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The Mesozoic break-up and drifting of the Equatorial
Atlantic margin in the northeast Brazil (South America) is
characterized by a modest magmatic activity compared
with the Southern Atlantic margin, where the Parana-
Etendeka Province is accounted for eruption of millions of
cubic kilometers of mafic and acid magmas (flow basalts,
dyke swarms). The most significant magmatic activity in
the Equatorial Atlantic margin is the Rio Ceard Mirim
Dyke Swarm (CMDS), which marks the early stages of
rifting in the Cretaceous. The CMDS consists of an arcuate,
nearly 800 km-long mafic dykes that crosscut rocks and
structures of the Precambrian basement. The swarm can be
divided into two laterally continuous segments, one of E-W
strike that is parallel to the southern border of the Mesozoic
Potiguar basin, and one barely studied NE-SW segment
which, after recent high-resolution aeromagnetic
anomalies, can be traced for 300 km along the east border
of the Paleozoic Parnaiba basin up to the northern boundary
of the Sao Francisco craton.

The E-W-trending segment encompasses essentially
tholeiitic basalts including plagioclase, clinopyroxene
(+olivine), Fe-Ti oxides and pigeonite in their groundmass.
The dykes show one- to 150-meters in width and of up to
one kilometer in length; a few dykes exceeding 100
kilometers have been inferred from the aeromagnetic
anomalies. The tholeiites have been subdivided into three
groups: high-Ti olivine tholeiites, evolved high-Ti
tholeiites (TiO2>1.5 wt.%; Ti/Y >360), and low-Ti
tholeiites (Ti02<1.5 wt%; Ti/Y<360), with all exhibiting
distinct degrees of enrichment in incompatible elements
relative to Primitive Mantle. Negative Pb anomalies are
found in all three groups, while Nb-Ta abundances similar
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to those of OIB-type magmas are found in the olivine
tholeiites, with moderate to high depletions being observed,
respectively, in the evolved high-Ti and low-Ti tholeiites.
The latter exhibit some contamination with crustal (felsic)
materials. The initial isotopic compositions of the olivine
tholeiites show uniform and unradiogenic 87Sr/86Sr
(~0.7035-0.7039) combined with (in part) radiogenic
143Nd/144Nd and 206Pb/204Pb (>19.1) ratios, which
together reveal a contribution of FOZO (FOcalZOne)
component in their genesis. The other tholeiite groups show
quite variable Sr-Nd initial ratios with relatively consistent
206Pb/204Pb ratios clustering toward an isotopically
enriched mantle (EM1) component. Taken in conjunction
with the Nb-Ta anomalies, this enriched signature reflects
the involvement of a subduction-modified lithospheric
mantle in the source of the evolved high-Ti and low-Ti
tholeiites. Hence, FOZO and EMI components might to be
coexisted and contributed in varying extents to the
generation of the CMDS primary melts.

Plagioclase dating of one evolved high-Ti tholeiite dyke
provided two plateau ages of 127.1 = 0.2 Ma and 128.2 +
1.3 Ma, with an integrated mean age of 127.7 + 0.1 Ma.
Plagioclase multigrain fractions from one low-Ti tholeiite
dyke provided two plateau ages of 131.6 0.7 Ma and 131.0
+ 0.4 Ma, with mean age of 131.2 = 0.1 Ma. These
40Ar/39Ar ages clearly reveal that the low-Ti and high-Ti
magmas encompassing the E-W segment of the CMDS
were emplaced as two pulses during the Early Cretaceous.

AMS investigations of the E-W-trending segment
evidenced (at least) two main feeder zones located at the
intersection of the dykes with Cenozoic N-trending
volcanic centers referred in NE Brazil as the Macau
magmatism. Such feeder zones were characterized by
vertical magnetic fabrics (via steep-plunging magnetic
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lineations) measured over a set of 60 dykes, including the
evolved high-Ti and olivine tholeiites. This whole region is
set over a large negative geoid anomaly modeled as a low
density (thermal) zone situated at between 17 and 78 km in
depth, which well embraces our estimates of melting depths
(between 60 and 75 km) for the CMDS, in the garnet-spinel
facies transition zone.

Because there is no clear geographic correlation between
any known Early Cretaceous LIP and the CMDS, we
suppose that the arcuate geometry of the CMDS just
indicates a shift in the horizontal minimum stress along the
swarm rather than nucleation from a mantle plume. If true,
plate-boundary forces derived from the opening of the
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Equatorial Atlantic might have promoted passive rifting,
melting of the lithosphere (and probably the asthenosphere)
and intrusion of tholeiitic magmas. We have started a
detailed AMS, petrological and geochronological study of
the NE-trending segment of the CMDS to refine the
magmatic and tectonic models and compare with the
Cretaceous magmatism situated within the Parnaiba basin.
Likewise, the initial geochronological results allow to
correlate the CMDS with the emplacement of the Parana-
Etendeka Province, which suggest that break-up of the
Equatorial and Southern Atlantic would be a broad and fast
rupture event.




<<
  /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


