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FEATURES OF GEOMAGNETIC EFFECTS OF SEISMOGEODYNAMIC CHANGES IN
THE TERRITORY OF AZERBAIJAN

A.G.Rzayev?, H.O.Veliyev!, A.N.Sultanova?,
A.N.Mammadova?, A.F.Aliyeva!

Before the strong earthquakes in seismically active regions of the world, it has been identified
that the geomagnetic field of the Earth’s crust is changed abnormally and anomalous seismomagnetic
effect of the geomagnetic field has been observed before Machusiro (1965-1967), Akita (1970),
Zangazur (1968) earthquakes. The seismomagnetic effect has been observed before the earthquakes in
the territory of Azerbaijan [1].

The formation of the geomagnetic field and the observed changes are mainly related to the
physical and mechanical processes occurring in the layers of the magnetic flux formed in the Sun and
the Earth: magnetosphere, ionosphere, atmosphere, tectonosphere. Many researchers believe that the
seismicity caused by geodynamic stress is directly related to geomagnetic changes [2, 5, 6, 8, 9].

Observations show that electromagnetic and geomagnetic fields have been observed as
anomalous seismomagnetic effects before the earthquake as one of the warning factors of the
earthquake [2, 6, 10, 11, 12, 15].

So far, the regularity of the seismomagnetic effect and other warning factors, such as short-
term, instantaneous forecast, has not been confirmed. Early warning of an earthquake is estimated: 1-
long-term; 2-medium-term and 3-short-term. The long-term warning factor, based on geological
studies, given the tectonic structure and seismicity of the area, suggests that there will be a strong
earthquake during 10-100 years. Medium-term warning factor, based on data obtained by
seismological, geophysical and geodetic devices, estimates that there will be a strong earthquake in 1-
10 years on the basis of anomalous physical and mechanical changes observed over time. The short-
term warning factor should be based on very accurate information. The coordinates of the earthquake
source, the magnitude of the earthquake and the time range from several hours to a week should be
prognosed. False prognoses have a devastating effect on people's psychological state and it causes
economic damage.

As one of the warning factors, the signs of abnormal electromagnetic variation are considered
more convincing than other predictive factors, and regular magnetometric regime observations are
carried out in many seismically active regions of the world [7, 11, 13, 14].

Changes in the magnetic field over time have been studied in Azerbaijan since the 1980’s. It is
the detection of anomalous changes in the magnetic field - the seismomagnetic effect - under the
influence of geodynamic energy accumulated in the epicenters of geodynamic processes, tectonic
faults [2, 3, 5, 6, 7]. At present, magnetometric measurements are carried out by the magnetometry
department of the Republican Seismic Survey Center of ANAS at the 6 permanent points and at Sheki-
Shamakhi, Near Kura-Talysh prognostic sites once a month (Fig. 1).

During the studies, the variability of the geomagnetic field, the changing characteristics of the
seismomagnetic effect are studied under the influence of earthquakes with magnitude of M >4. By
analyzing the obtained data, the regularity of changes in the geomagnetic field due to earthquakes in
geodynamic-stress zones is analyzed.

The purpose of the work is to monitor changes in the magnetic properties of rocks in the
geological environment associated with the processes occurring in earthquake sources with modern
devices and to analyze the variations of the magnetic field, to detect the seismoanomal effect and to
determine the criteria for it.

Abnormal magnetic field changes caused by internal physical and mechanical processes and
geodynamic stresses accumulated at the epicenter are studied as warning factors of earthquakes in time
and space [3, 11]. Characteristic magnetic field changes are observed mainly before strong
earthquakes. The researches have been carried out with proton-type magnetometers G-856,
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manufactured by the US Company Kinemetrics. The recording of the voltage T, which is the full
vector of the magnetic field, is registered continuously (24 hours).

* = Magnetic-variation support stations
. . Magnetometric points on which repeated measurements are taken at the Shaki-Shamalhi prognostic
polvgon
= Magnetometric points on which repeated measurements are taken at the Kura are prognostic polygon

Figure 1. Scheme of magnetometric observation points where RSSC conducted studies in the territory of
Azerbaijan

The experience of previous work and comparative analysis of data obtained at landfills in
China, Uzbekistan, Russia, Kyrgyzstan and Tajikistan and other regions of the world, provide a basis
for the prospects of magnetometric observation method as one of the warning factors of earthquakes.
This method is used to study the anomalous seismomagnetic effect of the T-vector module by
observing it simultaneously, both at the base station and at the measuring point. The essence of the
method of comparative analysis is that the AT ~ f (t) dependency graphs are created on the
geomagnetic field stress T observed synchronously. The AT obtained based on synchronous
observations between the two points is recorded as an increase in the useful signal and stress field.
Then the graphs of the series AT ~ f (t) are created during the year and the nature of the variations AT,
the detection of the seismomagnetic effect and its regular variability are evaluated. During the study,
seismic effects were selected at the measurement point and the effect formed by these earthquakes of
the magnetic field variations has been studied [2, 6, 7].

During the occurrence of earthquakes, the distribution area of the seismic magnetic effect has
been calculated by the formula R=10°°M-127 km. The statistical quantity is p=0.87 in this area. This
shows the cause-and-effect relationship between the seismomagnetic effect and earthquakes, and the
relationship of seismomagnetic effects to the seismotectonic condition. It is accepted that the changes
on T stress before earthquakes with magnitude of M> 4 are manifested in graphs, often in the form of
bay-shaped. Such anomalous changes can be positive or negative, depending on the mechanism of the
earthquake (compression, tension) [2, 4, 5, 7].
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A comparative analysis method was performed to overcome ionospheric “barrier” factors and
electromagnetic induction from observed T voltage field variations. As a result, AT (t) = Tm (t) -T, (t),
where Tm (t) -t at all stations and T, (t) -t at the base station is taken as the value of the observed field
stress [4, 6, 7 ]. Stationary geomagnetic observations have been carried out at Zagatala, Sheki,
Ismayilli, Pirgulu, Lankaran and Absheron Peninsula-Nardaran Magnetometric Variation Stations
(MVS) during the day since 2003 in registration regime. Based on these observations, T ~ f (t) graphs
have been created and a comparative analysis of earthquakes has been conducted. During the analysis,
earthquakes with magnitude of M>4 were selected. Taking into account the epicenter distance of the
selected earthquake from the observation point, the depth of the epicenter, the anomalous observation
period of the seismomagnetic effect, the intensity of the magnetic change and its shape have been
observed in the graph. For example, the graph of magnetometric observations in 2015 shows changes
in the anomalous seismomagnetic effect of an earthquake (Fig.2).

Abnormal magnetic changes, which are considered to be related to earthquakes, sometimes
last from 2-3 days to 25-30 days. The large amplitude of anomalous magnetic changes is 30-40 nTlI
and sometimes more. As can be seen from the graph, anomalous changes in the geomagnetic field are
sometimes observed even when no earthquakes is recorded. In our opinion, such cases are associated
with other, unpredictable geodynamic processes occurring in the Earth's crust.
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Figure 2. The graphs of magnetometric observations conducted in the territory of Azerbaijan in 2015

and changes in the anomalous seismomagnetic effect associated with earthquakes
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In order to clarify the criterion for changing the seismomagnetic effect, we tried to explain the
characteristics of the change in the seismomagnetic effect associated with earthquakes of M>4.0 from
the epicenter in the main layers of the Earth at different times. The hypocenters of earthquakes in the
territory of Azerbaijan during 2003-2020 years have been observed 66% at a depth of 0-20 km, in the
sedimentary layer; 21% at a depth of 20-35 km, in the granite layer, 12% at a depth of 35-60 km, in
the basalt layer (Fig. 3). No earthquakes were recorded in the upper layers of the mantle, in the
asthenosphere.
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Figure 3. Graph of depth distribution of hypocenters in the South Caspian and onshore areas of
Azerbaijan (Compiled by: H.O. Valiyev, S.E. Kazimova).

In the Caspian Sea basalt layer at a depth of 60-65 km, geodynamic activity is higher than in
other areas. During the study, taking into account the depth of the epicenters and the presence of the
epicenter in which layer of the Earth, it was observed how the geomagnetic field and seismomagnetic
effect are formed at the magnetometric observation points (Fig. 4). The seismomagnetic effects of
several earthquakes in the Earth's crust have been observed in the analyzed magnetometric data as
follows.

In the Imishli zone, on 01.08.2016, the seismomagnetic effect of an earthquake with a
magnitude of 5.6, the depth of the epicenter was in the granite layer and occurred at a depth of 28 km
in Zagatala and Sheki points, began to form 8-10 days ago and was 20-30 with an bay-shaped
minimum. It was extinguished 15 days after the earthquake. Seismomagnetic effect is observed in
Ismayilli point, but it is not separated in a characteristic form.

The depth of the source with the magnitude of 5.7 in Barda-Agjabadi zone on 15.11.2017,
began to form 7 days ago with the seismomagnetic effect of 10-40 nT in Zagatala point of the
earthquake occurring in the granite layer at depth of 25 km. There is seismomagnetic effect in Sheki,
but in Ismayilli it is observed weakly.

In the Lankaran zone, on December 17, 2018, the depth of the epicenter with a magnitude
of 4.7 in the basalt layer and at depth of 44 km in Sheki and Ismayilli points with seismomagnetic
effect of 10-15 nT extinguished 9 days after the earthquake.



32

A.G.RzayeV et al: FEATURES OF GEOMAGNETIC EFFECTS....

ﬂ,"‘ Oolaeon - o . 7
e JU0 ! S 0 /) P N 01.08.2016 04:46:35
b A - ) ¥ypar / o
R 39914785
VORGSO N
VPR T
~ 4\/‘»\‘ J)
~/
L.hu--u o
Somay  Nir
. [
o Gonco Ennax pacom [Fererh
oy Yovax Goytey Axcy . -Samas
" & - - kz»
Y - -
Qo Baprmeari 'D‘_‘A:‘. Xnpanan, '
Boroe . Xwdatan :
3 ... Azerbaijan foncons
e
\ ‘)\ Tarw b;-:‘::‘.u m Tofycim
fe\‘[:.Jn.n Axabad ‘ Catwpatog >
L S Salw st w‘”’
PraL 0 = Sevan B ’
Uabahebustme [y o Are
h , S
MVsS st.Zaqgatala | Wi, avgust, sentyabr ) 2016
40670
AMWLG
40650
AOG40
490230
49620
ADG10
‘m R PhagapenperpaNTYY L A LA Pty » L » LN s B L A e - LA e w v Py w e L ]
02406 MI0INAGAKREIIQE DG IDDC)MON I GARAE 20 B MO TN OF 2750 7 OB B MBMER 2
MVS st ek iywl, avgust, sentyabr) 2018
48420
ABs 10
48400
AK¥90
2R)%0
‘n’o S am ane san S sumn sae Amn pan | gae ane an . amn An: mae S A gmn e an e gna fn mm s e | ane gen ame am po ana maa | ama amn pan sumn ana pen ama . |
O 24640 1AQAARARROQRMAINOE B0 S06A N0 XG0 KL XA R 12878 MO RADNE 2
Mvs stismaydh [ iyl | avguat | sentyabr ) 2016
%0130 .
%0120
%0110
%0100
L0000
W N Ane snn an aa A e e am S B sus A Aua Aun Ana Sn s Awn ane S Sun s Sss ARe Sng Aes nn s Ase Aun Ana Ana Ava A ASe Amn Am Ase ans sn A A ass Aua

C2440IARNUQARARQCARNAOADVARENMARLEIT G EXLCERNVSDVCITRRABRARRDED2




33

SEISMOPROGNOSIS OBSERVATIONS IN THE TERRITORY OF AZERBAIJAN, V.19, Ne1, 2021, pp. 25-37

[}
3
PR $ 2.
F I [t
y .
B:
e\
-3 J
8\
~ ™
=
s
5 |
e b
< :

15.11.17 19:48:02

40.17 47.11

mi=S.7 h=25 (Qranitqat)

Walpme
Sabean

Xaravas
Xopmaz
.

2. Cong,.,

A .

°
o ~
/;w..w.. £3 c
b R ¥ o 154
\ § 8tk
o
&~ TS
..lﬂ._ w..
ma 23 mw.m.

roncawine
Hovsan

)UOLM)-.
Xirdalan

TolyCram
Ot

Azerbaijan

mu.w
iiE
3z 3
~ -
rw S3 .
. M._m
2 ¢
> ¢4
3 0
.
o
<

PAROH
Bocde

¢

BAPAMME KD
Ut h b iEpan

Adcatod:

.
Qudwn

oo

Vasmuma
vy

Bevnarakcumna

ParoOn
o tam en

Xariaond

R U

gﬂ!ﬂﬂl@.ﬂo

-1

os96y

oreer

- OS96Y

LT0Z (1Qo%IP IqeAcuiquilnoe) USIePIGN IS

\W - s
P s

LT07 (QonopIquAou IqQuAIHO) nbarg 3%

PETEORUTI TELOLHTIIRILTOT S 9 » £ O

888&*:263«0333’*&19“‘nﬂ‘ﬂﬂ""ﬂ’nﬂulna Z v %

.............................................................................................

o84 ¥

. - -
o Sy e

X .

LT0Z (2qexap IqeAou “1qeAiNo) npARLUS) "1

Na‘e’.a’auﬂnakggegﬂgs:xszﬂv:“ﬂvaa:“uh.lGnW-NIU- ¥ 9 ' N o
— - - . -

STV VR Wy

b

-

DU WY S el boinioldleco Sttt

W URF TFT IS

3\

A
ﬁ s ‘&.ﬁd ﬁg

£T0T (rqunep’ g i)vxo.i

o95EY

oDLawv

oBsEY

SAW

hgu“siah‘hﬂah‘gksab\'ﬂﬁa\.‘v‘“aasﬂvnsaazﬁaaan'n81 Eo2% O

— .

P b aa

IR

.‘m ,Mu

'N

hnbn 7‘1-.0‘ quAcou’iquiinc) wwiebez

o%2%%y
QLGS
ossey
el g
DoszeY
Oresy
orsew
oCLsY

ovier
E




A.G.Rzayev etal: FEATURES OF GEOMAGNETIC EFFECTS....

34

41.50 46.67

s
/
/

J
sheanay Maxn
» -
I Do 00 v 08

ml=5.5 b=10 (Sediment layer)

Xaamay

Sabian
»

Lo e

Xasanmd

DN
un
»

FSrcadexmh

Musiressyp
Mengaguir
o

DA

Eanax

>

Goygay

Yovax
°

Fardme

Aepzanam

Ut

Ya

Bapamscxed

Gt

PRAOH

Xsdalan

rcmc.uu
Hovsan

Azerbaijan

fodycran
Qubnsian
-

Wnpoan

Colwpatan

>
-
8, o
p..a.u.
4 Bl
1<
o
S 2
-
o 3
SEN
55
&g
<
-
&

Satwradac

p e

m

16 SELE LR OL DLCLOL LD PD 1D ¥ S5 L5 69 P LD OF L€ »C _ncﬁ.-n~o~.: €TOFr £ v 1
.......................................................................................... oLDeY
R oNoey
\Lm - HV ) @yt“ oster
V‘T» - oocev
oriny
HIOT (undy “Asws peadeluTiepirer; s AW
IO BN SN I8 0L VI NLOLIDPD 1D L CL TS By O (v OV JC PR 18 B8 SC EC Bt 21 (L O ¢ - L 4
A A 0 B e B A A b B At b A A AN OOTE
- ‘\\m oozeY
> ? oIy
= N
> A ¥
¥
oL
- - otzey
WIOZ (unis "Acw eade) ngnbasgas AV
L=14]
T €05 W0 W UT VO £9 £ LT £D 05 0 W3 T BB L SO WD WO O IO DI X OB I2OWRXWIC 2+ Z 0
e e e e e e e et b e e e b e e e e el el e el o sttt GO TOT
mm ,OM o1 wozos
\» gﬁf o
O/J — — — cro%
szeos
NTOT  (WnArAnw‘ade A euss) as SAW

Te o

SO TV OL DL CLODELD 9D TID WS S5 TS oY

O CY OF LC PC TC BT ST TT 6T 2T €T OF & L g T

WIOT (vnhs “Asws “pade) pedas SAW

IO S SE TE 6L DECL OL LO WD TD B 4% L5 6P OP CP OV LE PE TC WL S LL6F 2T CTOF £ » %

b e e e e e e . e o b b i b b bbbk O LW
“viey
oY

AT oiey

3 e \MW ovinY

e — A o e ————— L.

V.ﬁ VK‘&J\ oLy

d&ﬂw L, e
oRinYy
“wisy

WI0Z (unis "Aww “pesde) speiebezas =AW




SEISMOPROGNOSIS OBSERVATIONS IN THE TERRITORY OF AZERBAIJAN, V.19, Ne1, 2021, pp. 25-37

JlopSony
-\,~ - <
= \,‘7‘1@ 17.12.18 10:03:39
- - o . N
= 3 T N / : .
~a i, . 38.32 49.23
S 5 Gube mi=4.7 h=44
- s (&3 )
et (Bazaltgat)
Mursmrovayp
U svn i
CGon ManQSQO\nr >
=3 o
—
o I u:nu'“.n "ot
er aljan P OVDAN
Llivp o
LUwniuhuobiuaigtunan Sirvan
ST AR o
= x [ s 002 | £
e tt— N ~
"-:::,.:\"~ /\l\ /' ‘"f_” ":\ Ln . \ '.'.\nunu
el \\' __/ pos B Sty
e L o r .-r..,(... Macanne
AASARUAPLw-~ s \ Ml
.- -
Al S JNOMKOP O e
'h‘/ = Y Lenkocan
Ao |
,blp Ny By v |
4 Apncounb_/ -3
ToeGpwns J..;a_.l
MvVvs st.S5aki [oktyabr, noyabr, dekabr) 2018 $
48700

28670 AWVXW nﬁx fI“
anco - 3—3%%’

48650 -1 -

48640 T Ty P T T T T 1 TT T PP Y T P w1 I 1T PN e P I T T Try Pry Tl v ry $ Ty eve vy y 14T re vr e I eeevs tyv raw vy

1 4 7 1013161922252 01 3427 A0 A3dcan 5255 5adGr1cac7 707276790205 8001

MVS  stismayiilfoktyabr, noyabr.dekabe) 2018
Laes
*oe
L0as o A AL [
, T y-e-
S0044 P 1 ?\z‘
Qa4 —_— —APY.? r
. P 4 L
"
0235
S0X25 MO A £0 S BE A0 An An A Att M Sn S A0 ns S St e e e B ang s An e e Ba o M jad s Sn A0 A% Zne e Jns Ate Jaes Am Ame Mn e jas Jan Aae )
02 4681025001002 224262 MO DAY G RAGH M .46 64 100 2% 4 G4 160626 460068702 27 47 62 SO00 20 LA K00 2
MvVvs st.Pirquiu (oktyabr, noyabr, dekabr) 2018
49750

25740 - )

- v&”ﬂ f‘x]&"" fuﬂs«v‘ » 4
2

ssrio ¥ it

!

Q9720 HrTTITTTrTTY IO T T T I N TN T T T NN T T T T T T T T T T T T T TN T T T T T T T T T N T T T T T T T Y N T T T T T T Y TN T T T T T YT YT

1 & 7 1013161922252 313407303330 4052055 58 616407 702276298205 880)

Azerbaijan

35

Figure 4. Graphs of seismomagnetic effect associated with earthquakes of magnitude M> 4.0 in the territory of
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In the Zagatala zone on 05.06.2019, the seismomagnetic effect began to form 5-6 days ago in
all observation points of the earthquake with a magnitude of ml=5.5, the depth of the epicenter in the
sedimentary layer h=10 km and it was observed being bay- shaped of 10-35 nT.

Measurement data of magnetometric regime observations in 6 permanent points of the
Republican Seismic Survey Center of ANAS were analyzed in connection with earthquakes of M>4.0
in the territory of Azerbaijan and features of epicenter-dependent change of seismomagnetic effect
were investigated. It has been found that anomalous magnetic changes sometimes last from 2-3 days to
25-30 days, and the amplitude of the changes is 30-40 nTl and sometimes more. Features of the
seismomagnetic effect associated with M>4.0 earthquakes in the territory of Azerbaijan. For the first
time, based on the analysis carried out taking into account the depth of the hypocenter of the
earthquake and the stratum complex, it was determined that the seismomagnetic effect was observed
in different forms.

Conclusion
. The epicenter-dependent variability of the seismomagnetic effect associated the earthquakes with
magnitude of M>4.0 in Azerbaijan has been studied and it was determined that the anomalous
magnetic changes sometimes lasted from 2-3 days to 25-30 days, the amplitude of the changes was 30-
40 nTI and sometimes more.

It has been observed that in the absence of an earthquake, the magnetic field sometimes changes
abnormally to a similar shape, and that such changes are thought to be due to other, unobservable
geodynamic processes occurring in the Earth's crust.

It has been observed that magnetic fields sometimes have anomalous changes of a similar shape in the
absence of earthquakes, and that such changes are thought to be related to other, unobservable
geodynamic processes occurring in the Earth's crust.

. The characteristics of the seismomagnetic effect depending on the epicenter distance were studied,
taking into account the presence of the earthquake sources in the sedimentary layer, granite and basalt
layers. Depending on the location of the observation point and the distance between the
magnetometric observation point and the epicenter with physical-mechanical properties and
magnetometric observation point and the composition of the medium in which the seismic magnetic
effect spreads according to the layer in which the hypocenter is located, the observation and form of
the observed anomalous seismomagnetic effect were different.

. The seismomagnetic effect observed from the source in granite and basalt deposits is an bay-shaped
form and is observed for about 20-25 days. This seismomagentic effect observed in sedimentary
deposits is monitored with rhythmic changes and often in an uncharacteristic way for 40-50 days.

It has not been possible to determine the relationship between the depth of the layer where the
epicenters are located and the physical and mechanical properties of the rocks formed by the
environment in which the seismomagnetic effect is spread.
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