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The territory of Slovenia is subdivided into ftve seismogenetic regions
according to their geological, tectonical, and geophysical properties. The seis-
micity of these regions is determined on the basis of more than 3000 earth-
quakes contained in the catalogue for Slovenia. Seismically most active part
is concentrated in central, southeastern and southwestern Slovenia (zones By,
B3, and A»).

Temporal energy release, strain release and indexes of seismic activity
Ajp have been determined for all characteristic regions. Introducing pa-
rameter 3, = SE2/ it is shown that a temporal dependence of the activity
exists, and further, that an increase of the activity in southwestern and south-
eastern Slovenia is accompanied by a decrease of activity in its central part,
and vice versa.

Variations of b-value in the rclation log N = a — bM have been de-
termined for the three characteristic regions Az, B2 and B3. They have been
correlated with times of occurrence of strong earthquakes. It is shown that
most events occurred in time intervals when the b-value was 0.9 or less, or
when the trend of the b-value was ncgative.

Prostorna i vremenska razdioba lokalne seizmicnosti u Sloveniji

Teritorij Slovenije podijeljen je na pet seizmogenetskih podrudja na os-
novi njihovih geolo3kih, tektonskih i geofizi¢kih svojstava. Seizmi¢nost tih
podrutja odredivana je na temelju viSe od 3000 potresa koji su analizirani u
katalogu potresa Slovenije. U seizmitkom pogledu najaktivniji dio koncentri-
ran je u srednjoj, jugoistonoj i jugozapadnoj Sloveniji (zone Bz, B3 i A2).

Za sva karakteristi¢na podrudja odredene su sume oslobadanja seizmitke
energije, oslobadanje deformacija i indeksi seizmitke aktivnosti Aje Uvodedi
parametar 3, = %E*”* pokazano je postojanje vremenske zavisnosti seizmitke
aktivnosti, te da je porast aktivnosti u jugozapadnoj i jugoistofnoj Sloveniji
popracen smanjenjem aktivnosti u srednjoj Sloveniji. Vrijedi i obrnuto.

Varijacije vrijednosti b u odnosu log N = a - bM odredene su za tri
karakteristiéna podrutja Az, Bz i B3. One su korelirane s vremenima pojav-
ljivanja jalih potresa. Pokazano je da se veéina potresa dogodila u vremenskim
intervalima kad je vrijednost b bila 0,9 ili manje, odnosno, kad je trend ove
vrijednosti bio negativan.
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1. Introduction

The territory of Slovenia is subdivided into five seismogenetic regions (A-
E) by characteristic fault systcms (a-f) and further into ten smaller subregions
or seismogenetic zones. Some of them exhibit higher seismicity with respect to
the other zones. A region with low seismicity is situated in the southwestern (Ao)
and partly in the western territory (A1), and other regions of lower seismicity
are in the northeast Slovenia (C, D, E). Seismic activity is concentrated mainly
in the seismogenctic zones of Javorniki - SneZnik (A2) which is a part of the re-
gion between tha faults of Kozina and Idrija, further, in the central seismo-
genetic zone of Ljubljana depression (B2) between the faults of Idrija and Sava
which is followed by the Kriko-BreZice zone (B3) to the southeast (Figure 1).
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Figure 1. Principal seismotectonic zones in Slovenia
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Both zones, B and B3 arc separated by a narrow ascismic belt along the line
Ribnica- Titovo Vclenje which includes minor groups of epicentres of low mag-
nitudes. The purposc of this paper is to present some basic facts concerning the
space and time pattern of local seismicity of Slovenia as a comlex unit and scp-
arately for the individual characteristic regions.

2. The sums of released seismic energy 2 E and strain release SE?

2.1. The determination of released seismic energy 2LE and strain release sE! /2 after
Benioff

Data containcd in the cataloguc of carthquakes for Slovenia (Ribarig,
1982) comprise the time period from the ycar 792 to 1981 and arc based mainly
upon macroscismic obscrvations. Following rclations have becen used :

Mpm = 0.66 Ip + 1.7 logioh - 1.6 (1)
log E = 11.5 + 1.5Mm (Solov’jev, 1957) 2)
K=45 4+ 15Mnm 3)
K = logio E (E in J). 4)

where M, is macroscismic magnitude, J, — cpicentral intensity in MSK-64 scale ,
h - focal depth in km, log E — released scismic energy in ergs, K — encrgetic class.

For the territory of Slovenia the sum of rclcased seismic energy during the
period 792 — 1981 amounts to 3.1329 10'%3, which is equivalent to total magni-
tude M =8.0.

Introducing an arcal measurc of conditional specilic seismicity being cqual
to XE/Ft and further a volume mcasurc of conditional specific scismicity
SE/F-hgt, where the symbols arc : F — area, t — time, ha — thickness of the scis-
mically active zone in the Earth’s crust (g = hym + 20h) , where hpy is the mean
focal depth of all events and on their standard deviation, we obtain the follow-
ing_valuc of the conditional specific scismicity for the arca of Slovenia (20251
kmz) with normalization to one ycar:

3 E/F-t = 1.30003 -10" J/km?®. ycar )

Introducing the volume mcasurc of conditional specific scismicity which is
defined also as a mean specific scismic power Nm we find :

Nm = S Ei/ (Vi) = 5023107 J/m>. (6)

normalizing the valucs to m> and scconds (s) in order to allow for comparisons
with other published data (Scnkarcva 1973). R(,sulls ob(amcd by §cnkareva (1973)
for the Apenninc peninsula are in the range 103 - 10 4. 102 J/em® - s, and arc
consistent with the data in [ormula (6). They are valid for the axial part of the mega-
anticlinorium of the Apennines and Calabro-pcloritanian structurcs.
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2.2 Regional investagations of % E and . E!/?

The availability of homogeneous data for individual seismogenetic zones
provides for a reduction of the observational time interval to 1810-1980. Nor-
malizing the values to 100 years and 10000 km? we obtain results as shown in
Table 1.

Table 1. Sums of the released se/ifmic energy and total strain release for the_time period
1810-1980 ( in J, or T2 normalized to 100 years , and 10000 km® ).

Seismogenetic

zones SE 3 CEn 1 (SE)!2 3\/? CEY? 12
Area( km“)

A0ALA2 2 14 14 7 7
5853.92 km 3.265-10 3.065-10 1.807-10 1.752:10
B1,B2

4188.51 km? 2.079-10% 2.7117-101 4.556-10 5.222-10’
B3

5427.01 km? 1.405-10% 1.422:10% 3.748-10 3.771-107
C+D+E

9026.26 km 1.043-10% 6.350-10" 1.021-10’ 7.969-10°

Taking the value of (3 E)I,{2 in (C + D + E) as an unit, we obtain a
ratio 1 :2.02 for regions A, (Ag, A1, A2), 1: 5.5 for combined regions B1 and
B, and 1 : 4.03 for seismogenetic region B3. These are representative relative
measures for the intensity of generating earthquakes in particular zones.

2.3. Strain release and seismic activity A1¢in Slovenia (1810-1980)

Graphically the strain release for the territory has been represented for
the time period from 1810 on. Due to the better defined data from 1875 on,
it was decided to carry out the numerical calculations from this year to 1980.
The following relation was found :

s EV2 (j12) = (4478 + 1.112 Ar) - 101/ /107 (3V?) (7

for: 1875< t < 1980.
The value of At is 10 years. The results are presented in Figure 2.

The paramecters for determination of scismic activity in Slovenia have also
been sclected for the time period from 1818-1980, i. €. 171 years, using mag-
nitudes M > 3.1 transformed into energetic classes K, taking individual frequen-
cies of cvents Nj (K), and normalizing the values with respect to one year and
10000 km? of area in order to cnable comparisons with other data. Raw data
are presented in Table 2.
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Figure 2. Strain release in Slovenia 1810-1980 (1875-1980)
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Table 2. Parameters for determinat{'on of seismic activity in Slovenia (1810-1980), normalized
to 1 year and 10000 km

Energetic
class M M K Ni log (F-Ni)
2 3.1-35 33 9.45 414 -0.9148001
3 3.6-4.0 3.8 10.2 167 -1.3090939
4 4145 43 10.95 85 -1.6023815
5 4.6-5.0 48 117 20 -2.2307704
6 51-55 53 1245 5 -2.8328304
7 5.6-6.0 58 13.2 1 -3.5318004
8 6.1-6.5 6.3 13.95 1 -3.5318004
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By thc method of lincar regression the mean value of the index of the seis-
mic activity A70 was calculated being equal to :

Ao = 0.065.

The slopc y = -0.644 and the cocfficicnt of corrclation r = -0.987.
Genarally the relation is the following :

log Ni = -1.187 - 0.644 (K - 10) (8)

The result is presented in Figure 3.
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Figurc 3. N = f(K), for Slovenia, 1810-1980, normalized to 1 ycar and 1000 km2

2.3.1. Scismic activity of individual scismogenetic zones

Becausc of the nonuniform distribution of data in various regions the ob-
servational time intcrval was shortened to the interval of 1850-1979. Energetic
classcs K = 8 have been used as well as individual frcq%]cncies N;i of the cvents.
Data have been normalized to 100 ycars and 10000 km®.

In continuation the mcan seismic activity 470 for K = 10 has been deter-
mined introducing normalized values for 1 year and 1000 km” in order to com-
ply with results obtained by some authors who performed studics for the adjacent
region of Friuli (Riuscetti and Slejko, 1984; Slejko, 1985). The results are shown
in the last column of Table 3.



GEOFIZIKA, VOL. §, 1988 69

Table 3. Individual frequencies N; vs. K(K =8) for seismogenetic regions in Slovenia (1850-
1979), normalized to 100 years and 10000 km?

Region n A; Vi log Ni'(K1g)  Coeff. of co- Alo
rrelation r

Ao,A1,A2 5 5.4926 -0.38 1.6911 -0.92 0.0755

B1,B2 6 6.9463 -0.49 2.0315 -0.95 0.1709

B3 6 7.3801 -0.55 1.8741 -0.97 1.1103

CD,E S 5.1738 -0.38 1.3499 -0.98 0.0329

*normalized to 1 year and 1000 kmz, n = numbcr of obscrvations

Paramcters for dctermination of scismic activity have been determined also
for cumulative frcquencies N¢ of carthquakes in four groups of seismogenetic
zones. They exhibit the same trends, but, as cxpected, higher values of A¢ and
v. The results arc presented in Table 4.

Table 4. Cumulative frequencies Nc vs. K(K =8) for seismogenetic regions in Slovenia (1850-
1979), normalized to 100 years and 10000 km”.

Region n A Yye/r log N.C(K]o) log M'(Ku) K for N;z 1.0
Ag,A,A2 5 6.8461 -0.50/-0.98 1.8780 0.3876 13.780
B1, B2 6 7.9605 -0.57/-0.98 2.2328 0.5144 13.898
B3 6 8.0213 -0.60/-0.98 2.0424 0.2488 13.416
CD,E S 6.0614 -0.45/-0.99 1.5185 0.1556 13.343

n = number of observation

2.4. Discussion

Riuscctti and Slejko (1984) and Slcjko (1985) presented results of determi-
nation of the indexes of scismic activity A0 for Friuli and Venctia-Giulia regions
which amount toA479 = 0.1 and morc. In the western part of Carnic and Julian
Alps the values of Aj9 are between 0.1 and 0.05. Their results are compatible
with our findings.

3. Parameter "sigma” - 3,

The introduction of the paramcter % has a physical explanation in statisti-
cal procedures. Under certain conditions the ruplurc arcas Sy in seismic sourccs
. 2/3 S 2/3 . .
are proportional to E“°. Paramcter 3 = X E“ dctermines herewith the total
square of rupturcs of seismic sources of scismic cvents which occurred during
the time . Tcmporary changes of this paramcter are significant for the prepara-



70 V. RIBARIC

tion time for a stronger carthquake, as its maximum value is reached before the
stronger cvent (Kcilis-Borok, Malinovskaya, 1964).

Statistical analysis of 3 is bascd upon the fact that the carthquakces show
comparablec $ E*> in a broad spectrum of magnitudes, whereas the total value
of released cnergy depends mainly on the contributions of stronger events. The
mean annual number of earthquakes N with energies in the range from E to
cEis:

N=c-EBP ()

Paramcter B= 2/3. We can wrilc N - E*? = ¢ which mcans that this valuc
is constant and docs not depend on E (Kondorskaya ct al., 1985).

The values of 3 £2/3 have been determined for three decades (1950-1979)
using M > 2.5 for four regions (Ao - Az), (Bi- B2), (B3), and (C,' D - E). Data
have been subjected to normalization to 30 years and 10000 km”. The following
criteria have been used in analysis of trends of the values of X :

1) The value of % in the 3 dccade is significantly highcer than the mecan
value of the sum of the 1% and 2™ dccade (sign "+") which represents the zero
linc.

2) The mcan valuc of the sum of 2" and 3™ dccade represents the zero
linc and the value of ¥ in the first dccade is significantly above this zcro line
(sign "-").

Numecrical valucs of 3. for the time period 1850-1979 without normalization
and normalized values for three decades 1 ( 1959-1959), 1T (1960-1969), and 111
(1970-1979) are shown in Tablc 5, scparately for four combined scismogenctic
zones. Anncxed to this table is a scheme of the signs showing relative maximum
and minimum values for the particular regions.

Table 5. Sigma - 2 for the time 2period 1850-1979, and separately for decades 1950-1979,
normalized to 10000 km?*, in ]2/3, Slovenia, M = 2.5

Region E*? (1850-1979)  1(1950-1959) 11(1960-1969) 111(1970-1979)
Ao-Az 1.2332-10° J*3 3.1799-103 ML 1.4763-10%5%3 1.2983-10% 323
B1-B: 2.6153-10° 2.6451-10 1.2995-10° 2.1825-10%
B3 1.6013-10° 1.1459-10% 3.0287-10% 3.2908-10’
C-D-E 7.9267-10% 1.0549-10 5.4833-10° 1.1053- 108
I I 11
Ao-A1 + - -
B1-B2 - + -
B3 - + -
C-D-E + - +
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3.1. Discussion

A working hypothesis of a quasi-periodicity of thc events based upon this
scheme could imply, using the moving-window method, an cxtrapolation of the
signs for the 4™ decade (1980-1989), indicating a "+" sign for zones (Ao - At -
Az), a "-" for (B1 - B2), "+" for B3, and a "-" for (C - D - E). This would mean
an increase of scismic activity in southcrn and southcastern Slovenia in the cur-
rent decade. Results of present monitoring of seismic activity confirm this thesis.
It is important to note that, owing to short observational intcrvals and other rca-
sons (e. g., because these systems arc intcrdependent), these conclusions may be
only provisional and have primarily oricntational character.

4.  Regional temporal changes of the coefficient b in selected areas (A2, B2 and B3)
in Slovenia.

A study of timc variations of b-valucs in the formula log N = a - bM has
beeen carried out for the past 130 ycars using events with M > 3.0 for sclected
arcas A2, B2 and B3. In the calculations cumulative frequencics N¢ have been
uscd, as well as magnitude intervals of A M = 0.1. The valucs of N¢ have not
been normalized with respect to unit arcas. The time intervals used arc At =
30 years with overlapping A’ = 10 ycars. Forcshocks and aftershocks have been
excluded from the obscrvational material. The values of @ and b in Table 6 have
been determined with the lincar regression method, and the standard deviation
SD (b) of the b-value was calculated using the formula :

SD (b) = o = 1.96b/\/m (Aki, 1965), (10)

where n represents the number of magnitude intervals. Formula (10) is valid for the
95 % confidence limit.

The results are presented in Table 6 and graphically in Figurc 4. A further
step in this procedurc was an insertion of times of appcarance of somc signifi-
cant carthquakes to the curves for regions Az, B2 and Bs.

4.1. Discussion

Most cvents occurred during time intervals of decrcasing or rclatively con-
stant valucs of the paramcter b, only the Ljubljana carthquake in 1985 occurred
during the time of a slight increasc of this valuc. It secms important to note that
all valucs of the cocfficient b during the periods of stronger events have been
less than b = 0.9.

The value of b indicates a gencral state of the stress in the crust of the
seismogenctic zones. Dccrease of b — valuc towards a lower limit mcans an ap-
proach of the stresses to some final valucs. The changes of b or of the ratio a/b
and their regional intcrrclations arc thercfore a measure for the individual be-
haviour of seismogencc zoncs.
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Figure 4. Temporary changes of b — value for three scismogenetic regions in Slovenia
5. Conclusions

The scismic activity in Slovenia is concentrated mainly in the central part
in the seismogenetic zones Az, B2 and Bs. It is demonstrated that the quantities
of released seismic energy, and conscquently strain energy, vary significantly from
region to region and they also show important temporal variations. An analysis
of the parameter 3, results in the conclusion that the seismic activity in the three
main zones has an interactive character. The activity trends seem to be related
in A2 and B3 only. Increasing activity in B2 means an opposite trend in both
other zones.

Seismicity of Slovenia is moderatc and can be defined according to defini-
tion of C.F. Richter as a sporadic seismicity. This is also based upon the fact
that this territory is situated in a transitional zone between the seismically very
active Dinarides and relatively stable middle Europe.
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