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Abstract: Seismological phenomena are a natural phenomenon associated with the development of the Earth.
They inflict huge damage and cause a large number of human casualties. The territory of the Republic of Macedonia
is, seismically, very active part of the Mediterranean area where a large number of earthquakes have occurred. When
studying these phenomena, the determination of the energy released during earthquakes is of great importance. This
paper deals with the seismic energy of the Vardar zone through the empirical formula for the dependence of the
magnitude of the earthquake M and the activated geotectonic surface. Seismicity in Vardar zone is particularly
pronounced in the areas of crossing of the reactivated old faults from the Vardar direction with neotectonic faults that
predominantly stretch in the transverse direction. Vardar zone is defined as the most labile tectonic unit on the Balkan
Peninsula with very expressed seismicity. This paper presents the energetic characteristics of the epicentral areas
separated in the Vardar zone: Kumanovo, Skopje, Veles—Sveti Nikole, Stip—Radovi§, Kavadarci and Valandovo.
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INTRODUCTION

Earthquake is a natural occurrence that origin
in the deep parts of the Earth with rapid release of
energy in the focus area. Such released energy spre-
ad through the ground and on the Earth’s surface is
manifested as earthquake. Related to the depth of
the focus, earthquakes are divided in: depth earth-
quakes — their focus is deeper from the limit of the
earth's crust (depth to 800 km) and earthquakes
whose focuses are in the earth's crust, so called
tectonic earthquakes. Depth earthquakes are formed
in the subduction zones of the tectonic plates,
mixing the subduction material leads to complex
physical-chemical processes that generate large
quantity of energy which is reason for this type of
earthquakes (Blazev and Arsovski, 2003).

From physical point of view, released seismic
energy is directly related to the volume of activated
earthquake focus.

At the origin of earthquakes, the potential
energy of strain is quickly released and trans-
formed in part of the kinetic energy of seismic
(elastic) waves, and some other types of energy.

Energy characterizes the essence of occurrence of
earthquakes and is one of the main physical cha-
racteristics of the focus. The seismic energy, spre-
ading in space, excites particles and they begin to
oscillate. The energy released in the focus is greater,
and the oscillation of the ground is more intense
(Delipetrov, T. et al., 2014).

Vardar zone is defined as the most labile tec-
tonic unit on the Balkan Peninsula where Alpine
orogeny processes were so expressed and continued
in neotectonics stage.

Seismicity in this zone is particularly pro-
nounced in the areas of crossing of the reactivated
old faults from the Vardar direction with neotec-
tonic faults that predominantly stretch in the trans-
verse direction.

Looking at the spatial distribution of the earth-
quakes so far (Figure 1) in the Vardar zone, the fol-
lowing epicentral areas can be separated: Kumano-
vo, Skopje, Veles—Sveti Nikole, gtip—Radovié,
Kavadarci and Valandovo.
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Fig. 1. Map of the earthquake’s epicenters in the Repubic of Macedonia and surrounding recorded between 1900-2000
for 4.0 <M < 8.0 (Donevam 2014)

ENERGY CHARACTERISTICS OF THE EPICENTRAL AREAS IN VARDAR ZONE

One of the most important parameters in seis-
micity is seismic energy released during earth-
quakes. Using the empirical formula of Gutenberg-
Richter for calculation the relation between the
energy and magnitude (Storcheus, 2011):

logE =15M +438

calculation is made for released seismic energy of
every earthquake occurred in certain epicentral area,
and then that energy is summarized for all earthqua-
kes and obtained is the total released seismic energy
of the area.

Also, calculated is percentage contribution of
every epicentral area in the total released energy in
Vardar zone. Calculations are made for a period of
75 years (Delipetrov et al., 2014).

Epicentral area Kumanovo. In this epicentral
area are analyzed several earthquakes with magni-
tudes from 2.7 to 5.3, occurred in a period of 75

years and the calculated total released seismic ener-
gy is £ = 87.19-10""" (J) that corresponds to earth-
quake with magnitude M = 5.43.

Knowing that in this area was occurred earth-
quake with magnitude M = 5.3, it’s clear that the
largest part of the energy released within 75 years is
emitted through the strongest earthquake.

Average annual released seismic energy of the
Kumanovo epicentral area is £ = 1.16-10''J and
corresponds to magnitude M = 4.18.

In the total released seismic energy in Vardar
zone, this epicentral area (focus) contributes with
0.47 %.

Epicentral area Skopje. This epicentral area
is connected to the tectonic activity of Skopje depre-
ssion which represents neotectonics depression.

In Skopje epicentral area is very expressed
concentration of earthquake focuses in almost a
local terrain on depth of 2—12 km.
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Small depth of the focus of the main earth-
quake in 1963 mainly led to such a large macro-
seismic manifestation on the surface (the maximum
surface effect in the central parts of the city was up
to IX degrees on the MCS scale). After this catast-
rophic earthquake, detailed seismic and seismo-
tectonic investigations were carried out in this area.
It can be said that the Skopje seismogene area is the
most explored region not only in the Vardar zone,
but also in Macedonia.

For determination of the released seismic
energy are taken 27 occurred earthquakes which
according the Catalogue of occurred earthquakes
belong to Skopje epicentral area.

The total released seismic energy, calculated
for this area, is E = 935.40-10" J for a period of 75
years and corresponds to an earthquake with
magnitude M = 6.2.

Average annual released energy is £ = 12.47-
10" J, corresponding to earthquake with magnitude
M=4.10.

On this active seismogenic focus belongs
5,05% of the total released seismic energy in the
Vardar zone.

Epicentral area Veles—Sveti Nikole. For the
time being, this region has been characterized by a
relatively constant occurrence of only weak earth-
quakes (magnitude M = 3.3 to 4.8).

The total released seismic energy in this area is
E = 69.62-10" J which corresponds to earthquake
with magnitude M = 5.4.

Average released annual seismic energy is £ =
0.93-10'' (J), corresponding to earthquake with
magnitude M =4.1.

The contribution of this epicentral area in the
total released seismic energy in Vardar zone, in
period of 75 years, is 0.38 %.

Epicentral area Stip — Radovi§. This focal
zone, tectonically is closely related with the neo-
tectonics movements, or formation of the Lakavica
ridge. In this area, as in the previously described, so
far only weak earthquakes have appeared. From the
recent seismic activity in this area or analyzed 22
earthquakes with magnitude from 2.7 to 4.6, in a
period of 75 years, the total released seismic energy
is £ = 16.28-10'" J which corresponds to an earth-
quake with magnitude M =4.9.

Average annual released seismic energy amo-
unts to £=0.22-10""J, or earthquake with mag-
nitude M =3.7.
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This epicentral area contributes with 0.09 % in
the total released seismic energy in Vardar zone.

Epicentral area Kavadarci. This area is
located in the south-western part of Varadr zone
where in Pliocene—Quaternary was manifested
volcanism (AlSar — Kozuf) and the Mrezicko fault
was reactivated.

This area, similarly to the previous, is charac-
terized with relatively weak earthquakes.

In a period of 75 years, from the analyzed 10
earthquakes with magnitude M =2.8 — 5.1, the total
released seismic energy is £ = 151.44-10''] that
corresponds to an earthquake with magnitude M =
5.6.

Average annual released seismic energy in
epicentral area Kavadarci is £ = 2.02-10''J and
corresponds to earthquake with magnitude M = 4.3.

Only 0.82% of the total released seismic
energy in Vardar zone belongs to this focus.

Epicentral area Valandovo. Seismicity in
this area is conditioned with the neotectonics acti-
vity of the Valandovo fault that pass along the sout-
hern edge of the Valandovo depression. It is crossed
with north-northwest oriented fault system that
created complex tectonic node.

In this epicentral area occurred the strongest
earthquake in Vardar zone till now with magnitude
M = 6.7. This major earthquake was preceded by a
foreshock activity in a wider area, approaching
gradually to the epicenter of the main earthquake
occurred on 8. III. 1931.

From the impact of this earthquake the most
affected was the village of Pirava, near Valandovo.
Beside Pirava and Valandovo, another 40 settle-
ments from Gevgelija to Strumica were destroyed.

After this strong earthquake, similarly to the
foreshock activity, occurred aftershock activity and
the region covered with this action was very large.
This showed the size of the Valandovo focus and
complex tectonic structure of this area.

For a period of 75 years were analyzed 28
earthquakes occurred in this epicentral area. The
total released seismic energy amounts to E =
7816.92-10'! J and corresponds to an earthquake
with magnitude M = 6.73.

Average annual released seismic energy in this
focus is £ = 104.23-10!! J, corresponding to earth-
quake with magnitude M =5.5.
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In the total released seismic energy in the
Vardar zone, Valandovo epicentral area contributes
with 42.2 %.

Table 1

Table 1 presents the energy characteristics of
the epicentral areas in Vardar zone (period of 75
years).

Energy characteristics of epicentral areas in Vardar zone

Epicentral area Total energy £ Corre-sponds to  Average annual energy Corrgsponds to Epergetic
@) magnitude M of E,(J) magnitude M of  contribution (%)
Kumanovo 87.19 - 10" 5.43 1.16 - 10" 4.18 0.47
Skopje 935.4 - 10" 6.2 12.47 - 10" 4.4 5.05
Veles — Sveti Nikole 69.62 - 101 5.4 0.93 - 10! 4.1 0.38
Stip - Radovis 16.28 - 10! 49 0.22 - 10" 3.7 0.09
Kavadarci 151.44 - 101 5.6 2.02 - 101! 43 0.82
Valandovo 7816.92 - 10! 6.73 104.23 - 10" 5.5 42.2

Calculating the energy of all analyzed earth-
quakes in the period of 75 years and summarizing
obtained results is determined the total released
seismic energy in Vardar zone which amounts to £
= 1.86-10"° J, or this amount of energy corresponds
to an earthquake with magnitude M = 7.

From this is clear that the largest part of the
released seismic energy belongs to the strongest
earthquakes (7 > M > 6).

Average annual released seismic energy in
Vardar zone is E = 246.94-10"" J. This energy cor-
responds to earthquake with magnitude M = 5.73.

CONCLUSION

From the presented data is clear distinguishing
of several epicentral areas in Vardar zone: Kuma-
novo, Skopje, Veles—Sveti Nikole, gtip—Radovii
Kavadarci and Valandovo. In two of them, Skopje
and Valandovo are generated earthquakes with
magnitudes M > 6. The other focuses, the analyzed
period of 75 years, is characterized with appearance
of relatively smaller number of weak earthquakes.

Seismogenic zones in Vardar zone are on
depth of 10 to 35 km, except Skopje epicentral area
with depth of 2 to 10 km. from this can be conclude
that all focuses are in the Earth’s crust and appear-
ance of earthquakes is consequence of the tectonic
movements.

Considering the seismological parameters as
function of tectonic parameters, can be concluded
the following characteristics:

1. The amount of the released seismic energy
depends on tectonic activity in the Vardar zone. In
this area, as regions with high seismicity are
considered Skopje and Valandovo. The terrains are

with highly expressed up to date (neotectonics) ac-
tivity and are regions of crossing of regional faults,
or places with active tectonic movements. These
tectonic conditions accumulate large quantity of
potential energy which, during earthquake, is rele-
ased as kinetic, seismic energy.

2. Examining the epicentral map of Vardar
zone, can be seen that spatial distribution of epi-
centers in this zone is a function of tectonic condi-
tions. According this condition are distinguished
regions of Skopje and Valandovo.

3. Time distribution (the frequency of occur-
rence of earthquakes) showed that in the regions
with expressed neotectonics activity, the frequency
of earthquakes is the largest.

Generally, for Vardar zone can be concluded
that in the seismogenic areas Skopje and Valan-
dovo, despite the occurrence of strong earthquakes,
most of the weaker earthquakes also occur here.
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Peszume

EHEPI'ETCKHN KAPAKTEPUCTUKHN HA HEKOU EIIMIEHTPAJIHU ITIOAPAYJA
BO BAPJAPCKATA 30HA

Baaruua Jouesa, Togop Jdenunerpos, Mapjan Jeaunerpes, I'opru lumos, Kpero Baaskes

Yuusepsuineiu ,, I'oye /lenues , @axyaimieit 3a ipupoonu u ilexnuyku Hayku, L,
oya. Toye [enues 89, 2000 LLiwuii, Peityonuxa MaxeooHuja
blagica.doneva@ugd.edu.mk

KJ’Iy‘IHI/I 360pOBI/I: eHeerja; KapaKTCpUCTUKH; MarHATy/Ja, Bapz[apcrca 30Ha; CNULCHTPAJIHA noz[paIIja

CeunsMOJIOIIKUTE T0jaBH MPETCTaByBaaT MpUPOACH (e-
HOMEH IOBP3aH CO pa3BojoT Ha 3emjarta. Tue HaHecyBaaT roje-
MH MaTepHjaJlH{ IITETH W MPUINHYBAAT TOJIeM Opoj YOBEUKU
xpTBH. Teputopujara Ha PermyOiinka MakenoHuja mpeTcTaByBa
CeM3MUYKH MHOTY aKTHBEH Jiell O]l MeJUTepaHcKara o0iact
KaJie ce CIIyJHIIe TojieM OpOj 3eMjOTPEeCH.

ITpu npoy4yBameTo Ha OBHE M0jaBH OJ] TOJIEMO 3HAYCHE
€ ONpe/IeNTyBakbeTO Ha EHeprujaTa Koja ce 0cJIo00/1yBa 3a BpeMe
Ha 3eMjOTpEeCHTeE.

Bo 0Boj Tpyn e maseH OCBPT Ha CeM3MUYKaTa eHepruja
Ha Bapnapckara 30Ha npeky emnupuckara gopmyrna 3a 3aBuc-
HOCTa Ha MarHUTYy/IaTa Ha 3eMjoTpecoT M 1 aKTUBHpaHaTa reo-
TEKTOHCKa MOBPILMHA.

CeusmuuHocTa Bo Bapmapckara 30Ha € 0coOeHO u3pa-
3¢Ha BO 00JIaCTHTE KaJIe Ce ceyar CTapUTe PeaKTHBUPAHH pace-
A OJI BapIapCK{ TPABEIl CO HEOTCKTOHCKUTE paceiu KOH
JIOMHHAHTHO C€ MPOTEraaT BO HAMPEUCH MpaBell.

Bapnapckata 30Ha € nepuHUpaHa KaKo HajIa0MiIHA TeK-
TOoHCKa equHuIa Ha bankanckuor [ToxyocTpoB co MHOTY U3pa-
3€Ha CEM3MUYHOCT.

Bo 0Boj Tpyn ce mpuKakaHU €HEPTETCKUTE KapaKTePHUC-
THUKHU Ha eMUICHTPAIHUTE MOIpadja KOU ce M3IBOCHU BO Bap-
nmapckara 3ona: Kymanoso, Ckomje, Benec—Ceetu Hukore,
tun—Panosu, KaBagapuu n Banangoso.
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