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Another description of the structures of „altered” coal was provided by Jiang et al. (2004). 
The authors divide the coal structures into two types: the cataclastic type and the mylonitic type. 
The cataclastic coal is formed gradually, together with an increase in stress. As a result, the coal 
material is slowly crushed. At first, primary cataclastic coal appears; then, cataclastic coal is 
formed. The next stage is porphyroclastic coal, and the final transition stage is granulitic coal. 
The subsequent phase of structural deformations is the creation of mylonitic coal. It is a long 
process in which the key role is played by stress and – to a lesser extent – temperature. The initial 
stage of the process is the emergence of squamaceous coal, then winkle coal appears, and the 
final stage is the creation of mylonitic coal.

Ju et al. (2005) and Ming et. al (2011) present a slightly different classification of tectoni-
cally deformed coal, which divides its structures into the following types: primary cataclastic 
structural coal; cataclastic structural coal, mortar structural coal, and schistose structure coal.

In 2009, Ju and Li provided an even more detailed categorization of altered coal structures, 
which encompasses structures created as a result of brittle, brittle-ductile, and ductile deforma-
tions. As a result of brittle deformations, the following structures are formed: cataclastic coal, 
mortar coal, granulitic coal, mealy coal, schistose coal, and thin-layer coal. The effect of brittle-
ductile deformations is scale coal, and ductile deformations yield winkle coal, mylonitic coal, 
and ductilely structural coal.

Coal from near-fault zones reveals not only specific structural characteristics, but also 
peculiar optic qualities. Komorek et al. (1995), Komorek et al. (1998) and Pozzi (1996) observe 
that, in coal from near-fault zones in the Upper Silesian Coal Basins, the optical anisotropy of 
coal increases (this property is analyzed by measuring the reflexivity of vitrinite; the graphical 
representation of this is an indicatrix constructed on this basis). This is caused by the impact of 
tectonic stresses on the coal substance – and, more precisely, on the course of the coalification 
process. The above-mentioned authors are of the opinion that the analyzed coal should be re-
ferred to as „tectonite”, i.e. deformed rock where tectonic forces caused reorientation of texture 
and optical axes.

The problem of structurally altered coal is of interest not only to scientists. It is also an 
important question as regards safety of hard coal exploitation in underground mining facilities 
all over the world. Changes in the coal structure have a negative impact on its strength proper-
ties. They also cause an increase in its gas capacity, which makes the risk of the occurrence of 
gasogeodynamic phenomena considerably bigger. Due to the importance of this phenomenon, 
some countries with working hard coal mines address the issue in their mining regulations. Along 
with such parameters as the rate of gas desorption, Protodyakonov’s impact tests, or measure-
ments of the seam pressure, the problem of the coal structure degradation is mentioned. In the 
mining regulations of such countries as Russia and China, particular attention is focused on the 
identification of this type of coal. Also, these regulations recommend that such structures should 
be described according to a classification system encompassing 5 structural types of coal (In-
struction..., 1989; Guo et al.). In other countries with working hard coal mines – among which 
there is also Poland – relevant regulations suggest that increased attention is paid to coals from 
the areas of tectonic disturbances; however, the degree of these structural changes is not defined 
in a detailed manner.
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Fig. 1. Primary, or endogenic fractures. The coal samples were collected from the Zofiówka colliery, 
seam no. 406/1, and the Pniówek colliery, seam no. 403/3. Magnification 500×; reflected light, immersion

which is larger and more complex as compared to exo-microfractured coal. Here, there are 
no isolated, single fractures; just a more complex network which becomes visibly denser and 
denser. A characteristic feature of such pieces of coal is the fact that they give us an opportunity 
to discern (again, under a microscope) their original, undistorted structure. One can observe 
lamination, microlithotypes, visibly separated intermaceral links, and lack of dislocations, or 
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very minor dislocations, of particular coal fragments in relation to each other. Examples of such 
pre-cataclastic structures are presented in Figure 3.

Meso-cataclasis. Another stage of structural changes of coal altered due to the impact of 
the forces connected with fault creation is the emergence of meso-cataclasis. The forces affect-

Fig. 2. Secondary, or exogenic fractures. The coal samples were collected from the Zofiówka colliery, 
seam no. 406/1, and the Pniówek colliery, seam no. 403/3. Magnification 500×; reflected light, immersion
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groups. Meso-cataclasis additionally reveals minor dislocations of newly created pieces of 
crushed coal. Most often, the shape of such bits is irregular, and their edges sharp. Examples of 
meso-cataclastic structures are presented in Figure 4.

Porphyro-cataclasis. Near-fault coal may also reveal some structures whose characteristic 
feature is the presence of two generations of bits of coal. It is possible to discern large (50-200 mm) 

Fig. 4. Coal with cataclastic structures – meso-cataclasis. The coal samples were collected from the Zofiówka 
colliery, seam no. 406/1, the Pniówek colliery, seam no. 403/3, and the Brzeszcze colliery, seam no. 352 

“Zachód”. Magnification 500×, reflected light, immersion
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pieces which can be fractured (porphyroclasts). They are surrounded by fine, highly comminuted 
cataclastic material, whose components are dislocated in relation to each other. The primary coal 
structures can be seen only in larger bits, and in fine fragments of highly comminuted coal they are 
completely invisible, blurred. The size of the latter fragments usually does not exceed 50 mm (most 
often, it falls within the range of 10-20 mm). Examples of such structures are presented in Figure 5.

Fig. 5. Coal with cataclastic structures – porphyro-cataclasis. The near-fault coal samples were collected 
from the Zofiówka colliery, seam no. 406/1, the Pniówek colliery, seam no. 403/3, and the Brzeszcze colliery, 

seam no. 352 “Zachód”. Magnification 500X, reflected light, immersion
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Cataclasis proper. The final stage of cataclastic transformations is cataclasis proper. This 
type of coal deformation is characterized by the total destruction of its original structure. Cata-
clasis proper reveals a very dense network of fractures, in which single pieces are dislocated in 
relation to the original structure and each other. Due to the high extent of material comminution, 
it is generally not possible to fully identify particular maceral groups. Highly comminuted coal 

Fig. 6. Coal with cataclastic structures – cataclasis proper. The coal samples were collected 
from the Zofiówka colliery, seam no. 406/1, and the Pniówek colliery, seam no. 403/3. 

Magnification 500×, reflected light, immersion
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pieces lose their sharp edges; instead, they are considerably rounded. Examples of such structures 
are presented in Figure 6.

Cataclasis proper marks the end of the process of structural destructions based on the crush-
ing of coal material.

4.4. Coal with mylonitic/mylonitized structure (mylonitic tectonic 
microbreccia)

In the fault zones, the processes of coal crushing may, in certain places, reach their maxi-
mum. In such a situation, the total grinding of coal pieces and the directing of the coal pulp occur. 
Within the creations with totally blurred original structure and within newly created directional 
structures, coals with mylonitic structure may be formed. The formation of mylonitic structures 
depends on the value of stress and, to a lesser extent, on temperature.

The analysis of the samples collected from Upper Silesian hard coal seams revealed that 
the share of fractured and cataclastic coal was greater than the share of mylonite. Nonetheless, 
mylonite is also present in the investigated samples, and its properties differ from the properties 
of coal with cataclastic structures. In mylonite – just like in cataclastic coal – one can observe 
distortions of various degree of advancement.

Pre-mylonite. During the initial stage of coal, pre-mylonite is formed. Properties of cata-
clasis – i.e. pieces of crushed and well-rounded coal, dislocated in relation to each other – can be 
seen. However, the material is strongly pressed and densely packed. Some borderlines between 
the pieces of coal become blurred, and a solid, almost uniform mass is created, in which one can 
sometimes observe (particularly when applying high microscope magnification) micro-folds, at 
times made more conspicuous by the presence of a mineral substance. Examples of pre-mylonite 
from the Upper Silesian Coal Basin are presented in Figure 7.

Mylonite proper. The occurrence of such type of structures is less frequent as regards the 
types of coal deformation resulting from the fault impact. Such coal shows the highest degree 
of transformations. The microscope image of mylonite proper reveals an almost uniform coal 
mass. It is virtually impossible to discern single bits and pieces of coal material. Instead, a new, 
uniform, often directional structure is formed. With mylonites, it is generally not possible to 
identify particular groups of macerals. One can only observe crushed bits of macerals of the 
inertinite group, which – due to their high reflexivity – contrast with the solid and uniform mass 
of the investigated coal sample. Additionally, such coal can reveal secondary fractures, which 
obscures its original structure even more. Such structures are the rarest ones as far as the Upper 
Silesian coal seams are concerned, and the most difficult to interprete. Sample photographs of 
mylonite proper are presented in Figure 8.

5. Summary

The author subjected to analysis over sixty samples of coal from the fault zones of the seams 
of the Upper Silesian Coal Basin. This material was formed in the zone of near-fault tectonic 
microbreccia formation. 
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The structure of the investigated coal revealed – to a greater or lesser extent – the effects 
of the impact of tectonic deformations, i.e. faults running across the seams. On the basis of the 
information found in relevant scientific sources, it was concluded that structurally altered, near-
fault coal is defined in various ways, and sometimes described only routinely. The analysis of 
coal samples and juxtaposition of the obtained results with the data found in the literature on 

Fig. 7. Coal with mylonitic structures – pre-mylonite. The coal samples were collected 
from the Zofiówka colliery, seam no. 406/1, and the Pniówek colliery, seam no. 403/3. 

Magnification 500×, reflected light, immersion
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the subject resulted in a proposed systematization of the nomenclature regarding the hard coal 
from near-fault zones, in relation to selected Upper Silesian hard coal seams. On this basis, 
particular stages of the destruction of the near-fault coal structure were described, starting from 
fractured coal, through various stages of the formation of cataclastic structures, and ending with 
mylonite proper.

On the basis of sample analysis, the following coal types were identified:
• structurally unaltered coal – only the primary fractures, i.e. endo-microfractures, are 

visible;
• structurally altered coal – in these creations, the following stages of structural deforma-

tions occur:
– fractures (exo-microfractures) – formed due to the impact of stress, resulting from 

tectonic dislocation,
– cataclastic structures – created gradually, together with an increase in stress. As 

a result, the coal material undergoes the processes of gradual crushing. Depending on 
how advanced the processes are, fi rst pre-cataclastic structures are formed, then meso-
cataclases and porphyro-cataclases, until the coal structure becomes totally destroyed 
and cataclases proper appear,

Fig. 8. Coal with mylonitic structures – mylonite proper. The coal samples were collected from the Zofiówka 
colliery, seam no. 406/1. Magnification 500×, reflected light, immersion








