Vol.

o)
-

UNIVERSITY OF MINING AND GEOLOGY “ST. IVAN RILSKI”
JUBILEE INTERNATIONAL SCIENTIFIC SESSION

JOURNAL
OF

MINING AND GEOLOGICAL
SCIENCES

part |
GEOLOGY

AND
GEOPHYSICS




UNIVERSITY OF MINING AND GEOLOGY "ST. IVAN RILSKI"

JOURNAL

OF
MINING AND GEOLOGICAL SCIENCES

Volume 61
Part I: Geology and Geophysics

4

Sofia, 2018



ISSN 2535-1176

Editor-in-chief
Prof. Dr. Pavel Pavlov

University of Mining and Geology “St. Ivan Rilski’
1, Prof. Boyan Kamenov Str., 1700 Sofia, Bulgaria
e-mail: srs@mgu.bg; hitp://www.mgu.bg/nis

EDITORIAL BOARD

Prof. Dr. Lyuben Totev
Deputy editor, UMG “St. Ivan Rilski

Prof. Dr. Viara Pojidaeva
Deputy editor, UMG “St. Ivan Rilski

Assoc. Prof. Dr. Stefka Pristavova
Deputy editor, UMG “St. Ivan Rilsky’

Prof. Dr. Yordan Kortenski
UMG “St. Ivan Rilsk!”

Assoc. Prof. Dr. Elena Vlasseva
UMG “St. Ivan Rilski"

Assoc. Prof. Dr. Antoaneta Yaneva
UMG “St. lvan Rilski"

Prof. Dr. Desislava Kostova
UMG “St. Ivan Rilski"

Part |: Geology and Geophysics

Prof. Dr. Yordan Kortenski
Chairperson of an editorial board, UMG “St. lvan RilskI

Prof. Dimitar Sinyovski, DSc.
UMG “St. Ivan Rilski”

Prof. Dr. Maya Stefanova

Institute of Organic Chemistry, Bulgarian Academy of
Sciences

Assoc. Prof. Dr. Nikolal Stoyanov
UMG “St. Ivan Rilskr’

Prof. Dr. Radi Radichev
UMG “St. ivan Rilski”

Prof. Stoyan Groudev, DSc
UMG “St. lvan Rilskl’

Prof. Dr. Strashimir Srtashimirov
UMG “St. lvan Rilski’

Prof. Dr. Ognyan Petrov
Institute of Mineralogy and Crystallography, Bulgarian
Academy of Sciences

Technical secretary: Kalina Marinova

Printig: Publishing House "St. lvan Rilski”

©All rights reserved. Reproduction in part or whole without permission is strictly prohibited.



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 61, Part |, Geology and Geophysics, 2018

ELEMENTS AND STRUCTURE OF THE NORMAL GEOMAGNETIC FIELD IN THE
REPUBLIC OF MACEDONIA

Marjan Delipetrev?, Blagica Doneva’, Gorgi Dimov’

"University of Goce Delchev, Faculty of Natural and Technical Sciences, 2000 Shtip, Macedonia, blagica.doneva@ugd.edu.mk

ABSTRACT. This paper presents the research of the normal geomagnetic field of the Republic of Macedonia. The complex geological structure of the explored area
ofregional and local character, has an important impact on the geomagnetic field. The geomagnetic field is composed of two components: normal and anomalous
field. The geomagnetic field represents an important segment in the regulation of the natural processes on the Earth, which makes its permanent observation and
study of special importance. Conducted investigations of the geomagnetic field maintain the continuity of monitoring and studying of the field changes in the area of
the Republic of Macedonia which started in 2000.

Keywords: geomagnetic field, total field, declination, inclination, normal field, geomagnetic models and maps

ENNEMEHTU U CTPYKTYPA HA HOPMAJNTHOTO FTEOMAIHUTHO NONE B PENYBIUKA MAKEQOHWUA
Mapuan Qenunempes’, Bnazuya JoHeea', l'opau [Jumosg’

1Yuusepcumem @ loue Jenyes, ®@akynmem no npupoduu u mexHuyecku Hayku, 2000 [Lun, Makedorus,
blagica.doneva@ugd.edu.mk

PE3IOME. Tasu cTaTvs NpeAcTass W3CNeABAHETO Ha HOPMAnHOTO reomarHuTHo none Ha Penybnuka Maxenonus. KomnnekcHata recnoXKka CTpykTypa Ha
M3cnensaHata obnacT OT PErMOHANEeH 1 MECTEH XapaKTEP WMa BAKHO BMIUAHWE BbPXY rEOMArHMTHOTO none. [ eOMarHuTHOTO None Ce CbCToW OT ABa KOMNCHEHTa:
HOPMAnHO ¥ aHOMAnHo none. TeOMarHUTHOTO NONE NPeaCTaBnsasa BaXEH CETMEHT B DEFYNIMPAHETO Ha ECTECTBEHUTE MPOLECH Ha 3emsATa, KOeTo NpaBu HEroBoTo
NOCTOAHHO Habnwaerwe W nicnensare ocobeHo BaxHo. MNpoBepeHuTe M3CNEABAHUA HA TEOMarHKTHOTO None NOAABPXAT HENPEKLCHATOCTTA HA MOHWUTOPUHTA U
13y4aBaHeTo Ha NPOMEHUTE B noneTo B obnactta Ha Penybnuka Makenoxws, 3ancuHanu npes 2000 r.

KniouoB® QyMK: FEOMArHNTHO None, 0BLLO NoNe, AEKNMHALMSA, HAKNOH, HOPMANHO NONE, FeOMarHUTHU MOAENM U KapTH

Introduction structure of the geomagnetic field. There is no other such smal

area as the Republic of Macedonia with so complex geologica

The geomagnetic field reflects the Earth's structure, the structure and hence, with such structure of the loca
processes within it, as well as the external influences. The field geomagnetic field in whole Europe.

s presented as a sum of three components: (Delipetrov, 2003).
- Normal geomagnetic field which reflects the causes
of magnetism in the core and the mantle. This compaonent Models and maps of the elements of the normal

includes agents that are in the depths of the earth’s crust, geomagnetic field in the Republic of Macedonia
but they are spread throughout the territory of the Republic

of Macedonia; Two methods of modeling of the geomagnetic field prevail
- Regional geomagnetic anomalous field affected by today, one is the method of spherical harmonic analysis and
characteristic generators of the magnetic field in the the other is the method of polynomial analysis.
separated neotectonic zones in the Republic of Macedonia;
- Local geomagnetic field which is in direct correlation The normal field for a ’[erritory can be expressed by

with the geological structures in the upper part of the

Farth's crust with expressed magnetic features (increased E(A9A)=a, +a,-d9+a;-dh+a, 40" +a;- A7+ ad¢- 4

concentration of ferrous magnetic minerals). where:
E(Aw, AA) - is the value for the normal field of the point with
The territory of the Republic of Macedonia, as part of the coordinates (1 and A4,
Alpine orogen in the Balkan Peninsula, is characterized by a o1 and i1 - is the geographic latitude and longitude of the
very complex geological structure, where structural segments place;
are separated - zones which are widespread in the Balkan oo and Ao — is the geographic latitude and longitude of the
Peninsula. In recent geological history, neotectonic phase, point depending on which measurements are being reduced;
different geological processes have divided these areas in  for the Republic of Macedonia the central point is ¢o = 41,50°
separated units. The different geological structure and and o= 22

processes in these regions have significant impact on the
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AQ = @1 - @o — is the difference of geographic latitudes in
minutes;

AN = A1 - Ao — is the difference of geographic longitudes in
minutes;

ai — are the coefficients for corresponding differences in

nT/min (y/min.), i.e. minutes / minutes or gammas and minutes.
Usually, the differences of latitude and longitude are calculated
in terms of coordinates of the geomagnetic observatory located
on that territory.

Observations of the geomagnetic field of a given territory
(usually state) are carried out in two parallel procedures. One
is permanent monitoring of the geomagnetic field in an
observatory. Another procedure that is performed periodically
every 3 to 5 years are terrestrial observations of the basic
network of repeat stations, and observations of the secondary
net within a period of 10 years.

Based on this data collection about the geomagnetic field
every five years, maps and models of the elements of the
normal geomagnetic field for a given epoch are made.

Model of the elements of the normal geomagnetic field in
the Republic of Macedonia

Field measurements were conducted on the fifteen repeat

stations in Macedonia. (Delipetrev, 2011)]

During the field measurements, the following instruments

were used:

- DI Fluxgate magnetometer — an instrument that
measures values of the geomagnetic declination D and
inclination |. The instrument consists of a non - magnetic
theodolite and fluxgate sensor mounted on the
telescope, so the optical and magnetic axes are parallel
(fig. 1). .

- Proton - magnetometer - GEOMETRICS G-836.

A model of the elements of the normal geomagnetic field in

the Republic of Macedonia (Table 3) is made on the basis of
the measured data (Table 1).
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Fig. 1. DIFlux magnetometer - theodolite with Fluxgate sensor on the top
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Table 1.
Measured data on the repeat stations
Station H (nT) X (nT) Y (nT) Z(nT)

Tetovo 24233.26 ? ? 39941.46
Egri 2475117 | 24716.87 | 130271 | 39237.34
Mavrovo 2426410 | 24231.20 | 1263.12 | 39704.21
Plackovica 24288.75 | 2425175 | 1340.17 | 39822.61
Slivnica 24379.72 | 24337.21 | 1439.08 | 39790.33
Vodno 2420750 | 24169.74 | 1351.72 | 39950.88
Bajlovce 23883.98 | 23853.08 | 1214.61 | 40156.53
Island
Gradot 24530.80 | 2448468 | 1503.55 | 39402.71
Nikolic 24540.18 | 24504.80 | 1317.27 | 39576.18
Ponikva 24110.89 | 24073.10 | 1349.27 | 40111.39
St Maria | o4a5090 | 2431568 | 1309.65 | 3965161
Precesna
Crna Skala 2422753 | 24189.96 | 1348.62 | 40140.25
Luke 23937.17 | 23898.48 | 1360.40 | 40464.26
Galicica 2472766 | 24696.04 | 1250.18 | 39098.67
Prilep lake 24520.03 | 2448553 | 1300.37 | 39665.69

Table 2.

Coefficients of the model of the normal geomagnetic field

Coefficients

Ele- ao a4 az as a4 as

ment
D 3.6278 0.118 -0.0386 0.078 0.0154 -0.3455
I 58.088 { -0.037 -0.1578 0.119 0.0928 -0.4256
T 46550 | -24.449 | 172278 | -20.585 | 197.784 | 449.635
H 24607 | 11.072 17.149 -95.376 38.900 57.755
X 24558 7.939 18.218 -97.322 37.095 66.862
j 15560 | 46.635 -15.966 23.628 13.308 | -145.088
Z 39514 | -36.462 | -217.088 33.564 | 210.554 | -567.011

Table 3.

Values of the normal geomagnetic field calculated with the
coefficient from Table 2

Stations | D | T H X Y Z
Galicica 3.378 | 57.276 | 46271 | 25014 | 24970 | 1474 | 38927
Egr 3465 | 57.367 | 46330 | 24984 | 24938 | 1510 | 39016
ovMana | 3533 | 50039 | 46453 | 24500 | 24543 | 1515 | 3941
Mavrovo | 3.466 | 58.122 | 46451 | 24531 | 24486 | 1483 | 39445
Prilep lake | 3.509 | 57.854 | 46567 | 24777 | 24731 | 1517 | 39428
Vodno 3597 | 58.208 | 46671 | 24526 | 24477 | 1539 | 39707
Bajlovce | 3.507 | 58.850 | 46675 | 24144 | 24099 | 1477 | 39945
Ponikva | 3.721 | 58.603 | 46750 | 24355 | 24304 | 1581 | 39905
Plackovica | 3.608 | 58.217 | 46575 | 24531 | 24480 | 1582 | 39591
Luke 3.737 | 59.005 | 46235 | 23809 | 23759 | 1552 | 39633
Tetovo 3617 | 58.346 | 46683 | 24499 | 24450 | 1546 | 39738
sard | 306 | 57.667 | 46327 | 24777 | 24719 | 1685 | 39144
Nikolic 3499 | 57.823 | 46493 | 24759 | 24713 | 1511 | 39352
Slivnica | 3.983 | 58.166 | 46607 | 24583 | 24524 | 1708 | 39596
g:;laa 3769 | 58.244 | 46903 | 24685 | 24632 | 1623 | 39881

Maps of the elements of the normal geomagnetic field of
the Republic of Macedonia
The declination of the observed territory varies form 3,378°
on the measuring point Galicica to 3,983° on the station
Slivnica. Declination varies in the interval AD = 0,605° (Fig. 2).
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Fig. 2. Map of declination, D

Analysis of the declination field shows that on the observed
territory the extreme stands in the central southern part, near
the measuring station Island Gradot. The field is quiet in the
west and northwest, which should be expected according to
the geological structure.

From the observations, the inclination varies from Galicica
57.276° < | < 59,005° Luke. The mean value of inclination is
Isr = 58,125¢. The field of inclination | related to that of the
declination is more homogenous and relatively quiet. There is
a slight twisting of isolines in the central southern part (Fig. 3).
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Fig. 4. Map of total intensity, T
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Values of the measured points for the total field vector T
varies in the interval from 46 235 nT on the repeat station Luke
to 46 903 nT on the point Crna Skala. The interval of variation
Is AT = 371,0 nT. The field is relatively quiet with a twisting of
the isolines in the central southern part and in the northeastern
part (Fig. 4).
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Fig. 5. Map of horizontal component, H

Analyzing the map of the horizontal component H (Fig. 5)
from north in the area of Bajlovce with a minimum value of
24150 nT toward south shows an increase to Hmax = 25000 nT
in the area of Ohrid and Prespa Lake, i.e. in the region of the
repeat station Galicica. The average value of the field is Hsr =
24575 nT. The interval, in which the horizontal component on
the observed territory varies, is AH = 850 nT. The field is
homogenous and relatively quite.

The field of the northern component X (Fig. 6) is relatively
quiet and with a maximum value Xmax = 24900 nT from
southwest, decreasing toward north and in the northeastern
part it has a minimum value Xmin = 24100 nT. The average
value of the northern component is Xsr= 24500 nT. The interval
of variation is AX =800 nT.

I
226

I
238

I
224

Fig. 6. Map of the northern component, X

The field of the eastern component Y (Fig. 7) varies from
Ymin = 1470 nT in the area of the repat stations Galicica and
Bajlovce to Ymax = 1700 nT at the repeat stations Slivnica and
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Island Gradot. The western part of the Republic of Macedonia
has a quieter field related to the central and the eastern part.
The expressed extreme is present in the southern part. The
value of the component varies in the interval of AY = 250 nT.
The average value is Ysr = 1595 nT.

4224
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4164
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414
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24 26 228

¢18 28 222

Fig. 7. Map of the eastern component Y

The field of the vertical component Z (Fig. 8) is relatively
quiet with expressed twisting of the isolines in the northeastern
and central southern part. The maximum value is in the area of
the repeat station Bajlovce Zmax = 39945 nT, and minimum
value is in the region of the repeat station Galicica Zmin =
38927 nT. The average value of the component is Zsr = 39435
nT. The interval of variation is AZ = 1018 nT.

21 212 214

20.8

Fig. 8. Map of the vertical component, Z

The fields of declination - D and eastern Y component are
more complex in terms of other components of the field. In all
maps, the western part of the territory of the Republic of
Macedonia has a quieter field compared to the central and
eastern part.
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The comparison of maps of the relevant elements of the
normal field from previous measurements in 1990 showed
lower degree of similarity with these maps because of the use
of a different network of repeat stations, the greater distance
and difference in applied technology.

Structure of the geomagnetic field

The geomagnetic field on the Earth’s surface is a sum of
vectors of many different magnetic fields:

T=TotTu+TatTet OT.

The implemented geomagnetic field observation and the
applied methodology of data processing have eliminated the
influence of the local anomaly field Ta, the electromagnetic
field Te, and the impact of short time variations of the field o7.

In order to eliminate the influence of geomagnetic causes
that are deep underground, and because their dimensions and
area of influence are far beyond the territory of the investigated
area, anlGRF (International Geomagnetic Reference Field)
model is used as a filter that reflects the impact of normal
geomagnetic field, in this case shown by two components: the
field- To and the axial dipole field- T« on the continent.

Maps of the differences of the normal geomagnetic field's
elements between the IGRF model and our model were
created (Figs. 9 - 12). (Panovska et al., 2006)

The analysis of the components of the regional anomaly of
the geomagnetic field Tar reflects the neotectonic
regionalization of the Republic of Macedonia in three mega
blocks:

- Eastern Macedonian zone;

- Vardar zone;

- Western Macedonian zone including Pelagonian
block.
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Fig. 9. Map of AT between our measurements and IGRF model
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Fig. 10. Map of AZ between our measurements and IGRF model
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Conclusion

From the data presented on the elements and structure of
the normal geomagnetic field in the Republic of Macedonia, it
can be concluded the following:
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- The maps and the elements’ models of the normal
geomagnetic field express the specificity of the area of the
Republic of Macedonia;

- The presented data for the declination can have wide
application in all activities where compass is used:

- Maps of the differences of the normal geomagnetic field
elements between the IGRF model and our model were
created.
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Fig. 12. Map of Al between our measurements and IGRF model
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