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ABSTRACT

High-calcic (∼95% anorthite) plagioclase is the key mineral comprising the primary lunar crustal suites
that cover over 60% of the Moon’s surface. Pristine crystals of similar high-calcic plagioclase are rare
occurrences on Earth, which creates a roadblock to using terrestrial material as lunar crustal analogs.
We discuss the potential of a particular megacrystic anorthite (An95.51±0.31) occurring in the basaltic lava
flows of the island arc volcano in Miyake-jima, Japan, as a material analog. A comprehensive analytical
routine for the Miyake-jima anorthites has been performed to explore intra- and inter-crystalline hetero-
geneities in major, minor, and trace elements. These anorthites show flat concentration gradients across
core profiles for all major elements (Si, Al, Ca, Na), minor elements (Mg, Fe), and most trace elements
(La, Ce, Pm, Nd, Eu). Comparing the chemical composition of the samples with that of different lunar
crustal suites like ferroan anorthosites, high-magnesium suites, and high-alkali suites shows that the
Miyake-jima anorthites are overlapping or depleted in most minor and trace elements except for a slight
enrichment in Li, Ti, Fe, Sr, Eu, Ba, and Pb. Given the low abundance of most trace elements in the
Miyake-jima anorthites, we can treat this sample suite as a “blank slate,” which provides the opportunity
to dope the crystalline matrix with the elements of interest at different levels and use them for geochemi-
cal, petrologic, and spectroscopic studies. The lack of typical magmatic zoning and overlapping elemental
compositions across the different megacrysts make theMiyake-jima anorthites very well suited as a lunar
crustal material analog. Highly calcic, crystalline anorthite is shown to have unique spectral signatures
from less calcic anorthite, and intermediate and sodic compositions of plagioclase feldspar as calcium and
iron contents control the wavelength position and shape of the diagnostic spectral features in the thermal
infrared region of the electromagnetic spectrum. Thus, near- and thermal infrared spectral measurements
of the Miyake-jima anorthites highlight the importance of developing chemically and mineralogically
consistent terrestrial material analogs for remote sensing studies.

Keywords: Natural anorthite megacrysts, lunar material analog, major and trace elements,
near-infrared and thermal infrared spectra

INTRODUCTION

Plagioclase feldspar, specifically anorthite (An), is the most
dominant mineral in the ferroan anorthosites (FAN), which con-
stitute the lunar highlands (Dowty et al. 1974). The highlands
comprise almost all the lunar farside and large sections of the
lunar nearside crust. The plagioclase in FAN is compositionally
restricted to An94–98 and contains minor Fe-rich pyroxenes,
which led to their FAN nomenclature (Dowty et al. 1974;
McGee 1993). Traces of olivine, silica, chromite, ilmenite,
and spinel in the FAN suites have also been reported. The wide-
spread distribution of highly anorthitic plagioclase on the
Moon’s surface is due to the preservation of large sections of
the primary lunar crust, which is thought to have crystallized
from the late magma ocean (Smith et al. 1970; Wood et al.
1970; Walker and Hays 1977; Warren 1985; Shearer 2006;
Grove and Krawczynski 2009). In contrast, Earth’s primary
crust has been expunged through recycling and secondary
crust-building processes (Herzberg and Rudnick 2012;

Foley et al. 2002). Although typical terrestrial anorthosite mas-
sifs have>90%modal abundance of plagioclase, these monomi-
neralic rocks are not associated with high-calcic plagioclase. The
increase in modal plagioclase is generally associated with min-
eral compositions becoming more labradoritic (Bowen 1917).
Smaller ophitic anorthite crystals (An90–100) are commonly
encountered in island arcs (Arculus and Wills 1980; Brophy
1986), intraoceanic forearcs (Falloon and Crawford 1991), and
mid-ocean ridge basalts (Donaldson and Brown 1977; Stakes
et al. 1984) typically forming under water-saturated conditions
(Sisson and Grove 1993). Therefore, a dearth of naturally occur-
ring large and pristine ∼An95 plagioclase crystals exists, which
limits their use as a potential lunar material analog for geochem-
ical, spectroscopic, geophysical, and experimental petrology
studies. There have been previous attempts at developing Still-
water anorthosite as a potential lunar material analog (Salpas
et al. 1983). However, the anorthite content (or An#, which is
the molar Ca/[Ca�Na�K] ratio of plagioclase) of most pla-
gioclase from the Stillwater complex varies fromAn69–83, which
is less calcic than lunar FAN, rendering them a poorly suited
material analog. In addition, the Stillwater anorthosites show*Corresponding author E-mail: arkadeeproy@arizona.edu

0003-004X/25/0001–154$05.00/DOI: https://doi.org/10.2138/am-2023-9122-a 154

mailto:arkadeeproy@arizona.edu
https://doi.org/10.2138/am-2023-9122-a

	Miyake-jima anorthite: A lunar crustal material analog
	Introduction
	Methods
	Major and minor element analyses
	Trace elements
	Laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS)
	Secondary ion mass spectrometry

	Near- and thermal infrared spectroscopy

	Results
	Variability of mineral chemistry
	Major and minor elements
	Trace elements

	NIR and TIR spectral measurements
	Comparison of analytical techniques

	Discussion
	Implications
	Application in experimental petrology
	Application as standard reference material for secondary ion mass spectrometry (SIMS)
	Application to remote sensing observations of the Moon and other airless bodies
	Application to geophysical properties




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /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

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'Web Preset MSA update'] for MSA website and GeoscienceWorld)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /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
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 2400
        /PresetName (CenveoFlattener_Preset)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 20.879999
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /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
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




