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Abstract

The article is devoted to the problem of forecasting strong earthquakes by the
geomagnetic method. The geomagnetic method is widely used on this prob-
lem in seismically active regions of the world as one of the promising, infor-
mative and operational geophysical methods. The results of long-term geo-
magnetic studies on the problem of forecasting strong earthquakes in Uzbe-
kistan are presented. Geomagnetic studies were carried out on the territories
of the Tashkent, Ferghana, and Kyzylkum geodynamic polygons in the epi-
central zones of strong earthquakes that occurred. Long-term, medium- and
short-term precursors of earthquakes have been identified. Anomalous changes
in the geomagnetic field associated with the decline in aftershock activity were
also revealed. The dependence between the duration of the manifestation of
long-term magnetic precursors and the magnitude of earthquakes is deter-
mined. Absolute proton magnetometers MMP-1, MV-01 (Russia), and G-856
(USA) were used to measure the geomagnetic field.

Keywords

Geodynamic Polygon, Geomagnetic Field Anomaly, Earthquake Precursor,
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1. Introduction

Strong earthquakes lead to numerous victims among the population and major
material damage. The last event is the strong earthquakes of February 6, 2023, on
the territory of Turkey with M = 7.4 - 7.8 and their aftershocks, which led to

thousands of human casualties and major destruction in the territories of Turkey
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and Syria. Today, despite large-scale geological and geophysical studies in seis-
mically active regions of the world, the problem of forecasting strong earth-
quakes has not been solved. The successes of the last fifty years of research can
be noted: the identification of reliable earthquake precursors, the establishment
of the location and strength of possible strong earthquakes, the determination of
empirical dependencies between the times of the manifestation of precursors and
the magnitude of earthquakes, between linear dimensjons and magnitude, the es-
tablishment of physic-mechanical mechanisms of the manifestation of earth-
quakes, and the development of models of earthquake preparation processes.

This article is devoted to the results of long-term geomagnetic research on the
problem of forecasting strong earthquakes in Uzbekistan. Absolute proton mag-
netometers MPP-1, MV-01 (Russia), and G-856 (USA) have been used to meas-
ure the geomagnetic field since the 1990s (Table 1). The sensitivity is 0.1 nTL
The error in identifying local anomalies since the 1990s did not exceed 0.4 - 0.8
nTL

2. Results

In Uzbekistan, anomalous variations in the geomagnetic field associated with
earthquakes and other processes in the Earth’s crust are investigated by statio-
nary, repeated profile and area magnetic surveys. The research is carried out on
the territories of geodynamic polygons in the epicentral zones of strong earth-
quakes that have occurred on a network of stationary magnetic stations (Figure
1). Laboratory experiments were conducted to study changes in the magnetic
properties of rocks under pressure and temperature. The values of expected

magnetic effects from earthquakes, etc., are theoretically estimated.

Table 1. Types of proton magnetometers used and the magnitude of errors in the alloca-
tion of local anomalies during the period of research at the landfills of Uzbekistan.

The magnitude The magnitude
of the instrument of the local
Year of .
h Type of magnetometer error of a single anomaly Note
researc
measurement, allocation error,
innTl in nTI

PP-001, PM-5 Polish
1968-1970 yy. 1.0 +2.0 2.0 +3.0
magnetometer PMP

1971-1973 yy. M-32, MMP-203 1.0+1.5 1.5+25
1974-1979 yy. TMP 0.1+0.2 0.5+0.8
1980-1990 TMP, MPP-1, 0.1+0.3 0.5+0.8
Y- MTP-1 M, MPP-102 0.3+0.5 0.6+ 1.0
MPP-1, MTP-1 M, 0.1 +0.3 0.5+0.8
1990-present
MV-01 0.1 0.3
2015 ¢ Geometrics-856 0.1 0.4-0.6nTl
-presen
P GSM-19T 0.1 0.2-03nTl
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Figure 1. Layout of geodynamic polygons of Uzbekistan.

In 1968, three profiles were laid at the Tashkent Geodynamic test site together
with the Russian Institute of Terrestrial Magnetism, Ionosphere and Radio Wave
Propagation (IZMIRAN)—Western, Eastern, Secant (Figure 2). From 1 - 2 to 3
- 4 measurement cycles per year were carried out annually [1]. During this pe-
riod, changes in the magnetic field associated with specific earthquakes were rec-
orded at the Tashkent test site. The first was an anomalous change in the magnetic
field associated with the Abaybazar earthquake on February 10, 1971 (M = 4.2) [2]
[3]. The earthquake occurred in the immediate vicinity of the southwestern points
of the Western Route (Figure 2). An abnormal change was detected at 11 points
of the profile. The intensity of positive abnormal changes reached 23 nTI, and
that of negative changes reached 15 nTI.

In 1972-1975, the Fergana, Kyzylkum, Charvak, and Poltoratsky polygons
were organized. A network of stationary stations has been set up almost through-
out the seismically active territory of Uzbekistan. Later, academic institutes of
Russia joined these studies—the Institute of Earth Physics (Moscow), the Insti-
tute of Geophysics (Yekaterinburg) and the Institute of High Temperatures
(Moscow). Our landfills have practically turned into international ones. In
1975-1990, measurements were carried out in the territory of Uzbekistan at 1110
ordinary points, 37 stationary stations and the Yangibazar Observatory. The length
of the magnetic profiles was 7747 km. During this period, numerous anomalous
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changes in the magnetic field associated with earthquakes and other processes in
the Earth’s crust were identified [4]. This paper highlights the results of the de-

tection of precursor anomalies in the geomagnetic field (Table 2).
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Figure 2. Layout of three geomagnetic profiles in the territory of the Tashkent geodynamic polygon. Anomalous
changes in the magnetic field over time at certain points along the Western Route associated with the Abaybazar
earthquake of February 9, 1971, with a magnitude of M = 4.2 (T long-term = 2.6 years).

Table 2. Geomagnetic profiles of repeated surveys.

The name of geodynamic polygons, Length of Number of Average distance
man-made objects and epicentral zones profiles, km  geomagnetic points  between points, km
1 Tashkent polygon 400 90 4.5
2 Ferghana polygon 1800 250 7.2
3 Kyzylkum polygon 500 105 4.7
4 Epicentral zones: Gazli earthquakes IV.V.1976, 111.1984. 150 25 6.0
5 Tavaksay earthquake 6.XI1.1977. 8 11 0.7
6 Nazarbek earthquakel1.XII.1980. 50 12 4.2
7 Chimion earthquake of 6.05.1982 60 12 5.0
8 The water area of the Charvak reservoir 86 30 2.8
9 Poltoratsk gas storage facility 10 9 1.1
10 Kokdumalak oil Field 8 4 2.0
11 Shurtan gas field 35 16 2.2
12 Pamuk-Zevardinsky Group of Structures gas field 40 51 0.8
13 Gas fields of Khauzak-Shady (Dengizkul) 100 35 2.8
14 Zones of abnormal electrical conductivity 1500 160 9.4
15 Regional profiles 3000 300 10.0
Total 7747 1110 4.2
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Many of the results obtained at the landfills of Uzbekistan are unique in the
practice of studying the seismomagnetic effect, but the main result is the birth of
a large team of seismologists—magnetologists in Uzbekistan and the creation of
a scientific school—dynamic geophysics.

Extremely valuable is the result associated with the Tavaksay earthquake on
December 6, 1977, with M = 5.3, obtained at one of the points of the Secant
route at the Tashkent landfill. The measurements were started in 1968 and were
repeated 3 - 4 times a year. Against the background of minor changes of an os-
cillatory nature, intense anomalous changes of a long-term and medium-term
nature are highlighted (Figure 3.) From 1968 to 1975, slow long-term anomal-
ous changes are observed, and from 1976 to the moment of the earthquake, me-
dium-term changes are observed. This result is extremely valuable and unique.
The change covers two stages of the earthquake preparation process (Figure 3).

Anomalous changes in the geomagnetic field at Secushchy-9 appeared in early
1975, and in 1976, its amplitude was 19 nTl, and by mid-1977, it was 18 nTl. The
observation point of anomalous changes is located only 20 km to the west of the
epicenter of the earthquake. Anomalous changes in the geomagnetic field, in ad-
dition to the Secushchy 9 point of the Tashkent polygon, were also detected at 7
points of repeated observations of the Charvak polygon. The anomalous changes
at the points of the Charvak polygon in terms of time and form of manifestation
are almost the same as the changes at the Secushchy-9 point. The Charvak poly-
gon is located 30 - 50 km to the east of the epicenter, and the amplitude of ano-
malies there is less than that at section 9. This shows the correlation of geomag-
netic anomalies with the processes of preparation for the Tavaksai earthquake.
In this case, a short-term harbinger was not registered because stationary obser-
vations near the epicenter of the Tavaksai earthquake were not carried out in
those years.

For the first time, an anomaly associated with the aftershock process of an
earthquake has been identified. After the Nazarbayev earthquake on December
11 (M = 5.5), geomagnetic observations were started in the epicentral zone [5].
Figure 4 shows the results of the research in the form of decadal and monthly
graphs of changes in the magnetic field at the epicentral station “Fazylov”. His-
tograms of the released seismic energy in the hypocentral region are also shown
here for comparison. A qualitative comparison of DT and IgE shows that on art.
“Fazylov”, there is a slow decrease in the geomagnetic field synchronously with
the weakening of the seismic regime in the hypocentral region. The rate of re-
duction of the field is “2 nTl/month, for the given time interval, the field de-
creased by 27 nTl. There is a relationship between the released seismic energy
and local changes in the geomagnetic field.

For the first time in world practice, high-precision measurements of the mag-
netic field were performed directly above the center of the strongest Gazli
earthquake on May 17, 1976 (M = 7.3) before, at the moment and after the main
shock. There were no short-term abnormal changes [6]. What was new was the

result of an anomalous distortion of the amplitude of the cove-like changes in
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Figure 3. Anomalous variations in the magnetic field caused by
the Tavaksai earthquake on December 6, 1977 (TLong-term = 7
years; medium-term = 2 years).
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Figure 4. Anomalous changes in the geomagnetic field in
the epicenter of the Nazarbayev earthquake on December
11, 1980, associated with the decline of aftershock activi-
ty. 1—decadal changes in AT; 2—monthly changes in
AT; 3—released seismic energy in the hypocentral region.

the magnetic field over the epicenter of the earthquake. Compared with the in-
dicators of other stations located from 200 to 1000 km, the amplitudes of the
bays in the epicentral Gazli station were distorted to 85% - 90%. When repeated
measurements were carried out a year later, the distortion was only 20% - 30%.
The results were unexpected, but they showed a real picture of the changes. Dis-
tortions of bay-like variations in the epicenter of the earthquake were observed
many times, and the probability of its connection with the seismic activation of
the area is beyond doubt [4] [7] (Figure 5).

Similar distortions of bay-shaped variations were also found for the Chimion
earthquake of May 6, 1982, with a magnitude of M = 5.8. Figure 6 shows ano-
malous changes in the ratio of the amplitudes of bay-shaped variations at sta-
tions “Chimion” (curve 1) and “Madaniyat” (curve 2). As seen from the figure, the
anomalous change in the ratio of amplitudes “Chimion”-“Yangibazar” (curve I)

began almost three months before the earthquake and is associated with a dis-
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tortion of the amplitude of bay-like disturbances in the area of earthquake prep-
aration. The earthquake occurred after a sign change in the middle of a sharp
increase in the value of the amplitude ratio. The change is 70% - 80% of the
magnitude of the field disturbances at the Yangibazar Observatory. The value of
the ratio of amplitudes “Madaniyat-Yangibazar”, which is given for comparison,
is almost at the same level. Notably, during the research period, there were no

strong or noticeable earthquakes in the area of the Madaniyat station.

]
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Figure 5. Tectonic diagram of the epicentral region of the Gazli earth-

quake (1984) and the locations of magnetic measurement points.
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Figure 6. Anomalous changes in the ratio of the amplitudes of bay-like
variations at stations “Chimion” (1) and “Madaniyat” (2) associated with
the Chimion earthquake on May 6, 1982 (M = 5.8).
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The results of the experiment at the East Ferghana geodynamic polygon are of
exceptional interest. Here, from 1976 to 1989 (from 1979 to 1988, together with
the Institute of High Temperatures), repeated areal magnetic surveys were car-
ried out for 13 years. The research area is approximately 6.5 thousand square ki-
lometers. Repeated areal magnetic surveys were carried out regularly with a fre-
quency of 15 days at 40 points located evenly over the area (Figure 7). At the
same time, continuous measurements of the geomagnetic field were carried out
at the stationary stations of Tashata, Andijan, Madaniyat with a discreteness of
10 minutes. During the research period, several strong and tangible earthquakes
occurred in the territory of the landfill and in the immediate vicinity of the ob-
servation points (Alay, November 2, 1978, M = 6.8; Chimion, May 6, 1982, M =
5.8; Pap, February 18, 1984, M = 5.5; Marhamat, February 19, 1968, M = 4.4, etc.

There are also numerous short-term magnetic anomalies with intensities from
several to 23 nT1 at the stationary stations of Tash ata, Andijan, Madaniyat and
later on in the network of other stationary stations. The most interesting is the
anomalous change obtained at the Andijan station at a distance of 120 - 130 km
from the epicenter of the Alai earthquake on November 2, 1978, with an inten-
sity of 23 nTl. (Figure 7. and here at the Andijan station (relative to the Yangi-
bazar magnetic Observatory) on October 26-27, a magnetic anomaly appears
and on October 30 reached a maximum of 23 nTl. On November 1, the anomaly
began to decrease and returned to normal levels on November 2.

The earthquake was predicted based on this anomaly and the results of other
complex observations six hours before the quake. This result has been published
in several prestigious journals [8] [9].

Another example of the manifestation of a short-term geomagnetic harbinger
is the anomalous changes detected at the Madaniyat (a), Andijan (b) and Tash
ata (c) stations relative to the Yangibazar Observatory before the close Marha-
mat (M = 4.4) earthquake on February 19, 1986 (Figure 8). The epicenter of the
earthquake was located in the southern part of the territory at distances of 15, 40
and 60 km from the Tash ata, Andijan and Madaniyat stations, respectively. The
effect began to manifest itself 13 - 15 days before the earthquake in the form of a
negative bay (Figure 8). The earthquake occurs closer to the end of the bay. The
intensity of the anomaly at the nearby Tash ata station is 5 nTl, at remote sta-
tions—Andijan, Madaniyat—3 - 4 nTl. The anomaly was not detected at the
Chimion magnetic station, located 120 km away from the epicenter to the west.

Since 1973, geomagnetic studies, unique in the world in terms of volume and
duration, have been carried out on modelling earthquake preparation processes
in full-scale conditions—on the territory of the Charvak reservoir (Figure 9). In
total, more than 150 measurement cycles were carried out during the period
1973-2022. The averaged values of the geomagnetic field at 22 points of repeated
observations of the polygon and seasonal changes in the volume of water in the
reservoir over the months of the 40-year load-discharge cycle are shown in Fig-

ure 10. As seen from the figure, a local change in the geomagnetic field asso-
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ciated with the operation mode of the reservoir has been revealed. The ampli-
tude of the anomalous changes ranged from 1 - 2 nTl to 4 - 6 nTl, and they are
reversible, ie., With an increase in the volume of water, the value of the geo-
magnetic field decreases, and with a decrease, it returns to its level. A separate
article will be devoted to a detailed presentation of the results at man-made fa-

cilities (underground natural gas storage facilities, large reservoirs, and exploited

oil and gas fields).
- i~ a b
= 2 @1 AT, o7 ®)
480 102411.1978
Tashkent M=6.8
®  eYangibazar 10 0 10 km

I
10 20 30 10 days
01.11.1978 OCTOBER NOVEMBER

(M=6.8)

Figure 7. Layout of the geomagnetic profile in the territory of the Fergana geodynamic
polygon. (a) Anomalous changes in the magnetic field at the stationary station “Andijan”,
(b) associated with the Alai earthquake on November 2, 1978 with a magnitude of M =
6.8, which occurred at a distance of 130 km south of the station.
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Figure 8. Anomalous changes in the magnetic field at
the stationary stations of Madaniyat (a), Andijan (b) and
Tashata (c) associated with the Marhamat earthquake of
February 19, 1986, with a magnitude of M = 4.4.
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Figure 9. Schematic of the Charvak polygon (N = 41°38'12", E =
70°01'48"). 1 - 3—isolines of anomalous magnetic field (1—positive,
2—negative, 3—zero); 4—the contour of the reservoir, 5—geomagnetic
measurement stations, 6—rivers, 7—faults.
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Figure 10. Anomaly versions related to seasonal changes in
the water volume of the geomagnetic field in the territory of
the Charvak reservoir.

Based on the analysis and generalization of the results of long-term studies of
variations in the geomagnetic field, the spatial-temporal and amplitude-frequency
features of the manifestation of four types of anomalous variations associated
with the stages of earthquake preparation have been identified. Three types,
long-term, medium-term and short-term, manifest themselves before earthquakes,
and the fourth type is associated with aftershock aftershocks.

Long-term anomalous changes with characteristic times from several years to
15 - 20 years for strong earthquakes are isolated from the analysis of the results
of field geomagnetic studies and data from magnetic observatories. This type of

abnormal change was identified by us for the first time. Long-term magnetic
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precursors associated with medium-strength earthquakes were identified. The
results of these studies and the data obtained at geodynamic polygons of Uzbe-
kistan together made it possible to find a straight-line empirical relationship
between the duration of the manifestation of long-term precursors and the mag-
nitude of earthquakes, expressed by the formula T = 4 M - 14 year [11], where T
is the time (duration) of the manifestation of anomalous changes in years and M
is the magnitude of the earthquake.

The mid-period variations in the magnetic field are also isolated from the
analysis and processing of data from repeated route and area magnetic surveys,
data from a network of stationary stations and other data. Compared to long-term
anomalous variations, medium-term anomalous variations are preferable. The
literature contains numerous examples of the identification of anomalous changes
associated with specific earthquakes. Many researchers have established depen-
dencies between the characteristic times and the magnitude of earthquakes
[8]-[15]. For Uzbekistan, the relationship between the duration of the precursors
and the magnitude was LgT = 0.3 M + 0.85, where T is the duration of abnormal
changes in days and M is the magnitude.

The situation is worse with the establishment of a relationship between short-term
precursors and the magnitude of earthquakes. It is known that the characteristic
times of the complex of short-term harbingers range from several days to several
weeks and sometimes can reach up to one month. However, no dependencies
have yet been established between the characteristic times of short-term precur-
sors and the magnitude of earthquakes.

This is also the case with anomalies of the aftershock aftereffect. To date, there
are no linear dependencies between the released earthquake energy and the du-
ration of the aftershock process. However, according to numerous experimental
data, the time of the aftershock process ranges from several months to 2 - 3
years, regardless of the magnitude of the earthquakes.

Based on the analysis and generalization of long-term results of studies of
geomagnetic precursors of earthquakes, K.N. Abdullabekov developed a geo-

physical model of earthquake preparation processes [16].

3. Conclusions

Long-term geomagnetic studies have been carried out on the problem of fore-
casting strong earthquakes in the territory of Uzbekistan. The research was car-
ried out on the territories of specially organized geodynamic polygons. Complex
geological and geophysical (magnetometric, pulsed electromagnetic, ionospher-
ic, seismological, hydrogeochemical, etc.) studies are organized at the landfills.
Geomagnetic studies were carried out using absolute proton magnetometers
with a sensitivity of 0.1 nTL.

Long-term magnetometric studies at geodynamic polygons of Uzbekistan have
identified long-term, medium-term, and short-term precursors associated with

the stages of earthquake preparation and variations caused by the decline in af-
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tershock activity in the hypocentral region. Empirical relationships have been
established between the duration of long-term and medium-term precursors and
the magnitude of expected earthquakes. A geophysical model of earthquake prep-
aration processes has been developed.

The results of geomagnetic studies in the territories of Uzbekistan have shown
the prospects, informativeness and efficiency of this method to identify the pre-
cursors of strong earthquakes. It is proposed to organize and conduct long-term
geomagnetic studies using stationary and repeated areal magnetic surveys on

tectonically active zones.
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