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3. SEM elastic tomography - our starting model for Q inversion

We use the SEMum2.2 mantle model (French et al., 2011) as the elastic starting model in our Q inversion, which is

We present here the first results of a very preliminary inversion for Q structure, Starting from a SEM- developed by additional iterations from SEMum of Lekic & Romanowicz (2011). The SEM-based global tomography
based global elastic model. These initial results recover some of the gross features of existing upper uses the coupled spectral element method (cSEM) of Capdeville (2003) to forward model the wavefield for each event
mantle Q models. Since we have not as yet applied corrections for source and receiver terms, nor in the F:urrent merI iteration. The use of accurate fo.rward moc.:Jellllng captures the effects of focusmg.and d.efocusmg,

o . | _ . and this leads to improved amplitude recovery of elastic anomalies in the model, particularly low-velocity regions. The
employed sophisticated data selection techniques, nor applied crustal corrections, and have only used crust used in the forward simulation is a homogenized crust with a minimum thickness of 30km (a filtered version of
the fundamental Rayleigh wave mode in the inversions (i.e. we have not used horizontal components or the Crust2.0 Moho is used where the thickness is >30km). 7
overtone data), the recovery of these features shows promise for the future development of a SEM- The kernels used in the inversion are calculated using the non-linear asymptotic coupling method (NACT) of Li & :

based Q model, in conjunction with refinements to the existing elastic SEM-based model. Romanowicz (1995). This introduces an additional term to the path average approximation to account for coupling
across normal mode dispersion branches, and the kernels capture finite-frequency effects in the vertical plane of the
great-circle path. In the inversion, wavepackets are weighted according to their type and redundancy, which allows
the fitting of overtone energy and equalizes sensitivity to horizontally and vertically polarized wavefields.  This s
weighting means that if we were to do an adjoint inversion, separate kernels would have to be calculated for each
2 Motlvatlon wavepacket, which would be too computationally expensive. Crustal contamination is minimized by supplementing

" the waveform dataset with group velocity dispersion maps in the inversion step. Togght e

Determining the global 3-D anelastic structure in the mantle is important step towards a better understanding of the dynamics and
structure of the Earth. The quality factor Q is considerably more sensitive to temperature than elastic velocity, which implies that
Q tomography can provide us with additional constraints on the thermal structure of the earth, complementing the information
provided by elastic tomography, and possibly enabling us to distinguish the distribution of chemical versus thermal heterogeneity
in the mantle. In addition, attenuation causes dispersion of seismic waves and this effect needs to be taken into account in
constructing and interpreting seismic velocity models.

However, since inversion for Q exploits the amplitude information in the seismogram, we require the elastic structure to be well-
modelled before we can extract the Q signal - i.e. good phase alignment. In addition, elastic effects such as focusing and
defocusing affect the amplitude of the seismogram, and could potentially be mapped into Q if the elastic structure is not well-
modelled, or alternatively if paths showing strong focusing and defocusing are not excluded. Previous Q models have required
very careful data selection in their construction to avoid these effects. There are relatively few existing models, and there is not
nearly the same level of agreement at long wavelength between Q models as there is between elastic velocity models.
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The advent of SEM-based global elastic tomography (Lekic & Romanowicz, 2011; French et al. 2011) provides a new starting
point for the resolution of Q structure in the upper mantle. These models take into account focussing and defocussing of elastic

waves, through the use of the SEM for the forward modelling step. High amplitude slow anomalies are better recovered, and Kb et e %5 2 NN S |
waveform fits are improved compared to previous models. This therefore provides an ideal starting point for a Q inversion, which ‘ '
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can be further improved through more iterations of SEM modelling and further inversions for elastic and anelastic structure. Our -4 -2 0 2 a -4 -2 0 2 a
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While this is still a very preliminary model, and neglects many correction
Refe rences terms that will be included in our future work, we are nevertheless
recovering upper mantle attenuation features that have been seen in
previous Q models, such as a correlation with tectonics in the upper
Capdeville, Y., Chaljub, E., Vilotte, J.-P. & Montagner, J.-P., 2003. Coupling the spectral element method with a modal solution for elastic wave propagation in 200km of the model (low attenuation in the cratons and high attenuation
global earth models, Geophys J. Int., 152, 34-67. along ridges and in the back-arcs), and such as the degree 2 pattern
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eneath Africa and the Pacific seen at d r hs.
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