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Effect of Strong Earthquakes on the Geodynamo
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Abstract—The global nature of the induced geomagnetic variations was demonstrated using the magnetic
observation data obtained at the INTERMAGNET network observatories during the period of the double
earthquake on March 16, 2022 (Japan). Their synchronism and comparable amplitude over a wide range of
distances from 210 to ~10000 km, the delay time relative to the considered seismic events (~55 min), and the
predominant period of variations of ~30 min are indicative of the fact that the source is a geodynamo per-
turbed by the action of seismic waves propagating deep into the Earth.
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The Earth’s magnetic field variations are charac-
terized by a wide range of periods and amplitudes [1,
2]. The geomagnetic variation sources include a rela-
tively wide range of geophysical phenomena and pro-
cesses of the Earth: from turbulent perturbations of
material flows in the Earth’s liquid core to the fall of
cosmic bodies. Earthquakes are one of the most inter-
esting sources of geomagnetic variations [3—5]. It
should be noted that, despite the available data char-
acterizing the disturbances of the Earth’s magnetic
field during earthquakes, we have to face a certain lack
of observation material needed to specify particular
processes and, in a number of cases, the sources of
induced geomagnetic variations. In addition, the
available information is not complete enough to
develop and verify the phenomenological and numer-
ical models to describe the geophysical effects accom-
panying earthquakes adequately.

In this paper, we consider the magnetic effect of
strong earthquakes by the example of a unique event:
two underwater earthquakes with a magnitude of 6.0
and 7.3 occurred on March 16, 2022, at close time val-
ues (14:34 and 14:36 UTC, respectively) with a dis-
tance of ~11 km between their sources (Table 1).

The initial data included instrumental observations
of variations in the Earth’s magnetic field induction
carried out at a number of INTERMAGNET network
observatories (Table 2) [6]. The magnetic observations
of the earthquakes of March 16, 2022, were carried out
under quiet geomagnetic conditions (Table 3), which
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greatly facilitated the analysis of the magnetic effect
caused by the seismic events under consideration.

According to the data analysis, characteristic varia-
tions in the Earth’s magnetic field were recorded in all
magnetic observatories in the period close to the time
of main shocks. As an example, Fig. 1 shows variations
in the horizontal component of magnetic field induc-
tion, the most sensitive to external disturbances, in the
NS direction minus the B* trend.

In particular, it follows from Fig. 1 that approxi-
mately 55 min after the main shocks, the earthquakes
caused sign-alternating magnetic field variations with
a period of ~30 min almost simultaneously in all
observatories at ~15:30 UTC. It should be noted that
the amplitude of these variations, according to the
data of most observatories, was in a relatively narrow
range of 3—8 nT (Table 2).

The observed high synchronism of magnetic dis-
turbances in the period after the mainshocks in a wide
range of distances R from 210 to ~10000 km is indica-
tive of a global disturbing source in this case. Taking
into account the delay time comparable with the time
a seismic signal travels a distance equal to the Earth’s
double size and the period of sign-alternating mag-
netic field variations reaching approximately half of
the delay time, it seems natural to assume that the
source of geomagnetic variations in this case is the
geodynamo perturbed by seismic waves propagating
deep into the Earth.

This assumption is also confirmed by a relatively
narrow, as noted above, range of amplitudes of mag-
netic disturbances caused by the event under consider-
ation at drastically different distances from 210 to
~10000 km (Table 2).

Indeed, it seems very likely that seismic waves
caused by strong, almost simultaneous earthquakes at
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Table 1. Description of the earthquakes

ADUSHKIN, SPIVAK

Geographic coordinates
No. Date Time (UTC) Magnitude Depth, km
Latitude Longitude
1 |March 16, 2022 14:34:27 6.0 37.647°N 141.674°E 57
2 |7 14:36:33 7.3 37.730°N 141.595°E 59

comparable depths, when propagating deep into the
Earth, influence turbulent motions in the Earth’s lig-
uid core and, thus, perturb the geodynamo.
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The data obtained make it possible to consider the
issue of individualizing earthquakes that have a global
effect on variations in the Earth’s magnetic field based
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Fig. 1. Variations in the Earth’s magnetic field during the double earthquake on March 16, 2022.
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Table 2. Data on magnetic observatories
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GEO
Code Location R, km B*, nT
latitude longitude
KAK Japan 36.232° N 140.186° E 210 ~3
MMB Japan 43.91° N 144.19° E 725 ~4
KNY Japan 31.42° N 130.88° E 1205 ~8
KHB Russia 47.61° N 134.69° E 1240 ~5
CYG Korea 36.37° N 126.854° E 1320 ~4
PET Russia 52.971° N 158.248° E 2125 ~6
MGD Russia 60.051° N 150.728° E 2570 ~8
YAK Russia 61.960° N 129.660° E 2815 ~7
KDU Australia 12.69° S 132.47° E 5685 ~3
CTA Australia 20.090° S 146.264° E 6450 ~4
ASP Australia 23.762° S 133.883° E 6880 ~3
CNB Australia 35.32°8S 149.36° E 8155 ~6
EYR New Zealand 43.47° S 172.393° E 9545 ~6

Table 3. Magnetic activity indices Kp (according to the International Service of Geomagnetic Indices (ISGI)) for March 16, 2022

Time (UTC)
Index
0-3 3—-6 6—9 9—12 12—15 15—18 18—21 21-24
Kp 1 0 1 1 2 2 2 2
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