Appraisal of the "Phesis " Numerical modeling of present day mantle con-

vection” by Nicola Tosi.

The candidate discasses several aspects of numerical modeling of mantle
dynamios. Sinee many hnportant issues. stuch as the role of Jateral viscosity
variations (LVV], cannot he addressed by classical methods based on the
propagator technigue, nunerical tools are needed. Connmercial packages such
as Marc and Abaqus offer the possibility of tackling such a problen. and
indeed many rescarchers are using these tools for solving o nwnber of problems
i global geodynamics, including mantle convection in the presence of vealistic
tateral rheological variations. Here an cflort is made to develop codes and
procedures virtually from scrateh (oo valuable tradition of scientists of this
Department), leading to a spectral finite element (hereinafter SIFI) miethod
that is applied snceesstully to mantle convection.

T'he Thesis constitntes a self-contained disenssion of mantle conveetion. aned
illustrates in a rigorous but concise way all the basic concepts starting frow
geoid undulations. tomogeaphy. and rhe equations governing the motion of a
very viscous fluid driven by internal density anowalies. In the hulk of the
dissertation. the SIPL s deseribed and validared against known seimi analvtical
results. Finally, an application to lithospherie subduction is made. Thought T
did not cheek all the mathematies iuto detail. Teonld appreciate the originality
of the approach. The material is well presented. and the genceral features of
the method condd be (at least fn principle} extended 1o lincar visco-clasticity
in the presence of LVV, as an alternative {o "purce” finite elemenis approaches
by commercial products.

Still lacking a 3D implementation of the SELL the last Chapter is devoted to a
study of the long-wavelength ceoid nndulation above @ subduecting slaly inoan
axis symnnetric model, This s indeed o classical problem in global
geodynainics, first addressed in the 80’s in a suite of milestone papers. The
merit of the analysis made here s the large set of viscosity models considered.
and the scrious efforts to model small scale viscosity structine of the
subducting lithosplicre. Given a realistic slab huovaneyv, the main resalt.

{which is perhaps not totally surprising) is that geold andulations are mainly



soverned by the viscosity contrast between the upper and Tower niantles while
LVV cause major effects on mantle flow. This finding will be probably
confirmed in the upcoming 3D computations. Perbaps. in view of the
seophysical implications. in the future it could will be nseful to addiess an
nuportant i=sue that surfaces asain from (his st vy 1oen the aeed of o
significant viscosity increase across the 670 kin depth discontinuity. which
seems to contradier evidenee fromy elacial isostatie adjn=tment .

To summarize. i view of the importance of this work in relation Lo ils field, to
its seientific setronele. to the oricinality of the resalts, and 1o the clear
presentation. I strongly recommmend that (he fhesis is accepted i falfilhnent of

the requirenments for the degrec of Doctor of Philosophy.
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