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SOURCE MECHANISM AND SIZE OF THE 24 APRIL 2002
M_ 5.2 GNJILANE (KOSOVO) EARTHQUAKE

Vera Cejkovska, Lazo Pekevski, Dragana Cernih

ADbstract: The 24 April 2002 M; 5.2 Gnjilane earthquake was
studied first through inversion of the S, — L, wave group displace-
ment amplitude spectrum and P-nodal planes determination. The
seismic moment, source spectrum corner frequency and Brune
equivalent circular fault surface for this shock were obtained, respec-
tively, as M = 6.48-10'° N'm, f; = 0.59 Hz and %, = 15.2 km”.
The P-nodal planes for the four strongest aftershocks and the
distribution of other aftershocks’ epicentres were determined, too,
and used in identifying the actual source mechanism of the main
shock by a simple method that included also the vertical projecti-
ons on the Earth’s surface of the main shock X, with the two
main shock P-nodal planes as possible fault planes. It was found
that the main shock was caused by a normal right lateral faulting
in a plane which struck with an azimuth of 238° and dipped
toward NNW under an angle of 22°. This faulting was associated
with the shear stressed fault structure along the Pliocene-Quarter-
nary sinking valley of Binacka Morava, and it led to activations of
other ruptures as sources of a significant number of aftershocks.

Key words: seismic cycle, rupturing, source mechanism, faulting,
seismic moment, fault surface, corner frequency

1. INTRODUCTION

On 24 April 2002, at 10:51 GMT, a moderate earthquake occurred near
the town of Gnjilane in the region of Kosovo. The Seismological Observatory
in Skopje (SKO) reported a local magnitude (M) of 5.2, and an epicentral lo-
cation at 42.42 °N — 21.52 °E, the latter being positioned on the northern bank
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of the river of Binacka Morava. The macroseismic effects of the earthquake
spread throughout a big part of the Balkan Peninsula. The earthquake was fol-
lowed by a sequence of shocks lasting for nearly a year. The four strongest af-
tershocks, all with local magnitudes M, =4.1 (SKO), occurred on 24 May

2002 at GMT 11h 24 min and 23 h 37 min, on 25 May 2002 at GMT 03 h 43
min and on 26 May at GMT 00 h 21 min. No significant foreshock activity was
observed.

The tectonic conditions in Kosovo had been studied in details in the
projects [1] and [2]. According to these studies, the territory of Kosovo is a re-
gion of confrontation of two first order tectonic structures, namely the Median
(Serbo-Macedonian) Massif on East and the Massif of Dinarides on West. The
latter contains second order tectonic units, and that are the Vardar zone (in the
central part of Kosovo) and the Mirdita and Shar zones (in the southwestern
part of Kosovo). The neotectonic activity in Kosovo is characterized by perma-
nent uplifting of the terrain. It had passed a phase of flattening of the terrain
through erosion and denudations (pre-orogenesis), which was proceeded by
orogenesis, i.e. by differential, predominantly vertical movements of the first
and second order tectonic structures under regional tectonic stresses that mainly
resulted in an approximatively E-W oriented shear stressing. The orogenesis is
still in progress, causing approximatively E-W oriented faultings, nearly per-
pendicular to the previous, NW-SE oriented faultings, thus leading to a forma-
tion of higher order tectonic structures, such as smaller uplifting units and sink-
ing depressions. The present situation is given in Fig. 1.

Table I
The parameters of the Balkans crustal model in [16]
Layer and depths ~ Average Average shear P —wave av- S — wave aver-
of the boundary density modulus erage phase  age phase ve-
discontinuities () () velocity (,)  locity (£3,)
km 10°kg/m® 10" N/m? or 10° bar km/s km/s
Granite,
0-30 2.82 3.36 5.80 3.45
Crust Basal
asalt,
30-40 3.02 4.48 6.65 3.85
Mantle 3.33 6.89 8.00 4.55

Contributions, Sec. Math. Tech. Sci., XXXII, 1-2 (2011), p. 45-66



Source mechanism and size of the 24 April 2002 M}, 5.2 Gnjilane (Kosovo) earthquake 47

Epicentres, magnitude ML

O 51-60 (1)

O 41-50 @)
@

]

o]

31-40 (23

21-30 (36

11-20 (14
no-10 @

UPLIFTING UNITS

L]
[[[]] obEPRESSIONS
1
2
3
4
5

Depression of Kosovo

Depression of Prizren and Metohija
Depression of Drenica

Depression of Podujevo
Depression of Kriva Reka

FAULT STRUCTURES
Faults contrastively expressed
in the relief
Faults slightly expressed
in the relief
e Assumed faults
. Oldfalts

Fault structures along the valley
BM of the river of Binacka Marava

200 05 210 215 220

Fig. 1. Neotectonic map of the region of Kosovo and the 13 months period epicentres’
distribution for the 24 April 2002 M, 5.2 Gnjilane earthquake sequence. The neotectonic
data from [1] and [2] were used. Note the following about the depressions: No. 1, 3 and
4 belong to the Vardar zone, No. 2 belongs to the Massif of Dinarides, and No. 5
belongs to the border region of the Vardar zone and the Serbo-Macedonian Massif

The recent seismic activity in the Kosovo region has been connected
mainly to the approximatively E-W oriented faults, although the seismic activa-
tion of the NW-SE oriented faults has not been excluded. The source of the
strongest earthquake observed in the last century (10 August 1921, 14 h 10 min
GMT, M; = 6.1) was associated with the fault structure along the approxima-
tively E-W oriented valley of the river of Binacka Morava (e.g. [1], [2] and
[3]). This sinking valley, which is a contact between the depression of Kriva
Reka and the southern part of the depression of Kosovo, Fig. 1, was formed
during the Eocene-Oligocene and was reactivated during the Upper Pliocene
and Quaternary. The occurrence of moderate earthquakes (M, values between
4.0 and 5.0) along this valley is relatively frequent [3].
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The present study aims to find the actual source mechanism and size of
the 24 April 2002 M; 5.2 Gnjilane earthquake, as well as to sketch some char-
acteristics of the whole corresponding seismic cycle. The results are expected
to be important in hazard and risk assessment for moderate earthquakes in the
Western Balkans.

2. THEORETICAL BACKGROUND
2.1. Seismic cycle

As it is derived from the uses of continuum mechanics, rupture me-
chanics and dislocation theory in studying earthquakes (see the basics [4], [5],
[6], [7], [8], [9], and the recent developments [10], [11]), the most probable
physical model of seismic cycle consists of four main phases: 1) increasing
long-term tectonic stressing and gradual accumulation of homogeneous and
cataclastic deformations in the so-called seismic source volume (a certain vol-
ume around the future main earthquake source — dynamic rupturing); 2) pre-
seismic phase, i.e. unstable growth of the deformations in the seismic source
volume, and, eventually, nucleation of a slow, non-dynamic main earthquake
rupturing; 3) coseismic phase or main part of the rebound of the seismic source
volume, i.e. nucleation, propagation and arrest of a dynamic main earthquake
rupturing; the nucleation of this rupturing is referred to as the main earthquake
hypocentre; 4) post-seismic phase, which represents all the phenomena after the
arrest of the dynamic main earthquake rupturing, including the rebound of the
seismic source volume through triggering or healing of smaller ruptures and
cracks.) The main earthquake rupturing in the coseismic phase is described as
dynamic, since it, under the tectonic stress, which can be assumed as constant
during the short lasting of the earthquake, propagates with a velocity that in-
creases rapidly, having the P wave velocity as upper limit. The short dynamic
propagation of the main rupturing is followed by the process of its arresting,
which can last much longer: the rupturing propagates slowly, interacting with
similarly oriented major cracks and variously oriented small cracks, or stops
with meeting significantly declined major cracks. The cracks which are trig-
gered or healed during the seismic cycle are sources of smaller, adjacent earth-
quakes — foreshocks or aftershocks, depending on whether they occur before or
after the main dynamic rupturing. The foci of the adjacent shocks occurred dur-
ing the pre-seismic phase and the main dynamic rupturing arrest contour the
final source surface for the main shock. Furthermore, according to all seismic
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and non-seismic data, the long-term tectonic stressing in the first phase of the
seismic cycle is most often a shear stressing, and, consequently, the most prob-
able source model for the earthquakes is a dynamic faulting — a rupturing with
relative slip of rupture’s walls that propagates in a short time and with a veloc-
ity that increases rapidly, having the S wave velocity as upper limit. In addition,
the most promising treatment of deep buried seismic sources is a modeling by
means of dislocation theory.

In this study only seismological data for the 24 April 2002 M; 5.2
Gnjilane earthquake sequence and tectonic data prior to the corresponding
seismic cycle were used. Since no seismological data for foreshocks were
available, it was possible to analyze directly only the coseismic and post-
seismic phases of the seismic cycle, and later on to infer conclusions about the
other phases.

The starting point in this was the locating of sequence’s hypocentres.
Thus, the hypocentral locations for the main shock and 79 aftershocks from the
period 24 May 2002 — 30 June 2003 were obtained using the programme
HYPO71 [12] with the so-called Balkans crustal model (Table I, [13]). The
P and § phases onset data from seismological stations with epicentral dis-
tances (A) from 40 to 1000 km were used ([14], [15], [16]). Data from at least
five stations were required. The hypocentres of the main shock and the four
strongest aftershocks were located with data from more than 30 stations. All
obtained 80 hypocentral locations were in the granite layer of the crustal model
presented in Table I (see the Appendix). It is important to mention this here,
since such position of the main shock hypocentre was used in the theoretical
formulation of the next step of the investigation.

2.2. Determination of the size of the main shock

An inversion of a part of the far-field (F) displacement amplitude spec-
trum (4") of the main shock was done in order to determine the size of the
shock, i.e. the corresponding seismic moment (M,), source spectrum corner fre-
quency (fo) and final fault surface (X,). The S, — L, wave group from the vertical
component of the main shock digital record obtained at the station in Bitola
(BIA, 41.02°N. 21.32°E) was used in the inversion. This record was obtained
on an electromagnetic short-period Kinemetrics seismometer (SS-1) with a Ki-
nemetrics digital 16-bits recorder (SSR), the latter working at a sampling rate of
100 Hz, and with low-cut 0.01 Hz and high-cut 50 Hz filters.
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The theoretical shape of the analyzed displacement amplitude spectrum
A" was represented by

AF :AAF .G.V'|Tivnstr.

; )]

where ASF is the source term, G is the wave geometrical spreading factor, V' is

the wave anelastic attenuation and |7, .

are the effects of the frequency (f)

response function of the recording equipment, Ty = Tinse. (). The terms Af ,

G and V were postulated only for the granite crustal layer, since the studied
source, as mentioned above, was found to be located in that layer, and since S,
and L, waves spread only in that layer. The model of geometrical spreading of

S , and L waves suggested in [17], [18] and [19] was used, with adoptions that

fit the geomorphologic and seismotectonic conditions along the analyzed seis-
mic path Gnjilane — Bitola: 1) the granite crustal layer was homogenized fol-

lowing the scheme from Table I; 2) the S , and L, waves were treated as one

type of waves, which exhibit transition from spherical to cylindrical spreading
at hypocentral (Herrman-Kijko) distance R, , =80km (the latter is a thresh-

old of occurance of the L, phase on the territory of the Republic of Macedonia
and surrounding areas, [20]); 3) the average S wave phase velocity in granite
crustal layer from Table I (B, = 3.45 km/s ) was ascribed to both S, and L,

wave phase velocities; 4) the spreading term G was taken as
G=G(Ry . Ry)", Ryp=80km (2)

(the model from [17], [18] and [19] for hypocentral distances R, >R, ). V

was taken with constant and frequency independent quality factor Q =56, a

value obtained in [21] as an average for S and L, waves within the Shar-Pelister
(West Macedonia) seismic zone, through which the analyzed seismic path
Gnjilane — Bitola spreads:

V=V(R,.f)=exp(-z-f-R,/B,-0), B, =3.45km/s, 0=56. (3)

According to the previous tectonic data (Section 1), the seismic source
was treated as a faulting, and the generalized Brune shear dislocation source

model (e.g., [22], [23]) was used for Af in eq. (1), with specifics that corre-
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sponded to the already mentioned location of the source in the granite layer of
the crustal model presented in Table I:

Al =0, [1+(F 117 77, (2)
with

M, <F® > M, 006324
Q,=—" = T (b)
4z - py- B 4z-py- B

R, =234-8 [2x-f,, (c)
0,=2.82-10°kg/m®, B, =3.45 km/s. 4)

(2, is the source spectrum low-frequency part, A is the seismic mo-
ment, <F"*> = 0.6324 is the RMS for S or L, wave radiation pattern from the
original Brune model ([24], [25]), and p, and f, are, respectively, the density
and the S or L, wave phase velocity in the vicinity of the real fault. The term
[1 +(f/ fo)z]'7 "> is the high-frequency part of the source spectrum, with fall-

off exponent y as a parameter, and f; is the source spectrum corner frequency

that is due to the finite rise time of the dislocation proposed in the model. As in
the original Brune model, R is the radius of the static circular fault surface

(%,..,) which is equivalent to the real final fault surface X,.

The inversion was done with the seismological software SEISAN 8.2,
[26], by fitting the observed spectrum with the theoretical spectrum 4" in the

plane [lg 1 lg(4r -G)]. The original SSR digital record of the main shock was

converted into the SEISAN format, and then corrected for |7, | and V' (fol-

lowing eq. 3). A time window of 15.7 s, which included the entire durations of
both S, and L, phases on the record’s vertical component, was chosen for the
fitting. Outputs of the best fitting were obtained as OM =1g(€2,-G) and f,,

Fig. 2, and they were used to estimate the M, and R, following the egs. (4b)

and (4c). The estimated R, was used to obtain 2, as X = H‘R; .
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Fig. 2. a) The 16 bit SSR record of the 24 April 2002 M, 5.2 Gnjilane earthquake

on the vertical component of the short-period electromagnetic SS-1 seismometer

at the station in Bitola (BIA), for which the epicentral distance and azimuth are
A =156.5 km and 4z = 186°, respectively. The onsets of the seismic phases
P,, S, and L, are shown, too. b) The log-amplitude spectrum of the 15.7 s

S i Lg trace from the upper part of the figure, obtained in the SEISAN 8.2
software after corrections for the instrument response and anelastic attenuation.
OM ,HF and f; are respectively the low-frequency asymptote, the high-

frequency asymptote and the corner frequency of the fitting theoretical
log-amplitude spectrum. Other symbols are explained in the text
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2.2. A method of identifying the actual source mechanism of the main shock

A simple method for distinguishing the real fault plane for the main
shock from the two corresponding P-nodal planes, i.e. for identifying the actual
source mechanism of this shock from the two source mechanisms suggested by
the corresponding P-nodal solution was proposed and used here. The outline of
the method is as follows.

It is assumed that the main shock dynamic faulting enters the final
phase of its arrest with deflecting toward a major crack that is significantly de-
clined from the faulting surface. This first deflecting major crack is a source of
some of the strongest aftershocks near in time to the main shock, and it is found
by comparison of the orientations of the P-nodal solutions for the main shock
and strongest aftershocks. Furthermore, accordingly to the theory, it is taken
that the final fault surface for the main shock is contoured by the hypocentres
of the main shock, of the first deflecting aftershock and of all aftershocks oc-
curred meanwhile. The dimensions of the distribution of the epicentres of all
these shocks are then compared with the dimensions of the vertical projections
on the Earth’s surface of the main shock Brune equivalent circular fault surface
2., for the cases when each of the two main shock P-nodal planes is taken as a
fault plane (see the scheme of such projection in Fig. 3). This comparison allows
identifying the actual fault plane and source mechanism for the main shock.

' o
Earth's surface WO Gt strike
- 2R,cosd

T > 2R,

Dip
direction

Fig. 3. Scheme of the vertical projection on the Earth’s surface of a Brune equivalent
circular fault surface X, with a radius Rs. ¢, and O are the strike azimuth
and the dip angle of the fault plane
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The proposed method seems to be a suitable one for moderate earth-
quakes, at which the directivity in radiation patterns is not well expressed, and
therefore it can not be easily used in determining the actual source mechanism.
However, the method can be applied only if there is at least one significant af-
tershock which source deflects the main shock dynamic faulting.

The P-nodal solutions for the main shock and the four strongest after-
shocks were here obtained with the softwares FPFIT, FPPLOT and FPPAGE
[27]. P-polarities data from more than 20 regional seismological stations were
used for each solution.

3. RESULTS AND DISCUSSION

The obtained locations of the main shock and 79 aftershocks are pre-
sented in Fig.1 and in the Appendix, together with the corresponding M, val-

ues obtained at SKO. The locations of the main shock and the four strongest
aftershocks are also presented in Table II and in Fig. 4. The first 12 hours epi-
centres’ distribution for the sequence is given in Fig. 5.

Outputs of the best fitting of the vertical component of the S, and L,
wave displacement amplitude spectrum for the main shock observed at the sta-
tion BIA with the theoretical spectrum A" in the plane [lg £ 1g(Al- G)} in
the software SEISAN 8.2 were found to be OM =1g(€),-G)=54 and

f, =0.59 Hz, Fig. 2. Following eq. (4b), the seismic moment was estimated as

— 102 A1 p, -,6’3-R1/2-R1/2
°0.6324 O me e e
Py=2.82-10°kg/m*, B, =3.45km/s, R, ,=80km, R, =157.2 km,

®)

where R, =157.2 km s the hypocentral distance for the station BIA. This
gave the value M, = 6.48-10"° N-m. The replacing of /=059 Hz in eq.

(4c) gave R, =2.2km. Thus the circular fault surface which is equivalent to
the real final fault surface is:
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Y . =r-R;=r-(22km)’=152km’ 15 km’. (6)

s, eq

The obtained P-nodal solutions for the main shock and the four strong-
est aftershocks are presented in Table II and in Fig. 4.

The vertical projections on the Earth’s surface of the main shock Brune
equivalent circular fault surface %, , with the two main shock P-nodal planes

as possible fault planes, are presented in Table II1.

Table II

Locations and P-nodal solutions for the 24 April 2002 M, 5.2 Gnjilane
earthquake and the four strongest aftershocks. H and h — hypocentral time
and depth, ¢ and A — epicentral latitude and longitude, M, — local magnitude
obtained at the Seismological Observatory in Skopje (SKO,41.97°N, 21.44°E);
@., 0 and y — strike azimuth, dip angle and hanging wall slip angle

for a P-nodal plane; n-I-1 — normal left lateral fault, n-r-l — normal
right lateral fault

Shock P-nodal plane I P-nodal plane I1

Date H/GMT @ A h My ¢g1 6 7 Fault ¢y &, p, Fault
DMY h:min:s (°N) (°E) (km) O © © WELeE o () bpe

24.04.2002 10:51:51.142.42 21.52 15 52: 8 70 -80 n-1-1:238W 22 -116 n-r-1
main shock ENE SSE SW NNW

24.04.2002 11:24:22.242.43 21.51 18 4.1: 95 60 -80 n-l-1: 256 31 -107 n-r-1
aftershock ESE SSW WSW NNW

24.04.2002 23:37:57.542.44 21.54 20 4.1:143 71 21 n-l-1:240 70 -160 n-r-1
aftershock SSE WSW WSW NNW

25.04.2002 03:43:34.842.4521.51 18 4.1:110 70 —10 n-l-1: 203 81 -160 n-r-1
aftershock ESE SSW SSW WNW

26.04.2002 00:21:31.742.42 21.47 12 4.1:106 15 -80 n-l-1:276 75 -93 n-r-l
aftershock ESE SSW WNW NNE
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Fig. 4. Epicentral locations and P-nodal solutions for the 24 April 2002 M, 52
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Table I

Vertical projections on the Earth’s surface of the obtained Brune equivalent
circular fault surface X, for the 24 April 2002 M 5.2 Gnjilane earthquake

with the two corresponding P-nodal planes as possible fault planes (Table II).
¢, and O — strike azimuth and dip angle of a fault (P-nodal) plane

Equivalent circular fault Vertical projection of X, ~on the Earth’s surface
surface: -
radius R, =2.2 km, - - Elllpse -

5 Major axis: Minor axis: Area:
area X, =15.2km A =2R, B, =2R, cosS S=ABr/4
P-nodal plane I: 4.4 km 1.5km 5.2 km?
¢, =85", 5=10° WSW-ENE NNW-SSE
P-nodal plane II: 4.4 km 4.1 km 14.2 km?
¢, =238°, §=22° ENE-WSW SSE-NNW
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Fig. 6. The waveforms of the vertical components of the four strongest aftershocks
of the 24 April 2002 ML 5.2 Gnjilane earthquake recorded at the station in Skopje
(SKO) and corresponding P-nodal solutions (beach balls). The differences
in the waveforms suggest activations of different ruptures as sources of the shocks.
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Fig 7. The waveforms of the vertical components of smaller aftershocks

of the 24 April 2002 M, 5.2 Gnjilane earthquake recorded at the station

in Skopje (SKO). The differences in the waveforms point to activations
of different ruptures as sources of the shocks.

As it can be seen from Fig. 4, the epicentre of the main shock was lo-
cated between the faults of Binacka Morava and Kriva Reka. Thus, the simple
identification of the fault that caused this shock is impossible. The same situa-
tion appears for the four strongest aftershocks (Fig. 4). Fig. 5 points that a cer-
tain migration of the aftershocks’ epicentres in the wider area around the faults
of Binacka Morava and Kriva Reka started within the first 12 hours of the se-
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quence. This trend was kept on and led to the situation presented in Fig. 1. The
latter shows that the epicentres’ distribution of the studied earthquake sequence
within a 13 months period spread throughout a wide area crisscrossed by fault
ruptures. This distribution and the included wide range of aftershocks’ local
magnitudes (from 0.9 to 4.1, see the Appendix) mean that the post-seismic re-
bound for the studied earthquake included activations of variously oriented rup-
tures on various dimension levels (see Figs. 6 and 7). Therefore, it can be con-
cluded that the phase of accumulation of deformations before the earthquake
took place in a vast region.

The P-nodal solution for the main shock (Table II, Fig. 4.) clearly
showed that the two P-nodal planes, i.e. the two possible fault planes for this
shock, strike very similarly to the fault of Binacka Morava, although they dip

under different angles (5, = 70° toward SSE, and o,, = 22° toward NNW). On

the other hand, declinations from these orientations appear in the P-nodal solu-
tions for the four strongest aftershocks. Thus, the P-nodal solution for the 24
May 2002 GMT 11 h 24 min aftershock shows a slight declination, and the dec-
lination of the P-nodal solution for the 24 May 2002 GMT 23 h 37 min after-
shock is the first one to be significant. The last trend continues, and the declina-
tions of the P-nodal solutions for the 25 May 2002 GMT 03 h 43 min and the
26 May GMT 00 h 21 min aftershocks are significant too.

The above means that the arrest of the main shock dynamic faulting
started with interactions with small cracks (sources of small aftershocks) or
similarly oriented major cracks (as the one generating the 24 May 2002 GMT
11 h 24 min aftershock), and entered the final phase with meeting a signifi-
cantly declined major crack — the source of the 24 May 2002 GMT 23 h 37 min
aftershock. Consequently, it can be assumed that the final fault surface for the
main shock was contoured by the hypocentres of the main shock and of the af-
tershocks occurred up to 24 May 2002 GMT 23 h 37 min, i.e. by the hypocen-
tres of the shocks occurred approximatively within the first 12 hours of the se-
quence.

Following the method described in Section 2.3., the distribution of the
epicentres of these aftershocks was further taken as a referential one in identify-
ing the actual source mechanism for the main shock from its P-nodal solution.
The area of this distribution was first estimated as an ellipse having axes equal
to the measured major and minor linear dimensions of the distribution (Fig. 5),
second — as a rectangle with sides equal to these dimensions. The average of the
two obtained values was also found, Table IV.
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Table IV

Dimensions of the first 12 hours epicentres’ distribution for the 24 April 2002
M; 5.2 Gnjilane earthquake sequence

Epicentres’ Major axis Minor axis Area, an ellipse ~ Area, arectangle  Area,
distribution A B S, =4,B,7 / 4 S, =4,8,, average

ep. ep.

The first 12 4.2 km 3.5km

2 2 2

As it follows from the comparison of the Tables III and IV, only the
vertical projection on the Earth’s surface of the main shock Brune equivalent

circular fault surface % , ~with the second possible fault plane (P-nodal plane

q .
II) approximates the orientations and lengths of the major and minor linear di-
mensions of the first 12 hours shocks epicentres’ distribution, as well as the
planar extents of this distribution for all three considered cases: an elliptic area,
a rectangular area or an average of both.

Thus it was possible to conclude that the main shock was caused by a
normal right lateral faulting along a plane which struck with an azimuth of 238°
and dipped toward NNW under an angle of 22°, which is the P-nodal plane II in
the obtained P-nodal solution for this shock (Tables II). The fault surface had a
maximal linear dimension of ~4km and an extent of ~15 km?, and that gave
a seismic moment valued with M, = 6.48:10'® N-m According to the previous
tectonic data, this faulting can be associated with the shear stressed fault struc-
ture along the Pliocene-Quaternary sinking valley of the river of Binacka Mo-
rava.
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Pesume

MEXAHU3AM U I'OJIEMHWHA HA ’KAPUIITETO HA TlBUJIAHCKHUOT
(KOCOBCKHOT) 3BEMJOTPEC O] 24 AITPHWJI 2002 TOJUHA
CO JIOKAJTHA MATHUTYJA M =5.2

I'smnancknoT (KOCOBCKHOT) 3eMjorpec ox 24 ampwit 2002 roauHa, co JOKaIHA MAarHU-
Tyna M; = 5.2, aHanu3upaH € HajIIpBO NPEKy WHBEp3Hja Ha aMIUINTYJHUOT CIIEKTap HA IOMECTY-
BamETO Ha OpaHoBaTa rpyna S, — L, M oJpelyBameTo Ha P-HonannuTe pamauad. OBae n100ueHH-
T€ BPEIHOCTH HAa CEU3MHUYKHOT MOMEHT, aroyiHata (ppeKkBeHIMja Ha XXAPHUIIHHOT aMILIUTYIEH
CIIEKTap Ha IIOMECTYBAameTO U bpyHOBa eKBHBaJICHTHA KPYy)XKHA paceHa IOBPIINHA 3a 0BOj 3€MjoO-
Tpec ce, coonBeTHo, My = 6.48:1016 N-m, f, = 059 Hz u X = 15.2 km?. P-HO{aNHITE PAMHHHK
3a YeTHPHUTE HajCHIIHM JOITIOJHUTEIHH 3eMjOTpEcH U pacnperenbara Ha eMULEHTPUTE HA IPYTUTe
JIOTIOJTHUTEITHN 3€MjOTPECH Ce MCTO TaKa OAPENeHH, a I0TOA NPUMEHETH BO HAeHTH(]HKanujaTa
Ha BHCTHHCKUOT JKapuUIlIeH MEXaHN3aM Ha TJIaBHHOT 3€MjOTPEC, CO €I[Ha HOBOIIPEIOKEHa METO-
J1a, KOja 'M BKIy4yBa M BEPTHKAIHUTE MPOEKIMH BP3 3eMjUHATa NOBPIIMHA HA J0OUEHATa X o 32
IJIABHUOT 3€MjOTPEC IpPHU JBETe HErOBH P-HONAHM paMHHMHHM KaKO MOXKHH PaceIHH PaMHUHU.
Hajneno e fexa TIaBHHOT 3€MjOTpeC € HAacTaHAT CO HOPMAJIHO JICCHO JIATEPaHO PacemyBambe BO
paMHMHa 4YHja Tpara Ha 3eMjuHAaTa MMOBPIIMHA MMa a3uMYT o 238° M Koja € HAaKJIOHEeTa IO aroi
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on 22° ko NNW. Ce yTBpaH [ieKa 0Ba pacelyBambe MPEAU3BUKAI0 aKTUBUpaba Ha APYTH pacean
M IyKHAaTHHH Kako JKapuIlTa Ha 3HayaeH Opoj O MOMONHHUTETHUTE 3eMjoTpecH. VHaky, oBa
paceayBame MOXE Ja e IPUAPYKU Ha TEKTOHCKU JEBHjaTOPHO HAIPErHaTaTa pace/Ha CTpyKTypa
0 OJDKMHA Ha pekara buxauka Mopasa, umja J0JIMHA 3aM0YHANA J1a TOHE U3PA3UTO KOH KPajoT
Ha TOPHHOT IUIMOLIEH OIHOCHO Ha IIOYETOKOT Ha KBapTepOT.

Kiiyunu 300poBH: CeM3MHUKHU LUKIYC, JOMEIbE, MEXaHH3aM Ha 3eMjOTPECHOTO JKapHILTE, pace-
QyBame, CEM3MHYKH MOMEHT, TOJIEMHHA Ha pace[HaTa IOBPIUMHA, aroyiHa
¢bpexBeHHja.
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APPENDIX

Locations and local magnitudes (M) obtained at the Seismological
Observatory in Skopje (SKO, 41.97°N, 21.44°E) for the events
of the 24 April 2002 My 5.2 Gnjilane earthquake sequence in the period
24 May 2002 — 22 June 2003. H and h — hypocentral time and depth,
¢ and A — epicentral latitude and longitude

No. Date H (GMT) @ A h M,
DMY h:min:s °N °E km
1.  24.042002 10:51:51.11 4242 2152 150 52
2. 24.04.2002 11:06:07.48 4242 2153 175 3.5
3. 24.04.2002 11:08:01.96 42.41 21.58 20.1 34
4.  24.04.2002 11:08:02.17 4242 2153 160 09
5. 24.04.2002 11:10:55.79 4242 21.52 17.0 24
6. 24.04.2002 11:17:46.47 4243 21.53 204 3.7
7. 24.04.2002 11:24:22.20 42.43 2151 18.0 4.1
8. 24.04.2002 11:33:14.88 42.44 21.50 163 3.9
9. 24.04.2002 12:47:13.27 4239 21.66 12.2 1.7
10.  24.04.2002 14:18:58.96 42.42 2153 133 1.9
11.  24.04.2002 14:28:05.25 4228 21.63 200 22
12.  24.04.2002 14:45:37.98 4244 2153 135 20
13.  24.04.2002 16:04:29.36 42.45 21.53 167 3.9
14.  24.04.2002 16:33:23.22 4243 21.53 164 22
15.  24.04.2002 17:09:05.03 42.44 2156 177 24
16. 24.04.2002 23:37:57.46 42.44 2154 200 4.1
17.  24.04.2002 23:59:16.93 4244 2151 168 24
18.  25.04.2002 00:28:02.91 42.43 21.50 240 2.1
19.  25.04.2002 00:47:53.37 4229 21.52 21.1 2.0
20.  25.04.2002 02:04:08.60 4234 21.57 18.8 2.1
21.  25.04.2002 02:04:55.05 4232 21.53 21.7 2.1
22, 25.04.2002 03:43:34.81 4245 21.51 182 4.1
23.  25.04.2002 03:48:37.90 4244 21.57 173 2.6
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No. Date H (GMT) @ A h M,
DMY h:min:s °N °E km
24.  25.04.2002 11:56:48.48 4244 21.54 16.0 2.6
25.  25.04.2002 13:35:01.62 4233 21.65 153 1.7
26.  26.04.2002 00:21:31.70 4242 2147 12.0 4.1
27.  26.04.2002 00:27:05.13 4231 21.60 193 2.1
28.  26.04.2002 03:13:58.27 4238 21.59 122 1.4
29.  26.04.2002 05:57:14.24 4239 21.54 119 3.0
30.  26.04.2002 06:13:48.06 42.41 21.53 183 3.0
31.  26.04.2002 06:16:18.95 42.44 21.54 160 3.0
32, 26.04.2002 06:31:03.60 42.44 21.52 18.1 3.7
33, 26.04.2002 07:00:40.31 4243 2152 112 33
34.  26.04.2002 10:10:58.11 42.44 21.55 139 09
35.  26.04.2002 12:42:04.11 42.44 21.55 180 3.5
36.  26.04.2002 13:06:08.49 4233 21.63 180 23
37.  26.04.2002 14:14:03.33 42.44 21.54 17.8 3.6
38.  26.04.2002 18:55:02.93 4236 21.62 155 2.0
39.  27.04.2002 04:09:21.55 4245 21.53 11.2 2.0
40. 27.04.2002 10:16:13.45 4243 21.55 16.0 2.7
41.  27.04.2002 14:55:39.14 4242 21.56 160 24
42.  27.04.2002 22:23:44.69 4244 2156 144 24
43.  28.04.2002 02:30:36.82 4242 21.63 16.0 3.6
44.  28.04.2002 12:09:26.53 4245 21.54 16.6 2.8
45.  29.04.2002 02:12:12.07 4231 21.65 157 23
46.  29.04.2002 04:39:47.66 42.45 2147 155 3.5
47.  29.04.2002 05:08:06.40 4234 21.56 16.0 2.0
48.  29.04.2002 06:21:05.05 4232 21.64 17.2 2.1
49.  29.04.2002 10:10:52.28 42.44 21.55 19.8 4.0
50.  29.04.2002 13:58:41.68 42.45 2154 160 2.6
51.  29.04.2002 15:53:21.17 4235 2159 19.0 2.6
52.  29.04.2002 16:16:13.15 4234 21.60 258 1.9
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No. Date H (GMT) @ A h M,
DMY h:min:s °N °E km
53.  01.05.2002 06:03:02.09 4242 2150 172 25
54.  01.05.2002 23:46:50.66 4243 2153 116 24
55.  02.05.2002 03:31:30.53 42.42 2153 160 4.0
56.  02.05.2002 07:31:59.61 4246 2148 160 3.3
57.  02.05.2002 20:13:37.97 4238 2153 187 3.2
58.  04.05.2002 21:56:32.85 42.43 2152 154 2.1
59. 05.05.2002 15:02:07.25 4239 2153 144 20
60. 05.05.2002 16:06:40.22 4239 21.51 179 34
61. 06.05.2002 13:29:12.50 4239 21.51 167 3.6
62. 08.05.2002 03:45:14.94 4239 21.53 166 3.5
63. 08.05.2002 13:58:01.15 42.44 21.55 179 22
64. 17.05.2002 02:45:34.28 4242 2149 160 23
65. 20.05.2002 18:09:43.95 42.45 21.54 148 24
66. 13.06.2002 08:27:17.45 42.44 21.53 17.5 34
67. 13.06.2002 08:41:57.43 4245 21.54 170 33
68. 14.06.2002 03:05:59.56 42.44 21.52 17.5 33
69. 14.06.2002 23:04:14.66 42.44 2153 169 3.1
70. 16.06.2002 22:09:40.71 4239 21.53 18.0 3.2
71.  03.07.2002 22:48:14.41 42.48 21.51 59 2.3
72.  22.07.2002 13:25:51.04 42.40 2147 100 2.0
73.  29.11.2002 05:25:41.20 4226 21.33 100 2.0
74.  25.03.2003 19:02:00.08 42.43 21.52 12.1 2.8
75.  27.03.2003 05:04:35.38 42.41 2147 100 23
76. 27.03.2003 05:07:10.70 42.42 21.52 17.0 2.6
77. 28.03.2003 06:30:24.50 42.43 21.53 166 2.7
78.  31.05.2003 05:38:22.88 42.27 2138 173 2.0
79.  20.06.2003  23:39:08.68 42.23 2128 196 23
80. 22.06.2003 05:39:42.00 4245 2139 150 23

Contributions, Sec. Math. Tech. Sci., XXXII, 1-2 (2011), p. 45-66



