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ABSTRACT

Rubinite (IMA 2016-110) is a recently discovered Ti>*-dominant refractory mineral in the garnet
group from the solar nebula. It has the /a3d garnet-type structure with a = 12.19(1) A, Z=8, and an end-
member formula of Ca; Ti3*Si;O),. Rubinite was identified as micrometer-sized crystals in five refrac-
tory Ca,Al-rich inclusions (CAls) from the CV3 carbonaceous chondrites Allende, Efremovka, and
Vigarano. In the Vigarano CAI V3, it occurs in the central portion of an ultra-refractory fragment with
Zr,Y,Sc-oxide, spinel, and davisite-diopside, all enclosed within an amoeboid olivine aggregate. In the
Allende Compact Type A (CTA) CAI AE01-01, it occurs with gehlenitic melilite, perovskite, spinel,
hibonite, davisite, grossmanite, and diopside. In Efremovka, rubinite occurs within gehlenitic melilite
with perovskite, spinel, and grossmanite in three CTA CAls £101, E105, and 40E-1 (in a compound
CAI). Rubinite is present in spinel-poor regions in all four of the Efremovka and Allende CAls, but it is
in contact with spinel in the Vigarano inclusion.

The mean chemical composition of type rubinite in Allende is (in wt%) CaO 32.68, Ti,03 14.79, TiO,
13.06, SiO; 28.37 Al,O3 3.82, Sc,03 1.80, NayO 1.01, ZrO,, 0.80, MgO 0.79, V,03 0.61, FeO 0.53,
Y,03 0.07, CrO3 0.05, total 98.38, giving rise to an empirical formula of (Ca,q4Nagg)
(T3, Tid 59 Sco.13Mgo.10 Vo.0aFe0.0aZ10.03) (Sip38Al 38 Tid 5,) 012, where Ti*™ and Ti*" are partitioned
based on stoichiometry. Efremovka rubinite has a similar composition with a mean empirical formula
of (Cay.97Na 06) (T3 5 Tig 56M0.129€0.09Z10.03 Vo.03 Yo0.01 Feo.01) (Siz36Al0.45 Tig 16)O12. Vigarano rubi-
nite is much more Y-, Sc-, and Zrrich, having an empirical formula of (Ca;g9Y(s3Mgg2s)
(Ti3%9Sc0.50Zr0.72Mg0.2 V0.02Cro.01)(Si1 g4Al} 15 Tig o7 Feg 06)O12. All rubinites are Ti>*-rich, but a signif-
icant amount (11-46%) of the Ti is 4+.

In the Efremovka CTAs, spinel is '%0-rich (A!'7O ~ —24%o); rubinite and perovskite show limited
ranges of A0 (from —24 to —16%o; most analyses range from —24 to —20%o); melilite and grossmanite
are the most 16O-depleted minerals (A'70 range from ~ —10 to —4%o and from —8 to —5%o, respectively).
In the Allende CTA AE0I-01, spinel and hibonite are '°0-rich (A'7O ~ —24%o); melilite, rubinite, and
perovskite show large ranges in A0 (from —23 to —3%o, from —21 to —6%o, and from —14 to —2%o,
respectively); grossmanite is uniformly °O-depleted (A70 ~—3%o).

Rubinite formed under highly reducing conditions in the solar nebula by gas-solid condensation
and crystallization from a Ca-, Al-, and Ti-rich melt. Subsequently, most rubinite grains in the Allende
CAI and some in the Efremovka CAls may have experienced O-isotope exchange to various degrees
with an 16O-depleted (A0 ~ —2%0) aqueous fluid on the CV chondrite parent asteroid. However, crys-
tallization from a Ca,Al,Ti-rich melt that recorded O-isotope exchange with nebular gas with variable
A0 or post-crystallization O-isotope with such gas cannot be excluded. The mineral name is in honor
of Alan E. Rubin (b. 1953), a cosmochemist at the University of California, Los Angeles (UCLA), U.S.A.,
for his many contributions to research in cosmochemistry and mineralogy of meteorites.

Keywords: Rubinite, Ca3Ti§+Si3OI ,, refractory mineral, Vigarano, Allende, Efremovka, CV
carbonaceous chondrites, refractory inclusions, oxygen isotopes, eringaite, garnet


mailto:chima@caltech.edu
https://orcid.org/0000-0002-1828-7033
https://orcid.org/0000-0002-1828-7033
https://orcid.org/0000-0002-1828-7033
https://orcid.org/0000-0002-2278-8519
https://doi.org/10.2138/am-2024-9435

	Rubinite, Ca3Ti23&plus;Si3O12, a new mineral in CV3 carbonaceous chondrites and a refractory garnet from the solar nebula
	Introduction
	Samples and Methods
	Mineral name and type materials
	Analytical techniques

	Results
	Occurrence
	Appearance, physical and optical properties
	Chemistry and crystallography
	Coexisting phases
	Oxygen isotopes

	Discussion
	Implications



<<
  /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




