Review of the PhD thesis Analogue and numerical simulations of the geodynamical systems — insights
from the models of the Earth collision tectonics and Martian mudflows submitted by Ondfej Kryza

The thesis reports the results of author’s efforts in the field of modelling the Earth and Martian
dynamic processes. He combines two approaches, the laboratory analogue models with computer
simulations, and he concentrates on two groups of problems — crustal deformation during collision on
the Earth and mud flows on Martian surface. His thesis is organised in seven chapters. First he gives an
introduction to analogue and numerical modelling of geodynamic processes. Then he presents two
analogue models of crustal deformation during shortening that describe the folding of the lower
ductile crust, melt transport during folding and discuss technical aspects of the PIV analysis of the
model output. Chapter 4 supplements these analogue models by numerical simulations that allow to
include gravitationally unstable lower crust and in a broad parametric study describe the diapiric
exhumation of felsic material. Finally, two chapters report the results of Martian mud flow laboratory
models. The results of chapters 3 and 5 are already published, results of chapter 6 are under review
and publication of chapter 2 is in preparation.

The thesis clearly includes extensive work and the candidate had to learn and master two
complementary methods — laboratory and numerical experiments - which is a very valuable
combination. As my expertise is in numerical modelling | am not able to judge the significance and
novelty of the analogue models, but since they are already (partly) published (in high ranking journals)
| have no doubts that the scientific contribution of the laboratory models is valuable. In my report |
will therefore mostly concentrate on the numerical models (chapter 4) that were not yet published
and on the quality of text in general.

Chapter 4 is concentrated on the mechanism of diapiric exhumation of gravitationally unstable felsic
lower crust. It presents numerical model of a layered crust and underlying uppermost mantle and in a
broad parametric study investigates the effects of the thickness and density contrasts between the
layers, initial undulations of the felsic layer and radiogenic heating to the exhumation rate and final
location of the ascended felsic material. The added value of these numerical models compared to the
analogue models is the density stratification of the lower crust, the numerical models are however
lacking horizontal shortening, so its effect is only indirectly discussed through the initial undulations of
the lower crustal layer. The main conclusions concern the effects of radiogenic heating in combination
with density stratification and the influence of the initial layer parturbation which is a proxy for
convergence rate. | have several questions/comments to this chapter that | would like to be addressed
during the defence. | list them at the end of the review.

The text of the thesis is generally well written. | have however critical comments to the presentation
of equations that describe the rock deformation. The description of governing equations is
unnecessarily complicated and consequently messy. It is trying to give some background of the basic
conservation laws in framework of continuum mechanics. There is no need for that and it is even
counterproductive. For example in case of thermal equation, individual steps describing the derivation
of diferencial equation (1.27) from integral principle (1.26) is missing and reader gets no clue how to
proceed from the time change of energy in (1.27) to material derivative of temperature in (1.26).
Moreover, when this equation is really used in chapter 4 (eq. 4.2), it appears (without any comment)
in yet different form, without adiabatic and viscous heating and using different notation for
conductivity. Continuity equation is given in Eulerian and Langrangian notations for generally
compressible medium (1.21, 1.22), but in chapter 4 an incompressible equation (4.1) is used.
Momentum equation is presented three times (1.9, 1.24-1.25 and 4.1) with randomly varying notations



of stress, pressure and viscosity and jumping between vectorial and component notations. Paragraph
1.6.4 shortly presents numerical methods that could be used to solve the governing equations. | do
not see the point in this overview, since in the thesis only finite element method is used and there is
no discussion that would explain why this method has been chosen in competition of the others.
Shortly: | think that the introduction to the equations and methods should have been shorter, more to
the point and without confusion in notations and forms of the equations. Quality of figures is generally
very good (including explanatory diagrams), but sometimes texts are so small that are hard to read
without magnifying glass (e.g. Fig. 18B/page 74, Fig. 44BFH/page 161, Table 1/page 54).

Despite these critical comments the summary of my review is very positive. Results of the analogue
models of oroclinal buckling were published in Tectonophysics (candidate is the first author) and
analogue models of mud flows on Mars were published in Nature Geoscience (candidate is second in
a broader author team), which illustrates the scientific importance and novelty of the results reported
in the PhD thesis. Candidate is able to develop both analogue and numerical models of rock
deformation which is a rare and valuable combination, he managed to publish his results in high
ranking journals and therefore have demonstrated his ability to conduct an independent scientific
research.

| therefore recommend that he is awarded PhD degree.

Hana Cizkova

Questions/comments to be addressed during the defence

1. Chapter 4 provides a search of model space of various crustal parameters and documents their
effects. There is however no attempt to apply these finding to any natural system. Could the
results be directly compared to any data or hypothesized crustal deformation scenarios in
some collisional orogen?

2. Why is viscous heating lacking in thermal equation 4.2? | would guess frictional heating may
play a role, would it not?

3. Ido not understand how the upper plateau of GPE (rp, page 154) is evaluated — how is the
finite time step of the simulation chosen (its choice affects rp, does it not)?

4. In paragraph 4.4.4. (page 170) it is stated that “previous analysis revealed that the
convergence rate and horizontal shortening play a significant role for the deformation and
horizontal-vertical flow of the lower crust”. What previous analysis is refered to here (and in
Figure 47)?

5. And finally, this chapter 4 follows diploma thesis of the candidate (Kryza, 2013), it uses the
same modeling approach, model setup and it seems to me that also model parameters.
Could the candidate clearly specify what is the difference between the models presented
here and the models in his diploma thesis? Are there different models here, or just different
postprocessing analysis of the same models? And what new conclusions could be identified
here that were not formulated in the diploma thesis?



