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An external Review of the PhD manuscript “Relation of pore space 
geometry, permeability and microstructure in low-porosity rocks” 
presented by Matej Machek. 
 
The Thesis typescript 118 pages long, consists of four parts dealing with pore 
structure in low porosity materials and its evolution with increasing confining 
pressure. 
The first introductive part yields information’s about the microstructures 
developed in deformations zones especially in material with low porosity 
forming the earth’s crust from a very brief bibliographic analysis. Motivation 
and goal are quickly presented and deal with applied topic (radioactive wastes 
repositories) and more fundamental topics (seismogenic zones analysis or 
understanding of fluid flow occurring during metamorphic processes). The 
objective of the thesis is the description of the pore geometry of three kinds of 
materials representative of the deep crust: eclogitic facies, granite material and 
metamorphic gabbro.  
The used methodology is composed by four techniques, but these techniques 
are not used altogether on the three kinds of materials. The first technique is a 
3D analysis of velocity of ultrasonic P-Waves measured on samples at 
changing confining pressure ranging from atmospheric pressure and 400MPa. 
This technique is an original tool and allows very important information on the 
beahaviour of pore structure for increasing confining pressure. The second 
technique is the direct observation of the pore structure using the petrographic 
thin sections of sample saturated by fluorescent resin. An original quantitative 
microstructural analysis is performed and proposed particularly helpful 
information on the pore structure of very low porosity material. The third 
technique is lattice preferred orientation (LPO) from EBSD data and give 
information about orientation of reactive mineral in strain zone principally. The 
last measured data is the permeability obtained on low permeability material 
and for a large set of effective pressure. These measurements are performed on 
low to very low porosity material and that need long time to prepare samples 
and to perform measurements, this point is very important and can explained 
the apparent lack of data. It is however harmful that all these techniques were 
not able to used on all samples.  
In the second part, are presented data acquired on eclogites. Two kinds of 
eclogites, fine-grained and coarse-grained ones, are analysed using 
microstructural analysis, LPO, and 3D elastic P-wave velocity measurements. 
The main results are the rule of the grain boundaries for fine-grained material 
and of the cleavage planes for the coarse-grained material as location of the 

 



 

 

porosity. The closure of these structures are pressure-dependant, grain 
boundaries are closed at lower pressure than cleavage planes.  
Results about the Melechov granites are presented in the third part and 
constitute the main part of the thesis. They combine pore space geometry 
analysis, ASM analysis, permeability and P-wave velocities measured at 
different levels of confining pressure. Three different petrographic facies are 
distinguished associated to 5 fracture families. They are acquired during 
different strain phases and several of them are reactivated. Each facies presents 
specific properties, but common behavior is described.  Magnetic fabric is 
measured on cylindar and spherical samples, the anisotropy and shapes of 
ASM signal suggest that magnetic fabric is controlled by biotite alignement. 
The crack network is controlled by a set of intergranular cracks and their 
orientation is in accordance to the microcrack preferred orientation determined 
from P-wave velocity difference. This structure controls the pore geometry in 
one of the coarse grained facies, and more generally the microstructure 
orientation is oblique to the closest macrostructure. The microstructure network 
controls the anisotropy of the permeability especially at low confining 
pressure. The permeability for various effective pressures is controlled by the 
behavior of crack aperture. The permeability involves over two or three orders 
of magnitudes of an increased effective pressure. From map crack network 
map, the connected skelets is built and is characterized by an important drop of 
the microcrack density depending on the petrographic facies.  
The last part is related to the analysis of pore space geometry in progressive 
deformed metagabbro. Four levels of strain are analysed from proto-mylonite 
to ultra-mylonite. The main result is that the pore space geometry is not parallel 
to the foliation plane and controlled by two orientations symmetrically around 
the foliation plane controlled by grain boundaries and cleavage in amphibole 
and significant effect is documented at low confining pressure. 
 
The thesis is well organized and presents an important set of data, even if 
typographical errors still exist in the text. But at this point, some questions that 
will be discussed, two of them are : 
From the data of fracture closing pressure (obtained from 3D-Vp analysis) is it 
possible to calculate coefficient of fracture shape ? 
Is a more detailed microstructural analysis possible, in the aim to define what 
kind of conjugate structure form the porosity network? 
 
These questions do not diminish effort and quality of candidate’s work. 
Therefore I recommend the defense of Matej Machek in front of a Jury of the 
University of Prague. 
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