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CARBONATES FROM CARBONATE-TARGET BOLIDE IMPACT STRUCTURES. K. M. Bliss', J. R.
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Introduction: Peak broadening recognized in X-
ray diffraction (XRD) and micro-Raman (MRS) spec-
tra of experimentally and naturally shock-
metamorphosed carbonates from carbonate-target bo-
lide impact structures has been shown to be a reliable
indicator of impact-related shock-metamorphism [1-7].
However, studies have not yet shown whether this
peak broadening is unique to or diagnostic of all car-
bonate-target impact structures.

Samples from eight confirmed carbonate-target
impact structures that represent a range of potential
shock conditions are being analyzed to determine
whether diagnostic peak broadening can be recognized
in impact structures of various ages and potential mag-
nitudes of impact energy. Samples include matrix and
clasts from polymict lithic breccia (Figs. 1-2) and shat-
ter cones (Fig. 3). In addition, XRD spectra from po-
tentially shock-metamorphosed samples are compared
to spectra generated from samples that represent other
natural terrestrial high pressure-temperature conditions
(e.g., fault breccia, carbonatite, marble, etc., Fig. 4) to
determine whether peak broadening in carbonates is
unique to shock-metamorphism caused by impact-
generated pressures. All sample spectra are compared
to unaltered Iceland and dolomite spar control stan-
dards. Shock-metamorphism in carbonate target rocks
should manifest as angstrom-scale reductions in crys-
tallite size and an increased crystallite strain (%),
which result in the peak broadening observed in XRD
generated spectra.

Duplicate MRS analyses of samples representative
of a variety of potential shock-metamorphic and natu-
ral high pressure-temperature conditions will be com-
pared to the XRD results to test the viability of the
MRS as a reliable method for analyzing shock-
metamorphic effects in carbonates. MRS analysis is
more versatile, virtually non-destructive, and requires
a smaller sample size than does XRD analysis.

Sample Collection and Methodology: All sam-
ples were prepared, analyzed, and reduced using pro-
cedures developed by [8]. Rock chips were first pre-
pared for each sample using a hammer and chisel to
isolate desired sample areas. Chips were then pow-
dered with an agate mortar and pestle under alcohol to
reduce the possibility that grinding might artificially
alter the crystal structure properties. Sample powders
were then sieved through a 45-pum sieve to obtain a
uniform fine grain size for optimal XRD analysis re-

sults. Powders were affixed to low-background sin-
gle-crystal silicon plates as an alcohol slurry to reduce
preferred orientation of powder grains.

Analyses were performed on a Phillips X Pert Pro
X-ray diffractometer across a range of 15°-145° 20
with a step width of 0.02° 26, using a count time of 10
s per step, and then processed using X’Pert High Score
software. Subsequently, raw powder diffraction spec-
tra from the XRD were run through FullProf and Win-
PLOTR data reduction and pattern refinement software
in order to remove the machine-generated portions of
the spectra and to fit the data to ideal crystal structures.
This process aids in determining quantitatively the
degree of peak broadening for each sample.

Results:  Analysis of raw data indicates that
broadening of spectral peaks occurs for the diagnostic
peaks of carbonate minerals under shock-metamorphic
conditions when compared to carbonates from other
high pressure-temperature regimes, unaltered carbon-
ates, and the spar standards.

Potentially shocked vs. standard samples. Prelimi-
nary data reduction and spectral pattern refinement
values indicate that crystallite size has generally de-
creased by half or more in all potentially shocked sam-
ples compared to the unshocked Iceland and dolomite
spar standards. Additionally, crystallite strain values
for shocked samples are generally three times larger
than strain values obtained for the unshocked spar
standards.

Potentially shocked vs. unshocked samples. Poten-
tially shocked samples show significantly decreased
crystallite sizes when compared to carbonates from
other natural high pressure-temperature regimes. Sev-
eral exceptions occur, which may be explained by re-
crystallization of the potentially shocked sample or a
sample that consists of polymict lithic breccia contain-
ing tiny unshocked clasts that cannot be effectively
separated from the surrounding matrix before analysis.

Spar standards vs. unshocked samples. In a com-
parison of the spar standards and the unaltered carbon-
ate samples from natural settings, unaltered carbonates
show a consistently smaller crystallite size value and
larger strain values than the spar standards. However,
these values are generally still respectively higher and
lower than the values obtained from the potentially
shocked samples. Samples from other high pressure-
temperature regimes (i.e., carbonate fault breccia, Fig.
4) consistently show values comparative to those of
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unaltered carbonates, lending credence to the hypothe-
sis that decreased crystallite size, increased crystallite
strain, and significant raw data peak broadening are all
effects that are unique to shock-metamorphosed car-
bonates.

Conclusions: Preliminary sample analysis shows
that significant peak broadening observed in shocked
carbonate samples from carbonate-target bolide impact
structures is unique to impact structures, and is not
definitively generated by any other analyzed high pres-
sure-temperature regime process.

This result will aid not only in continued identifica-
tion of shocked carbonate phases in proven impact
structures, but also in recognizing previously undocu-
mented carbonate-target impact deposits (ejecta, tsu-
namiites, etc.) that are not tied to a preserved crater
and/or that lack shocked silicate mineral phases.
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Figure 1. (DEC-1-Lt) Decaturville
structure polymict breccia.

Figure 2. (HAS-Lp) Alamo Breccia
dolomitized lapillistone exhibiting
shocked swirled matrix material.

Figure 3. (KENT-3) Kentland Dome
carbonate shatter cone.

Figure 4. (Dlbc) Death Valley car-
bonate cataclastite fault breccia.




<<
  /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


