lan/Ybn 
ratios are assigned to reflect the relative enrichment of 
light REE (LREE) vs. heavy REE (HREE). Ce/La ratios 
are also used in this study to differentiate the depositional 
environment. 

Trace elements generally show systematic enrichment 
throughout the sequence. A comparison of the average 
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Fig.1. Trace element enrichment factors relative to average shale in sedimentary rocks of the Rongcun section. 
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compositions  by stratigraphic  position with NASC on 
multi-element plots shows that many elements such as Cr, 
Ni, Cu, Zn, Nb, Tl and Pb fluctuate in their abundance 
through time(Fig. 1). Ni, Cu and Zn are enriched relatively 
to NASC in these formations, whereas other compatible 
elements  such  as  Sc,  Co  and  Sr  show  depletion. 
Fluctuations in the suite seem to be greatest along these 
grouping, with prominent changes in V, Zn and U. The 
total REE abundances show a large variation, with the 
Rongcun section from 27.03 to 357.65 ppm (averaging 
159.98 ppm). Compared to NASC, ∑REE in Rongcun 
section  are  high  in  regimes  greatly  influenced  by 
continental input, owing to the low sedimentation rate, 
which increases exposure time to seawater and, thus, the 
adsorption of REE. The Lan/Ybn ratios are mostly greater 
than 1.00 in the two lithologic types except for two low 
values (0.76 and 0.87, respectively). A remarkable and 
noteworthy  stratigraphic  change  of  Ce  anomaly  is 
recognized in this section. Secular variation of whole-rock 
Ce anomalies of the Rongcun section fluctuates between 
0.67 and 0.95. The Ce negative spans without any relation 
to the lithological change from Limestone to mudstone.  

Previous  studies  show  that  fine-grained  sediments 
deposited near ocean spreading ridges have the lowest Ce/
Ce* values (avg. 0.29), while those deposited on the ocean 
basin floor have the intermediate Ce/Ce* values (avg. 
0.60), and those deposited on continental margins have the 

highest Ce/Ce* values (avg. 1.03). Our Ce/Ce* values 
(0.67-0.95)  from  shale  and  limestone  are  generally 
consistent with those of an ocean basin environment as 
stated above, suggesting that the shale and limestone was 
deposited in an environment far from terrigenous sources, 
i.e., in an marine basin. The Ce negative excursion which 
occur independent of lithological change from limestone 
to  mudstone  and  shale  also  suggests  marine  basin 
environemnt.  Therefore,  we  interpret  the  Ce  negative 
excursion to be the change in sea water chemistry. Ce 
anomalies have been found exclusively in ocean basins, 
with seawater being typically depleted in Ce with respect 
to its REE neighbours La and Pr. It is suggested that the 
extent of Ce anomaly in seawater is mainly controlled by 
the redox conditions and has been used as a tracer to 
distinguish between anoxic and oxic water bodies in the 
geological  past.  A  depletion  of  Ce  relative  to  its 
neighboring elements give rise to a negative Ce-anomaly 
and may result  from the  presence  of  calcareous  and 
siliceous organisms, phillipsites, phosphorite and smectite. 
A  positive  Ce-anomaly results  where  Ce  is  enriched 
relative  to  its  neighbors and might  resulted from the 
presence of Fe–Mn oxyhydroxides. 

Based  on  previously  established  thresholds, 
geochemical ratios, including Th/U, Ni/Co, V/Cr, and V/
(V+Ni),  together  with  sedimentary facies  and  fossils, 
indicate that the Guadalupian ocean was strongly stratified

 

Fig.2. Crossplots of various trace-element ratios 
used as  paleoredox proxies for the Rongcun 
section samples. 
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(Fig. 2). The oxic bottom waters predominated over the 
Rongcun  area,  but  the  redox  environment  may have 
changed due to chemocline instability. During the lower 
Heshan intervals,  an anoxic environment predominated 
during  rapid  transgression.  An  upward  chemocline 
excursion led to significant amounts of H2S gases being 
released  into  the  photic  zone  and  even  atmosphere, 
resulting in photic zone euxinia (Kaiho et al., 2005); this 
scenario would have been very harmful,  both for the 
benthic and planktonic fauna (Isozaki et al., 2007). The 
subsequent rapid transgression resulted in oceanic anoxia, 
expelling the benthos from their previous ecologic niches, 
thereby leading to their  significant decline.  Therefore, 
chemocline excursions,  together with subsequent rapid 
transgression and oceanic anoxia, may account for the 
massive  demises  during  the  Guadalupian-Lopingian 
transition. 

Key  words:  Trace  elements;  Paleoredox  proxies; 
Guadalupian-Lopingian boundary; South China  
 

References 
Banner,  J.L.,  and  Hanson,  G.N.,  1990.  Calculation  of 

simultaneous  isotopic and trace element  variations  during 
water–rock  interaction  with  applications  to  carbonate 
diagenesis. Geochimica et Cosmochimica Acta, 54: 3123–
3137. 

Burdett,  J.W.,  Arthur,  M.A.,  and  Richardson,  M.,  1989.  A 
Neogene seawater sulfur isotope age curve from calcareous 
pelagic microfossils. Earth and Planetary Science Letters, 94: 
189–198. 

Chen, Z.Q., George, A.D., and Yang, W.R., 2009. Effects of 
Middle-Late Permian sea-level changes and mass extinction 
on the formation of the Tieqiao skeletal mound in the Laibin 
area, South China. Australian Journal of Earth Sciences, 56: 

745–763. 
Clapham, M.E., Shen, S.Z., and Bottjer, D.J., 2009. The double 

mass extinction revisited: reassessing the severity, selectivity, 
and  causes  of  the  end-Guadalupian  biotic  crisis  (Late 
Permian). Paleobiology, 35: 32–50. 

Freeman, K.H., and Hayes, J.M., 1992. Fractionation of carbon 
isotopes  by phytoplankton  and  estimates  of  ancient  CO2 
levels. Global Biogeochemical Cycles, 6: 185–198. 

Hallam, A., and Wignall, P.B., 1999. Mass extinctions and sea-
level changes. Earth-Science Reviews, 48:217–250. 

Hayes, J.M., Popp, B.N., Takigiku, R., and Johnson, M., 1989. 
An isotopic study of  biogechemical relationships between 
carbonates and organic carbon in the Greenhorn Formation. 
Geochimica et Cosmochimica Acta, 53: 2961–2972. 

Isozaki,  Y.,  Kawahata,  H.,  and  Minoshima,  K.,  2007.  The 
Capitanian (Permian) Kamura cooling event: the beginning of 
the Paleozoic-Mesozoic transition. Palaeoworld,16: 16–30. 

Jin, Y.G., Shen, S.Z., and Henderson, C.M., 2006. The Global 
Stratotype  Section  and  Point  (GSSP)  for  the  boundary 
between the Capitanian and Wuchiapingian stage (Permian). 
Episodes, 29: 253–262. 

Kaiho, K., Chen, Z.Q., Ohashi, T., Arinobu, T., Sawada, K., and 
Cramer,  B.S.,  2005.  A  negative  carbon  isotope  anomaly 
associated with the earliest Lopingian (Late Permian) mass 
extinction.  Palaeogeography,  Palaeoclimatology, 
Palaeoecology, 223: 172–180. 

Wignall, P.B., Sun, Y.D., Bond, D.P.G., Izon, G., Newton, R.J., 
Vedrine, S.,Widdowson, M., Ali, J.R., Lai, X.L., Jiang, H.S., 
Cope,  H.,  and  Bottrell,  S.H.,  2009a.  Volcanism,  mass 
extinction,  and carbon isotope fluctuations  in  the Middle 
Permian of China. Science, 324: 1179–1182. 

Wignall, P.B., Vedrine, S., Bond, D.P.G., Wang, W., Lai, X.L., 
Ali, J.R., and Jiang, H.S., 2009b. Facies analysis and sea-level 
change  at  the  Guadalupian–Lopingian  Global  Stratotype 
(Laibin, South China), and its bearing on the end-Guadalupian 
mass extinction. Journal of the Geological Society, 166: 655–
666 



<<
  /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


