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Submitted thesis deals with the gcodynamical inversion of the gcoid. The observed gcoid presents an
important data set which can he used to constrain the flow system in the Earth mantle and to retrieve the
mantle viscosity. A lot of attention has therefore been payed to this subject in recent decades. Nicola Tosi
built his own code for modeling the present-day convection in Ihe Earth mantle by combined spectral-
Unite element approach. He applied the code to the problem of predicting the long-wavelength gcoid over
subduction zones. He used a 2D axisymmetric model with laterally variable viscosity and solved the
forward problem for several synthetic density distributions reflecting several scenarios of possible slab
deformation in the mantle. He concludes that low degree gcoid can be satisfactorily explained if the
lower mantle is considerably more viscous compared to the upper mantle and if the density anomalies
associated with the slabs extend to the lower mantle. Further, lateral variations of viscosity though
changing the flow pattern, do not influence the long-wavelength geoid considerably.

The thesis is dcvided into 6 chapters. First chapter gives an introduction to the problem of the
geodynamic inversions of the geoid. Chapters 2 and 3 describe the equations governing the flow in the
mantle and gravitational potential and two methods which wil l be used to solve the system - matrix
propagator technique and a spectral finite element method. In Chapter 4, the results obtained with the SFE
method are benchmarkcd against the results reached using the matrix propagator technique. Though the
results presented in this chapter (Green functions for radially symmetric viscosity and a simple inverse
problem for a three layer viscosity profile) are not novel, they give the reader a nice insight into the
mechanisms that influence the geoid signal. Chapter 5 derives a semi-analytical solution for the Stokes
flow in a 2D axisymmelric model with laterally variable viscosity (eccentrically nested spheres) and uses
this semi-analytical solution to test the SFE code. The benchmark presented in Chapter 5 was published in
Geophysical Journal International. The main scientific results of the thesis arc presented in Chapter 6.

I would like to ask the author several questions.
1. He buil t the code based on the combined spectral-finite element method lo solve the flow

problem. What are the differences (or possibly advantages) of th is method compared to the
combined spectral-finite difference method which is mostly used by people at our department?

2. Could the author explain the choice of the cut-off degree of calculations in the models with
laterally variable viscosity? He is interested in the geoid on degrees 2-8 but performs the
calculations up to degree 700, which ensures that he can resolve the narowcst feature of his
synthetic viscosity model (the low viscosity zone on the contact of the subducting and overriding
plates). Though in this non-linear problem the long wavelength solution is biased by the higher
degree terms, are the degrees 2-8 really influenced by the load on degree -700?

3. Why does he restrict himself to the lowermost degree gcoid? The intermediate wavelength geoid
(degrees 10-20 or even 25) is still generally believed to be of the dynamic origin.

4. What is the dynamic topography in the models shown in Fig. 6.10? I suppose there should not be
much difference between the dynamic topographies of the I D and 2D models in spectral range
j-2-8. Is it also the case for intermediate degree topography? When (at what degree) do these
two models ( I D and 2D) start to deviate considerably?

Conclusions. The thesis is nicely and clearly written, its objectives are well specified, methods and
models clearly described. Valuable scientific results which are of interest for the geodynamic community
were reached. Chapters 1-4, which deal with the background of the geodynamic inversions of the geoid,
the slate of the art and methods used for modeling the mantle flow and calculating the geoid, give a broad
and detailed description of the problem and could be used as a study material for students. The semi-
analytical solution derived in Chapter 5 could be used as a general tool to validate any code solving the
problem of present-day convection in the spherical model with lateral variations of viscosity. I believe,
that the presented work proves the scientific creativity of Nicola Tosi and I recommend it to be accepted
as a PhD thesis.
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