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INDUCED, POST-SPINEL PHASE IN THE MARTIAN METEORITE SHERGOTTY.
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Introduction: Shergottites are highly shocked
martian meteorites and their study provides insight, not
only into shock conditions and impact processes asso-
ciated with their ejection from Mars, but also into the
nature of materials at high pressures and temperatures
within the Earth. Recent advances in electron-beam
and synchrotron techniques, particularly high-
resolution analytical scanning electron microscopy,
have led to the characterization of numerous shock-
induced phase assemblages in highly shocked meteor-
ites, including the discovery of new high-pressure
minerals and phases [e.g., 1-3].

During a nanomineralogy investigation of the
Shergotty martian meteorite, we discovered the three

3 ) - tschuanerite-bearing shock melt pocket. Box marks
new shock-induced, high-pressure minerals tschauner- location of Fig. 2.

ite, (Fe’")(Fe*'Ti*)O4 (simply Fe,TiO4) [4], feiite,
Fe?»(Fe*'Ti*")Os (simply FesTiOs) [5], and liuite,
FeTiOs [6], in an Fe-, Ti-rich clast within a shock melt
pocket. In a companion abstract [7], we consider feiite
and liuite. Here, we describe the new mineral
tschaunerite and discuss its origin and significance.

Tschaunerite is a polymorph of ulvospinel with an
orthorhombic CaTi,Os-type (CT) post-spinel structure.
It is well-known from high-pressure experiments [e.g.,
8-9], which show that it is the stable Fe,TiO4 phase
over a broad range of conditions at high pressures. The
mineral tschaunerite has been approved by the IMA-
CNMNC (IMA 2017-032a) [4] and the name honors g — ;
Oliver Tschauner, a geophysicist at the University of Fig. 2. Enlarged BSE image revealing micrometer-
Nevada, Las Vegas, for his significant contributions to SZd tschunerite WiFhi an Fe-, Ti-rich clast.
mineral physics and to the discovery and characteriza- ’ Y \ard, T
tion of high-pressure minerals.

Occurrence, chemistry, and crystallography:
Tschaunerite occurs as micrometer-sized, lathe-shaped
crystals, 1 — 5 pm in size, together with ulvispinel,
feiite, liuite and wangdaodeite in an Fe-, Ti-rich clast
within a shock-induced melt pocket (Figs. 1-3). The
host melt pocket is ~ 400 um in diameter, and contains
stishovite, wiistite, magnetite, clinopyroxene, stof-
flerite and zagamiite. The melt pocket is surrounded by
augite, pigeonite and maskelynite of the host rock.

Mag= 350KX EHT=15.00 kY

Tschaunerite is black and opaque with a metallic P R N N N =
luster. The mean chemical composition, as determined Fig. 3. Further enlarged BSE image (from upper por-
by low-voltage electron probe (Table 1), gives rise to tion of clast) showing tschuanerite.
an empirical formula (based on 4 O atoms pfiu) of . )
(Fe2*0.01Mg20.06Mno.0:Cao.01)(Fe20.53Tio 1sFe 0 22A L 00 based on stoichiometry; in terms of components, Sher-

. : 24 (a2t A+
Sio0sCroo)Os, where Fe* and Fe* are partitioned, gotty tschaunerite consists mostly of Fe="(Fe*'Ti*")O4
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(78%) with minor Fe*'Fe**,04 (i.e., Fe;04; 11%) and
Fe*ALOs (3%). The general formula is
(Fe** Mg)(Fe*,Ti* Fe*,Al)»0s with an end-member
(Fe*")(Fe?'Ti*")Oa, or more simply, Fe;TiOa.

Electron back-scatter diffraction revealed that
tschaunerite has a Cmcm CaTixOs-type post-spinel
structure (Fig. 4). Its unit cell parameters via synchro-
tron diffraction are: a = 2.708(16) A, b =9.216(8) A, c
=9.103(4) A, V' =227.2(1.8) A and Z = 4, which
together with the composition (Table 1), leads to a
calculated density of 6.41 g/cm?®.

Origin and significance: Tschuanerite is one of at
least 20 high-pressure, shock-induced phases [7,10,11]
formed during the impact events on Mars that led to
the excavation and ejection of Shergotty and other
martian meteorites off the planet. The composition is
consistent with that of an ulvospinel precursor trans-
formed to tschaunerite by a solid-state transformation
that involved little, if any, diffusive interaction with
the surrounding melt pocket. Some bands of ulvospinel
are observed within tschaunerite crystals (see Fig. 2 in
[7]). We interpret these lamellae to represent partial
retrograde transformation of high-pressure tschaunerite
back to ulvospinel. If this interpretation is correct,
none of the original ulvospinel remains.

Tschaunerite by itself is not a quantitative indicator
of shock conditions because it is stable or metastable
over a very broad range of conditions. With increasing
pressure at ambient conditions [9], the cubic end-
member Fe,TiO4 (ulvospinel) transforms to a tetrago-
nal phase at 8-12 GPa, although this phase is destabi-
lized by increasing Fe;O4, and to the orthorhombic
tschaunerite, which is stable from 8-12 GPa to ~50
GPa. At more elevated temperatures under equilibri-
um conditions [8], high-pressure tschaunerite breaks
down to the lower-pressure phase assemblage of liuite
(FeTiOs3 in the perovskite structure) + wiistite (~13-16

Table 1. EPMA data for tschaunerite.

Constituent wt% (n=12) SD
FeO 56.79 1.48
Fe 03 7.97 0.21
TiO2 28.47 1.29
ALOs 2.07 0.49
Cn0s 0.84 0.15
Si02 1.37 0.41
MgO 1.15 0.39
MnO 0.65 0.22
CaO 0.26 0.26
Total 99.57

Fl. . (to) EBS ern of a tschaunerite rytal;
(bottom) the pattern indexed with the Cmcm FeaTiOa,
CaTi,04-type structure.

GPa for 1000-1600 °C). This provides a nominal low-
er bound for the formation of tschaunerite but, due to
nucleation difficulties during shock, it is certainly pos-
sible that tschaunerite could form metastably at even
lower pressures. Shock pressures for Shergotty of ~24
GPa, derived by [7] from the composition of tetragonal
garnet, and ~30 GPa obtained by [12] using refractive
indices of diaplectic, plagioclase-composition glasses,
are both consistent with the formation of stable
tschaunerite from an ulvospinel precursor.

References: [1] Ma C. (2018) Am. Mineral., 103,
1521-1522. [2] Ma C. et al. (2015) EPSL, 422, 194-
205. [3] Ma C. et al. (2016) GCA4, 184, 240-256. [4]
Ma C. and Prakapenka V. (2018) Eur. J. Mineral., 30,
1188. [5] Ma C. and Tschauner O. (2018) Eur. J. Min-
eral,. 30, 1188. [6] Ma C. and Tschauner O. (2018)
Eur. J. Mineral., 30, 1189. [7] Ma C. et al. (2021) LPS,
52, Abstract #1681, this volume. [8] Akaogi M. et al.
(2019) Minerals, 9, 614. [9] Yamanaka T. et al. (2009)
Phys. Rev. B, 80, 134120. [10] Ma C. et al. (2019) 4m.
Mineral., 104, 1521-1525. [11] Tomioka N. and
Miyamoto M. (2017) Meteoritics & Planet. Sci., 52,
2017-2039. [12] Fritz J. et al. (2005) Meteoritics &
Planet. Sci., 40, 1393-1411.

1720.pdf




<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


