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KRYSTYNA STEC*

FOCAL MECHANISMS OF MINE-INDUCED SEISMIC EVENTS AN EXPLANATION 
OF GEOMECHANICAL PROCESSES IN THE AREA OF LONGWALL 6, SEAM 510 

IN HARD COAL MINE “BOBREK-CENTRUM”

MECHANIZM OGNISK INDUKOWANYCH WSTRZ �� SÓW GÓRNICZYCH WYJA ��NIENIEM 
PROCESÓW GEOMECHANICZNYCH W REJONIE ��CIANY 6, POK �àAD 510 

W KOPALNI „BOBREK-CENTRUM”

Exploitation in a coal mine “Bobrek-Centrum” of the longwall 6 in seam 510 has led to the occur-
rence of very high seismic activity. From January 2011 to June 2012 took place almost 3500 tremors 
with the energy of 102-104 J and 95 tremors of energy more than to 105 J. In an attempt to identify the 
character of that seismicity, calculations of focal mechanism parameters were carried out, and according 
to them local stress field was determined. Three periods of exploitation of longwall 6 were distinguished 
which vary in type of focal mechanism. Tremors, which occurred in exploitation periods I and III were 
characterized by normal slip mechanism, occurred due to domination of vertical principal stresses �11, 
horizontal intermediate stresses �12 and minimal ones �13. Such stress arrangement characterizes local state 
of rock mass behaviour as a result of cracking and collapse of sandstone, tremor-generating strata during 
advancing exploitation. In exploitation period II, of non-shearing mechanism of foci occurred. That was 
the period of change of longwall run from the NE-SW direction to E-W direction, that is the period of so 
called “slanting” of exploitation front. It can be presumed that this type of tremor mechanism could have 
occurred due to a sudden coal bed load by superimposed roof strata, which may have led to extreme load 
conditions and to a dynamic disintegration of seam part. It was confirmed by geomechanical calculations, 
which indicated that in the region of rockburst existence on 19.07.2011, layers which were located above 
and under seam 510 in area of longwall no. 6 were strongly deformed locally causing compression of 
certain parts of seam.
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Eksploatacja w kopalni „Bobrek-Centrum” ��ciany 6 w pok�áadzie 510 powodowa�áa wyst�
powanie 
bardzo wysokiej aktywno��ci sejsmicznej. W okresie stycze�� 2011-czerwiec 2012 wyst��pi�áo prawie 3500 
wstrz��sów o energii 102-104 J oraz 95 wstrz��sów o energii 105-106 J. W celu poznania charakteru tej sej-
smiczno��ci przeprowadzono obliczenia parametrów mechanizmu ognisk, na podstawie których okre��lono 
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lokalne pole napr�
�*e��. Wyró�*niono trzy okresy eksploatacji ��ciany 6 ró�*ni��ce si�
 typem mechanizmu 
ognisk. Wstrz��sy, które wyst��pi�áy w I i III okresie eksploatacji charakteryzowa�áy si�
 mechanizmem po��li-
zgowym normalnym, wyst�
powa�áy w wyniku dominacji pionowych napr�
�*e�� g�áównych �11 oraz poziomych 
napr�
�*e�� po��rednich �12 i minimalnych �13. Taki uk�áad napr�
�*e�� charakteryzuje lokalny stan zachowania 
górotworu powstaj��cy w wyniku p�
kaniu i za�áamywaniu si�
 piaskowcowych warstw wstrz��sogennych 
w czasie post�
puj��cej eksploatacji. W II okresie eksploatacji wyst�
powa�áy wstrz��sy o nie��cinaj��cym 
mechani�*mie ognisk. By�á to okres zmiany biegu ��ciany z kierunku NE-SW na kierunek E-W czyli okres 
tzw. „skosowania” frontu eksploatacyjnego. Mo�*na przypuszcza�ü, �*e tego typu mechanizm wstrz��sów 
móg�á wyst��pi�ü w wyniku nag�áego obci���*enia pok�áadu przez nadleg�áe warstwy stropowe co mog�áo dopro-
wadzi�ü dla skrajnych warunków obci���*enia i do dynamicznego rozpadu fragmentu pok�áadu. Potwierdzi�áy 
to obliczenia geomechaniczne, które wykaza�áy, �*e w rejonie zaistnienia t��pni�
cia w dniu 19.07.2011 r. 
warstwy po�áo�*one nad i pod pok�áadem 510 w rejonie ��ciany 6 by�áy lokalnie bardzo silnie odkszta�ácone 
powoduj��c ��ciskanie okre��lonych fragmentów górotworu.

S�áowa kluczowe: wstrz��s górotworu, mechanizm ogniska, lokalne napr�
�*enia g�áówne

1. Introduction

A consequence of mining in many mines of the Upper Silesian Coal Basin is high seismic 
activity posing a risk of rockbursts. This threat results from geological and mining conditions 
in a particular exploitation field. The essential significance for the level of seismic activity have 
strength parameters of coal and surrounding rocks as well as stress distribution in the area of 
conducted mining excavations. Stress state in a given exploitation field is a result of interac-
tion of lithostatic, tectonic and so called “exploitation” stresses connected with the performed 
exploitation. Local field of principal stresses, determined mainly by ‘exploitation’ stresses can 
be recreated from seismological data analysis – parameters of focal mechanism. As it can be 
inferred from the undertaken research, formation of tremors of various mechanism of foci is 
dependent on the spatial position of principal stresses (Michael, 1987; Zoback, 1992; Arnold & 
Townend, 2007). Calculations of local stress field in the region of longwall 6 extracted in seam 
510 in “Bobrek-Centrum” mine were conducted on the basis of results of focal mechanism with 
the use of My Fault programme (Panagaea Scientific, 2007). It is a method used for many years to 
determine stress distribution for earthquakes (Angelier, 2002; Pasquale et al., 2008; Vicente 2008; 
Fotikowa et al., 2010; Katsumata et al., 2010), which because of the same causes of occurrence of 
earthquakes and mine-induced tremors was used for mining seismicity. The main objective of the 
presented results is to demonstrate a new method of evaluation of stress field in the regions with 
high seismic activity based on parameters of focal mechanism. It is the next stage in explaning 
with destruction processes taking place in rock mass affected by mining exploitation. Adopting 
this type of research substantiated high-energy seismic phenomena occurring in the region of the 
longwall 6, one of which of 19.07.2011 caused a direct threat to the exploitation works displayed 
by the damage in longwall 6 at a length of 42 m and a threat to human life. 

It is assumed that the obtained research results will contribute to a better assessment of 
rockburst danger and in consequence they will allow the application of effective preventive ac-
tions with a view to reduce the seismic impact on the mine workings. 






























