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The source of ocean island basalts (OIB) has been widely 
accepted as resulting from ancient recycled oceanic crust 
(ROC) [1] although there are many more difficulties than 
certainties in this model [2]. Sobolev et al. [3] concluded that 
Ni content in olivines of Hawaiian shield basalts is too high, 
precluding basalt origin by partial melting of mantle 
peridotite, asserting that this can only be explained by melting 
of an olivine-free pyroxenite. This pyroxenite originated by 
reacting mantle peridotite with a SiO2-rich melt derived from 
partial melting of recycled oceanic crust in the form of “SiO2-
oversaturated eclogite”. This is a revised version of the ROC 
model, but the complex behavior of Ni makes the 
interpretation non-unique. Sobolev et al. [4] show that while 
Ni content in olivines of basalts varies widely, it is 
conspicuously higher in basalts erupted on thick (> 70 km) 
lithosphere (THICK, including Hawaii) than on thin (< 70 km) 
lithosphere (THIN, including Iceland), and is still higher than 
in MORB. For primitive olivines with Fo > 89, NiTHICK
(3417 452ppm, 1937; mean 1 n) > NiTHIN (2477 263ppm,
746) > NiMORB (2324 296ppm, 1700).  This lithospheric 
thickness control (lid effect) poses the question why recycled 
oceanic crust prefers to exist and participate in magmatism 
beneath thickened lithosphere relative to beneath thin 
lithosphere and ocean ridges. Melting beneath thick (> 70km) 
lithosphere is largely in the garnet peridotite facies: aCpx + 
bGnt + cOl = 1.0Melt + dOpx, where olivine, the primary Ni 
host, contributes to the melt. Melting beneath thin lithosphere 
occurs mostly in the spinel peridotite facies: aCpx + bOpx + 
cSpl = 1.0Melt + dOl, where olivine crystallizes and demands 
Ni from the melt. A common peridotite source Ni = 1900 ppm, 
and ~ 10% melting, can yield ~ 400 ppm and > 560 ppm Ni in 
melts parental to MORB and those erupted on thick 
lithosphere respectively. With these results and realistic 
magma chamber process models [5], the observed NiTHICK,
NiTHIN and NiMORB in olivines can be explained without 
invoking the revised ROC model which still has to address the 
difficulties noted in [2]. 
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With a length of ~5000 km in the eastern Indian Ocean, 
the Ninetyeast Ridge (NER) is the longest linear feature on 
Earth, corresponding to ~44 Myr of evolution of the Indian 
Ocean basin and of the Kerguelen mantle plume. Despite 
being the subject of several geochemical studies during the 
late 1970’s to early 1990’s, debate regarding its mantle 
sources still persists. Since ODP Leg 121 in 1988, where the 
NER basement was last successfully drilled (~82 m on Site 
756; ~52 m on Site 757; and ~178 m on Site 758) and subject 
of a thorough geochemical study, analytical techniques and 
sample processing have greatly improved.  

In this study, we present new high-precision isotopic 
compositions by MC-ICP-MS (Pb, Hf) and TIMS (Sr, Nd) 
obtained on samples recovered during ODP Leg 121. Our 
extended multi-isotopic analyses demonstrate that components 
comparable to the Kerguelen, Amsterdam and St. Paul mantle 
plumes contribute to the generation of NER basalts, but not 
Indian MORB mantle, which supports previous Hf and Pb 
isotopic studies [1]. In all isotopic spaces, the age-corrected 
NER isotopic compositions define distinct fields for each site 
that plot within a triangle defined by Kerguelen, Amsterdam 
and St. Paul islands. Site 756 (~43 Ma) overlaps with the 
isotopic compositional field of St. Paul Island basalts, 
reflecting a greater contribution from this component in its 
generation. In both Hf-Sr and Hf-Nd isotopic spaces, Sites 757 
(~56 Ma) and 758 (~82 Ma) show isotopic compositions 
intermediate between those represented by Amsterdam Island 
and Kerguelen. Site 758 has Pb isotopic compositions that plot 
closer to the field proposed for the Kerguelen plume head [2] 
as defined by basalts from Kerguelen Plateau Site 1138 (~100 
Ma), whereas Site 757 shows much more radiogenic Pb 
isotopic compositions, plotting between the proposed 
Kerguelen plume tail component [2] and Amsterdam Island 
basalts. Hf isotopic compositions further support the absence 
of a continental crust contribution for the origin and evolution 
of the NER.

References 
[1] Barry, T.L. et al. (2002), GCA, 66, spl.1, A53. 
[2] Ingle, S. et al. (2003), G3, 4, 1-28. 



<<
  /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


