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SUMMARY: 'B?ased" on the results of periodically repeated surveys of the geo-

magnetic total field intensity in the wider area of Rudnik thrust region, within the

period 1081-1890, the analysis of space-time fleld changes has been performed in at-

tempt to establish a relationship with geological-tectonic structure and geodyramic
processes which are going on in the investigated area. Obtained results indicate
that the characteristic features of the spatial distribution of the rate of geomagnetic

field secular change

are related to particular geotectonic units and therefore, most

likely, with corresponding regional differences in stress distribution.

1. INTRODUCTION

‘Tectonic stresses as a result of geodynamic

processes cause changes of the magnetization of cru-

stal rocks, producing in paricular cases detectable
geomagnetic field changes on the earth’s surface — so
called tectonomagnetic effect. This 18 a well known
fact both theoretically founded (piczomagnetic ef-

fect) and experimentally established through numer-
ous field observations. ) T

Within the Project initiated and partly real-
1zed in the past few years, whose main goal was to
study the mean changes of the geographical coordi-
nates of Belgrade relative to Warsaw, an attemn»n* i.a:
been made to investigate contemp~+ .., movements

of crustal blocks in the wider area of Belgrade, i.
e. to monitor geomagnetic field chzages and study
their spatial and temporal variations. =e2rching for
correlation with actual geological anu tectonic struc-
ture (Popeskov et al., 1888). It has been pointed out
on that occasion that such a kind of investigation
requires data sistematically collected in a relatively
long period of time in order to be able to establish
possible relation between geomagnetic field changes
and geodynamic processes. The analysis of data from
Rudnik thrust region offers exactly such an opportu-
nity and the obtained results may have important
references to the future planning and methodology

of the investigations defined by the afore mentioned
Project. . ' _ ‘

- First systematic geomagnetic investigations of
any thrust region in our country, aimed tc estab-

lish eventual connection between tectonic processes

and geomagnetic field changes within particular area,
were initiated in 1977 in the wider area of Rudnik
mountain — known as one of seismically most active
regions in Serbia. Thill 1981, repeated surveys of
declination (D), horizontal (H) and total intensity
(F) of the geomagnetic field were meusuics at 14

sites along 60 km long profilc netween Takovo and
Raéa. In 1981, the network w=zs expanded to 39
measuring sites (see Fig. 1) covering much wider
area thzn Rudnik thrust region, hoping to be able to

es.imate the influence of differen: geological and tec-

tonic units, blocks and other structurez. Since then
only the total field intensity ¥ hx: ‘<. n ricasured,

‘which is the usual methodology usea in this-kiad of
mnvestigation.

~ In ten-year pericd 18 surveys have bera car-
ried out, thus providing a unique data set on the
basis of which the time-space patteri of the geomag-
netic field variations was analvzcd. Some of the most
interesting rezalts wili be presenied here. Geology
and . ....uaics of investigaied area will be rentioned

) L3

only in the scope which is nesereary for ths interpre-
tatici: <f obtained results. o -
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2 mvms AND. DISCUSSION

Iﬂ Smalﬂette mvestlgatwns 0f sewmmally-f
actwe areas, which are béing carried ovt within mul-

tidisciplinary projects oriented towards studymg
phenomena precaedmg or accompanyng- ‘the ‘earth

quake occurrence, it 18 necessary to achieve G;Imulta«-
neous insight into temporal and spatial changes of
the geomagnetic field as possible indicator of tec-
tonic stresa ehanges The ore'mentloned rocm_i

Qn the

as detectabl
'eart.h surface.

Continuous monitoring of geomagnetic field
' vanattons at one or more locatlons in the investi-
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Fig. 1. The network of measuring sites in the wider area of Rudnik thrust region.

gted are a. en bles us to study in. detail their time

, ereas in order to study spatial changes
at "”ia anrvaey ‘method has to be employed. Since
> ‘contintous field monitor-
'thod was apphea in Rudiik thrust

carried out with proton

Pr en magne' _"'meter of #+1 nT accurac Y, Whlle
jaccurary are ’bemg used.

a'ig’netometers (GSM- 10 type) of :!: 0. 2 nT

roms of data reductlon contmuous

‘In the

__reccrds of t!.rs: total field mtenslty at Grocka geo-

gictic observatory were used in order to correct
neasured. (instantaneous) field values for daily vari-

"la.tmn. This is justified by-the assumption: that the
“total intensity variations at the Observatory and in
Rudmk area do not differ much, since the dtstance
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between the Observatory and survey sites is about
60-70 km. (Of course, it has to be painted out that

the best results would be achieved mth reference sta-
tion within the survey area.) Taking into account all

relevant facts, the overall accuracy of final, reduced
field value, can be etunated to better than 1 20T,

2.1 SECULAE CHANGE. OF THE GEO-
MAGNETIC FIE‘LD -

Tlme variation o( the total ﬂeld mtenalty cha-

in Fig.

- survey number
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Measuring sites (unsis: n1)

- aﬁ netic total field intensity at few measuring sites
_ udnik area.

with units Maljen —
“vac'define this thrust region in the wider sense. Par-
“ticular unijts are separat

nges at few measuring sites (out of 39) is shown
2. Using linear. approximation of secufar
change trend, the rate of secular change (expressed

in nT/yr) is obtamed ‘These values vary between

~(0.4 and +0.6 nT/yr from one site to another and
their spatial distribution is presented in Fig. 3. The

'secular change is found at sites 8,

(serpentlmte) as well as at sites 4

_-\.l.-m.--.:.-"“

' -"obtamed pattern of distribution is used for interpre-

tation of the differences in the rate of total field in-

- tensity change in particular smaller regxons within
‘the area of investigation..

1t is known that Rudnik thrust re
to geotectonic unit 1’3 aﬁ Rudnik which together
ovo and Mionica ~ Brajko-

glon belongs

by marked Boljkovac and

- Mionica - Belanovica faults. Nothem border of Rud-

nik seismic zone is_neotectonic rift Mionica — Be-

lanovica (in W-E dlrectlon) while tectonic rift of
-Zapadna Morava river costitutes its southern border.
The part of the highest seismic activity is bounded
by Rudnik mountain, Gornji Milanovac town and

rivers Ditina and GruZa. (Sikodek et al. 1988). If the

direction and spatial extension of geotectonic units,
identified within the area concerned, is taker into ac-

~count, certain correspondence can deﬁmtely be no-

ticed between them and the regions defined by the
lines of the equal rate of geomabaetlc t.otal ﬁeld in-

‘.:‘tensxty secular change.

For instance, aouth from Mlomca and west

"'frem Bol kovac. fault the direction of Mesozoic struc-
“tures 18
of extcnslon of smaller areas with the equal rate of
‘the secular chan
t Enmty
‘unit), domiriant orientation of geological formations
, -:;d faults ie NW-SE. Spatial pattern of the areas of
the

- W, bemg at the same time the direction

ge of the geomagnetic field total in-

East from. Boljkovac fault (Ljig - Rudnik-

qual rate of the geomagnetic secular change are
again in good agreement with it. _
~ On the basis of previous dmuaslon, it could be

can;:luded that the differences in the rate of secular
change reflect thefact that particular group of sites

belong ta different geo ogca.l and tectonic units, thus
experiencing different stress states both in direction
and intensity. The highest rate of geoma ctic field

18, which
and :

etic rocks
22 nearby
volcanic rock complexes. This argument migkt be in

iate vicinity of hlghly m

| ;?“?u:h of ._ the mm‘ptm that detecw gac agnetic

s are of stress mdw* . nature, i. e. that
they reflect ¢hanges of rock: magnetlzatmn in the up-
per layérs ‘of the earth’s crust.

 "Averige rate of secular change for the whale
surwy region is +0.25 nT/yr. With respect to this
chathcteristic value, the area concerned is devided in

two ;laarts eastern, with the rate of se-ulsr change
smal ,
rate of secular change larger than the aversge. Thzs_

er than the average and weste: .. part, with th

line follows the direction of faults which separz:e geo-

tectonic units Ljig — Rudnik and Maljen - Ta ¥oVo in

the west from the structuszes ¢i J:rmenovci in the
east, i. e. it follows the border hetween wes. Serbian

and Sumadlan part of Innzy¥ Dinszidee. This line

bends in the area of serpentinites south of Stragari
Fig. 2. An example of time vanatlon of the ge&

and.then continues in the afore mantmned NW-SE
dll'ﬁs.*’ﬂn Consldenns thé &‘P&hih "ﬁﬂr {r tiﬂ .7‘, thm

areas, the cause of such a distribution is prebai? vof
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Fig. 3. Spatial distribution of t}

he rate of secular change (in n'T/yr) based on the linear trend approximation

: ofth e geomagnetlc ﬂeld tlme va.natlon

selong to two large geotectonic units — eastern part
of Dinarides and western bound
Macedonian mass. The observe

2.2 GEOMAGNETIC FIELD SPATIAL.
o CHANGES

... An example of spatial distribution of tota
field intensity changes between consecutive surveys is
shown in Fig. 4 while Fig. 5 presents average value
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regional character. In this particular case these areas
belo ' '

a? part of Serbo —
[acec mass. The observed division algo quite
well reflects the border between regions with different
velocities of recent vertical movements. In fact, the
western part is rising up faster than the eastern for

distribution of total

of field changes for 18 surveys and each particular
measuring site. Although individual values of mean
field changes are very smiall, they are significant in
a way that they reflect the existance of particular
trend in; by appearance, random fluctuations of geo-
magnetic field variations between successive surveys,
and that is the reason for the resemblance between
Fig. 5 and Fig. 2. Therefore, in the analysis of the
result presented in Fig. 5 similar explanation can be
ofered. The overall negative change of small intnsity
prevails on the eastern side of the investigated area
where Miocene sediments dominate. The most in-
tensive overall increase can be observed in the region

~ of Mionica —- Belanovica fault up to its intersection

with Boljkovac fault. On the south-west side of the
line' which follows the direction of Rudnik fault, the
average value of total field intensity increase is be-
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tween 0.2 and 0.4 nT. In comparisionl with predom- tensive positive field changes, standard deviation is
inantely sedimentary structures on the eastern side, smaller than the average value (which is 1.92 nT for
this area is characterized by the appearance of more the whole area), which leads us to conclude that the -

magnetic rocks. . ' obser-}fed ﬂéhd -ch:zges' in those particular areas are
| L . S _ .. t O A0 ~ . .
Spatial distribution of the standard deviation v o Iatrlasn a.lg:g m::r:tf;g to notice the following

of fiel d difierences between _snc.ces_si\ge surveys 18 fact: regarding the value of standard deviation, the
shown in Fig. 6. This quantity indicates how much whole investigated area is devided (by the line ap-

individual field differences deviate from the mean __ . ... "~ . Set : :
level for the whole survey period. The cause of large ~ PToXimately at the position of Boljkovac fault) in two

standard deviation may be error which results from :ﬁ“ ly equal P@’-’f'tﬂh“ l!;othern and “;.“;hem' Gener-
measuring and data reduction method and, there- &Y Spcaking, :‘;' h the exception ol iew measuring
fore, from statistical point of view, it is equally prob- sites, standard deviation has larger value (>2 nT) in
able for each measuring site. On the other.h_ang, ac- thesouth than in the north and it actually increases
tually larger field changes at certain mesuring site slowly from north to south. The possible explanation
‘may also result in larger standard deviation and in migh be the distance of certain measuring sites from
that sense a connection between the areas of larger Gr O‘Eka _obseryatory {referent station) Whlch could re-
standard deviation and geological and tectonic struc-  8ult in larger error in the process of data reduction
ture should be searched ?or. It should also be noticed, (because of the inequality of short-period geomag-
for instance, that within the areas of the most in-  netic field variations).
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surveys,

ples of the spatial distribution of the total field intensity changes betwcen sizccesaive
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. unit: nt

'Flg 5. Spatla,l dlstnbutmn of the average (for all 18 surveys) total field intensity changes over the area of
investigations.

Let us consider again the mean value of the
rate of secular change for the whole nvestigated area.
This value i8 0.25 nT/yr, which gives the difterence
- between Observatory and Rudnik of about 1.5 nT in
~ 6-year period. The difference in the total field inten-

sity changes between secular stations 1000 (Grocka
observatory) and 1126 (near Nis), in a 6-year period

between the epochs 1983.5 and 1989.5 is also of the

same order, i. e. 1 nT, and at the same time total

intensity increases from north to south, which is in

agreement with previously stated result. for the wider

area of Rudnik.
If we neglect the sxgn of total field 1nten31t

changes between successive surveys and take the dif-

ferences as absolute values, their mean value for al!

surveys present the most probable amplitude of the

26

total field mtenmty variations at a given measuring

site which is its characteristic feature (some kind of
typlcal response) due to particular geological and

tectonic structure. For instance, site No. § which
18 In immediate neighbourhood of Pudnik fault, has

a considerably higher value of the amplitude of total

field intensity changes with respect to the neighbour-

ing sites (except site No. 7) which at the same time

has large standard deviation, so that the nature of
the geomagnetic field cha.nges at this site should be

clarified, considering the fact that it lies on sedimen-

tary layers and that field changes are most probably

not of a stress induced nature.
Finally, let us discuss the result shown in Fig.

7. It presents regional total field intensity chan?
Since those values are average field changes for al
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Fig. 6. Spat.ialx d'ia‘tributionwof, the_standard deviation of field diffefences between successive surv=-s.

sites and each particular survey, they point out char-
acteristic trend of changes common for the whole
survey area. With respect to the sign and rate of.
secular change, the whole period can be devided int:
two intervals: from 1981 up to the b~Ziuning of 1987
with the rate of change 40.5 nT/yr, and the second
interval from 1987 and further on witha the value of
-0.2 nT/yr. Since characteristic year 1987 is by no
means significant considering the seismic activity in
Rudhik area, there remains a possibility that the ob-

— 405 0Tfear ——f—  -0.20T/year

vious change of regional geomagnetic field trend - ST 82 83 T B4 &5 68 B/ 88 T80 90
from slow increasing to slow decreasing - reflects the year

regional stress field changes and eventual precursor pi,. 7. Regional changes of the geomagnetic total
of future seismic activity 1n this thrust region. ﬂé]gd intensity in the wider area of Rudnik thrust
- * _ . | region. '
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Unfortunately, but only from the scientific po-
int of view, Rudnik thrust area was seismically-quiet
during the time period considered in this work. Some
small magnitude earthquakes were recorded within

the measuring network but not at a time convenient
to eventually influence the total field intensity val-
ues for particular survey. Therefore, we have not

had a chanse to analyze a single isolated case of

geomagnetic field change in a sense of identifying

possible seismomagnetic effect. However, relatively
large number of data and the lenght of encompassed
time interval, enabled us to obtain results which in
a statistical sense express common features of field
changes in the studied region. In such a statistical
apfroach it is not that important how large individ-
ual field changes at a given measuring site are, but
rather what are the changes of trend which might
have a long-term precursor nature.

- On the basis of results obtain _
able to estimate the intensity and the pattern of total
field intensity changes in seismically- quiet periods.

HEKY PE3YJITATY CHICTEMA

. .

d so far, we were

”normal” level of geomagnetic field variations in or-
der to be able to identify eventual anomalous field
changes. Applying new measuring technique (simul-
taneous differential measurements with two GSM-10
proton magnetometers of + 0.2 nT accuracy), we
shall be able to discriminate the total field inten-
sity changes of one to few nanoteslas, with standard
deviation less than 1 nT. This will considerably in-
crease our chances to detect eventual geomagnetic
field changes of stress induced nature in connection
with seismic activity in Rudnik thrust region.
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lanovac, Kragujevac and Obrenovac (with leg-
ends), Savezni geoloski zavod.

"KMX OMAKAIA IPOMEHA TEOMATHETCKOT

TOJbA HA IUAPEM HOLPYYIY PYIHUYKE TPYCHE OBJIACTH

M. HoneckoB

 Ieomaenemcxu uxcmumym, 11306 I'poyxa, Jyeocageuja

YIK 55038
OpuzuHanru HayuHu pao

Ha ocHoBy noziaTaxa NEpHOGHTHO OGHABILAHMX

IIpeMepa TOTAJTHOI MHTCH3UTETA TCOMArHETCKOr [10Jb2
Ha MIMpeM NOApYy4jy pyAHHIKE TPyCHe 00JacTy y Iie-
puony on 1981. mo 1990. rogune, u3BplicHa je aHal-
1133 MPOCTOPHO—BPEMEHCKHX TIPOMEHA Y HacTojary na
ce YCTAHOBM Be3a €a IeOJIOKO — TEKTOHCKOM CTPYK-
TYPOM Y reo JUHAMHYKUM IpOLECHMa KOJH CE ONBH-~
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jajy y McTpaxuBaHoj obnacti. IloGujeru pesyntaTH
YKadyjy Ha cy KapaKTepHCTHKE IPOCTOpHE pactiofene
Gp3uHe CeKylapHE IIPOMECHC F¢OMarHeTCKOr Iojea Yy

- BE3U ca NpunaigHoiwny pasTUiNTHM TC€OTCKTOHCKHM

JjeavHMUaMa Ila OTyHa, HajBEPOBaTHHMjC, y BC3H ca

-ogropapajyNHM pa3zjiukaMa y pacrioficjiy perroHal-




