
Elastic Moduli of single crystal Forsterite at 295 K as a function of pressure


Ź Linear variation of all elastic moduli 

with pressure. 

Ź Difference between ISS (Impulsive 

stimulated Scattering) on (Mg0.9Fe0.1)2 

SiO4 and Brillouin scattering: Difference 

in iron contents in sample 

Ź c55 is linear in present study up to 

16.5 GPa and it is reported non-linear Image removed due to copyright considerations. 

in ISS study : NOT CLEAR 

Ź Upper mantle mineralogy models 

have used low pressure ultrasonic data 

(� 1GPa) extrapolated to higher 

pressures for comparison to seismic 

data. 

Ź Pressure derivative and elastic 

moduli from present study are 30 r10% 

and 20r10% lower than low pressure 

data 



Pyrolite Model of mantle composition: ~60% of olivine by volume


Ź Uncertainty Æ (1) derived from samples that originate from shallow depths (� 200 

km) (2) Chemical homogeneity of mantle as whole is assumed 

Ź Problem Æ Seismic velocity profiles provide the most direct constraints on the deep 

mantle. Seismic and lab data on acoustic wave velocities in (Mg,Fe)2SiO4 are 

conflicting (mainly because of uncertainties in the relevant pressure and temperature 

dependence of the elastic moduli. 

Ź Aim Æ To do elasticity measurements on forsterite to transition pressures and to 

combine with other data on elasticity data on D�E system to constrain the amount of 

(Mg,Fe)2SiO4 consistent with lab and seismic data for 410 km discontinuity. 

Ź Experiment Æ Elastic Moduli of single crystal forsterite (D-Mg2SiO4) at pressure 

between 3 and 16 GPa using Brillouin scattering in Diamond Anvil Cell. Using Brillouin 

scattering. The acoustic velocities can be determined from the frequency shifts of light 

scattered from thermally generated acoustic waves. 

Ź Assumptions Æ (1) D�E phase change in a homogenous mantle composition is sole 

cause of discontinuity……(2) ignoring any phase transition, (3) changes in element 

partitioning and (4) the proportions of other phases across the transition. Last two 

effects can be neglected to first order: Phase equilibria…First effect would further 

reduce amount of olivine 

(5) No texturing of mineral aggregatesdKs/dKp and dG/dP of b-phase assumed to be 

equivalent to a-phase: If the value is lower, the allowed olivine content will be much 

higher (52%) 



Image removed due to copyright considerations. 

Bulk and Shear modulus and density defines the compressional and shear wave 

Velocities of a random polycrystalline aggregates. 



Ź At ambient pressures and temperature, P and S wave velocity contrasts between D 
and E-phases of Mg2SiO4 are 13% 

Ź Velocity contrasts near 410 km: 4-5 % for compressional waves, 4-4.6 % for shear 

waves (from 1D seismic velocity profiles of upper mantle constructed form body waves 

analysis) 

Ź Amount of forsterite constituent :30-40% by volume (D�E velocity contrast is 

independent of pressure and temperature. 

Ź Comparison on pressure effect on the velocity contrast ( from present study, 

ultrasonic measurements of acoustic velocities in polycrystalline Mg2SiO4 to 3 GPa, and 

1 GPa ultrasonic data for D-phase) : 

Ź From previous reports: D�E�velocity contrast decreases significantly with pressure (at 

RT) Present Study: velocity contrast is nearly unchanged from ambient values ( 12 % of P 

and 14% for S waves) at 13.8 GPa Æ the velocity contrast between D and E phases of 

Mg2SiO4 is largely independent of pressure at ambient temperature 

Ź Effect of both pressure and temperature on D�E velocity contrast: Densities and 

moduli are corrected for the effect of temperature and extrapolated adiabatically using 3rd 

order finite strain theory. Elastic moduli: linear functions of temperature and corrected for 

10 mol% of Fe. 



Aggregate Bulk and Shear moduli of forsterite as a function of pressure


Ź Solid symbols: present 

study Solid lines: third order fit 

to finite strain equation 

Error bars: Voigt and Reuss 

limits dashed line: ISS study 

on (Mg0.9 SiO4.Fe0.1)2

Ź At 13.8 GPa, aggregate 

velocities measured in the 

present study is 2.7 GPa 
Image removed due to copyright considerations. 

r0.7% higher than 

extrapolated data.


Ź Bulk modulus agrees to 

data on Fe bearing samples to 

3 GPa and 12.5 GPa 

Ź Pressure derivative of the 

bulk modulus determined by 

Brillouin data is consistent with 

that from X-rays 



Sound velocities in (Mg0.9,Fe0.1)2SiO4 along 1250 C adiabat compared to 

seismic velocity profiles for 

upper mantle 

ŹSolid Curve calculated using dG/dT

= -0.014 GPa/K for E-phase, 

consistent with D-phase 

Ź Acoustic velocities of Spinel phase 

is also included which is stable below 

540 km depth 

Ź Fraction of Olivine corresponding 

to the magnitude of seismic jumps Image removed due to copyright considerations. 
27% for Shear waves 

32% for compressional waves 

assuming 4.3% and 4.5% seismic 

velocity discontinuities, resp. 

Ź Olivine Abundance necessary 

to satisfy this data: 38% 

Ź Considering large dG/dT (high 

sensitivity of b-phase to temp.,) 

current data is not consistent with 

an olivine composition at 410 km 



Ź This study suggest that olivine content in the upper mantle 

should be in the range of 30-50% to match the observed 

velocity jump at 410 km depth 

Ź Other experiments concluded that pyrolite or peridotite

compositions within 60 vol% olivine are also acceptable


Ź Irifune showed that olivine becomes Mg rich with increasing 

pressures 

Density of olivine is higher with increasing iron content and 

variations in iron content can overcome or at least reduce the 

above said difficulties encountered with pyrolite model. 

Velocity jumps are dependent on pressure and temperatures: 

decreases with increases pressure… 



<<
  /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


