
1 Introduction 
 

As the third largest marginal sea in the world, South 
China Sea is rich in marine mineral resources, including 
the polymetallic crusts and nodules which are rich in Co, 
Ni, Cu, REE and PGE. As one of the main direct ore-
forming elements, the study which focus on the Fe isotope 
compositions of the marginal sea-type polymetallic crusts 
and nodules from South China Sea is still not reported. 
Furthermore, polymetallic crusts and nodules record the 
information  of  paleoceanographic  environment  and 
climate change during their growth history. Therefore, the 
research  that  we  directly  study  on  the  Fe  isotope 
compositions of  polymetallic  crusts  and nodules  from 
South  China  Sea  will  contribute  to  the  study of  the 
material sources and ore-forming process, and play an 
important  indicator  of  the  South  China  Sea  pale- 
environmental change research. 

 
2 Samples and Fe Isotope Geochemical 
Characteristics 
 

The polymetallic crusts and nodules studied here were 
dredged  respectively  from  the  regional  surveys  by 
“Haiyangsihao” in the South China Sea, sampling depths 
are range from 800– 2300 m. 

The variability of Fe isotope compositions (δ56FeIRMM-

014) we presented in the polymetallic crusts and nodules 
from South  China  Sea  is  between  −0.81  to  −0.25‰ 
(average −0.40‰, n = 7), compared with IRMM-014, all 
samples are enrichment of Fe light isotope. There are 
obviously differences for Fe isotopes in the different sea 
areas of South China Sea, samples where near the northern 
margin have lower δ56Fe values. In the modern ocean Fe 

has extremely low concentration, range with ＜1nM in the 
open ocean (Wu et al., 2001), and the residence time of Fe 
in seawater is very short (Bruland et al., 1994), it results 
that  in  the  significant  local  scope  and  inter-basin 
differences  in  Fe  isotope  compositions.  Compared 
between  polymetallic  crusts  and  nodules  from  South 
China Sea and ferromanganese crusts and nodules from 
the global ocean (Fig. 1), the result shows that Fe isotope 
compositions of all crusts and nodules are enrichment of 
Fe  light  isotope,  and Fe isotope compositions  of  the 
samples we study are similar to the other oceans, slightly 
higher than oceanic nodules. 

 
3 Fe Isotope Geological Implication 
 

The polymetallic crusts and nodules from South China 
Sea  were  not  affected  by  the  phosphatization  in  the 
process of their growth, so their Fe isotope compositions 
are  mainly  controlled  by  material  source,  seawater 
REDOX environment and the metallogenic process, and 
the  degree  of  precipitation  and  crystallization. 
Ferromanganese crusts and nodules growled directly in 
seawater, therefore Fe of seawater is the direct material 
source of ferromanganese crusts and nodules. The sources 
of Fe in seawater mainly include terrigenous material, 
riverine input, the pore water of continental shelf and 
sediments  (remobilization  of  Fe  from  the  bottom 
sediments),  submarine  hydrothermal  fluids,  submarine 
weathering and etc. (eg. Sharma et al., 2001; Beard et al., 
2003a, 2003b; Rouxel et al., 2003; Fantle and DePaolo, 
2004; Severmann et al., 2004, 2006; Bergquist and Boyle, 
2006). Such multiple sources can provide the negative 
δ56Fe fluxes into seawater, and are consistent with the Fe 
isotope  compositions  of  ferromanganese  crusts  and 
nodules. In contrast to the global oceanic ferromanganese 
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crusts  and  nodules  (Fig.  1),  the  marginal  sea-type 
polymetallic crusts and nodules from South China Sea 
show a relatively higher δ56Fe values. Because of the short 
residence  time  for  Fe  in  seawater,  Fe  isotopes  can’t 
completely homogenize in  ocean.  It  suggests  that  the 
polymetallic crusts and nodules from South China Sea 
may be  mainly  affected  by the  fluxes  of  terrigenous 
material and riverine input. In addition, compared to the 
research samples and oceanic ferromanganese crusts (Fig. 
1), the nodules from Pacific and Atlantic have lower δ56Fe 
values,  they  may  be  mainly  influenced  by  the 
remobilization of Fe from the pore water of sediments. 

Ferromanganese crusts and nodules grew in a relative 
oxidation condition, and affected by seawater REDOX 
environment  meantime.  The  formation  of  iron  phase 
minerals of ferromanganese crusts and nodules contains 
two key metallogenic processes: the first step is Fe(II)aq 
oxidized to Fe(III)aq in seawater, and the second is the Fe
(III)aq transform into ferric oxides/hydroxides precipitate 
(Beard et al., 2003a; Dauphas et al., 2004). Therefore, the 
research  of  the  causes  of  variability  of  Fe  isotope 
compositions  of  crusts  and  nodules  requires  a  clear 
understanding on the two key steps in the degree of Fe 
isotope fractionation. Previous studies (eg. Johnson et al., 
2002;  Balci  et  al.,  2006)  show  that  the  two  steps 
mentioned  in  both  biological  oxidation  and  oxidation 
environment, and all can cause Fe isotope fractionation. In 
contrast to the less Fe isotope fractionation of formation 

process  of  Fe(III)  precipitate,  the  fractionation of  the 
process of Fe(II)aq oxidized to Fe(III)aq in seawater is 
greater and enrichment of Fe heavy isotopes in the Fe(III)
aq. The samples from South China Sea grew in a more 
oxidized  seawater  condition  compared  with  the  other 
oceans, the Figure 2 shows, the higher the degree of 
oxidation of seawater are, the more enriched Fe heavy 
isotopes  in  the  samples.  Therefore,  the  oxidation 
environment could be one of the reasons why more Fe 
heavy isotopes in the polymetallic crusts and nodules from 
South China Sea than other oceans. 
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Fig. 1. Fe isotope compositions of worldwide ferromanga-
nese crusts and nodules (The oceanic data from Levasseur et 
al., 2004; Chu et al., 2006; Beard and Johnson, 1999). 

Fig. 2. Correlation diagram of Fe isotope compositions and δCe.  

 



<<
  /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


