1. INTRODUCTION 2. NORMAL MODES o E——

The D" layer is a thermal boundary layer, £ 57 o @& * Standing waves along the radius and surface of the Earth. Fig. 2: Normal mode spectra
constraining the nature of convection in the @ E " .~  Clear peaks in spectra at discrete frequencies (Fig. 2). for the Sumatra earthquake of
mantle. LLSVPs dominate Vs models (Fig 1) and g ST 2 « Multiplet S, consists of 2I+1 singlets, degenerate for PREM. 2004 (station ARU, Russia).
could be thermal or thermochemical structures. . I » Singlets split by rotation, ellipticity and 3D heterogeneity. Predicted  frequencies  are
Information on their density and Vs/Vp ratio will  Splitting Is visualised using splitting function map [3].
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help to assess their influence on mantle dynamics. dinV, wrt PREM (%) - Imin2

We invert for Vs and Vp independently using body

wave, surface wave and normal mode data, ng'miaelslggoéh{gu?ﬂ 3 STONELEY MODES OBSERVATIONS

including new CMB Stoneley mode measurements. EETREEIR G K sl

Fig. 6: Depth spline [ 5
5. INVERSION parameterisation [9]. .| =

* Invert independently for dinVs and dinVp.
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 Each mode Is sensitive to Vs, Vp and p at different depths. al. 2005 [2].

* Stoneley modes are confined to solid-liquid interfaces, like the CMB. oY e et le) st d e 2! Stoneley modes provide
* We have measured 9 CMB Stoneley mode splitting functions [4]. unique constraints on structure of D", as well
* These are also sensitive to density variations in the D" (Fig. 3). as improved depth resolution.

Frequency = 3.44 mHz Observation ,S,5 - smax=6 S20RTS+Crust5.1 prediction
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* S20RTS parameterisation [1]: 21 depth splines

(Fig. 6), lateral spherical harmonics up to [=12. _ Fig. 3: Surface
* Correct for crust structure using Crust5.1 [10]. g Sensitivity kernels
* Density variations included using dinp = 0.3 * dInVs. (left) for Vp (solid),
» Combine all data with different depth sensitivity (Fig. 7). .| 1~ ggns(i(tjx? S?rg(gi)) 223
* Vary data weigrgnting factors and density scaling. - splitting  function
<, > o > ' observation (right)
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4. DATA: BobYy WAVE TRAVEL TIMES, SURFACE WAVE DISPERSION and NORMAL MODE SPLITTING
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- e pier _— b e elittin Table 1: Travel time data obtained usin Fig. 4: Number of paths for surface wave dispersion data, 3
Dispersion  Travel times  Splitting Dispersion  Travel times  Splitting _ _ : _ _ e _ N _
cross-correlation with PREM/CMT synthetics. obtained using the mode-branch stripping technique [7]. Total 0 5 0 prouattrgers 20 2 90

Fig. 7: Normalised sensitivity of individual data sets to the 21 spline functions for dinVs
(left) and dinVp (right), similar to [11].

Updated data set from [5,6].

(Fig. 8 & 9). This is also reflected in the dinVs/dinVp ratio.
WITHOUT STONELEY MODES

6_ |NVE RS|ON RESU LTS Stoneley modes are explained best by a decreased dinVs and

Increased dinVp at the CMB, and an increased dinVs above D"
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Fig. 8: Inversion results without Stoneley modes. Travel time and splitting data are weighted with a factor of 20 and 1000 relative to
dispersion data (ttwt:splwt=20:1000). From left to right, we show the S-wave and P-wave variations and histograms of the dinVs/dinVp

ratio at 2450 (top) and 2891 (bottom) km depth. On the far right we show this ratio for the entire mantle, computed in three ways.

INCLUDING STONELEY MODES
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Fig. 9: Inversion results including Stoneley modes. All panels are the same as in Fig. 8.
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of 3,119,341 paths. Updated data set from [6,7].

DISCUSSION Fig. 10: dinVs/dIinVp ratio computed using the

RMS velocities for inversion results with (red)
and without (black) Stoneley mode data. We
vary the weights of travel time (ttwt) and

Body wave model Normal mode model

dinVy/dinV, dinV/dinV, splitting data (splwt) relative to dispersion data.
0 — Of—————— Left: body wave dominated model with
7/‘ | [ | ttwt:spiwt = 50:100. Right: normal mode
< dominated model with ttwt:splwt = 1:1000.
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T T |  Body wave dominated model shows
£1500 £1500 high dInVs/dInVp ratio in the LM.
s 8 |  Normal mode dominated model gives
2000- L 2000- ! a low danS/danp ratio in the LM.
2500- L 2500 : Including Stoneley modes always
| j | | / | Increases dinVs/dinVp above the D"
s00l s00l— and decreases it in the D" - this
0 1 2 3 4 5 6 0 1 2 3 4 5 6 -
Ratio Ratio averages to the same ratio.

For a mixed model (ttwt:splwt = 20:1000), the normal mode M')Tevd :T:/Odel
misfit reduces significantly for the model with Stoneley mode S A
data (Table 2). The body wave data shows a negligible misfit | \P

change suggesting they cannot distinguish between the two .
models. The dInVs/dInVp ratio resembles the trend of previous
studies, especially for RO1 [14] in the lower mantle (Fig. 11).
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Fig. 11: Same as in Fig. 10 but now for a mixed model with weights 20 and

1000. As comparison, we show the dinVs/dInVp ratio from other studies: K93 3000 %
[12], IT99 [13], RO1 [14], and RTO3 [15].

8. SUMMARY

 We invert independently for Vs and Vp variations in the mantle, focusing on the
effect of including CMB Stoneley mode splitting functions.

 Including Stoneley modes increases dinVs/dinVp above the D" and decreases it
in the D", producing on average the same ratio as for a model without them.
 Body wave data are insensitive to this difference, suggesting they lack the depth
resolution to distinguish between these models (Fig. 8 & 9).
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