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Plume-type is a new branch of ophiolite classification
introduced by Dilek and Furnes (2011; GSAB, 123, 387-).
Its most typical example is the komatiite-basalt-gabbro-
wehrlite assemblage that is exposed on the Gorgona Island
oftf Colombia, South America and is interpreted as a part
of the Caribbean large igneous province (LIP). Analogous
rock assemblage occur in the accretionary complexes in
the circum-Pacific orogenic belts such as in Japan
(Ishiwatari and Ichiyama, 2004; Int. Geol. Rev., 46, 316-;
Ichiyama and Ishiwatari, 1985; CMP, 149, 373-; Ichiyama
et al. 2006; Lithos, 89, 47-; 2007; Island Arc, 16, 493-;
2008; Lithos, 100, 127-; 2012; Geology, 40, 411-), western
USA (Greene et al., 2009; J. Petrol., 50, 467-), and also in
the central Asian orogenic belt in Mongolia (Erdenesaihan
et al., 2013; JMPS, 108, 303-). They are characterized by
abundance of ultramafic volcanic rocks such as komatiite,
meimechite, and ferropicrite, scarcity of residual
ultramafic rocks, and geochemistry with relative
abundance of HFSEs and siderophile elements (including
PGEs).

The problem of plume-type ophiolite is that the product
of plume magmatism is not only present in the oceanic
areas but also common in the continental areas. Flood
basalt plateaus (traps), regional dike swarms and layered
intrusions may be continental counterparts of the plume-
type ophiolites. Genesis of the plume-type ophiolites
should be considered in reference to those continental
examples. It has been known that there are distinct two
types among the continental LIP magmatism; one is
characterized by a dry (HyO-poor, OIB-type) magma
without negative Nb anomaly (e.g. Ethiopia), and the other
is characterized by a wet (hydrous) magma with distinct
negative Nb anomaly (e.g. Siberia) (Puffer, 2001;
Geology, 29, 676-). The latter resembles island arc
magmas, and reactivation of an island-arc mantle
sourcehas been proposed forSiberian magmatism (ibid.).
The extremely large volume of the Siberian magmatism
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(>107 km®) suggests massive presence of such a wet
source in the mantle. This implies possibility of the wet
plume origin of some “supra-subduction zone (SSZ)
ophiolites”. The high temperature/pressure nature of the
mantle source of the plume-type ophiolite is suggested by
the abundance of ultramafic lavas, highly magnesian
phenocrysts, and trace element patterns
corresponding to the presence of garnet in the residue
(Ichiyama et al., 2012 and references therein). In the
pressure-temperature field of the mantle (Fig. 1), the
plume-type ophiolite represents higher temperature and
pressure of melting (Line D) than the other ophiolite types
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Fig. 1. Pressure-temperature diagram of the Earth’s mantle show-
ing sub-solidus mineral assemblages, supra-solidus melting de-
grees, convective and conductive geotherms, approximate litho-
sphere-asthenosphere boundary, and possible P-T paths of the man-
tle material of the alpine-type peridotites and various types of
ophiolites (A-D). Geotherms and boundaries are mainly after Gill
2010; Igneous Rocks and Processes, Wiley-Blackwell. Tempera-
ture of large mantle plumes may exceed 1600°C.
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Fig. 2. AV/Si-Mg/Si diagram of the mafic-ultramafic rocks of the
Earth, Mars, Mercury and Moon. Chondrites and major rock-
forming minerals are plotted for reference. See text for discussion.
Data sources: Mercury and Moon: Nittler et al. 2011; Science, 333, 1847-, Mars:
Gellert et al. 2006; JGR, 111, E02S05; Fleischer et al. 2010; JGR, 115, EO0F05;
Zipfel et al. 2011; Meteoritics & Planet. Sci., 46, 1-; Lodders, 1998; ibid., 33,
A183-), Earth; Arndt, 2008; Komatiite, Cambridge, Filiberto et al. 2008;Icarus,
197, 52-; Ichiyama et al. 2012; Geology, 40, 411-. For ophiolitic peridotite and
basalt data sources, see Ishiwatari 1985; CMP, 89, 155-; Dilek and Furnes, 2011;
GSAB, 123, 387-.

(C or B) and alpine-type peridotite solid intrusions (A).
Moreover, recent progress of planetary geology
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revealed that the surface rocks of Mars (including Martian
meteorites), Mercury, and Moon’s maria (excluding
plagioclase-rich highlands) closely resemble each other in
abundance of picritic rocks, and thoserocks (ferropicrite,
komatiite, etc.) of theplume-type ophiolites of the Earth
also closely resembletheir extra-terrestrial counterparts
(Fig. 2; e.g. Filiberto et al., 2008; Icarus, 197, 52-).
Martian rocks are richer in Fe than those of the other
planets, but some of the Earth’s ferropicrite closely
resemble Martian rocks.The wunique feature of the
terrestrial rocks may be high concentration of Ti and other
HFSEs and low concentration of Cr and Mn. This may be
due either to difference in original bulk-planet chemistry
or to unique tectonic-magmatic processes in the Earth’s
mantle such as recycling of the subducted ocean crust.

The Earth’s rocks are extensively differentiated to Mg-
poor melt (basalt) and Mg-rich residue (peridotite) from
the original chondritic source (Fig. 2) possibly by
repeated, long-term, plate tectonic (shallow mantle)
melting processes, and the intermediate (chemically near-
chondritic) picrite-komatiite rocks occur only rarely.
However, in the other planets where plate tectonics does
not work, the plume-induced, deep melting has produced
voluminous olivine-rich picrite-komatiite melts. The
plume-type ophiolite provides terrestrial analogue for the
magmatic rock assemblage on the surface of the other
silicate planets of the Solar System.




<<
  /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


