Fuzzy Patches on the Earth's
Core-Mantle Boundary?

Garnero & Jeanloz GRL 2000 V27 (17)

R



Introduction

« Seismological investigations revealed the
presence of ULVZ in many locations at the base
of the mantle

 Siginifcant reductions in V; and V were invoked
to match the observed waveforms:

and thickness

« Such low-velocities were interpreted in terms of
partial molten just above the CMB

« Significant heterogeneity in properties within
ULVZ were suggested
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Modeling trade-offs

1. Significant tradeoffs are recognized in ULVZ
modeling, but only a relatively narrow range of
models satisfying the seismological observations
have been explored

2. Modeling of the SPdKS waveform allows other
models to be evaluated

3. Considering the effects of perturbations in © and
wave velocities ( ) iIn modeling data
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Fig. 1 summarizes results
for several models that
match data obtained from
the 3/31/94 Fiji event

Image removed due to copyright considerations.

Clearly, a range of ULVZ
thicknesses (2-10km), density
perturbations (0-60%), and
velocity perturbations can be
found that match data.




A more comprehensive
analysis of tradeoffs
among ULVZ

characteristics for the
Fiji data set
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ULVZ Density Considerations

The modeling results indicate the possibility of
surprisingly large density increases of up to 60%

* require a major variation in bulk composition but no
phase transition having density change >10-15%

e Can be ascribed to chemical reaction/contamination
at the lowermost mantle by the core




V=[M/p]'"2

Mutually reinforcing

Partial melting is in some cases incompatible with a




Partial melt vs no melt condition
V=[M/p] 2
olnV=(1/2)5InM-(1/2)dInp

and -8InV=(1/2)dlnp — (1/2)6InM
If 8InM<0 (caused by partial melting)

else if —o0lnV< (1/2) dlnp (8InM>=0)

For a sufficiently large density increase, the entire drop in velocity
IS due to density; the modulus does not decrease, and an
Increase in modulus may even be required in order to match the

velocity change
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No melt condition
—-3InV< (1/2)dInp

Image removed due to copyright considerations.

Model solutions w/o melt correspond to conditions involving

the most extreme perturbations in velocities and density,
along with the small values of thickness (< 3-7km)




Not all anomalies require lowermost mantle
partial melting, the authors suggested that

(1) A thin (~1km) “core rigidity zone" at the
top of the outer core (CRZ)

(2) A core-mantle transition zone (CMTZ) at
the top of the outer core

Can also explain the observations
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Comparing synthetic
seismograms for CRZ
with those of ULVZ that
fits the Fiji data shows the
strong similarity in SPdKs
behavior

But CRZ must have a
non-zero Vg, the perferred
thickness is < 1km.

ULVZ | 8Vp | 8V
5km | -10% | -30%
CRZ | Vo, | V, 0

op=0

1.5km | 8km/s | 3km/s | 9.6Mg/m?>

Image removed due to copyright considerations.




ULVZ | &V, OVg

5km | -10% | -30%

CRZ Vi V, P
1km | 8km/s | 3km/s | 9.6Mg/m3

CMTZ | Properties change from
2km | pure mantle to pure core
Preliminary Reference
Image removed due to copyright considerations.
Earth Model

ULVZ, CRZ and CMTZ
waveforms match data well,
and are clearly
distinguishable from the
PREM waveforms




CMTZ or CRZ models
of thickness ~1km can
produce observable
waveform disortions

Changing the
thickness yields
different separations
between the arrivals of
SKS and SPdKS
waves, or PcP (or ScP)
and precusors (or post-
cursors)

Image removed due to copyright considerations.



Discussion & Conclusion

* The physical interpretation of seismologically
anomalous zones at the CMB are necessarily
SpeCU Iatlve and waveform modeling sucks

* Both partial melting and chemical
contamination may be necessary to explain
the anomalous data

* Fuzzy patches at the CMB may be zones of
iIntense chemical and physical interactions
between the mantle and core

_ | —



	Fuzzy Patches on the Earth’s Core-Mantle Boundary?


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice




