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Evaluation of the PhD thesis of Mgr. Marie Behounkova

Global and regional scale modeling of dynamic processes in the
Earth's mantle

1 have compiled this review based on a written designation from the dean of Faculty of
Mathematics and Physics of the Charles University in Prague Prof. RNDr. Zdenek Nemecek,
DrSc., who asked me to evaluate the PhD thesis of Marie Behounkova.

The Part 1 of the thesis named as "Resolution of global geodynamic models by seismic
tomography" is out of my professional knowledge, hence I do not comment any part of it. In
my review, I concentrated to the Part II of the thesis devoted to the regional scale convection
models. My comments and questions are related to rheology of rocks involved in subduction
process.

Subduction of an oceanic lithospheric plate and its physical as well as chemical interaction
with and ambient mantle rocks is a key issue in understanding of global dynamics of the outer
parts of the Earth. It attracted much attention of numerical modellers and mineral physicists
during last decades. The second part of the submitted thesis focuses mainly on forward
modelling in order to study circumstances under which the thickening of the subducting slabs
occurs in the lower mantle. Thus I consider the topic of submitted thesis highly interesting for
a broad community of geoscientists, which is confirmed by the acceptance of two papers in
international geological journals rising from the presented research.

I appreciate very much strategy of the modeling that have started with very simplified
compositional models and then continued to more advance thermo-compositional ones. In the
compositional models, student carefully described initial setup as well as parameters used in
modeling. From the point of view of the upper mantle composition, application of several
parameters has not been sufficiently explained and they seem to be arbitrarily chosen giving
rise to the following questions:

• What the density anomaly corresponds to in the uppermost mantle?

• Why the phase change at the 410 km depth has not been taken into account? This
boundary represent a final disappearance of both pyroxenes from a peridotite and
mainly significant density increase, due to phase change of olivine to wadslevite and
garnet to majorite.

• What composition is the decoupling layer? It seems to be eclogitizcd oceanic crust
from the Figure 7.1. but then it must have much higher density then 3.200 kgm'3.

In the Figure 7.1, the depth 200km is pronounced and it is probably important for the
modeling setup, but it is confusing in the Figure 7.2 that presents results of the model. I would
prefer to draw depth of 410 km that corresponds to the phase change from olivine to
wadslcyitc and makes the upper boundary of the transition zone.



Results of the modeling are presented in sufficient resolution of the readable Figure 7.2., but
an explanation of the colour scale in the chemical composition pictures would be useful. In
the chapter 7.1.2, student describes change of compression and dilation directions in time,
especially for the model COblb that show change from vertical to horizontal compression in
the lower mantle during penetration of the slab.

• What is the reason for such change if the orientation of principal forces is the same?

Thermo-compositional model is much more advanced then previous one taking into account
all principal plate tectonic forces, deformation mechanisms and many important parameters.
Presented results provide excellent series of models concentrating on effects of viscosity jump
between the upper and the lower mantle, boundary conditions, stress limiter and viscosity of
the decoupling layer on the geometry, morphology, rheology and other physical properties of
a subducting slab. I suppose modeling strategy and description of the results sufficient in
order to answer principal question of this part of the thesis, which is thickening of the slab in
the lower mantle.

Starting conditions of the rocks or plates are critical for all geodynamic processes. Therefore
application of the best and the most reliable parameters in models are critical for high quality
results that can help us understand dynamics of the Earth. In general, values of majority of
parameters have been correctly chosen, but I have found few shortcomings that I present in
the following.

• I suggest that, upper mantle parameters listed in the table 7.3 arc not the most
representative. New parameters published by Mei and Kohlstedt (2000) for both
dislocation and diffusion creep of olivine as well as by Karato and Jung, (2003) about
effect of pressure on HT dislocation creep of olivine could he used.

• A simplification of the crust-like layer is acceptable as it represent only very small
volume of subducted material. However, approximation of rheoloaical parameters of
eclotzite by basalt following paper of Vlaar (1993) is rather problematic as it is stated
in discussion. Recently, it is quite well known that cclogites are stable from
approximately 50km down to the transition zone and their rheological parameters has
been intensely studied in last years (e.g. Zhao et al., 2005, Jin et al., 2001 and 2002.
Doin and Henry. 2001). 1 fully agree with the statement in the discussion that it is
necessary to concentrate on crust layer parameters in more details.

Conclusions - Parts of the thesis that I have reviewed are of very high quality, carefully
organized and well written. Comments and questions that have risen up from my review does
not devalue professional scientific work provided in this thesis, which is very clearly and
unambiguously presented and offers many new and inspiring ideas. I recommend the
submitted thesis to be accepted and Mrs. Marie_Behounkova to be awarded bv the "PhD"
scientific degree.
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