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LESŁAW TEPER*

Fault Dimensions and Displacements in Mining Area: 
Northern Part of the Upper Silesian Coal Basin

Abstract
Fault network of northern part of the Upper Silesian Coal Basin (the USCB) was mapped with re­

gards to structures having more than 1 m of vertical throw that were surveyed in mine driving roadways 
and worked panels of coal. The map was digitized on SUN workstation using ZYCOR software. Para­
meters of size and geometry catalogued while digitizing for each item considered were, as follows:

1) local Cartesian coordinates of the fault terminations (Sucha Góra grid),
2) attachment to a proper azimuthal set defined by vectorial analysis,
3) order (rank) of the structure interpreted by means of structural analysis,
4) maximum throw,
5) angle of dip of the fault surface.
Original programs were created for data selection. They enabled sampling populations with optio­

nally established limits of separate fault features listed above. One can figure out and depict on graphs 
relationships between the parameters employing programs made for analysis of these particular data 
sets.

Relationship between width of a fault and its maximum throw is ruled by power function with expo­
nent between 1.5 and 2.0. The result is nearest to those presented in the last papers by the team of the 
Fault Analysis Group from the University of Liverpool (Gillespie et al., 1992). Distribution of dimen­
sion in the fault population is illustrated on log-log graphs by curve which may be estimated by a straight 
line whose slope is equal -2.3 roughly.

Obtained results are comparable with those concerning another regions and/or groups of faults from 
variety of geological environments provided by other scientists. Their position in combined dataset is 
useful for adjusting existing models and interpretations, especially they help with stating more precisely 
formulae that express scaling laws governing the relationships studied.

The displacement/dimension relationship determined precisely implies more accurate description 
of fault growth over geological time. Furthermore, this relationship gives a possibility to calculate total
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brittle strain for this deformed rock-complex. Therefore the study on faults displacement and dimen­
sion, as well as essential follow-ups are of such importance for the USCB area.

Introduction

Northern part of the Upper Silesian Coal Basin (the USCB) is a testing area 
for an examination of relationship between mining tremors occurrence and a rock- 
-mass structure. The research has been carried out by a team of Department of 
Applied Geology of the Silesian University at Sosnowiec with support of Polish 
Government. At the first stage fault network of the rectangular area (28x16 km) in

Fig. 1. Study area on the background of tectonic simplified map of the Upper Silesian Coal Basin 
after J. Jure czka &A. Kot as (1995)
A - zone of fold tectonics, B - zone of fault-block tectonics, C - the Cracow deep-seated fault zone, D - boundary of the USCB, 
E - overthrusts, F - main faults formed or modified during Alpine tectogenesis, G - synclines, H - anticlines. Location of Fig. 2 
(the study area) is also shown as a frame
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Fig. 2. Generalised fault map (modified after e.g. Goszcz, 1980; Goszcz et al., 1983) of the 
northern part of the USCB (cf., Fig. 1)
I - the Klodnicki fault system, II - the Saara fault system. III - Fault sets of the Bytom syncline, IV - the Będziński fault system

the region studied (Fig. 1) was mapped for the project purpose. The map (Fig. 2) 
was made as a sum of archival records and current data concerning faulting details 
which were derived from original large-scale plans produced by mining surveyors 
for coal seam surfaces (e.g. G o s zc z et al., 1983). All features having vertical throw 
down to 1 m which were measured directly in driving roadways and face headings 
were shown on the map. There are extensive workings in many seams over a verti­
cal range of up to 1000 m. Occasionally, shaft and borehole records provide point 
data between seams. It yielded an information about 3-D geometry of faults and 
enabled fault traces to be projected on sea level in their maximum dimensions re­
corded directly.

Size Parameters of an Ideal Single Fault

Fault geometry is usually represented either by fault traces on maps and seam 
plans, or by cross-sections. There are, however, some aspects which are best vi­
sible on strike-projections introduced by scientists from the University of Liver­
pool (i.e., Watterson, 1986; Walsh, Watterson, 1988, 1990; Gillespie 
et al., 1992). Strike-projections of tectonic faults for which there are sufficient dis-
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•-------------------------- Width Wm-----------------------1

Fig. 3. Schematic displacement contour strike projection of an idealised fault surface 
(modified after Walsh&Watterson, 1988) bounded by a zero displacement contour 
with maximum displacement D„, in centre
Displacement, Dc, is the maximum displacement along a chord of half-width, W/2. Width, W„, and length, 
of the fault are also shown

placement readings show that displacement (£>) varies systematically over a fault 
surface. In the case of an ideal fault the maximum displacement (Z)m) lies in the 
centre of the fault surface and the tip-line loop, where displacement is reduced to 
zero, approximates to an ellipse (Rippon, 1985) with an axial ratio of about 2 
(Walsh, Watterson, 1990). Figure 3 shows the geometry of the ideal normal 
fault which does not intersect a free surface. The fault width (JFm) is defined as the 
maximum dimension of the surface in a direction normal to the slip direction and 
the fault length (¿m) is the maximum dimension parallel to the slip direction. These 
dimensions can be determined only in cases where the fault surface is mapped in 
three dimensions. Fault traces derived from maps are chords on the fault surface 
with the chord lengths designated (after Gillespie et al., 1992) Wc in the case 
of normal and reverse faults, and Lc in the instance of strike-slip faults. In such 
cases the maximum displacement on a mapped fault trace (Z>c) may be the only 
value obtainable. Thus, when derived from a map trace measurement, the dimen­
sion and displacement of fault are usually underestimated. W, L and D without sub­
scripts refer to data for either maximum or chord dimensions/displacements where 
distinction is not possible.
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Data Preparation

The fault map of northern part of the USCB was digitized (Fig. 4) on SUN 
workstation using ZYCOR software which is very helpful in solving geological, 
cartographical and geophysical problems. Parameters of size and geometry cata­
logued while digitizing for each item considered were, as follows:

1) local Cartesian x and y coordinates of the fault terminations (Sucha Gora 
grid),

2) attachment to a proper azimuthal set defined by vectorial analysis of fault 
position done for whole population considered,

3) order (rank) of the structure interpreted by means of structural analysis,

Fig. 4. Digitized fault map of the study area (cf., Fig. 2)
Version obtained using PC and a plotter
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4) maximum throw,
5) angle of dip of the fault surface.
974 features were digitized in this manner. In the cases when strike azimuth or 

dip angle changed along fault trace, the attributes of size and geometry were put 
down to fault segments isolated according to sections with stable values of those 
parameters.

Data set was extracted and accomodated to working on PC. Original programs 
were created for data selection. They enabled sampling populations with option­
ally established limits of separate fault attributes listed above (Fig. 5). In this mean­
ing one can, for example, create classes taking into account fault distribution within 
the specific territorial bounds and/or Illrd rank features only and/or members of 
submeridional set and/or faults having throws of over or below certain value. Each 
class chosen may be presented either as a data file, or as a graph (map) on PC 
monitor, which may be copied using printer or plotter.

One can also figure out and depict on graphs relationships between the para­
meters employing programs made for analysis of these particular data sets. Fault 
size frequency distribution and the relationship between fault width and displace-

Fig. 5. Fault population sample chosen with regard to both territorial 
extent (note x, y local coordinates) and an affiliation to the azimuthal class 
(submeridional set)
Version obtained using PC and a plotter. Zoom-in reveals branching splays occurring in the area
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ment are the subject of the next two chapters. The analysis was made either for the 
entire population, and for small sectors which were distinguished in respect of level 
of mining works or number of feature records. The latter part of analysis enables 
to find possible differences in the relationship profiles obtained for regions of poor 
and reliable documentation.

Results and their Discussion

Relationship between Dimension and Displacement of Fault

The relationship between dimension and displacement of faults is shown as loga­
rithmic plots of width, Wm, against maximum displacement, Dm (Figs 6, 7). Analy­
sis showed that D versus W scaling relationship is non-linear and that rather a power­
law relationship exists, exponent values of which range from 1.0 to 2.0 roughly. 
The value close to 2.0 is obtainable when the entire population or large region are 
analysed (Fig. 6). Smaller sets of features appear to obey power-law with an expo­
nent value not exceeding 1.5, sometimes close to 1.0 (Fig. 7).

Many datasets were analysed so far using the same method (e.g. M a c M i 11 a n, 
1975; Elliott, 1976; Ranalli, 1977; Muraoka, Kamata, 1983; Walsh, 
Watterson, 1988; Scholz, Cowie, 1990; Cowie, Scholz, 1992; Gillespie 
et al., 1992). All the same, it needs an emphasis that among numerous published 
datasets the only one, that of J. J. Walsh & J. Watterson (1988) comprises 
more than 500 individual faults (552 items) resembling the Upper Silesian set in 
respect of both number and provenience. It provides data from British coalfield 
(Derbyshire and Yorkshire). R. A. MacMillan (1975) and G. Ranalli (1977) 
collate and analyse population of 136 continental strike-slip faults. Another sets 
cited are much smaller in number and P. A. Gillespie (see Gillespie et al., 
1992) presents measurements of Dc and Wc for the set as poor as 13 thrusts.

Main investigators (e.g. Ranalli, 1977; Watterson, 1986; Walsh, 
Watterson, 1988; Scholl Cowie, 1990; Cowie, Scholz, 1992; 
Gillespie et al., 1992) are agreed that maximum displacements, D, and maxi­
mum dimensions, W, have the systematic relationship expressed by formula

D = cWn (1)

where the value of c is determined by material properties, the most significant of 
which is shear modulus (Walsh, Watterson, 1988). There is no consensus 
among the authors regarding a value of n. In available publications proposed 
values of n range from 1.0 to 2.0. It so happened that two most respectable duets
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Wm [m]
Fig. 6. Logarithmic plot of displacement, D,„, vs width, Wm, for whole dataset from northern part 

oftheUSCB
Straight lines are bounding growth curves. Broken lines with slopes of 2.0 indicate correlation proposed by J. J. Walsh & 
J. Watterson (1988), solid ones having slopes of 1.0 represent interpretation yielded by P. A. Cowie & C. H. Scholz (1992)

advocated extreme values of n. P. A Cowie & C. H Scholz from 
Columbia University conclude that n = 1.0 (e.g. Scholz, Cowie, 1990), while 
J. J. Walsh&J. Watterson from the Liverpool Fault Analysis Group propose 
value for n which is equal 2 (e.g. Watterson, 1986; Walsh, Watterson, 1988). 
More recently, however, the couple from Liverpool supported by co-workers 
(Gibson, Childs and particularly Gillespie) have changed opinion assuming 
a number exceeding 1.4, probably of 1.5, as the preferred value for n (G i 11 e s p i e 
etal., 1992).

The matter in dispute, the exponent n in (1), is very important as it describes 
the change in fault geometry with growth. After J. Watterson (1986) a fault is 
assumed to grow by radial extention of the tip line with no migration of the point 
of maximum displacement. Displacement and dimensions are believed to be accu­
mulated throughout the active life of a fault and this accumulation is realized by
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Fig. 7. Logarithmic plots of displacement, Dm, vs width, W„, for datasets derived 

from some small subregions of the study area. Note that distribution is almost linear un­
like the D„ against distribution in the whole area (Fig. 6)

4 Tectonophysics... 
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successive slips u, occurring during single seismic events. The mean slip on a fault 
during a single seismic cycle is directly proportional to the dimension of the sur­
face over which the slip occurs. The u values form a series and its sum is the 
cumulative displacement, D, at each stage of growth. According to the models 
(Walsh, Watterson, 1988) stress distribution following each slip event is the 
same in all except scale. A fault increases in width with time and individual 
displacements of successive slip events must also increase. In other words, each 
successive slip event on the fault is larger by a constant increment than preceding 
one. The exponent n of 1.0 (Cowie, Scholz, 1992) would indicate no shape 
change, with self-similarity of form, while other values (e.g. W a 1 s h, W a 11 e r s o n, 
1988) describe a systematic change of shape with growth. If n = 1.0 the increment 
by which u increases in successive slip events is in linear relation to both D and 
W. If n exceeds 1.0 then increments of increase in u are not linearly related to ei­
ther D or W. Shape of a fault grown in accordance to the models satisfies the ex­
pression (1).

In the above discussion an attention is focused on the views that are as different 
as possible from each other disregarding another authors’ opinion. It is noteworthy 
that both main teams support their interpretations using the same combined datasets. 
The sets comprise both as small as Im long faults with throws of several centimeters 
occurring in Quaternary lacustrine deposits in Japan (Muraoka, Kamata, 1983) 
and 100 - 1000 km long continental wrench faults with offsests exceeding 100 km 
(MacMillan, 1975). Decision of combining the set of minor faults from Japa­
nese Quaternary deposits to the common analysis is controversial as the data pro­
vided by H. Muraoka &H. Kamata (1983) represent readings of lengths L, 
of the faults rather than the widths, W, that is contrary to other sets interpreted.

J.Watterson (1986) and J. J. Walsh &J.Watterson (1988) interpreted 
the data as lying on a family of lines of slope equal to 2 on log-log plot (Fig. 8). 
According to the model introduced by P. A. Cowie & C. H. Scholz a D/W 
ratio is constant for fault growing in a rock with constant shear strength (Cowie, 
Scholz, 1992), so in such a case data are interpreted as lying on family of lines 
of slope equal to 1 (Fig. 8). After all, P. A. C owi e &C.H. Scholz (1992) do 
declare against combining datasets together claiming that each dataset should be 
analysed separately because the D/Wratio is expected to vary from set to set.

Results of analysis of the USCB fault network are thought to confirm the inter­
pretation of the Liverpool University team, especially in relation to a newest modi­
fied fault growth model (Gillespie et al., 1992) in which the increase in di­
mension of fault with each slip event is proportional to W°'5. That gives rise to 
the value for n of 1.5. Values of n for the USCB fault set reach a range of 1.5- 
2.0, although D/W relationships obtained for small subareas may raise doubts. 
A possible explanation is that sets in small areas may be incomplete (some fault 
terminations lie beyond borders of the area) and therefore the n values are un­
derestimated.
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Wm [km]
Fig. 8 Logarithmic plot of displacement, D,„, vs width W,„, for combined dataset (modified after 

Cowie & S c h o 1 z, 1992)
Data sets considered: 1 - Elliott (1976); 2 - Muraoka, Kamata (1983); 3 - Walsh, Watterson (1988); 4 - Pea­
cock, Sanderson (1991), 5 - Peacock (1991), 6 - Opheim, Gudmundsson (1989), 7 - MacMillan (1975), 
8 - Villemin et al. (see Cowie, Scholz, 1992), 9 - Krantz (1988). Shaded elliptical fields represents additionally sets 
compiled by: 10 - Walsh, Watterson (1988); 11 - Marret, Al Imendinger (1991), 12 - Minor Faults Research Group 
(1973); 13 - data set from the USCB. Dashed lines with slopes of2.0 indicate correlation proposed by J. J. Wa 1 sh, J. Watterson 
(1988), solid ones having slopes of 1.0 are lines of constant ratio D„/W„ denoted by / values according to P. A. Cowie, C. H. 
Scholz (1992), dash-dot line represents regression line for the USCB data set having n ~ 1.5 (comparable with Gillespie 
et al., 1992)

It is also known that inclusion of branching splays in a dataset leads to a lower 
estimate of the value for n (e.g. Gillespie et al., 1992). Smaller displacement 
faults are usually taken to be splays off larger displacement faults, and because 
they terminate at intersection points where displacement is not zero, they have 
shorter trace lengths than isolated faults. There are fault branches occurring often 
in the studied part of the USCB. It is not unlikely that some of branching splays, 
especially those of small dimensions, were recognized as independent faults

4*
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wm [m]
Fig. 9. Logarithmic plots of fault size distribution in northern part of the USCB

a - for whole area, b, c - for exemplary data sets from well documented smaller regions, N - cumulative number of fault 
widths greater than W; W - measured width of a fault. Right-hand segments of the frequency curves may be estimated by 
straight lines in both whole area and well-documented smaller regions of the Upper Silesian coalfield. Slopes of the straight 
segments are about -2.3, spanning approximately 1.0 order of magnitude

(cf„ Fig. 5) what might be another cause of lower than expected values of n in 
small size faults domain.

One can also observe, comparing the example from the U. K. with Polish one, 
that in the case of the USCB constant c is lower than the c value for British coal­
field. Lithological difference between the rock-complexes is a very like reason of 
the c values diversity.

Fault Size Frequency Distribution

Distribution of size in fault population is also the subject of analysis. Cumula­
tive frequencies of the width W of faults are presented in respect to both whole 
dataset from the northern part of the USCB and subsets distinguished for smaller 
areas. Populations of fault dimensions are expressed as logarithmic plots of W vs. 
N, where W = measured dimension and N = cumulative number of widths greater 
than IV. The plots (Fig. 9) represent fault size populations rather than fault 
populations.
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Shape of fault size distribution curves obtained needs a short discussion. Ac­
cording to D/Wrelationship described in the previous chapter statistical dimension 
of a fault with D,„ = lm is not larger than 600 m. As Dm = 1 m is a bottom limit for 
dataset from the USCB there is a realistic possibility of omission of minor features 
even in well-documented parts of coalfield. Needless to say the omission is much 
bigger in unworked grounds and small size fault records are inaccurate most of 
all. Also in extensively worked seams faults may be missed through oversight if 
they not obstruct coal-winning techniques. Failure to identify a workable panel may 
have no technical and economic consequences for longwall mining methods ap­
plied in the USCB as far as it concerns omission of faults with D value not ex­
ceeding 2 m. These are the probable reasons of a sharp breakdowns of fault size 
distribution curves (Fig. 9) which occur between left-hand segments of plots rep­
resenting minor features and right-hand segments, much steeper and approximately 
straight, which correspond with faults of larger size.

On the ground of the foregoing discussion, a conclusion was drawn that number 
of faults with a W value less than 1000 m is underestimated. Thus, it was decided 
that W = 1000 m is a proper bottom limit of data useful for reliable analysis of size 
frequency distribution in the USCB while plot of the smaller W values represents 
an invalid portion of curve. Similar decision concerning lower faults length cut-off 
is taken by C.H. Scholz & P. A. Cowie (1990) in relation to Neogene faults 
set in Japan. The cited authors introduce an idea that total contribution from all 
faults in any region can be determined from their length. Total fault moment and 
total fault strain only depend on the largest faults in a region. This contrasts with 
the idea that significant amounts of strain may be hidden in small faults below the 
observational limit (op. cit.).

The right-hand segments of the frequency curves may be estimated by straight 
lines in both whole area (Fig. 9a) and well-documented smaller regions of the Up­
per Silesian coalfield (Fig. 9b). The slope of the straight segments is about -2.3, 
spanning approximately 1.0 order of magnitude on log-log plot (Fig. 9). Small kinks 
in the straight segment also occur. Slope of straight lines that estimate fault size 
distribution reported by C.H. Scholz & P. A. Cowie (1990) is -2.1. Similarity 
of present results to those cited testifies the thesis that faults obey general scaling 
laws in their size frequency distribution. The number of faults of width > W is (e.g. 
Hirata, 1989)

A(JK) = ^1F^ (2)

The curves are derivatives of cumulative distributions so the slopes of lines are 
-(C + 1) so the value of C for the USCB fault size distribution is close to 1.3.

Both fault size population plots and equation of power-law distribution (2) are 
similar to the conventional method of representing earthquake populations

A(M) = aMoB (3)
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where is the number of earthquakes of seismic moment > Mo and B has a
universal value of about 2/3.

The calculation of contemporary deformation rates from the sum of seismic mo­
ments of events provides good results. Combining scaling relations (1), (2) and (3) 
this method can be successfully extended to estimate strain in regions that are no 
longer seismically active what is demonstrated by C. H. Scholz & P. A. Cowie 
(1990).

Therefore the present study on faults displacement and dimension, as well as 
essential follow-ups are of such importance for the USCB area.

Conclusions

1. Faults in the northern part of the USCB treated as an idividual set obey 
power-laws in both their size frequency distribution and the relationship between 
displacement and fault dimension. The active deep mining area of the USCB has a 
number of advantages for this research yielding data that are sufficiently detailed 
to give 3-D information on each of variables studied and providing dataset much 
more abundant than ones published so far. What is noteworthy the study area is 
not bigger than an eighth of all well-documented grounds in the coalfield.

2. Obtained results are comparable with those concerning another regions and/ 
or groups of faults from variety of geological environments provided by other sci­
entists. The results combined together with another datasets cover a wide range of 
scales. Their position in combined dataset is useful for adjusting existing models 
and interpretations, especially they help with stating more precisely formulae that 
express scaling laws governing the relationships studied.

3. The displacement/dimension relationship determined precisely implies more 
accurate description of fault growth over geological time. Furthermore, this rela­
tionship combined with the scaling laws ruling both the fault size frequency distri­
bution and the size distribution of earthquakes can give a possibility to calculate 
total brittle strain if they are established precisely for this deformed rock-complex.
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