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ABSTRACT 
 

 

Set of events from West Bohemian 2008 seismic swarm with known source mechanisms is
processed. The events or their slips respectively are clustered into two groups: (i) principal
events with slip laying in the main fault plane and (ii) complementary events deviating from that
plane. From those slips we constructed image of slip distribution (a new way of data/slip
presentation) and from slip distribution and variations we hypothesized about foci zone
properties. Namely, we propose that western block is more rigid and compact; the eastern block
appears to be constituted from several sub-blocks which can interact with each other during the
swarm course. Our hypothesis is supported by similar image constructed from relative rupture
velocities, which we consider as independent data. The proposed structural model agrees with
the existence of the different observed types of source mechanisms.  
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West Bohemia seismoactive region is situated
close to the contact of three main geological units:
Saxothuringian, Teplá-Barrandian and Moldanubian
(Babuška et al., 2007; Babuška et al., 2010). It
displays complex tectonic as well as geological
structure. Quaternary volcanoes, Komorní Hůrka,
Železná Hůrka and the newly described Mýtina maar
(Mrlina et al., 2009), all of them with the age less than
0.8 Ma, together with deep originated CO2

emanations, indicate recent geodynamic activity of the
region (Geissler et al., 2005; Babuška et al., 2007). At
the intersection of two fault systems: Eger Rift
trending ENE-WSW and deep Mariánské Lázně fault
trending NNW-SSE, originated Cenozoic Cheb Basin.
Moreover, N-S and E-W trending faults as described
by (Bankwitz et al., 2003) conduce to weakening of
Earth’s crust. The northern part of Cheb Basin with
Variscan Smrčiny granitoid massive and mica schists
of Saxothuringian Krušné hory Crystaline Complex in
its bedrock is located in the centre of the seismically
active area. 

Principal part of West Bohemian events is
situated close the east margin of the Cheb Basin along
almost vertical fault plane oriented approximately in
N-S direction (Čermáková and Horálek, 2015). But
not all the events occurred on this fault. There is
a group of events which slips deviate from this
principal plane. This phenomenon was referred many
times e.g. (Horálek et al., 2000; Horálek et al., 2002)
and recently by (Vavryčuk et al., 2017). In the paper
we explore events slip orinetation, their mutual
positon and consequently speculate about foci zone
geological structure (supporting geological works are
referred). 

INTRODUCTION 

The detailed simulations of large earthquakes
can be traced back already for decades – e.g. (Ihmlé
and Ruegg, 1997) and the topic continuously remains
to be of interest – e.g. (Jolivet et al., 2014). At the
same time, the contemporary trend is to model mode-
rated earthquakes in more detail. This is also the case
of the presented study which deals with a set of earth-
quakes from a seismic swarm with magnitudes ML

ranging from 0.1 to 3.8. We clustered known source
mechanisms according their slip directions; two
general types of slip directions are considered: lying
in the main fault plane and significantly deviating
ones. From clustered slips we constructed hypo-
thetical model of spatial slip distribution and finally
we hypothesize about focal zone geological settings. 

The magnitude range of events investigated in
detail, especially its lower limit, is definitely
conditioned by a development of observation
technique as only high quality data from the sufficient
number of stations can be subject of our studies. This
is also the case of data from the West Bohemian /
Vogtland region (Czech Republic / Germany; Fig. 1)
which we processed. The West Bohemian region is
known for reoccurrence of aperiodic seismic swarms
which clustered events in space and time. These
phenomenon was and is subject of various studies
starting from fundamental seismic bulletin assembly
to general reviews or highly specialized studies - see
e.g. special volumes of Studia Geophysica at
Geodeatica (2008; 2009) and further (Kolář and
Růžek, 2012; Chum et al., 2012; Růžek and Horálek,
2013; Fischer et al., 2014; Čermáková and Horálek,
2015; Kolář, 2015; Kolář and Růžek, 2015; Vavryčuk
et al., 2017). 
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Fig. 1 Map of West Bohemian region. A standard topographic map of the area, state border (dashed line),
stations used in the present study (triangles) and epicentres of the investigated events (cloud of red
crosses southerly from station Nový Kostel – NKC) are plotted. Two principal fault system directions:
Mariánské Lázně fault in direction NNW-SSE-and approximately perpendicular Eger rift (direction
ENE-WSW) are indicated by black doted lines. 

limiting factor for processed events preselection. The
final set of investigated events consists of 454 selected
events (ML 0.1 – 3.8) with available locations, stable
source mechanisms with known preferred fault plane
orientation (Vavryčuk et al., 2013) and in addition
with finite circular source models (Kolář, 2015; Kolář
and Růžek, 2015), which parameters were interpreted
lately. 

 
DATA ANALYSIS 

Firstly, we studied the slip distribution during the
swarm. To create a model of a detailed slip
distribution in the hypocentral zone, we combine
precise event locations (Vavryčuk et al., 2013) with
estimated accuracy better than 20 m (Bouchaala et al.,
2013) and slip derived from source mechanisms
determined for the set of selected events also by
(Vavryčuk et al., 2013). Further, finite source relative
rupture velocities determined by (Kolář, 2015; Kolář
and Růžek, 2015) are used to support observed
structures. Those values come from modelling of
finite seismic source by Stopping phases method. 

Source mechanisms for selected events from
2008 year swarm were determined by (Vavryčuk et
al., 2013); moment tensor formalism was used in this
study. It is a well-known fact that moment tensor can
be decomposed into two fully equivalent fault plane
solutions, but (Vavryčuk et al., 2013) has developed

DATA 

We processed data from the pronounced 2008
West Bohemian seismic swarm. This swarm lasted
from the beginning of October to the end of December
2008 with few aftermaths at the beginning of 2009.
More than 4600 events (ML>0) with maximum
magnitude MLmax=4.0 were recorded (Fischer et al.,
2010). Seismic activity of the region is continuously
monitored by WEBNET seismic network
(wwwWEBNET, n.d.; wwwFDSN: WB:, n.d.). This
network was established in 1985, when two first
digital stations were deployed during an ongoing
pronounced seismic swarm. Since then the network is
more or less continuously developed and upgraded. In
2008 year WEBNET operated 22 stations1, which is
sufficiently high number to perform detailed studies
over observed data.  

The time and spatial distribution of 2008 swarm
as well as the distribution of selected events are given
in Figure 2. Generally, the swarm activity started in
the south in the depth about 10 km and spread
upwards and to the north; the most of energy was
released in earlier phases of the swarm, when most of
the observed events also occurred. 

In our work we processed only events with
determined source mechanism, i.e. events which were
recorded and interpreted reliably enough on the
majority of the network stations, which was the most

1 Remember, that in 2000 year, when previous pronounced seismic swarm occurred, the network operated only 8 permanent and 4-6
temporary stations.  
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Fig. 3 Nodal lines of preferred fault plane solutions. Left panel – events with “principal” orientation; right
panel – “complementary” orientations (instead of classical “beach ball” only preferred solutions or
corresponding lines, respectively, are plotted). The projection of the slip vectors are marked by ‘o’
symbols. 

0
2

M
slip c

rμπ
=                  (2)

where M0 is the scalar seismic moment and r is the
estimated source radius, μ is the rigidity and c is
a constant – see e.g. (Stein and Wysession, 2003); as
we are interested only in the relative size of the slip,
the constants μ and c play no role. The scalar seismic
moment M0 in [Nm] is given as 
 

0log 1.5 11.3LM M= +                 (3)
 

which is an empirical relation between M0 and
magnitude ML given by (Hanks and Kanamori, 1979)
modified for the region by (Horálek et al., 2002;
Hainzl and Fischer, 2002). The circular source radius
r in [m] is estimated by relation  

 

( )0.3330 10 ,LMr = ×                 (4)
 

given by (Fischer and Horálek, 2005) and confirmed
by (Kolář and Růžek, 2012; Kolář, 2015; Kolář and
Růžek, 2015). Radiuses of processed event sources
vary from about 30 to 550 m. 

For a while, the principal and complementary
events are processed separately. To be able to think of
slip as integral and continuous phenomenon we
transformed individual principal slips into the slip
“flow” which is given in Figure 5. This transformation
uses a MATLAB function ‘streamslice’ which
transforms vectors (i.e. slip vectors in our case) into
lines of their directions. The background idea of such
approach is to treat the slip on the fault as
a continuous “flow” value, which is in graphical form
represented by slip-lines. The slips of individual
events are computed with use of (1); ‘streamslice’
function input data are used interpolated (inside the
investigated area) or extrapolated (in outer area) slip
values, respectively. The linear interpolation was

a method that enables to select more probable fault
plane orientation with respect to the orientation of
principal stress in the region2. Next step consists of
clustering of the processed events by their slip
orientation. There is no doubt, that the prevailing slip
of West Bohemian earthquakes occurs on sub-vertical
main fault oriented in almost N-S direction; the
western block is moving to the south and down or vice
versa for the eastern block. The set of 2008 processed
events (454 selected events with known preferred
source mechanisms) were clustered into two sub-sets:
(i) events which obviously occurred on the main fault
(i.e. strikes of these events oscillate round the value
180o and their slips point down and to the south); this
cluster contains 277 events. (ii) Complementary
events with strike roughly oriented in WNW-ESE
direction and their slips pointing to the east – 177
events. We arbitrary chose the deviation limit from the
main fault to be 20o. The orientation of fault planes for
both clusters is shown in Figure 3. The slip vectors are
calculated using formula [4.83] given by (Aki and
Richards,1980) or [4.88] in (Aki and Richards, 2009),
respectively, which enables to express slip u


 from the

known fault plane orientation (i.e. from strike Φ S, dip
δ and rake λ) 

 

( )
( )

cos cos cos sin sin
cos sin cos sin cos cos sin

u x
y z

λ Φ δ λ Φ
λ Φ δ λ Φ λ δ

= + +
+ − −

 
 s s

s s

u
u u

(1)

where the vectors x,y, z
  

 are oriented in direction N,

E, down and u


 is slip size. Slips of processed events
determined by the equation are presented as 3D plot in
Figures 4a, b and as 2D slice in Figure 4c. Size of the
slip vector is proportional to the event magnitude
according to the formula for average slip 
 

2 The reliability of preferred source orientations was recently also confirmed by (Kolář, 2015) where the complementary mechanisms were
optionally tested when determining parameters of finite seismic source models. Only few (less than 4%) of preferred orientations had to be
corrected. 
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Fig. 4a Event slips seen from SSE and elevation 15o. Slips of “principal” events (lying approximately in the
principal fault plane) are marked by grey colour, the “complementary” ones (deviating from the fault
plane) then by black; including corresponding hypocentres. The coordinate origin is in station Nový
Kostel (NKC); slip vector size is proportional to event magnitude according eq. (2). 

Fig. 4b The same as in Figure 4a, but seen from SE. The figure is intended to help to demonstrate spatial
distribution of the investigated events (together with Fig. 4a). 
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Fig. 4c 2D vertical N-S slice of slip distribution. The used projection is close to the best fitting plane; to keep the
figure clear only principal slips are plotted, for complementary events only foci are marked (‘x’). 

flow (same as in Figure 5), while (ii) size of
complementary slip is represented by coloured scale.
Boundaries interpreted from the appeared structures
are indicated too. These boundaries are interpreted
manually and are supposed to separate areas of the
same or similar slip behaviour. We have made several
attempts to discover the boundaries in a more exact
way (e.g. with some “contour” functions) - Figure 8,
but the results were not fully stable, namely the small
details in the middle of the area. Therefore we
preferred to interpret boundaries manually. N.B. that
principal boundary shape is preserved in both
methods. However also computed version of
interpretation can be objected for the same points as
the manual one, e.g. low number of data in the
borders, etc. 

 
SLIP IMAGE INTERPRETATIONS AND 
DISCUSSION 

From the above presented clustering of events
mechanisms follows that events occur either on
principal fault or on complementary one(s). Neither
image of principal slip nor of complementary one are
homogeneous, but some patterns can be observed –
this structures are interpreted below. There is not
known any complementary event with slip pointing
westerly, but all the slips point easterly. All the
complementary events occur eastwardly from the
main fault: the average distance of complementary
events from the fault is 10 +/-8 m, if the fault defined
as best fitting plane of all processed events. When
main fault is defined as the best fitting plane of
principal events only, the average distance increases

used, while extrapolation sets the value to the nearest
point value as the other ways result into roughly
unrealistic behavior. The created slip flow image is
a nonstandard way of data representation. It is not
purely physical approach (e.g. slip is here supposed
occurred in a point instead of finite source, the time
scale is neglected, the construction is based on
interpolated values, etc.), but we believe that its use is
justified by the information which can be retrieved
from the final image – see below. In the created image
of slip it can be seen zones/lines, where slip-lines
change abruptly their density and/or direction. We
consider these lines as potential candidate of
boundaries in the medium. A synthetic example of
flow construction from a vector field is given in
Figure 6; it can be helpful to understand way of slip
flow construction. The presented slip-lines are
sensitive to interpreted vector directions, while the
role of their size is supressed. From this point of view
our slip representation is the opposite to the common
way of earthquake slip inversion – e.g. Figure 7 in
work of (Liu and Archuleta, 2004), where izolines of
the same slip values in the source are given with no
regards to their directions. The similar approach was
used also for West Bohemian events in (Kolář et al.,
2011). 

In the same way as for the principal slip we
constructed spatial slip variation based on events with
complementary slip orientation. The results are
combined with principal slip in Figure 7; to
distinguish these two movements of different
directions, different graphical representations are
used: (i) the principal event slip is plotted as a vector
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Fig. 5 2D vertical N-S slip-flow for principal events. The flow is constructed from individual slips of principal
events – see the text. The hypocentres of theses principal events are marked by ‘o’, the interpolated flow
values are marked by thick lines, the extrapolated values by thin ones. The positions of complementary
events are marked by black ‘x’. The vertical slice is of N-S orientation, seen from the east, coordinates
origin is in NKC station.

mentioned e.g. in review paper (Babuška et al, 2015),
Fig. 5 of the quoted work. This model was created
using gravimetric data published by (Hecht et al.,
1997); even though they propose its bottom in only 5
km depth, being above hypocentres of considered
events. The eastern block possesses more
heterogeneous structure and seems to be less compact;
it can be composed of e.g. sub-cuboids with
a possibility of their mutual partial sliding, rotations
or torsions. Such physical behaviour argues for its
different composition e.g. from phylites. The
presented blocks hypothesis can explain the existence
of events of two different types of source mechanisms
and enables to explain observed motions in the foci
zone. In addition, it corresponds with an available
regional geological model: fault plain active during
2008 swarm belongs to N-S fault system visible as
Plesná fault in Cheb Basin south of Nový Kostel,
perhaps Nový Kostel-Počátky-Zwota zone (Bankwitz
et al., 2003). This fault mapped by seismic swarms
plane intersects in Nový Kostel area NNW-SSE
trending Mariánské Lázně fault, which forms eastern
margin of Cheb Basin (Fig. 1). Cenozoic Cheb Basin

to 15 +/-8 m. And when the reference plane is defined
by 6 principal events closest to the investigated
complementary event the average value increases up
to 36 +/-9 m. We conclude that the systematic eastern
shift of complementary events is obvious. 

We interpret the presented fact in following way:
western part of investigated hypocentral zone appears
to be more compact and homogeneous. The eastern
part then seems to be composed of several
sub-rectangular blocks with the edge size of about
0.5-1 km (i.e. size of structures observed in Figure 7).
On the boundaries of these sub-blocks occur the
complementary events. Those (eastern) blocks may
slightly mutually rotate, to be temporary twisted or
locked during the swarm course. The fault area which
can be modelled in detail is limited by distribution of
investigated hypocentres; its size is about 4x4 km. On
the basis of our data, we cannot speculate about the
length of theses blocks in eastern direction, as they are
not “lightened” by events in this direction. 

From the geological point of view, we can
consider about more compatible western block
composed e.g. by granite of Smrčiny massive as it is
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Fig. 6 Synthetic example of vector flow. From the (synthetic) vector field (upper) is crated vector flow (lower).
The vector field is of homogeneous horizontal direction but for two vertical vectors (of opposite
orientation). The flow lines shows sensitivity to changes of vector directions, while the vector size has
practically no influence. 

clustered, it does not change the general slip image.
Our clustering is rather rough, we sort the events only
into two groups and we therefore expect that the
distribution is fairly stable. In addition, the final image
(Fig. 7), which is used to formulate the conclusions, is
based on smoothed and averaged data. Therefore
some possible individual misinterpretation cannot
dramatically change the final view. Also used rough
clustering into two groups only contributes to the
stability of the results. 

What definitely remains a limiting factor of our
approach is the fact that only small fraction of swarm
events is investigated, whereas the crucial restriction
is knowledge of preferred fault plane solution.
However as it follows from histograms in Figure 9, at
least for magnitude ML range 1.1 - 2.5, the
selected/processed events can be considered as
a proportional sample of the whole swarm. Also the
block boundaries interpretation inevitably possesses
subjective features. In addition, should the number of
processed events increase the interpreted image can
possibly be corrected. But an increase of the known
fault plane solutions cannot be expected, unless new
reinterpretation (possibly with a new methodology) is

with bedrock formed by Smrčinský granite is located
westward of Mariánské Lázně fault. Eastward of the
fault, there are phylites, mica-schists and gneisses of
Svatava crystaline. In addition, Mariánské Lázně fault
is in this northern part broken by younger transverse
faults. We can assume, that these or similar faults can
lead to breaking up the space between the faults to
relatively small blocks. Such small structures in the
depth of about 10 km can be at least speculated thanks
to the methodology used in the presented study. 

It is obvious, that the reliability of interpreted
slip distribution is not homogeneous over the
observed fault plane as the spatial distribution of the
processed events is also irregular. Especially towards
the area borders, the slip image may be rather
doubtful. On the other hand, the used data, namely
relative events location, are determined with high
precision. The events mechanisms of investigated
events may also suffer from some level of uncertainty
(let us estimate the uncertainty in order of degrees, let
say 10o at maximum). Several ambiguous events
(from point of view of our clustering) lay in depth
about 9.5 km in northern part of investigated area.
Even if we admit that those events can be wrongly
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Fig. 8 Attempt of automatically boundaries search. Result of automatically boundaries interpretation, here from
complementary slips; as the results were rather unstable, we prefer manual interpretation (c.f. Fig. 7),
however general trend of boundaries are similar. The position of principal (‘o’) and complementary (‘x’)
events are plotted too. 

Fig. 9 Magnitude-frequency histograms. All the 2008 swarm events (yellow) occurring during the first two
swarm phases (i.e. events marked by yellow in Figure 2); selected events processed in the study (red). It
can be concluded, that at least for magnitude range Ml  = 1.1 – 2.5 the selected events can be considered
as a proportional sample of all events. 
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Fig. 10 Schema of Stopping phases generation. A finite circular source seen from a seismic station (here,

a circular source is symbolically distorted into ellipse by perspective). Onset of the (synthetic) signal
comes at the station from the nucleation centre (marked by 1). When the rupture process stops at the
source boundary, it is manifested in signal as an abrupt change of the amplitude value – the onset of the
first stopping phase corresponds to the radiation from the point 2 (the source point nearest to the station).
Radiation from the farthest point of the source (marked by 3) is then manifested in seismogram as arrival
of the second stopping phase. The rest of the signal - displacement after the second stopping phase -
corresponds to the healing process of the event according to the M-model by (Boatwright, 1980). The
manifestation of stopping phases, determined with use of their mutual correlation, is obvious. The
observed arrival times of stopping phases from several stations can then be inverted into parameters of
finite seismic source model. 
The presented synthetic seismogram was constructed as a sum of elementary seismograms from point
sub-sources distributed on the fractured area of the finite source; corresponding acceleration is plotted
above displacement signal – adopted from (Kolář, 2013). 

Růžek, 2015). As the Stopping phases method
required knowledge of the event location and source
mechanisms the investigated set is practically
identical with event set from the present study. We
constructed image of rupture velocity in the same way
as for the slip while the rupture velocity values are
considered to be another (independent) spatial
parameter. The relative rupture velocities of
complementary events are plotted on background of
principal slip flow in Figure 11. 

The relative rupture velocity vrr is conventionally
given as 

 

r rr Sυ υ υ=                  (5)
 

where vr is rupture velocity and vS is S wave velocity;
typically given value of vrr is 0.9 vS. In (Kolář, 2015)
relative rupture velocity was determined, but as it
follows from (5) its variation can be equivalently
interpreted also as a variation of S wave velocity and

performed3. On the other hand, even with restricted
number of events we are able to design a medium
model of foci area with some indication of its
geological properties. And this model can be tested in
the future by the (intended) processing of data from
consecutive swarms. 

As a support for presented slip image or
consecutive hypotheses respectively, we propose
image of rupture velocity distribution. The relative
finite source rupture velocities are taken from (Kolář,
2015; Kolář and Růžek, 2015); they were determined
by Stopping phases method. The method is based on
theoretical work of (Bernard and Madariaga, 1984)
and was brought into practical use by (Imanishi and
Takeo, 1998; Imanishi and Takeo, 2002); see
Figure 10. The method enables to determine
parameters of finite circular seismic source model,
namely source radius and rupture velocity. We applied
the method on the set of selected events from the West
Bohemian swarm 2008 (Kolář, 2015; Kolář and

3 We e.g. made an attempt of extended number of investigated events on the basis of similar maximal observed amplitude ratios on selected
stations (for the supplementary events would be enough to know only their cluster - principal vs. complementary - the source mechanism
itself can remain unknown). Unfortunately, such approach did not yield reasonable results and we did not succeed to extend set of
processed events. 
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constructed for rupture velocity, or S wave velocity
distribution, respectively, which we consider as
a supporting fact. The proposed model agrees with
existence of the different types of observed sources
mechanisms.  

In more general sense, the present study also
documents, how subtle details of foci zone can be
hypothesised from contemporary data. Such resolution
of treated details is fully comparable with “big”
earthquakes studies as e.g. (Jolivet et al., 2014). 

Consecutive pronounced seismic swarms
occurred in the West Bohemian region in years 2011,
2013, 2014 and 2017 – these data can be subject of
similar approach, the conclusions can be compared
and the hypotheses formulated here can be confronted.
As these consecutive swarms occurred closely to the
2008 year swarm, we expect that under favourable
circumstances the mapped/investigated fault area can
be expanded up to 5x12 km (while the presented study
covers area of about 4x4 km). 
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and Horálek, 2013) propose an up-doming structure in
the foci area. Unfortunately, the image of the structure
is not detailed enough as the applied tomography
method used 2x2x2 km boxes. (Mousavi et al., 2015)
interpret velocity variation in the region as an
intrusive body and potential fluid pathway (Fig. 10 of
quoted work); some spatial anomalies are indicated
also in (Novotný et al., 2016). Alexandrakis et al.
(2014) studied vP/vS ratio for swarm 2008, however
their medium model range from the foci zone to the
surface. Bachura and Fischer (2016) studied vP/vS

ratio for foci zone, but for 2014 swarm. This work is
focused on (possible) role of fluids during swarm
course, while our study is rather oriented on
description of pre-existing structures in the zone.
Generally, we understand those results as an
alternative interpretation of the observed data and
complexity of studied phenomenon rather than
contradicting hypothesis. 

 
CONCLUSION 

In our study we clustered events by the direction
of their slip into principal and complementary sets:
slips of principal events lie on the main fault, the
complementary ones deviate from it significantly. We
constructed slip flow image - a new way of data
representation - which can yields information about
structure in foci zone. From slip distribution and
variations we hypothesised about physical properties
of blocks constituting the main swarm fault as well as
about their more subtle structure: The western block
exhibits more compact and homogeneous properties;
it can be constructed e.g. from granite. The eastern
block shows a more detailed structure – it is supposed
to be composed of congregation of more or less
rectangular sub-blocks which are supposed to be in
dynamic relation in the swarm course; it can be
composed e.g. from phylites. The constructed slip
image qualitatively corresponds with similar image
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Fig. 2a Time distribution of the swarm with its individual phases: the first two swarm phases are marked by
yellow dots; the rest by green dots. The selected events processed in the study are marked by crosses:
events with principal source mechanisms by blue colour, the complementary ones by red colour. 

Fig. 2b Spatial distribution of the swarm hypocentres. Upper left is a horizontal projection, upper right is
a vertical projection seen from east, lower is a vertical projection seen from south. The meaning of the
colours is the same as in Figure 2a; origin of the coordinates is in station Nový Kostel (NKC). The figure
documents prevalent 2D NS-vertically oriented distribution of processed event foci. 
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Fig. 7 2D vertical N-S slip. The same as in Figure 5, but in addition slip for complementary events is plotted in
the form of coloured areas (relative scale is used). The extrapolated values are marked by thin lines or
more transparent colours, the interpolated then by thick lines or less transparent colour. We interpret two
inclined boundaries (full black lines) and three sub-vertical boundaries (dashed black lines). 

Fig. 11 2D vertical N-S slice of relative rupture velocity vrr for complementary events (marked by colour scale);
principal events slip flow is added (the same as in Figure 5). Similar boundaries as in slip image can be
interpreted (black lines). 
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Fig. 12 3D distribution of relative rupture velocity vrr (izoplanes of constant values) for complementary events
(the available data are extrapolated towards the cube edges). In Figure 12a are used all complementary
events. Vertical parallel plane boundaries (their orientation is marked by dotted lines) with undulation
can be interpreted. In Figure 12b there are used only stronger complementary events (Ml > 0.8, i.e. 79
from 130 events in this case). We interpret again similar boundaries as in Figures 7 and 11; for more
detailed discussion see the text. The coordinate origin is in NKC station. 
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