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EXPLANATORY NOTES / NOTICE EXPLICATIVE

OBJECTIVE OF THE MAP/ OBJECTIF DE LA CARTE

This map is the first global compilation of the wealth of magnetic anomaly information derived from more than 50 years
of aeromagnetic surveys over land areas, research vessel magnetometer traverses at sea, and observations from earth-
orbiting satellites, supplemented by anomaly values derived from oceanic crustal ages. The objective is to provide an
interpretive dimension to surface observations of the Earth’s composition and geologic structure. Metamorphism,
petrology, and redox state all have important effects on the magnetism of crustal materials. The magnetic anomalies
represented on this map originate primarily in igneous and metamorphic rocks, in the Earth’s crust and possibly,
uppermost mantle. Magnetic anomalies represent an estimate of the short-wavelength (< 2600 km) fields associated
with these parts of the Earth, after estimates of fields from other sources have been subtracted from the measured field
magnitude. In most places the magnetic anomaly field is less than 1 per cent of the total magnetic field. The natural
increase of temperature with depth in the Earth means that rocks below a certain depth, termed the Curie depth, will be
essentially non-magnetic. This depth is typically in excess of 20 km in stable continental regions, but may be as shallow
as 2 km in young oceanic regions. Studies of crustal magnetism have contributed to geodynamic models of the
lithosphere, geologic mapping, and natural resource exploration. Inferences from crustal magnetic field maps such as
these, interpreted in conjunction with other information, can help delineate geologic provinces, locate impact structures,
dikes, faults, and other geologic entities that have a magnetic contrast with their surroundings. To this end, the Magnetic
Anomaly Map of the World is available in both digital and map form. The anomaly field itself is shown at an altitude of
5 km above the WGS84 ellipsoid.

The magnetic fields shown on this map are designed to be internally consistent over the measurement domain, extending
from the surface to satellite altitude. Upward continuation of the data shown on this map to satellite altitude yields the
magnetic anomaly field model derived from the CHAMP satellite (MF5, Maus et al., 2007a). Long-wavelength features
appearing in the map are based on downward continuation of the MF5 model. Short-wavelength anomalies are from
marine and aeromagnetic compilations computed at 5 km altitude, or from a model based on a digital age map of the
ocean combined with the geomagnetic polarity time scale. The near-surface compilations are distinguished from the
satellite-based and oceanic model data by way of shading, and their distribution can be seen in the accompanying index
map. Finally, the entire data set is displayed using the natural color scale (red = high, blue = low) with a shaded relief
effect using artificial illumination.

PREPARATION OF THE MAP / PREPARATION DE LA CARTE

Least-squares collocation (LSC), a technique commonly used in geodesy (Moritz, 1980) was the primary method used
for gridding and estimating the anomalies at 3 minutes of arc spacing. The model correlation functions were tuned to the
observed correlations from the data over Australia, Russia and North America. The details of the LSC model functions
and the process itself are described in Maus et al. (2007b). Other methods of interpolation and gridding, embedded in
Geosoft® or GMT (Wessel and Smith, 1998), were also used.

Different pre-existing data compilations were merged by initially removing linear trends and then using the LSC
techniques, with weights proportional to distance from the margins of the grids. Long-wavelengths (> 400 km, or
spherical harmonic degrees < 100) were removed from the individual compilations, and replaced with the CHAMP
magnetic anomaly field downward continued to 5 km altitude (Hemant et al., 2007). The marine data available from the
National Geophysical Data Center (NGDC) was reduced using the Comprehensive Model (Sabaka et al., 2004). The
marine data were interpolated whenever the data density was sufficiently high (Hamoudi et al., 2007).

In marine areas where no near-surface data exist, the digital age map of the oceans (Mduller et al., 1997) was combined
with the magnetic time scales of Gee and Kent (2007) and Kent and Gradstein (1986) in order to estimate the near-
surface fields. The assumptions utilized in estimating these fields do not work well over the Cretaceous and Jurassic
quiet zones, and hence the fields over these features are not shown in this map. Magnetic fields calculated from the
digital age map of the oceans should only be used to indicate the general character of the magnetic field pattern in a
region, and may prove unreliable indicators of actual individual magnetic field amplitudes or polarities.

Two versions (A and B) of the map are available in digital form on the accompanying DVD. The B version is shown in
the accompanying map. The A version differs in its handling of areas without near-surface data, which are filled with the
downward-continued CHAMP magnetic field model. In contrast, the B version contains both model data derived from
CHAMP, and marine ages, with a priority given to the marine age data. Both versions, when upward-continued to
satellite altitude, reproduce the magnetic anomaly field derived from the CHAMP satellite.

The thick white lines shown on the map locate undifferentiated tectonic elements, and include ridges, fracture zones, and
trenches. The black lines locate coastlines, and a few major rivers. In the case of the Antarctic, the Antarctic Digital Data
base has been used for coastlines.
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MAJOR DATA SETS, THEIR WDMAM CODES, SPATIAL RESOLUTION, AND LINKS

Code  |Area covered Resolution |Reference

13.0 MF5 5 km Maus et al. (2007a)

101.41 |Marine track-line variable NGDC, http://www.ngdc.noaa.gov/mgg/geodas/trackline.html
101.45 Interpolated (101.41) Non-interpolated (101.45)

121.43 |Arctic 5 km Geoscience Canada, http://gsc.nrcan.gc.ca/index_e.php
131.45 |Project Magnet |variable NGDC, http://www.ngdc.noaa.gov/seg/geomag/proj_mag.shtml
171.44 |Oceanic model 10 km NASA candidate model, accompanying DVD

201.2 |Africa 15 min GETECH, http://www.getech.com

201.2 |South America |15 min GETECH, http://www.getech.com

222.3  |South Africa 5 km SADC, http://www.sadc.int

231.32 |Botswana 5 km http://www.gov.bw/

302.43 |Antarctic 5 km ADMAP, http://earthsciences.osu.edu/admap

401.3 |Eurasia 2 km Geoscience Canada, http://gsc.nrcan.gc.ca/index_e.php
411.43 |East Asia 2 km CCOP, http://www.ccop.or.th

421.43 |Middle East 1 km AAIME, http://home.casema.nl/errenwijlens/itc/aaime

441.3 |India 5 km GSI, http://www.gsi.gov.in

442.2  |India 50 km Qureshy, M.N., 1982, Photogrammetria, VVol. 37, 161-184
451.32 Japan 1 km http://www.aist.go.jp/GSJ/

504.43 |Australia 1 km Geoscience Australia, http://www.ga.gov.au

601.43 |Europe 5 km \Wonik, T. et al., 2001, Terra Nova, Vol 13, 203-213

611.3 |Fennoscandia 5 km GTK, http://www.gtk.fi

621.321 |Austria 5 km http://www.geologie.ac.at/

622.2 |Canary Islands |5 km Publ. Tec., No. 35, Instituto Geografico Nacional, Madrid, 1996
624.22 |Finland 1 km http://projects.gtk.fi/ WDMAM/

625.2 |France 10 km IPGP, http://www.ipgp.jussieu.fr

626.2 |ltaly 5 km Chiappini, M. et al., 2000, Annali di Geophysica, Vol 43, No.5
627.43 |Spain 1.5 min Socias I., et al., 1991, Earth Planet. Sci. Lett., 105, 55-64
628.3 |Russia 5 km \VSEGELI, http://www.vsegei.ru/\WAY/247038/locale/EN
701.43 |North America |1 km NAMAG, http://pubs.usgs.gov/sm/mag_map

711.32 |Mexico 5 km http://www.coremisgm.gob.mx/

811.45 |Argentinainland |5 km SEGEMAR, http://www.segemar.gov.ar/db

812.3 |Argentina margin |5 km Instituto Antartico Argentino, http://ggt.conae.gov.ar/iaa/pictr2002

Near-surface data [nT]

-3700 -100 -50 20 -10-5 0 510 20 50 100 8300

Model data [nT]

100 -80 20 -10-5 0 510 20 50 100

Mercator Projection / Projection de Mercator
Ellipsoid WGS84 / Ellipsoide WGS84
Equatorial Scale 1 : 50,000,000 / Echelle équatoriale 1 /50 000 000
North and South Poles / Péles Nord et Sud
Polar Stereographic Projection / Projection Stéréographique Polaire

Near-surface Oceanic Satellite
data model model





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 75
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.10667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 75
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.10667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU <FEFF004e00e4006d00e4002000610073006500740075006b0073006500740020006f0076006100740020006f007000740069006d006f0069007400750020004c00f6006e006e00620065007200670069006c006c0065>
    /FIN ()
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


